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Surface Impoundments 

The Tertiary Pond System is the only RCRA/Part 111 of Act 451 regulated Surface 
Impoundment included with this application. 

Operations 

This unit has been in operation since 1974.  The unit is designed to receive influent 
wastewater from the secondary clarifiers of the Michigan Operations Wastewater 
Treatment Plant.  Due to the mixture and derived-from rules currently in place in the 
regulations, the wastewater will carry all of the listed codes from the waste streams 
managed in the Incineration Complex and the main Wastewater Treatment Plant.  Due 
to the large number of waste streams managed by these units, the Tertiary Pond 
System may have received, during its operating life, most of the acceptable waste 
codes for this unit with the exception of the F020-series of waste codes.  Attachment 
XIV.A2 contains a list of acceptable waste types for this unit.  The F020-series codes 
have not been treated in the Michigan Division due to the specialized equipment 
required to treat those wastes.  Prior to accepting any F020-series waste into the 
Tertiary Pond System, a Dioxin Management Plan would be generated as required by 
40 CFR 264.231.  The Surface Impoundment Standards of Subpart CC are not 
applicable to the Tertiary Pond System as all hazardous waste placed in the unit meet 
the land disposal restrictions.  (40 CFR 264.1082(c)(4)) 

The Pentagonal Pond is the first pond in the System and receives secondary treated 
water via force main from the pumping facility downstream of the secondary clarifiers 
at the wastewater treatment plant.  Water flows from the Pentagonal Pond over a weir 
and through a submerged pipe to the Rectangular Pond.  Both the Pentagonal Pond 
and Rectangular Pond are maintained at an approximate elevation of 614 feet USGS.  
Water exits the Rectangular Pond at the west end and flows over rock cascades into 
the Main Pond.  The elevation of the Main Pond is typically ten feet below the 
elevation of the Rectangular Pond. 

The Tertiary Pond System operates as a flow through pond with the normal operating 
level maintained between –30 - 85 percent full.  With no outflow, the pond would fill 
at the rate of three to four percent per day.  Because the pond level is continuously 
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monitored, the chances of overfilling the pond for any reason are very remote. 

When measured 100% full, the pond surface elevation is 614.2 feet USGS.  At this level, 
a minimum of 2.5 feet of freeboard still remains to protect against wind and wave 
action. 

In late 2000, Dow submitted a Treatability Variance Petition applicable to the T-Pond 

solids management program.  The petition was subsequently approved.  To satisfy the 

requirements of the Amended Final Order No. AFO-SW2000-01 (4/25/2000) and 

Waste Management Division Order No 111-31-02 (4/11/02), Dow remediated Tertiary 

Pond solids through removal, pressing/drying and landfilling in accordance with an 

approved Land Disposal Restriction Treatability variance.  This work was fully 

completed by December 31, 2006 at which time the variance expired. 

The T-Pond Solids Maintenance Plan dated September 22, 2006, as provided in 

this Attachment, was approved by the MDEQ with Amendment #5 of the 

Operating License.  With the approval, this plan and any subsequent approved 

revisions became an enforceable part of the Operating License.  The plan requires 

routine monitoring and maintenance cleaning of the Tertiary Pond System to 

address solids accumulation as specified in the plan.  The routine maintenance of 

solids accumulation in the ponds will incorporate a method similar to the 

management of the solids removed from the WWTP clarification systems 

(dewatering, drying/pressing, incineration, ash disposal in the landfill).  

Treatment and disposal of the solids removed, as a result of long-term 

maintenance activities will meet either the Land Disposal Restrictions 

requirements or the requirements of an approved Land Disposal Restrictions 

variance as specified in 40 CFR 268 [R299.9311]. 
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Influent Pump System and Piping 

Secondary wastewater effluent discharges into the Pentagonal Pond from a 48-inch 
diameter force main, which runs from the secondary pumping station near the 
secondary clarifiers, across the Tittabawassee River on a support bridge and through 
the Main Pond to the Pentagonal Pond.  Secondary effluent flow is measured using a 
flowmeter. 

Discharge System 

Level Indicator 

A differential pressure level indicator is used to automatically measure pond level.  
The signal is received at the Environmental Operations control room in 34 Building 
where it is monitored and recorded.  When the level indicator is inoperable, an 
operator determines the pond level visually from a staff gauge (located behind 1214 
Building) at the unit.  Under manual operation, this is performed and recorded on a 
daily basis. 

De-aeration System 

A floating de-aeration system to remove excess oxygen from the Main Pond effluent 
before it enters the enhanced solids removal process and sandfilter system may be 
deployed as required due south of the 1214 Building intake channel.  This system 
consists of grids of diffusers supported from floating pontoons.  Water is channeled 
over the diffusers as it flows into the intake.  A floating system was chosen to avoid 
interaction with the pond bottom. 

Overflow Weir 

A small overflow weir designed to reduce sediment migration from the Pentagonal 
Pond is installed in front of the inlet of the pipeline between the Pentagonal Pond and 
the Rectangular Pond.  The weir is made of reinforced ½-inch carbon steel plate coated 
with a sealant for corrosion protection.  
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Outflow Mechanism 

Two 20-inch control valves are used in parallel to control the pond discharge flow.    
Both valves can be controlled by the flow controller in the Environmental Operations 
control room automatically or can be manually opened or closed in the field by the 
facility operator.  The enhanced solids removal process and sandfilter system can be 
shutdown as a backup shut-off system if either of these valves fail, or the discharge 
needs to be shut off.  (The enhanced solids removal process and sand filtration are the 
final polishing steps for treatment of the wastewater as required by the National 
Pollutant Discharge Elimination System (NPDES) Permit.  Operation of the enhanced 
solids removal process and the sand filters is not covered in this reapplication.) 

Discharge Flow Measurement 

A 10-foot Cippoletti Weir and a differential pressure level indicator are used to 
automatically measure pond discharge flow.  This flow rate signal is utilized by the 
discharge flow controller to adjust the position of the discharge valves.  There are 
other flow meters used as backup for determining discharge flow.  Manual 
measurement of flow over the weir is possible if both automatic systems are 
inoperable. 

Prevention of Overtopping 

The water level in this facility is continuously monitored as described previously.  
Overtopping of the Tertiary Pond System is prevented by manually shutting off the 
pond influent flow when an elevation of 614.2 feet is reached in the Main Pond or by 
obtaining special permission from the Michigan Department of Environmental Quality 
to discharge from NPDES outfall 001.  This shutoff elevation allows for 2.5 feet of 
additional freeboard.  Two feet remains to protect against wind and wave action plus 
an additional six inches to handle the run-on resulting from a 100 year, 24 hour storm. 
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100 Year, 24-Hour Storm 

 Drainage Basin = 220.7 acres (A) 

 Surface Area Main Pond = 174.2 acres (B) 

 Maximum 100-year, 24 hour rain = 4.5 inches (C) 

 Required Retention Height Main Pond = 5.7” or 6” (A x C / B) 

Outflow Operating Procedure 

Under normal operation, the discharge from the Tertiary Pond System is controlled by 
operations personnel from the Environmental Operations control room.  A flow 
controller that monitors water quality parameters is used to set discharge flow out of 
the pond based on allowable NPDES discharge limits. 

When the process controller is inoperable, the discharge flow rate is manually set by 
the facility operator based on the water quality parameters. 

Design and Construction 

The Tertiary Pond System was designed to provide thermal equalization and Total 
Dissolved Solids management of treated wastewater prior to discharging to the 
Tittabawassee River.  It has a total capacity of approximately 800 million gallons.  The 
unit is divided into three ponds as follows: 

  Surface Area Capacity 

Pentagonal Pond 7.5 acres 33 million gallons 

Rectangular Pond 13 acres 50 million gallons 

Main Pond 182 acres 700 million gallons 
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Dike/Dam Structural Integrity 

Perimeter and interior dikes are earthen in nature and were built in 1974 as part of this 
unit’s construction.  As required by 270.17(d), a structural integrity analysis was 
performed in 1987 on Main Pond dikes along Bullock Creek, the Tittabawassee River 
and the Pentagonal and Rectangular Ponds.  The analysis was performed using the 
simplified Bishop Method. 

A summary of the 1987 results of each dike analysis follows: 

Bullock Creek Dike 

An overall factor of safety of 1.5 was reported for this dike.  A lower factor of 1.04 was 
determined for a localized area on the outside of the dike.  This may result in localized 
sloughing, but would not significantly affect overall dike integrity.  If localized 
sloughing were to occur, appropriate action would be taken to eliminate long term, 
negative impacts on the dike. 

The dike stability study was performed prior to installation of the Tertiary Pond 
Revetment Groundwater Interception System (RGIS).  This system has the effect of 
dewatering outside of the Bullock Creek dike, as well as partial dewatering of the dike 
along the southwest side of the pond.  The dewatering will substantially increase dike 
stability by reducing the potential for internal erosion (i.e., piping). 

Tittabawassee River Dike 

Slope stability analyses on this dike revealed a factor of safety of 1.12.  McDowell 
recommended that alternatives could be considered to improve the calculated safety 
factor for this dike section, such as additional soil placement along the exterior toe of 
the dike, sheet piling, pressure grouting or other similar techniques.  Additional clay 
was placed along the toe of the dike in January 1996 to provide the additional safety 
factor desired during periods of high Tertiary Pond level.  The computed factor of 
safety for the additional clay placed along the toe of the dike was 1.6.  Detail regarding 
the dike stability reinforcement work is contained in Appendix A of Section VIII, 
Surface Impoundment, of the 1993 license application.   

  



Dow Chemical Michigan Operations Operating License Reapplication 
Revised June 9, 2015 

MID 000 724 724 
 

Surface Impoundments XIV.C5-8 

North Pentagonal and Rectangular Pond Dikes 

A petition presenting information necessary to obtain a variance for the surface 
impoundment retrofitting requirements of 40 CFR 264.221 for the Tertiary Pond was 
prepared and submitted to the Environmental Protection Agency in March of 1987.  
Included in the information submitted were the results of a dike stability study, site 
hydrogeologic characteristics, and groundwater monitoring data all of which 
quantified the potential off-site impact on groundwater from the impoundment.   

The information identified that the dike along the Pentagonal and Rectangular Ponds 
could be improved to greatly reduce leakage out of that section of the pond.  Plans 
were made to construct a slurry wall along that portion of the dike. 

Since the 1987 reapplication submission, the Tertiary Pond Dike Stability Project 
(Tertiary Pond Slurry Wall) has been completed.   

Since the last reapplication submission, a portion of the Tertiary Pond System dikes 
have been classified as a “Dam” under Part 315, Dam Safety, of the Natural Resources 
and Environmental Protection Act, 1994 PA 451, as amended.  In 2011, as a result of 
completing Stage I Phase I of a two stage (with two phases per stage) stability 
evaluation of the Tertiary Pond System dikes/dam, an analysis was performed on the 
previously buttressed sections of the east dike/dam of the Main Pond.  The results of 
that analysis can be found in Appendix C5-A.  As a result of the analysis, a dike/dam 
stabilization project was completed in 2012 to increase the minimum factor of safety 
above that recommended by the United States Army Corps of Engineers.  Dow is 
currently evaluating the course of action for the remaining portions (i.e., Stage I Phase 
II and Stage II Phases I & II) of the stability evaluation of the Tertiary Pond System 
dikes/dam.  This stability evaluation of the Tertiary Pond System dikes/dam is above 
and beyond any regulatory requirements and was voluntarily initiated by Dow. 

An additional project, Minor Hazardous Waste Management Facility Operating 
License Modification; Amendment 15, was completed in 2014 to fill a portion of the 
inboard embankment of the Main Pond dike/dam to increase the embankment width 
in order to accommodate new components for the Michigan Operations Waste Water 
Treatment Plant filtration process expansion.  Certification of the Amendment 15 
project work on the Main Pond dike/dam was submitted to the Department of 
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Environmental Quality, Office of Waste Management and Radiological Protection on 
October 17, 2014 and has been included as Appendix C5-B to this Attachment. 

Removal from Service 

The Dam Safety Act requires Dow to maintain an Emergency Action Plan (EAP) that 
addresses actions to be taken in the event the impoundment is removed from service 
because of actual or imminent dike/dam failure.  The RCRA Contingency Plan for the 
Facility, as provided in Attachment XIV.A7, contains a current copy of the EAP.  Refer 
to the EAP for specific procedures to be used for assessing or recertifying the 
structural integrity of any dike/dam removed from service. 

