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1. Introduction 
This Periodic Inflow Design Flood Control System Plan for the Lined Ash Impoundment 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 
requirement of 40 CFR § 257.82(c)(4) that “(t)he owner or operator of the CCR unit must 
prepare periodic inflow design flood control system plans required by paragraph (c)(1) of this 
section every five years.” 

2. Methodology 
The methodology used to prepare this 2021 Periodic Inflow Design Flood Control System Plan 
for the Lined Ash Impoundment (LAI) at the Four Corners Power Plant is for the certifying 
Qualified Professional Engineer (QPE) to: 

Identify and review the hydrologic design basis references used for the 2016 Plan and verify 
applicability for use in 2021. 

a. Perform a documented review of each major component of the contributing technical 
information from: 
i. AECOM, 2016, Four Corners Power Plant, Lined Ash Impoundment, Inflow Design 

Flood Control System Plan, FC_InflowFlood_008_20161017, August 31, 2016, 
(hereafter referred to as the “2016 Plan” and incorporated and referenced directly 
as Attachment B to this document). 

b. Consider and document whether the 2016 Plan 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 
c. Identify any additional analyses, investigations, inspections, and/or repairs that should 

be completed in order to complete this 2021 Recertification. 
This plan documents the results of these considerations, incorporates the 2016 Plan as an 
Appendix, identifies any additional technical investigation or evaluations (if needed), and 
presents an updated certification by the QPE.  
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3. Applicability of 2016 Plan Hydrologic Design Basis 
In 2016, the LAI was an active pond, receiving a gravity inflow of sluiced FGD solid. Between 
2016 and cessation of deposition April 2021, the pond received and was significantly filled by 
FGD solids. 

In 2016, and in 2021, studies have assigned the Significant Hazard Potential classification to the 
LAI. 40 CFR §257.82(a)(3)(ii) requires that, for a Significant Hazard Potential CCR surface 
impoundment, the Inflow Design Flood (IDF) is the 1,000-year flood. 

In 2016, APS elected to demonstrate capacity to store and/or pass the IDF by presenting 
similar, earlier calculations of a 72-hour PMP flood storage/routing through the LAI to the Lined 
Decant Water Pond (LDWP). The LAI and LDWP are both formed by perimeter embankments 
and therefore receive runoff only from direct precipitation, although the LAI may drain to the 
LDWP by the gravity decant tower. The 2016 hydrologic design basis requires that the LAI be 
able to store the IDF on the LAI and the LDWP be able to store the IDF on the LDWP and 
drained from the LAI, in the case that the LAI does drain during the storm to the LDWP. 

The 72-hour PMP was estimated to have a precipitation depth of 10.9 inches, which is 
significantly greater than the precipitation estimate for the 1000-year flood event (“less than 4 
inches”). The 2016 hydrologic design basis demonstrated that the more extreme flood, the 72-
hour PMP runoff, could be stored/routed successfully in the LAI and concluded, therefore, that 
the this aspect of the LAI complies with the less-stringent requirement of the CCR Rule for the 
LAI to store/route the smaller 1,000-year flood. 

In 2021, for this Periodic Inflow Design Flood Control System Plan, APS has elected to provide 
a new calculation to demonstrate capacity of the LAI to store the 1,000-year flood IDF for a 
Significant Hazard Potential CCR surface impoundment. This calculation, “AECOM, 2021, 
Calculation - IDF Storage Capacity of APS FC Lined Ash Impoundment (LAI), October 8, 2021” 
is included in the 2021 Plan as Attachment A. 

The 2021 calculation, presented as Attachment A, concludes the following: 
 

a. The 1,000-year flood with the highest precipitation depth (3.92 inches) is the “72-hour 
tropical storm”; 

b. The anticipated runoff volume to the LAI for the 1,000-year, 72-hour tropical storm 
event is 44.4 acre-feet; 

c. The current minimum crest elevation of the West Embankment is 5279.0 feet 
(NGVD29), based on 2021 topographic survey; 

d. The NMOSE-required 2.8 feet of residual freeboard (for wave run-up, etc.) requires the 
maximum flood pool elevation be 2.8 feet lower than the minimum crest, i.e.5276.2 feet 
(NGVD29); 

e. The 44.4 acre-feet runoff from the IDF can be stored between elevations 5276.2 feet 
and 5274.1 feet (NGVD29); and, therefore, 

f. the maximum normal operating level in the LAI must be maintained at or below 
Elevation 5274.1 feet (NGVD29). 
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In future years, APS may elect to place additional fill on the crest to restore the West 
Embankment minimum crest elevation to 5280.0 feet (NGVD29). However, AECOM concludes 
that, for the current configuration of the LAI impoundment, the IDF runoff of 44.4 acre-feet can 
be stored with adequate residual freeboard with a Plant operational requirement to maintain the 
normal operating pool at or below Elevation 5274.1 feet (NGVD29). 

Therefore, this section of the 2016 Plan, as amended by this analysis and the calculation in 
Attachment A, adequately represents current conditions and satisfies the requirements of the 
Rule. 

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

4.1 “§257.82 Hydrologic and Hydraulic capacity requirements 
for CCR surface impoundments” 

The details presented in this section of the 2016 Plan accurately describe the requirements of 
the Rule. 

4.2 “Overview” 
In April 2021, APS ceased discharges, including slurried FGD solids, to the LAI. FGD slurry is 
now blended with dry fly ash within the Plant and disposed as a blended solid in the Dry Fly Ash 
Disposal Area (DFADA) facility. Other flows previously reporting to the LAI now report to the 
Return Water Pond (RWP). APS intends to close the LAI by “closure in place”, with an 
evapotranspiration soil cover within the time frames allowed by the Rule for a surface 
impoundment of this size.  

The design basis and calculation (attachment A) described in Section 3 “Applicability of 2016 
Plan Hydrologic Design Basis” of this 2021 Plan are intended to supersede the following 
statements in this section of the 2016 Plan: 

“The LAI provides sufficient storage volume to accommodate the Probable Maximum 
Precipitation (PMP) runoff volume of 123 acre-feet. This PMP event is based on a 
precipitation depth of 10.9 inches and exceeds the runoff volume associated with a 
1,000 year flood event which would be based on a rainfall depth of less than 4 inches.” 

With the new information introduced in Section 3, the new calculation in Attachment A, and the 
clarification of the superseded information, the details presented in this section of the 2016 Plan 
adequately represent current conditions and satisfy the requirements of the Rule. 
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4.3 “§257.82 (a)(1)(2)(3) Hydrologic and Hydraulic capacity 
requirements for CCR surface impoundments” 

A separate 2021 Periodic Hazard Potential Study confirms the assignment of the Significant 
Hazard Potential classification to the LAI. Therefore, this aspect of the 2016 Plan adequately 
represents current conditions and satisfies the requirements of the Rule. 

Operational aspects described in the 2016 Plan have changed significantly due to the cessation 
of discharge of sluiced FGD to the LAI in 2021. These changes are described in Section 4.2 
“Overview”. 

The information presented in the right column of the 2016 Plan in the third of three paragraphs 
in answer to 40 CFR §257.82 (a)(1) is now superseded by the new information introduced in 
Section 3 and the new calculation in Attachment A of this 2021 Plan. 

The information presented in the right column of the 2016 Plan in answer to 40 CFR §257.82 
(a)(2) is accurate and current, with the following exception: 

a. The LAI does not in 2021 have sufficient capacity to retain the 72-hour PMP with 2.8 
feet of residual freeboard, although it does have equivalent capacity to retain the 1,000-
year, 72-hour IDF. 

The information presented in the right column of the 2016 Plan in answer to 40 CFR §257.82 
(a)(3) is accurate and current. 

Therefore, this section of the 2016 Plan, as amended by this analysis, adequately represents 
current conditions and satisfies the requirements of the Rule. 

