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1. Introduction 
This periodic update to the Structural Integrity Assessment for the Lined Ash Impoundment (LAI) 
at Four Corners Power Plant operated by Arizona Public Service (APS) has been prepared in 
accordance with the requirements of Title 40 of the Code of Federal Regulations Part 257 (40 
CFR 257) (“the Coal Combustion Residuals [CCR] Rule” or “the Rule”) and the specific 
requirements within 40 CFR § 257.73 for periodic (every 5 years) assessment regarding 
structural integrity. 

2. Methodology 
The methodology used to prepare this 2021 Periodic Assessment of Hazard Potential 
Classification, Structural Stability Assessment, and Periodic Safety Factor Assessment for the 
LAI at the Four Corners Power Plant is for the certifying Qualified Professional Engineer (QPE) 
to: 

a. Perform a documented review of the 5 years of annual inspection reports since 2016, 
the most recent of which is: 
i. APS, 2020. Annual CCR Impoundment and Landfill Inspection Report: Four 

Corners Power Plant Lined Ash Impoundment, Lined Decant Water Pond, 
Combined Waste Treatment Pond, and Dry Fly Ash Disposal Area. Generation 
Engineering, Phoenix, AZ. 

b. Perform a documented review of each major component of the contributing technical 
information from: 
i. AECOM, 2016. Final Summary Report, Structural Integrity Assessment: Lined Ash 

Impoundment, Four Corners Power Plant, Fruitland, New Mexico. Prepared for: 
Arizona Public Service, AECOM Job No. 60445844, August 2016 (hereafter 
referred to as the “2016 Report” and incorporated and referenced directly as 
Attachment A to this document); and 

b. Consider and document whether the 2016 Report and its conclusions: 
i. Meet the current reporting requirements of the Rule;  
ii. Reflect the current condition of the structure, as known to the QPE and 

documented in the annual inspections; 
iii. Are compromised by any identified issues of concern; and  
iv. Are consistent with the standard of care of professionals performing similar 

evaluations in this region of the country; and 
d. Identify any additional analyses, investigations, inspections, and/or repairs that should 

be completed in order to complete this 2021 Periodic Assessment. 



AECOM 
2 

Four Corners Power Plant 
Lined Ash Impoundment 
Periodic Structural Integrity Assessment 

This report documents the results of these considerations, incorporates the 2016 Report as an 
Appendix, identifies any additional technical investigation or evaluations (if needed), and 
presents an updated certification by the QPE. 

3. 2017–2021 Annual Inspection Reports
Information relevant to the general site conditions and current adequacy and performance of the 
LAI embankment and outlet works have been considered. No issues were identified during the 
review that would affect the performance of the system and its compliance, as described in the 
2016 Report, with the various requirements of the CCR Rule relative to (1) hazard potential 
classification, (2) structural stability, or (3) safety factor assessment.  

The number of entries to the annual list of “Observed Conditions,” over the last 5 years of 
reports, has remained roughly consistent. The most consistently observed, or significant, 
conditions involve: (1) bulges of the exposed liner between the crest and the solids deposition 
level on the upstream slope of the LAI embankment; (2) settlement of the West Embankment; 
and (3) overfilling of the northern portion of the impoundment during the final year of operation.  

The localized bulges of the exposed liner on the upstream face of the LAI embankment are 
caused by leaks in the upstream face HDPE liner that allow water to get between the liner and 
clay blanket of the embankment, thereby “floating” the HDPE liner and allowing a constrained 
“bulge”. The Plant has a procedure to identify bulges, identify the initiation leak, cut the liner to 
relieve the water pressure, and then patch the initiation and relief cuts. The design of the 
embankment to resist seepage relies on the combination of the 15-foot wide compacted clay 
blanket to minimize seepage loss and the large downstream wedge of fly and bottom ash to 
perform as a drain to relieve, drawdown, and prevent excessive seepage hydraulic gradients. 
With this embankment section, temporary ponding of water between the liner and clay low-
permeability zone is not considered to have an adverse impact on the stability or structural 
integrity of the LAI embankments.  

Settlement is measured by monuments SM-7 and SM-9 at the toe of the West Embankment of 
the LAI. There are no settlement monuments on the crest of the South, West, or North 
embankments. SM-7 and SM-9 indicate settlement of 10 and 8 inches, respectively, between 
2015 and 2021. A 2021 topographic survey of the LAI embankments and reservoir indicates 
settlement of the central portion of the crest of the West Embankment of between 6 and 9 
inches compared to the original design grade. Considering that the LAI is founded on old 
unlined Ash Ponds 3, 4, and 5, continued loading of the LAI will cause consolidation of the ash 
pond subgrade that will be expressed as broad settlement. No external bulges or other 
movements have been identified by the weekly or annual inspections to suggest a mechanism 
other than broad settlement. This form of settlement is not considered to have an adverse 
impact on the available storage capacity, stability, or structural integrity of the LAI embankments. 

During the final years of operation of the LAI, before cessation of deposition in 2021, the 
properties of the flue gas desulfurization (FGD) slurry being discharged caused the material to 
drop out faster and at a steeper beach slope than the earlier mix of fly ash and FGD. As a result, 
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the northern portions of the pond (closer to the discharge locations) filled faster than the 
southern portions. Although the capacity of the impoundment to store the inflow design flood 
(IDF) was not diminished, the Plant took special measures to ensure that liquid flows were 
directed towards the center of the reservoir and away from portions of the embankment with 
diminished freeboard. Discharge ceased in April 2021. The topography of the final solids surface 
within the impoundment will direct runoff towards the flood pool in the southern end of the 
impoundment.  

