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1. Introduction 
This periodic update to the Run-On and Run-Off Control System Plan for the Bottom Ash 
Monofill at Cholla 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 § 257.81(c)(4) that “(t)he owner or operator of the CCR unit must 
prepare periodic run-on and run-off control system plans required by paragraph (c)(1) of this 
section every five years.” 

2. Methodology 
The methodology used to prepare this 2021 Update and Recertification of the Run-on and Run-
off Control System Plan for the Bottom Ash Monofill at the Cholla Power Plant is for the 
certifying Qualified Professional Engineer (QPE) to: 

1. Perform a documented review of the 5 years of annual inspection reports since 2016; 
2. Perform a documented review of each major component of the contributing technical 

information from: 
a. AECOM, 2016. Cholla Power Plant, Bottom Ash Monofill, Run-on and Run-off Control 

System Plan, CH_RunOO_001_20161017, October 17, 2016 (hereafter referred to as 
the “2016 Plan” and incorporated and referenced directly as Attachment A to this 
document). 

3. Consider and document whether the 2016 Plan and its conclusions: 
a. Meet the current reporting requirements of the Rule;  
b. Reflect the current condition of the structure, as known to the QPE and documented in 

the annual inspections; 
c. Are compromised by any identified issues of concern; and  
d. Are consistent with the standard of care of professionals performing similar evaluations 

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

completed in order to complete this 2021 Recertification. 
This report 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. 2017–2021 Annual Inspection Reports 
Information relevant to the current adequacy and performance of the run-on and run-off control 
system were reviewed. No issues were identified during the review that would affect the 
performance of the system and its compliance, as described in the 2016 Plan, with the 
requirements of 40 CFR § 257.81(c)(5).  

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

4.2 “§257.81 (a)(1)(2) Run-on and Run-off Controls for CCR 
Landfills” 

The 2016 Plan presents the details of a control system to capture and convey the 24-hour, 100-
year off-site, run-on design storm event. The design storm exceeds the minimum (24-hour, 25-
year) event required by §257.81 (a)(1). 

The review addressed the suitability of the hydrologic basis used for the 2016 Plan. The 
methods used to estimate the rainfall and losses were based on the Arizona Department of 
Transportation Highway Drainage Design Manual published 1993. A newer manual was 
released in 2007 that is similar to the original manual. In this application, the 1993 Manual is 
assessed to be conservative in that it did not account for a reduction in the C-value for smaller 
return events (such as the 25-year). 

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

4.3 “§257.81 (b) Run-on and run-off controls for CCR landfills” 
The 2016 Plan presents the details of a control system to capture, convey, and store the 24-
hour, 25-year on-site, run-off design storm event as required by §257.81 (a)(2). As described in 
the 2016 Plan, there will be no discharge from the on-site retention basin.  

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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4.4 “§257.81 (c)(1)(2)(3)(4)(5) Run-on and run-off controls for 
CCR landfills” 

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

A certification of this Periodic Run-On and Run-Off Control Plan by a QPE is included in this 
document per the requirement of §257.81 (c)(5). 

4.5 “§257.81 (d) Run-on and run-off controls for CCR landfills” 
The owner or operator continues to acknowledge and will comply with these requirements. 

5. Recommended Additional Technical Investigations or 
Evaluations 

None identified and none recommended. 

6. Conclusion 
The 2016 Plan 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 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 Run-on And Run-off Control System Plan presented in this document 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 
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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 § 257.81(c)(5) – Periodic Run-on and Run-Off Control 
System Plan for an Existing CCR Landfill 

• CCR Unit: Arizona Public Service; Cholla Power Plant; Bottom Ash Monofill 
I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State 
of Arizona, 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 Run-On and Run-Off Control System Plan dated October 2021, 
including the technical content in Attachment A, meets the requirements of 40 CFR § 257.81.  