4.4 “§257.82 (b) Hydrologic and Hydraulic capacity 
requirements for CCR surface impoundments” 

The details presented in this section of the 2016 Plan adequately represent current conditions 
and satisfy the requirements of the Rule. 

4.5  “§257.82 (c)(1)(2)(3)(4)(5) Hydrologic and Hydraulic 
capacity requirements for CCR surface impoundments” 

The owner or operator continues to acknowledge and will comply with these requirements. 

Per the requirement of §257.82 (c)(4), this document constitutes the “every five years” Periodic 
Inflow Design Flood Control System Plan. 

A certification of this Periodic Inflow Design Flood Control System Plan by a QPE is included in 
this document per the requirement of §257.82(c)(5). 

4.6 “§257.82 (d) Hydrologic and Hydraulic capacity 
requirements for CCR surface impoundments” 

The owner or operator continues to acknowledge and will comply with these requirements. 
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5. Recommended Additional Technical Investigations 
or Evaluations 

None identified and none recommended. 

6. Conclusion 
The 2016 Plan and its conclusions, as amended by the analyses presented in this 5-Year 
periodic revision, 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 document 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 document are 
made by others, such conclusions are the responsibility of others.  

The Periodic Inflow Design Flood Control System Plan presented in this report is based on the 
2016 Plan and relies and incorporates any Limitations expressed in that document. 

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: 

• Certification Statement 40 CFR § 257.82(c)(5) – Periodic Inflow Design Flood Control 
System Plan for an Existing CCR Surface Impoundment. 

• CCR Unit: Arizona Public Service; Four Corners Power Plant; Lined Ash 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 information 
contained in this Periodic Inflow Design Flood Control System Plan dated October 2021, 
including the technical content in Attachments A and B, meets the requirements of 40 CFR § 
257.81.  

 

Alexander W. Gourlay, P.E.  
Printed Name 

October 11, 2021 
Date 
 
 
Attachment A:  

 AECOM, 2021, Calculation - IDF Storage Capacity of APS FC Lined Ash Impoundment 
(LAI), October 8, 2021. 

Attachment B:  
AECOM, 2016, Four Corners Power Plant, Lined Ash Impoundment, Inflow Design Flood 
Control System Plan, FC_InflowFlood_008_20161017, August 31, 2016. 
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Calculation Cover Page Template Q2[DCS]-351-FM5 

 
Project Job No. 

5-Year CCR Periodic Recertifications – 
IDF Storage Capacity of APS FC Lined Ash Impoundment (LAI) 

60664563 

Client Department/Discipline 

Arizona Public Service, Four Corners Power Plant Hydrology and Civil 

Software Name 

AutoCAD 
 

Calculation 
Rev. No. 

Originator Self Check 
(name and signature) 

Reviewer/Checker 
(name and signature) 

Independent Peer 
Reviewer 

(if used/required) 
(name & signature) 

Approver 
(name & signature) 

2.0 
Hydrology 

M. Bentley 

 

M. Engel 

 

J. Heyman 

 

A. Gourlay 

 
3.0 
Elevation-
Capacity 

M. Engel 

 

M. Bentley

 

J Heyman 

 

A. Gourlay 

 
Add rows as required 

 

Calculation Objective: 
Verify the LAI has capacity to store or pass 1000-year flood, as a significant hazard potential CCR surface 
impoundment, per 40 CFR § 257.73(d)(1)(v)(2). 
Calculation Methodology: 
Identify the runoff volume to the LAI from the worst-case 1000-year flood. Using 2021 topography for the 
impoundment, identify the maximum normal operating pool elevation that will allow storage of the 1000-year flood 
within the LAI (no discharge) while still providing the NMOSE-approved 2.8 feet of residual freeboard below the 
2021-surveyed minimum crest elevation. 
References / Inputs/ Field Data: 

1. New Mexico Office of the State Engineer Dam Safety Bureau, Initial and Interim Use of Regional Extreme 
Precipitation Study (REPS) Tools for Probable Maximum Precipitation and Annual Exceedance Probability 
Rainfall Estimation, 2019 

2. Wilson & Company, Engineers & Architects, Inc Survey flown on 06/19/2021. NAD27/NAVD29. New Mexico 
State Plane, West Zone. 

Assumptions: (Include comments on need to revise calculations after more data is collected/confirmed and/or after 
assumptions have been verified.)  
 
Assumptions, if any, are presented within the body of the calculation. 
 
Conclusions including confirmations to be obtained: 
 
If the maximum normal operating pool is maintained below elevation 5274.1 ft (NGVD29) (equivalent to 5277.1 ft, 
NAVD88), the maximum flood pool corresponding to the 1000-year tropical storm event will be 5276.2 ft (NGVD29), 
which leaves 2.8 feet freeboard below the 2021-surveyed minimum crest elevation 5279.0 feet (NGVD29). 
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This calculation is complete and ready for Discipline Review: 
 
N/A 

See PDF signature blocks above   
Originator Name Signature Date 
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AECOM Job:  60664563 

Client:    Arizona Public Service, Four Corners Power Plant 

Project Name:  APS Four Corners 5-Year Periodic CCR Recertifications 

Calculation:  Calculation - IDF Storage Capacity of APS FC Lined Ash Impoundment (LAI) 

Rev./Date:  1, 10-8-2021 

 

1.0 Background and Objective 

Background: 

The final raise of the Lined Ash Impoundment occurred in 2014 and raised the West Embankment to 
nominal crest elevation 5280.0 Feet (NGVD29). The 2016 IDF Routing and Structural Integrity Assessment 
Reports, prepared and published to comply with the requirements of 40 CFR § 257.73, each presented 
hydrology and elevation-capacity information to demonstrate that the LAI, which does not have a 
traditional spillway, and has a complete perimeter containment embankment so that it cannot receive 
run-on from a precipitation event, could store direct precipitation from the PMP entirely within the 
containment embankments, while maintaining a 2.8 feet freeboard in accordance with the NMOSE 
operating License No. D-634. 

Because the LAI dam does not meet the criteria for classification as either Low Hazard Potential or High 
Hazard Potential, it was classified as a Significant Hazard Potential CCR surface impoundment in the 2016 
Structural Integrity Report. 40 CFR § 257.73(d)(1)(v)(2) requires that “(t)he combined capacity of all 
spillways must adequately manage flow during and following the peak discharge from a … 1000-year 
flood for a significant hazard potential CCR surface impoundment”. 

For purpose of required periodic recertification of the spillway capacity of the LAI, this calculation will 
demonstrate that the surface impoundment can store, without discharge, the 1000-year flood while 
maintaining the 2.8-foot freeboard required by NMOSE operating License No. D-634. 

Since the completion and posting of the 2016 Reports, the solids discharge to the impoundment 
continued until April 2021. An aerial survey of the impoundment by Wilson & Company (2021) indicates 
a lowering of the West Embankment crest from its nominal as-built elevation of 5280.0 ft (NGVD29) 
elevation by 0.75  to 1.0 feet. Possible causes include the cumulative impact of periodic regrading of the 
crest road and consolidation of the older ash deposits on which the impoundment was constructed. This 
calculation reflects the current minimum crest elevation of 5279.0 ft (NGVD29). 

Calculation Objective: 

Verify the LAI has capacity to store 1000-year flood, as a significant hazard potential CCR surface 
impoundment, per 40 CFR § 257.73(d)(1)(v)(2) 
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Methodology: 

Identify the runoff volume to the LAI from the 1000-year flood. Using 2021 topography for the 
impoundment, identify the maximum normal operating level elevation that will allow storage of the 
1000-year flood within the LAI (no discharge) while still providing the NMOSE-approved 2.8 feet 
freeboard below the 2021-surveyed minimum crest elevation. 