In the event that external dike/dam failure occurred, triggering the requirements of 40 
CFR 264.227(d)(1), the failed portion of the external dike/dam would be reconstructed.  
Reconstruction design would conform as nearly as possible to the previous 
dimensions and elevations of the dike/dam prior to failure. 

Once reconstruction activities have been completed, soil borings of the reconstructed 
section would be obtained.  These soil borings will include gathering adequate 
structural information on the reconstructed soils to allow for an evaluation by a 
qualified soils engineer.  The soil borings and data will be analyzed to calculate a 
safety factor representative of the new section.  This safety factor will be compared to 
the safety factors calculated for adjacent areas of the dike/dam.  The safety factor for 
the new reconstructed section will be at least equal to or better than the safety factor 
calculated for existing dike/dam sections or the new dike/dam will be reconstructed 
until such can be demonstrated. 
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Determination Regarding Minimum Technology Requirements (Tertiary Pond 
Waiver) 

The Tertiary Pond System has received a waiver from the requirements pursuant to 
Section 3005(j)(3) and 40 CFR 264.221, as provided in Appendix C5-C.   

Under the requirements of the waiver, Dow was required to institute corrective action 
if concentrations of specified constituents exceeded the Alternate Concentration Limits 
(ACLs) specified in the waiver.  Exceedances of these ACLs occurred in 1989 which 
resulted in the establishment of a corrective action program for the Tertiary Pond 
System. 

Tertiary Pond Corrective Action-Tertiary Pond Revetment Groundwater Intercept 
System 

The Tertiary Pond Corrective Action Plan (CAP) was submitted and subsequently 
approved by the MDEQ.  The CAP required the installation of a groundwater 
collection system (Tertiary Pond Revetment Groundwater Interception System, or 
RGIS) around the outside perimeter of the Tertiary Pond System dikes/dam along the 
Tittabawassee River, Bullock Creek, and the southwest side of the Main Pond.  The 
purpose of the collection system is to capture all groundwater migrating away from 
the unit. 

The construction of the RGIS collection tile was completed in December 1992.  A copy 
of the RGIS as-built construction drawings are provided in Attachment XIV.B5, 
Environmental Monitoring Programs. 
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1.0 Introduction 

 
On June 18, 2002, Dow received approval from the United States Environmental Protection 

Agency (US EPA) Region 5 for a Site-Specific Treatability Variance (Variance) applicable to 

waste generated during the remediation of the Tertiary Pond Treatment System (T-Pond).  

Condition 4 of this Variance requires that “By December 31, 2002, Dow shall submit a T-Pond 

solids Maintenance Plan to the MDEQ for review and approval, …”.  Submission of a T-Pond 

Solids Maintenance Plan is also required by Paragraph 5.3.4 of WMD Order No. 111-31-02.  

According to Condition 4 of the Variance, the purpose of the Maintenance Plan is “to prevent the 

excess accumulation of solids in the T-Pond following the removal of the existing T-Pond solids 

accumulation.  Upon approval of the T-Pond Solids Maintenance Plan, Dow shall request and 

obtain approval of a Midland Plant License modification which incorporates the approved 

plan”.  This plan has been prepared to fulfill these requirements. 

 

The T-Pond consists of the Pentagonal, Rectangular and Main hazardous waste surface 

impoundments connected in series.  These surface impoundments are licensed to store up to 

783,000,000 gallons of secondary wastewater treatment plant effluent from Michigan Operations 

by the State of Michigan Hazardous Waste Facility Operating License issued June 12, 2003.  The 

treatment and discharge from the surface impoundment of up to 35,000,000 gallons/day is 

permitted by NPDES Permit No. MI0000868.  The Pentagonal Pond capacity is 33,000,000 

gallons, the Rectangular Pond capacity is 50,000,000 gallons and the Main Pond capacity is 

700,000,000 gallons.  Secondary wastewater treatment plant effluent enters into the T-Pond in 

the Pentagonal Pond, flows into the Rectangular Pond, and finally enters the Main Pond prior to 

final discharge to the river. 

 

Secondary wastewater treatment plant effluent contains low levels of suspended solids.  These 

solids will tend to settle out of the effluent and slowly accumulate in the T-Pond system.  The 

natural tendency is for solids to accumulate in the Pentagonal Pond first.  As residence time in 

the Pentagonal Pond is reduced by the accumulation of solids, suspended solids will begin to 
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carry over into the Rectangular Pond and settle.  Over long periods of time this process can 

continue until suspended solids carry over into the Main Pond before settling.  Historical 

experience indicates that solids accumulation in the Main Pond will primarily occur near the inlet 

at the west end of the Pond. In order to minimize the rate of accumulation of solids in the T-Pond 

system MDEQ and Dow have entered into ACO-FTO-SW05-002  issued August 29, 2005 

specifying enforceable limits for total suspended solids (TSS) from the secondary clarifiers into 

the T-Pond. Compliance with ACO- FTO-SW05-002 issued August 29, 2005 and any subsequent 

revisions to the order are considered to be a condition of this maintenance plan. 

 

The main objective of the T-Pond Solids Maintenance Plan is to monitor and manage the 

accumulation of solids in the Pentagonal and Rectangular Ponds in order to prevent solids 

carryover into the Main Pond.  It is anticipated that this effort will result in periodic routine 

solids removal activities in the Pentagonal and Rectangular Ponds.  The T-Pond solids 

Maintenance Plan also addresses solids accumulation in the Main Pond should that occur. The 

details of the Plan are described in subsequent sections. 

 

2.0 Containment of Solids to Pentagonal Pond 

 

Installation of a weir to the Pentagonal Pond will be proposed in order to help reduce solids carry 

over into the Rectangular Pond.  A design is being developed and will be submitted to the 

MDEQ for review and approval as a License Modification.  A schedule for completion of the 

Modifications to the Pentagonal Pond will be submitted with the design and License 

Modification request.   

 

3.0 Measurement of Solids Accumulation 

 

Each calendar year beginning in 2007 the top of solids elevation in the Pentagonal and 

Rectangular ponds and the west end of the Main Pond (see Figure 1) will be surveyed. The top of 

solids elevation in the entire Main Pond will be surveyed at 5 year intervals (years ending with 0 
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or 5). These surveys will measure the height of the solids from the bottom of the pond at a 

minimum of 20 points distributed across the full width and length of both the Pentagonal and 

Rectangular ponds.  The Main Pond (west end annually, full pond 5 year intervals) will be 

surveyed to measure the height of the solids from the bottom of the pond at points located 

approximately 200 feet apart as currently conducted for the T-Pond solids removal project 

surveys.  Precise spatial locations (x and y coordinates) will be measured using a surveyor global 

positioning system.  These solids level measurements will be used to create contour maps to 

indicate the solids thickness and top of solids in each pond.    To the extent reasonably possible, 

the same measurement location will be used each year to complete the survey.   

 

This survey will usually be completed during September of each year, although the actual date of 

survey may vary anywhere from August to November depending on the status of current T-Pond 

maintenance activities, the availability of necessary resources, and weather/wind conditions.  

MDEQ will be notified of the planned survey schedule approximately two weeks prior to the 

scheduled survey date. The timing of the survey is selected to provide the data necessary to allow 

for appropriate planning and budgeting to start maintenance activities as soon as weather allows 

in April of the following calendar year.  Beginning in 2007 the contour maps and solids elevation 

and location data from the annual surveys, along with the plan for T-Pond maintenance for the up 

coming season shall be submitted to the MDEQ for review by December 31st of each calendar 

year.  If needed, Dow or MDEQ may request a meeting to further review and evaluate the 

contents of the annual report. In the future, if solids carry over and accumulation in the Main 

Pond is de minimis, a License Modification request may be submitted to the MDEQ to reduce the 

survey and contour mapping frequencies of the Main Pond. 

 

4.0 Execution of Maintenance Activity  

 

The level of solids in the Pentagonal, Rectangular, and Main Ponds obtained from the annual 

survey will be compared to a defined action level for each pond.  If the level in the Pentagonal, 

Rectangular, or Main Pond at the time of the survey exceeds the defined action level for that 
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pond, then maintenance activities for the affected pond will be planned and scheduled as soon as 

weather allows during the next T-Pond maintenance season.  Dow will provide notification to 

MDEQ in the annual report referenced in Section 3.0 when maintenance activities are planned 

for the following maintenance season.   

 

The action level for the Pentagonal Pond and Rectangular Ponds are initially established at 5 feet 

thickness above the pond bottom.  The action level for each of these ponds was established at a 

level where significant carry over of solids into the Main Pond is believed to be unlikely and an 

appropriate thickness for adequate dredging operation.  The action level in the Main Pond is 3 

feet thickness in a contiguous area of at least 10 acres.   It is anticipated that appropriate 

monitoring and maintenance activities in the Pentagonal and Rectangular Ponds will greatly 

minimize any carryover into the Main Pond.  The review of the annual survey results with the 

MDEQ should provide adequate means for both the MDEQ and Dow to understand the long term 

impact of this program on the Main T-Pond and establish appropriate actions if necessary.   

 

The actions levels for initiating the T-Pond Solids maintenance activities have been established 

such that when solid levels reach the action level, there is not an immediate environmental 

concern. Rather, the action levels are established at a decision point that is appropriate to begin 

preparation for maintenance activities during the following maintenance season.  Over time the 

annual surveys of the ponds will provide valuable information as to the expected long term rate 

of increase in solids in each of these ponds helping to fine tune the planning process.  

 

If it is determined at a future date that the action levels should be changed (increase or decrease), 

to prevent carry over into the Main Pond Dow will re-evaluate and propose a change through the 

Operating License Modification process.   

 

The maintenance season for the T-Pond occurs from approximately April 1st to November 15th.  

This timeframe can vary due to actual weather conditions.  Maintenance activities in the T-Pond 

cannot take place during freezing weather conditions due to safety considerations.   
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At the beginning of a maintenance season solids removal activities will begin in the most up 

stream (relative to water flow) pond above the action level and proceed to any down stream 

ponds that are above action levels after the upstream pond is complete.   Dow may choose to 

complete solids removal activities in ponds that are not above action levels at its discretion if 

time permits.  

 

Maintenance activities will continue until solids have been removed to within approximately one 

foot of the pond bottom, or weather conditions do not permit activities to continue.  At the 

conclusion of a T-Pond maintenance season if the solids level in the Pentagonal, Rectangular 

Ponds, and Main Ponds are below their respective action levels and the pond(s) scheduled for 

maintenance during the current maintenance season have been completed to within 

approximately one foot of the bottom Dow will evaluate if additional maintenance activities will 

be scheduled for the next maintenance season.  If the pond(s) scheduled for maintenance during 

the season have not been completed or if any pond's average solids level is above its action level 

at the conclusion of a maintenance season, then maintenance will continue the following 

maintenance season. 

 

During a T-Pond maintenance season, activities may need to be temporarily suspended in order 

to properly address equipment malfunctions, safety concerns, unusual conditions that have the 

potential to adversely impact NPDES permitted effluent quality or other unusual events or 

weather related circumstances.  If T-Pond maintenance activities are suspended, Dow will 

reasonably attempt to resume maintenance activities as soon as possible after the unusual event 

has been properly addressed.  MDEQ will be advised of any disruption or suspension of the 

maintenance activities that last longer than 5 days.  

 

The objective for a T-Pond maintenance season shall be to remove solids from all ponds above 

the action level during the previous survey to within approximately one foot of the bottom.  In 

the event this objective is not achieved during a maintenance season Dow shall provide in 
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writing to MDEQ a report explaining the cause(s) for not meeting the objective and any 

additional steps that shall be taken to achieve the objective during the next maintenance season. 

This report is due by December 31st of the calendar year. The solids in any individual pond shall 

be removed to within approximately one foot of the bottom by the conclusion of the second year 

after the survey identified the pond to be above its action level. The MDEQ may grant an 

extension to Dow for the completion of a pond beyond two years after receiving a written 

request. This written request shall be submitted at least 60 days prior to the two year deadline. 

