


 

 

COTTER CORPORATION (N.S.L.) 
SCHWARTZWALDER MINE, GOLDEN, COLORADO 

PERMIT NO. M-1977-300 
RESPONSE TO COMMENTS REGARDING 

TECHNICAL REVISION 23 (TR-23) 
 
December 23, 2016 Comment Letter 

1.  The design drawings provided in Attachment C for the storm water diversion ditches are 
not stamped by a licensed professional engineer.  As required by Rule 6.4.21(10)(a), 
please provide design drawings which have been certified by a licensed professional 
engineer for all Environmental Protection Facilities. 
 

Attachment C has been updated to include drawings signed and sealed by a 
professional engineer of the diversion ditches.  The revised Attachment C is dated 
February 24, 2017. 
 

2. The Operator has indicated the storm water diversion ditches have been designed to 
accommodate a 100-year flood event with a peak discharge of 60 cfs.  Appendix E (pg. 
51) of the 1983 Amendment, states the estimated peak discharge above the east/south 
Waste Rock Pile (WRP) is 119 cfs for the 100-year flood event.  The peak discharge for 
the west/north WRP was not analyzed.  Please provide the Division with a hydrologic 
analysis which demonstrates 60 cfs is the appropriate peak discharge for the design of the 
storm water diversion ditches. 
 

A Drainage Area Map (revised Attachment C, sheet 30) containing the hydrology 
calculations for both diversion ditches have been added to the plan set and permit 
submittal.  The hydrology calculations were conducted with USACE’s HEC-HMS 
program.   
 

3. The design drawings show the storm water diversion ditches terminate several feet above 
the toe of slope of the WRP’s.  The design should include a means to safely convey the 
diverted flow from the base of the diversion ditches to Ralston Creek.  Please describe 
how storm water will be safely conveyed to Ralston Creek so that erosion of the WRP’s 
or the access roads does not occur. 
 

The diversion ditches have been updated as shown on the revised Attachment C, 
sheets 22-27.  The Southern WRP diversion ditch will end to the North of the cut 
off dam and will be protected with concrete riprap to allow the water to flow to 
the Ralston Creek.  Surface water will not flow over the access road Cotter 
submitted  a response to the Division’s Adequacy Review #1, Comment # 18 on 
November 8, 2016  As a result of the update of the diversion ditch design, this 
response has been changed and is included in Attachment G, a February 23, 2017 
report form Engineering Analytics, Inc.  One of the primary changes is the 
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removal of benches from the WRP design, which has been analyzed by 
Engineering Analytics, Inc. in its report included as Appendix G. 
 

4. The design drawings show weep drains will be placed vertically in the storm water 
diversion ditches.  In the Division’s experience, horizontal weep drains are less subject to 
plugging and sediment deposition.  Please provide a technical justification for 
constructing vertical weep drains. 
 

The initial weep drains were based on the weep drain details available from 
Colorado’s Urban Drainage and Flood Control.  The weep drain details have been 
updated to have the pipes drain horizontally. 
 

5. The design drawings for the storm water diversion ditches do not address freeboard.  
Please indicate if the design of the storm water diversion ditches accounts for freeboard.  
If so, specify the freeboard.  The Division recommends the design provide for one foot of 
freeboard or half the velocity head. 
 

The hydraulic calculations have been added to Sheet 3 of 3 of the Concrete Lined 
Ditch Miscellaneous Detail sheets, Sheet 31 in the plans.  One foot of freeboard 
has been provided for both diversion ditches. 
 

6. The Southern WRP Ditch Typical Section on Sheet No. 27 of the design drawings shows 
placement of fill adjacent to the storm water diversion ditch.  Please specify the nature of 
the fill and describe how it will be compacted. 
 

The Southern WRP Diversion Ditch has been revised and the additional fill has 
been removed. 
 

7. The Division requests detail call-outs for all plan profiles for Sheets No. 22-28 of the 
design drawings.  All features should be labeled on the detail call-outs and referenced on 
the plan and profile drawings. 
 

Additional callouts have been added to Sheets 22-29 to clarify the link between 
the plan and profile sections and the diversion ditch typical sections and details. 
 

8. Please specify if rebar will be used with the concrete lined storm water diversion ditches.  
If so, specify the rebar size, spacing, and clearance.  In addition, provide specifications 
for the type of concrete to be used. 
 

Cotter is utilizing steel reinforcing bar in the concrete ditch.  The reinforcement 
and concrete requirements for the concrete lined ditches has been added to the 
appropriate detail on Sheet 29 of the plans, Concrete Lined Ditch Miscellaneous 
Details Sheet 2 of 2. 
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9. The construction schedule provided in Attachment A contains a task for disposing of 

waste in the Minnesota Adit. Please provide an inventory of all of the materials (with 
approximate volumes) to be placed in the Minnesota Adit. In addition, please clarify 
if the materials to be disposed of will be contained to the Minnesota Adit or if they 
will be placed in the glory hole. 
 

Attachment F provides a preliminary estimate of the waste inventory planned 
for disposal in the Glory Hole (Minnesota Adit).  It total estimate is currently 
approximately 5,000 cubic yards. A more precise inventory will be provided 
to the Division after project completion. 
 