The 2017-2021 Annual Inspection Reports also provide information on minimum and maximum 
values for various types of geotechnical instrumentation installed within the embankments and 
foundations. Periodically, deviations or technical issues may be identified that limit or alter 
readings and these instances are reported in the Annual Inspection Reports. For the LAI, the 
instruments consist of vibrating wire and standpipe piezometers, inclinometers, buried 
settlement monuments, and surface settlement monuments. The records, including the SM-7 
and SM-9 settlement records, were reviewed and no significant, adverse trends were identified 
that would cause structural instability or change in safety factor. 

4. 2016 Certification – Review by Section 
Other than as described in the remainder of this section, the details presented in this section of 
the 2016 Report adequately represent current conditions and satisfy the requirements of the 
Rule. 

4.1 “1.4 Facility Description” 
The LAI is no longer an operating CCR surface impoundment. APS provided notification, dated 
April 10, 2021, of its intent to close the LAI and APS ceased discharge of CCR to the LAI on or 
before April 10, 2021. In order to maintain adequate freeboard to contain the IDF, APS 
periodically pumps precipitation runoff and drain down water from the CCR solids from the free 
water pool at the southwest corner of the impoundment to the drop inlet tower, which discharges 
by gravity to the Lined Decant Water Pond (LDWP). 

APS intends to close the LAI and its contents in place, similar to the closure approach used for 
old Pond 6. APS is currently undertaking a phased geotechnical investigation to identify safe 
and effective procedures to construct a soil cap over the soft contents of the impoundment. 

APS is evaluating whether it wishes to restore the crest elevation of the West Embankment to 
its as-designed, pre-settlement elevation; this restoration would provide more flexibility for 
managing the normal operating pool and maintaining sufficient storage capacity for the IDF. The 
outcome of this evaluation will likely be reported in the 2021 (published in 2022) annual 
inspection report. 

4.2  “2 Hazard Potential Classification” 
The details presented in this section of the 2016 Report adequately represent current conditions 
and satisfy the requirements of the Rule. 
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Based on a review of the information presented in the 2016 Report, the LAI impoundment 
currently satisfies the criteria for Significant Hazard Potential classification. 

4.3 “3 History of Construction” 
The details presented in this section of the 2016 Report adequately represent current conditions 
and satisfy the requirements of the Rule. 

The only construction actions that have occurred at the facility since the 2016 Report relate to 
maintenance activities, measures to control the deposition of solids around the discharge 
locations, and geotechnical investigations. In 2020 and 2021, APS advanced several pilot roads 
onto the solids surface to allow geotechnical testing and to assess the stability of different 
portions of the surface for eventual closure construction. 

4.4 “4 Structural Stability Assessment” 
The details presented in this section of the 2016 Report adequately represent current conditions 
and satisfy the requirements of the Rule. 

AECOM assesses that the design, construction, operation, and maintenance of the LAI are 
consistent with recognized and generally accepted good engineering practice for the maximum 
volume of CCR and CCR wastewater that can be impounded therein. 

4.5  “5 Safety Factor Assessment” 
The details presented in this section of the 2016 Report adequately represent current conditions 
and satisfy the requirements of the Rule. 

AECOM is not aware of any new information that would warrant reevaluation of any material 
properties, cross-section configurations, or piezometric conditions of the perimeter 
embankment. 

The calculated factors of safety for the three critical cross sections along the LAI perimeter 
embankment exceeded the required minimum values for the long-term, maximum storage pool; 
the maximum surcharge pool; the seismic (pseudo-static); and liquefaction loading conditions. 

4.6 “6 Conclusions” 
The details presented in this section of the 2016 Report adequately represent current conditions 
and satisfy the requirements of the Rule. 

5. Recommended Additional Technical Investigations 
or Evaluations 

None identified and none recommended. 
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6. Conclusion 
The 2016 Report and its conclusions meet the current reporting requirements of the Rule, reflect 
the current condition of the structure as known to the QPE and documented in the annual 
inspections, are not compromised by any identified issues of concern, and are consistent with 
the standard of care of professionals performing similar evaluations in this region of the country. 

7. Limitations 
This report is for the sole use of APS on this project only and is not to be used for other projects. 
In the event that conclusions based upon the data presented in this report are made by others, 
such conclusions are the responsibility of others.  

The Periodic Structural Integrity Assessment presented in this report is based on the 2016 
Report and relies and incorporates any Limitations expressed in that report. 

The Certification of Professional Opinion in this report is limited to the information available to 
AECOM at the time this Assessment was performed in accordance with current practice and the 
standard of care. Standard of care is defined as the ordinary diligence exercised by fellow 
practitioners in this area performing the same services under similar circumstances during the 
same period. Professional judgments presented herein are primarily based on information from 
previous reports that have been assumed to be accurate, knowledge of the site, and partly on 
our general experience with dam safety evaluations performed on other dams.  

No warranty or guarantee, either written or implied, is applicable to this work. The use of the 
word “certification” and/or “certify” in this document shall be interpreted and construed as a 
Statement of Professional Opinion and is not and shall not be interpreted or construed as a 
guarantee, warranty, or legal opinion. 
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8. Certification Statement 
Certification Statement for: 

• 40 CFR § 257.73(a)(2)(ii) – Periodic Hazard Potential Classification for an Existing CCR 
Surface Impoundment 

• 40 CFR § 257.73(d)(3) – Periodic Structural Stability Assessment for an Existing CCR 
Surface Impoundment 

• 40 CFR § 257.73(e)(2) – Periodic Safety Factor Assessment for an Existing CCR Surface 
Impoundment 

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State 
of New Mexico, do hereby certify, to the best of my knowledge, information, and belief, that the 
information contained in this certification has been prepared in accordance with the accepted 
practice of engineering. I certify, for the above-referenced CCR Unit, that the periodic hazard 
potential classification, periodic structural stability assessment, and periodic safety factor 
assessment provided in this Periodic Structural Integrity Assessment Report, and referencing 
the 2016 Report, were conducted in accordance with the requirements of 40 CFR § 257.73.  

