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Executive Summary 
Merriam Junction Sands, LLC (MJS) is proposing the development of sandstone mining at their existing 
sand, gravel, and limestone mining operation (Project) in Scott County, Minnesota (Site). The purpose of 
the geotechnical analysis described in this report was to perform slope stability analyses for the proposed 
pit high walls, including analysis of mining and reclamation slopes, anticipated loads at the top of the 
slopes, and mining and reclamation methodology. The results presented in this report will be used to 
support environmental review and permitting of the Project and to further mine planning with respect to 
the design of appropriate excavation and final reclamation slopes that consider setbacks from property 
lines, external loads such as railcars, roadways, structures, etc., and an appropriate factor of safety.  

Preliminary stability analyses were performed in June of 2012. These preliminary analysis sections were 
updated in 2016. Sections analyzed and presented in this report represent generalized sections across the 
Site to reflect variations in bedrock stratigraphy, external loading, and mining and reclamation techniques. 
Historical and recent field investigation, geotechnical boring, resource boring, well log, and laboratory 
analysis data was compiled and evaluated in support of this analysis. 

The model sections reflect typical conditions (i.e., benching and reclamation slopes) based on standard 
sections provided by MJS. The sections represent the general conditions along a given mine area with 
respect to considerations such as external loading, bedrock stratigraphy, and hydrology. External load 
considerations included loading along the railroad or highway corridor and mine trucks. While bedrock 
stratigraphy of the sandstone units and hydrology of model sections is based on data for that area of the 
site through which the section is developed, the ground surface elevation and materials (limestone versus 
unconsolidated materials) were varied to encompass the maximum height of limestone or surficial soils 
anticipated in the larger area represented by each model section. Similarly, the model sections were 
adjusted to reflect the maximum depth of sandstone excavation anticipated in the larger area represented 
by each model section. These adjustments from strict geometry and stratigraphy at the actual model 
sections allow the models to better represent the limiting conditions that may be encountered at the Site.  

Stratigraphy and hydrology exposed during mining may vary from that presented herein. If conditions 
other than those represented by the typical sections presented herein are encountered during mine 
operations, review of the changed conditions should be completed by a geotechnical engineer and 
revisions to the analyses and recommendations presented herein may be required. The recommendations 
included in this report assume the Observational Method will be used to respond to conditions 
encountered during mining. 

The following summarizes the conclusions drawn from this study: 

1. The proposed excavations can be completed in a safe manner provided the required slopes are 
maintained. 

2. A minimum Factor of Safety (FOS) of 1.05 was used to evaluate the steepest slopes possible that 
could occur in areas where the following conditions exist: where wet mining methods are utilized, 
no personnel or equipment are working adjacent to the slopes, and reclamation occurs shortly 
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after a section of the final slope has been excavated. A minimum FOS of 1.3 was used to evaluate 
mining with external loads present and a FOS of 1.5 was used to evaluate long-term reclamation 
slope stability. Depending upon the condition and section evaluated, stable slopes in the 
sandstone range from 0.5:1 Horizontal:Vertical (H:V) to 2.6:1 (H:V).  

3. External loading atop the pit high walls has an effect on the required slope of the sandstone 
excavation with the design parameters used in the analyses. In areas where the operator can 
control external loading (i.e., eliminate mine trucks, equipment, and personnel from the top of the 
excavation) steeper slopes can be allowed. 

4. The degree of fracturing present in the Prairie du Chien (PDC) following blasting and removal of 
the transition material has an effect on the required slope of the sandstone excavation with the 
design parameters used in the analyses. The results shown in Table 4 through Table 6 for highly 
fractured PDC reflect a probable worst-case scenario and the shallowest sandstone slopes that 
may be required in that event. If excavation to steeper slopes is desired in order to recover more 
of the resource, evaluation of the degree of fracturing in an area of PDC highwall must be 
completed by a geotechnical engineer with experience in mine highwall evaluation prior to the 
commencement of excavating the adjacent Jordan. Depending upon the results of the additional 
evaluation, excavation slopes or the PDC highwall geometry may be adjusted.  

5. Rock buttressing may be used (placement of transition material over the excavated slope) to 
enable mining to steeper slopes which are then subsequently buttressed. For example, excavating 
to a 0.5:1(H:V) slope and then buttressing the slope with rock to create a 1.5:1 (H:V) reclamation 
slope. Buttressing or riprapping provides the added benefit of long-term erosion protection from 
wave action. If buttressing is not performed, erosion protection along the shoreline may be 
required. 

The investigation and analysis addressed in this report relies upon various assumptions. The accuracy of 
the assumptions made should be verified and the analyses presented herein should be updated as 
warranted throughout the life of the mine in accordance with the Observational Method. Depending upon 
observations made, particularly during development of the PDC highwalls, analysis and adjustment to the 
mine plan throughout the life of the mine may be necessary to provide for safe mining and reclamation. 
Review and subsequent analysis, if required, completed in accordance with the Observational Method 
should be performed by a geotechnical engineer with experience in mine highwall evaluation and design.  
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1.0 Introduction 
Merriam Junction Sands, LLC (MJS) has requested Barr Engineering Co. (Barr) perform slope stability 
analyses for the proposed pit high walls of the Merriam Junction Sands mine. The analyses were 
performed to provide estimated maximum excavation slopes and evaluate options for long-term 
reclamation slope stability. The analyses included the effects of external loading, depth of excavation, and 
degree of fracturing in the surficial limestone atop the sandstone layer. These analyses are an important 
aspect of the mine plan to allow for long-term stability of the pit high walls and protection of adjacent 
properties and civil works (e.g., roads, rail, etc.). The analyses performed in this study will be used to guide 
development of the mine plan and reclamation plan and facilitate environmental review and permitting. 
Minor modifications to the pit high walls and excavation slopes described herein are anticipated 
throughout mining in accordance with the use of the Observational Method. 

As described by Peck (1969), in large complex geotechnical engineering projects, uncertainties regarding 
the understanding of actual conditions and engineering properties can be difficult to account for in 
analysis and design. Designing for these uncertainties with assurance that unanticipated defects will not 
develop requires the use of the most conservative assumptions and excessive factors of safety, which is 
inherently uneconomical. Alternatively, the Observational Method allows for design based on probable 
and reasonable assumptions, as opposed to the most conservative assumptions, with the understanding 
that the design can be modified based on observations during construction and operation (Terzaghi et al., 
1996). Therefore, the design should be considered subject to verification or modification during 
construction and operation. Mine highwall performance is monitored throughout the life of a mine 
through regular site observation, completion of in-situ and laboratory testing programs, and/or review of 
instrumentation and operation data. Subsequently, analyses are performed based on the available 
information and measurements in order to verify the design or incorporate design modifications, if 
necessary. The Observational Method is commonly used in larger complex geotechnical projects where 
staged construction or and long project development periods allow for the required observation and can 
often reduce construction costs, but requires a continuous investment in observation and evaluation of 
the materials encountered or performance realized in comparison to that anticipated. 

For the purposes of this Project, the Observational Method is defined as beginning with a plan based on a 
geotechnical investigation and analysis with an initial level of conservatism applied to account for the 
extent of the investigation and analysis performed. From this baseline plan, observations of performance 
will be used to modify the mining or reclamation plan or operation through mitigation measures if the 
plan underperforms or assumptions used in the initial analysis prove inaccurate. Mitigation measures 
could include operational controls (i.e., limiting personnel or equipment access to the tops of the 
highwalls) or engineering controls (i.e., modifications of PDC highwall benching or excavation slopes). If 
the plan is found to perform better than expectations, the Observational Method could be used to modify 
the operations controls to be less stringent (i.e., steepening the excavation slope). 

The analysis presented herein was completed with the understanding that the mine highwalls will be 
subject to ongoing observation and review during operation in accordance with Mine Safety and Health 
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Administration (MSHA) rules and regulations. This ongoing observation as well as data collection during 
highwall development and subsequent excavation will be used to confirm the assumptions made in these 
analyses and, if necessary, to modify the plan for any observed differences. The Observational Method 
thereby reduces the risk of failure by altering the plan as needed to maintain acceptable levels of 
performance based on site-specific data obtained throughout the life of the mine. 