2.0 Hydrology 

Precipitation estimates for the LAI were obtained using the Colorado-New Mexico Regional Extreme 
Precipitation Study (REPS) and the METPortal Precipitation Frequency (PF) Tools.  The REPS tool 
calculates inter-durational Probable Maximum Precipitation (PMP) depth for Local Storms, General 
Storms, and Tropical Storms using an ESRI polygon shapefile representing the tributary drainage area.  
The MetPortal PF tool calculates watershed precipitation frequency estimates up to the 10^-7 Annual 
Exceedance Probability (AEP).  The tributary area to the LAI, which is the pond area itself because no run-
on can occur, and precipitation estimates obtained from the tools are provided in Figure 1 and Table 1 
respectively. 

 
Figure 1. Tributary area to LAI (Red) 

 
Table 1. Precipitation Estimates 

Storm Type Storm Duration PMP Depth 
(REPS Tool) 

1,000-Year 
(MetPortal) 

(---) (hrs) (in) (in) 
Local 24 7.40 *< Tropical N/A 

Tropical 72 9.40 3.92 
General 72 7.50 *< Tropical N/A 

*Tropical Storm yields highest volume therefore it was only storm carried forward in analysis 
 

Runoff estimates were obtained using the Natural Resource Conservation Service (NRCS) Synthetic Unit 
Hydrograph (SCS) Method.  A curve number of 100 was used to account for rainfall losses based on the 
conservative assumption the impoundment would be slightly inundated at the start of the storm. Since 
the pond is intended to fully retain the design storm volume only, volume peak flowrates are not a 
consideration and only volume calculations were performed.  The anticipated runoff volume to the LAI 
for the 1,000-year 72-Hour event is the 44.4 Acre-Feet, which, conservatively, is assumed to all run-off 
and pond in the lower, southwest corner of the pond. Calculations associated with the volume estimate 
are included in Table 2.   
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Table 2. NRCS SCS Method Volume Estimate for 72-Hour, 1,000-year storm event. 
Subbasin Area Runoff 

Volume 
Runoff Precipitation 

Depth 
Storage  Curve 

Number 
Initial 

Abstraction 
(---) (acres) (ac-ft) (in) (in) (in) (---) (in) 
LAI 135.9 44.4 3.92 3.92 0.00 100 0.00 

 

3.0 Elevation-Capacity 

The following inputs and criteria were used as a basis for estimating volumes and corresponding 
maximum operating level elevation in the LAI: 

• All elevation references are to the NGVD29 datum unless identified otherwise.  

• LAI crest low point elevation of 5279.0 based on reviewing the survey data. 

• 2.8 feet of residual freeboard from crest low point to maximum flood pool elevation as required by 
the NMOSE operating license. 

• Runoff volume of 44.4 ac-ft (as presented in Section 2.0) for the 1,000-yr 72-Hour storm event. 

• The maximum normal operating level is defined by the maximum pond elevation that allows for 
storage of the 1000-yr flood with 2.8 feet of residual freeboard below the minimum crest elevation. 

 
The storage-capacity curve presented below was developed using AutoCAD Civil 3D software and the 
topographic survey provided by Wilson & Co. The maximum normal operating level that allows for 
storage of the 1000-yr flood and 2.8 feet of residual freeboard is El 5274.1 (NGVD 29). The graph 
identifies the key elevation and storage volumes associated with this storm event. The elevation-storage 
information is also provided in Table 3..  
 

Figure 2: LAI ELEVATION-CAPACITY CURVE 
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Table 3: Elevation – Capacity Summary Table 
Description Elevation 

(NGVD29) 
Cumulative Storage 

Volume (ac-ft) 
LAI Dam Crest Low Point 5279.0 263 
Maximum Flood Pool Level  
(Bottom of Freeboard) 5276.2 124 
Maximum Normal 
Operating Level 5274.1 79 

 

4.0 Conclusion 

If the maximum normal operating level is maintained below elevation 5274.1 feet (NGVD29) (equivalent 
to 5277.1 feet, NAVD88), the maximum flood pool corresponding to the 1000-year flood will be 5276.2 
feet (NGVD29), which allows for the permitted 2.8 feet of residual freeboard below to 2021-surveyed 
minimum crest elevation of 5279.0 feet (NGVD29). 
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FOUR CORNERS POWER PLANT 
LINED ASH IMPOUNDMENT 

INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN 
FC_InflowFlood_008_20161017 

 
This Inflow Design Flood Control System Plan (Plan) document has been prepared specifically for the 
Lined Ash Impoundment (LAI) at the Four Corners Power Plant. This Plan has been prepared in 
accordance with our understanding of the requirements prescribed in §257.82 of the Federal Register, 
Volume 80, Number 74, dated April 17, 2015 (U. S. Government, 2015) for hydrologic and hydraulic 
capacity requirements for CCR surface impoundments associated with existing Coal Combustion 
Residual (CCR) surface impoundments. Section §257.82 is reproduced below for reference purposes. 
This document serves as the initial plan described in §257.82. 

The LAI is an existing CCR surface impoundment facility that has been expanded in several stages. 
Calculations prepared previously in support of the facility operation have been referenced and 
reproduced herein to address the requirements listed. 

§257.82 Hydrologic and Hydraulic capacity requirements for CCR surface impoundments  

(a) The owner or operator of an existing or new CCR surface impoundment or any lateral expansion of a 
CCR surface impoundment must design, construct, operate, and maintain an inflow design flood control 
system as specified in paragraphs (a)(1) and (2) of this section. 

(1) The inflow design flood control system must adequately manage flow into the CCR unit during and 
following the peak discharge of the inflow design flood specified in paragraph (a)(3) of this section. 

(2) The inflow design flood control system must adequately manage flow from the CCR unit to collect 
and control the peak discharge resulting from the inflow design flood specified in paragraph (a)(3) of this 
section. 

(3) The inflow design flood is: 

(i) For a high hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or 
§257.74(a)(2), the probable maximum flood; 

(ii) For a significant hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or 
§257.74(a)(2) , the 1,000-year flood; 

(iii) For a low hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or 
§257.74(a)(2), the 100-year flood; or 

(iv) For an incised CCR surface impoundment, the 25-year flood. 

(b) Discharge from the CCR unit must be handled in accordance with the surface water requirements 
under §257.3-3. 

(c) Inflow design flood control system plan –  

(1) Content of the Plan. The owner or operator must prepare initial and periodic inflow design flood 
control system plans for the CCR unit according to the timeframes specified in paragraphs (c)(3) and (4) 
of this section. These plans must document how the inflow design flood control system has been 
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designed and constructed to meet the requirements of this section. Each plan must be supported by 
appropriate engineering calculations. The owner or operator of the CCR unit has completed the inflow 
design flood control system plan when the plan has been placed in the facility’s operating record as 
required by §257.105(g)(4).                                                                                                                             

(2) Amendment of the Plan. The owner or operator of the CCR unit may amend the written inflow design 
flood control system plan at any time provided the revised plan is placed in the facility’s operating 
record as required by §257.105(g)(4). The owner or operator must amend the written inflow design 
flood control system plan whenever there is a change in conditions that would substantially affect the 
written plan in effect. 

(3) Timeframes for preparing the initial plan - 

(i) Existing CCR surface impoundments. The owner or operator must prepare the initial inflow design 
flood control system plan no later than October 17, 2016.  

(ii) New CCR surface impoundments and any lateral expansion of a CCR surface impoundment. The 
owner of operator must prepare the initial inflow design flood control system plan no later than the 
date of initial receipt of CCR in the CCR unit. 