The written request shall include: 

a) A detailed description of what will prevent Dow from achieving the deadline. 

b) A description of the measures Dow has taken to meet the deadline. 

c) A description of the measures Dow intends to take to remove solids from all of the ponds 

currently above their action level to within one foot of the bottom  

d) The length of the extension request and the anticipated date on which the obligations will 

be met. 

 

5.0 Method Used to Remove and Treat Solids 

 

At this time, Dow’s intent is to remove solids from the Pentagonal, Rectangular and Main ponds 

utilizing either a floating sludge pump or hydraulic dredge. The floating sludge pump has been 

used successfully to remove solids from the pentagonal pond during the 2006 maintenance 

season. The hydraulic dredge has been successfully used during the T-Pond Solids Removal 

Project.  The solids slurry will be pumped back to the wastewater treatment plant (WWTP).  The 

solids will be mixed with other solids in the WWTP and processed through the WWTP 

dewatering, drying, and storage process.  All solids will then be transported to a properly 

permitted hazardous waste incinerator for additional treatment prior to being transported to the 

landfill.  

 

The T-Pond maintenance operation will be consistent with the T-Pond Maintenance Process 

Description submitted to MDEQ-Water Bureau on September 22, 2006 and any subsequent 
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approved revisions.  This will include appropriate characterization of T-Pond solids prior to 

starting maintenance removal activities in a pond.  Additionally, during periods when dredged T-

Pond solids are sent to the on site WWTP clarifiers and aeration basin Dow shall monitor and 

record appropriate WWTP process information to assure that the T-Pond solids are not 

interfering with the proper operation of the plant.  

 

During periods when dredged T-Pond solids are sent to the on site WWTP dewatering, drying, 

and storage process Dow shall conduct sampling and analysis of the sludge consistent with the 

requirements of PTI 129-06 approved September 07, 2006 and any subsequent revisions. Results 

of the analysis of the sludge shall be provided to MDEQ Waste and Hazardous Materials 

Division within 60 days of the end of the quarter that the sample was taken. 

 

Capacity of the wastewater treatment plant solids dewatering, drying, and storage process is 

anticipated to be adequate to process both normal solids generated within the water plant and 

solids recovered from maintenance of the Pentagonal, Rectangular, and Main Ponds.  Until this 

can be verified by operating experience, the dewatering, storage, and truck loading facilities used 

by the T-Pond Solids Removal Project will remain available for use.  If necessary, this equipment 

will be utilized to provide additional solids dewatering capacity to support maintenance of the 

ponds.  If this equipment is used, dewatered solids would be transported to the incinerator for 

additional treatment prior to landfill.  If operating experience demonstrates that this equipment is 

no longer necessary, it may be eliminated or converted to other uses.  

 

Over time and as circumstances may dictate, Dow may evaluate other legal options for solids 

removal and treatment.  Changes may be implemented if they prove to be technically practical 

and cost effective and can achieve the objectives stated in this Plan.  Any changes considered 

will be addressed to meet applicable regulations and pertinent approvals will be obtained prior to 

implementation.  
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6.0 Changes to the Plan 

 

The T-Pond Maintenance Plan is subject to change based on the ability to best manage the long-

term operation while insuring compliance with permits and rules is maintained, and the controls 

are able to achieve the stated purpose of the Plan which is to prevent the excess accumulation of 

solids in the T-Pond system.  Proposed changes will be submitted to MDEQ for approval prior to 

implementation as an Operating License Modification. 
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GEOTECHNICAL ENGINEERING MEMORANDUM  

 

TO: Kip Cosan and Shane Bennett 

 

DATE: January 10,2012 

Rev.1 February 1, 2012 

 

FROM: Vik Gautam, PE 

Doug Wehner 

 

PROJECT: Dow Chemical Company 

T-Pond Dike Stability 

Analysis 

COPIES: File 

 

JOB NO.: 41569029 

 

ATTACHMENTS: Figures 1 and 2; Appendix A (Boring 

Logs); Appendix B  (Laboratory Test 

Data); Appendix C (Results of Slope 

Stability Analysis) 

RE: Evaluation and 

Recommendations For Slope 

Distress at T-Pond East Dike  

 

1.1 EXECUTIVE SUMMARY 

During a site walkover performed in June 2011, URS Corporation (URS) geotechnical engineers observed 

slope distress along a limited section of the east dike of the Tertiary Pond (T-Pond).  The distressed area is 

located near the existing Sand Filters and building, is approximately 150 ft in length (along the dike 

alignment), and involves the eastern crest of the dike.  The slope distress is located between two areas of the 

T-Pond dike that were buttressed in the past, due to previous concerns over slope stability.   

The observed distress included a failing guardrail and cracked asphalt pavement at the crest of the dike.  

Maintenance of the crest within the distressed area has been ongoing and includes placement of rock fill to 

retain the roadway.  These repairs have largely covered the section of slope that experienced movement, so 

direct observation of any scarps or slope movements is not possible. Later observations made by URS 

personnel after tall grass on the slope face had been mowed indicated some creep movements of the surface 

of the dike slope, but signs of a deep seated failure involving a large section of the dike were not observed.  

The visual observations thus suggest that the distress is a shallow translational movement limited to the crest 

and upper third of the slope and is likely the result of the steep configuration of the dike slope.   

In the memorandum entitled “Preliminary Results of Cone Penetrometer Testing Program Stage I, Phase I - 

Interpretation and Stage I Phase I - T-Pond Dike Stability Analysis”, submitted to Dow Chemical Company 

(Dow) in July 2011, URS recommended that a specific exploration of the distressed section of the slope be 

performed and a repair scheme be designed in short order. Subsequently, Dow retained URS to perform the 

recommended exploration and to provide repair recommendations.  The exploration was performed in the 

Fall of 2011. 

URS CorporationURS CorporationURS CorporationURS Corporation    

1375 Euclid Avenue, Suite 600 

Cleveland, Ohio 44115 

Phone:   (216) 622-2400 

Fax:    (216) 622-2428 

Architectural & Engineering Services 
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This memorandum presents the results of our subsurface exploration and summarizes our repair 

recommendations.  The recommended repair for the distressed slope includes regrading of the upper part of 

the slope to a shallower angle and providing a soil buttress to provide additional support at the toe. The 

repair limits encompass the distressed area, but also include the entire segment of the dike between the ends 

of the historically constructed buttresses (approximately 425 ft of dike length). The recommended repair is 

schematically illustrated on Figure 2.  The repair scheme has been evaluated and designed in general 

accordance with US Army Corps of Engineers (USACE) protocols for dam embankments.  

1.2 INVESTIGATIONAL FINDINGS 

Reconnaissance and a subsurface exploration were performed at the site area, in order to evaluate the 

potential cause of the slope distress and to obtain information required for evaluation of feasible repair 

options.  Findings from these activities are summarized in the following sections. 

1.2.1 Reconnaissance  

URS geotechnical engineers initially observed the distressed area on June 21, 2011.  The observed distress 

included a failing guardrail and fence, and cracked asphalt pavement at the crest of the dike.  The guardrail 

“sags outward” several feet (on the order of 5 ft) relative to the guardrail alignment outside of the distressed 

area, which provides some indication of the size and extent of the mass of soil that has displaced.  Marked 

linear cracks (anticipated to be tension cracks due to ground movement) in the asphalt pavement were 

apparent across most of the distressed area.  The cracking was generally set back a few feet west of the 

existing edge of pavement.  Some cracks appeared to be relatively new (they were not filled with silt), which 

indicated that movement was likely ongoing.  URS recognizes that some cracking may have been 

exacerbated by snow plowing practices.  Aggregate materials have been placed at the crest of the slope, to 

retain the failing fence/guardrail, and concrete jersey barriers have been placed at the crest of the slope, to 

limit access and proximity of vehicles to the distressed area.   

During the initial walkover, the dike slope was not clearly visible due to the presence of tall grass on the 

surface. The grass was subsequently mowed, and a URS engineer returned to perform additional 

observations, photo-documentation, and topographic survey of the dike surface in the distressed area (notes 

and photos are retained in the project file). Some signs of “mudflow” type movements near the midslope and 

toe of the dike were observed (specifically, accumulations of soil behind existing electric posts that exist on 

the lower slope), suggesting that some slope creep may be taking place.   Bulging at the lower slope and in 

the toe area was not observed, and this is interpreted as a sign that deep-seated movements of the dike slope 

are not being mobilized.  Furthermore, a prominent head scarp or other cracking/sloughing of the dike 

surface at or near the crest of the slope was not visually apparent. This is due to the fact that the slope crest 

has been maintained by placement of rock fill to retain the fence/guardrail.  The head scarp has likely been 

covered by this fill. Finally, no groundwater seepage was observed on the dike slope.    

In addition to the visual inspection, a desktop study was conducted by analyzing the topographic survey of 
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the distressed area obtained during the site reconnaissance and the existing 2008 plant-wide aerial survey 

that is available. Specifically, it was attempted to determine the extent of the slope distress by identifying 

significant differences in surface elevations along the dike crest and sideslope between these two surveys.  In 

general, more prominent differences in topographic elevations between the two surveys (on the order of 0.5 

to 1 ft) exist only at the crest and upper third of the slope – the current survey elevations being lower than 

2008 aerial elevation, suggesting downward movement of slope soils in these areas.     

The extent of the distressed area estimated from the limits of the failing guardrail and from the comparison 

of the current and 2008 topography is approximately 150 ft along the alignment of the dike and is shown on 

Figure 2.     

Conclusions: 

Based on the results of the site reconnaissance, it is concluded that the slope distress is the result of a shallow 

movement that is limited to the crest and upper slope.  The angle of the dike sideslope is greater than 

1.5H:1V, which represents an oversteepened condition for the loose/medium stiff soils of which the dike is 

constructed.  This condition, in conjunction with saturation of surficial soils during periods of wet weather 

are anticipated to be the trigger for the shallow instabilities observed.  

Signs of larger, deep-seated instabilities or seepage problems are not apparent based on the visual 

observations.   

1.2.2 Subsurface Exploration 

A subsurface exploration within the distressed area was performed, in order to obtain subsurface information 

necessary to perform slope stability analyses of both the existing conditions and to establish repair schemes.  

The subsurface exploration consisted of three (3) soil borings drilled within the limits of the distressed area, 

SB-8508 and SB-8509 drilled at the dike crest and SB-8511 drilled at the toe of the dike. The boring 

locations are shown on Figure 1. 

Clearance of underground utilities was verified before drilling began. Vacuum excavation was performed by 

GeoServ, Inc. of New Hudson, Michigan to clear for utilities at each boring location to a depth of 6 to 7 ft.  

Borings were then drilled adjacent to the vacuum excavations. McDowell and Associates, Inc. of Midland, 

Michigan, used a CME-55 track drill rig to drill the borings between September 26 and September 29, 2011. 

The borings were advanced using 3¼-inch inner-diameter, hollow stem, continuous flight augers.  Borings 

were advanced to depths ranging between 20 and 30 ft below existing ground surface (bgs) and were 

terminated in the hard till deposit that underlies this area of the plant.   

To provide detailed information on the stratigraphy and material variations within the dike at each boring 

location, continuous split spoon sampling was performed in accordance with the Standard Penetration Test 

(SPT), ASTM D 1586.  A URS geologist was present to oversee all drilling and sampling operations and to 

log soil samples. Representative soil samples were collected from the borings for classification and/or testing 
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during drilling. Soil samples were visually classified in the field in general accordance with ASTM D 2487 

and 2488.  Undisturbed soil samples using Shelby Tubes, collected in general accordance with ASTM D 

1587, were obtained in some soft fine-grained soils. These samples were collected from separate augured 

holes, which were offset from the corresponding boring.  All three soil borings were finished as groundwater 

piezometers.  

Detailed soil boring logs are presented in Appendix A. 

1.2.3 Laboratory Testing Program 

Selected soil samples and Shelby tube samples were shipped to McDowell and Associates, Inc. of Midland, 

Michigan for laboratory testing to determine the classification and engineering properties of the soils. The 

laboratory-testing program consisted of the following tests: 

Table 1: Laboratory Testing Program 

TEST SPECIFICATION 
REFERENCE 

STANDARD 

NUMBER OF 

TESTS 

Natural Moisture Content ASTM D-2216 18 

Atterberg Limits (Plasticity Index, Liquid Limit) ASTM D-4318 13 

Total Unit Weight ASTM D-2937 5 

Particle Size Analysis (Sieve) ASTM D-422 10 

Unconfined Compression Test (UC) ASTM D-2850 5 

Direct Shear Test (CIU) 
ASTM D-4767 

4 samples,          

12 points total 

 

Results of these tests are presented in Appendix B. 