10. In regards to the construction schedule provided in Attachment A, the Division will 
conduct inspections during the following phases of the alluvial valley excavation: 

a. Prior to Site Clean Up 
b. Prior to Excavation of Alluvial Fill 
c. Prior to placement of temporary soil cap (if necessary) 
d. Prior to Construction of WRP Diversion Channels 
e. Post Project Completion 

 
Please commit to notifying the Division in writing, at least two weeks prior to the 
commencement of each of the above listed construction phases so that inspections 
may be scheduled. The Division may schedule additional inspections as required. 
 

Cotter commits to notifying Mr. Michael Cunningham, DRMS, by email, at 
least two weeks prior to the commencement of each of the above listed 
construction phases so that inspections may be scheduled. The Division may 
schedule additional inspections as required. 

 
 



 

 

ATTACHMENT F 

 

INVENTORY OF MATERIALS TO BE 

DISPOSED IN MINNESOTA ADIT 

 

  



Attachment F – Minnesota Adit Disposal Inventory 
 

1 of 6 
 

Summary of 
All Material 

Table Item       

Trucked 
Placement 
Volume 
(cu.ft.)  

Trucked 
Placement 
Volume 
(cu.yd.)  

              
Table 1 Boneyard   2,352 87 

Table 2 Main WTP Area   88,061 3,262 

Table 3 Hillside Adits   4,076 151 

Table 4 Alexco WTP   19,822 734 

Table 5 Valley Floor Sites   16,156 598 

              

Total Facilities Disposal Volume 130,468 4,832 
 

 

   Boneyard 

  

Item 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

        

1 Building, Domestic Well 128 Wood Frame with Metal Siding 

2 Building, Domestic Well Vault 307 Concrete 

3 Foundation, Domestic Well 
Vault 

450 Concrete 

4 Bridge 95 Steel 

5 Stairs, Steel 68 Steel 

6 Stairs (Wood, Old) 75 Wood 

7 Water Heater 6 Steel 

8 Rock Grizzly 48 Steel 

9 Concrete, Wing Walls 972 Concrete 

10 Culvert, 3ft dia 56 Steel 

11 Culvert, 5ft dia 78 Steel 

12 Planks, Timber 70 Steel 

        

 Total 2,352  

 

 

 



Attachment F – Minnesota Adit Disposal Inventory 
 

2 of 6 
 

 

 

   Original Waste Treatment Plant Area 

  

Item 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

       

1 Building, WTP 18,900 Steel - structural + Siding + Interior 
equipment 

2 Building Foundation, WTP 12,960 Concrete 

3 Concrete Containment Ponds-
Sides 

2,700 Concrete 

4 Concrete Containment Ponds - 
Floor 

28,200 Concrete 

5 Fencing 15,667 Steel 

6 Pump House Foundation 384 Concrete 

7 Pump Support + Electrical 
Panel 

50 Steel 

8 Monitor Well 0 Steel 

9 Monitor Well Foundation 2 Concrete 

10 Power Poles 26 Wood 

11 Propane Tanks, 1000 Gals 85 Steel 

12 Propane Tanks, 500 Gals 28 Steel 

13 Concrete Box (Sides) 38 Concrete 

14 Concrete Box (Bottom) 32 Concrete 

15 Receiver Tank 23 Steel 

16 Pipe, PVC to Alexco 175 PVC 

17 60,000 Gal Tank (Creek Water) 641 Steel 

18 Foundation, 60,000 Gal Tank 
(Creek) 

754 Concrete 

19 Pipe, PVC to WTP 3 PVC 

20 Septic Tank 180 PVC 

21 Power Poles 13 Steel 

22 "Old" WTP Foundation 7,200 Concrete 

        
 Total 88,061  
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   Hillside Adits 
  

Item 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

Minnesota Adit     

1   Pipe, PVC, Misc. 963 PVC-Plastic 

2   Steel, Misc. 1,650 Concrete 

3   Portal Gate 75 Steel 

4   Portal Steel 150 Steel 

5   Portal Walls, Steel 23 Steel 

6   Portal Walls, Timber 300 Wood 

         
  CV Adit     

1   Vent Riser 47 Steel 

2   Portal Steel 203 Steel 

3   Telephone Poles 16 Steel 

4   Power Cable 2 Steel 

         
  Sunshine Adit     

1   Telephone Poles 21 Wood 

2   Power Cable 7 Copper + Ins 

3   Steel, Misc. 38 Steel 

4   Portal Walls, Sheet Steel 25 Steel 

5   Portal Walls, Timber 133 Wood 

         
  Pierce Adit     

1   Portal Steel 27 Steel 

2   Culvert 34 Steel 

3   Monitor Well 2 Steel 

4   Monitor Well Foundation 2 Concrete 

         
  Black Forest Adit     

1   Gate 183 Steel 

2   Pallets 64 Wood 

3   Steel, Misc., Lift 28 Steel 

4   Fence 30 Steel 

5   East Portal Entrance - Culvert 51 Steel 

6   Monitor Well 2 Steel 

7   Monitor Well Foundation 2 Concrete 

        
  Total 4,076  
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   New Waste Treatment Plant 