(4) Frequency for revising the plan. The owner or operator must prepare periodic inflow design flood 
control system plans required by paragraph (c)(1) of this section every five years. The date of completing 
the initial plan is the basis for establishing the deadline to complete the first periodic plan. The owner or 
operator may complete any required plan prior to the required deadline provided the owner or operator 
places the completed plan into the facility’s operating record within a reasonable amount of time. In all 
cases, the deadline for completing a subsequent plan is based on the date of completing the previous 
plan. For purposes of this paragraph (c)(4), the owner or operator has completed an inflow design flood 
control system plan when the plan has been placed in the facility’s operating record as required by 
§257.105(g)(4). 

(5) The owner or operator must obtain a certification from a qualified engineer stating that the initial 
and periodic inflow design flood control system plans meet the requirements of this section.  

(d) The owner or operator of the CCR unit must comply with the record keeping requirements specified 
in §257.105(g), the notification requirements specified in §257.106(g), and the internet requirements 
specified in §257.107(g). 
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SITE INFORMATION 
Site Name / Address Four Corners Power Plant / 691 CR-6100, Fruitland, 

NM  85416 
Owner Name / Address Arizona Public Service / 400 North 5th Street, 

Phoenix, AZ  85004 
CCR Unit Lined Ash Impoundment (LAI) 
OVERVIEW 
The Lined Ash Impoundment (LAI) located at the Four Corners Power Plant (FCPP) is an existing 
jurisdictional dam structure/impoundment with a Significant Hazard classification. The contributing 
watershed to the LAI is limited to the surface area and direct precipitation associated with the 
impoundment. The LAI does not receive runoff from upstream tributary basins. The perimeter 
embankment of the LAI is raised above the natural ground surface on all sides, effectively precluding 
surface water run-on. The impoundment has been raised in a series of lifts with the most recent lift 
constructed to a minimum crest elevation of 5280 feet based on National Geodetic Vertical Datum 1929 
(NGVD29). 

This Inflow Design Flood Control System Plan describes the contributing flow rates, runoff volumes, and 
storage capacities estimated previously as during the initial and expansion design s for the LAI 
embankment. The Significant Hazard dam classification associated with the LAI requires accommodation 
of the 1000-year runoff volume per §257.82 of the Federal Register. The LAI provides sufficient storage 
volume to accommodate the Probable Maximum Precipitation (PMP) runoff volume of 123 acre-feet. 
This PMP event is based on a precipitation depth of 10.9 inches and exceeds the runoff volume 
associated with a 1,000 year flood event which would be based on a rainfall depth of less than 4 inches. 
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Exhibit 1 – Lined Ash Impoundment (LAI) at Four Corners Power Plant Facility 
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§257.82 (a)(1)(2)(3) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments 

(a) The owner or operator of an existing or new 
CCR surface impoundment or any lateral 
expansion of a CCR surface impoundment must 
design, construct, operate, and maintain an inflow 
design flood control system as specified in 
paragraphs (a)(1) and (2) of this section. 

 

(1) The inflow design flood control system must 
adequately manage flow into the CCR unit during 
and following the peak discharge of the inflow 
design flood specified in paragraph (a)(3) of this 
section. 

 

The LAI does not receive runoff from upstream 
tributary basins and will only receive the inflow 
from direct precipitation onto the 135.9 acre LAI 
surface area. 

The LAI has a significant hazard classification which 
requires accommodation of the 1,000-year flood 
event inflow runoff volume which is based on a 
precipitation depth of less than 4 inches. The 
runoff volume based on a Probable Maximum 
Precipitation (PMP) Event exceeds the runoff 
volume based on a 1,000 year flood event runoff 
volume since precipitation depths are 10.9 inches 
for the PMP flood event. The 72-hour PMP storm 
water runoff volume produced from the 135.9 
acre LAI watershed is estimated to be 123 acre-
feet as shown in Figure 1 of the Hydrology 
Analysis, Lined Ash Impoundment, Four Corners 
Power Plant, prepared by URS Corporation in 
October 2011 (URS 2011), attached as Appendix 1. 

The maximum operating water surface level is 
identified at elevation 5275.2 feet with storage 
volume for the PMP flood event provided above 
that. The LAI provides a storage volume above the 
maximum operating level of 401.33 acre-feet at to 
the embankment elevation of 5280 feet. The LAI 
accommodates the 123 acre-feet runoff volume in 
the impoundment above the maximum operating 
water surface elevation to elevation 5277.2 feet. A 
freeboard value of 2.8 feet is provided below the 
LAI embankment. The stage-storage relationship 
for the LAI is included as part of the Hydrology 
Analysis, Lined Ash Impoundment, Four Corners 
Power Plant (URS 2011). The LAI therefore meets 
the requirement to accommodate the 1,000 year 
inflow runoff volume. 
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(a) The owner or operator of an existing or new 
CCR surface impoundment or any lateral 
expansion of a CCR surface impoundment must 
design, construct, operate, and maintain an inflow 
design flood control system as specified in 
paragraphs (a)(1) and (2) of this section. 

(2) The inflow design flood control system must 
adequately manage flow from the CCR unit to 
collect and control the peak discharge resulting 
from the inflow design flood specified in paragraph 
(a)(3) of this section. 

The primary outlet spillway consists of a drop inlet 
tower located adjacent to the west side of the LAI. 
This drop inlet tower is a vertical, eight foot 
diameter, HDPE pipe with multiple drilled holes, to 
allow decant lateral inflow of water. The drop inlet 
drains into the Lined Decant Water Pond (LDWP) 
through a 16-inch HDPE pipe. The LAI has sufficient 
capacity to retain the 72-hour PMP runoff volume 
with 2.8 feet of residual freeboard, assuming that 
the drop inlet tower is clogged. The LDWP 
provides 517 acre-feet of storage volume, which 
accommodates the 72-hour PMP runoff volumes 
from the contributing watersheds to the LAI and 
LDWP of 123 and 50 acre-feet respectively (173 
acre feet total). The stage-storage relationship for 
the LAI and LDWP is included as part of the 
Hydrology Analysis, Lined Ash Impoundment, 
Four Corners Power Plant (URS 2011). 

Refer to response to (a)(1) for additional details 
regarding the Inflow Design Flood Control System 
Plan for the LAI. 

(a)(3) The inflow design flood is: 

(i) For a high hazard potential CCR surface 
impoundment, as determined under §257.73(a)(2) 
or §257.74(a)(2), the probable maximum flood; 

(ii) For a significant hazard potential CCR surface 
impoundment, as determined under §257.73(a)(2) 
or §257.74(a)(2) , the 1,000-year flood; 

(iii) For a low hazard potential CCR surface 
impoundment, as determined under §257.73(a)(2) 
or §257.74(a)(2), the 100-year flood; or 

(iv) For an incised CCR surface impoundment, the 
25-year flood. 

The hazard classification for the LAI is significant 
based on the Final Summary Report Structural 
Integrity Assessment, Lined Ash Impoundment, 
Four Corners Power Plant, prepared by AECOM in 
August 2016 (AECOM 2016).  
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§257.82 (b) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments 

(b) Discharge from the CCR unit must be handled 
in accordance with the surface water 
requirements under §257.3-3. 

The discharge is handled in accordance with the 
surface water requirements under §257.3-3. 
Water in the LAI decants to the LDWP where it is 
pumped to the plant to be used as process water. 

§257.82 (c)(1)(2)(3)(4)(5) Hydrologic and Hydraulic capacity requirements for CCR surface 
impoundments 
(c)(1) Content of the plan. The owner or operator 
must prepare initial and periodic inflow design 
flood control system plans for the CCR unit 
according to the timeframes specified in 
paragraphs (c)(3) and (4) of this section. These 
plans must document how the inflow design flood 
control system has been designed and constructed 
to meet the requirements of this section. Each 
plan must be supported by appropriate 
engineering calculations. The owner or operator of 
the CCR unit has completed the inflow design 
flood control system plan when the plan has been 
placed in the facility’s operating record as required 
by §257.105(g)(4). 

