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1. Introduction

This periodic update to the Run-On and Run-Off Control System Plan for the Bottom Ash
Mondfill 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 Mondfill at the Cholla Power Plant is for the
certifying Qualified Professional Engineer (QPE) to:

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;

Are 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; and

4. ldentify 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.

41 “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:

e Certification Statement 40 CFR § 257.81(c)(5) — Periodic Run-on and Run-Off Control
System Plan for an Existing CCR Landfill

e 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. | 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_Run00_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 —



(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 5% 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.




BOTTOM ASH MONOFILL

Exhibit 1 — Bottom Ash Monofill (BAM) at Cholla Power Plant Facility



§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:

= OFF1:23.8cfs
= 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




include the following:

= Peak Flows:

0 Channel Section 1: 25 cfs
Channel Section 2: 80 cfs
Channel Section 3: 140 cfs
Channel Section 4: 150 cfs
Channel Section 5: 80 cfs
Channel Section 6: 80 cfs
0 Channel Section 7: 25 cfs

O O O O

= Longitudinal Slope:

0 Channel Section 1: 0.0089 ft/ft
Channel Section 2: 0.0104 ft/ft
Channel Section 3: 0.0050 ft/ft
Channel Section 4: 0.0100 ft/ft
Channel Section 5: 0.0100 ft/ft
Channel Section 6: 0.0100 ft/ft

0 Channel Section 7: 0.0050 ft/ft
= Normal Depth:

0 Channel Section 1: 0.73 feet
Channel Section 2: 1.35 feet
Channel Section 3: 2.22 feet
Channel Section 4: 1.91 feet
Channel Section 5: 1.36 feet
Channel Section 6: 1.36 feet
Channel Section 7: 0.86 feet

O O O O O

©O O 0O O © O

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




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 lan

dfills

(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.




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.




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 lan

dfills

(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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URS Corporation, February 2009, Cholla Generating Station, Ash Monofill APP.

URS Corporation, February 2009, Cholla Power Plant, Ash Monofill Drainage Study, Preliminary
Drainage Report.



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. | 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.

Alexander W. Gourlay, P.E.
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Printed Name

August 31, 2016

Date N L

EXPIRES 12-31-2016




APPENDIX 1 — CHOLLA GENERATING STATION, ASH MONOFILL APP PLAN
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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 SITELOCATION AND DESCRIPTION

The Ash Monofill areaisin 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 al of the off-site drainage areas for the proposed Ash Monofill, which
covers approximately 100 acres.

20 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
31 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 datainformation 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 Vertica Datum (NAVD) 1988 for the vertica 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).

33 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. Thisinformation has been included in Appendix B.

34 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 (1-D-F) curve that was
used in the Rational Method. The 100-year, 24-hour rainfall amount used in the analysisis 2.77
inches and the 25-year, 24-hour rainfal is 2.22 inches. The rainfal information and I-D-F
calculation isincluded 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-devel opment 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 bel ow 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. Thisinformation has been included in Appendix B.

3.4.4 Timeof 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):

TC — 114L05 Kb0.52 S—O.Sli -0.38

Where T. = time of concentration in hours
L = length of the longest flow path in feet per mile
Ky = watershed resistance coefficient

S= dlope 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
T, unless T isless 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.
Tablel

Time of Concentration Summary*

H (feet) i

L Area | (changein elevation S (inched/ Te

Sub-Basin (miles) (ac) alonglL) (feet/mile) hour) (min)
OFF-1 (Pre-Development) 0.56 39.6 129.0 229.9 4.60 16
OFF-2 (Pre-Devel opment) 0.63 49.3 135.0 2154 4.30 18
OFF-3 (Pre-Devel opment) 0.85 59.7 166.0 194.9 3.80 22
OFF-1 (Post-Devel opment) 0.26 14.1 71.0 276.3 5.73 10
OFF-2 ( Post-Development) 0.39 344 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 1065.4 448 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: ' Based on the Arizona Department of Transportation Highway Drainage Design Manual, Hydrology, Equation 2-2,
Time of Concentration Estimation

35 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 Rationa 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 volumeis shownin Table 3.
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Table2
Peak Discharge Summary Table