  

Item 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

        

1 Building, Steel Frame 5,760 Steel - Structural + Siding 

2 Building, Concrete Foundation 5,760 Concrete 

3 Fan + Frame 180 Steel 

4 Fan Duct 53 Steel 

5 Liner, PVC 179 PVC-Plastic 

6 Mix Tanks, Tall 848 Fiberglass 

7 Mix Tanks, Short 157 Fiberglass 

8 Pump Shed 160 Wood 

9 Power Center (5 Poles) 26 Wood 

10 Portal Timbers (incl. lagging) 300 Wood 

11 Pipe, Misc. 40 PVC-Plastic 

12 Power Box 7 Steel 

13 RO Units 720 Steel + PVC 

14 Clarifiers 1,008 Steel 

15 Clarifier stairs 450 Steel 

16 Tanks 2,651 Fiberglass 

17 Tanks, Clear Water 353 Fiberglass 

18 Tank, Plastic - Potable Water 79 Plastic 

19 Rock, Dirt and Debris 1,089 Rock 

20 Pipe, PVC 1 Plastic 

        
 Total 19,822  
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    Valley Floor Sites (1 of 2) 

Items 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

  Valley Creek Pipe     

1   Pipe, PVC 4,665 PVC 

2   Electric Cable 58 Copper + Ins 

3   Electrical Panel 7 Steel 

4   Power Boxes 13 Steel 

         
  Sump 4     

1   Power Panel 16 Steel 

2   Sump 30 Steel 

         
  Office Trailer     

1   Trailer 871 Steel Siding + Wood 

         
  Substation     

1   Building 403 Steel + Wood 

2   Foundation, Concrete 720 Concrete 

3   Step, Concrete 7 Concrete 

4   Transformer 432 Steel 

5   Transformer Pad, Concrete 96 Concrete 

6   Electrical Apparatus 216 Steel 

7   Wall, Concrete 60 Concrete 

8   Fence 363 Steel 

         
  Ore Sorter Area     

1   Electrical Boxes 48 Steel + Wood 

2   Electrical Boxes 16 Steel + Wood 

3   Electrical Box Support 160 Steel + Wood 

4   Scale Posts 2 Steel 

5   Pipe, PVC 682 PVC 

6   Culverts 424 Steel 

7   Culvert Scrap 4,158 Steel 

8   Elbow, Vent 79 Steel 

    Subtotal (1 of 2) 13,526   
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    Valley Floor Sites (2 of 2) 

Items 

Trucked 
Placement 

Volume 
(cu.ft.)  

Description 

  Creek Head Gate     

1   Pipe, Creek Discharge Pipe 754 Steel 

2   Gate, Creek Discharge Pipe 13 Steel 

3   Gate Mounting, Creek 
Discharge Pipe 

64 Steel 

4   Control Panel 13 Wood + Steel 

5   Control Panel Foundation 24 Concrete 

6   Concrete, Dam Wall 900 Concrete 

         
  Old Emergency Storage Pond     

1   Power Poles 105 Wood 

2   Electrical Box 13 Steel 

3   Electrical Cable 9 Copper + Ins 
4   Monitor Well 2 Steel 

5   Monitor Well Foundation 2 Concrete 

6   Sump 15 Steel 

         
  Entry Gate Area     

1   Gate 30 Steel 

2   Gate Posts 8 Concrete 

3   Stairs, Metal - BPL 54 Steel 

4   Monitor Well 2 Steel 

5   Monitor Well Foundation 2 Concrete 

6   Monitor Well 1 Steel 

7   Monitor Well Foundation 2 Concrete 

8   Creek Sump 81 Steel 

9   Old Sumps 151 Steel 
10   Electric Panel Skids 192 Steel 
11   Concrete Sump - Walls 50 Concrete 
12   Concrete Sump - Floor 144 Concrete 
          
   Subtotal (2 of 2) 2,630  
  Total 16,156  
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February 23, 2017 Project No: 110385 
 
Mr. Robert Noren, P.E.      
Cotter Corporation (N.S.L.) 
P.O. Box 1750 
Cañon City, CO 81212 
 
Subject: Responses to CDRMS Comments  

Schwartzwalder Mine 
 DRMS File No. M-1977-300; Technical Revision (TR-23)   
 Jefferson County, Colorado 
   
Dear Mr. Noren: 
 
Engineering Analytics was tasked to provide responses to comments 6 and 18 in the Colorado 
Division of Reclamation, Mining and Safety (CDRMS) letter dated July 20, 2016 (Adequacy 
Review #1) and comment 6 from CDRMS’ August 2, 2016 letter (Adequacy Review #2). This 
work is being provided as a follow up to Engineering Analytics’ (EA) submittal for Technical 
Revision 23 to Mining Permit M-1977-300 dated December 28, 2015.  We offer the following 
comments.   
 

