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INTRODUCTION 
 
Coal combustion residual (CCR) disposal at the John E. Amos Landfill (Landfill) is 
currently occurring in the South Valley. As the South Valley facilities reach the buildout 
condition, development will occur in the North Valley allowing plant operations to 
continue. Facilities for the management of leachate, erosion and sedimentation control, 
site access and clean water diversion are required prior to the disposal activities 
occurring in the North Valley portion of the landfill. In lieu of sloped excavations to 
accommodate these facilities, two soil nail walls were provided to widen the North 
Valley.  Construction of the two soil nail walls on each side of the valley, in lieu of the 
sloped hillside excavations, significantly reduced earth disturbances and the volume of 
excavation required to construct the North Valley facilities. 
 
SITE DESCRIPTION 
 
The John E. Amos Power Plant (Plant) is located near Winfield, West Virginia. The 
Landfill is located approximately one mile northwest of the Plant. The Landfill property 
encompasses two valleys with the project site located at the mouth of the northern 
valley, near the confluence of Little Hurricane Creek and an unnamed tributary to Little 
Hurricane Creek. County Road 42, (Blue Lick Road) is located west of the project site. 
The valley has a general east-west alignment and was largely an undeveloped wooded 
area with a gravel service road in the valley bottom.  
 
The existing valley generally rises at a two horizontal to one vertical (2H:1V) slope with 
a few steeper areas. The hilltops located to the north and to the south of the walls and 
pond facilities are at approximate Elevation (EL.) 277 and 299 meters (910 and 980 
feet), respectively. The current low point of the valley is at approximate EL. 210 meters 
(690 feet). Sandstone outcrops and surface boulders were exposed at approximate EL. 
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243 meters (800 feet) on the north slope. The pond facilities in the valley bottom reside 
at approximate EL. 209 meters (685 feet). 
 
AEP GOALS AND OBJECTIVES 
 
AEP management challenged the Amos team with twin mandates of site safety and 
outstanding environmental performance. Pre-job planning of anticipated construction 
therefore considered potential site conditions, working methods, appropriate 
environmental controls in addition to the typical budget and schedule requirements. The 
emphasis on safety continued throughout the planning and construction process, and of 
particular note, the work has been performed with zero OSHA recordables, zero 
injuries, and zero lost time incidents. 
 
PROPOSED FACILITIES 
 
Several facilities are proposed in the North Valley. These facilities include:   

• North Area Sediment Collection Pond,  
• North Area Leachate Holding Basin, 
• Active treatment system, and 
• Service Road.  

 
This paper concentrates on the design and construction of the soil nail walls to widen 
the valley bottom. The North Soil Nail Wall is approximately 328 meters (1,075 feet) 
long with a maximum exposed height of 22.5 meters (74 feet), with the toe of the wall at 
EL 216 meters (709 feet). The surface area of the north wall is approximately 5,575 
square meters (60,000 square feet). The South Soil Nail Wall is approximately 116 
meters (380 feet) long with a maximum exposed height of 12.5 meters (41 feet), with 
the toe of the wall at EL 217 meters (712 feet). The surface area of the south wall is 
approximately 1,115 square meters (12,000 square feet).   
 
EXISTING SITE CONDITIONS 
 
Geology 
 
The hilltops are capped by the Monongahela Formation which also underlies the slopes 
and the upper portions of the valley bottoms. Near the mouth of the north valley, the 
Monongahela Formation has been eroded and the underlying Conemaugh Formation is 
exposed. Both the Monongahela and Conemaugh Formations are Pennsylvanian Age.  
 
The Monongahela Formation is composed primarily of claystone and clayshale with a 
few thin sandstone seams and lesser amounts of siltstone. The thickness of the units 
vary vertically.  The regional dip appears to be to the north-northwest at a shallow rate 
of approximately 3.8-meters per kilometer (20-feet per mile). 
 
 
 



GEOTECHNICAL INVESTIGATION AND EXPLORATION 
 
A total of 20 borings were drilled for the project. Fourteen and six borings were drilled 
for the North and South Walls, respectively, with borings drilled both near the centerline 
of the wall and in offset locations behind the wall.   
 
The borings were advanced using a Central Mine Equipment 45 track rig, Dietrich D50 
track rig and a Morooka MST-800 track rig. The drill rigs used 8.26 centimeter (3.25-
inch) inside diameter hollow stem augers. Continuous split spoon samples were 
collected from all borings using the Standard Penetration Test (SPT) method in 
conjunction with an automatic hammer. Shelby tube samples of selected cohesive soils 
were obtained for laboratory testing. Groundwater measurements were obtained at the 
completion of drilling and 24 hours or more after the drilling was complete prior to 
backfilling the borings. 
 
South Wall Soils and Bedrock 
 
The soil varied in depth from 3.5 to 7.9 meters (11.5 to 26 feet) and consisted of two 
layers. The top layer was described as stiff silty clay to stiff silty sandy clay. The 
thickness of the top layer varied between 1.8 and 3.4 meters (6 and 11 feet) and had 
uncorrected SPT N-values less than or equal to 10 blows per foot (bpf). Below this soil 
layer hard silty clay was observed. This residual soil layer graded from soil to bedrock 
with depth and was characterized as having uncorrected N-values greater than 50 bpf.  
 
The bedrock consisted of predominantly claystone and clayshale with thin layers 
(approximately 0.3 to 0.9 meters or 1 to 3 feet) of sandstone and siltstone. The 
clayshale and claystone were generally characterized as highly to completely 
weathered, soft to very soft with very broken zones. These layers varied in condition, 
thickness and lithology between borings.  The dip of the bedrock is into the valley.  The 
approximate percent of each rock type anticipated to be encountered through the 
exposed wall face zone was: 

• Claystone   42 percent 
• Clayshale   35 percent 
• Sandstone 15 percent 
• Siltstone   8 percent 

 
The following four sandstone layers were encountered in the borings and they are 
described in the order that they were encountered from the top of the wall to the bottom 
of the wall:   

• Layer one was encountered at a depth of 5.9 to 7.0 meters (19.5 to 22.8 feet) 
(approximate EL. 224 to 223 meters or 735 to 732 feet) and was 0.4 to 1.0 
meters (1.3 to 3.3-feet) thick;   

• Layer two was encountered at a depth of 9.4 to 9.8 meters (31 feet to 32 feet) 
(approximate EL. 221 to 220 meters or 724 to 723 feet);   

• Layer three was encountered at a depth of 12.5 to 12.8 meters (41 to 42 feet) 
(approximate EL. 218 to 217 meters or 714 to 713 feet); and   



• Layer four was encountered at a depth of 13.7 to 14.9 meters (45 to 49 feet) 
(approximate EL. 216 to 215 meters or 710 to 706 feet), which is below the 
proposed bottom of wall El. 216 meters (710 feet).  
 