This Inflow Design Flood Control Plan serves as the 
initial plan prescribed herein. 

(c)(2) Amendment of the Plan. The owner or 
operator of the CCR unit may amend the written 
inflow design flood control system plan at any time 
provided the revised plan is placed in the facility’s 
operating record as required by §257.105(g)(4). 
The owner or operator must amend the written 
inflow design flood control system plan whenever 
there is a change in conditions that would 
substantially affect the written plan in effect.  

The owner or operator acknowledges and will 
comply with this requirement. 
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(c)(3) Timeframes for preparing the initial plan –  

(i) Existing CCR impoundments. The owner or 
operator must prepare the initial inflow design 
flood control system plan no later than October 
17, 2016.   

(ii) New CCR surface impoundments and any 
lateral expansion of a CCR surface impoundment. 
The owner or operator must prepare the initial 
inflow design flood control system plan no later 
than the date of initial receipt of CCR in the CCR 
Unit 

The LAI is an existing CCR impoundment at Four 
Corners Power Plant. The inflow design flood 
control system plan is included herein.   
 
The owner or operator acknowledges and will 
comply with this requirement.  

(c)(4) Frequency for revising the plan. The owner or 
operator must prepare periodic inflow design 
flood control system plans required by paragraph 
(c)(1) of this section every five years. The date of 
completing the initial plan is the basis for 
establishing the deadline to complete the first 
periodic plan. The owner or operator may 
complete any required plan prior to the required 
deadline provided the owner or operator places 
the completed plan into the facility’s operating 
record within a reasonable amount of time. In all 
cases, the deadline for completing a subsequent 
plan is based on the date of completing the 
previous plan. For purposes of this paragraph 
(c)(4), the owner or operator has completed an 
inflow design flood control system plan when the 
plan has been placed in the facility’s operating 
record as required by §257.105(g)(4). 

The owner or operator acknowledges and will 
comply with this requirement. 

(c)(5) The owner or operator must obtain a 
certification from a qualified professional engineer 
stating that the initial and periodic inflow design 
flood control system plans meet the requirements 
of this section. 

Certification by a professional engineer is included 
as an attachment to this document. 
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§257.82 (d) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments 
(d) The owner or operator of the CCR unit must 
comply with the recordkeeping requirements 
specified in §257.105(g), the notification 
requirements specified in §257.106(g), and the 
internet requirements specified in §257.107(g). 

The owner or operator acknowledges and will 
comply with this requirement. 

 
References 

AECOM, August 2016, Final Summary Report Structural Integrity Assessment, Lined Ash Impoundment, 
Four Corners Power Plant. 

URS Corporation, October 2011, Hydrology Analysis, Lined Ash Impoundment 5280 Lift, Four Corners 
Power Plant. 

U.S. Government, April 2015, Federal Register, Volume 80, Number 74, Rules and Regulations. 

  



Certification Statement 40 CFR § 257.82(c)(5) –Initial Inflow Design Flood Control System Plan for an 
Existing CCR Surface Impoundment 

CCR Unit: Arizona Public Service; Four Corners Power Plant; Lined Ash 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 information contained in the initial 
inflow design flood control system plan dated August, 31, 2016 meets the requirements of 40 CFR § 
257.82. 

________________________________ 

Printed Name 

________________________________ 

Date 

Alexander W. Gourlay, P.E.

August 31, 2016



   

 
 

APPENDIX 1 – HYDROLOGY ANALYSIS, LINED ASH IMPOUNDMENT 5280 LIFT,  
FOUR CORNERS POWER PLANT 
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Hydrology Analysis 

Lined Ash Impoundment 5280 Lift 

Four Corners Power Plant 

Arizona Public Service 

 

Problem Statement 
 

The purpose of this calculation is to determine the storage capacity and runoff volumes for the 

basins tributary to the Lined Ash Impoundment (LAI) 5280 Lift and the Lined Decant Water 

Pond (LDWP), as well as estimate the freeboard depth for the LAI and LDWP to contain the 

Probable Maximum Precipitation (PMP) at the Four Corners Power Plant (FCPP) in New 

Mexico, operated by Arizona Public Service (APS). In addition, this calculation will determine 

the required storage capacity and runoff volume for the North Toe area of the West 

Embankment. 

 

The footprint of the LAI is being increased with construction of the 5280 Lift. The watershed 

basin areas for the FCPP were revised as needed from the previously computed basins in the 

Lined Ash Impoundment 5270 Lift (URS 2010). These revisions are based on updated topography 

provided by APS and modifications to various basins resulting from the 5280 Lift construction. 

 

Required Deliverables 

 Storage capacity for applicable basins 

 Runoff volume for applicable basins 

 Freeboard elevation for basin impoundments upstream of the LAI and for the LDWP 

Data Available 

 Previously calculated PMP for the FCPP (URS 2003) 

 Previously delineated and calculated basin areas (URS 2010) 

 Wave Run-up Calculation and Freeboard Analysis for the Lined Decant Water Pond (URS 

2010) 

 5280 Lift alignment and proposed contours as designed by URS 

 2002, 2006, 2009, and 2010 topography of the FCPP provided by APS 

 Data based on the most current topography of the slope of the operating surface in the LAI 

ranges from 0.0% - 0.5% 
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Approach 

Probable Maximum Precipitation 

The 72-hour general storm Probable Maximum Precipitation (PMP) was calculated as 

10.9 inches in the URS 2003 report Freeboard Evaluation of Ash Pond 6 (URS, 2003). The 72-

hour PMP was calculated from these precipitation values following the stepped methodology 

from the Hydrometeorological Report No. 49 published by NOAA and the United States Army 

Corps of Engineers (NOAA 1973).  

Watershed Characteristics 

The previously computed watershed basins were revised based on the updated topography and 

the location of the LAI 5280 Lift alignment as shown in Figure 1. A summary of the revisions to 

the watershed basin areas is presented in Table 4. The relationships of the revised tributary 

basins to the fly ash ponds at the FCPP are shown below in Table 1.  

TABLE 1 

Relationship of Tributary Basins 

 
Tributary Relationship Basins 

Basins contained within the Existing LAI
 

I
 1
 

Basins contained within the Existing LDWP H 

Basins contained on the abandoned Ash Pond No. 3 P
 

Basins with individual containment on the perimeter of the fly ash ponds D and O 

Basins outside of the fly ash pond area A, B, and C 

Basins contained within the Existing Ash Pond No. 6 (Basin E) E 

Basins tributary to Ash Pond No. 6 (Basin E) F1, F2,G, and L4
2
 

Upstream impoundment in Basin K3-M1 K3-M1 and M2-L3
 

Upstream impoundment in Basin K1 K1, L1 and L2 

Upstream impoundment in Basin J J and K2 

Note: 1. Overflow from the LAI is directed to LDWP (Basin H) 

 2. Runoff from Basins F1, F2, G and L4 are directed to Ash Pond No. 6 (Basin E) 

Water will be impounded upstream of the LAI embankment with the 5280 Lift in Basins J, K1, 

and K3-M1, all of which contain the runoff volumes of other basins as shown in Table 1. The 

LDWP is assumed to contain the runoff volumes of the LDWP (Basin H) and the LAI (Basin I) 

during the PMP event. The basin areas were delineated and calculated in AutoCAD based on the 

most currently available topography provided by APS. The curve numbers used were 95 for the 

natural ground basins and 100 for ash containment areas including Basins E, H, I and P. These 

curve numbers correspond to those used in the Freeboard Evaluation of Ash Pond 6 (URS 2003). 
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Impoundments Upstream of the LAI - Storage Capacity and Runoff Volume 

Impoundments within Basins J, K1, and K3-M1 will impound storm water against the LAI 

embankment with the 5280 Lift. Although the lowest point on the proposed crest of the LAI is 

5,280 feet, the crest elevation of the LAI varies along Basins J, K1, and K3-M1 and ranges from 

5,283 to 5,292 feet. The storage capacities of the impoundment in Basins J, K1, and K3-M1 were 

estimated to be approximately 15.7, 175.0, and 42.6 acre-feet, respectively.  