 
1. Adequacy Review #1, Comment # 6:  “Please describe how the Operator will place and 

compact 4 – 6 inches of topsoil on the tops and sides of the WRPs. In addition, clarify if the 
4,300 cubic yard estimate of required topsoil accounts for compaction.” 

 
Response: The 4,300 cubic yard estimate was determined assuming 9 inches of topsoil 
would be placed and track walked to lightly compact it to a final thickness of about 6 inches. 
In addition to what was presented in TR-23 (EA, 2015), we recommend the following with 
regard to topsoil placement and revegetation procedures.  
 
Topsoil Placement: The topsoil should be end-dumped on the crest of the slope and graded 
by dozers. Slopes should be graded to avoid concentrated water flow and subsequent erosion.  
The “Best Practices in Abandoned Mines Land Reclamation” by the Colorado Division of 
Minerals and Geology (CDMG, 2002) states that for covers “…that the surface of the final 
slope should be moderately roughened to help in establishing vegetation, but not so rough as 
to promote pooling of water…. The potential for erosion can be reduced by creating grooves 
across the slope (or perpendicular to the slope direction). This can be done easily on the last 
pass of the heavy equipment using a track vehicle running up and down the slope.”  They 
further state that “Ideally, the surface to be vegetated should consist of good uncontaminated 
soil, moderately roughened to allow the seeds to hold and some moisture to collect. 
Roughening can simply be the caterpillar tracks of heavy equipment that has been used at the 
site for regrading.” Thus, we recommend track-walking the cover to provide a “dimpled” 
surface that allows for water infiltration and promotes root growth.   
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Seeding: The USDA (2005) states that “…drill seeding is generally limited to slopes less 
than 3:1.” Thus, we do not recommend drill seeding due this recommendation along with 
safety concerns related to placing seeding equipment on a 2H:1V slope. In addition, direct 
seeding requires a vertical alignment of the seeder for placement due to the steep nature of 
the slope and vertically aligning the vegetation can lead to increased surface water flow. We 
instead recommend broadcast seeding followed by hydromulching. Hydroseeding is not 
recommended as it is not typically successful in our arid climate.  
 
Mulching: For 2H:1V and steeper slopes, mulch is necessary to keep the seed and topsoil in 
place. Mulch can also provide shade to the seedlings and help the soil to retain moisture. We 
recommend Hydromulching with addition of a tackifier. Tackifier  is a botanical glue that 
can also be applied to the slope to prevent erosion. The hydromulch and tackifier should 
effectively stabilize the surface of the slope.  For example, a publication by Munshower titled 
“Practical Handbook of Disturbed Land Revegetation”, states that “…the slopes were capped 
with oxidized rock, topsoiled, pitted with large depressions, broadcast seeded, and 
hydromulched with a tackifier.  In the second growing season the slopes had remained stable 
and erosion was controlled.” 
 
Soil Amendments: Soil amendments may be required to improve the performance of the 
vegetation. This could include composted biosolids or manufactured amendments such as 
Biosol.        
 

2. Adequacy Review #1, Comment # 18:  “Appendix D addresses terracing of the WRPs. 
Cotter’s response to Comment No. 4 is contained within Section 7.2 of Appendix E-4. The 
recommendations within Section 7.2 state a 10 foot wide terrace would be included in the 
WRP construction. Please clarify how many terraces will be constructed on the expanded 
WRPs. Also, provide the Division with cross sections showing the terraces on the WRPs or 
specify where these documents may be found in the permit file.” 

 
Response:  Section 7.2 of Appendix E-4 (McDermid and Geo-Hydro, 1983) recommends a 
10-foot wide terrace to provide an additional factor of safety against slope failure. However, 
the results of the slope stability analyses presented in the 1983 Cotter Corporation Mine 
Permit Revision (Cotter, 1983) showed that terraces were not required for stability purposes. 
 
EA collected soil samples from the north and south waste rock piles (WRPs), additional 
alluvial waste rock source (new waste rock), topsoil source, and colluvium for strength 
testing to be used in stability analyses.  The complete results of the field investigation and 
laboratory testing are provided in Attachment A. The locations of the test pits are presented 
on Figure A-1 and a summary of the laboratory testing is provided in Table A-1. Slope 
stability analyses were performed for the waste rock piles using the laboratory obtained 
strength values and published strength values for the underlying bedrock. The slope stability 
analyses are discussed in Attachment B. The stability analyses were used to confirm that 
benches are not needed for the south WRP. However, benching has been included for the 
north WRP in order to provide access to the reclaimed area and for utilization in surface 
water conveyance structures and erosion control. The configurations of the reclaimed waste 
rock piles are shown on Figures B-2 and B-3. The regrading proposed on Figure B-2 results 
in 103,700 cubic yards (cy) of additional storage capacity from the current waste rock pile 
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configurations. The south WRP has a reclaimed slope of 2H:1V. The reclaimed slope for the 
north WRP has a maximum interbench slope of 2H:1V. The results of the slope stability 
analyses are discussed in Attachment B and a summary of the factor of safety for the 
analyses is shown on Table B-2.   
 