Figure 1 shows the Site location and an aerial photo of the existing conditions. The Site is located in 
Shakopee, Minnesota and consists of properties controlled by two owners, Malkerson Sales, Inc. (MS) and 
Bryan Rock Products, Inc. (BRP). Sandstone mining is proposed in areas where the overlying Prairie du 
Chien (PDC) has or will be mined and covers the majority of the properties shown on Figure 1. For the 
purposes of these analyses, the Jordan has been subdivided into three members including the Van Oser 
(typically 50 feet thick), Norwalk (typically 40 feet thick), and Basal (typically 20 feet thick). A detailed 
discussion of the site geology can be found in the Groundwater Assessment Report prepared by Barr and 
submitted under separate cover (Barr, 2012). 

Barr understands that the Site will be dewatered on a temporary basis to approximately 5 feet below the 
top of the Jordan to facilitate blasting and dry removal of the transition layer between the PDC and the 
Jordan. It is anticipated that the sand in the Jordan will be mined through the use of wet mining (e.g., 
dredging or dragline) processes.  
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2.0 Geotechnical Investigation Methods and Results 
2.1 Site Exploration 
Two geotechnical borings, test pits, and block sampling were completed to obtain samples suitable for 
laboratory testing to supplement the existing dataset collected from well records, a number of resource 
borings completed by MJS, and monitoring wells installed as a part of the groundwater assessment 
program (Barr, 2012). The boring and well locations are shown in Figure 2. 

Due to difficulty obtaining undisturbed samples of the Jordan resulting from disturbance during 
advancement of the geotechnical borings, Barr obtained a block sample from a test pit near the top of the 
Jordan. The block sample testing was used to assess the density of the sand deposit at the test location 
and degree of cementation (strength of rock) for use in design of the mine pit high walls. 

2.2 Material Testing 
Laboratory testing completed to date includes: index properties, unit weight, triaxial shear, and direct 
shear (both remolded and undisturbed). Laboratory test results are summarized in the following sections 
and included as Appendix A. 

2.2.1 Index Properties 
Index property testing consisted of grain size distribution, moisture content, and dry unit weight tests. 
Index testing results are summarized in Table 1. Where multiple test specimens were prepared from the 
same sample, the average of the test specimens is reported. 
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Table 1 Laboratory Index Testing Summary 

Boring Depth (ft) 
In Situ Moisture 

Content (%) 
In-situ Dry 

Density (pcf) 

Moisture 
Content at 
Testing (%) 

Dry Density at 
Testing (pcf) 

BR-03-11 13.5-45 8.5 NA 17 114.7* 

BR-03-11 45-75 11.7 NA 13.6 122.3* 

BR-03-11 75-103 12.3 NA 16.4 115.6* 

BH-11-11 51.5 18.1 NA NA NA 

BH-11-11 61.5 19.8 NA NA NA 

BH-11-11 71.5 20.9 NA NA NA 

BH-11-11 81.5 19.4 NA NA NA 

MW -6-11 67.5-68 18.4 114.5 NA NA 

MW -6-11 72 15.8 114.2 NA NA 

MW -6-11 80 16.2 115.6 NA NA 

Direct Shear Block Sample NA 10.3 114.5 14.9 119** 

Triaxial Block Sample NA 11.8 111.2 18 113.2** 

*Recompacted samples with reported density post consolidation in testing apparatus. 
**Undisturbed samples with reported density post consolidation in the testing apparatus. 
pcf – pounds per cubic foot 

2.2.2 Shear Strength 
Triaxial shear strength tests and direct shear tests were performed to estimate shear strength 
characteristics for the Jordan. The results are summarized below. 

• Six specimens were cut from the block sample described previously and carefully trimmed to fit in 
the triaxial and direct shear testing apparatus. Two specimens were prepared for triaxial testing 
while four samples were prepared for direct shear testing. Results of the triaxial testing of the 
undisturbed specimens were inconclusive due to the sample disturbance. Results of the direct 
shear testing of the undisturbed specimens indicate a friction angle of 32.8 degrees and cohesion 
of 620 pounds per square foot (psf). 

• Three sets of five direct shear specimens were prepared by recompacting samples obtained from 
exploratory boring BR-03-11. The samples were recompacted in the direct shear molds to dry 
densities of 112 to 120 pounds per cubic foot (pcf) to approximate in-situ conditions. Results of 
testing on the remolded specimens indicate peak friction angles of 39.4 to 42.8 degrees with post 
peak friction angles of 30.6 to 34.9 degrees (Figure 3). 

The post peak friction angles of the remolded specimens agree with the peak values of the block sample 
(Figure 3). Therefore, it appears that the peak friction angles of the remolded samples are artificially high 
due to the remolding process. The results of the limited triaxial testing indicate a friction angle as high as 
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70 degrees for the intact specimens. This value is high, indicating that the sandstone may have 
cementation. This is confirmed in the direct shear testing of the block sample specimens that indicate 
cohesion of approximately 600 psf. 
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3.0 Geotechnical Analysis 
A stability analysis for five proposed pit high wall sections and one proposed in-pit separation berm 
section was performed using the available geotechnical information. The model sections developed for 
this analysis reflect typical conditions (i.e., benching and reclamation slopes) based on standard sections 
provided by MJS. The sections represent the general conditions along a given mine area with respect to 
considerations such as external loading, bedrock stratigraphy, and hydrology. External load considerations 
included loading along the railroad or highway corridor and mine trucks. While bedrock stratigraphy of 
the sandstone units and hydrology of model sections is based on data for that area of the site through 
which the section is developed, the ground surface elevation and materials (limestone versus 
unconsolidated materials) were varied to encompass the maximum height of limestone or surficial soils 
anticipated in the larger area represented by each model section. Similarly, the model sections were 
adjusted to reflect the maximum depth of sandstone excavation anticipated in the larger area represented 
by each model section. These adjustments from strict geometry and stratigraphy at the actual model 
sections allow the models to better represent the limiting conditions that may be encountered at the Site.  

Stratigraphy and hydrology exposed during mining may vary from that presented herein. If conditions 
other than those represented by the typical sections presented herein are encountered during mine 
operations, review of the changed conditions should be completed by a geotechnical engineer and 
revisions to the analyses and recommendations presented herein may be required. The recommendations 
included in this report assume the Observational Method will be used to respond to conditions 
encountered during mining. 

The model sections analyzed and presented herein include: 

• Section 1-1’ representing the eastern perimeter of the Site along the US 169 corridor where the 
thickness of PDC is greatest 

• Section 2-2’ representing the southern perimeter of the Site  

• Section 3-3’ representing the western perimeter of the Site 

• Section 4-4’ representing the northern perimeter of the Site where a buried valley is located and 
most of the PDC has been eroded away resulting in unconsolidated materials overlying the 
Jordan 

• Section 5-5’ representing the western perimeter of the BRP property and the eastern perimeter of 
the MS property with the Railroad corridor situated between the two properties 

• Section 6-6’ representing a separation berm to be constructed for support of post-reclamation 
equipment loading and a storm water channel including consideration of both unlined and lined 
storm water channel(s) 
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3.1 Geometry 
The geometry for each section described above was developed based on a typical stratigraphy defined by 
the thicknesses of the bedrock units most often observed. This stratigraphic section was then shifted up 
or down in elevation as required to approximate the elevation of the PDC to Jordan transition as noted in 
the monitoring well records and resource borings from across the Site. This shift resulted in a downward 
shift of the units when moving from sections in the southeast of the Site to sections in the northwest of 
the Site. The typical stratigraphic section used for this preliminary analysis is described in further detail in 
the following sections. 