 

Alexander W. Gourlay, P.E.  
Printed Name 

October 11, 2021 
Date 
 
 
 
Attachment A:  
AECOM, 2016. Final Summary Report, Structural Integrity Assessment: Lined Ash 
Impoundment, Four Corners Power Plant, Fruitland, New Mexico. Prepared for: Arizona Public 
Service, AECOM Job No. 60445844, August 2016. 
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Certification Statement for: 

40 CFR § 257.73(a)(2)(ii) – Initial Hazard Potential Classification for an Existing CCR Surface Impoundment

40 CFR § 257.73(d)(3) – Initial Structural Stability Assessment for an Existing CCR Surface Impoundment

40 CFR § 257.73(e)(2) – Initial Safety Factor Assessment for an Existing CCR Surface Impoundment

CCR Unit:  

Printed Name 

Date 



1.1 Report Purpose and Description 

§ 

1.2 EPA Regulatory Requirements 

§ 

Periodic Hazard Potential Classification Assessment (40 CFR § 257.73(a)(2))

Emergency Action Plan (EAP) (40 CFR §257.73(a)(3)) 

History of Construction (40 CFR § 257.73(c)(1))

Periodic Structural Stability Assessment (40 CFR § 257.73(d))

Periodic Safety Factor Assessment (40 CFR § 257.73(e))



1.3 Report Organization 

1.4 Facility Description 



40 CFR 



2.1 Methodology and Design Criteria 

High hazard potential CCR surface impoundment

Significant hazard potential CCR surface impoundment

Low hazard potential CCR surface impoundment



2.2 Hazard Potential Classification Results 



3.1 Methodology 

3.2 LAI Construction Summary 



Table 3-1. History of Construction for the LAI 

Item As-Constructed/ Current Comments Reference Document



Item As-Constructed/ Current Comments Reference Document



Item As-Constructed/ Current Comments Reference Document



Item As-Constructed/ Current Comments Reference Document

o

o

o

o



Item As-Constructed/ Current Comments Reference Document

o
o

o

o
o

o
o

o



Item As-Constructed/ Current Comments Reference Document



4.1 Foundation and Abutments 

Stable foundations and 
abutments



4.2 Slope Protection 

Adequate slope 
protection to protect against surface erosion, wave action, and adverse effects of sudden drawdown

4.3 Dike Compaction 

Dikes mechanically 
compacted to a density sufficient to withstand the range of loading conditions in the CCR unit

4.4 Slope Vegetation 

Vegetated slopes of 
dikes and surrounding areas, except for slopes which have an alternate form or forms of slope protection

not to exceed a height of 
six inches above the slope of the dike

4.5 Spillways 

A single spillway or a 
combination of spillways configured as specified in paragraph (d)(1)(v)(A) of this sections. The combined capacity of all 
spillways must be designed, constructed, operated, and maintained to adequately manage flow during and following the peak 
discharge from the event specified in paragraph (d)(1)(v)(B) of this section



4.6 Hydraulic Structures 

Hydraulic structures 
underlying the base of the CCR unit or passing through the dike of the CCR unit that maintain structural integrity and are free 
of significant distortion, bedding deficiencies, sedimentation, and debris which may negatively affect the operation of the 
hydraulic structures



4.7 Downstream Water Body 

For CCR units 
with downstream slope which can be inundated by the pool of an adjacent water body, such as a river, stream or lake, 
downstream slopes that maintain structural stability during low pool of the adjacent water body or sudden drawdown of the 
adjacent water body

4.8 Other Issues 

4.9 Structural Stability Assessment Results 



5.1 Methodology and Design Criteria 

5.2 Critical Cross Section 

Section A (West Embankment): 

Section M (South Embankment):

Section X (North Toe Buttress):



5.3 Subsurface Stratigraphy 

Compacted Bottom and Fly Ash:

Compacted Clay:

Existing Fly Ash:

New Fly Ash:

Buttress Material:

Sensitive Fines:

Weathered Shale:

5.4 Material Properties 



Table 5-1. Selected Material Parameters – LAI Safety Factor Assessment 

Material

Material Properties

Moist
Unit

Weight,
m        

(pcf)

Saturated 
Unit

Weight,
sat           

(pcf)

Drained Strength Undrained Strength Residual Strength

Cohesion, 
c'           

(psf)

Friction 
Angle, '
(degrees)

Cohesion, 
c           

(psf)

Friction 
Angle, 

(degrees)

Shear Strength 
Ratio             

(Sr/σv’)

- - -

- - -

- - -

- -

- - -

- - -

- -

-

5.5 Embankment Pore Pressure Distribution 

5.6 Embankment Loading Conditions 



Long-Term, Maximum Storage Pool: 

Maximum Surcharge Pool: 

Seismic Loading: 

Liquefaction Loading:



5.7 Safety Factor Assessment Results 

Table 5-2. Summary of Calculated Safety Factors 

Loading Condition
Required 

Safety 
Factor[1]

Calculated Safety Factor

Section A (West 
Embankment)

Section M (South 
Embankment)

Section X (North 
Toe Buttress)
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1 INTRODUCTION 
The purpose of this calculation is to perform limit equilibrium slope stability analyses to assess 
the stability of the existing Coal Combustion Residual (CCR) surface impoundment 
embankments at Arizona Public Service (APS)’s Four Corner Power Plant in Fruitland, New 
Mexico. Specifically, the CCR surface impoundment embankments that will be evaluated are 
associated with the Lined Ash Impoundment (LAI). 