3. Adequacy Review #2, Comment # 6:  “The Division views the waste rock piles as critical 
structures as they are designed to keep waste rock out of Ralston Creek. Plates 12 and 13 
prepared by McDermid Engr. Assoc. Inc. in February 1983 summarize slope stability 
analyses results. It appears only the cover stability and the contact with the native ground 
were analyzed as potential failure surfaces. The various strength parameters used for 
bedrock, alluvial soils and colluvial soils were obtained from simple soil testing and/or 
literature data. It does not appear that slope failure surfaces thought (SIC) the waste rock 
itself were considered as is the current general practice for slope stability. As such it does 
not appear any strength parameters of the waste rock itself are discussed. Please revisit the 
slope stability of the waste rock piles and consider potential circular failures that may extend 
through the waste rock, using the Division’s factors of safety in Table 1.” 

 

 
   Note: 1) Table provided in Adequacy Review #2 
 

Response: As discussed above, a field investigation and laboratory testing have been 
completed for use in slope stability analyses. EA has completed stability analyses for the 
future configurations of the waste rock piles. The results of these analyses are provided in 
Attachment B. Three failure surfaces are included for each cross-section through both the 
north and south waste rock piles. The cover stability and the contact with the native ground 
were analyzed as the surficial and deep failures. In addition, EA analyzed an optimized 
intermediate failure through the waste rock.  The results indicate that the factor of safety 
meets the minimum 1.5 criteria for static analyses and the minimum 1.3 criteria for 
pseudo-static analyses.   
 

Limitations 
This report has been prepared based upon review of the field investigation, laboratory testing, 
and our experience.  No warranty is made, express or implied.  The conclusions presented 
represent our best judgment based on the information available.  Should additional information 
become available we should be allowed to review that information and modify our conclusions 
accordingly. 
 
 

(1) 
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1.0 TEST PIT FIELD INVESTIGATION 

Engineering Analytics conducted a field investigation that included excavation of seven test pits 
at the Schwartzwalder Mine Site. The location of test pits is shown on Figure A-1. Test pit 
EA-TP1 was excavated in the alluvial material that will constitute the new waste rock to be 
placed on the existing piles. Test pits EA-TP2, EA-TP3, EA-TP5, and EA-TP6 were excavated 
in the existing waste rock piles. Test pit EA-TP4 was excavated in the colluvial material and EA-
TP7 was excavated in the proposed topsoil material. Test pits EA-TP1 through EA-TP6 were 
excavated with a CAT 330C excavator operated by Kessler Reclamation personnel. Personnel 
from EA supervised the excavation and logged the materials encountered in the test pits.  Test pit 
EA-TP7 was excavated with a shovel.  
 
Test pits EA-TP1 through EA-TP6 were excavated to a depth of 3 feet where a bulk bucket 
sample was retrieved with a shovel, by EA, from the spoils pile. The test pits were then 
excavated to a depth of 5 feet where another bulk bucket sample was retrieved from the spoils 
pile. Laboratory testing was performed on the bulk samples to measure geotechnical engineering 
properties of the subsurface materials.  The test pit logs and photographs of the test pit 
excavations are included in Appendix A to this attachment. Following excavation the test pits 
were backfilled with the spoils.  
 
Test pit EA-TP7 was excavated in the topsoil material. This material was taken by EA, with a 
shovel, from ground surface in the location shown on Figure A-1. Another sample was taken by 
Cotter Corporation at a later date to obtain additional material for laboratory testing. The test pit 
log is included in Appendix A to this attachment. 
 
2.0 LABORATORY TESTING 

Laboratory testing was conducted on selected samples obtained from the test pits to determine 
geotechnical engineering properties of the materials.  Laboratory testing included measurements 
of in-place water content, Atterberg limits, and grain size analyses.  Large scale direct shear 
testing was also performed.  The direct shear testing was performed by Advanced Terra Testing 
of Lakewood, Colorado. The remainder of the laboratory testing was performed by EA’s lab in 
Fort Collins, Colorado.  The laboratory test results are included in Appendix B to this attachment 
and are summarized in Table A-1.   
 
Water Content:  Measurements of water content were conducted on each bulk sample in 
accordance with ASTM test methods D2216. The values of water content ranged from 4.2 to 9.3 
percent for the waste rock, alluvial, and colluvial material. The water content was 1.8 percent for 
the topsoil.   
 
Grain Size:  The particle size distribution was determined on each bulk sample in general 
accordance with ASTM D4318. The particle size distribution reports are included in Appendix 
B. The measured value of percent passing the #200 mesh sieve was 8.4 percent for the alluvial 
material, 15.2 percent for the colluvial material, ranged from 8.0 to 34.7 for the waste rock, and 
was 11.7 percent for the topsoil. 
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Atterberg Limits:  Atterberg limits were determined on each bulk sample in accordance with 
ASTM test method D4318. Using the results of the grain size analyses and the Atterberg limits 
the samples can be classified according to the USCS classification. For the waste rock the top of 
south pile (EA-TP2) was classified as a clayey sand. The other waste rock samples were 
classified as silty/clayey gravel or poorly graded gravel with silt. The alluvial material was 
classified as poorly graded gravel with clay and the colluvial material was classified as clayey 
gravel. The topsoil was classified as poorly graded sand with clay.   
 