 

Alexander W. Gourlay, P.E.  
Printed Name 

October 11, 2021 
Date 
 
 
 

 
 
Attachment A:  

AECOM, 2016. Cholla Power Plant, Bottom Ash Monofill, Run-on and Run-off Control 
System Plan, CH_RunOO_001_20161017, October 17, 2016. 
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CHOLLA POWER PLANT 
BOTTOM ASH MONOFILL 

RUN-ON AND RUN-OFF CONTROL SYSTEM PLAN 
CH_RunOO_001_20161017 

 
This Run-on and Run-off Control System Plan (Plan) document has been prepared specifically for the 

Bottom Ash Monofill (BAM) at the Cholla Power Plant in accordance with our understanding of the 

requirements prescribed in §257.81(3)(i) of the Federal Register, Volume 80, Number 74, dated April 17, 

2015 (U. S. Government, 2015) for run-on and run-off controls associated with existing Coal Combustion 

Residual (CCR) landfills. Section §257.81 from the Federal Register is reproduced below for reference 

purposes. This document serves as the initial run-on and run-off control system plan described in 

§257.81(3)(i). 

The BAM is an existing CCR landfill facility. The location of the BAM is illustrated on Exhibit 1. 
Calculations prepared previously in support of the facility operation have been referenced and 
reproduced herein to address the requirements listed. 

§257.81 Run-on and run-off controls for CCR landfills 

(a) The owner or operator of an existing or new CCR landfill or any lateral expansion of a CCR landfill 
must design, construct, operate, and maintain: 

(1) A run-on control system to prevent flow onto the active portion of the CCR unit during the peak 
discharge from a 24-hour, 25-year storm; and  

(2) A run-off control system from the active portion of the CCR unit to collect and control at least the 
water volume resulting from a 24-hour, 25-year storm. 

(b) Run-off from the active portion of the CCR unit must be handled in accordance with the surface 
water requirements under §257.3-3. 

(c) Run-on and run-off control system plan –  

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

(2) Amendment of the plan. The owner or operator may amend the written run-on and run-off control 
system plan at any time provided the revised plan is placed in the facility’s operating record as required 
by §257.105(g)(3). The owner or operator must amend the written run-on and run-off 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 –  
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(i) Existing CCR landfills. The owner or operator of the CCR unit must prepare the initial run-on and run-
off control system plan no later than October 17, 2016.  

(ii) New CCR landfills and any lateral expansion of a CCR landfill. The owner or operator must prepare 
the initial run-on and run-off 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 of the CCR unit must prepare periodic run-on 
and run-off 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 subsequent 
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 a periodic run-on and run-off control system plan when the plan has been placed in the 
facility’s operating record as required by §257.105(g)(3). 

(5) The owner or operator must obtain a certification from a qualified professional engineer stating that 
the initial and periodic run-on and run-off 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). 

 

 

SITE INFORMATION 
Site Name / Address Cholla Power Plant / 4801 Frontage Road, Joseph 

City, AZ  86032 
Owner Name / Address Arizona Public Service / 400 North 5th Street, 

Phoenix, AZ  85004 
CCR Unit Bottom Ash Monofill (BAM)  
OVERVIEW 
 
The Bottom Ash Monofill (BAM) located at the Cholla Power Plant is an existing CCR landfill. 
Construction of the BAM began in the late 1990s. An offsite flow channel system that intercepts and 
conveys offsite storm water from a 98-acre contributing watershed with outfall to the south is located 
immediately upstream of the BAM.  

This run-on / run-off control plan describes the existing controls that preclude run-on of offsite storm 
flows from the landfill and the run-off of onsite storm flows from the landfill. Run-on / run-off control 
systems that prevent flow onto and from active CCR units from a 24-hour, 25-year storm are required. 
An existing diversion channel located on the perimeter of the BAM was designed and constructed to 
collect and convey contributing offsite flows in order to fulfill this requirement. 
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Exhibit 1 – Bottom Ash Monofill (BAM) at Cholla Power Plant Facility 



  4 

§257.81 (a)(1)(2) Run-on and run-off controls for CCR landfills 
(a) The owner or operator of an existing or new 
CCR landfill or any lateral expansion of a CCR 
landfill must design, construct, operate, and 
maintain: 

(1) A run-on control system to prevent flow onto 
the active portion of the CCR unit during the peak 
discharge from a 24-hour, 25-year storm; 

An offsite flow collection system is constructed on 
the upstream perimeter of the BAM. This system 
captures and conveys the 24-hour, 100-year offsite 
/ run-on flows produced by the 98-acre offsite 
watershed around the project site and toward one 
of three historic discharge points. The historic 
outfall discharge points have been maintained 
with the use of undersized culverts placed within 
the offsite flow channel that allow excess flow to 
overtop the channel at historic discharge points as 
shown on the Cholla Generating Station, Ash 
Monofill APP Plan (URS 2009 A). This 100-year 
storm magnitude design exceeds the 24-hour, 25-
year requirement shown in §257.81(a)(1). The 
Cholla Generating Station, Ash Monofill APP Plan 
is included in Appendix 1. 