1.2.4 Subsurface Conditions  

Subsurface conditions encountered at the borings can be generally summarized as follows (from highest to 

lowest elevation):  Surficial materials consisting of asphalt pavement and pavement base material; Dike 

embankment fill materials; Lacustrine deposits; Glacial till.  The subsurface conditions encountered are 

described in detail below.  Note that all elevations given in this memo correspond to the NGVD29 datum.   

Surficial Materials 

Borings 8508 and 8509 (drilled at the dike crest near El. 618) encountered approximately 6 inches of asphalt 

pavement at the surface, followed by approximately 6 to 12 inches of medium dense, gray gravel with sand 

as base course material. 
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Fill Materials 

Embankment fill materials corresponding to the original dike construction were encountered in borings 8508 

and 8509 to approximate El. 600.  The fill consisted of clay material in the upper slope, overlying sand 

material in the lower slope. The clay fill consisted of moist brown lean clay (CL) to silty clay (CL-ML) with 

varying amounts of sand and trace amounts of cinders. Thickness of the clay layer was roughly 4 to 6 ft and 

its consistency could be described as medium stiff to hard as indicated by SPT N-values ranging between 7 

and 17 blows per foot (bpf), (average of 12 bpf) and  pocket penetrometer readings generally greater than 4.5 

tsf.  The sand fill generally consisted of moist light to dark brown poorly graded sand (SP).  The apparent 

density of the sandy fill materials was loose as indicated by SPT N-values ranging between 1 and 6 bpf 

(average of 4 bpf). The SPT results in the sand were generally observed to decrease with depth. 

Lacustrine Deposits 

Lacustrine deposits were encountered between El. 600  and 588 and generally consisted of moist to wet, light 

brown to gray, interbedded sand, silt and clay soils.  Fine grained layers consisted of gray and brown lean 

clay (CL) and silt (ML), with varying amounts of sand.   Sand layers consisted of brown and gray, fine sand 

(SP) and silty sand (SM).  SPT N-values in these deposits ranged between 1 and 10, with an average value of 

5 bpf, which indicates a very soft to medium stiff consistency in the fine-grained materials and very loose to 

loose relative density in the sand materials.   

Glacial Till 

Glacial till deposits were first encountered near El. 588  underlying the lacustrine deposits in all borings, 

which was as anticipated based on historical information. The till deposits predominantly consisted of lean 

clay (CL) with varying amounts of sand and gravel. SPT N-values in the till varied between 21 and over 50, 

and pocket penetrometer values were generally greater than 4.5 tsf.  These results are indicative of a very 

stiff to hard consistency.   

Groundwater 

Groundwater readings were taken in the piezometers on October 19, 2011. The measured groundwater levels 

are provided in the table below (the piezometers at SB-8508 and 8509 were dry).  

Piezometer Water Level Data  

Boring ID 
Boring El. 

(NGVD29) 

10/19/11 

ft bgs 
Water El. 

(NGVD29) 

SB-8508 617.63 >18 <599.6 

SB-8509 617.78 >20 <597.8 

SB-8511 598.60 2.25 596.35 

 



Geotechnical Memorandum – T-Pond Slope Distress 

The Dow Chemical Company, Midland, MI 

Page 6 of 10 

 

 

The groundwater table was generally encountered below El. 596, corresponding to a few feet below the base 

of the dike (which is at approximately El. 599) and within the lacustrine soils. The groundwater table as 

indicated in the piezometers lies well below the operating pool of the T-Pond (which is approximately El. 

613).  The downstream slope of the dike at the project site is located on the order of 150 ft from the water 

line (due to the existing sand filter and building construction at the site).  It is anticipated that the phreatic 

surface generated by the static water level in the pond descends to the static groundwater elevation west of 

the sideslope.   

1.3 SLOPE STABILITY ANALYSES – EXISTING CONDITIONS 

The following slope stability analyses were performed using the existing configuration of the dike: 

1. Case 1, Forensic Analysis:  This analysis focused on identifying potential shallow failure surfaces 

involving the upper dike and crest.  The results of this analysis were compared to the observed slope 

distress.   

2. Case 2, Global Stability Analysis:  The factor of safety against global (deep-seated) slope stability 

under normal operating conditions was evaluated, for the existing configuration of the dike.  The 

results of this analysis were compared to U.S. Army Corps of Engineers guidelines.  

Both Case 1 and Case 2 analyses were based on an average cross-section within the distressed area, 

established using the topographic data obtained during the site reconnaissance.  Analyses were performed 

using Spencer’s Method, which is a limit equilibrium slope stability analysis procedure The computer 

program SLOPE/W 2007 by Geo-Slope International was utilized.  The program analyzes a large number of 

potential slip surface geometries and identifies the geometry that results in a critical (i.e. lowest) factor of 

safety (FS). Additional information on the program is available at http://www.geo-slope.com/. 

Stratigraphy used in the slope stability analyses was established based on the profiles indicated by the soil 

borings. Material properties (soil unit weight and shear strength parameters) were selected based on the 

results of the laboratory testing program, engineering judgment and past experience with similar soils at the 

Dow site. Specific stratigraphic deposits and corresponding material properties used in the slope stability 

analyses are summarized in the table below:  

Material Properties for Slope Stability Analysis 

Stratum 
Elevation 

(NGVD29) 
γγγγ (pcf) φφφφ (deg) c (psf) 

Stiff Lean Clay – Embankment Fill 

Layer 
617 – 612 115 32 25 

Loose Sand – Embankment Fill Layer 612 – 600 110 28 0 

Soft Clay – Lacustrine Deposit 600 – 594 128 30 0 

V Loose Sand – Lacustrine Deposit 594 – 588 110 28 0 

Hard Till 588  135 38 250 
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1.3.1 Results of Existing Conditions Stability Analysis 

Pertinent results of the existing conditions analyses are presented on figures C-1 (Case 1) and C-2 (Case 2), 

given in Appendix C.  The figures show the critical failure surfaces and corresponding factors of safety 

computed by the models.  

The following commentary is provided based on the results of slope stability analyses: 

• The results of the Case 1 analysis indicate that shallow failure surface geometries involving the crest 

and upper portion of the slope are expected to have low factors of safety (the critical surface shown 

in Figure C-1 has FS of 0.95). This indicates that the slope in its existing configuration had marginal 

stability with respect to the type of movement that has been observed in the distressed area, and 

manifestation of a shallow instability would be likely or expected.  The result thus supports the 

observations made in the field and the conclusions provided in Section 1.2.1.    

• Per guidelines given in U.S. Army Corps of Engineers Engineer Manual EM-1110-2-1902 “Slope 

Stability”, the recommended factor of safety for long term, steady state conditions of a dam 

embankment is 1.50.  The results of the Case 2 analysis indicate a critical (lowest) factor of safety for 

a deep-seated or global failure geometry of approximately 1.30.    Thus, the dike in its current 

configuration is not in imminent danger of a deep-seated failure that could compromise the integrity 

of the pond (i.e., because the factor of safety is well above 1.0), but does not meet widely accepted 

guidance for slope stability.    

• The critical failure surface for a deep-seated failure does not encroach on the sand filters and other 

structures nor the water surface of the T-Pond, which are all located a substantial distance west of the 

sideslope.  Therefore, it is anticipated that a failure of the sideslope will not immediately impact the 

integrity of the structures, nor create an immediate risk of loss of the T-Pond reservoir.     

Conclusions: 

The existing configuration of the dike features an over-steepened downstream slope, which is prone to 

shallow movements such as what has already occurred in the distressed area, and which has factors of safety 

against larger instabilities that do not meet industry-accepted guidelines.  It is recommended that the 

configuration of the downstream slope be modified, both to repair and stabilize the upper slope and to bring 

the overall slope stability up to standards.     

Given that the downstream slope is readily accessible from a construction standpoint, simple earthwork, 

consisting of regrading and buttressing of the slope, is the recommended repair/reconfiguration solution by 

inspection.  It is noted that repair/reconfiguration in this area will require floodplain permitting. Detailed 

recommendations and supporting analyses for the repair/reconfiguration are provided in the next section.   

1.4 SLOPE REPAIR SCHEME 

The recommended slope reconfiguration is illustrated on Figure 2.  The reconfiguration involves reducing 
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the angle of the dike slope to 2H:1V and constructing a soil buttress at the lower slope.  The slope angle 

reduction is designed to stabilize the slope face against shallow instabilities, and the buttress is designed to 

increase the factor of safety against deep-seated failures to meet industry guidelines.  

Though the analyses summarized above in Section 1.3 were performed using cross-sections and subsurface 

information collected locally within the distressed area, it is anticipated that the conclusions will apply to the 

entire section of dike that lies between the two previously constructed buttresses.  Therefore, the 

reconfiguration is recommended to be performed for this entire section of dike (as indicated on Figure 2), 

which corresponds to roughly 425 lineal feet of dike length.  Reconfiguration expanded as such is anticipated 

to bring this entire section of dike to compliance with industry- accepted factors of safety. Furthermore, 

although not addressed herein, the existing buttressed sections of the dike should also be reanalyzed using 

modern software, to verify that those sections of dike meet current industry-accepted factors of safety.  If 

these sections are found to be deficient, they may also be upgraded as an addition to the repair scheme 

recommended herein. The analysis of the currently buttressed sections will be addressed at a later 

Phase/Stage of the overall T-Pond dike evaluation, which is currently in progress.      

Pertinent dimensions and geometric requirements of the various components of the slope reconfiguration are 

shown on Figure 2.  Additional specific recommendations related to the reconfiguration are as follows: 

• Slope Excavation:  A shallow slip plane has likely developed within the soils of the upper slope 

within the limits of the distressed area. Displacement along the slip plane is anticipated to have 

mobilized residual strength conditions within these soils, which is anticipated to be less than the 

peak strength.  Thus, the soils of the upper slope are prone to further movements, even if new fill is 

placed over top of them to reduce the slope angle.  To mitigate this condition, it is recommended that 

the soils of the upper slope be removed and replaced.  This should be accomplished by excavating a 

bench into the upper third of the slope and replacing the excavated soils with compacted fill, as 

shown on Figure 2.  The excavation will start from the crest, at least 8 ft from the edge of the crest 

and will extend to minimum 10 ft depth at an angle of 1H: 1V. The excavation will further require 

removal of the existing fence and guardrail at the crest of the slope, and will partially encroach onto 

the paved roadway at the crest.  Replacement of these features and maintenance of traffic during 

construction will be required.   

In addition to the planned benching, all surfaces of the dike that will receive new fill should be 

stripped of existing vegetation and topsoil, and the exposed subgrade should be bladed and 

roughened, to promote bonding of the new fill to the existing subgrade.   

• Embankment Fill:  Engineered fill materials should be selected, placed, and compacted in 

accordance with Michigan Department of Transportation (MDOT) “Standard Specifications For 

Construction”, Section 205.  Specifically, fine-grained soils (classified as silty clay (CL-ML, or lean 

clay (CL) per the Unified classification system) should be utilized and placement and compaction 

should be per the “Controlled Density Method”, Section 205.03(4)(a).  Existing soils removed as part 
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of bench excavations may be reused, to the extent that they meet the MDOT requirements and the 

material types listed above.   

• Additional Points:  The recommended slope reconfiguration will involve temporary staging of 

construction materials and equipment and the placement of permanent fills (net overall increase) 

within the floodplain of the Tittabawasee River.  Appropriate permits will need to be obtained prior 

to construction.   

A number of existing utilities are located along and perpendicular to the dike crest.  The locations of 

these utilities is an important consideration when designing and implementing the proposed slope 

excavations.  It may be necessary to temporarily protect, re-route or shut down and reconstruct some 

utilities during construction.    

Existing topsoil should be stockpiled and reused to the extent possible at the surface of the 

reconfigured slope.  Some import of topsoil may be required, depending on thickness of the existing 

material and on how much of the existing material can be salvaged for reuse.  The entire surface of 

the reconstructed slope should be revegetated at the close of filling activities.     