The runoff volumes for the basins tributary to Basins J, K1, and K3-M1 were estimated for the 

72-hour PMP of 10.9 inches. The resulting runoff volumes and freeboard estimates for the 

impoundments within Basins J, K1, and K3-M1 are presented in Table 2. 

TABLE 2 

Impoundments Upstream of the LAI 

 

Basin 

Revised  

Tributary 

Area
1
      

(ac) 

Runoff 

Volume
1
    

(ac-ft) 

Storage 

Capacity  

(ac-ft) 

LAI Crest 

Elevation
2
  

(ft) 

Maximum 

Water 

Elevation 

(ft) 

Depth of 

Impounded 

Water in 

Basin (ft) 

External 

Freeboard  

(ft) 

J 9.0 8 15.7 5292 5288 22 4
 

K1 126.0 108 175.0 5285 5277 33 8 

K3-M1 37.9 33 42.6 5283 5277 14 6 

Note:  1 The Revised Tributary Areas and Runoff Volumes are representative of Basins J, K1, and K3-M1, in addition to their 

respective tributary basins.  
2 The LAI 5280 Lift is named primarily to the nominal height of the west embankment, but the embankment crest does 

vary along the alignment due to the slope of the existing grade and to contain the ash storage within the LAI at a 

0.5 percent slope to the southwest corner. 

Based on the estimated runoff volumes and storage capacities, the impoundments within 

Basins J, K1, and K3-M1 will impound water below the crest of the LAI and will not overtop 

during the PMP.  

The elevation-area-capacities (EAC) for the watershed basins, the LAI, and the LDWP are 

included in this calculation package on Tables 5 through 11. The EACs were developed based 

upon the interior contours for each basin or impoundment. AutoCAD was used to determine the 

surface area at each contour and summarized with an excel spreadsheet. The EAC for the LDWP 

was created based on data obtained from the dam owner’s certificate.  

The maximum storage elevation was determined to be the elevation that provided full 

containment without overflow to the LAI or adjacent basins. The Cumulative Storage number 

shown in bold represents the estimated total runoff volume to the identified basin. 
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North Toe – Storage Capacity and Runoff Volume 

As part of the 5280 Lift, a pre-load (North Toe Pre-load/Buttress) will be constructed at the north 

toe of the west embankment (North Toe area). The North Toe area is located in Basin P, which is 

also the abandoned Ash Pond 3.  The North Toe Buttress will reduce the existing storage 

capacity for the Basin P. An EAC was created for the revised Basin P, and the available storage 

capacity is estimated to be 46.4 acre-feet. The runoff volume for Basin P was calculated for the 

72-hour PMP event. Based on the estimated runoff volume, the maximum water surface 

elevation will be 5,206 feet, with a maximum depth of 4 feet.  The lowest point of the 

embankment surrounding Basin P is at an elevation of 5209 feet. Therefore, the resulting 

freeboard is 3 feet. 

LAI Freeboard Analysis 

The LAI is used for storage of hydraulically deposited solids and therefore has essentially two 

elevation-storage curves: solids (ash) storage and precipitation (water) storage. The 

impoundment ash surface of the LAI slopes to the southwest corner at approximately 0.5 percent 

or less. The EAC for the ash storage was developed based on historical data at the nominal crest 

elevations for each consecutive construction lift. Direct-precipitation will flow and be contained 

in the southwest corner of the LAI. For the purpose of comparison of available and required 

freeboard in the LAI resulting from the probable maximum flood (PMF), it is conservatively 

assumed that the decant tower may become blocked or otherwise damaged during a major storm 

event. Therefore, the freeboard analysis of the 5280 Lift of the LAI assumes that the full direct-

precipitation amount will impound in the southwest corner of the LAI without drainage to the 

LDWP during the event. 

Using the SCS Rainfall-Runoff method, the runoff volume for the LAI was estimated for the 

72-hour PMP of 10.9 inches. The required storage capacity to contain the PMF within the LAI 

was calculated to be 123 ac-ft. In order to stay consistent with past LAI lift designs, a residual 

freeboard of 2.8 feet will be used. A preliminary EAC curve was generated for the water storage 

capacity atop the maximum operating surface in the southwest corner of the LAI and was based 

on the existing topography, the 5280 Lift design, and the estimated water storage contours. The 

maximum operating surface was estimated assuming that the operating surface will continue to 

slope to the southwest corner at approximately 0.5 percent or less as ash. The preliminary EAC 

curve was used to estimate the depth needed to contain the PMF and the residual freeboard. The 

estimated maximum operating surface was then adjusted according to this depth, a final EAC 

curve was created, and the depth was verified. The storage depth required to contain the PMF in 

the LAI is 2.0 feet at its deepest point in the southwest corner, and the residual freeboard is 



 

P:\WRES\Arizona_Public_Service\23446085_APS_FCPP 5278 Ph2\5_0_Technical\5_1_Reports_Deliverables\Design Report\5280 Design Report Appendices\Appendix D 
Calculations\D.1 Hydrology Evaluation Calculation Package\Hydrology writeup.doc 

6 

2.8 feet. Therefore, the maximum operation level at the southwest corner is estimated to be 

5275.2 feet; the PMF will be stored within the LAI with a water surface elevation of 5277.2 feet; 

and the remaining 2.8 feet to the crest elevation is the residual freeboard, as shown in Figure 2. 

Wave generation within the LAI is not considered feasible due to a thick layer of cenospheric 

solids overlying the ponded water within the ash impoundment. The layer of solids shields the 

free water surface from wind and dissipates movement energy. Therefore, a wave runup analysis 

was not considered applicable to the LAI and is not included in this report. 

LDWP Freeboard Analysis 

The LDWP will need to contain inflow from the LAI, which is directly east of the LDWP. For 

the purpose of sizing the LDWP, it is conservatively assumed that the LAI will not store water 

and all inflow will report directly to the LDWP. The storage capacity required to contain the 

PMF within the LDWP was calculated to be approximately 173 ac-ft. This volume was divided 

by the surface area of the operating elevation of 5210 feet within the LDWP to determine the 

height required to store the total inflow.  

TABLE 3 

LDWP Freeboard 

 

Storage Volume required within the LDWP 173 ac-ft 

Surface Area at elevation 5210 ft 42.7 ac 

Depth required for PMP storage in LDWP 4.1 ft 

   

Depth required for wave run-up and setup
1
 2.0 ft 

   

Total Freeboard required 6.1 ft 

Maximum operating elevation 5209.9 ft 

Note:  1. The required depth for wave run-up and setup within the LDWP was calculated as 2.0 feet in the Lined 

Ash Impoundment 5270 Lift Report (URS, 2010). 

The maximum operating depth of the LDWP is determined from the sum of the wave run-up and 

setup plus the storage depth for the PMP, as calculated in Table 3. The required depth for wave 

run-up and setup within the LDWP was calculated as 2.0 feet in the report Lined Ash 

Impoundment 5270 Lift (URS 2010). The PMP storage required in the LDWP is 4.1 feet. 

Therefore, the maximum operating depth for the LDWP at the FCPP is 6.1 feet below the crest 

elevation of 5216.0 feet, or a maximum operating elevation of 5209.9 feet. 
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Results 

Impoundments within Basin J, K1, and K3-M1 will impound storm water against the LAI 

embankment with the 5280 Lift.  Based on the estimated runoff volumes and storage capacities, 

the impoundments within Basins J, K1, and K3-M1 will impound water below the crest of the 

LAI and will not overtop during the PMP.  