Estimates of the 24-hour, 100-year run-on peak 
flows captured and conveyed within the perimeter 
channel system are based on the Cholla Power 
Plant, Ash Monofill Drainage Study, Preliminary 
Drainage Report (URS 2009 B). The 24-hour, 100-
year offsite peak flows were estimated with the 
use of the rational method of hydrology for three 
offsite drainage areas identified below: 

 OFF1: 23.8 cfs 
 OFF2: 50.7 cfs 
 OFF3: 60.9 cfs 

 
These 24-hour, 100-year run-on peak flows to the 
BAM Site are intercepted and conveyed in a 
trapezoidal channel system characterized by seven 
sections. The sections include a 10-foot bottom 
width, 2.5H: 1V side slopes, maximum channel 
depth of 5 feet, longitudinal slope ranging from 
0.5% to 1.04%, and riprap erosion protection 
lining. The trapezoidal channel segment design 
and conveyance characteristics by Channel Section 
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include the following: 

 Peak Flows: 
o Channel Section 1: 25 cfs 
o Channel Section 2: 80 cfs 
o Channel Section 3: 140 cfs 
o Channel Section 4: 150 cfs 
o Channel Section 5: 80 cfs 
o Channel Section 6: 80 cfs 
o Channel Section 7: 25 cfs 

 Longitudinal Slope:  
o Channel Section 1: 0.0089 ft/ft  
o Channel Section 2: 0.0104 ft/ft 
o Channel Section 3: 0.0050 ft/ft 
o Channel Section 4: 0.0100 ft/ft 
o Channel Section 5: 0.0100 ft/ft 
o Channel Section 6: 0.0100 ft/ft  
o Channel Section 7: 0.0050 ft/ft 

 Normal Depth: 
o Channel Section 1: 0.73 feet 
o Channel Section 2: 1.35 feet 
o Channel Section 3: 2.22 feet 
o Channel Section 4: 1.91 feet 
o Channel Section 5: 1.36 feet 
o Channel Section 6: 1.36 feet 
o Channel Section 7: 0.86 feet 

 
The normal depth calculations for the offsite flow 
channel system, developed as part of the  Cholla 
Power Plant, Ash Monofill Drainage Study, 
Preliminary Drainage Report (URS 2009 B) are 
included in Appendix 2. 

 (a) The owner or operator of an existing or new 
CCR landfill or any lateral expansion of a CCR 
landfill must design, construct, operate, and 
maintain: 

(2) A run-off control system from the active 
portion of the CCR unit to collect and control at 

An existing onsite storage basin located at the 
BAM landfill facility is designed to collect the 
onsite runoff volume generated by a 25-year, 24-
hour storm which is estimated to be 5.2 acre-feet.  

The BAM yields a total 25-year, 24-hour storm 
water runoff volume of 5.23 acre-feet from the 
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least the water volume resulting from a 24-hour, 
25-year storm. 

onsite portion of the BAM based on the following 
parameters: 

 Surface Area: 47.2 acres 
 Runoff Coefficient: 0.60 
 25-year, 24-hour Precipitation Depth: 2.22 

inches 
 
The Cholla Power Plant, Ash Monofill Drainage 
Study, Preliminary Drainage Report, dated 
February 2009 indicates that the onsite storm 
water storage basin adjacent to the BAM provides 
a volume of 8.3 acre-feet at a depth of 12-feet and 
a surface area of 1.04 acres. This exceeds the 25-
year, 24-hour storm water runoff volume of 5.23 
acre-feet. The additional volume provided may 
accommodate sediment in addition to surface 
water resulting from dust control activities and 
compaction efforts. 

The storm water runoff and storage volume 
capacity calculations are included in Appendix 2.  

§257.81 (b) Run-on and run-off controls for CCR landfills 
(b) Run-off from the active portion of the CCR unit 
must be handled in accordance with the surface 
water requirements under §257.3-3. 

Onsite 25-year, 24-hour storm water runoff 
produced from the BAM Site is accommodated by 
a storm water storage basin contiguous to the 
BAM and does not discharge into waters of the 
United States.    