The sandstone layers were thin and their locations within the rock mass were not 
predicable.  Therefore, the thicker and weaker layers of claystone and clayshale 
controlled the stability of the near vertical cut, and consequently the design of the soil 
nail wall.  Refer to Figure 1 - South Soil Nail Wall Stratigraphic Section. 
 
North Wall Soils and Bedrock 
 
The boring program encountered two soil layers at the proposed wall face. The soil 
varied in depth from 2.6 to 7.2 meters (8.5 to 23.5 feet) with an average depth of 4.6 
meters (15 feet). The top layer was described as stiff silty clay. The thickness of the top 
layer varied between 1.2 to 3.7 meters (4 and 12 feet) with uncorrected N-values less 
than or equal to 15 bpf. Below this soil layer was hard silty clay. This residual soil layer 
graded from soil to bedrock with depth and was characterized as having uncorrected N-
values greater than 30.  
 
The bedrock consisted of predominantly claystone, clayshale with seams of sandstone. 
The bedrock is generally characterized as highly to completely weathered, soft to very 
soft with very broken zones.  The bedrock types changed laterally into different 
lithologies and the weathering condition of the bedrock varied throughout.  The dip of 
the bedrock is into the hillside for the North Wall.  The approximate percent of each rock 
type anticipated to be encountered through the exposed wall face zone was: 

• Claystone  37 percent 
• Clayshale   27 percent 
• Sandstone 31 percent 
• Siltstone   5 percent 

 
A weathered sandstone layer varying in thickness of approximately 2.4 to 4.6 meters (8 
to 15 feet) was encountered at the top of the rock zone within the proposed excavation 
for the North Wall. This layer graded into other lithologies both laterally along the wall 
face and into the hillside.  For instance, this top sandstone layer was encountered near 
Station 2+30 at a depth of eight to 7.3 meters (24 feet) (approximate EL. 230 to 226 
meters or 757 to 741 feet) and again near Station 3+56 at a depth of 4.3 to 7.9 meters 
(14 to 26 feet) (approximate EL. 231 to 228 meters or 759 to 747 feet). This sandstone 
layer graded into a sandy shale and sandstone near Station 5+06, then into a claystone 
near Station 6+65.    
 
Other small sandstone layers, approximately 0.6 meters (2 feet) thick, were 
encountered during the drilling program. However, the thicker and weaker layers of 
claystone and clayshale controlled the stability of the near vertical cut, and 
consequently the design of the soil nail wall.  Refer to Figure 2 - North Soil Nail Wall 
Stratigraphic Section. 
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Ground Water  
 
During the boring program, a system of discontinuities (joints and fractures) was noted.  
The discontinuities resulted in the variability of the groundwater measurements between 
boreholes and the appearance of silty water in the valley bottom during rock coring. 
Examples of the variable water level readings can be found throughout the borings. 
 
CONSTRUCTION METHODS CONSIDERED FOR VALLEY WIDENING 
 
In lieu of mass excavation, three construction methods were considered to widen the 
valley for the proposed facilities: 

• Shotcrete Surface Protection System (SSPS); 
• Rock Bolting; and 
• Soil Nail Wall. 

 
Shotcrete Surface Protection System 
 
The first method considered was a shotcrete surface protection system (SSPS).  The 
purpose of this method is to prevent degradation and erosion of non-durable weak rock, 
which is the dominate rock along the proposed cut slopes.    
 
Shotcrete surface protection system design is based on swell pressure estimates 
generated at the slope face.  These pressures would be derived from factors such as 
swelling due to degradation of the site claystone and clayshale, hydrostatic pressures, 
and frost heave. This design concept is applicable to rock slopes no steeper than 
1H:2.75V and typically closer to a 1H:1V slope for claystone and clayshale.   
 
Pre-existing shear planes exist within the site bedrock.  If these planes were to activate 
during excavation or after construction, failure due to global instability could occur.  The 
published data indicates that the shear strength parameters of the joint infilling material 
would range from (φ’) 8° to 18°, with the cohesion intercept (c’) of 0 psf 1,2,3.  Due to the 
proposed near vertical cut faces 1H:8V and the nature of the weak non-durable rock 
layers with joints and bedding planes, which would affect long-term global stability, the 
SSPS method is not appropriate for use at this project site. 
 
Rock Bolting 
 
A rock bolting method was also considered.  The purpose of this method is to hold large 
intact blocks of jointed rock in place in order to stabilize the cut slope.  The keys to the 
success of this method are the proper characterization and identification of the existing 
joints, the prediction of stress relief joints due to the rock cut and the assumption that 
there will be large blocks of intact rock.   
  
After reviewing the method discussed in Rock Slope Engineering 4, and Rock Slope 
Engineering Civil and Mining 5,  it was determined that a reasonable prediction of the 
potential jointing systems could not be determined from the boring program and field 



 

observations.  The nature of the highly to completely weathered zones in the claystone 
and clayshale encountered during the drilling program indicates that the rock strata 
would fracture unpredictably and likely fracture in a friable, crumbling manner. The rock 
strata would not hold together in large blocks as required for this method to stabilize the 
cut slope, and therefore the rock bolting design method is not considered appropriate 
for this project. 
 
Soil Nail Wall 
 
The method selected to stabilize the 1H:8V rock cuts is a soil nail wall. Soil nail walls 
are commonly used to stabilize steep cut slopes in soil and weak rock.  It was 
developed in Germany and France in the 1960’s and 1970’s.  The soil nail wall system 
consists of drilling near horizontal holes into the soil and rock zones, then installing and 
grouting reinforcement bars in those holes before applying a shotcrete face.  These soil 
nails provide additional strength to the soil and rock mass to achieve global stability of 
the cut slope and the shotcrete facing prevents degradation of the soil and rock 
exposed during excavation. Refer to Photograph 1 for a picture of the North Soil Nail 
Wall. 
 