2 ANALYSIS CRITERIA 
The analyses were performed to meet the regulations set forth in the United States 
Environmental Protection Agency’s (EPA) 40 CFR Part 257.73(e) Structural Integrity Criteria for 
existing CCR surface impoundments (the Rule) (EPA 2015). The Rule requires safety factor 
assessments be performed for units containing coal combustion residuals and the resulting 
safety factors for various embankment loading and tailwater conditions must meet the values 
outlined in the Rule. For the LAI, the following safety factors must be met: 

Long-term, maximum storage pool FS = 1.50 

Maximum surcharge pool FS = 1.40 

Seismic loading FS = 1.00 

Liquefaction loading FS = 1.20 (only for sites with liquefiable soils) 

3 ANALYSIS INPUTS 
The following inputs were used in the analysis: 

The geometry for the cross-sections was based on the as-built drawing set of the LAI 
5280 lift (current embankment configuration; APS Drawing Number 161907), for 
Sections A (West Embankment), M (South Embankment), and X (North Toe Buttress) 
presented in the 5280 Lift Design Report (URS, 2012). 

The subsurface stratigraphy was replicated from stability model cross-sections 
developed as part of the design calculations in the 5280 Lift Design Report (URS, 2012). 
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The safety factor calculations were performed using the software program SLOPE/W, 
commercially available through GEO-SLOPE International, Ltd. (GEO-SLOPE 
International, 2012). 

Material properties used in the safety factor assessment were based on previously 
reported material properties developed for the 5280 Lift Design Report (URS, 2012). 

Pore pressure distribution within the embankment was developed from an 
interpretation of water level readings using piezometers installed on and near the LAI 
embankment. Water level measurements are presented in the 2015 Annual CCR 
Impoundment and Landfill Inspection Report (APS and AECOM, 2016). 

The maximum operational water level at the southwest corner of the LAI is 5,275.2 feet, 
as presented in the 5280 Lift Design Report (URS, 2012).  

The maximum surcharge water level accounts for containment of the PMF on top of the 
maximum operational water level in the LAI. The maximum surcharge water level is 
5,277.2 feet as presented in the 5280 Lift Design Report (URS, 2012).  

The seismic loading was developed from the deaggregated seismic hazard at the site 
based on the 2008 United States Geological Survey (USGS) National Earthquake Hazards 
Reduction Program (NEHRP) Provisions (USGS, 2008). 

4 ASSUMPTIONS 
Assumptions used in this calculation package include: 

The embankment geometry and subsurface conditions have not substantially changed 
from the 5280 lift design. 

Phreatic levels measured in and around the embankment are typical of the conditions 
present in the analysis cases considered. 

The residual strength ratio (Sr/ ’vo) is applicable to the saturated sensitive fines beneath 
the North Toe Buttress in the Liquefaction Loading analysis. 
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5 SAFETY FACTOR CALCULATIONS 
The safety factor assessments were performed for three cross-sections along the LAI 
embankment. The safety factor calculations were performed to document minimum factors of 
safety for loading conditions identified by 40 CFR Section 257.73(e) using the software program 
SLOPE/W (GEO-SLOPE International, Ltd. 2012). The analyses were performed using Spencer’s 
Method, a limit equilibrium method of slices that satisfies both force and moment equilibrium 
in addition to incorporating the effects of interslice forces. 

5.1 Critical Stability Cross-Sections 

Factors of safety were calculated for critical cross-sections of the LAI West and South 
Embankments. Each of these cross-sections was developed and analyzed as part of the 5280 Lift 
Design. No revisions have been made to the previously defined stratigraphic conditions. The 
critical cross-section is the cross-section that is anticipated to be most susceptible to structural 
failure for a given loading condition. The critical cross-section thus represents a “most-severe” 
case. Section locations were selected based on variation in the embankment height and 
stratigraphic conditions to represent the most severe case. 

Section A – West Embankment: The maximum section of the LAI West Embankment was 
modeled from Section A of the 5280 Lift Construction Drawings (URS, 2012). The West 
Embankment has an approximately 3 horizontal to 1 vertical (3H:1V) downstream slope and a 
crest width of 30 feet. The lower third of the 5280 Lift consists of a combination of compacted 
bottom and fly ash, the upper two-thirds consists of compacted bottom ash, and there is a 15-
foot thick compacted clay layer on the upstream side of the embankment. The embankment is 
founded partially on the pre-existing Ash Pond 3 and 4 Divider Dike and partially on old 
hydraulically placed fly ash associated with Ash Pond 3. 

Section M – South Embankment:  The South Embankment of the LAI was modeled from the 
Section M of the Construction Drawings (URS, 2012). The embankment is founded on native 
weathered shale. The pre-existing Ash Pond 4 Embankment was used as a starter dam for 
building the South Embankment using a downstream construction method. The pre-existing 
Ash Pond 4 Embankment consists of compacted bottom ash with a 40-foot wide layer of 
compacted clay on the upstream face. The subsequent raises of the LAI impoundment consist 
of compacted bottom ash with a 15-foot wide blanket of compacted clay on the upstream 
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slope. The clay blanket on the upstream face of the LAI embankment is keyed into the clay of 
the existing (original) embankment. 

The South Embankment has an approximately 2H:1V downstream slope and a crest width of 30 
feet. A buried toe drain runs parallel with the embankment near the downstream toe. The drain 
consists of two, 10-inch inside diameter, perforated pipes surrounded by a two-stage sand and 
gravel filter within a drainage channel. The channel is 12-foot deep with a 13-foot wide bottom 
and 1.5H:1V to 1H:1V side slopes.  