§257.81 (c)(1)(2)(3)(4)(5) Run-on and run-off controls for CCR landfills 
(c)(1) Content of the plan. The owner or operator 
must prepare initial and periodic run-on and run-
off 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 run-on and run-off control 
systems have been designed and constructed to 
meet the applicable requirements of this section. 
Each plan must be supported by appropriate 

This Run-on and Run-off Control System Plan 
serves as the initial plan prescribed herein.  
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engineering calculations. The owner or operator 
has completed the initial run-on and run-off 
control system plan when the plan has been 
placed in the facility’s operating record as required 
by §257.105(g)(3).  

(c)(2) Amendment of the Plan. The owner or 
operator may amend the written run-on and run-
off control system plan at any time provided the 
revised plan is placed in the facility’s operating 
record as required by §257.105(g)(3). The owner 
or operator must amend the written run-on and 
run-off 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. 

(c)(3) Timeframes for preparing the initial plan –  

(i) Existing CCR landfills. The owner or operator of 
the CCR unit must prepare the initial run-on and 
run-off control system plan no later than October 
17, 2016.   

(ii) New CCR landfills and any lateral expansion of a 
CCR landfill. The owner or operator must prepare 
the initial run-on and run-off control system plan 
no later than the date of initial receipt of CCR in 
the CCR Unit 

The BAM is an existing CCR landfill at Cholla Power 
Plant. The run-on and run-off control system plan 
is described and included herein.   

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

(c)(4) Frequency for revising the plan. The owner or 
operator of the CCR unit must prepare periodic 
run-on and run-off 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 
subsequent 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 

The owner or operator acknowledges and will 
comply with this requirement. 
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plan is based on the date of completing the 
previous plan. For purposes of this paragraph 
(c)(4), the owner or operator has completed a 
periodic run-on and run-off control system plan 
when the plan has been placed in the facility’s 
operating record as required by §257.105(g)(3). 
 
(c)(5) The owner or operator must obtain a 
certification from a qualified professional engineer 
stating that the initial and periodic run-on and run-
off control system plans meet the requirements of 
this section. 
 

Certification by a professional engineer is included 
as an attachment to this document. 

§257.81 (d) Run-on and run-off controls for CCR landfills 
(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. 
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Certification Statement 40 CFR § 257.81(c)(5) – Initial Run-on and Run-Off Control System Plan for an 
Existing CCR Landfill  

CCR Unit:  Arizona Public Service; Cholla Power Plant; Bottom Ash Monofill 

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State of 
Arizona, 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 
run-on and run-off control system plan dated August, 31, 2016 meets the requirements of 40 CFR § 
257.81. 

________________________________ 

Printed Name 

________________________________ 

Date 

Alexander W. Gourlay, P.E.

 August 31, 2016
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APPENDIX 2 - CHOLLA POWER PLANT, ASH MONOFILL DRAINAGE STUDY, PRELIMINARY DRAINAGE 
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ASH MONOFILL DRAINAGE STUDY 
PRELIMINARY DRAINAGE REPORT   

Prepared for 
NAVAJO COUNTY   

URS Job No. 23445548 
February 2009 
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Cholla Power Plant - Ash Monofill 

Drainage Study 

Preliminary Drainage Report    

Prepared for: 

Navajo County    

This report is based on data, site conditions and other information that are generally 

applicable as of 2009, and the conclusions and recommendations herein are therefore 

applicable only to that period.  

This report is preliminary and is not to be used as the sole basis for final design or for 

construction or as a basis for major capital decisions. Further analysis of the study area 

should be performed prior to any designs or decisions.  
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1.0 INTRODUCTION 

This drainage report presents the hydrologic and hydraulic analysis completed for the proposed 

expansion to the Cholla Generating Station Ash Monofill for the Arizona Public Service (APS).  

This report will be included as a portion of the revised Aquifer Protection Permit that will be 

submitted to the Arizona Department of Environmental Quality (ADEQ).   The purpose of this 

analysis was to calculate the pre-development and post-development flows to ensure the 

proposed design would not increase historic flow amounts and discharge points. 