 

 
Photograph 1: North Soil Nail Wall 

 
GEOTECHNICAL DESIGN AND CONSIDERATIONS 
 
Laboratory Testing 
 
Laboratory testing was performed on selected soil and rock samples. Soil samples were 
tested for moisture content, grain size distribution, Atterberg limits and specific gravity. 
Two unconsolidated-undrained triaxial tests were performed on soil samples. 
Unconfined compressive strength tests on selected rock samples were performed as 
well. 
 
The index testing and laboratory classifications confirmed the field classification of the 
sampled soils.  The project soils were generally found to be Lean Clay (Lean Clay, Lean 
Clay with Sand, Lean Clay with Gravel and Sandy Lean Clay).  The moisture contents 
of the tested soil samples were less than the plastic limit.      



 

The unconfined compressive strength test samples were obtained from the intact pieces 
of rock core greater than four inches in length.  Most of the rock core was found to be 
too broken or too weak (fell apart) to be tested.  Therefore, the shear strength results 
represent the strongest of the rock core sampled, and not the most representative of the 
in-situ materials.   
 
Soil and Rock Parameters 
 
A subsurface profile with two soil layers and a rock layer was developed for each of the 
soil nail walls. Layer thicknesses and strength parameters for the original design were 
based on the results of the subsurface investigation and laboratory testing program. The 
following table shows soil and rock design properties including the unit weights, friction 
angles, cohesion and bond strengths developed for each layer.   
 

Description 

Moist Unit 
Weight - 
γmoist 

(PCF) 

Friction 
Angle - Ф 

Cohesion 
(PSF) 

Bond 
Strength 

(PSI) 

North Wall Parameters       
Soil 1 115 28° 0 7.1 
Soil 2 130 30° 0 7.1 
Rock 135 30° 2,200 38.9 

South Wall Parameters       
Soil 1 120 28° 0 9 
Soil 2 130 30° 0 9 
Rock 135 30° 2,200 35 

 
The unit weight and friction angle values for soil were based upon SPT blow count and 
plasticity index correlations, respectively. The bond strength values were determined 
using engineering correlations based on soil and rock type and construction method. 
The cohesion values for soil were determined based on pocket penetrometer 
measurements, lab data and engineering judgment. 
 
For the North Wall, nail verification testing performed in December 2015 resulted in 
lower than designed bond strength values in soil and higher than designed bond 
strength values in rock.  These findings led to a redesign of the North Wall in January 
2016.   
 
Rock mass strength properties for claystone and clayshale were based on correlations 
developed by Hoek 6.  A rock mass rating (RMR) of 21 was determined based on joint 
spacing, joint condition, unconfined compressive strength of the intact rock and 
groundwater conditions. The RMR was then used to determine the cohesion intercept 
and friction angle for the rock mass.     
 
 



 

Analysis 
 
Global stability analyses were performed to verify that the proposed soil nail lengths 
would be sufficient to resist the forces induced by excavation and seismic loading. The 
pullout resistance and strength of the nails provide the resisting force that improves 
stability of the cut slope.   
 
The walls were designed using the software SnailWin (SNAILZ) version 3.10 developed 
by the California Department of Transportation. The program evaluates global stability 
using two-dimensional limit equilibrium. The potential sliding mass is modeled as a rigid 
block and a factor of safety is calculated by evaluating potential failure surfaces until the 
most critical surface is obtained. Stability calculations performed by the program take 
into account the resisting forces acting along the failure surfaces to establish equilibrium 
of the sliding mass. Soil nails that intersect a failure surface contribute to the stability of 
the block by providing an external stabilizing force that is added to the resisting forces 
along the failure surface. The input parameters for soil nail spacing, diameter, and 
length are revised until an appropriate factor of safety is obtained. 
 
In accordance with FHWA Geotechnical Engineering Circular No. 7, Table 5.3 7, the 
minimum recommended target factors of safety for long and short (i.e. construction 
condition) term static global stability of permanent structures are 1.50 and 1.20, 
respectively.  For seismic loading, the recommended minimum safety factor is 1.10. 
 
The analyses were performed using the “Ultimate” mode within the program.  Ultimate 
strengths for the nails and the facing were input into the program.  In order to limit the 
factor of safety in pullout for the nails to 2.0, which is the industry standard, bond 
strength reduction factors were applied to the nails.  These reduction factors are 
necessary when using the “Ultimate” mode due to the compounding effect of multiple 
factors of safety creating an overly conservative design.  The reduction factors are 
based on the aforementioned target safety factors.  Reduction factors of 0.75, 0.55 and 
0.6 were used for static, seismic and construction conditions, respectively.   
 
The modeled cut slopes are nearly vertical at 1H:8V, and up to 23.2 meters (76 feet) 
high (total height, exposed height, plus 0.6 meters (2 feet) of embedment to account for 
potential future excavation). The modeled soil zone wall height ranges from 4.6 to 9.1 
meters (15 to 30 feet) and the rock zone wall height is up to 18.3 meters (60 feet).  The 
groundwater location for the analysis was established from the drilling program.  The 
groundwater location was modeled beginning at the toe of the cut slope then rises to an 
approximate depth of 3.1 meters (ten feet) below the existing ground surface 
approximately 15.2 meters (50 feet) behind the wall face.   
 
Analyses were performed at eight sections along the North Wall and four along the 
South Wall, each to simulate final conditions after the wall has been constructed to full 
height. The heights of the North and South Walls used in the analysis ranged from 4.3 
to 23.2 meters (14 to 76 feet) and 6.1 to 13.1 meters (20 to 43 feet), respectively.   
 



 

Six sections were analyzed for interim construction conditions, three each along the 
North and South Walls. These analyses were performed to represent the critical 
condition during construction when the soil portions of the walls would be exposed 
during excavation. These analyses were performed using undrained soil parameters.  
 
When analyzing the near vertical cuts without soil nails, the factor of safety was less 
than one; therefore, soil nails are critical to increase the stability of the cut slopes and to 
achieve the target factors of safety. When analyzing the near vertical cuts with nails, the 
minimum calculated safety factors were 1.5 and 1.3 for long term and seismic stability, 
respectively.    
 