Section X – North Toe Buttress:  The North Toe Buttress area of the LAI West Embankment was 
modeled from Section X-X of the Construction Drawings (URS, 2012). The North Toe Buttress 
was constructed against the base of the West Embankment to a height of 20 feet above the 
elevation at the toe of the West Embankment, and is inclined downward toward the west at 
approximately 20H:1V. The North Toe Buttress extends to the west approximately 400 feet. The 
buttress consists of a 1.5-foot thick bottom ash drain layer overlain by a combination of 
compacted bottom and fly ash to the approximate elevation of 5,227 feet at its highest point. 
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5.2 Material Properties 

Material properties used in the safety factor assessment were based on previously reported 
material properties developed for the LAI 5280 Lift Design Report (URS, 2012), except as 
discussed in the following paragraphs. Table 1 presents these values. 

Table 1 – Material Properties Used for the Safety Factor Assessment 

Material 

Material Properties 
Moist 
Unit 

Weight, 
m        

(pcf) 

Saturated 
Unit 

Weight, 
sat            

(pcf) 

Drained Strength Undrained Strength Residual Strength 

Cohesion, 
c'          

(psf) 

Friction 
Angle, ' 
(degrees) 

Cohesion, 
c           

(psf) 

Friction 
Angle,  

(degrees) 

Shear Strength 
Ratio (Sr/ v’) 

Compacted 
Bottom and Fly 
Ash  

90 90 0 35 - - - 

Existing Fly Ash 
(Top) 90 90 0 30 - - - 

Existing Fly Ash 
(Bottom) 90 90 0 28 - - - 

New Fly Ash 
(Impounded) 90 90 - - 304 0 - 

Compacted 
Bottom Ash 75.1 75.1 0 42 - - - 

Compacted Clay 125 130 300 20 - - - 

Weathered Shale 
(Native Ground) 120 125 - - 500 30 - 

Sensitive Fines 
(Drained) 80 - 0 18.5 - - - 

Sensitive Fines 
(Liquefaction) 80 - - - - - 0.05 

Buttress 75 - 0 20 - - - 

Drain Sand 110 - 0 30 - - - 
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Based on the results of the liquefaction assessment performed as part of the 5280 Lift design, 
the saturated fly ash (sensitive fines) layer was found to be potentially liquefiable (URS, 2012). 
For this calculation, both post-cyclic shear strength ratios for the sensitive fines encountered 
beneath the North Toe Buttress were estimated using empirical correlations to CPT data. The 
post-cyclic, residual, shear strength was estimated using the Idriss and Boulanger (2008) 
method based on either SPT or CPT data. The current stability analysis includes developing 
residual shear strength ratios for the sensitive fines from CPT data to estimate the liquefaction 
loading safety factor for Section X.  

The residual undrained shear strength ratio presented in Table 1 was calculated using the Idriss 
and Boulanger (2008) method based on the CPT results. The residual strength was estimated as 
follows: 

CPT Locations 

Eight CPT soundings were used to estimate the residual strength of the sensitive fines beneath 
the NTB. A general subsurface profile of the soundings consisted of fly ash over a shale bedrock. 
The eight CPT soundings, as presented in Figure 1, were CPT-8, CPT-9, CPT-10, CPT-11, CPT-12, 
CPT-13, CPT-16, and CPT-17. 

 
Figure 1 – URS 2011 Geotechnical Exploration CPT Sounding Locations 
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The groundwater level below the NTB was assumed to be at the top of the liquefaction-
susceptible sensitive fines layer. This is a conservative assumption that will produce lower 
bound residual strength estimates. 

Idriss and Boulanger (2008) Method 

In accordance with the Idriss and Boulanger (2008) method, the residual strength of the 
sensitive fines without void redistribution effects (expected for the site) is defined by the 
following equation, which is presented graphically in Figure 2: 

 

 

 where: 
  Sr = Residual strength of the liquefied material 

’vo = Initial effective overburden stress 
  qC1Ncs-Sr = Equivalent clean sand CPT normalized corrected tip resistance 
  ’ = Effective friction angle  

 
Figure 2 – Correlation between the normalized residual shear strength ratio for liquefied soils and 

overburden-corrected CPT penetration resistance from Figure 90 of Idriss and Boulanger (2008) 
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The equivalent clean sand CPT normalized corrected tip resistance, qC1Ncs-Sr, is defined as the 
normalized corrected tip resistance corrected for fines content and may be estimated using the 
following equation from Idriss and Boulanger (2008): 

 

 where: 
  qC1Ncs-Sr = Equivalent clean sand CPT normalized corrected tip resistance 

qC1N = CPT normalized corrected tip resistance  
qC1N-Sr = Equivalent clean sand adjustment values 

The equivalent clean sand adjustment value can be determined using the table shown in Figure 
3, which correlates the adjustment value to the fines content. 

 

 
Figure 3 – Approximate values of qc1N-Sr for CPT correlation with residual strengths  

from Table 5 of Idriss and Boulanger (2008) 

 

An effective friction angle, ’, equal to 18.5 degrees was used in the analysis based on the 
estimated value developed for the fly ash material as part of the 5280 Lift Design (URS, 2012). 

This limits the residual strength ratio, Sr/ ’vo, to a maximum value of the following: 

 

Where: (Sr/ ’vo )max = Maximum residual strength ratio = 0.335 
  ’ = Effective friction angle = 18.5° 
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Residual Strength Analysis Results 

The result of the CPT-based residual strength analysis is presented in Figure 4 below. Figure 4 
presents the residual strength ratio calculated using the measured CPT tip resistance in the 
liquefaction-susceptible sensitive fines material based on the elevation where the 
measurement was recorded. The geometric mean value of the calculated residual strength ratio 

is Sr/ ’vo = 0.058, which is rounded to 0.05 for the analysis as shown in the Figure below. This 
value is presented in Table 1 to characterize the strength of the sensitive fines beneath the NTB 
in stability analyses after liquefaction of the material. 

