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January 26, 2022 
Project 2100305 
 
VIA EMAIL: jason.boyle@state.mn.us 
 
Mr. Jason Boyle, P.E. 
State Dam Safety Engineer 
Minnesota Department of Natural Resources 
 
Re: Keetac Tailings Basin – Stability Analysis Update for Stage 2 Exterior Tailings Basin 
 Permit 1965-0351 
 United States Steel Corporation – Keetac 

Keewatin, Minnesota  
 

Dear Mr. Boyle: 

In response to our letter dated December 2, 2021, titled, “Keetac Tailings Basin – Permit 1965-
0351 Status”, Minnesota Department of Natural Resources (MDNR) has requested a stability 
analysis update for the Stage 2 Exterior tailings basin perimeter dam.  The purpose of this letter is 
to provide the requested information. 

The intent of the December 2, 2021, letter was to request MDNR Dam Safety confirmation to 
complete construction of the Stage 2 Exterior Tailings Basin perimeter dike up to the original 
permitted design elevations.  The perimeter dike embankment geometries analyzed for stability in 
the attached report include the existing perimeter dike embankment with additional vertical 
expansion up to the original permitted crest elevation.  Additional vertical expansion up to the 
original permitted crest elevation will not require placement of fill materials beyond the upstream 
or downstream toes of the existing embankment.   

We have been pleased to provide our engineering services for this application.  If you have any 
questions, please contact us. 

Sincerely, 

GEI CONSULTANTS, INC. 
 
 
James P. Bonner, P.E. 
Senior Engineer 
 

 
 
Michael J. Wheeler, P.E. 
Senior Vice President 

Cc: Chrissy Bartovich, United States Steel Corporation 
Darren Gietzen, United States Steel Corporation 
Lukas Klemke, United States Steel Corporation 
Evan Shefik, PE, United States Steel Corporation 

 
JPB:cah 
K:\KEETAC (US Steel)\2100305_Keetac_2021 Quarterly Tailings Basin PM\05_In_Progress\Reports\Dam Safety Permit 
Letter\Stability Supplement\R2100305_Keetac_Dam Safety Stability_FINAL.docx 

■ G E I Consultants 
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Proposed Near-Term Phase 1 Solution  

A near-term shift to tailings disposal within the Stage 2 Exterior Tailings Basin footprint would allow 
for hydraulic deposition of tailings for Stage 2 Interior Tailings Basin south dike stability 
improvement and eliminate or slow additional vertical expansion of the Stage 2 Interior Tailings 
Basin.   

Figure 1 shows the alignment of the existing Stage 2 Exterior Tailings Basin perimeter dike 
embankment along with a typical section.   

Summary of Crest Elevations 

The current crest elevation of the Stage 2 Exterior dike varies from approximately +1,460 feet along 
the south portion up to approximately +1,490 feet along the east portion.  The Bechtel Incorporated 
design report, included as Attachment A, indicates design crest elevations of +1,470 feet along the 
south portion and +1,510 along the east portion.  A summary of current, designed/permitted, and 
proposed crest elevations along the Stage 2 Exterior dike is provided in the following table. 

Stage 2 Exterior Dike Crest Elevation Summary 

General Area Approximate Current 
Crest Elevation 

Designed/Permitted 
Crest Elevation 

Proposed Phase 1 
Crest Elevation 

West +1,462 feet +1,470 feet +1,470 feet 
South +1,462 feet +1,470 feet +1,470 feet 
East +1,490 feet +1,510 feet +1,500 feet 

Phase 1 construction planned for 2022 will be completed under existing Permit 1965-0351, in general 
accordance with the Bechtel Incorporated design documentation.  As indicated in the table above, 
planned 2022 raising of the perimeter dike will be to interim crest elevations at or below the 
designed/permitted crest elevations.   

Stability Analyses  

Consistent with the Bechtel stability analysis, a typical perimeter dike embankment section having the 
greatest overall height for the permitted crest elevation of +1,470 feet was selected for analysis.  The 
typical section would generally represent the south portion of the Stage 2 Exterior dike.  Attachment A 
includes plan and profile drawings showing the location of the typical section along with results of 
the Bechtel stability analysis.  A typical section of the perimeter dike embankment is shown on 
Figure 1. 

During 2021 seven (7) borings were advanced through the Stage 2 Exterior Tailings Basin perimeter 
dam embankment to characterize subsurface materials and collect samples at select depth intervals.  
Locations of the borings are shown on Figure 2.   

The 2021 borings were converted to water observation wells upon completion to allow for better 
measurement of the phreatic surface through the embankment.  The 2021 borings confirmed that 
material types within the dam embankment are consistent with borings completed by Bechtel for the 
original permit request and material types shown on the original design drawings.   
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B2021-4EXT was advanced near the location of the typical Stage 2 Exterior Tailings Basin perimeter 
dike embankment section shown on Figure 1.  The boring log from B2021-4EXT is provided in 
Attachment B for reference. 

Two-dimensional, force and moment equilibrium embankment slope stability analyses were 
completed for the Stage 2 Exterior Tailings Basin perimeter dike embankment for existing and Phase 1 
embankment geometries.  Phase 1 embankment geometry is the permitted design crest elevation 
consistent with the Bechtel design.  The future Phase 1 buildout condition assumes a 10-foot raise 
using similar clay dike embankment material.  

The upstream tailings level for the stability analysis cases was assumed to be 5 feet below the Phase 1 
permitted crest elevation.  The piezometric line was estimated based on available monitoring data and 
engineering judgment.  Strength parameters for the stability analyses were based on data from the 
Bechtel study and recent GEI studies.    