STRUCTURAL DESIGN AND CONSIDERATIONS 
 
A soil nail wall consists of drilled and grouted steel soil reinforcement (referred to as 
nails) combined with a reinforced concrete facing.  It is applicable for use in either soil or 
rock in-situ materials, though in either case it is referred to as a soil nail wall. The soil 
nails provide passive tension resistance to soil mass deformations during excavation 
and in the final condition.  The facing element serves to prevent face raveling of the 
excavation, to anchor the near end of the nails to the soil or rock mass, and to 
encourage mass behavior. Both the nails and the facing are placed progressively, as 
excavation depth is incrementally increased. 
 
Internally, soil nail walls resist movement by shear friction in the in-situ materials and 
tension in the reinforcing elements. Globally, movement is resisted the same way. The 
design process involves analysis of a large number of potential failure circles initiating 
near the toe of the wall facing element and continuing up through the existing ground to 
a point on the existing ground surface. Each potential failure circle is checked to ensure 
an adequate factor of safety against instability based on their geometry, weight, and 
forces acting upon them. Progressive analyses are performed on the partially built wall 
at each stage of excavation and construction, to ensure stability during construction. 
 
For the walls, the resulting design consisted of nails placed in a staggered (or diamond) 
arrangement of rows and columns with a maximum spacing of 1.4 meters (4.5 feet) 
between nails vertically and horizontally and a maximum diagonal spacing of 1.0 meters 
(3.2 feet). The nails included in the design had a yield strength of 75 kips per square 
inch (ksi) and varied from 2.22 to 4.29 centimeters (0.875 to 1.69 inches) in diameter. 
Nails as short as 3.1 meters (10 feet) and as long as 15.2 meters (50 feet) were used. 
The base to height aspect ratio of the reinforced mass was a minimum of 0.56 for the 
south wall and 0.50 for the north wall.  
 
Both the initial and the final reinforced shotcrete facings were designed to resist nail 
attachment forces, surficial soil pressure, and temperature and shrinkage effects, 
though the final face was designed to include a higher factor of safety.  In order to 
minimize cold temperature penetration and resulting frost heave of the materials 
beneath the facing, a minimum total facing thickness of 30.5 centimeters (12 inches) 



 

was used. At the north wall, due to increased nail forces and earth pressures, the total 
face thickness was 40.6 centimeters (16 inches).       
 
The construction specifications included full scale pullout verification testing of each 
type of nail in each wall.  For the south wall, this testing served to confirm both the 
contractor’s installation methods and the design bond strength of the nails.  For the 
north wall, verification tests in the soil layers failed to confirm design bond strengths, 
while showing that rock bond strengths had been underestimated.  The wall nail lengths 
were redesigned prior to the initiation of construction on the north wall to increase the 
embedment of the nails in soil layers, and to shorten a larger number of nails in rock 
layers.  The resulting redesign preserved the original factor of safety and allowed for 
savings associated with design optimization.    
 
PROJECT CONSTRUCTION 
 
Construction of the Amos North Pond Complex presented challenges typical for heavy 
civil / geotechnical projects in the region including: 
 

• Steep rugged topography; 
• Storm water control of colloidal clay and concentrated flows; 
• Limited access and laydown for material deliveries and equipment; and, 
• Limited work space for a work force of up to 50 men and equipment. 

 

The following paragraphs provide an overview of construction including: 
 

• Construction planning;  
• Construction execution; and, 
• Testing and quality control. 

 
CONSTRUCTION PLANNING 
 
Planning Overview 
 
A successful construction project typically requires development of an execution plan to 
ensure worker safety, provide a quality project and to meet the schedule milestones all 
while staying within budget.  Beaver has always been a strong believer in pre-job 
planning and working together as one part of the overall team.  Highlights, presented 
below, of the Amos North Pond Complex pre-job planning include safety, storm water 
control, blasting, mass excavation and wall construction.  
Safety Planning 
 
Safety starts with pre-job planning.  AEP and Beaver required a Job Hazard 
Assessment (JHA), prior to work.  The JHA breaks down every step of the project from 
the beginning to completion.  The hazards were determined and controls were 



 

established.  A few of the safety concerns at Amos included limited access, steep 
rugged terrain, unstable ground, mobile equipment, blasting, and fall protection. 
 
The Amos North Wall construction crew required up to 50 workers, a dozen machines 
and materials all working in a relatively small area.  The starting bench to begin work 
was about 9.1 meters (30 feet) wide.  Bench width and space increased as work 
progressed.   
 
Job Safety Analysis (JSA’s) were required to start work every day and also whenever 
the work task was modified or changed.  JSA’s required planning at the crew level, 
identifying potential hazards and establishing controls. A full time safety officer was part 
of the construction management to insure workers were properly trained and to provide 
oversight. 
  
Finally, the project schedule milestones required long work hours.  Worker fatigue 
especially given the congested conditions was a concern.  Beaver’s field supervision 
rotated crews as possible and employee hours were monitored with Beaver’s Fatigue 
Management policy which limits an employee to a maximum of 74 hours per week.    
 
Storm Water Control Planning - “Snapshots” 
 
Storm water control and management was a very challenging part of the Amos North 
Pond Complex.  The project, located in a steep valley bottom, has a 0.5 square 
kilometers (120 acre) watershed draining directly through the work area.  To further 
complicate, soils included fine-grained colloidal clay and the project site had no 
downstream real-estate for additional controls. 
  
AEP tasked AECOM and GAI to develop a detailed construction sequence with the 
appropriate environmental controls and guidelines to assist construction.  The results 
included an overall progression of the project detailed in a series of 12 “snapshot” 
drawings.  The drawings provided pre-planned construction sequence to limit the area 
of disturbance as well as develop diversions for non-contact water from the site’s 
upstream watershed through temporary channels and ultimately a 1.8 meter (72 inch) 
clean water diversion pipe. 
 
Beaver utilized the snapshots to generate a Construction Execution Plan working 
closely with the project team.  Work activities and quantities were evaluated in each 
snapshot.  Crews, equipment, materials and subcontractors were planned accordingly 
to meet the scheduled milestones. 
 
Blast Planning 
 
Blast planning was critical to the safety and success of the project.  Blasting was 
thoroughly planned to eliminate safety concerns, the potential to damage existing 
structures, the potential to damage current construction and finally to provide proper 
breakage.   



 

At Amos, the blast planning team consisted of AEP, GAI, AECOM, Beaver and the 
blasting subcontractor.  The team also included a blasting specialist who provided an 
independent review of the proposed blast design, and consultation during the work. 
 