 
Figure 4 – Residual Strength Ratio Result for the Liquefaction-Susceptible  

Sensitive Fines Beneath the NTB 
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5.3 Embankment Pore Pressure Distribution 

There are a total of 53 piezometers installed in and below the LAI and NTB. Water levels in 
these piezometers are monitored on a monthly basis and the maximum and minimum water 
levels in each are reported annually (APS and AECOM, 2016). These data were considered to be 
the most reliable indicators of pore pressure distribution in and below the embankment. The 
pore pressure distribution in each section was evaluated using water level measurements 
obtained from the piezometers.  

Piezometers P-7, P-8, P-10, and P-11 were used to evaluate the porewater pressure conditions 
in the embankment in the vicinity of Sections A and M. No positive porewater pressures have 
been recorded in P-7, P-8 or P-10 between 2008 and 2016, although positive porewater 
pressures have been recorded in the existing fly ash in P-11 over the same time period. 
Although this condition has only been recorded in one of the three nested piezometers at the 
P-11 location, the recorded positive porewater pressure was conservatively included in the 
stability models for Sections A and M.  

Piezometers P-100 through P-111 where used to evaluate the porewater pressure conditions in 
in the vicinity of the North Toe Buttress (Section X). Positive porewater pressures were 
recorded within the saturated fly ash below the North Toe Buttress and the recorded positive 
porewater pressures were included in the stability models for Section X.  

The regional groundwater level in the vicinity of the LAI embankment was based on an AECOM 
2016 Hydrogeologic assessment of the entire Four Corners Power Plant. Regional water levels 
below the embankment ranged from approximate 5,145 feet beneath the South Embankment 
section to 5,160 feet beneath the West Embankment section. 

5.4 Embankment Loading Conditions 

Per 40 CFR Section 257.73(e), the following loading conditions were considered for each 
selected stability cross-section: 

Long-term, maximum storage pool,  

Maximum surcharge pool,  

Seismic loading, and  
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Liquefaction loading. 

The four loading conditions are described in the following subsections. 

Long-Term, Maximum Storage Pool 

The maximum storage pool loading is the maximum water level that can be maintained that will 
result in the full development of a steady-state seepage condition. This loading condition is 
evaluated to document whether the CCR surface impoundment can withstand a maximum 
expected pool elevation with full development of saturation in the embankment under long-
term loading. The long-term, maximum storage pool water elevation used in the calculation 
was based on the maximum operating level developed as part of the LAI 5280 Lift design 
analysis (URS, 2012). Factors of safety were calculated using shear strengths expressed as 
effective stress, except the New Fly Ash was modeled using a total (undrained) shear strength 
based on the results of CPT testing and engineering judgement (URS, 2012).  

For this analysis, the long-term maximum storage pool elevation at the southwest corner of the 
LAI was 5,275.2 feet (URS, 2012).  

Maximum Surcharge Pool 

The maximum surcharge pool loading is the temporary rise in pool elevation above the 
maximum storage pool elevation for which the CCR surface impoundment is normally subject 
under inflow design flood state. This loading condition is evaluated to document whether the 
CCR surface impoundment can withstand a short-term impact of a raised pool level on the 
stability of the downstream slope. The maximum surcharge pool considers a temporary pool 
elevation that is higher than the maximum storage pool which persists for a length of time 
sufficient for steady-state seepage or hydrostatic conditions to fully develop within the 
embankment. The maximum surcharge pool water level used in the calculation was based on 
the estimated water level associated with the PMF on top of the maximum operating level 
developed as part of the LAI 5280 Lift analysis (URS, 2012).  

For this analysis, the maximum surcharge pool at the southwest corner of the LAI was 5,277.2 
feet (URS, 2012).  
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Seismic Loading 

Seismic loading was evaluated to document whether the CCR surface impoundment is capable 
of withstanding a design earthquake without damage to the foundation or embankment that 
would cause a discharge of its contents. The seismic loading is assessed under seismic loading 
conditions for a seismic loading event with a 2% probability of exceedance in 50 years, 
equivalent to a return period of approximately 2,500 years. A pseudostatic analysis was used to 
represent the seismic loading for Sections A and M. A post-cyclic analysis was used to represent 
the seismic loading condition for Section X. The post-cyclic analysis was performed due to the 
presence of potentially liquefiable sensitive fines in the foundation of the North Toe Buttress.  

The peak horizontal bedrock acceleration for a Site Class “B” rock, based on the United States 
Geological Survey (USGS) National Seismic Hazard Map, with a 2% probability of exceedance in 
50 years, is 0.05895g, as presented in Attachment A (USGS, 2008). A Site Classification of D 
“Stiff Soil” was assigned to the West Embankment and North Toe Buttress sections (Section A 
and Section X) based on the average properties in the top 100 feet, which consists of 
approximately 40 feet of fly ash above native weathered shale. A Site Classification of C “Very 
Dense Soil and Soft Rock” was assigned to the South Embankment section (Section M), which is 
founded on natural ground primarily consisting of weathered shale. Site Class definitions are 
summarized in Table 20.3-1 from ASCE 7-10 (ASCE 2013) and shown in Figure 5.  

 
Figure 5 – Table 20.3-1 Site Classification from ASCE 7-10 (2013) 
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The peak ground acceleration at the ground surface for site class C and Dat the crest is 
calculated using the following procedure: 

 

 

 

Where: PGAground Surface,M = Maximum considered earthquake geometric mean peak 
ground acceleration adjusted for Site Class effects 
PGA = Mapped maximum considered earthquake geometric mean peak ground 
acceleration 
FPGA = Site coefficient from International Code Council’s 2015 International 
Building Code (IBC, 2015) as shown in Figure 6. 