An electric line runs through the project limits, and a number of electric poles currently exist within 

on the lower slope.  The line will have to be temporarily re-routed or shut down during construction, 

and poles removed will have to be replaced.   

The existing gravel access road that is located beyond the toe of the dike will be covered by the 

proposed soil buttress, and will need to be reconstructed/rerouted. 

1.4.1 Slope Stability Analysis With Recommended Improvements  

Slope stability analyses of the reconfigured slope were performed to establish the geometry of the 

improvements recommended above.  The stability analyses were performed in general accordance with 

procedures outlined in the U.S. Army Corps of Engineers Circular EM-1110-2-1902 “Slope Stability” in the 

design of the repair for the slope.  In these analyses, the buttress crest width was taken as 20 ft.  Specifically, 

the following cases were analyzed: 

Case 1: Steady State Seepage (Normal Operating Conditions) 

Case 2: 500-year Flood Conditions 

Case 3: Earthquake Loading 

Case 1 for steady state seepage represents the dike in its normal operating condition.  

Case 2 models conditions in relation to a 500-year flood of the Tittabawasee River.  Based on previous 

analytical work performed for the T-Pond and No. 6 Brine Pond, the 500-year flood is expected to inundate 

the area of the T-Pond dikes with the water at El. 615. In the Case 2 analysis, it is assumed that the flood 

event saturates the downstream dike up to the flood level of El. 615, and then quickly recedes, leaving an 
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elevated groundwater condition in the dike and resulting in a rapid drawdown condition.  

For Case 3, earthquake loading was evaluated using a pseudo-static analysis. The general model of Case 1 

was used, but a seismic coefficient of 0.0332 g added. The seismic coefficient was based on information 

obtained from the United States Geological Survey (USGS) Earthquake Hazard Maps, and corresponds to a 

peak ground acceleration with a 2% probability of exceedence in 50 years (corresponding to an earthquake 

event with recurrence interval of approximately 2500 years).  

The results of the analyses (critical factors of safety) are presented in the table below, along with 

recommended factors of safety corresponding to each case, as presented in USACE EM-1110-2-1902.  

Figures portraying the critical failure surfaces are given in Appendix C. The results indicate that the 

recommended reconfigured slope will meet the USACE recommendations for slope stability.  

Results of Slope Stability Analysis With Recommended Improvements 

Stability Case 

Computed 

Critical Factor of 

Safety 

USACE 

Recommended 

Factor of Safety 

Case 1 : Steady State Seepage  

(Normal Operating Conditions) 

(See Figure C4) 

1.75 1.5 

Case 2: 500 Year Flood 

(See Figure C5) 
1.53 1.1 to 1.3 

Case 3: Earthquake Loading  

(See Figure C6) 
1.65 1.1 to 1.3 

 



 

 

 

 

 

 

 

 

FIGURES 







 

 

 

 

 

 

 

 

APPENDIX A 

Boring Logs 
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4

Pocket Penetrometer:

Material Description:

6

Number of blows required to advance
driven sampler each 6-inch interval, or distance noted, using a
140-lb hammer with a 30-inch drop.

1

Pocket penetrometer field consistency
measurement in tons per square foot (tsf).

COLUMN DESCRIPTIONS

Sample Number:

1

Percentage of driven sample length actually recovered.

Depth in feet below the ground surface.

102

11

Elevation:

5

Remarks and Other Details:

Depth:

8

Graphic depiction of subsurface material
encountered; typical symbols are explained below.

6

9

Type of soil sample collected at depth interval
shown; sampler symbols are explained below.

4

Elevation in feet referenced to mean sea level
(MSL) or site datum.

3

Sample identification number.

Description of material encountered;
may include color, moisture, grain size, and density/consistency.

Recovery:

11

Graphic Log:

7

10

Sampling Resistance:5

Water content of soil sample measured in
laboratory, expressed as percent of dry weight of sample.

    Comments and observations
regarding drilling or sampling made by driller or field personnel.

7

Sample Type:

3

2 9

Water Content:

ASPHALT

SILTY SAND

ELASTIC SILT

POORLY-GRADED
SAND

SLAG

LEAN CLAY

FILL

SILTY CLAY

SILT

GRAVEL

TYPICAL MATERIAL GRAPHIC SYMBOLS

Water level in boring ATD

Water level in boring at time indicated after
drilling

Minor change in material properties within a
lithologic stratum

"trace"

When the soil type's percentage is estimated, using visual/manual
procedures, to be greater than 30 percent of the total sample.

OTHER GRAPHIC SYMBOLS
TYPICAL SAMPLER GRAPHIC SYMBOLS

MINOR SOIL TYPE(s)

"y"

"with" When the soil type's percentage is estimated, using visual/manual
procedures, to be greater than 15 percent and less than
30 percent of the total sample.

When the soil type's percentage is estimated, using visual/manual
procedures, to be between 1 and 15 percent of the total sample.

Split spoon

Shelby Tube

Soil classifications are based on the Unified Soil Classification System.
Descriptions and stratum lines are interpretive; field descriptions
may have been modified to reflect lab test results. Descriptions on these
logs apply only at the specific boring locations and at the time the borings
were advanced; they are not warranted to be representative of subsurface
conditions at other locations or times.
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Project Location:   Midland, Michigan

Project:   Annual T-Pond Dike Inspection Key to Log of Boring
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4.5+

 4.5+

 12.0

 15.8

Shelby tube samples were
taken @ 5' bgs
 WC=31.6 LL=49.1
PL=26.4
 Unit Dry Weight=90.6 pcf

Shelby tube samples were
taken @ 7' bgs
 WC=29.8 LL=19.3
PL=14.2
 Unit Dry Weight=86.6 pcf
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LL=20.6  PL=12.4  PI=8.2

6" ASPHALT

Dense, dry, gray GRAVEL (GW) road base, with coarse sand

Hard, moist, brown lean CLAY (CL), trace coarse sand and cinders
[FILL]

Medium dense, moist, brown and black CINDERS and SLAG, with
medium sand [FILL]
Hard, moist, brown and light orange lean CLAY (CL), with fine sand
[FILL]

Medium stiff, moist, light orange, lean CLAY (CL), with sand [FILL]

Soft, moist, dark brown clayey SILT (ML), with fine sand [FILL]

     seam of moist, light yellow fine SAND (SP)

Soft, moist, light brown with dark brown mottling, sandy CLAY (CL)
[FILL]

     seam of wet, light brown medium SAND

N
um

b
er

T
yp

e

G
ra

p
hi

c 
Lo

g

Sa
m

pl
in

g 
R

es
is

t.
Bl

ow
s/

6"
 O

R
C

O
R

E%
 R

Q
D

W
at

er
C

on
te

nt
, %

REMARKS AND
OTHER DETAILS

D
ep

th
,

fe
et

SAMPLES

R
ec

ov
er

y,
 %

P
oc

ke
t P

en
e-

tr
om

et
er

, t
sf

MATERIAL  DESCRIPTION

30.5´ bgsHollow Stem Auger

Date(s)
Drilled

Groundwater
Level(s)

9/27/11 and 9/28/11

3-1/4" ID/ 6" OD

McDowell & Assoc.

Split SpoonSampling
Method(s)

CME-55

Drilling
Method

Total Depth
of Borehole

Soil Cuttings

Checked
By V. Gautam

140#/ 30" Auto

Drill Rig
Type

Drilling
Contractor

Logged
By

< El. 599.6 ft.  Piezometer dry on 10/19/2011

Drill Bit
Size/Type

Hammer
Data

V. Wetzel

Borehole
Completion

Ground Surface
Elevation 617.6 ft NGVD29

N  -3,684.0      E  -1,250.1Coordinate
Location
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Log of Boring 8508

Project Number:     41569029

Project: Annual T-Pond Dike Inspection
Project Location:   Midland, Michigan
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End of Boring at 30.5´ bgs

 79

 92

 100

 79

 83

 100

 100

 100

3.0

 1.0

0.75

 15.8

 20.3

 31.5

End of drilling on 9/27/11

Commenced drilling on
9/28/11

18-ft Monitoring Well with
5 ft of screen was intalled
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15

LL=24.8  PL=16.5  PI=8.3

LL=37.3  PL=21.6
PI=16.1

Soft, wet, light brown CLAY (CL), with fine sand
     becomes with black spotting and light orange mottling, with
medium sand, trace shells and fine gravel

Medium stiff, moist, gray brown CLAY (CL)

     becomes medium stiff to soft, trace organics

Soft, wet, brown and black SILT (ML), with fine sand

Loose, wet, gray and black SAND (SP), trace silt

Very stiff, moist, brown lean CLAY (CL), with silt lamina
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Log of Boring 8508

Project Number:     41569029

Project: Annual T-Pond Dike Inspection
Project Location:   Midland, Michigan
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4.5+

3.0

 14.0

@ 5.7' hit line and moved
boring 2' west
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8

6" ASPHALT

Loose, moist, brown sandy fine GRAVEL (GW) [FILL]

Hard, moist, brown CLAY (CL), trace sand and fine gravel [FILL]

     becomes very stiff

Medium dense, moist, dark brown with light brown mottling fine
SAND (SP), with cinders and bricks, trace silt and slag [FILL]

     becomes without cinders, bricks, silt, and slag

     becomes with silt and clay

Loose, light brown clayey SAND (SC)

     becomes with trace brick fragments

Loose, moist, light brown silty SAND (SM) [FILL]
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MATERIAL  DESCRIPTION

30.5´ bgsHollow Stem Auger

Date(s)
Drilled

Groundwater
Level(s)

9/26/11

3-1/4" ID/ 6" OD

McDowell & Assoc.

Split SpoonSampling
Method(s)

CME-55

Drilling
Method

Total Depth
of Borehole

Soil Cuttings

Checked
By V. Gautam

140#/ 30" Auto

Drill Rig
Type

Drilling
Contractor

Logged
By

< El. 597.8 ft.  Piezometer dry on 10/19/2011

Drill Bit
Size/Type

Hammer
Data

V. Wetzel

Borehole
Completion

Ground Surface
Elevation 617.8 ft NGVD29

N  -3,593.0      E  -1,373.1Coordinate
Location

R
ep

or
t:

 G
E

O
_C

R
; F

ile
 K

:\P
R

O
JE

C
T

S
\D

\D
O

W
\4

15
69

02
9

\D
O

C
S

\L
O

G
S

\T
-P

O
N

D
 D

IK
E

 IN
S

P
E

C
T

IO
N

.G
P

J;
 2

/1
/2

01
2 

6:
1

5:
24

 P
M

Log of Boring 8509

Project Number:     41569029

Project: Annual T-Pond Dike Inspection
Project Location:   Midland, Michigan
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End of Boring at 30.5´ bgs

 96

 92

 100

 96

 75

 100

 100

 100

4.5

 19.9

Shelby tube samples were
taken @ 17' bgs
 WC=21.4 LL=37.3
PL=20.8
 Unit Dry Weight=106.3
pcf

Shelby tube samples were
taken @ 19.5' bgs
 WC=21.0 LL=31.6
PL=16.1
 Unit Dry Weight=107.1
pcf
20-ft Monitoring Well with
5 ft of screen was intalled

Top of natural deposit
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LL=25.3  PL=15.9  PI=9.4

Soft, moist, light brown sandy lean CLAY (CL), with trace gravel
[FILL]

Very soft, moist, light brown lean CLAY (CL), with sand [FILL]

Very stiff, moist, gray CLAY (CL), with silt

Soft, moist, gray CLAY (CL) with silt

Very dense, wet, black fine SAND (SP)

Hard, moist, brown CLAY (CL), with fine sand and silt, trace coarse
gravel
Very dense, wet, black fine SAND (SP)
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4.5+

4.5+

 22.7

 19.0

Shelby tube samples were
taken @ 3' bgs
 WC=16.4 LL=29.6
PL=16.2
 Unit Dry Weight=116.3
pcf

Top of natural deposit

Shelby tube samples were
taken @ 5' bgs
 WC=21.0 LL=29.6
PL=13.4
 Unit Dry Weight=103.9
pcf

11-ft Monitoring Well with
5 ft of screen was intalled

1
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LL=38.4  PL=18.5
PI=19.9

Medium stiff, moist, light brown sandy CLAY (CL) [FILL]

Very loose, wet, PEA GRAVEL [FILL]

Soft, moist, light brown sandy CLAY (CL) [FILL]

Very soft, wet, dark brown silty CLAY (CL-ML), trace organics

Very loose, wet, dark brown fine SAND (SP), trace silt

Soft, wet, gray and light brown silty CLAY (CL-ML), trace gravel

Very loose, wet, light brown, coarse to fine SAND (SP)

Stiff, moist, brown, lean CLAY (CL), with silt laminate
[LACUSTRINE]

     seam of wet silt
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MATERIAL  DESCRIPTION

20.0´ bgsHollow Stem Auger

Date(s)
Drilled

Groundwater
Level(s)

9/28/11 and 9/29/11

3-1/4" ID/ 6" OD

McDowell & Assoc.