The maximum depth of excavation at Amos, up to 23.2 meters (76 feet), created a total 
excavation quantity of approximately 268,000 cubic meters (350,000 cubic yards).  The 
rock portion of the quantity was estimated to be about 153,000 cubic meters (200,000 
cubic yards).  Rock removal options such as hoe ramming and blasting were reviewed 
with blasting ultimately being the preferred option due to cost and schedule.   
 
The blasting team working with the blasting specialist generated the following criteria for 
blasting adjacent to the wall: 
 

• Green concrete aged a minimum of 24 hours. 
• Peak Particle Velocity limited to 12.7 centimeters (5 inches) per second at 12.2 

meters (40 feet). 
• Peak displacement limited to 0.5 centimeters (0.2 inches). 
• No blasting in the Critical zone – 3.1 meters (10 feet) off wall. 
• Maximum of 3 rows in front of the wall. 
• Open relief for the shot. 
• Limited the maximum charge per delay. 

 
Establishing blasting and shotcrete limits up front during the planning stages provided: 
 

• The blasting subcontractor with limits necessary to design the shot. 
• Goals for the excavation crew to establish the bench and open relief. 
• Limited shotcrete work and blasting to an every other day schedule.  

 
Mass Excavation Planning 
 
Planning the mass excavation was a critical component of the overall construction 
execution plan.  Excavation is typically one of the most variable components of a project 
and planning is a tool to remove some of those variables.  Developing a plan also 
creates tools that allow better communication of goals to the entire team including the 
owner, engineers and the workforce.   
 
Some of the challenges that were addressed at Amos included: 
 

• Removal of mass excavation while allowing an adequate working bench for the 
wall construction crews. 

• An increasing volume of excavation as the wall progressed. 
• Sequencing the 12 snapshots as individual projects. 
• Limited access and steep terrain. 
• 40,500 square meters (10 acre) limit of area disturbed. 
• Separating material types for future site beneficial use (topsoil, clays, rock). 



 

• Final trimming of the wall. 
 
Beaver utilized a variety of tools to plan the work including cut and fill maps, cross 
sections, profiles, and three dimensional imaging.  All were useful as visual aids to 
present the progression of the work.  At Amos, cut and fill maps were generated for all 
12 individual snap shots showing a storybook progression of the project.  Quantities 
were separated into individual regions.  Haulage routes were determined then designed 
and added to the GPS model for the work. 
 
Equipment selection considerations included limited access, quantity of excavation, type 
of materials and ability to support the wall construction.  Total project excavation again, 
included about 268,000 cubic meters (350,000 cubic yards) with most of the work on 
steep rugged terrain, with material varying from clay soils to rock.  The project was also 
divided among 12 snapshots, or 12 different sub-projects.  All combined a 400 size 
excavator along with 35 ton articulating trucks was the best fit for the work as this 
equipment group is very versatile having the ability to work in tight spaces and on steep 
slopes.  
 
Wall Construction Planning 
 
The project included two soil nail walls.  The South Wall – 1,115 square meters (12,000 
square feet) at 10.7 meters (35 feet) high was constructed the first year of the project 
(2015) in snapshots 3, 4 and 5.  The North Wall – 5,575 square meters (60,000 square 
feet) at 23.2 meters (76 feet) high was constructed the second year of the project (2016) 
in snapshots 7 through 11.    
 
Construction of the North Wall, within the schedule milestones, was one of many 
challenge of the project.  The construction pace required 8 different work activities 
working at the same time on the same limited space bench.  Activities included drilling 
and blasting, excavation, wall trimming, drilling and installing nails, prepping the wall 
subgrade reinforcement for the temporary face shotcrete, applying the temporary face 
shotcrete, prepping the temporary shotcrete wall reinforcement for the permanent face 
shotcrete, and finally applying the permanent face shotcrete.   
 
Planning for the wall required a safe, organized, systematic approach.  Creating an 
assembly line so that all activities could function safely and productively as each step 
was dependent on the success of the previous step.  The Beaver Team used the term 
“Train” to refer to this process. 
 
The North Wall, on a basic level, required 5,575 square meters (60,000 square feet) to 
be constructed in 110 days or an average completed wall progress of 56 square meters 
(600 square feet) per day. 
 
   
 
 



 

PROJECT CONTRUCTION EXECUTION 
 
The following paragraphs provide an overview of the construction process for the Amos 
North Wall beginning with the Construction management team through the final 
shotcrete facing. 
 
Construction Management Team 
 
Creating an environment for success requires the correct resources including labor and 
equipment.  Beaver Excavating believes in creating this environment for success and 
then supporting it at all levels.  Beaver’s team consisted of an onsite safety supervisor, 
an onsite project manager, an overall site superintendent, a geotechnical 
superintendent and a foreman for every crew.  Beaver’s onsite team worked together 
with AEP, GAI and AECOM planning and supervising the work.  Beaver’s corporate 
support was also involved throughout the project and were onsite at least weekly and 
more if necessary. 
 
Storm Water & Erosion Control 
 
Establishing storm water control and by-passing non-contact water from the upstream 
watershed was the first step in the project.  AEP, GAI and AECOM designed the project 
sequencing to bypass the majority of the non-contact water directly through the project 
in temporary channels and ultimately in a permanent 1.8 meters (72 inch) clean water 
diversion culvert (CWDC).  The initial Snapshots 1- 4 installed the temporary channels 
which moved drainage for the installation of the CWDC in snapshot 5. 
 
Bypassing major non-contact water flow and limiting the size of the disturbed area to a 
maximum of 40,500 square meters (10 acres) allowed for the following control 
measures: 
 

• Active Treatment System (ATS), designed by AECOM, treated colloidal 
sediments in the water.  

• Stabilization of each snapshot prior to advancement with seed, mulch and 
erosion control matting. 

• Installation of sediment barriers included silt fence and compost sock. 
• Diversion ditches. 
• Sediment pond with a Faircloth skimmer.  

 
Grubbing & Topsoil Removal 
 
Site trees had previously been cleared by others.  Grubbing and topsoil removal was 
completed in stages as required to construct each snapshot.  Stumps were removed 
with and excavator and trucks per the snapshot sequencing to limit the size of the 
affected area.  Stumps were ultimately shred with a Crambro-5000 slow speed 
shredder. 
 