Sections were selected to represent typical stratigraphic variations and conditions and each section is 
representative of an area. To the typical stratigraphic sections modifications to ground surface elevations 
were completed to maximize the thicknesses of overburden represented by the model section and 
account for potential variation in material where applicable (soil versus PDC overburden). Similarly the 
depth of excavation for each model section was lowered from the base geometry to represent maximum 
depths of excavation under consideration for the represented area. These modifications allow for better 
representation of potential worst-case scenarios for each representative model section, increasing the 
area to which the results are applicable. However, the stratigraphy modeled in each representative section 
does not necessarily reflect variations that may be encountered during mining. In accordance with the 
Observational Method, care should be taken during mining to confirm the stratigraphy and water 
conditions encountered on Site are in general agreement with that used herein. If conditions that do not 
agree with those reflected herein are encountered during mining, updated modeling should be 
completed on an as-needed basis The application of these representative section results to appropriate 
portions of the proposed mines, taking into account variation in highwall stratigraphy and geometry, is 
the responsibility of the property owner. 

The highwall geometry used herein reflects benching of the PDC to an overall 0.5H:1V equivalent slope. 
The number and geometry of the actual benches used in the modeling is arbitrary. Detailed analysis of the 
PDC highwall should be completed during transition zone removal and mining to allow modification of 
the typical plan on an as-needed basis to accommodate local defects or fractures encountered or 
observed in the PDC during mining operations. This approach is in accordance with the Observational 
Method and allows fracturing resulting from, or impacted by, transition zone removal to be accounted for 
in highwall and bench design. 

3.1.1 Typical Stratigraphic Section 
Four Paleozoic units were encountered in the pilot borings completed as part of the groundwater 
assessment: the PDC, the Jordan, the St. Lawrence Formation (St. Lawrence), and the Tunnel City Group. 
These formations are generally sub-horizontal at the Site. Glacial erosion has removed the PDC and part 
or all of the Jordan at the northern end of the MS property and in the south-central wetland. West of the 
Site, the PDC, Jordan, and St. Lawrence are entirely absent in the Minnesota River bedrock valley. The 
Tunnel City Group was not included in the typical section for the pit high wall stability analysis as it lies 
well below the pit wall and is separated from the pit by the St. Lawrence, which forms the base of the pit 
and was modeled as impenetrable. 
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Where the PDC has not been removed by erosion on the Site, the majority of its thickness has been 
removed by quarrying. Where still present, the interbedded sandstone, shale, and dolostone were 
encountered in thicknesses up to approximately 30 feet. For simplification, it was assumed that the 
surficial soils atop the PDC will be stabilized by minor site grading as required and the modeled PDC was 
extended to the existing ground surface. Therefore, the thickness of the PDC is highly variable and is 
determined separately for each section based on the existing site topography and the approximate 
elevation of the interface between the PDC and the underlying Jordan from monitoring well records 
across the Site. This results in modeled PDC high walls of up to 87 feet. 

The Jordan is the primary target of the proposed mining activities. The Jordan at the Site is generally 
weakly cemented or un-cemented, although some thin cemented layers, which are described in the 
boring logs as ‘pucks,’ were encountered throughout the Site in the upper portion of the Jordan. 
Cementation as reported on the boring logs was likely affected by the boring activity and may be higher 
in-situ. When present in its entirety, the Jordan is approximately 110 feet thick. For preliminary modeling 
purposes, the Jordan was subdivided into three layers with the Van Oser representing the topmost layer 
at approximately 50 feet in thickness and the Norwalk representing the middle layer at approximately 
40 feet in thickness. The basal layer of the Jordan is typically 20 feet thick. The various layers of the Jordan 
were modified slightly in each section to better agree with the planned maximum mining depths provided 
by MJS. 

The St. Lawrence Formation was encountered in all resource borings and in several monitoring well 
borings deep enough to intersect this unit. At the Site, the St. Lawrence Formation is approximately 
50 feet thick, except in the south-central wetland area where up to 20 feet has been eroded and in the 
northern portion of the MS property where up to 40 feet has been eroded. For the analyses presented 
previously and updated herein, the St. Lawrence is considered the basement unit forming the bottom of 
the model and was defined as impenetrable bedrock. 

Boring log BR-06-11 depicts the typical stratigraphy encountered on site and is included as Appendix B. 

3.1.2 Exclusions from Typical Stratigraphic Section 
The following sections describe site features that were excluded from the typical sections developed for 
this analysis. These areas are largely outside the primary mine areas and should not have a significant 
effect on the overall mine plan development. However, these items could be addressed during final 
planning or during the mining phase based on conditions observed as mining progresses. The following 
sections are largely excerpts from the Groundwater Assessment Report (Barr, 2012) and more detailed 
discussions and references can be found in that report. 

3.1.2.1 Bedrock Valleys 
The most dominant feature at the site is the Minnesota River bedrock valley, which bounds the site to the 
west and is now filled with over 200 feet of unconsolidated material at its deepest point. The results of the 
groundwater assessment confirmed the existence of shallower bedrock valleys which branch off the 
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Minnesota River bedrock valley and underlie the site. The extent of these shallower bedrock valleys is 
described below. 

1. The northern portion of the MS property overlies a bedrock valley in which the PDC, Jordan, and 
most of the St. Lawrence Formation have been eroded. 

2. More significantly, the wetland in the south-central portion of the site lies in a bedrock valley in 
which the PDC and most or all of the Jordan has been eroded. This bedrock valley has been filled 
with 50 to 120 feet of unconsolidated deposits. 

3. Minor bedrock valleys were found to extend to the east and west from the wetland bedrock 
valley.  

4. A minor bedrock valley which lies east of the wetland approximately coincides with the existing 
drainage ditch. This bedrock valley is inferred to extend eastward under the railroad tracks but not 
beyond Highway 169.  

3.1.2.2 Bedrock Colluvium 
Barr believes anomalous positions in the bedrock stratigraphy are the result of incised channels adjacent 
to or part of the Glacial River Warren valley drainage. Tributaries to the Glacial River Warren down cut 
through the PDC, removing whole sections of the Jordan and cutting into the underlying St. Lawrence. 
Subsequent undercutting of the soft sandstone then caused large blocks to collapse, sliding down to form 
talus slopes that were then buried along the valley wall.  

3.1.3 Cross Section Summary 
The typical stratigraphy and geologic unit thicknesses described previously were used throughout all of 
the cross sections. While held constant within each section, the elevation of the PDC to Jordan transition 
was varied between the sections slightly based on well boring records to account for a general dip of the 
transition toward the northwest. The transition was not changed in conversion of the typical models to the 
models presented herein which reflect maximum anticipated overburden thicknesses and excavation 
depths for the represented area. Member thicknesses in the Jordan were typically held constant 
throughout the modeling sections, though minor alterations were used to better fit the proposed 
maximum extent of mineable sandstone proposed. These thicknesses are as follows: 

• Van Oser Member – 50 feet 
• Norwalk Member – 40 feet 
• Basal Member – 20 feet  

Though elevation and thicknesses are known to vary slightly across the Site, there does not exist sufficient 
data at this time to modify the thicknesses for each cross section. The ground surface, however, was 
modified for each section based on existing topographic mapping. Though surficial soils exist atop the 
PDC, these were generally deemed inconsequential with respect to high wall stability due to the limited 
thickness in the area of the proposed excavations. As such, surficial sloughing and minor instability within 
the surficial soils should be anticipated and will need to be addressed through maintenance and minor 
site grading at the time of excavation. In areas represented by Section 4-4’ there is potential for significant 
soil overburden to be present in lieu of the PDC. As such, this soil was accounted for in the analysis. 
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Appendix C presents the representative model sections, following transition removal, prepared for use in 
this analysis. 

3.1.4 Separation Berm 
A cross pit separation berm is proposed in one location as shown on Figure 4. Section 6-6’ was developed 
to evaluate the required construction of this berm. The berm represented by Section 6-6’ is proposed to 
be constructed in the wet of waste rock to facilitate support of the swale required to maintain drainage 
from offsite areas through the Site as well as to provide for vehicle and equipment access. Both lined and 
unlined channel conditions were considered. 