Large Scale Direct Shear Testing: Large scale internal direct shear testing was completed on 
each of the bulk samples collected from the site. The direct shear testing was completed with a 
12-inch square box in general accordance with ASTM D3080. The peak friction angle for the 
topsoil was 41.2 degrees, the colluvial material was 51.3 degrees, and the alluvial material was 
51.6 degrees. The peak friction angles for the waste rock were measured to be 25.1, 50.9, 52.9, 
and 54.1 degrees. The peak friction angle of 25.1 degrees was measure on EA-TP2 and as shown 
with the other testing this sample had significantly more fines than the other samples.  
 
 
 
 
 
 
 
 
 
 



TABLE AND FIGURE



Table A-1 Summary of Laboratory Test Results  

Test Pit 
Number Location 

Moisture 
Content 

(%) 

Atterberg 
Limits 

LL/PL/PI 

% 
Passing 

#200 
Sieve 

USCS 
Classification 

Peak 
Friction 
Angle 

Peak 
Cohesion 

(psf) 

Ultimate 
Friction 
Angle 

Ultimate 
Cohesion 

(psf) 

EA-TP1 New Waste 
Rock 5.3 24/19/5 8.4 GP-GC/GM 51.6 917.0 52.5 702.0 

EA-TP2 Top of South 
Pile 7.9 31/18/13 34.7 SC 25.1 633.2 24.2 475.1 

EA-TP3 Bottom of 
South Pile 4.2 26/22/4 15.1 GM 50.9 919.5 50.9 919.5 

EA-TP4 Colluvium 9.3 30/22/8 15.2 GC/GM 51.3 (1) 51.4 (1) 

EA-TP5 Bottom of 
North Pile 6.8 22/NP 8.0 GP-GM 52.9 89.5 53.5 (1) 

EA-TP6 Top of North 
Pile 5.5 24/19/5 13.7 GC-GM 54.1 135.5 54.3 72.0 

EA-TP7 Topsoil 1.8 28/21/7 11.7 SP-SC/SM 41.2 (1) 41.2 (1) 

Note (1) Data suggest negative intercept therefore no value is reported 
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APPENDIX B 
LABORATORY TESTING RESULTS 



JOB NAME: JOB NUMBER: 110385T Date: September-2016

Depth (ft) Sample 
Type

Moisture 
(%)

Dry Density 
(pcf)

Atterberg Limits 
LL / PL / PI *

% Passing 
#200 Sieve

Grain Size 
Analysis

Standard Proctor                          
Max γ (pcf) /Opt. w (% 

Swell Pressure 
(psf)

% 
Swell

Inundation Pressure 
(psf)

EA-TP1
3 and 5 BKT 5.3 24 / 19 / 5 8.4 (1)
EA-TP2
3 and 5 BKT 7.9 31 / 18 / 13 34.7 (1)
EA-TP3
3 and 5 BKT 4.2 26 / 22 / 4 15.1 (1)
EA-TP4
3 and 5 BKT 9.3 30 / 22 / 8 15.2 (1)
EA-TP5
3 and 5 BKT 6.8 22 / NP / NP 8.0 (1)
EA-TP6
3 and 5 BKT 5.5 24 / 19 / 5 13.7 (1)
EA-TP7
3 and 5 BKT 1.8 28 / 21 / 7 11.7 (1)

(1) See Attached

Cotter Schwartzwalder Waste Rock Pile Design
SUMMARY OF LABORATORY TEST RESULTS

*LL = Liquid Limit  PL = Plastic Limit  PI = Plasticity Index  



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

poorly graded Gravel with siltyclay and sand, Dark Brown,
Moist

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
92.9
79.5
68.9
59.3
50.3
45.2
33.9
27.0
22.1
18.4
14.9
11.1

8.4

19 24 5

GP-GC A-1-a

47.6915 42.8441 19.4626
12.4705 3.1970 0.3082
0.1124 173.19 4.67

9/25/2015

9/1/2016

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-1 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T 
FI

N
E

R

0
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20
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40

50
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70

80

90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 40.7 25.4 8.1 9.1 8.3 8.4

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

clayey sandy with Gravel, Reddish Brown, Moist

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
96.2
95.3
90.8
88.1
85.2
83.5
79.1
75.4
70.5
63.4
54.6
41.7
34.7

18 31 13

SC A-2-6(1)

23.3164 12.2228 0.4588
0.2342

9/13/2016

9/1/2016

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-2 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T 
FI

N
E

R

0
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40
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90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 11.9 9.0 4.8 15.3 24.3 34.7

6 
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3 
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.

2 
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.
1½
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1 
in
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¾
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½
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3/

8 
in

.

#4 #1
0
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#6
0

#1
00
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40
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00

Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Silty Clayey Gravel with sand, Brown, Moist

3.5
3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
95.9
92.0
84.3
71.5
66.6
58.0
53.4
43.4
37.1
32.6
28.7
24.7
19.3
15.1

22 26 4

GC-GM A-1-b

47.0767 39.0419 13.9568
7.5043 0.7482

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-3 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T 
FI

N
E

R

0
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90

100

GRAIN SIZE - mm.