Split SpoonSampling
Method(s)

CME-55

Drilling
Method

Total Depth
of Borehole

Soil Cuttings

Checked
By V. Gautam

140#/ 30" Auto

Drill Rig
Type

Drilling
Contractor

Logged
By

2.25 ft bgs in piezometer on 10/19/2011

Drill Bit
Size/Type

Hammer
Data

V. Wetzel

Borehole
Completion

Ground Surface
Elevation 598.6 ft NGVD29

N  -3,644.1      E  -1,216.4Coordinate
Location
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APPENDIX B 

Laboratory Results 





 
 
 

McDowell Job No. 11-63260 
T-Pond Dike Inspection 

URS Project No. 4156029.100000 
 

Laboratory Testing Summary Table (Split Spoon and Bag Samples) 
 

 
 

Atterberg Limits Unconfined 
Compressive StrengthBoring and 

Sample No. Depth (ft) Requests Natural Water 
Content (%) Liquid 

Limit 
Plasticity 

Index 
Stress 
(tsf) Strain (%) 

Unit Dry 
Weight (pcf) 

8505 (S2) 2-4  6.6 19.8% 6.6%    

8505 (S7) 12-14  24.9 31.9% 13.0%    

8505 (S12) 22-24  32.0 34.1% 11.2%    

8506 (S7) 12-14  16.7      

8506 (S9) 16-18  20.3 23.8% 5.8%    

8506 (S14) 26-28  29.6      

8508 (S1) 0.5-2.5  12.0 20.6% 8.2%    

8508 (S8) 14.5-16.5  15.8      

8508 (S10) 18.5-20.5  20.3 24.8% 8.3%    

8508 (S13) 24.5-26.5  31.5 37.3% 16.1%    

8509 (6) 10.5-12.5  14.0      

8509 (S9) 16.5-18.5 LOI 1.86% 19.9 25.3% 9.4%    

8511 (5) 8-10  22.7      

8511 (7) 12-14  19.0 38.4% 19.9%    



 
 
 

McDowell Job No. 11-63260 
T-Pond Dike Inspection 

URS Project No. 4156029.100000 
 

Laboratory Testing Summary Table (Shelby Tube Samples) 
 

 
 
* - Denotes the average moisture content or unit dry weight of the sample as tested for direct shear. 

Atterberg Limits Unconfined 
Compressive StrengthBoring and 

Sample No. Depth (ft) Requests Natural Water 
Content (%) Liquid 

Limit 
Plasticity 

Index 
Stress 
(tsf) Strain (%) 

Unit Dry 
Weight (pcf) 

8508 5-7 Shelby Tube #1 31.6* 49.1% 22.7% -- -- 90.6* 

8508 7-9 Shelby Tube #2 29.8 19.3% 5.1% 1.18 4.8 86.6 

8509 17-19.5 Shelby Tube #1 21.4* 37.3% 16.5% -- -- 106.3* 

8509 19.5-22.5 Shelby Tube #2 21.0* 31.6% 15.5% 0.82 9.0 107.1* 

8511 3-5 Shelby Tube #1 16.4* 29.6% 16.2% -- -- 116.3* 

8511 5-7 Shelby Tube #2 21.0 41.8% 13.4% 0.30 6.8 103.9 



Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: 0.25 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 95.8%

D60: 0.15 mm % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 80.8%

D30: -- % Passing #4 Sieve: 99.5% % Passing #80 Sieve: 65.8%

D10: -- % Passing #10 Sieve: 98.7% % Passing #100 Sieve: 59.0%

% Passing #30 Sieve: 97.1% % Passing #200 Sieve: 48.0%

Remarks:

URS 8506 S-7 12'-14'

-- Client

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

Brown clayey fine SAND

January 4, 2012 David Fath

8506 S-7 12'-14'

GRAIN SIZE DISTRIBUTION
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: 0.19 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 99.7%

D60: 0.14 mm % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 94.2%

D30: -- % Passing #4 Sieve: 100.0% % Passing #80 Sieve: 77.4%

D10: -- % Passing #10 Sieve: 100.0% % Passing #100 Sieve: 63.2%

% Passing #30 Sieve: 99.8% % Passing #200 Sieve: 36.5%

Remarks:

Dark brown clayey fine SAND

January 4, 2012 David Fath

8506 S-14 26'-28'

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

URS 8506 S-14 26'-28'

-- Client

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: -- % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 98.7%

D60: -- % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 97.0%

D30: -- % Passing #4 Sieve: 99.7% % Passing #80 Sieve: 95.4%

D10: -- % Passing #10 Sieve: 99.5% % Passing #100 Sieve: 94.0%

% Passing #30 Sieve: 99.1% % Passing #200 Sieve: 87.3%

Remarks:

URS 8508 ST 7'-9'

-- Client

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

Brown CLAY with sand

November 18, 2011 David Fath

8508 ST 7'-9'

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: 0.29 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 89.4%

D60: 0.09 mm % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 76.3%

D30: -- % Passing #4 Sieve: 98.7% % Passing #80 Sieve: 69.4%

D10: -- % Passing #10 Sieve: 96.6% % Passing #100 Sieve: 65.9%

% Passing #30 Sieve: 93.0% % Passing #200 Sieve: 57.5%

Remarks:

URS 8508 S-8 14.5'-16.5'

-- Client

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

Brown sandy CLAY

January 5, 2012 David Fath

8508 S-8 14.5'-16.5'

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source: 8509 (6) 10.5-12.5 Feet

Material Description:

D80: 0.28 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 87.8%

D60: 0.12 mm % Passing 3/8" Sieve: 98.4% % Passing #60 Sieve: 77.8%

D30: -- % Passing #4 Sieve: 95.2% % Passing #80 Sieve: 70.8%

D10: -- % Passing #10 Sieve: 92.7% % Passing #100 Sieve: 66.0%

% Passing #30 Sieve: 89.8% % Passing #200 Sieve: 49.9%

Remarks:

Light brown clayey SAND

November 18, 2011 David Fath

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

URS 8509 (6)

-- Client

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: 0.13 mm % Passing 1/2" Sieve: 95.1% % Passing #40 Sieve: 93.2%

D60: -- % Passing 3/8" Sieve: 95.1% % Passing #60 Sieve: 90.0%

D30: -- % Passing #4 Sieve: 95.1% % Passing #80 Sieve: 86.4%

D10: -- % Passing #10 Sieve: 95.1% % Passing #100 Sieve: 82.8%

% Passing #30 Sieve: 94.8% % Passing #200 Sieve: 66.3%

Remarks:

URS 8509 S-9 16.5'-18.5'

-- Client

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

Brown sandy CLAY

January 6, 2012 David Fath

8509 S-9 16.5'-18.5'

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source:

Material Description:

D80: 0.21 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 98.8%

D60: 0.11 mm % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 85.8%

D30: -- % Passing #4 Sieve: 100.0% % Passing #80 Sieve: 73.5%

D10: -- % Passing #10 Sieve: 100.0% % Passing #100 Sieve: 66.1%

% Passing #30 Sieve: 99.6% % Passing #200 Sieve: 50.5%

Remarks:

URS 8511 ST 5'-7'

-- Client

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

Gray sandy CLAY

November 18, 2011 David Fath

8511 ST 5'-7'

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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Project Name: Project No.:

Client: Sample No.:

Sample Date: Sampled By:

Tested Date: Performed By:

Source: 8511 (5) 8-10 Feet

Material Description:

D80: 0.49 mm % Passing 1/2" Sieve: 100.0% % Passing #40 Sieve: 73.2%

D60: 0.38 mm % Passing 3/8" Sieve: 100.0% % Passing #60 Sieve: 15.2%

D30: 0.29 mm % Passing #4 Sieve: 99.7% % Passing #80 Sieve: 5.1%

D10: 0.21 mm % Passing #10 Sieve: 98.9% % Passing #100 Sieve: 3.5%

% Passing #30 Sieve: 90.3% % Passing #200 Sieve: 2.4%

Remarks:

Yellow-orange SAND

November 18, 2011 David Fath

SIEVE ANALYSIS
ASTM D422

T-Pond Dike Inspection 11-63260

URS 8511 (5)

-- Client

GRAIN SIZE DISTRIBUTION
#1003/4" 1/2" #4 #10 #30 #40 #60 #200

3/8" #80
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  1

(* = assumed)

Soil Classification

CU

CC

79.4

*

Remarks:

D60

D30

D10100.0

99.1

97.5

91.6

83.6

99.9

99.4

94.6

91.7

77.5

Percent Passing

131.7

97.1

93.6

100.0

100.0

99.9

99.2

96.7

93.0

96.4

85.5

#10

90.4

100.0

100.0

77.2

66.7

Location / Boring No.

      2 3/4   3/8   #4

162.4

#200

134.7

#100   #200

#40

#60

#80

#100

3/8"

#4

#20

Mass (g)

*

1"

3/4"

#10

2

Sample No. Depth

5'5"-5'11"

18'-18'6"

21'1"-21'7"

McDowell & Associates

3T

3T

Lean Clay w/sand (CL)

Sandy Lean Clay w/a trace of gravel (CL)

Lean Clay w/sand (CL)

*

                              Grain Size Distribution ASTM D422

12/22/11Report Date:

Test Date:

Reported To:

Project:

Job No. : 8227

12/15/11#11-63260

Gravel

8508

8509

8509

Sand

Coarse Fine Coarse Medium

Liquid Limit

Plastic Limit

Plasticity Index

Water Content

Dry Density (pcf)

Specific Gravity

Porosity

Organic Content

pH

Shrinkage Limit

Penetrometer

Qu (psf)

49.1

26.4

22.7

37.3

20.8

16.5

31.6

16.1

15.5

20    50

Other Tests

*

5  .2 .5

Sample 
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.002.005

Hydrometer Analysis
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2401 W 66th Street Richfield, Minnesota 55423-2031
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  1

2401 W 66th Street Richfield, Minnesota 55423-2031

.002.005

Hydrometer Analysis

Fines

 .2 .5

Sample 

Type

    .02 .05

Fine

3T

#20  #40

20    50

Other Tests

*

5

29.6

13.4

16.2

pH

Shrinkage Limit

Penetrometer

Qu (psf)

Dry Density (pcf)

Specific Gravity

Porosity

Organic Content

Liquid Limit

Plastic Limit

Plasticity Index

Water Content

Coarse Fine Coarse Medium

8511

SandGravel

                              Grain Size Distribution ASTM D422

12/22/11Report Date:

Test Date:

Reported To:

Project:

Job No. : 8227

12/15/11#11-63260

McDowell & Associates

Sandy Lean Clay w/a little gravel (CL)*

Sample No. Depth

3'7"-4'1"

#10

2

#20

Mass (g)

*

1"

3/4"

#200

139.0

#100   #200

#40

#60

#80

#100

3/8"

#4

Location / Boring No.

      2 3/4   3/8   #4 #10

88.8

83.9

81.5

78.2

70.7

63.2

Percent Passing

100.0

96.9

61.0

53.9

*

Remarks:

D60

D30

D10

CU

CC

Soil Classification

(* = assumed)
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ASTM: D3080
Project:
Boring No.: Sample No. Depth:
Location: Sample Type:
Soil Type:

0.2
φ=φ=φ=φ= 31.6 deg. φ=φ=φ=φ= 36.2 deg.

0.85

Direct Shear Test

Test Date:

Job No.:  

#11-63260
8508 5'5"-5'11" 12/15/2011

0.20 0.46
0.10 0.55

Dry Density (pcf)

0.67

92.1 90.2 89.5

Normal Stress
Shear Stress

Dry Density (pcf)
Before Shear
Thickness (In.)