3.1.5 Groundwater 
The cross sections represent mining of the Jordan by wet mining techniques. As such, primarily steady 
state groundwater conditions will be present and the groundwater surface may be adequately defined by 
a piezometric line. The piezometric lines were drawn during the preliminary analysis phase to match the 
pre-drawdown groundwater surface developed as a part of the groundwater assessment and were carried 
through to the revised analyses without modification. 

3.1.6 External Loads 
Where external loading is anticipated due to the presence of existing infrastructure or the proposed use 
of equipment along the crest of the pit during pit operation and reclamation, these loads were 
incorporated into the models. Table 2 summarizes the loads used throughout the models as appropriate. 

Table 2 External Load Summary 

Load Type Description Assumed Load 

Railway 
Weight of an E80 typical rail car over an 
8.5-foot-wide tie 

1,882 psf applied over an 8.5-foot-wide area 

Mining Truck 
During 
Reclamation 

Mine truck backing up to the edge of the pit 
high wall or dike post excavation to end dump 
buttress or dike material. Assumes rear tires 
located approximately 5 feet from the edge of 
the slope during dumping to facilitate the 
presence of a safety berm per MSHA 

Assuming a fully loaded Volvo A40 with a 
gross vehicle weight of 145,833 lbs such that it 
is uniformly distributed over the area between 
its tires. The uniformly distributed load is 620 
psf over a length 20.9 feet. 

Highway Weight of highway traffic per lane of traffic 
250 psf applied over four, 10-foot wide lanes 
of traffic for US Highway 169 

  
 

3.2 Modeling Parameters 
Laboratory testing data along with best professional judgment were used to select representative 
parameters for the analysis of the slopes. Shear strength parameters were derived for the various material 
types as described in the following sections. 
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3.2.1 Strength Parameters 
Geotechnical properties of each layer are required to perform the stability analyses. Specifically, the 
required properties are the shear strength and density of the PDC and Jordan. The St. Lawrence forming 
the basal unit of the model sections was assumed impenetrable for the purposes of this modeling. 

The friction angle of the Jordan was estimated from both disturbed and block samples obtained during 
the resource exploration and test pitting as discussed in Section 2.2.2. 

Based on this dataset, a design friction angle of 32.5 degrees appears appropriate for use in this analysis 
phase. Though direct shear testing of the block sample specimens indicates a maximum cohesion 
intercept of 600 psf is present, the limited size of the dataset is such that a reduced strength envelope is 
appropriate. Therefore, a design cohesion of 300 psf was used with a friction angle of 32.5 degrees as 
shown on Figure 3. This reduced strength envelope accounts for the variability of the formation with 
regard to cementation inherent in the rock mass and the limited sample size obtained. In addition, the 
block sample was obtained from the surface of the Jordan. Additional sampling and testing may be 
warranted during the mining process in accordance with the Observational Method.  With respect to the 
PDC, no field investigation or laboratory testing was available at the time of these analyses. Therefore, a 
review of published strengths for typical limestone was performed and reported friction angle and 
cohesion are as follows: 

1. Friction angle: 30 to 40 degrees (Das, 2000) and about 35 to 40 degrees (Goodman, 1989) 
2. Cohesion: 548 to 1,096 tons per square foot (tsf) (Das, 2000) and 70 to 1,279 tsf (Goodman, 1989) 

From the above values, it appears a friction angle of 30 degrees is appropriate for use in these analyses. 
Given that the above cohesion values are from testing of individual intact specimens, one cannot apply 
them directly to a rock mass without a thorough understanding of the rock mass bedding, jointing, 
weathering, etc. Alternatively, one can back-calculate a conservative rock mass cohesion for design based 
on published values of allowable bearing capacity for a shallow foundation on rock. An estimated 
undrained shear strength value of 6,000 psf was used for the analyses based on bearing capacity 
recommendations in Wylie (1999) and NAVFAC (1986).  

Buttressing materials (rock or soil), soil overburden, and dike construction materials were also used in the 
analyses where appropriate based on the sections provided by MJS. No data was available for these 
materials so assumed values were selected based on professional experience with projects of a similar 
nature. Transition zone material (PDC to Jordan) was not included as a separate stratigraphic layer in the 
analysis as the strength of the weaker Jordan will govern in this area. If the stratigraphy encountered 
during mining is found to be different than that referenced herein, specifically the upper elevation of the 
Jordan, adjustment to the analysis should be completed in accordance with the Observational Method. 

Table 3 presents the strength parameters used in this preliminary analysis. 
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Table 3 Estimated Strength Parameters 

Material 
Saturated Unit 

Weight 
(pcf) 

Moist Unit 
Weight 

(pcf) 

Friction Angle 
(degrees) 

Cohesion 
(psf) 

Soil Buttress 120 NA 28 0 

Rock Buttress and Rock Dike 145 NA 45 0 

Soil Overburden 125 120 30 0 

Prairie du Chien Limestone/Dolostone 150 125 30 6000 

Jordan Sandstone 140 115 32.5 300 

St. Lawrence Impenetrable 

 
 

3.2.2 Slope Stability 
The slope stability analyses were conducted using SLOPE/W. SLOPE/W uses limit equilibrium theory to 
compute the FOS of earth and rock slopes. It is capable of using a variety of methods to compute the FOS 
of a slope while analyzing complex geometry, stratigraphy, and loading. 

3.2.3 Factor of Safety Calculation and Requirements 
Spencer’s method was used to calculate the FOS of the high walls in this stability analysis. This method is 
considered an adequate limit equilibrium method because it satisfies conditions of static equilibrium and 
provides a FOS based on both force and moment equilibrium. The software was also directed to search 
for the presence of tension cracks and, if found, incorporate them into the calculations. 

For these analyses, a FOS with respect to failure of approximately 1.3 was targeted to represent a slope 
during operation of the pit if excavated in the dry or in the immediate vicinity of the mining operations 
prior to long-term stabilization. A minimum FOS of 1.05 was used to evaluate the steepest slopes possible 
that could occur in areas where the following conditions exist: where dredging was utilized, no personnel 
or equipment were working adjacent to the slopes, and reclamation occurs shortly after a section of the 
final slope has been excavated. For areas where external loads lay atop the high wall, a minimum FOS of 
1.3 was targeted no matter the mining method. Long-term FOS for reclamation or FOS near critical 
infrastructure consider 1.5 as the minimum allowable. The selected FOS values are in agreement with 
typical industry standards for long term conditions (FOS = 1.5), short term during typical operations with 
monitoring (FOS = 1.3), and extreme or short term events or where potential instability carries little to no 
risk for impact to personnel or property (1.05).   

3.3 Results of Slope Stability Modeling 
The sandstone mining proposed for the Site is to be performed by wet mining methods. Prior to 
commencement of sandstone mining, the transition material is to be removed by dry mining. To facilitate 
this dry mining the mine areas will be dewatered to approximately five feet below the top of the Jordan. 
Once the transition has been removed the pits may be allowed to fill back up with water and wet mining 
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will commence. The mining equipment used; dragline, dredge, or backhoe, will be such that the high walls 
can be cut to the maximum slopes specified herein. The perimeter slopes will be excavated to the 
maximum slopes listed on Table 4 or 5 and then will be buttressed by rock or, in some cases, soil fill 
material to the required reclamation slope listed on Table 6. Alternatively, excavation may be completed 
directly to the final reclamation slope to eliminate the need for buttress installation. Figure 5 summarizes 
each step of the mining sequence described above and modeled to facilitate interpretation of the 
modeling results. 