 

Topsoil removal was accomplished with a 400 excavator loading 3 – 35 ton articulating 
trucks.  A Caterpillar D8 bulldozer supported the work and maintained haul roads.  
Trucks hauled material to one of two primary on-site stockpile locations.  Stockpiled fill 
material was placed with a Caterpillar D8 bulldozer and compacted.   
 
Presplitting 
 
Presplitting is a blasting technique that is used before the primary charge to create a 
fracture plane directly at the proposed location of the wall.   The fracture plane helps 
terminate any cracking from the primary charge at the presplit line.  Presplitting at Amos 
was critical to yield the wall in the correct location as well as to minimize over-break that 
would increase the volume of shotcrete.  
 
Presplitting was completed prior to beginning excavation.  An initial bench above the 
wall was established to provide a platform for the drill.  The alignment of the wall was 
survey established.  Presplit holes were designed to be 8.9 centimeters in (3.5 inches) 
diameter with a spacing of 0.9 meters (3 feet).  Holes were drilled from top to the bottom 
of the wall which, given the depth was somewhat unique.  Typically, presplit holes are 
limited to about 10.7 meters (35 feet) to minimize wander of the drill head.  Presplit 
depths on the North Wall ranged to over 23.2 meters (76 feet) deep.  Accuracy to build 
the wall required centimeters (inches).  The Beaver Team’s plan to obtain accuracy 
included a downhole survey instrument along with a drill type test program.   
 
A Measurand SAAScan (ShapeAccelArray) instrument was used to determine accuracy 
of holes.  The instrument is on a spool and fed into a completed hole.  Actual hole 
location is immediately displayed on a computer screen and compared with the 
proposed location.  The survey instrument was initially used during a drill test program 
and then later to verify actual hole accuracy. 
 
Drill accuracy testing compared: 
 

• Two types of drills – A top drive drill rig verses a down hole hammer drill rig. 
• Drill steel size – 5.1 centimeter (2 inch) diameter verses 6.4 centimeter (2.5 inch) 

diameter. 
• Down pressure – Monitor during the test to mimic production drilling. 

 
Results indicated that the top drive drill rig with 5.1 centimeters (2 inch) drill steel 
strayed off plane almost 0.9 meters (3 feet) while the down hole hammer drill rig with 
the 6.4 centimeter (2.5 inch) steel maintained alignment.  Upon beginning production 
drilling every fifth hole was checked to verify accuracy. Presplit holes were charged with 
2.5 centimeter (1 inch) presplit packaged product for breakage. 
 
 
 
 
 



 

Blasting 
 
Significant effort was focused on blasting and the blast design during the planning 
stages of the project.  The additional effort during this phase of the project allowed the 
work to progress without issue.   
 
Blast meetings were held each day to plan the work.  The blast meeting typically 
included AEP, GAI, Beaver and the blasting subcontractor.  Discussions typically 
included the work planned for the day, potential hazards, blast security, a safety plan for 
weather and finally the plan for detonation. 
 
Lightning generated by thunderstorms is always a safety concern as the lightning can 
set off the charge unexpectedly while workers are on the bench.  The weather forecast 
is evaluated before beginning work.  Weather was then continuously monitored during 
the work and throughout the day.  Monitoring was conducted with standard weather 
apps as well as with a lightning detector.   
 
The primary blasting concern beyond the hazards to personnel was damage to the wall.  
The blasting experts determined the greatest risk of damage would be confinement of 
the shot that could push back and lift the wall itself. This risk was mitigated as follows: 
 

• A point of relief was planned for each shot to release the energy of the shot away 
from the wall.  It was critical to remove the excavation from this area to provide a 
zone for the shot to move. 

• Limiting the number of rows in front of the wall to three. 
• Timing the blast to move away from the wall toward relief allowing each 

sequential row to move away from the wall. 
 
Blast design included 8.9 centimeter (3.5 inch) diameter holes on a pattern with 1.8 
meters (6 feet) of burden and 2.4 meter (8 feet) of spacing.  Hole depth was limited to 
3.7 meters (12 feet).  Ammonium nitrate with fuel oil (ANFO) was used as the blasting 
agent in dry conditions.   ANFO was replaced with an emulsion in wet conditions. 
 
Holes were drilled with an Ingersoll-Rand 570 hydraulic crawler drill.  ANFO blasting 
agent was loaded into the holes by hand using bagged ANFO product in lieu of bulk 
product to ensure holes were not over loaded. 
 
Setting off the charge or the shot initiation was the primary difference across the 
pattern.  The first three rows outside of the wall critical zone had two decks to limit the 
charge per delay.  The remainder of the holes outside of the first three rows were a 
single column charge. 
 



 

Five seismographs were staged at preplanned locations.  The wall was monitored at the 
base 12.2 meters (40 feet) from the shot and at the top in the middle of the shot.  Two 
other notable structures were monitored included a gas line at 61 meters (200 feet) long 
and a neighboring house at 107 meters (350 feet) away. 
 
Blasting typically occurred at the end of the shift to minimize lost time of the wall 
construction crews.  Crews and equipment were removed to a safety zone of typically 
152 meters (500 feet).  Upon securing the area a warning signal sounded prior to 
detonation.  Once the shot was determined to be safe, the “all clear” signal was given. 
 
Excavation   
 
Building a soil nail wall is top down construction.  Excavation starts at the top of the wall 
and moves downward to support wall construction.  Excavation benches are designed 
to accommodate the wall construction crew and are ultimately set by the nail spacing.  
The Amos nail spacing was 1.4 meters (4.5 feet).   
 

 
Photograph 2: Excavation 

 
The initial bench is established at the top of the wall to begin drilling nails.  The top of 
the wall was the slowest and most difficult.  Bench widths were narrow, 9.1 meters (30 
feet), and soil conditions were not as stable as rock.  Excavation in this area had very 
limited quantity.  In fact the top half of the wall only has 25% of the overall quantity given 
the slope of the existing terrain.  The mass excavation crew continuously adjusted 
production to ramp up work as needed to maintain the access and work space of the 
wall construction crew.  Productions of the 400 excavator and articulating trucks ranged 



 

from 385 cubic meters (500 cubic yards) per day to 2,675 cubic meters (3,500 cubic 
yards) per day as needed to support wall construction. 
 