Water Content (%) 31.9 32.4
0.74 0.73 0.72
30.5

86.0
22.2 22.2

A B C D

(*) = Assumed Specific Gravity

Remarks:         Specimens trimmed to given sizes; Inundated after applying normal load.  Consolidated and 
sheared to given displacements at constant rate of 0.0006 inches/minute.

Plastic Limit:
Plasticity Index:

Specific Gravity (*):

Liquid Limit: 49.1

22.7
2.68

26.4

12/22/2011

Max Stress
Failure Criterion:

Lean Clay with Sand (CL)
TWT Date Reported:

Shear Rate
0.0006 (in/min)

Initial
2.51 2.51Diameter (In.)

"These tests are for informational purposes only and must be reviewed by a 
qualified professional engineer to verify that the test parameters shown are 
appropriate for any particular design."

0.75Thickness (In.)
Water Content (%)

0.75
22.2

91.3 87.5

8227

Cohesion
TSF0.040Apparent

X

0.75
2.51

Peak Conditions
Friction Angle: Friction Angle:

At Given Shear Disp. Of:

Apparent
Cohesion

0.134 TSF
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ASTM: D3080
Project:
Boring No.: Sample No. Depth:
Location: Sample Type:
Soil Type:

0.17
φ=φ=φ=φ= 33.1 deg. φ=φ=φ=φ= 33.2 deg.

Peak Conditions
Friction Angle: Friction Angle:

At Given Shear Disp. Of:

Apparent
Cohesion

0.036 TSF

8227

Cohesion
TSF0.021Apparent

X

0.99
2.51

"These tests are for informational purposes only and must be reviewed by a 
qualified professional engineer to verify that the test parameters shown are 
appropriate for any particular design."

0.99Thickness (In.)
Water Content (%)

0.99
21.2

104.9 100.6

Initial
2.51 2.51Diameter (In.)

12/22/2011

Max Stress
Failure Criterion:

Sandy Lean Clay with a trace of gravel (CL)
TWT Date Reported:

Shear Rate
0.0006 (in/min)

37.3

16.5
2.68

20.8

(*) = Assumed Specific Gravity

Remarks:         Specimens trimmed to given sizes; Inundated after applying normal load.  Consolidated and 
sheared to given displacements at constant rate of 0.0006 inches/minute.

Plastic Limit:
Plasticity Index:

Specific Gravity (*):

Liquid Limit:

A B C D

103.0
21.2 21.2

22.7 20.5
0.97 0.96 0.95
21.1

Dry Density (pcf)
Before Shear
Thickness (In.)

Water Content (%)
Dry Density (pcf)

0.60

106.8 104.0 108.1

Normal Stress
Shear Stress 0.11 0.38

0.10 0.55 0.85

Direct Shear Test

Test Date:

Job No.:  

#11-63260
8509 18'- 18'6" 12/15/2011
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ASTM: D3080
Project:
Boring No.: Sample No. Depth:
Location: Sample Type:
Soil Type:

0.2
φ=φ=φ=φ= 34.4 deg. φ=φ=φ=φ= 34.9 deg.

Peak Conditions
Friction Angle: Friction Angle:

At Given Shear Disp. Of:

Apparent
Cohesion

0.085 TSF

8227

Cohesion
TSF0.071Apparent

X

1.00
2.51

"These tests are for informational purposes only and must be reviewed by a 
qualified professional engineer to verify that the test parameters shown are 
appropriate for any particular design."

1.00Thickness (In.)
Water Content (%)

1.00
22.0

104.7 101.5

Initial
2.51 2.51Diameter (In.)

12/22/2011

Max Stress
Failure Criterion:

Lean Clay with Sand (CL) - Specimen "A" contained more sand than Specimens "B" & "C"
TWT Date Reported:

Shear Rate
0.0006 (in/min)

31.6

15.5
2.68

16.1

(*) = Assumed Specific Gravity

Remarks:         Specimens trimmed to given sizes; Inundated after applying normal load.  Consolidated and 
sheared to given displacements at constant rate of 0.0006 inches/minute.

Plastic Limit:
Plasticity Index:

Specific Gravity (*):

Liquid Limit:

A B C D

102.6
21.8 23.1

21.8 20.3
0.97 0.96 0.95
20.8

Dry Density (pcf)
Before Shear
Thickness (In.)

Water Content (%)
Dry Density (pcf)

0.67

107.4 105.6 108.3

Normal Stress
Shear Stress 0.15 0.47

0.10 0.55 0.85

Direct Shear Test

Test Date:

Job No.:  

#11-63260
8509 21'1"-21'7" 12/15/2011
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ASTM: D3080
Project:
Boring No.: Sample No. Depth:
Location: Sample Type:
Soil Type:

0.1
φ=φ=φ=φ= 29.5 deg. φ=φ=φ=φ= 30.3 deg.

Peak Conditions
Friction Angle: Friction Angle:

At Given Shear Disp. Of:

Apparent
Cohesion

0.060 TSF

8227

Cohesion
TSF0.041Apparent

X

1.00
2.51

"These tests are for informational purposes only and must be reviewed by a 
qualified professional engineer to verify that the test parameters shown are 
appropriate for any particular design."

1.00Thickness (In.)
Water Content (%)

1.00
17.9

112.7 113.2

Initial
2.51 2.51Diameter (In.)

12/22/2011

Max Stress
Failure Criterion:

Sandy Lean Clay with a little gravel (CL)
TWT Date Reported:

Shear Rate
0.0006 (in/min)

29.6

16.2
2.68

13.4

(*) = Assumed Specific Gravity

Remarks:         Specimens trimmed to given sizes; Inundated after applying normal load.  Consolidated and 
sheared to given displacements at constant rate of 0.0006 inches/minute.

Plastic Limit:
Plasticity Index:

Specific Gravity (*):

Liquid Limit:

A B C D

114.0
18.6 17.7

16.5 15.0
0.99 0.97 0.95
17.7

Dry Density (pcf)
Before Shear
Thickness (In.)

Water Content (%)
Dry Density (pcf)

0.54

113.4 116.1 119.4

Normal Stress
Shear Stress 0.11 0.38

0.10 0.55 0.85

Direct Shear Test

Test Date:

Job No.:  

#11-63260
8511 3'7"-4'1" 12/15/2011
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APPENDIX C 

SLOPE/W Results 



0.95

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Stability Analysis -Forensic.gsz

Slope Failure Analysis - T-Pond 

The DOW Chemical Company

Midland, Michigan
Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     

FORENSIC ANALYSIS

STABILITY OF SLOPE WITH EXISTING CONDITIONS

Zone of shallow slip surfaces that have FOS less than 1.10

FIGURE - C1
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1.30

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Stability Analysis -Forensic - Global FOS.gsz

Slope Failure Analysis - T-Pond 

The DOW Chemical Company

Midland, Michigan

Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     

GLOBAL STABILITY OF SLOPE WITH EXISTING CONDITIONS

FIGURE - C2
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2.54

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Slope Section - Improvement Option 1 - Steady State-1.gsz

Slope Failure Analyis - T-Pond

The DOW Chemical Company

Midland, Michigan

Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Compacted Fill      Model: Mohr-Coulomb      Unit Weight: 132 pcf     Cohesion: 300 psf     Phi: 28 °     

SLOPE STABILITY ANALYSIS - SLOPE REPAIR

MITIGATED SHALLOW SLOPE FAILURE

Min. 8 ft.

Min. 10 ft.

Slope 1H:1V

Slope 2H:1V  Buttress at the toe

FIGURE - C3
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1.75

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Slope Section - Improvement Option 1 - Steady State.gsz

Slope Failure Analyis - T-Pond

The DOW Chemical Company

Midland, Michigan

Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Compacted Fill      Model: Mohr-Coulomb      Unit Weight: 132 pcf     Cohesion: 300 psf     Phi: 28 °     

SLOPE STABILITY ANALYSIS - SLOPE REPAIR

STEADY STATE SEEPAGE CASE

Min. 8 ft.

Min. 10 ft.

Slope 1H:1V

Slope 2H:1V  Buttress at the toe

FIGURE - C4
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1.53

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Slope Section - Improvement Option 1 - Sudden DD.gsz

Slope Failure Analyis - T-Pond

The DOW Chemical Company

Midland, Michigan

Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Compacted Fill      Model: Mohr-Coulomb      Unit Weight: 132 pcf     Cohesion: 300 psf     Phi: 28 °     

SLOPE STABILITY ANALYSIS - SLOPE REPAIR

SUDDEN DRAWDOWN CASE

FIGURE - C5
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1.65

Directory: K:\Projects\D\Dow\41569029\DOCs\Analyses\Slope Stability\ Slope Section - Improvement Option 1 - Earthquake.gsz

Slope Failure Analyis - T-Pond

The DOW Chemical Company

Midland, Michigan

Calculated By:  NS

Checked By:  VKG

Date: 1/5/2012

Name: Sand Fill      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Clay Fill      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 25 psf     Phi: 32 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 135 pcf     Cohesion: 250 psf     Phi: 38 °     
Name: Lacustrine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 28 °     
Name: Lacustrine Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: Compacted Fill      Model: Mohr-Coulomb      Unit Weight: 132 pcf     Cohesion: 300 psf     Phi: 28 °     

SLOPE STABILITY ANALYSIS - SLOPE REPAIR

EARTHQUAKE LOADING CASE

FIGURE - C6
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                                                   The Dow Chemical Company –Michigan Operations 

                                                                               Minor Modification 15 and Part 315 Dam Safety Permit 
No. 13-56-0026-P Tertiary Pond Dam Embankment  

Inboard Fill Summary Report 

 

1.0 Introduction 
The purpose of this report is to summarize construction activities related to the Minor 

Hazardous Waste Management Facility Operating License (License) Modification; 

Amendment 15 - Approval of Tertiary Pond Dam Embankment Inboard Fill; The Dow 

Chemical Company (Dow), Michigan Operations, Midland, Michigan; MID 000 724 724 

(Minor Modification 15) issued August 27, 2013, and Part 315 Dam Safety Program 

Permit 13-56-0026-P (Permit 13-56-0026-P) issued August 29, 2013, Tertiary Pond Dam 

Embankment Inboard Fill (Inboard Fill Project).  

 

Dow submitted the Minor Modification 15 Request on July 3, 2013, and provided a 

response to Michigan Department of Environmental Quality’s (MDEQ’s) Dr. Xuede 

(Dan) Qian’s July 24, 2013 technical comments on August 6, 2013.  The Permit 13-56-

0026-P Application was submitted on July 1, 2013.   

 

The approved construction activities included placing fill and rip rap to widen the 

embankment, and construct a new pipeline rack system on the inboard slope of the 

Tertiary Pond Dam embankment in accordance with the plans and specifications supplied 

in each request package.  This summary report will provide documentation of completed 

construction activities, actual quantities used in construction, and as-built conditions. 
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2.0 Pre-Construction Submittals 
A pre-condition in the Minor Modification 15 approval was that prior to the start of 

construction, laboratory testing to establish the internal friction angle of the proposed 

aggregate materials to be used in construction be performed.  This was conducted to 

confirm the assumptions of URS Corporation’s (URS’) Technical Memorandum dated 

June 28, 2013, titled “Dike Stability Analysis Supporting T-Pond Filtration Project” slope 

stability analysis included in the Minor Modification 15 request and the Permit 13-56-

0026-P application submittals. 

 

A minor deviation from the original construction plans in the License and Permit 

submittals was the construction contractor’s substitution of a more coarse MDOT 4AA 

aggregate, in lieu of MDOT 6AA.  Geotechnical laboratory shear testing was performed 

on the two aggregate components, MDOT 21AA (as designed) and the MDOT 4AA.   

These results were submitted via electronic message to MDEQ on November 21, 2013.  

On December 2, 2013 a conference call was held with Dow, MDEQ, and URS attendees 

to discuss the results.  These results were incorporated into Attachment A of this 

Summary Report, titled Dike Stability Analysis Supporting T-Pond Filtration Project – 

Revised Analysis, dated December 3, 2013.  Resultant factors of safety were in line with 

the previously submitted stability analysis in the June 28, 2013 URS Technical 

Memorandum License Modification and Permit Application requests.  On December 3, 

2013 MDEQ provided Dow with an electronic message granting approval of the MDOT 

4AA aggregate for the embankment fill construction.   
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3.0 Construction Activities 
The following construction activities were performed during the Inboard Fill Project:   

• Site preparation; 

• Import and placement of fill materials; and  

• Wood pile, Pipe support pile caps pipe installation. 