The proposed mining will progress from one area of the mine to another in a sequential fashion and 
perimeter high walls should be buttressed as soon as practical following removal of the Jordan and 
advancement to the next section of the mine. Tables 4 through 6 summarize the maximum allowable 
slopes required during each stage of mining to achieve the targeted factors of safety. Scenarios presented 
in Tables 4 through 6 include: 

• Jordan sand removal during active mining with no external loading (where feasible) – Table 4 
• Jordan sand removal during active mining with external loading (including mining, rail and 

highway loads) – Table 5 
• Reclamation by rock buttressing – Table 6 
• Reclamation by limiting excavation to the reclamation slope and no rock buttressing– Table 6 

Each of the above scenarios is also presented both with and without highly fractured PDC present in the 
highwall. The analyses presented herein are sensitive to the strength of the PDC unit. The potential for 
significant fracturing of the PDC, either existing or mining induced, to impact the shear strength of the 
PDC was accounted for through the use of the “tension crack” option in the modeling software. This 
option conservatively reflects a fracture or series of fractures that transmit through the entire PDC unit. 
This is a conservative approach and the results of both relatively intact and highly fractured conditions 
analyses are presented herein. Mining should follow the more conservative maximum slopes associated 
with highly fractured PDC unless  observations during mining, specifically following the removal of 
transition material, are  completed under the direction of a geotechnical engineer experienced in mine 
highwall evaluation to determine which modeled condition better represents those present on Site or at a 
particular location within the Site. The final mining and reclamation slopes should then be defined 
accordingly. This approach bounds the PDC conditions that may be encountered on Site during the 
mining process and shows mining and reclamation is feasible, even in the event of unanticipated highly 
fractured PDC being encountered in the highwall.  

It should be noted that wave action during mining could further erode slopes prior to long-term 
stabilization. The slopes should be monitored and preventative measures taken (e.g., flatter initial slopes 
during mining) to account for erosion prior to stabilization and reclamation. After reclamation, buttressing 
or riprapping with stone along the water line will minimize erosion due to wave action. 
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Table 4 Stability Analysis – Active Mining No External Loads 

Section PDC Slope (H:V) 

Maximum 
Considered 

PDC 
Highwall 

height (ft) 

Soil 
Overburden 
Slope (H:V) 

Maximum 
Depth of 
Jordan 

Dredging 
Considered 

(ft) 

Jordan Slope –  Dredging with no 
External Loads (H:V) 

FOS = 1.05 

Relatively Intact 
PDC 

Highly Fractured 
PDC 

1-1’  
Benching to 0.5:1 
equivalent 

87 NA 111 NA NA 

2-2’ 
Benching to 0.5:1 
equivalent 

25 NA 85 0.5:1* 1:1 

3-3’  
Benching to 0.5:1 
equivalent 

20 NA 85 0.5:1* 1:1 

4a – 4a’* 
Benching to 0.5:1 
equivalent 

75 NA 80 0.5:1* 1.1 

4b – 4b’* NA NA 3:1 80 0.8:1 NA 

5-5’ MS^   
Benching to 0.5:1 
equivalent 

38 NA 95 NA NA 

5-5’ BRP^ 
Benching to 0.5:1 
equivalent 

56 NA 95 NA NA 

* Section 4a represents the case where all material overlying the Jordan is PDC whereas 4b represents the case where all PDC has 
been removed by erosion or mining and only soil overburden is present atop the Jordan. 

^ Section 5-5’ MS is in reference to potential failure surfaces with their exit zone in the MS pit while Section 5-5’ BRP is in 
references to surfaces with their exit zone in the BRP pit. 
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Table 5 Stability Analysis – Active Mining With External Loads 

Section 
PDC Slope 

(H:V) 

Maximum 
Considered 

PDC 
Highwall 

height (ft) 

Soil 
Overburden 
Slope (H:V) 

Maximum 
Depth of 
Jordan 

Dredging 
Considered 

(ft) 

Jordan Slope –  
Dredging with 

External Loads (H:V)  
FOS = 1.3 

External 
Loads 

Considered 
Relatively 
Intact PDC 

Highly 
Fractured 

PDC 

1-1’ 
Benching to 
0.5:1 equivalent 

87 NA 111 1.5:1 2.0:1 
Hwy and 
Mine Truck 

2-2’ 
Benching to 
0.5:1 equivalent 

25 NA 85 1:1 1.4:1 Mine Truck 

3-3’ 
Benching to 
0.5:1 equivalent 

20 NA 85 1:1 1.5:1 Mine Truck 

4a – 4a’*  
Benching to 
0.5:1 equivalent 

75 NA 80 0.9:1 1.7:1 Mine Truck 

4b – 4b’*  NA NA 3:1 80 1.1:1 NA Mine Truck 

5-5’ MS^  
Benching to 
0.5:1 equivalent 

38.5 NA 95 1.1:1 1.6:1 
Rail and 
Mine Truck 

5-5’ BRP^  
Benching to 
0.5:1 equivalent 

56 NA 95 1.1:1 1.8:1 
Rail and 
Mine Truck 

* Section 4a represents the case where all material overlying the Jordan is PDC whereas 4b represents the case where all PDC 
has been removed by erosion or mining and only soil overburden is present atop the Jordan. 

^ Section 5-5’ MS is in reference to potential failure surfaces with their exit zone in the MS pit while Section 5-5’ BRP is in 
references to surfaces with their exit zone in the BRP pit.  
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Table 6 Stability Analysis – Reclamation With Long-Term External Loads 

Section 
PDC Slope 

(H:V) 

External 
Loads 

Considered 

Soil 
Overburden 
Slope (H:V) 

Maximum 
Depth of 
Jordan 

Dredging 
Considered 

(ft) 

Rock Buttress 
Reclamation Slope 

(H:V)  
FOS = 1.5 

FOS if dredged to rock 
buttress reclamation slope 
OR required mined slope 
to obtain a minimum FOS 

of 1.5 

External 
Loads 

Considered 
Relatively 

Intact 
PDC 

Highly 
Fractured 

PDC 

Relatively 
Intact 
PDC 

Highly 
Fractured PDC 

1-1’ 
Benching to 
0.5:1 equivalent 

Hwy NA 111 2.0:1 2.6:1 1.63 1.52 Hwy 

2-2’  
Benching to 
0.5:1 equivalent 

NA NA 85 1.5:1 1.6:1 1.67 
1.7H:1V mined 
slope required 
for FOS > 1.5 

NA 

3-3’ 
Benching to 
0.5:1 equivalent 

NA NA 85 1.5:1 1.6:1 1.68 
1.7H:1V mined 
slope required 
for FOS > 1.5 

NA 

4a – 4a’* 
Benching to 
0.5:1 equivalent 

NA NA 80 1.5:1 2.0:1 1.71 
2.1H:1V mined 
slope required 
for FOS > 1.5 

NA 

4b – 4b’* NA NA 3:1 80 1.5:1 NA 1.59 NA NA 

5-5’ MS^  
Benching to 
0.5:1 equivalent 

Rail NA 95 1.5:1 2.0:1 1.65 1.51 Rail 

5-5’ BRP^  
Benching to 
0.5:1 equivalent 

Rail NA 95 1.5:1 2.3:1 1.60 1.51 Rail 

* Section 4a represents the case where all material overlying the Jordan is PDC whereas 4b represents the case where all PDC has been 
removed by erosion or mining and only soil overburden is present atop the Jordan. 

^ Section 5-5’ MS is in reference to potential failure surfaces with their exit zone in the MS pit while Section 5-5’ BRP is in references to 
surfaces with their exit zone in the BRP pit. 

3.3.1 Internal Separation Berm Configuration 
A cross pit separation berm is proposed at one location as indicated on Figure 4. The following sections 
provide further background of the reasoning and construction process for the proposed berm. 

3.3.1.1 Background of Separation Berm Construction 
The berm represented by preliminary cross section 6-6’ is proposed to be constructed in the wet from 
waste rock to facilitate support of the proposed swale required to maintain drainage from offsite areas 
through the Site, as well as for maintenance vehicle  access. The drainage will be temporarily rerouted, the 
sand will be removed to the target depth, and the berm will be constructed by end dumping transition 
material waste rock into the resulting pit. It is anticipated the resulting berm will be highly permeable and 
no attempt will be made to stop flow between the adjacent pits resulting from the berm construction. 
Upon completion of the berm, a drainage ditch (lined or unlined) will be rerouted over the crest of the 
berm, tying back into the existing drainage system with an outlet into Wetland B4.  
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3.3.1.2 Separation Berm Modeling Process 
The proposed berm was modeled in a similar manner to the pit high walls and the material properties 
provided in Table 3 were used to evaluate slope stability. The berm will consist of rock fill material and a 
minimum friction angle of 45 degrees was assumed consistent with the rock buttressing described 
previously. Due to the highly permeable nature of the rock fill only ESSA modeling was performed. 