1.1 SITE LOCATION AND DESCRIPTION 

The Ash Monofill area is in eastern Arizona located on the Arizona Public Service (APS) Cholla 

Generating Station property, approximately 2.5 miles east of the town of Joseph City, Arizona, 

as shown in Figure 1. The site covers approximately 50 acres and is north of Interstate 40. The 

study area encompasses all of the off-site drainage areas for the proposed Ash Monofill, which 

covers approximately 100 acres.   

2.0 FEDERAL EMERGENCY MANAGEMENT AGENCY  
FLOODPLAIN CLASSIFICATION 

The project site is located in the flood hazard area represented by Zone X of the National Flood 

Insurance Program, based on Flood Insurance Rate Map Number 04017C3308E and 

04017C3310E, revised September 26, 2008 (see Figure 3). The Zone X classification indicates 

the following: 

Areas of 0.2% annual chance flood; areas of 1% annual chance 

flood with average depths of less than 1-foot with drainage area 

less than one square mile.  

3.0 HYDROLOGY 

3.1 METHODOLOGY 

The hydrologic analysis for the Ash Monofill site was computed using the Rational Method 

based on the Arizona Department of Transportation Highway Drainage Design Manual, 

Hydrology (ADOT Drainage Manual) (ADOT 1993).  This methodology can be used to estimate 

peak discharges and runoff volumes for small, uniform drainage areas that are less than 160 acres 
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in size.  The largest existing or developed drainage basin for this proposed expansion project is 

approximately 60 acres, which is much less than the 160 acre maximum threshold.  The peak 

discharges and runoff volumes were used to design the offsite and onsite collection system.  The 

topographic and soil data information were collected to assist in the analysis. 

3.2 TOPOGRAPHY 

Topography was provided by APS at 2-foot contour intervals and by United Stated Geological 

Survey’s topographic maps at 5-foot contour intervals. All topographic data was generated in 

North American Vertical Datum (NAVD) 1988 for the vertical dimension and in North 

American Datum 1983, Arizona State Plane East, for the horizontal. The combined survey data 

were used as guidance for delineating drainage basins (see Figure 4). 

3.3 SOILS 

Soil data was obtained from the Natural Resources Conservation Service (NRCS) online soil 

survey site (NRCS 2008). There are two existing soil types in the vicinity of the proposed 

development.  The first soil is Gypsiorthids-Torriothents, 5 to 60 percent slopes and the second 

soil is Brunswick Sandy Clay Loam, 1 to 5 percent slopes.  The two soils belong to Hydrologic 

Soil Group B and this information was used to determine coefficient values for the Rational 

Method calculations.  This information has been included in Appendix B. 

3.4 HYDROLOGIC MODELING PARAMETERS 

The ADOT Drainage Manual was used to determine the hydrologic parameters to be used in the 

Rational Method. A detailed discussion of the hydrologic parameter calculations is provided in 

the following sections. 

3.4.1 Rainfall 

The 100-year, 24-hour storm event was used as the design storm for the offsite collection system 

and the 25-year, 24-hour storm was used for the onsite collection system and retention basin.  

These are the design storms specified for use by ADEQ.  The rainfall depths were obtained from 

the National Oceanic and Atmospheric Administration (NOAA) Atlas 14 (NOAA 2008).  This 

information was used to create a site-specific intensity-duration-frequency (I-D-F) curve that was 

used in the Rational Method.  The 100-year, 24-hour rainfall amount used in the analysis is 2.77 

inches and the 25-year, 24-hour rainfall is 2.22 inches.  The rainfall information and I-D-F 

calculation is included in Appendix A.   
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3.4.2 Drainage Areas 

The existing drainage area basin boundaries for the study area are shown in Figure 4. The 

watershed delineations were performed using the 2-foot and 5-foot contours.  The existing 

information was used to determine the pre-development discharges and historic outfall locations.  

The design of the proposed expansion will maintain the historic outfall locations and will ensure 

the post-development flows are below the pre-development flows.  

The post-development drainage areas were delineated based on the proposed improvements 

within the APS property.  The post-development drainage basins are shown on Figure 5.  The 

onsite basins will be conveyed by channels to a retention basin and the offsite basins will be 

routed around the property to their historic outfall locations. 