Figure 6 – Table 1613.3.3(1) from the IBC (2015) 

 

The PGA at the ground surface for Site Classes C and D (PGAGroundSurface) were then used to 
estimate the peak transverse acceleration at the crest of the embankment, PGAC,crest = 0.243g 
and PGAD,crest = 0.307g  as shown on Figure 7 and based on variations in recorded peak crest 
accelerations versus those recorded at the base of earth and rock fill dams recorded values for 
Loma Prieta and other earthquakes by Holzer (USGS, 1998).  
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 Site Class C Site Class D 

Figure 7 – Variations of Peak Transverse Crest Acceleration v. Peak Transverse Base Acceleration 
Based on Holzer (1998) 

 

Makdisi and Seed (1977) note that the “maximum acceleration ratio” varies with the depth of 
the sliding mass relative to the embankment height. Figure 8 presents the relationship between 
maximum acceleration ratio (kmax/umax) and depth of sliding mass (y/h). For deep-seated failure 
surfaces that involve the entire vertical profile of the embankment slope and extend from the 
crest to the toe, or below the toe, of the embankment into the foundation soils, the 
acceleration at the crest can be as low as approximately 34 percent of the maximum value: 
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Figure 8 – Variation of “Maximum Acceleration Ratio” with depth of sliding mass after Makdisi and 

Seed (1977) 

Therefore: 

 

Where: kmax = the maximum average acceleration for the potential sliding mass 
umax = the maximum crest acceleration 

 

 

 

The pseudostatic analyses incorporated a horizontal seismic coefficient of 0.083g for Section M 
and a horizontal seismic coefficient of 0.104 for Sections A and X. 

The water level in the LAI for the seismic loading analysis was set to EL 5,275.2 feet to match 
the long-term, maximum storage pool. Drained shear strengths expressed as effective cohesion 
and friction angles, as summarized in Table 1, were used to define the strengths for free-
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draining soils (bottom ash) and the sensitive fines beneath the Section X toe buttress. The 
sensitive fines are potentially susceptible to liquefaction during the seismic event; the stability 
of the embankment under the reduced strength conditions caused by liquefaction of the 
sensitive fines is evaluated in the liquefaction loading case. Undrained shear strengths 
expressed as total cohesion and friction angles, as summarized in Table 1, were used for low-
permeability soils (embankment fill, weathered shale) for the seismic loading condition based 
on Corps of Engineers recommendations (USACE, 2003). 

Liquefaction Loading 

A liquefaction triggering analysis was performed for the North Toe Buttress (Section X), as part 
of the 5280 Lift Design (URS, 2012). The CPT-based empirical liquefaction analysis indicated that 
lenses of the saturated fly ash with the potential to liquefy during the design earthquake are 
present in CPT soundings 8 through 13, 15, 16, and 17. The liquefiable materials were generally 
only thin lenses of materials identified by the Soil Behavior Type as sensitive fines (“clay-like” 
behavior classification).  

The liquefaction triggering analysis results were based on the use of a relatively conservative 

K correction factor of 0.2 versus the recommended value of 0.9. The empirical analyses 
indicate significantly fewer and thinner lenses of liquefiable materials when the recommended 
K correction factor of 0.9 is used (URS, 2012). However, these empirical methods are based on 
natural geo-materials and not man-made materials like fly ash. A fact that is further supported 
by the discrepancy of the soil behavior classification of “clay-like” assigned by the CPT 
soundings versus the index property testing and general knowledge of the fly ash material that 
indicates that fly ash is a non-cohesive fine grained material. Therefore, a laboratory 
liquefaction triggering evaluation was performed using cyclic Direct Simple Shear (DSS) strength 
testing (URS, 2012).     

The results of two cyclic DSS tests on pluviated samples indicated that under the maximum 
cyclic stress ratio (CSR) calculated in the empirical liquefaction analyses, the saturated fly ash in 
the North Toe Buttress area did not undergo liquefaction. However, two of the four specimens 
subjected to cyclic DSS tests exhibited contractive behavior, indicating they would be 
susceptible to liquefaction though they did not actually liquefy (URS, 2012). 
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Based on the results of the empirical analyses and the two cyclic DSS tests, the potential for 
liquefaction at the design earthquake magnitude is low but cannot unequivocally be stated that 
the saturated fly ash will not liquefy during the design earthquake for the project (URS, 2012). 
Consequently, the liquefaction loading condition was evaluated for Section X at the North Toe 
Buttress. 

The water level in the LAI for the liquefaction loading analysis was set to EL 5,275.2 feet to 
match the long-term, maximum storage pool. The potentially liquefiable materials in the 
section were designated as the sensitive fines below the phreatic surface. Drained shear 
strengths expressed as effective cohesion and friction angles, as summarized in Table 1, were 
used to in the anlaysis, except for the potentially liquefiable sensitive fines which used a 
residual shear strength ratio of 0.05. 

6 ANALYSIS RESULTS AND CONCLUSIONS 
The safety factor assessment output figures are presented in Attachment B. Table 2 summarizes 
the results of the safety factor assessment. 

Table 2 – Safety Factor Results 

Loading Condition 
Required 
Factor of 

Safety 

Calculated Factor of Safety 
Section A 

West 
Embankment 

Section M 
South 

Embankment 

Section X  
North Toe 
Buttress 

Long-term, maximum storage pool 1.50 2.17 1.55 2.47 

Maximum surcharge pool 1.40 2.08 1.55 2.41 

Seismic 1.00 1.35 1.27 1.71 

Liquefaction 1.20 -- -- 1.90 
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8 ATTACHMENTS 
 
ATTACHMENT A USGS Seismic Acceleration 

ATTACHMENT B SLOPE/W Output Figures 
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USGS Seismic Acceleration   



0

50

100

150

200

250

300

350

400

450

500

Closest Distance, Rcd (km)
0

50

100

150

200

250

300

350

400

450

500

Closest Distance, Rcd (km)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

MAGNITUDE (Mw)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

MAGNITUDE (Mw)