Materials from the wall excavation were categorized and separated for future landfill 
beneficial use.  Clay, topsoil and durable rock were placed into stockpiles while the 
remaining material was placed as structural fill for the North Pond Complex or future 
subgrade within the landfill.  Stockpiled areas were placed with a Caterpillar D8 
bulldozer and compacted.  Areas receiving structural fill were first notched into the 
hillside to key into the slope and placed with a Caterpillar D8 in 20 centimeter (8-inch) 
lifts and compacted to 95% of the standard proctor using a vibratory sheepsfoot roller.   
  
Wall Trimming 
 
Exposed wall subgrade was limited to 48 hours to minimize the potential for material 
falling from the wall face.  Compliance with this specification required a small wedge of 
material left in-place at the face to be removed immediately ahead of drilling.  Upon 
removal of the wedge the wall was trimmed and shaped to grade. 
 
Trimming was typically accomplished with a 300 size excavator.  Subgrade conditions 
varied from soil to rock conditions.  A flat edge grading bucket was used in the soil 
conditions while a hoe ram chisel or a rotary drum rock cutter was used in rock 
conditions.  Utilizing the drum cutter minimized the additional voids created from rock 
falling out along natural faults and cracks. Survey control was establish with using a 
total station and rotating lasers.  
   
Drilling and Nails Installation 
 
Drilling and nail installation was determined to be the critical path of the North Wall 
construction.  The wall required 3,086 nails totaling 35,250 meters (115,600 feet) or 
almost 35.4 kilometers (22 miles) of drilling and nails.  
 
The Beaver geotechnical fleet includes several Casagrande drills ideal for this type of 
work including two C-7XP’s and a C-9XP.  These machines are multi-functional for 
horizontal and vertical applications.  Long masts provide a long stroke reducing need to 
add drill rods.  The drills were coupled with air compressors ranging from 750 CFM to 
1100 CFM. 
 
Typically 2 of the C-7 drills would be required to meet the production goals required by 
the Amos project.  A third drill and eventually a fourth drill was brought to the site for the 
following: 
 

• Scheduled drill maintenance 
• Spare drill for unpredicted break-down 
• Inclement weather schedule acceleration 

 



 

Drilling was accomplished from excavated benches.  A profile design drawing from GAI 
provided the location and nomenclature for each nail.  Nail hole locations were 
established using a total station. 
 
 

 
Photograph 3: Nail Drilling 

 
Grout was pumped into the drill hole via Tremie tube directly upon completion of drilling.  
Grout was mixed and pumped from an onsite Metax JM18 grout plant.  The 
specification for grout strength required a minimum strength of 4,000 psi. 
Nails were #8 (soil conditions) and #14 (rock conditions) epoxy coated bar.  Nails were 
pushed into the grout.  Nails centralizers were placed every 3.1 meters (10 feet) to 
ensure the nail was located correctly in the hole. 
 
 



 

 
Photograph 4: Nail Installation 

 
Nail head anchor plates were held in-place with hex nuts.  Soil nails were not tensioned 
as soil nail walls are designed to be reactive.  Anchor plates included Nelson studs for 
concrete anchorage.  All components were epoxy coated. 
 
Preparation for Shotcrete (Reinforcing Steel) 
 
Preparation for shotcrete included installation of a geo-synthetic drainage panel and the 
reinforcing steel.  This work was accomplished with laborers working with a support 
machine such as a telehandler to deliver materials or man-lift for access. 
 
Twelve inch (30.5 centimeter) wide strips of the geo-synthetic drainage material were 
placed directly onto the excavated face to collect subsurface drainage.   Strips were 
placed vertically the entire height of the wall every 1.4 meters (4.5 feet) on center.  
Drainage strips outlet into a drainage header at the base of the wall.  Strips were held in 
place with rebar pins. 
 
Welded wire mesh was the reinforcement for the temporary shotcrete and the 
permanent face shotcrete.  Wire mesh for the permanent layer was epoxy coated.  Wire 
mesh was supported by the soil nails and rebar pins. 



 

 
Temporary and Permanent Shotcrete Final Face 
 
Shotcrete is concrete pumped through a hose and pneumatically projected at high 
velocity to form the temporary and final face of the soil nail wall.  Shotcrete is placed 
and compacted at the same time, due to the force created from the velocity. 
 
The Amos walls included 2 layers of shotcrete.  The initial layer or temporary face had a 
plan thickness of 15.2 centimeters (6 inches) and was placed to stabilize the excavated 
surface temporarily to allow for the completion of the permanent wall. 
 
 

 
Photograph 5: Temporary Shotcrete Face 

 
The final face at North Wall had a plan thickness of 25.4 centimeters (10 inches).  The 
final face shotcrete was applied after nail proof testing and installation of the reinforcing 
steel.  The final face shotcrete had fiber reinforcement within the mix design. 
Immediately after the final shotcrete was placed, a curing and sealer compound was 
applied to the wall.  
 
 



 

 
Photograph 6: Final Shotcrete Face 

 
Concrete for the shotcrete mix was provided by a local ready mix company as the size 
of the project and limited availability for laydown did not allow for on onsite plant. The 
Amos project utilized a Schwing 750-18 concrete pump and 185 cubic foot per minute 
air compressor to feed the air / concrete products to the shotcrete nozzle. The 
permanent final face shotcrete was a nozzle finish and thickness was controlled by total 
station survey.    
 
Refer to Photographs 7 through 11 for photographs depicting construction milestones 
for the North Soil Nail Wall. 

 
Photograph 7: North Soil Nail Wall – 0 Percent Complete 



 

 

 
Photograph 8: North Soil Nail Wall –10 Percent Complete 

 

 
Photograph 9: North Soil Nail Wall – 25 Percent Complete 

 

 
Photograph 10: North Soil Nail Wall – 75 Percent Complete 

 

 
Photograph 11: North Soil Nail Wall – 100 Percent Complete 

 
 
 
 



 

TESTING AND QA/QC DURING CONSTRUCTION 
 
Items listed below are some of the testing and quality control measures used during the 
construction of the Amos soil nail walls. 
 
Shotcrete Wall Mock Up 
 
 A mock up section of shotcrete wall was constructed to model the process and the 
finished final face of the wall prior to beginning work.  The mock up area was 
approximately 3.7 by 3.7 meters (12 by 12 feet).  Shotcrete was placed to demonstrate 
the process, obtain approval for the nozzleman and provide a mockup of the final face 
finish. 
 