0.00010.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
4.1 29.3 23.2 7.4 9.3 11.6 15.1

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0
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00

Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Clayey Gravel with Sand, Brown, Moist

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
94.7
91.6
81.1
73.7
66.3
61.1
50.0
42.9
37.7
32.9
27.4
20.1
15.2

22 30 8

GC A-2-4(0)

35.8560 29.5315 8.8753
4.7631 0.4173

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-4 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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E

R
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GRAIN SIZE - mm.

0.00010.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 26.3 23.7 8.4 11.5 14.9 15.2
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0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

poorly graded Gravel with silt and sand, Dark Brown, Moist

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
94.2
87.5
77.9
72.9
66.9
61.9
50.6
42.0
34.6
27.0
18.6
11.4

8.0

NP 22 NP

GP-GM A-1-a

42.4813 34.3030 8.4755
4.5198 0.7825 0.2118
0.1117 75.84 0.65

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-5 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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E
N
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E

R
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GRAIN SIZE - mm.

0.00010.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
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Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

silty clayey gravel with sand, Brown, Moist

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
92.2
89.3
80.6
72.6
64.7
59.4
47.7
39.7
33.6
28.6
23.8
17.8
13.7

19 24 5

GC-GM A-1-a

40.9921 31.1884 9.8442
5.4557 0.7254 0.0939

9/13/2016

9/1/2016

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-6 Depth: 3' and 5'
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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0.0 27.4 24.9 9.4 12.1 12.5 13.7

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report



ENIGNEERING ANALYTICS, INC.

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

poorly graded Sand with Siltyclay and Gravel, Reddish Brown,
Dry

3
2

1.5
1

.75
.5

.375
#4
#8
#16
#30
#50

#100
#200

100.0
89.3
86.6
79.6
76.1
70.0
66.2
56.4
48.3
40.4
32.1
23.4
15.3
11.7

21 28 7

SP-SC A-2-4(0)

52.0926 34.8047 6.1287
2.7351 0.5069 0.1415

Cotter Corporation
Cotter Schwartzwalder Waste Rock Pile Design

110385T

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:
Tested By:

Checked By:
Title:

Date Sampled:Source of Sample: EA-TP-7 Depth: 0' Top Soil
Sample Number: BKT

Client:
Project:

Project No: Figure

TEST RESULTS
Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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Particle Size Distribution Report
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1.0 GENERAL 

The Schwartzwalder Mine is an inactive uranium mine in Jefferson County, Colorado 
historically operated by Cotter Corporation (N.S.L.) (Cotter) under Mining Permit M-1977-30 
with amendments.  Technical Revision 23 (TR-23) to the Schwartzwalder Mining Permit 
M-1977-30 was submitted to update Mine Permit Amendment 4. The reclamation plan submitted 
as part of Amendment 4 discusses the removal of Solid Source Term Material from the 
Schwartzwalder valley floor and transfer to a permanent disposal location in an existing mine 
void, the “CV Glory Hole” (Cotter, 2012).  TR-23 was submitted to request additional approval 
to place the Solid Source Term Material in the existing Waste Rock Piles (WRP). The volume of 
the Solid Source Term Material that will be placed on the existing WRPs is estimated to be 
32,000 cy to 54,000 cy. This attachment presents the results of geotechnical slope stability 
analyses that were performed to assist in design of the waste rock pile reconfigurations and to 
address comments on TR-23 provided by the Colorado Division of Reclamation, Mining and 
Safety (CDRMS). 
 
2.0 METHODS OF ANALYSES 

The stability analyses were performed utilizing the computer program SLOPE/W (GEO-SLOPE, 
2012). SLOPE/W solves slope stability problems by any of the following methods: (1) Ordinary 
Fellenius, (2) Bishop Simplified, (3) Janbu’s Simplified, (4) Spencer, (5) Morgenstern-Price, (6) 
U.S. Army Corps of Enigeers, (7) Lowe-Karafiath, and (8) Generalized Limit Equilibrium. The 
method chosen for use in the analyses was Spencer’s method. Both static and pseudo-static 
analyses were performed.   
 
3.0 MATERIAL PROPERTIES USED IN THE ANALYSES 

Engineering Analytics collected bulk soil samples from the north and south waste rock piles, 
alluvial waste rock source (new waste rock), topsoil source, and colluvium for strength testing. 
Large scale internal direct shear testing was completed on each of the bulk samples collected 
from the site. The peak friction angles for the waste rock were measured to be 25.1, 50.9, 52.9, 
and 54.1 degrees. The peak friction angle of 25.1 degrees was measured on the sample from 
EA-TP2. It was shown with the other laboratory testing that this sample had significantly more 
fines than the other samples. In order to determine a peak friction angle for the waste rock, all of 
the values from the direct shear testing were plotted together and fitted with a best-fit line. This 
plot is shown on Figure B-1. Based on this analysis it was determined to use a peak friction angle 
of 42.5 degrees for the waste rock material. The strength parameter values for the bedrock are 
from West (1995). We used the lower bound of the provided strength values for the bedrock in 
our analysis. The total unit weight for each material type was taken from the laboratory results 
and a published value from West (1995) was used for the bedrock. Table B-1 summarizes the 
material shear strength parameters for all of the material types used in the stability analyses.  
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4.0 DESCRIPTION AND RESULTS OF ANALYSES 