The slope stability analyses were completed using the computer program SLOPE/W 2019 R2 
developed by GEO-SLOPE International, Ltd.  This program uses the method of slices to compute the 
factor of safety against sliding for a layered embankment or slope.  The Morgenstern-Price method 
was used to calculate the factor of safety for all cases analyzed, which is a method that solves for both 
force and moment equilibrium.  Circular slip surfaces were analyzed for all loading cases presented 
herein.  Both effective stress analyses (ESA) and undrained strength analyses (USA) were completed 
for the existing condition and future Phase 1 perimeter dike crest condition (dike elevation +1,470 feet).   

Material Properties 

Material properties utilized for the both the ESA and USA analyses are summarized in the table 
below:  

Material Name Total Unit 
Weight (pcf) 

Cohesion  
(psf) 

Phi 
(°) 

Buildout Clay dike fill ESA 130 - 31 
Buildout Clay dike fill USA 130 1,000 - 

Clay dike fill ESA 130 - 31 
Clay dike fill USA 130 1,000 - 

Drain Material 130 - 36 
Layered Fine Tailings and 

Slimes ESA 130 - 35 

Layered Fine Tailings and 
Slimes USA 130 Tau/Sigma = 0.23,  

min =400 psf - 

Natural Foundation sand 130 - 31 

Material properties of dike embankment materials and natural foundation soils are consistent with 
Bechtel design parameters included in the documentation for the original permit application request.  
The Layered Fine Tailings and Slimes material properties were based on previous strength analysis 
studies performed by GEI.  We have conservatively chosen a value of 1,000 psf for the random clay 
backfill; however, existing field data would likely justify a higher strength.  



Keetac Tailings Basin 
Dam Safety Permit Status 
Keewatin, Minnesota 
January 26, 2022 
 
 

GEI Consultants, Inc.  3 

Only downstream stability was analyzed for this study.    

Stability Analysis Results 

Slope stability results are included in Attachment C.  Critical slip surfaces for each analysis figure 
are highlighted with a thick white line and the associated minimum factor of safety (FS) value is 
distinguished with a red dot.  Minimum FS values are greater than the required minimum values.  
Results are summarized in the table below. 

Description Failure 
Type 

Minimum 
Required 
Factor of 
Safety* 

ESA 
Downstream 

Factor of 
Safety 

USA 
Downstream 

Factor of 
Safety 

Bechtel 
Downstream 

Factor of 
Safety 

Existing 
Embankment 

Geometry 
Circular 1.5 1.87 2.04 NA 

Interim future 
conditions (After 

Phase 1 
construction) 

Circular 1.5 1.75 1.58 1.5 

Interim future 
conditions, +0.05g 

seismic 
Circular 1.1 1.52 1.37 1.3 

* We have selected a minimum FS criteria of 1.5 for undrained peak strength analysis cases, which is consistent 
with USACE, USBR, NRCS, FERC, MSHA, TVA and State of Minnesota for long-term steady-state seepage 
conditions.  This is also the current standard of practice for iron ore tailings basins located in the Upper Midwest.   

A minimum FS criteria of 1.5 has also been selected for ESA cases.  A minimum FS of 1.1 was selected for the 
pseudo-static cases. 

Because of the high shear strength foundation materials, the critical potential failure surfaces tended to 
be shallow in depth, converging toward a minimum infinite slope factor of safety of 1.5.  These shallow 
sloughing failure surfaces would not affect the overall integrity of the embankment.  Therefore, we 
“forced” the failure surfaces deeper into the slope within the SLOPE/W models, selecting a minimum 
depth of 15 feet.   

The dike materials and foundation materials are not susceptible to liquefaction, and therefore a 
liquefaction analysis was not completed.  The clay like till soils generally have a high plasticity (PI >8) 
and therefore are not likely susceptible to liquefaction as explained by Idriss and Boulanger (2008)1 for 
a fine-grained material that has “clay-like” behavior.  Dilative soils with N1,60 > 15 or qc1 > 45 are 
assumed to not lose strength and generally noncorrected SPT N values for the foundation material and 
dike embankment material are greater than 15, suggesting these materials are not likely susceptible to 
liquefaction. 

 
1 Idriss, I. M. and Boulanger, R. W. (2008) “Soil Liquefaction During Earthquakes,” Earthquake Engineering 
Research Institute, Oakland, California. 
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Summary 

The proposed 2022 Phase 1 vertical expansion elevations for the Stage 2 Exterior Tailings Basin 
perimeter dike embankment are at or below the design/permitted Bechtel perimeter dike crest 
elevations.  Stability analysis results for the perimeter dike embankment with the 2022 vertical 
expansion crest elevation show minimum factors of safety which meet or exceed typical minimum 
factor of safety criteria for tailings dam perimeter dike embankments.    
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Attachments 

Figure 1 Dike Typical Sections 
Figure 2 Stage 2 Exterior Borings and Test Pit Locations 
Attachment A Bechtel Design Report excluding appendices 
Attachment B Log of B2021-4EXT 
Attachment C Stability Analysis Results 
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77.0
End of Boring at 77.0 feet (Practical Refusal)
Boring advanced to 10.0 feet with hollow-stem auger
Boring advanced from 10.0 to 77.0 feet with rock bit and
drilling fluid
Boring flushed with water and converted to observation well
upon completion
10.0 foot screen (0.010)
35/45 Red Flint Sand to 5.0 feet
5.0 feet surface seal (chips)
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The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.
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