3.4.3 Rational Coefficient 

The rational coefficients were selected based on the land use and vegetation cover using Figure 

2-5 from the ADOT Drainage Manual (ADOT 1993). The study area was considered to be 

Upland Rangeland with a vegetation cover of approximately 10 percent.  The soil in the vicinity 

of the project site belongs to the Hydrologic Soil Type B.  Based on this information, the study 

area was considered to have a rational coefficient of 0.30 for existing conditions.  The soil that 

will be used for the landfill cover will be a clay soil with little or no vegetation.  This soil type 

was selected to minimize rainfall infiltratration into the landfill and will have a rational 

coefficient of 0.60.  This information has been included in Appendix B. 

3.4.4 Time of Concentration  

The time of concentrations for each of the sub-basins was calculated based on Equation 2-2, 

below, and following parameters from the Rational Method in the ADOT Drainage Manual 

(ADOT 1993): 

38.031.052.05.04.11 iSKLT bc  

Where Tc = time of concentration in hours 

L = length of the longest flow path in feet per mile 

Kb = watershed resistance coefficient 

S= slope of the longest flow path in feet per mile 
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i = average rainfall intensity, in inches per hour, for a duration of rainfall equal to 

Tc, unless Tc is less than 10 minutes, in which case (i) is for a 10-minute duration  

A summary of the time of concentration is provided in Table 1 below and in Appendix B. 

Table 1 

Time of Concentration Summary1 

Sub-Basin 
L 

(miles) 
Area 
(ac) 

H (feet) 
(change in elevation 

along L) 
S 

(feet/mile) 

i  
(inches/

 

hour) 
Tc                        

(min) 

OFF-1 (Pre-Development) 0.56 39.6 129.0 229.9 4.60 16 

OFF-2 (Pre-Development) 0.63 49.3 135.0 215.4 4.30 18 

OFF-3 (Pre-Development) 0.85 59.7 166.0 194.9 3.80 22 

OFF-1 (Post-Development) 0.26 14.1 71.0 276.3 5.73 10 

OFF-2 ( Post-Development) 0.39 34.4 92.0 234.0 5.00 13 

OFF-3 (Post-Development) 0.66 49.2 126.0 189.8 4.20 19 

ON-4 0.16 8.9 144.0 928.6 4.48 10 

ON-5 0.12 13.7 127.0 1065.4 4.48 10 

ON-6 0.16 19.9 153.0 967.5 4.48 10 

ON-7 0.09 4.7 112.0 1246.0 4.48 10 
SOURCE: Arizona Department of Transportation 1993 
NOTE:  1  Based on the Arizona Department of Transportation Highway Drainage Design Manual, Hydrology, Equation 2-2, 

Time of Concentration Estimation 

 

3.5 HYDROLOGIC MODELING RESULTS  

The Rational Method model provides the 100-year, 24-hour peak discharges for the offsite basins 

and the 25-year, 24-hour peak discharges for the onsite drainage basin. The hydrology 

calculations and Rational Method model are provided in Appendix B, along with the total 

volume of runoff calculated for each on-site drainage basin.  The peak discharge summary is 

provided Table 2 and in Appendix B.  This table confirms that the existing peak flow amounts 

for basin OFF-1, OFF-2, and OFF-3 will be decreased in the developed condition.  The on-site 

runoff volume is shown in Table 3. 
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Table 2 

Peak Discharge Summary Table 

Sub-Basin 
Rainfall   Area 

(acre) 
Peak Discharge  

(cubic feet per second) 

OFF-1 (Pre-Development) 100-yr, 24-hour 39.6 54 

OFF-2 (Pre-Development) 100-yr, 24-hour 49.3 63 

OFF-3 (Pre-Development) 100-yr, 24-hour 59.7 67 

OFF-1 (Post-Development) 100-yr, 24-hour 14.1 24 

OFF-2 (Post-Development) 100-yr, 24-hour 34.4 51 

OFF-3 (Post-Development) 100-yr, 24-hour 49.2 61 

ON-4 25-year, 24-hour 8.9 24 

ON-5 25-year, 24-hour 13.7 37 

ON-6 25-year, 24-hour 19.9 54 

ON-7 25-year, 24-hour 4.7 13 

 

Table 3 

Volume Summary Table 

 

Sub-Basin 
P           

(inches) 
Area         

(acres) C 
Volume         

(acre-feet) 
ON-4 2.22 8.9 0.60 0.99 
ON-5 2.22 13.7 0.60 1.52 
ON-6 2.22 19.9 0.60 2.21 
ON-7 2.22 4.7 0.60 0.52 

  

Total Volume: 5.23 

NOTES: P = 25-year, 24-hour rainfall event; C = rational coefficient 
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4.0 DRAINAGE DESIGN 

4.1 OFFSITE COLLECTION SYSTEM 

The offsite collection system was designed to capture the offsite flows and route them around the 

proposed improvements to their historic outlet points.  There are three historic outfall points for 

the existing drainage basins, which are displayed on Figure 4.  The offsite collection system 

consists of rip-rap lined channels, culverts, weirs, and a drop structure. 