2
4

6
8

10
%

 C
on

tr
ib

ut
io

n 
to

 H
az

ar
d

PSH Deaggregation on NEHRP BC rock
CWTP 108.475o W, 36.692 N.
Peak Horiz. Ground Accel.>=0.05895  g
Ann. Exceedance Rate .406E-03. Mean Return Time 2475  years
Mean (R,M,ε0)  97.1 km, 5.85,  0.32
Modal (R,M,ε0) =  19.1 km, 4.80, -0.85 (from peak R,M bin)
Modal (R,M,ε*) =124.3 km, 6.21, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR 25. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2016 Mar  3 19:41:05 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on rock with average vs= 760. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted



 

ATTACHMENT B 

SLOPE/W Output Figures 

 



Compacted Bottom Ash
Compacted Clay

Compacted ClayCompacted Bottom and Fly Ash

Compacted Bottom Ash

Weathered Shale (Native Ground)

Existing Fly Ash (Bottom)

Existing Fly Ash (Top)

New Fly Ash

2.17 Maximum Storage Pool
Water Surface EL = 5275.2 feet

Slope Stability Analysis
Section A (West Embankment)
Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

5,280 Feet Crest El.

Figure 1)  Long-Term, Maximum Storage Pool
File Name: Section A.gsz
Date: 7/13/2016
Method: Spencer

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf

Factor of Safety: 2.17

Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
0 psf
0 psf

Friction
Angle:
42 °
30 °
0 °
20 °
30 °
28 °
35 °
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Figure 2)  Maximum Surcharge Pool
File Name: Section A.gsz
Date: 7/13/2016
Method: Spencer

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf

Factor of Safety: 2.08

Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
0 psf
0 psf

Friction
Angle:
42 °
30 °
0 °
20 °
30 °
28 °
35 °

Maximum Surcharge Pool
Water Surface EL = 5277.2 feet
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Figure 3) Seismic Loading
File Name: Section A.gsz
Date: 7/13/2016
Method: Spencer

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf

Factor of Safety: 1.35

Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
0 psf
0 psf

Friction
Angle:
42 °
30 °
0 °
20 °
30 °
28 °
35 °

Horz Seismic Coef.: 0.104

Maximum Storage Pool
Water Surface EL = 5275.2 feet
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Slope Stability Analysis
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Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Figure 4) Long-Term, Maximum Storage Pool
File Name: Section M.gsz
Date: 7/13/2016
Method: Spencer

Factor of Safety: 1.55

Material
Type:
Compacted Bottom Ash
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Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
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Drain Sand

Unit
Weight:
75.1 pcf
90 pcf
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125 pcf
120 pcf
90 pcf
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110 pcf

Cohesion:

0 psf
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Slope Stability Analysis
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Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Figure 5) Maximum Surcharge Pool
File Name: Section M.gsz
Date: 7/13/2016
Method: Spencer

Factor of Safety: 1.55
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Unit
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Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Horz Seismic Coef.: 0.083

Figure 6) Seismic Loading
File Name: Section M.gsz
Date: 7/13/2016
Method: Spencer

Factor of Safety: 1.27

Material
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Figure 7)  Long-Term, Maximum Storage Pool
File Name: Section X - Static.gsz
Date: 7/12/2016
Method: Spencer

5280 Feet Crest El.
Maximum Storage Pool
Water EL = 5275.2 feet

Slope Stability Analysis
Section X (North Toe Buttress)
Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf
80 pcf
75 pcf

Factor of Safety: 2.47

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash
Sensitive Fines (Drained)
Buttress

Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
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Maximum Surcharge Pool
Water EL = 5277.2 feet

Figure 8) Maximum Surcharge Pool
File Name: Section X - Static.gsz
Date: 7/12/2016
Method: Spencer

5280 Feet Crest El.

Slope Stability Analysis
Section X (North Toe Buttress)
Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf
80 pcf
75 pcf

Factor of Safety: 2.41

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash
Sensitive Fines (Drained)
Buttress

Cohesion:

0 psf
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Figure 9) Seismic Loading
File Name: Section X - Seismic.gsz
Date: 7/12/2016
Method: Spencer

5280 Feet Crest El.

Maximum Storage Pool
Water EL = 5275.2 feet

Slope Stability Analysis
Section X (North Toe Buttress)
Lined Ash Impoundment

Four Corners Power Plant
Fruitland, New Mexico
Arizona Public Service

Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf
80 pcf
75 pcf

Factor of Safety: 1.71

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash
Sensitive Fines (Drained)
Buttress

Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
0 psf
0 psf
0 psf
0 psf
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Angle:
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Horz Seismic Coef.: 0.104
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Figure 10)  Liquefaction Loading
File Name: Section X - Post-Seismic.gsz
Date: 7/12/2016
Method: Spencer

5280 Feet Crest El.
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Note:
The results of the analysis shown here are based
on available subsurface information, laboratory
test results, and approximate soil properties.
No warranties can be made regarding the
continuity of subsurface conditions between
the borings.

Unit
Weight:
75.1 pcf
90 pcf
90 pcf
125 pcf
120 pcf
90 pcf
90 pcf
80 pcf
75 pcf
80 pcf

Factor of Safety: 1.90

Material
Type:
Compacted Bottom Ash
Existing Fly Ash (Top)
New Fly Ash
Compacted Clay
Weathered Shale (Native Ground)
Existing Fly Ash (Bottom)
Compacted Bottom and Fly Ash
Sensitive Fines (Drained)
Buttress
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Cohesion:

0 psf
0 psf
304 psf
300 psf
500 psf
0 psf
0 psf
0 psf
0 psf

Friction
Angle:
42 °
30 °
0 °
20 °
30 °
28 °
35 °
18.5 °
20 °

Residual Strength
Ratio (Sr/P):

0.05

Maximum Storage Pool
Water EL = 5275.2 feet
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