3.3.1.3 Separation Berm Stability Results 
Modeling of the proposed berm indicates the configuration listed in Table 7 must be maintained provided 
the berm material properties and loading conditions meet the assumed conditions listed. Figure 6 
summarizes each step of the berm construction sequence modeled to facilitate interpretation of Table 7. 

Table 7 Results of Analysis of Separation Berm Stability 

Section 

Berm Top 
Width as 
Modeled 

(ft) 

Maximum 
Berm Height 
as Modeled 

(ft) 

External Loads 
Considered 

Long Term 
Berm Slope 

with External 
Load and Lined 
Channel (H:V) 

FOS = 1.5 

Long Term Berm 
Slope with 

External Load and 
Unlined Channel 

(H:V)  
FOS = 1.5 

6-6’ 100 138 Mine Truck 1.6:1 1.9:1 

     
 

3.3.2 Reclamation by Soil Backfill 
The Project proposes to backfill certain portions of the mine excavation with soil backfill material (reject 
sands) to create upland areas following mining operations. For simplicity Barr treated the determination of 
allowable slopes for reclamation using backfill soils separately from the above analysis. Section A-A’ 
reflects the largest overall backfill slope height, therefore the results from analysis of section A-A’ can 
therefore be applied to other soil backfill slopes across the Site. 

3.3.2.1 Soil Backfill Analysis Methodology and Results 
Analysis of the proposed soil backfill was completed by generating a representative section A-A’ based on 
the model developed for section 2-2’ revised to incorporate soil backfill. The final backfill material 
proposed for use will depend upon the makeup of the reject sands and overburden and transition 
material available for use as backfill material. For the purposes of this feasibility analysis, an angle of 
internal friction of 28 degrees was conservatively assumed and represents a reasonable lower bound for 
fine sand. Analysis results indicate a slope of 3H:1V or shallower will yield an acceptable FOS of greater 
than 1.5 for long term steady state conditions indicating this approach is theoretically feasible (Figure 7). 
The incorporation of backfill other than waste rock into the reclamation plan introduces additional 
unknowns that must be considered as addressed in the following section. 

3.3.2.2 Soil Backfill Feasibility and Reuse 
The proposed reclamation procedure calls for placement of the backfill material in the wet through the 
use of slurry, conveyor, or dumping. Compaction of the placed reject sands below the water table is not 
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anticipated. The resulting deposit may consist of saturated and unconsolidated sediments containing little 
to no plastic fines (clay) and placed at the angle of repose with a maximum angle of 3H:1V. Because this 
deposit will be placed in an uncontrolled manner (little to no compactive effort), any future development 
or placement of additional fill above the water surface will require engineering analysis to address the risk 
posed by the presence of these potentially liquefiable soils. Mitigation of the risk through compaction, soil 
reinforcement, grading, foundation design, or other engineering approaches may be required depending 
on the proposed development.  
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4.0 Conclusions and Recommendations 
A geotechnical analysis has been performed as part of the assessment of pit high wall stability of the 
proposed Merriam Junction Sands mine site. The following conclusions can be drawn from the modeling: 

1. The proposed excavations can be completed in a safe manner provided the required slopes are 
maintained in accordance with Tables 4, 5, and 6. 

2. A minimum FOS of 1.05 was used to evaluate the steepest slopes possible that could occur in 
areas where the following conditions exist: where no personnel or equipment were working 
adjacent to the slopes and reclamation occurs shortly after a section of the final slope has been 
excavated. A minimum FOS of 1.3 was used to evaluate mining with external loads present and a 
FOS of 1.5 was used to evaluate long term reclamation slope stability.  

3. External loading atop the pit high walls has a significant effect on the required slope of the Jordan 
pit high wall with the design parameters used in the analyses. If external loading can be 
eliminated from the mine plan atop some or all of the pit high walls, steeper slopes can be used. 

4. The degree of fracturing present in the PDC following blasting and removal of the transition 
material has an effect on the required slope of the Jordan pit high wall with the design 
parameters used in the analyses.  The results shown in Tables 4 through 6 for highly fractured 
PDC reflect a probable worst case scenario and the shallowest slopes that may be required in that 
event. If excavation to steeper slopes is desired in order to recover more of the resource, 
evaluation of the degree of fracturing in an area of PDC highwall must be completed by a 
geotechnical engineer with experience in mine highwall evaluation prior to the commencement of 
dredging the adjacent Jordan. Depending upon the results of the additional evaluation, 
excavation slopes or the PDC highwall geometry may be adjusted.  

5. Rock buttressing may be used (placement of transition material over the excavated slope) after 
mining to steeper slopes to obtain acceptable FOS values for reclamation. For example, 
excavating to a 0.5:1(H:1) slope and then buttressing to create a 1.5:1 (H:V) reclamation slope. 
Buttressing or riprapping provides the added benefit of long-term erosion protection from wave 
action. If buttressing is not performed, erosion protection along the shoreline may be required.  

6. The available geotechnical data required assumptions based on professional experience. In some 
cases, these assumptions may be conservative due to the lack of a significant body of test data. 

7. Arbitrary benching of the PDC highwall to an equivalent maximum slope of 0.5H to 1V was 
assumed for the PDC. This benching and slope should be evaluated during transition material 
removal and highwall development in accordance with the Observation Method, standard mining 
practice, and MSHA rules and regulations. This evaluation should be performed by a geotechnical 
engineer with experience in mine highwall evaluation.  

8. Additional geotechnical investigation and analysis is recommended to be completed in stages 
during mine development in accordance with the Observational Method. 

The investigation and analysis addressed in this report relies upon various assumptions. The accuracy of 
the assumptions made should be verified and the analyses presented herein should be updated as 
warranted throughout the life of the mine in accordance with the Observational Method. Depending upon 
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observations made, particularly during development of the PDC highwalls, analysis and adjustment to the 
mine plan throughout the life of the mine may be necessary to provide for safe mining and reclamation. 
Review and subsequent analysis, if required, completed in accordance with the Observational Method 
should be performed by a geotechnical engineer with experience in mine highwall evaluation and design. 
This approach will allow for updating to reflect changed conditions observed during mine operation. In 
the analysis and design presented herein, the available information is used and predictions of 
performance are made for reasonable worst-case conditions. 
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5.0 Report Qualifications 
5.1 Factor of Safety Interpretation 
No established national standards exist for the selection of a design basis Factor of Safety and the proper 
interpretation of FOS and the associated risks for which they are a surrogate measure should be done on 
a site and project specific basis. Barr has completed the described analysis based on generally accepted 
FOS values used under similar circumstances across the industry and the values used are the minimum 
recommended for the specific situations and scenarios described. 

5.2 Variations in Subsurface Conditions 
5.2.1 Material Variability 
Our evaluation, analyses, and recommendations were developed from a limited amount of site and 
subsurface information. It is not standard engineering practice to retrieve material samples from borings 
continuously with depth. Strata boundaries and thicknesses must, therefore, be inferred to some extent. 
Strata boundaries may also be gradual transitions, and they can be expected to vary in depth, elevation, 
and thickness away from the boring locations. Although strata boundaries can be determined with 
continuous sampling, the boundaries apparent at boring locations likely vary away from each boring. 

Variations in subsurface conditions present between borings may not be revealed until additional 
exploration work is completed or mining commences. If any such variations are revealed, Barr’s 
recommendations should be re-evaluated. 

5.2.2 Groundwater Variability 
Groundwater measurements were made under the conditions reported within the report, shown on the 
boring logs, and interpreted in the text of this report. It should be noted that the observation periods 
were generally relatively short, and groundwater can be expected to fluctuate in response to rainfall, 
snowmelt, flooding, irrigation, seasonal freezing and thawing, surface drainage modifications, and other 
seasonal and annual factors. 