The available storage capacity within Basin P will be reduced due to the construction of the 

North Toe Buttress. Based on the estimated runoff volume and the revised storage capacity, the 

impoundment within Basin P will impound water below the crest of the abandoned Ash Pond 3 

and will not overtop during the PMP event.  

The storage capacity required to contain the PMP within the LAI was calculated to be 

approximately 123 ac-ft. The PMP can be stored within the LAI up to approximately 5277.2 feet. 

This will yield a residual freeboard during the PMF of 2.8 feet.  

The storage capacity required to contain the PMP within the LDWP was calculated to be 

approximately 173 ac-ft. The required depth for wave run-up and setup within the LDWP is 

2.0 feet, and the PMP storage required in the LDWP is 4.1 feet. Therefore, the maximum 

operating depth for the LDWP at the Four Corners Power Plant is 6.1 feet below the crest 

elevation of 5216.0 feet, or a maximum operating elevation of 5209.9 feet. An electronic version 

of this calculation is included in the compact disc included in Appendix D.9. 

Figures 

Figure 1: Watershed Areas, Four Corners Power Plant 
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Table 4
Four Corners Power Plant
Arizona Public Service

Watershed Basin Summary

8

Previous Revised Runoff Storage
Watershed ID Area (sf) Area (sf) Area (acre) Volume (ac-ft) Capacity (ac-ft) Comments

A 4,007,494 4,007,508 92.0 79 - No significant change
B 1,396,203 1,395,957 32.0 27 - No significant change
C 13,499,229 13,499,229 309.9 266 - No significant change
D 655,303 655,584 15.1 13 - No significant change

E 6,218,091 6,166,461 141.6 129 N/A Reduced due to an increase in I  (contains F1, 
F2, G, and L4)

F1 1,223,522 1,223,505 28.1 24 - No significant change
F2 417,876 417,876 9.6 8 - No significant change
G 763,217 730,355 16.8 14 - Reduced due to an increase in I 

H 2,090,796 2,412,896 55.4 50 517.0 Increased to include basin Q (contains H and I)

I 5,685,306 5,921,262 135.9 123 294.9 Increased due to crest height and alignment
J 215,475 215,475 4.9 4 15.7 No significant change (contains J and K2)

K1 1,942,424 2,536,856 58.2 50 175.0 Increased to include a portion of L1 and L3 
(contains K1,L1, andL2)

K2 177,730 177,730 4.1 3 - No significant change
K3 133,516 0 0.0 0 - Absorbed into basin K3-M1

K3-M1 - 391,626 9.0 8 42.6 New basin due to construction of runaway truck 
ramp (contains K3-M1 and M2-L3)

L1 1,414,365 719,946 16.5 14 - Reduced by splitting out L4
L2 2,099,602 2,232,504 51.3 44 - Increased to include a portion of L3
L3 805,404 0 0.0 0 - Absorbed into basins K1, L2, and M2-L3
L4 376,799 376,799 8.7 7 - No significant change
M1 233,317 0 0.0 0 - Absorbed into basin K3-M1
M2 626,667 0 0.0 0 - Absorbed into basin M2-L3

M2-L3 - 1,260,622 28.9 25 - New basin due to construction of haul road
O 260,527 254,316 5.8 5 - Reduced due to an increase in I 

P 950,434 882,673 20.3 18 46.4
Watershed area reduced due to an increase in 
I.  Storage capacity reduced do to North Toe 
Pre-load construction.

Q 357,717 0 0.0 0 - Basin Q was absorbed into basin H

Notes:
1. A curve number of 95 was used for all areas, with the exception of the impoundments on site where a curve number of 100 was used.
2. The PMF was calculated at 10.9 inches from the 2003 Ash Pond 6 Freeboard Analysis (URS, 2003).
3. The original basins and corresponding areas were taken from the 5270 Lift Design Report (URS, 2010).
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Table 5
Four Corners Power Plant
Arizona Public Service

Elevation Area Capacity Curve

9

Reservoir 
Elevation

Surface Area
Total        

Surface Area
Average 

Surface Area
Elevation 
Difference

Reservoir 
Storage

Cumulative Storage

(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5266 18.59 0.00 0.00 0.00 0.00 0.00
5267 78.8 0.00 0.00 1.00 0.00 0.00
5268 173.83 0.00 0.00 1.00 0.00 0.00
5269 288.02 0.01 0.01 1.00 0.01 0.01
5270 460.06 0.01 0.01 1.00 0.01 0.02
5271 626.34 0.01 0.01 1.00 0.01 0.03
5272 1728.13 0.04 0.03 1.00 0.03 0.06
5273 2550.67 0.06 0.05 1.00 0.05 0.11
5274 4476.70 0.10 0.08 1.00 0.08 0.19
5275 5659.80 0.13 0.12 1.00 0.12 0.30
5276 6899.68 0.16 0.14 1.00 0.14 0.45
5277 10530.97 0.24 0.20 1.00 0.20 0.65
5278 14434.99 0.33 0.29 1.00 0.29 0.93
5279 18105.23 0.42 0.37 1.00 0.37 1.31
5280 21587.58 0.50 0.46 1.00 0.46 1.76
5281 24984.55 0.57 0.53 1.00 0.53 2.30
5282 28595.91 0.66 0.62 1.00 0.62 2.91
5283 31916.29 0.73 0.69 1.00 0.69 3.61
5284 35346.83 0.81 0.77 1.00 0.77 4.38
5285 38724.05 0.89 0.85 1.00 0.85 5.23
5286 42231.16 0.97 0.93 1.00 0.93 6.16
5287 46021.43 1.06 1.01 1.00 1.01 7.17
5288 50605.97 1.16 1.11 1.00 1.11 8.28
5289 58237.81 1.34 1.25 1.00 1.25 9.53
5290 71135.96 1.63 1.49 1.00 1.49 11.02
5291 99258.85 2.28 1.96 1.00 1.96 12.97
5292 142033.74 3.26 2.77 1.00 2.77 15.74

Basin J

0.000.501.001.502.002.503.003.504.00

5260
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5275
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Surface Area (AC)

El
ev

at
io

n 
(F

T)

Capacity (AC-FT)
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Elevation-Area-Capacity
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Table 6
Four Corners Power Plant
Arizona Public Service

Elevation Area Capacity Curve
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Reservoir 
Elevation