 

A photo log of construction activities can be found in Attachment B. 

 

3.1 Site Preparation 

Embankment fill construction activities commenced on November 18, 2013.  A turbidity 

curtain was installed in the pond around the embankment area to be filled, to minimize 

pond sediment mobilization.  Prior to importing fill material, existing rip rap was 

removed from the pond’s inboard slope and staged for reuse.   
 

3.2 Import and Placement of Fill Materials  

Fill activities were performed between December 1 through December 12, 2013.  Work 

began at the northwest corner of the embankment fill area by placing the 4AA with an 

excavator down the existing bank.  Once sufficient material was placed to form a ramp, 

dump trucks were backed down the ramp to deposit additional stone.  A rubber tired 

loader conveyed the aggregate to a placement stockpile.  The 4AA material was placed 

with an excavator below the water line.  Once above the water line, smaller 21AA 

material was then pushed into 12-inch lifts with a bulldozer.  A vibratory compactor was 

used to compact and proof roll each lift up to the design elevation.  Various underground 

building drains and process overflow piping were extended through the embankment fill 

as they were encountered at existing elevations in the original embankment face.  The 

salvaged and imported rip rap was then placed with an excavator along the embankment 

interface with the pond.   
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The total imported aggregate placed consisted of 9,471 tons of MDOT 4AA, 7,905 tons 

of MDOT 21AA, and 50 tons of rip rap.  Figure 1 is the as-built drawing reflecting the 

final inboard berm fill prior to pipe support and pipeline construction.   

 

3.3 Installation of Piling, Pipe Support Foundations, and Pipelines 

In May of 2014 piling, pipe support pile caps, and pipe supports were constructed in the 

embankment fill along an alignment from the 1212/1214 Buildings to the new 1209 

Building.  Two wood piles per each pile cap were driven through the embankment fill 

into the underlying clay till to an approximate average tip elevation of 589 ft.  Pile 

driving logs were maintained and pile capacities verified using pile driving formulas as 

required by the specifications.  The embankment fill was then excavated to an 

approximate depth of 24 inches to facilitate forming of concrete pile caps for the pipe 

support steel as per the detail on Figure 1.  The caps were then poured to design plans and 

specifications.  

 

Once the concrete footings were allowed to cure, the steel pipe support frames were 

erected.  The following pipelines were then installed on the pipe supports: 

• Two 30-inch steel pipes; 

• One 8-inch steel pipe; and  

• Three 2-inch steel pipes.  

 

Construction activities were substantially completed within the embankment fill area on 

August 31, 2014.  Figure 1 shows the as-built pipe support and pipeline conditions. 
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GEOTECHNICAL ENGINEERING MEMORANDUM  

 

TO: Mr. Shane Bennett, PE 

 

 

DATE: December 3, 2013 

 

FROM: Vik Gautam, PE 

Doug Wehner 

 

PROJECT: Dow Chemical Company 

T-Pond Filtration Project 

COPIES: File 

 

JOB NO.: 41569363 

 

ATTACHMENTS: Attachment A (Results of Slope Stability 

Analysis) 

RE: Dike Stability Analysis 

Supporting T-Pond 

Filtration Project – Revised 

Analysis 

 

The Dow Chemical Company (Dow) proposes to construct a new filtration plant at the Triangle Pond site, 

located just to the northeast of the Tertiary Pond (T-Pond).  As part of the improvements for the filtration 

plant, a pipe rack carrying two 42 in and several smaller diameter force mains will be constructed from the 

new plant toward the 1212 Building complex, which is located southeast of the Triangle Pond.  The pipe 

rack alignment will follow along the inboard side of the existing T-Pond dike throughout the majority of its 

alignment.  In order to construct the pipe rack and piping, additional fill embankment is proposed at the dike. 

In order to widen the dike crest to provide access and facilitate the ability to construct the pipe rack on level 

grade, the crest will be constructed to roughly match the elevation of the current dike crest at the proposed  

elevation (EL.) of 618.5 ft National Geodetic Vertical Datum of 1929 (NGVD29).  The new fill will be 

placed over the existing inboard dike slope and will extend below the T-Pond water line and to the existing 

pond bottom.  The fill will consist of clean, crushed aggregate material.  MDOT-specification 21AA material 

will be utilized above the normal pool level of the pond (approximate El. 608 ft NGVD29), while MDOT-

specification 4AA material will be used below normal pool in the water.   

On August 5, 2013 URS submitted a memorandum summarizing the results of slope stability analysis of the 

inboard dike slope in the proposed configuration with aggregate fill in place.  Those calculations made an 

assumption on the shear strength properties of the proposed aggregate fill – namely, a 40 degree angle of 

internal friction was utilized to model the aggregate (both types of aggregate were modeled with the same 

properties).  Since the original calculations were performed, direct shear testing of actual samples of the 

proposed aggregate materials was performed at the request of the Michigan Department of Environmental 

Quality (MDEQ).  The two proposed aggregate materials (MDOT 21AA and MDOT 4AA) were each 

individually tested using a 12-inch by 12-inch shear box and in general accordance with ASTM D 3080.  3-

URS CorporationURS CorporationURS CorporationURS Corporation    

1375 Euclid Avenue, Suite 600 

Cleveland, Ohio 44115 

Phone:   (216) 622-2400 

Fax:    (216) 622-2428 

Architectural & Engineering Services 
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point direct shear tests were performed, with normal stresses selected to cover the range of vertical stresses 

anticipated in-situ within the finished construction.   

Test results were as follows, when a linear regression line is fit to the data: 

MDOT 21AA:  friction angle = 37 degrees, cohesion intercept = 34 psf 

MDOT 4AA:  friction angle = 40 degrees, cohesion intercept = 272 psf 

Lab data sheets documenting the above results are provided in Attachment B.   

If the regression line is forced through the origin to remove the cohesion intercept, the following equivalent 

friction angles are obtained: 

MDOT 21AA:  37.5 degrees 

MDOT 4AA:  44.4 degrees 

At the request of MDEQ, the original slope stability calculations were revised to account for the laboratory 

testing results.  Specifically: 

• The aggregate material represented in the stability analysis was divided into 21AA and 4AA zones, 

as proposed to be constructed. 

• Friction angles for each of the aggregate zones were assigned as given above with the cohesion 

intercept removed (i.e., 37 degrees for 21AA and 44 degrees for 4AA). 

• All other aspects of the original analyses were kept the same.   

Attachment A below provides outputs from the revised SLOPE/W analysis, depicting the calculated critical 

failure surfaces and corresponding factors of safety for the various cases considered.  Factors of safety are 

further summarized in Table 1 below.  Table 1 also provides factors of safety that were computed in the 

original analyses.  Comparison of the results indicates that there is little change between the revised and 

original analyses, and the revised analysis results still meet or exceed USACE recommended minimum 

values.   

 

 

 

 

 

 

 

 

 



Geotechnical Memorandum –Revised Dike Stability Analysis Supporting T-Pond Filtration Project 

The Dow Chemical Company, Midland, MI 

Page 3 of 3 

 

  

Table 1 - Results of Revised Slope Stability Analysis and Comparison With Original Analysis 

Stability Case 

Computed 

Critical Factor 

of Safety – 

Revised 

Analyses 

Computed 

Critical Factor 

of Safety – 

Original 

Analyses 

USACE 

Recommended 

Factor of 

Safety 

Case 1 : Steady State Seepage  

Failure Surface Within New Fill 

(See Figure A-1) 

1.58 1.59 1.5 

Case 1 : Steady State Seepage  

Failure Surface Within Existing Dike Fill 

(See Figure A-2) 

1.79 1.78 1.5 

Case 1 : Steady State Seepage  

Translational Failure Surface At New 

Fill/Existing Interface 

(See Figure A-3) 

1.68 1.68 1.5 

Case 2: Temporary Construction Conditions 

With Crane Loading 

(See Figure A-4) 

1.53 1.54 1.3 

Case 3: Rapid Drawdown 

(See Figure A-5) 
1.15 1.16 1.1 to 1.3 

Case 4: Earthquake Loading  

(See Figure A-6) 
1.40 1.41 1.1 to 1.3 

 

Based on these results and the assumptions contained in the analyses, it is concluded that all computed 

factors of safety meet or exceed USACE recommended values.  Instability of the dike as a result of the 

proposed project is thus not anticipated. 
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ATTACHMENT A   

RESULTS OF REVISED SLOPE  

STABILITY ANALYSIS 
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ATTACHMENT B 

DIRECT SHEAR TEST RESULTS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















  PHOTOGRAPHIC LOG 

Client Name: 

The Dow Chemical Company 

T-Pond Filtration Expansion Project 

Site Location: 

Tertiary Pond Embankment inboard Fill 
Midland Plant WWTP 
Midland, MI 48667 

Project No. 

41569523 

 
Photo No. 

1 
Date: 

12/1/13 

 

Direction Photo Taken: 
 
Southeast 

Description: 
 
Below water level berm 
construction placing 4AA 
aggregate progressing near 
northeast corner of Tertiary 
Pond. 

Photo No. 
2 

Date: 
12/4/13 

 

Direction Photo Taken: 
 
Southeast 

Description: 
 
Above water level berm 
construction placing 21AA 
aggregate over 4AA 
aggregate progressing 
Northeast corner of Tertiary 
Pond. 



  PHOTOGRAPHIC LOG 

Client Name: 

The Dow Chemical Company 

T-Pond Filtration Expansion Project 

Site Location: 

Tertiary Pond Embankment inboard Fill 
Midland Plant WWTP 
Midland, MI 48667 

Project No. 

41569523 

 
Photo No. 

3 
Date: 

12/5/13 

 

Direction Photo Taken: 
 
Northwest. 

Description: 
 
Above water level berm 
construction placing 21AA 
aggregate progressing near 
corner of 1275 Building. 

Photo No. 
4 

Date: 
12/11/13 

 

Direction Photo Taken: 
 
Northwest 

Description: 
 
Substantially complete 
Inboard Berm Fill Area. 



  PHOTOGRAPHIC LOG 

Client Name: 

The Dow Chemical Company 

T-Pond Filtration Expansion Project 

Site Location: 

Tertiary Pond Embankment inboard Fill 
Midland Plant WWTP 
Midland, MI 48667 

Project No. 

41569523 

 
Photo No. 

5 
Date: 

12/11/13 

 

Direction Photo Taken: 
 
Southeast 

Description: 
 
Substantially complete 
Inboard Berm Fill Area. 

Photo No. 
6 

Date: 
5/30/14 

 

Direction Photo Taken: 
 
South 

Description: 
 
Installed piling for pipe 
supports (two per).   



  PHOTOGRAPHIC LOG 

Client Name: 

The Dow Chemical Company 

T-Pond Filtration Expansion Project 

Site Location: 

Tertiary Pond Embankment inboard Fill 
Midland Plant WWTP 
Midland, MI 48667 

Project No. 

41569523 

 
Photo No. 

7 
Date: 

6/25/14 

 

Direction Photo Taken: 
 
Southwest 

Description: 
 
 
 
Trimmed piling for pipe 
support (typical) 
foundation. 
 
 
 
 
 

 

Photo No. 
8 

Date: 
6/25/14 

 

Direction Photo Taken: 
 
Southeast 
 

Description: 
 
Pipe support foundation. 

 



  PHOTOGRAPHIC LOG 

Client Name: 

The Dow Chemical Company 

T-Pond Filtration Expansion Project 

Site Location: 

Tertiary Pond Embankment inboard Fill 
Midland Plant WWTP 
Midland, MI 48667 

Project No. 

41569523 

 
Photo No. 

9 
Date: 

7/10/14 

 

Direction Photo Taken: 
 
Northwest 

Description: 
 
Steel pipe support erection. 

Photo No. 
10 

Date: 
8/15/14 

 

Direction Photo Taken: 
 
Southeast 

Description: 
 
Substantially complete pipe 
supports, pipeline, and 
embankment fill. 
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