Shotcrete Test Panels 
 
The specification required shotcrete test panels to be constructed every 31 cubic meters 
(40 cubic yards) to confirm compressive strength of the concrete.  Panels were taken to 
the lab for testing similar to a concrete cylinder.  Panels originally were sized to be 1.2 
by 1.2 meters (4 by 4 feet).  This was later reduced to 0.6 by 0.6 meters (2 by 2 feet) for 
ease of handling.  Compressive strength of the shotcrete was specified to be a 
minimum of 4,000 psi.    
 
Additional panels were also made to minimize curing delays.  Approximately 183 curing 
tests (shotcrete and nails) were required to build the North Wall.  The specification 
required the nail grout and shotcrete to cure a minimum of 72 hours or attained at least 
their specified 3-day compressive strength prior to placing the permanent shotcrete 
layer.  The additional panels were checked after one day saving 2 days per test. 
 
Slump Testing 
 
The proposed concrete mix included a slump value of 5.1 to 10.2 centimeters (2 to 4 
inches).  Slump tests were performed in the field on every truck of concrete. 
 
Verification Test Nails 
 
Verification test nails were installed prior to beginning work to verify the design 
parameters.  Verifications testing confirmed: 
 

• Soil to grout bond. 
• Rock to grout bond. 
• Nail to grout bond.   

 
Verification test nail locations were determined by the engineer to model the design 
parameters.  Nails were installed and then a small section of shotcrete was constructed 
around the nail hole to model final wall conditions.  Nails were then loaded with a 
hydraulic jack containing a load cell to two times the design or to failure.  Verification 



 

nails for the North wall were performed in the late fall of 2015 to determine if any design 
changes were necessary. Testing resulted in redesign of the wall, lengthening the soil 
nails along the top of the wall from 9.1 to 12.2 meters (30 to 40 feet), and shortening 
some of the rock nails from 15.2 to 13.8 meters (50 to 45 feet). 
 
Nail Proof Testing. 
 
Ten percent of the production nails were tested to 1.5 times the design load as an on-
going process during construction to confirm strength.  Test nail locations were 
determined by the engineer before installation to ensure that the nails were installed 
with a planned un-bonded zone to prevent damage to the wall face during testing.  The 
un-bonded zone varied from 1.2 to 8.5 meters (4 to 28 feet) depending on soil/rock 
conditions.  Nail testing frequency was reduced to five percent about mid-way through 
the project based on satisfactory results.   
 
LESSON LEARNED DURING CONSTRUCTION 
 
After the first year of construction, a “Lessons Learned” presentation was held with 
AEP, Beaver Excavating and GAI, to review and improve upon the soil nail wall 
construction methods and processes. Some highlights from the “Lessons Learned” are: 

• Recommendations for better coordination of supervision, scheduling, and 
organization of the work, particularly with multiple work crews; 

• Slope upland cuts and benches to drain away from the wall face; 
• Use of crusher run to avoid slips, trips, and falls; 
• Provide engineered tie-offs for use during coping installation; 
• Complete all proof testing of nails prior to excavation of the next lower bench; 
• Install drain board straight, at equal spacing with continuous splicing; 
• Provide a rigid support for the bottom form during shotcrete placement; 
• Shotcrete placed in multiple layers adheres more effectively; 
• Cutting control joints and expansion joints as the wall is built; and 
• Apply sealant to the finished shotcrete face in a timely manner, and include 

monitoring for shotcrete and air temperatures, and humidity. 

FUTURE WALL INSPECTION AND MAINTENANCE 
 
To assist and maintain serviceability of the soil nail walls after completion, the walls and 
surrounding areas will be inspected on a scheduled basis. Appropriate maintenance, 
repair, and corrective actions will be performed as necessary. A wall inspection and 
maintenance plan has been prepared that specifies inspection schedules and 
procedures. 
 
AEP Amos plant personnel will conduct cursory inspections of the walls to identify 
conditions that require immediate corrective action, or further evaluation by qualified 
engineering personnel.  Inspections by a qualified professional engineer registered in 
the state of West Virginia will also be performed. 



 

 
The inspections will consist of the following activities. 

• Structural observation of the wall surface for cracks, bulging, spalling, or wall 
movement. A 3-D wall position survey will be performed as part of the scheduled 
inspections. This 3-D survey will be compared to the previously performed 3-D 
surveys to monitor for wall movement. The 3-D wall surveys will cover from the 
top of the wall coping to the finished ground surface. 

• Soundness testing of the walls. 
• Observation of the wall surface for staining or undesirable biological growth 

(mold, algae, moss, and lichen). 
• Inspection of the wall joints for missing or deteriorated joint material. 
• Inspection for soil movement above or adjacent to the walls. 
• Inspection of the surrounding areas to identify areas requiring revegetation or 

vegetation control.  
• Evaluation of the surrounding grading for improper surface drainage. 
• Observation of the weep pipes and other drainage pipes for changes in flow or 

discharge. 
• Inspection of structural components, including the fences located at the top of the 

walls. 
 

If deficiencies are observed or identified during the cursory or scheduled inspections, 
AEP engineering personnel and the qualified professional engineer will be notified, and 
will further evaluate the observed wall conditions and develop appropriate wall 
repair/maintenance measures. As part of the inspections, an inspection report, including 
photo documentation, will be prepared. All inspection and monitoring records will be 
stored and maintained at the Amos plant or landfill. 
 
Monitoring and maintenance activities, and required corrective actions and repair 
measures may consist of the following. 

• Monitoring of observed cracks by installing crack width monitoring gauges. 
• The removal of wall surface biological growth. 
• The application of wall surface coatings. 
• The removal and replacement of missing or deteriorated joint material. 
• The regrading of surrounding areas, and the evaluation and correction of 

associated problems contributing to soil movement. 
• Revegetation of bare areas. 
• Surface water control by regrading or the installation of diversion channels. 
• The removal of undesirable plant growth adjacent to the soil nail walls such as 

trees, dense brush, etc. 
• Weep tube or drainage pipe cleanout. 
• The repair of the wall fencing or other structural components. 

 
Any serious structural or associated problems will be evaluated by AEP engineering 
personnel and the qualified professional engineer, and corrective actions for 
remediation will be specified. 
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