Three types of failures were analyzed. McDermid and Geo-Hydro (1983) analyzed cover 
stability and the contact with the native ground. EA analyzed these two failures and called them 
surficial and deep failures. In addition, EA analyzed an intermediate optimized failure surface. 
Based on the laboratory results described above, the strength of the waste rock material was 
analyzed as being lower than the colluvium, therefore the deep failure was run at the interface 
between the waste rock and the colluvium. The stability analyses were run for one cross-section 
through each of the waste rock piles. The locations of the cross-sections are shown on Figure B-2 
and the cross-sections are shown on Figure B-3. For one case it was assumed that no water was 
present in the waste rock piles. The assumption of 5 feet of water above the colluvium at the base 
of the waste rock piles as presented in McDermid and Geo-Hydro (1983) was used for the 
second analyses.  
 
EA also completed pseudo-static stability analyses. EA used the seismic hazard deaggregation 
tool provided by the USGS in order to obtain a peak ground acceleration (PGA) for use in the 
pseudo static stability analyses. The results of the seismic analysis are presented in Figure B-4. 
The analysis showed a PGA of 0.11g. Hynes-Griffin and Franklin (1984) report that one half of 
the PGA can be used in analyses, therefore, EA used 0.055g.  
 
The results of the static stability analyses for these cross-sections are presented in Figures B-5 
through B-16 and summarized in Table B-2. The results of the pseudo-static analyses are 
presented in Figures B-17 through B-28 and are summarized in Table B-2. The results of the 
analyses indicate that the factor of safety meets the minimum 1.5 criteria for static analysis and 
the minimum 1.3 criteria for pseudo-static analysis.  
 
5.0 REFERENCES 

Cotter Corporation (N.S.L.). (2012). “Application Amendment 4, Mine Permit M-1977-300, 
Schwartzwalder Mine.”  May 1. 

 
GEO-SLOPE International (2012). Slope/W 2012 Slope Stability Analysis, http://www.geoslope. 
com/products/slopew.aspx. 
 
Hynes-Griffin, M.E. and A.G. Franklin (1984). “Rationalizing the seismic coefficient method” 

Miscellaneous Paper GL-84-13, U.S. Army Corps of Engineers Waterways Experiment 
Station, Vicksburg, Mississippi, 21 p. 

 
McDermid Engineering Associates, Inc. and Geo-Hydro Consulting, Inc. (1983). “Responses to 

the State of Colorado Mined Land Reclamation Division Comments on Waste Pile, 
Related Portions of Permit Amendment Application.” July. 

 
West, T.R. (1995). “Geology Applied to Engineering.” Prentice Hall, Englewood Cliffs, New 

Jersey.  
 



TABLES 



Table B-1 Material Shear Strength Parameters Used in Stability Analyses  

Material Type 
Total Unit 

Weight 
(pcf) 

Angle of 
Internal 
Friction  
(degrees) 

Cohesion  

(psf) 

Topsoil(1) 102.5 41.2 0 

New Waste Rock(2) 117 51.6 0 

Existing Waste Rock(3) 120.6 42.5 0 

Colluvium(4) 126 51.3 0 

Bedrock(5) 175 48.0 700 

Notes:  1) Results from EA-TP7 
 2) Results from EA-TP1 

3) Best fit of strength results from EA-TP2, EA-TP3, EA-TP5, and EA-TP6. For total 
unit weight the average was used.  

 4) Results from EA-TP4 
 5) Lower bound published values from West (1995) 

 

Table B-2 Summary of Minimum Factors of Safety for Slope Stability Analyses  

Loading 
Conditions Cross-

Section Water Conditions 
Surficial 
Failure 

FOS 

Intermediate 
Failure 

FOS 

Deep 
Failure 

FOS 

Static 

XS-N1 
No Water 2.2 (B-5) 2.4 (B-7) 3.7 (B-9) 

Water at 5’ above base 2.1 (B-6) 2.4 (B-8) 3.5 (B-10) 

XS-S1 
No Water 2.1 (B-11) 2.2 (B-13) 2.6 (B-15) 

Water at 5’ above base 2.1 (B-12) 2.1 (B-14) 2.5 (B-16) 

Pseudo-
Static 

XS-N1 
No Water 1.9 (B-17) 2.1 (B-19) 3.0 (B-21) 

Water at 5’ above base 1.9 (B-18) 2.0 (B-20) 2.9 (B-22) 

XS-S1 
No Water 1.8 (B-23) 1.9 (B-25) 2.3 (B-27) 

Water at 5’ above base 1.8 (B-24) 1.9 (B-26) 2.2 (B-28) 

Note: The citation in parentheses corresponds to the Figure number with the results 
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