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November 23, 2022 GeoServ, Inc. Job No. 210126
Attention: Jim Hayes
Subject: Waddell Rock Quarry Slope Stability Analysis Report

Dear Jim,

In accordance with your request and authorization of GeoServ, Inc. has completed a slope stability
at Waddell Rock Quarry. The attached report contains the results of our site investigation and
engineering geologic evaluation of the slope stability elements of the project site.

Based on GeoServ Inc’s subsurface investigations and our geotechnical and engineering
evaluation, the project is considered feasible from a geotechnical standpoint provided the
recommendations contained in the attached report are incorporated into the project design and
construction. If you have any questions regarding our findings or recommendations, please do not
hesitate to contact this office. The opportunity to be of service is appreciated.

Respectfully submitted,

James Fitzgerald, CEG (2436)
GeoServ, Inc.
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Introduction

This slope stability report documents the Waddell Rock Quarry slope stability analysis methods, data
results, and slope stability analysis results. This analysis mapped and drafted lithotopo units using the site
investigation data, anecdotal information, and historical photographs. The slope stability analysis results
were used to evaluate the proposed slope geometry during and after mining operations. Professional
judgement and model results were used to estimate and interpolate subsurface material types. To
represent the different types of the rock slope, 2-D sections were cut and used to model slope stability for
the proposed conditions conditions (Sheets 1 to 4 and Attachment A).

Methods

Site Investigation Data Collection Methods

A site investigation was completed to obtain information on the engineering properties of the rock, soil,
groundwater, and to inform the designs and construction techniques for the rock quarry. The engineering
properties of the project area rocks and soils were assessed using industry standard methods (e.g., CDC
2001, Williamson 1984, and BOR 2001). The rocks and soils were classified and assessed following the
most recent ASTM methods.

The site investigation was completed in September 2022. The bedrock mapping sites were located along
the proposed quarry expansion area in safe accessible locations to characterize the spatial distribution of
the terrane, rock, soil, and water conditions. This investigation process was intended to assess the spatial
and temporal distribution of soil or rock near the ground surface.

The bedrock mapping occurred along the bedrock outcrops that are within the proposed quarry
expansion area and were completed by GSI geologists. The accessible outcrops were classified using
ASTM. Rock samples were collected for Specific Gravity and Point Load Testing to help characterize the
rock density and strength.

Slope Stability Model Methods

Slope stability model parameters were measured, calculated, or estimated using the available field data
following standard methods. Slide 6.0 was used to model the temporary and permanent stability of the
quarry face during mining. The 2-D slope stability analysis software is comprehensive for the level of
design effort and performs finite element analysis. The quarry design was analyzed based on the proposed
earthworks and the geometry of cut-slopes. The following methods were used to model slope stability:

Slide 2D limit equilibrium slope stability model to complete non-circular and circular failure analyses on
existing and design rock cut and fill slopes to help define critical rock slope failure mechanisms and planes
(Rocscience, Inc. 2002).

e Spencer (Blake et. al. 2002), Army Corp #1, and Army Corp#2 methods to predict non-circular
and circular critical failure planes and fill slope FOS.
e Plane Failure method to analyze rock slope stability (Hoek and Bray 1981).

The following criteria were used for the temporary and permanent slope stability analyses.

e Static Factor of Safety (FOS) for temporary rock cut-slopes = 1.5.
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The model assumes uniform rock and soil engineering properties for the dominant rock type to include:

e Paleozoic marine, undivided (Pz)

The model assumes that the modern cut-slopes and fill-slopes are pseudo-stable (i.e., FOS = 1.0) along
the existing quarry face. It also assumes that the rock slopes are presently in a pseudo-stable condition
(i.e., FOS = 1.0) other than shallow rock fall (i.e., <5’ into slope face).

The rock slope models factored freeze-thaw failure mechanisms by assuming conservative fracture/joint
discontinuity cohesion and angle of internal friction values (Table 1). It also assumed a value 33% for
pore pressure for planar and rock topple failure models and that the groundwater level is lower than
ground sutface and fractures/joints in the rock are free draining.

Site Investigation Results

Bedrock Mapping

Accessible rock outcrops were mapped as part of the site investigation (Sheet 1). The results of the
bedrock mapping are consistent with the Paleozoic marine, undivided (Pz) reported in the available
geologic maps.

Slope Stability

Based upon GSI’s review of the published geologic maps, aerial photographs, ground topography data,
site reconnaissance, and slope stability modeling, the project area appears to be quasi stable under static
conditions. The project area topography is steep due to shallow and hard Paleozoic marine rock. No
evidence of active or dormant landslide slip plain surfaces were observed as part of the site investigation
and no springs or seeps were observed.

Slope stability modeling results indicate that the existing slopes have a FOS of 1 for static conditions. The
design slopes have a FS greater than 1.5 under static conditions Attachment A). The site investigation
results were used to estimate and interpolate subsurface material types. To represent the different types of
slopes within the project area, 2-D sections were cut and used to model slope stability for existing and
design conditions (Sheets 1 to 4 and Attachment A).

Modeling results for static rock slope stability conditions indicate that the proposed quarry geometry are
stable with IS greater than the design criteria (Attachment A). Rock slope failure sensitivity analysis
indicates that percent fill pore pressure, slope angle, and slope height and the top three limiting factors.
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