4.1.1 Offsite Perimeter Channel 

The offsite perimeter channel is located within the APS property adjacent to the property line.  It 

has a 10-foot bottom width with 2 ½ to 1 side slopes (H:V).  URS field investigation of the 

proposed site revealed evidence of scour and sediment deposits in existing collection channels 

due to the nature of the contributing soils.  The size and depth of the proposed perimeter channel 

is small enough that rip-rap can be used for the entire channel cross sectional area.  The sizing 

calculations for the rip-rap channel are located in Appendix C. 

The perimeter channel consists of seven sections based on the offsite inflow and historic outflow 

locations.  The normal depth calculations for the channel sections are located in Appendix C.  A 

drop structure along the channel alignment is necessary because the channel was designed to 

minimize the amount of excavation.  The elevation drops nine feet in this structure over a length 

of fifty feet.  The calculation for this drop structure is included in Appendix C. 

4.1.2 Historic Outflow Points 

Offsite flows in the channels will outlet at the historic outflow locations and the peak flow at 

these locations will be maintained.  Due to the topography of the area, the proposed site layout, 

and the location of the historic outfalls, culverts were placed in the channel.  These culverts 

reduce the flow in the downstream channel section by allowing excess flows to overtop the 

channel on the east side maintaining the historic outfall location.  A lateral weir is located on the 

east bank of the channel which allows flow to overtop the channel section.  The design of the 

culverts and weir is located in Appendix C.  

4.2 ONSITE COLLECTION SYSTEM 

The onsite collection system was designed based on the ultimate developed condition.  This 

design parameter was selected because the peak flows and volumes would be maximized, 

resulting in a conservative design that eliminates the necessity of an interim design and 
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construction.  The onsite collection system consists of channels, drop structures, and a storage 

basin.  There is a portion of the project site within the proposed improvements that will not drain 

into the onsite collection system, but will be collected by an existing pond located south of this 

project.   

4.2.1 Onsite Channels 

The layout of the onsite channel system parallels the offsite collection system and is shown on 

Figure 5.  The offsite and onsite channels were aligned based on the offset from landfill as well 

as the property line, which is shown on Figure 6.  The onsite channel system will collect and 

convey the runoff from the 25-year, 24-hour storm to the storage basin located in the southeast 

corner of the project site.  The channel alignments near the onsite storage basin were modified so 

that they would not flow into the basin at the corners.  The channels will empty into the storage 

basin thru drop structures and a stilling basin.  The stilling basin will protect the storage basin 

floor by dissipating the flow energy from the drop structure.  The hydraulic design calculations 

are included in Appendix C. 

4.2.2 Onsite Storage Basin 

The onsite storage basin was designed to collect the runoff volume generated by a 25-year, 24-

hour storm.  That volume is shown in Table 3 as 5.2 acre-feet.  The basin depth was increased by 

2-feet to account for sediment and the basin will have 2-feet of freeboard.  The overall proposed 

depth of the basin is 12-feet with 3 to 1 side slopes (H:V).  An overflow spillway is located on 

the east side of the basin that will allow the basin to overtop during storms greater than the 25-

year, 24-hour storm.  The actual storage volume provided by the basin is 8.2 acre-feet.  That 

calculation is provided in Appendix C.  Any runoff volume collected in this storage basin will be 

pumped within 36-hours to the existing pond located south of the project site. 

4.3 CONCLUSIONS 

The offsite drainage system was design to collect and convey the 100-year, 24-hour peak flow 

around the project site to the historic outlet points.  The post-development peak flow at these 

discharge points is less than the pre-development flows.  The onsite collection system was 

designed to collect and convey the 25-year, 24-hour peak flow to a storage basin that has the 

volume capacity for that design storm.  The drainage design drawings for the proposed 

improvements are included in this report.   
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