5.2.3 Precautions Regarding Changed Information 
Barr’s understanding of the proposed mining has been presented to the extent it was reported to Barr by 
others. As Barr was provided limited information, assumptions may have been made based on Barr’s 
experience with similar projects. If Barr has not correctly presented or interpreted the project details, Barr 
should be notified. New or changed information could render the evaluation, analysis, and 
recommendations invalid. 

5.3 Limitations of Analysis 
This report is for the exclusive use of Merriam Junction Sands without written approval by Barr, no 
responsibility to other parties regarding this report is assumed. Barr’s evaluation, analysis and 
recommendations may not be appropriate for other parties or projects. 
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No established national standards exist for data retrieval and geotechnical evaluations. Barr has used the 
methods and procedures described in this report. In performing its services, Barr used the degree of care, 
skill, and generally accepted engineering methods and practices ordinarily exercised under similar 
circumstances and under similar budget and time restraints by reputable members of its profession 
currently practicing in the same locality. Reasonable effort was made to characterize the project site based 
on the site-specific field work, however, the analyses represent a large area, and variations in stratigraphy, 
strength, and groundwater conditions from any of the locations at which testing was performed may 
occur. It is important that engineering and operations personnel regularly observe the high walls and note 
any changes in strata or water conditions as these may require modification of the mine operation 
requirements to maintain slope stability. No warranty of the investigation, analysis, or design presented 
herein, expressed or implied, is made. 
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Figure 2

BORING AND WELL LOCATIONS
Merriam Junction Sands

Scott County, MN
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"/ Geotechnical Investigation Boring
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!. Wetland Piezometer
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Note: Boring and instrumentation locations shown on Mid-
America Festivals property reflect information incorporated into
previous phases of the analysis before re-structuring of the
planned project to incorporate only Malkerson Sales and Bryan
Rock Products properties.

Imagery: FSA 2015
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CROSS SECTION LOCATIONS
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Scott County, MN

Ba
rr

 F
oo

te
r: 

A
rc

G
IS

 1
0.

4,
 2

01
6-

11
-1

7 
16

:3
9 

Fi
le

: I
:\P

ro
je

ct
s\

23
\7

0\
10

32
\M

ap
s\

R
ep

or
ts

\W
or

k_
O

rd
er

_1
1\

Pi
t W

al
l S

ta
bi

lit
y 

R
ep

or
t\F

ig
ur

e 
4 

C
ro

ss
 S

ec
tio

n 
Lo

ca
tio

ns
.m

xd
 U

se
r: 

M
R

Q

I
0 1,000 2,000

Feet

0 500 1,000

Meters

Imagery: FSA 2015



Prairie du Chien High Wall
STEP 1

Prairie du Chien
Transition
Removal

STEP 2

Dredge
Jordan

STEP 3

Install
Buttress

Jordan High Wall

Buttress

Figure 5

MINING AND RECLAMATION SEQUENCING
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Figure 6

BERM CONSTRUCTION SEQUENCING
Merriam Junction Sands
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1.60

Section A-A'.gsz\\barr.com\projects\Mpls\23 MN\70\23701021 Merriam Junction Sands\WorkFiles\Geotechnical\Pit Wall Stability\2016 Final Analysis\

Name: Norwalk mbr of Jordan Sandstone      Model: Mohr-Coulomb      Unit Weight: 140 pcf     Cohesion': 300 psf     Phi': 32.5 °     Constant Unit Wt. Above Water Table: 115 pcf     
Name: Prairie du Chien Limestone/Dolostone      Model: Mohr-Coulomb      Unit Weight: 150 pcf     Cohesion': 6,000 psf     Phi': 30 °     Constant Unit Wt. Above Water Table: 125 pcf     
Name: St. Lawrence Dolostone and Shale      Model: Bedrock (Impenetrable)      
Name: Van Oser mbr of Jordan Sandstone      Model: Mohr-Coulomb      Unit Weight: 140 pcf     Cohesion': 300 psf     Phi': 32.5 °     Constant Unit Wt. Above Water Table: 115 pcf     
Name: Basal mbr of Jordan Sandstone      Model: Mohr-Coulomb      Unit Weight: 140 pcf     Cohesion': 300 psf     Phi': 32.5 °     Constant Unit Wt. Above Water Table: 115 pcf     
Name: Soil Buttress      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion': 0 psf     Phi': 28 °     

Figure 7 - Soil Backfill Slope Stability Model Result
Merriam Junction Sands

Pit Wall Stability Analysis: 6a - Slope Stability (Soil Backfill)
File Name: Section A-A'.gsz 
Date: 11/7/2016

Name: St. Lawrence Dolostone and Shale 
Name: Basal mbr of Jordan Sandstone 

Name: Van Oser mbr of Jordan Sandstone 

Factor of Safety: 1.60

Name: Norwalk mbr of Jordan Sandstone 
3H:1V
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Laboratory Test Results 

  



Project: Job: 8035-A

Client: Date: 8/9/11

Boring # BH-11-11 BH-11-11 BH-11-11 BH-11-11

Sample #

Depth (ft) 51.5 61.5 71.5 81.5

Type or BPF Bag Bag Bag Bag

Water Content (%) 18.1 19.8 20.9 19.4

Total Dry Weight (g) 89.9 184.5 280.4 143.3

Boring #

Sample #

Depth (ft)

Type or BPF

Water Content (%)

Total Dry Weight (g)

Boring #

Sample #

Depth (ft)

Type or BPF

Water Content (%)

Total Dry Weight (g)

Laboratory Test Summary

Sand w/silt

(SP-SM)

Merriman Junction

Barr Engineering Company

Sample Information & Classification

Sand

(SP)
Classification

Water Content,  Dry Density

Sample Information & Classification

Classification

Sand

(SP)

Sand w/silt

(SP-SM)

Water Content,  Dry Density

Water Content,  Dry Density

Sample Information & Classification

Classification



Project: Job: 8035-B

Client: Date: 9/2/11

Boring # MW-6-11 MW-6-11 MW-6-11

Sample #

Depth (ft) 67.5-68 72 80

Type or BPF 1.4" Liner 1.4" Liner 1.4" Liner

Water Content (%) 18.4 15.8 16.2

Dry Density (pcf) 114.5 114.2 115.6

Boring #

Sample #

Depth (ft)

Type or BPF

Water Content (%)

Dry Density (pcf)

Boring #

Sample #

Depth (ft)

Type or BPF

Water Content (%)

Dry Density (pcf)

Water Content,  Dry Density

Sample Information & Classification

Classification

Silty Sand

(SM)

Water Content,  Dry Density

Water Content,  Dry Density

Sample Information & Classification

Classification

Laboratory Test Summary

Silty Sand

(SM)

Merriman Junction

Barr Engineering Company

Sample Information & Classification

Silty Sand

(SM)
Classification



ASTM: D3080

Project:

Boring No.: Sample No. Depth:

Location: Sample Type:

Soil Type:

0.15

φ=φ=φ=φ= 32.8 deg. φ=φ=φ=φ= 25.0 deg.

4.00 4.00

Direct Shear Test

Test Date:

Job No.:  

Merrimann Junction

Sandstone 12/30/2011

1.09 1.39

1.00 2.00

Dry Density (pcf)

2.90

116.3 119.6 120.2 119.8

2.95

Normal Stress

Shear Stress

Dry Density (pcf)

Before Shear

Thickness (In.)

Water Content (%) 14.6 14.3 14.5

0.95 0.93 0.93 0.93

16.1

114.6 114.4

10.3 10.2

A B C D

(*) = Assumed Specific Gravity

Remarks:         Specimens trimmed to given sizes.  Consolidated  and sheared to given displacements at 

constant rate of 0.003inches/minute.

Specimen "A" had many pieces of sandstone still intact after testing.

Specimen "B" had a few small pieces of sandstone intact after testing.