 Surface Area 
Total         

Surface Area
Average 

Surface Area
Elevation 
Difference

Reservoir 
Storage

Cumulative 
Storage

(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5244 4,207 0.10 0.00 0.00 0.00 0.00
5245 5,449 0.13 0.11 1.00 0.11 0.11
5246 7,738 0.18 0.15 1.00 0.15 0.26
5247 9,478 0.22 0.20 1.00 0.20 0.46
5248 14,955 0.34 0.28 1.00 0.28 0.74
5249 40,941 0.94 0.64 1.00 0.64 1.38
5250 60,222 1.38 1.16 1.00 1.16 2.54
5251 70,994 1.63 1.51 1.00 1.51 4.05
5252 83,583 1.92 1.77 1.00 1.77 5.82
5253 96,163 2.21 2.06 1.00 2.06 7.89
5254 105,499 2.42 2.31 1.00 2.31 10.20
5255 113,469 2.60 2.51 1.00 2.51 12.71
5256 119,282 2.74 2.67 1.00 2.67 15.39
5257 124,411 2.86 2.80 1.00 2.80 18.18
5258 129,536 2.97 2.91 1.00 2.91 21.10
5259 135,438 3.11 3.04 1.00 3.04 24.14
5260 142,094 3.26 3.19 1.00 3.19 27.33
5261 149,888 3.44 3.35 1.00 3.35 30.68
5262 159,259 3.66 3.55 1.00 3.55 34.23
5263 169,296 3.89 3.77 1.00 3.77 38.00
5264 180,489 4.14 4.01 1.00 4.01 42.01
5265 194,343 4.46 4.30 1.00 4.30 46.31
5266 204,262 4.69 4.58 1.00 4.58 50.89
5267 211,022 4.84 4.77 1.00 4.77 55.66
5268 218,573 5.02 4.93 1.00 4.93 60.59
5269 226,032 5.19 5.10 1.00 5.10 65.69
5270 233,525 5.36 5.27 1.00 5.27 70.97
5271 241,670 5.55 5.45 1.00 5.45 76.42
5272 250,535 5.75 5.65 1.00 5.65 82.07
5273 259,693 5.96 5.86 1.00 5.86 87.93
5274 268,877 6.17 6.07 1.00 6.07 93.99
5275 277,834 6.38 6.28 1.00 6.28 100.27
5276 286,887 6.59 6.48 1.00 6.48 106.75
5277 295,967 6.79 6.69 1.00 6.69 113.44
5278 305,481 7.01 6.90 1.00 6.90 120.35
5279 315,582 7.24 7.13 1.00 7.13 127.47
5280 326,020 7.48 7.36 1.00 7.36 134.84
5281 336,161 7.72 7.60 1.00 7.60 142.44
5282 345,754 7.94 7.83 1.00 7.83 150.27
5283 355,088 8.15 8.04 1.00 8.04 158.31
5284 364,210 8.36 8.26 1.00 8.26 166.57
5285 373,034 8.56 8.46 1.00 8.46 175.03

Basin K1

0.001.002.003.004.005.006.007.008.009.00
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Table 7
Four Corners Power Plant
Arizona Public Service

Elevation Area Capacity Curve
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Reservoir 
Elevation

 Surface Area 
Total         

Surface Area
Average 

Surface Area
Elevation 
Difference

Reservoir 
Storage

Cumulative 
Storage

(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5263 5,623 0.13 0.00 0.00 0.00 0.00
5264 37,545 0.86 0.50 1.00 0.50 0.50
5265 58,399 1.34 1.10 1.00 1.10 1.60
5266 79,266 1.82 1.58 1.00 1.58 3.18
5267 89,804 2.06 1.94 1.00 1.94 5.12
5268 98,620 2.26 2.16 1.00 2.16 7.28
5269 106,262 2.44 2.35 1.00 2.35 9.63
5270 114,117 2.62 2.53 1.00 2.53 12.16
5271 122,025 2.80 2.71 1.00 2.71 14.87
5272 129,575 2.97 2.89 1.00 2.89 17.76
5273 136,949 3.14 3.06 1.00 3.06 20.82
5274 144,352 3.31 3.23 1.00 3.23 24.05
5275 151,602 3.48 3.40 1.00 3.40 27.45
5276 158,530 3.64 3.56 1.00 3.56 31.01
5277 165,465 3.80 3.72 1.00 3.72 34.72
5278 172,473 3.96 3.88 1.00 3.88 38.60
5279 179,424 4.12 4.04 1.00 4.04 42.64

Basin K3-M1

0.000.501.001.502.002.503.003.504.004.50
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Table 8
Four Corners Power Plant
Arizona Public Service

Elevation Area Capacity Curve
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Reservoir 
Elevation

 Surface Area 
Total         

Surface Area
Average 

Surface Area
Elevation 
Difference

Reservoir 
Storage

Cumulative 
Storage

(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5202 79,995 1.84 0.00 0.00 0.00 0.00
5203 167,509 3.85 2.84 1.00 2.84 2.84
5204 285,501 6.55 5.20 1.00 5.20 8.04
5205 295,510 6.78 6.67 1.00 6.67 14.71
5206 331,303 7.61 7.19 1.00 7.19 21.90
5207 347,188 7.97 7.79 1.00 7.79 29.69
5208 363,347 8.34 8.16 1.00 8.16 37.85
5209 380,157 8.73 8.53 1.00 8.53 46.38

Basin P

0.002.004.006.008.0010.00
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Table 9
Four Corners Power Plant
Arizona Public Service

Elevation Area Capacity Curve
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Reservoir Elevation
Total           

Surface Area
Cumulative 

Storage
(ft) (acre) (acre-ft)

5206 40 120
5213.2 45 435
5216 46 517

* From Dam Owner's Certificate

LDWP* (Basin H)

394041424344454647
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Table 10
Four Corners Power Plant
Arizona Public Service
Elevation-Area-Capacity
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Reservoir 
Elevation

Surface 
Area

Total     
Surface 

Area

Average 
Surface 

Area

Elevation 
Difference

Reservoir 
Storage

Cumulative 
Storage

(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5275.2 1,823,036 41.85 0.00 0.00 0.00 0.00
5276.2 2,683,394 61.60 51.73 1.00 51.73 51.73
5277.2 3,551,384 81.53 71.57 1.00 71.57 123.29
5278.2 4,250,569 97.58 89.55 1.00 89.55 212.85
5279.2 4,600,234 105.61 101.59 1.00 101.59 314.44
5280.0 4,862,684 111.63 108.62 0.80 86.90 401.33

LAI (Basin I) - Water Storage

0.0020.0040.0060.0080.00100.00120.00140.00
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Table 11
Four Corners Power Plant
Arizona Public Service
Elevation-Area-Capacity
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Reservoir 
Elevation Surface Area Total         

Surface Area
Elevation 
Difference

Cumulative 
Storage

(ft) (sf) (acre) (ft) (acre-ft)
5208 87,120 2.00 0.00 2.00
5228 3,092,760 71.00 20.00 969.00
5248 3,571,920 82.00 20.00 2,530.00
5258 3,746,160 86.00 10.00 3,456.00
5270 5,418,090 124.38 12.00 4,718.29
5280 5,626,367 129.16 10.00 5,986.02

Note: Ash Storage data for the LAI provided by APS.

LAI (Basin I) Ash Storage

0.0025.0050.0075.00100.00125.00150.00
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Table 12
Four Corners Power Plant
Arizona Public Service

Basin Hydrology Summary

16

Basin J
Storage capacity (ac-ft) 15.7
Runoff Volume from contributing basins (ac-ft) 7 
Maximum Depth of water, elevation 5,288 22
Freeboard (ft) - (to the crest of the LAI) 4
Basin K1
Storage capacity (ac-ft) 175.0
Runoff Volume from contributing basins (ac-ft) 108 
Maximum Depth of water, elevation 5,277 33
Freeboard (ft) - (to the crest of the LAI) 8
Basin K3-M1
Storage capacity (ac-ft) 42.6
Runoff Volume from contributing basins (ac-ft) 33 
Maximum Depth of water, elevation 5,277 14
Freeboard (ft) - (to the crest of the LAI) 6
Basin P
Storage capacity (ac-ft) 19.6
Runoff Volume from contributing basins (ac-ft) 18 
Maximum Depth of water, elevation 5,206 4
Freeboard (ft) - (to the top of the Ash Pond 3 embankment) 3

Lined Ash Impoundment (Basin I)A

Runoff Volume from contributing basins (ac-ft) B 123 
Maximum Depth of water, elevation 5,277.2 2
Freeboard (ft) 1.8
Lined Decant Water Pond (Basin H)
Runoff Volume from contributing basins (ac-ft) C 173 

Maximum Depth of water, elevation 5,210.2D 8
Freeboard (ft) See Note E
Notes:

E.     Freeboard is to be calculated based on previously calculated PMP and wave run-up.

A.     The storage volume in the LAI begins at elevation 5277 feet to account for the assumed existing ash elevation.
B.     Freeboard estimate for the LAI is estimated for the PMP event only.
C.     Estimates of runoff volume for Basin H assumes that it includes Basins H and I
D.     Maximum Depth of water in LDWP is assumed to be 8 feet.
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