Specimen "C" and "D" was no pieces of cemented sandstone remaining after testing.

Plastic Limit:

Plasticity Index:

Specific Gravity (*):

Liquid Limit:

2.66

1/12/2012

Max Stress

Failure Criterion:

Lightly Cemented Sandstone

Block Date Reported:

Shear Rate

0.003 (in/min)

Initial

2.50 2.50Diameter (In.) 2.50

"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."

0.97Thickness (In.)

Water Content (%)

0.97

10.3 10.2

114.4 114.6

8211

Cohesion
TSF0.448

Apparent

X

0.97 0.97

2.50

Peak Conditions

Friction Angle: Friction Angle:

At Given Shear Disp. Of:

Apparent

Cohesion
0.310 TSF
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Type:

73.3
o

0.00

Before Consolidation A B C D E

1.44

2.92

11.8

111.2

0.51

1.43

2.91

18.0

113.2

0.48

5.8

1.00

39.33

17.42

26.88

0.41

1.0

0.9

o
c'= 0.00 (tsf)

α = 43.8
o

a = 0.0 (tsf)
o

c= 0.00 (tsf)

2401 W 66th Street Richfield, Minnesota 55423-2031

"These test results 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"

Void Ratio

Pore Pressure Parameter "B"

Pct. Axial Strain at Failure

Diameter (in)

Height (in)

Water Content (%)

Dry Density (pcf)

Test Date:

Test Type:

Liquid Limit:

Plastic Limit:

12/11/11

Remarks:  Specimen trimmed to given dimensions;  Saturated, backpressured until "B" 

response was 0.95 to 1.00; Consolidated; All Drainage valves closed and immediately 

sheared.

+

X 

2.69

Plasticity Index:

Height (in)

After Consolidation

Spec. Gravity (Assumed):0.025

Project:

Boring #:

Merriman Junction

_______ 68.6Total φ':

Angle of internal friction, φφφφ' =

CU w/pp

Soil Type: Sand Stone

Sample #: 11-30-11 Block Depth (ft):

Failure Criterion: Max. Stress Ratio

(tsf)Apparent Cohesion, c' =

Strain Rate (%/min):

Strain Rate (in/min): 0.000715

Max. Deviator Stress (tsf)

Minor Principal Stress (tsf)

Max. Pore Pressure Buildup (tsf)

Diameter (in)

Water Content (%)

Dry Density (pcf)

Ultimate Deviator Stress (tsf)

Deviator Stress at Failure (tsf)

Void Ratio

Back Pressure (tsf)

Rupture Envelope at Failure ------------ 73.3Effective φ':

8211

12/15/11
              TRIAXIAL TEST ASTM: D 4767

Job No.
Date:
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Type:

70.7
o

0.00

Before Consolidation A B C D E

1.44

2.92

11.8

111.2

0.51

1.43

2.91

18.0

113.2

0.48

5.8

1.00

39.33

17.42

39.33

0.41

1.0

1.2

o
c'= 0.00 (tsf)

α = 43.3
o

a = 0.0 (tsf)
o

c= 0.00 (tsf)

2401 W 66th Street Richfield, Minnesota 55423-2031

"These test results 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"

Void Ratio

Pore Pressure Parameter "B"

Pct. Axial Strain at Failure

Diameter (in)

Height (in)

Water Content (%)

Dry Density (pcf)

Test Date:

Test Type:

Liquid Limit:

Plastic Limit:

12/11/11

Remarks:  Specimen trimmed to given dimensions;  Saturated, backpressured until "B" 

response was 0.95 to 1.00; Consolidated; All Drainage valves closed and immediately 

sheared.

+

X 

2.69

Plasticity Index:

Height (in)

After Consolidation

Spec. Gravity (Assumed):0.025

Project:

Boring #:

Merriman Junction

_______ 72.1Total φ':

Angle of internal friction, φφφφ' =

CU w/pp

Soil Type: Sand Stone

Sample #: 11-30-11 Block Depth (ft):

Failure Criterion: Max. Deviator Stress

(tsf)Apparent Cohesion, c' =

Strain Rate (%/min):

Strain Rate (in/min): 0.000715

Max. Deviator Stress (tsf)

Minor Principal Stress (tsf)

Max. Pore Pressure Buildup (tsf)

Diameter (in)

Water Content (%)

Dry Density (pcf)

Ultimate Deviator Stress (tsf)

Deviator Stress at Failure (tsf)

Void Ratio

Back Pressure (tsf)

Rupture Envelope at Failure ------------ 70.7Effective φ':

8211

12/15/11
              TRIAXIAL TEST ASTM: D 4767

Job No.
Date:
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Date:

0.00 0.00 0.00
0.17 2.12 0.11
0.34 5.47 0.24
0.52 11.63 0.31
0.69 18.74 0.37
0.86 26.88 0.41
1.03 31.37 0.13
1.20 39.33 -0.17
1.38 22.87 -2.04
1.55 20.98 -2.28
1.72 19.22 -2.40
1.89 18.83 -2.46
2.06 18.13 -2.52
2.24 17.41 -2.58
2.41 17.42 -2.63
2.58 16.86 -2.67
2.75 16.59 -2.72
2.92 16.45 -2.76
3.10 16.42 -2.79
3.27 16.49 -2.83
3.44 16.40 -2.85
3.79 15.71 -2.91
4.13 16.06 -2.96
4.47 16.56 -3.01
4.82 16.53 -3.09
5.16 16.44 -3.16
5.51 16.42 -3.21
6.19 16.78 -3.30
6.88 17.14 -3.40
7.57 16.83 -3.48
8.26 16.87 -3.57
8.95 17.11 -3.64
9.63 17.42 -3.71
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Sample 5Sample 1 Sample 2 Sample 3 Sample 4

Triaxial Data

Boring:

Job:

Sample: 11-30-11 Depth:

















 

 

Appendix B 

Representative Boring Log 
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R

SP

DOLOSTONE: Pink or gray to reddish-yellow, weathered with medium-grained sand
fragments. (Prairie du Chien Group)

Pink to brown hard sandstone pucks, evident bedding.

Fine-grained, well rounded sand with weathered hard sandstone fragments and pucks.

SANDSTONE: Gray to reddish-yellow, well-sorted, medium-grained frac sand,
well-rounded. [Jordan Formation Sandstone]
Weathered, hard, 2 pucks from 19-21 ft bgs.

Medium to coarse-grained.

Thin <1" green clay lens at 25' bgs

Mottled from 30-35' bgs.

Medium-grained from 35-45' bgs.

1" silicified zone at 41.5' bgs.

Hard, medium-grained from 45-47 ft bgs

Mottled from 47.5-50' bgs.

Remarks: Possible artesian conditions.
Frac Sand - generally uncemented sandstone with clear to white rounded quartz grains
R = cemented rock
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SANDSTONE: Gray to reddish-yellow, well-sorted, medium-grained frac sand,
well-rounded. [Jordan Formation Sandstone](continued)
Loose from 50-130' bgs.

No sample recovered from 55-65' bgs.

Fine-grained from 65-67' bgs.

 Sandstone fragments <2" from 70-75' bgs. Coarse-grained from 67-80' bgs.

Pink sandstone fragments <1/4" to <2" from 80-85' bgs. Gray fine-grained sand from
80-130' bgs.

Remarks: Possible artesian conditions.
Frac Sand - generally uncemented sandstone with clear to white rounded quartz grains
R = cemented rock
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CL

SANDSTONE: Gray to reddish-yellow, well-sorted, medium-grained frac sand,
well-rounded. [Jordan Formation Sandstone](continued)

Green clay lenses and small iron clusters from 105-125' bgs.

CLAY: Greenish-gray to brown interbedded lean clay, weathered shale, and fine-grained
sand. [St. Lawrence Formation]

End of Boring - 135 feet

Remarks: Possible artesian conditions.
Frac Sand - generally uncemented sandstone with clear to white rounded quartz grains
R = cemented rock
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Appendix C 

Model Cross-Sections 1 through 5 – Following Transition Removal 
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