Rainfall Area Peak Discharge
Sub-Basin (acre) (cubic feet per second)
OFF-1 (Pre-Development) 100-yr, 24-hour 39.6 54
OFF-2 (Pre-Devel opment) 100-yr, 24-hour 49.3 63
OFF-3 (Pre-Devel opment) 100-yr, 24-hour 59.7 67
OFF-1 (Post-Development) 100-yr, 24-hour 141 24
OFF-2 (Post-Development) 100-yr, 24-hour 344 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
Table3

Volume Summary Table

P Area Volume
Sub-Basin (inches) (acres) C (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 0.60 221
ON-7 2.22 4.7 0.60 0.52
Tota Volume: 5.23

NOTES: P = 25-year, 24-hour rainfall event; C = rational coefficient
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4.0 DRAINAGE DESIGN
41 OFFSITECOLLECTION 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 %2 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 isincluded 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 islocated on the
east bank of the channel which alows flow to overtop the channel section. The design of the
culvertsand weir is located in Appendix C.

42 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. Thereisaportion 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 OnsiteChannes

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
areincluded 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 volumeisshownin 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 actua 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.

URS Cholla Power Plant Ash Monofill Drainage Study 9 February 2009
Navajo County URS Job No. 23445548
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APPENDIX A
RAINFALL CALCULATIONS
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URS EXHIBIT 4.7-2

CALCULATION COVER SHEET

Client: Arizona Public Service Project Name: Cholla Ash Monofill

Project/Calculation Number: 23445548
Title: Rainfall Data for the Rational Method

Total Number of Pages (including cover sheet): 24

Total Number of Computer Runs:
Prepared by:  Michelle C. West, EIT. Hhlth £ A/ers Date:  2/3/2009

Checked by:  Danette Lucas, EIT WHM&A Date:  2/5/2009

Description and Purpose:
The purpose of this calculation was to determine the rainfall data required in the Rational Method

calculation package.
Included in this package is the rainfall data including I-D-F worksheets required for the ADOT method

as well as the I-D-F curves.

Design Basis/References/Assumptions

The rainfall data was based on NOAA Atlas 14, and the rainfall AZ zone map has been included.

The NOAA data was located based on Latitude and Longitude coordinates for the Cholla Bottom Ash
Dam near the project area.

The I-D-F worksheet and I-D-F curve printouts were generated from an excel spreadsheet located:
PA\WRES\Arizona Public_Service\23445548 Cholla Ash Monofill APP\Channel
Design\Hydrology\ADOT IDF-Rainfall-Data.xls

Remarks/Conclusions/Results:
See attached worksheets

Calculation Approved by:

Project Manager/Date

Revision No.: Description of Revision: Approved by:

Project Manager/Date




RAINFALL DATA CALCULATION
CHOLLA ASH MONOFILL HYDROLOGY ANALYSIS
CHOLLA GENERATING STATION
ARIZONA PUBLIC SERVICE

Problem Statement

The object of this calculation is to determine the rainfall data required in the Rational Method
calculation package for the hydrology analysis of the proposed Cholla Ash Monofill.

The Rainfall Data was calculated using the procedure outlined in the Arizona Department of
Transportation (ADOT) Highway Drainage Design Manual Hydrology.

Required Deliverables

e [-D-F worksheets and [-D-F curves for use with the Rational Method as required by the ADOT
method.

e Rainfall intensity and depth for 100-year storm event, 24-hour duration.

Data Available

e Cholla Bottom Ash Dam location (Latitude 34.97 N, Longitude 110.29 W)
e NOAA Atlas 14 Rainfall Data for site specific latitude and longitude

e Arizona Zone Rainfall Map

Results

The printout I-D-F worksheets and [-D-F curves were generated from the following Excel
spreadsheet are attached:

P:\WRES\Arizona Public Service\23445548 Cholla Ash Monofill APP\Channel
Design\Hydrology\ADOT IDF-Rainfall-Data.xls

REFERENCES

NOAA Atlas 14 Point Precipitation Frequency Estimates. www.noaa.gov.

ADOT Highway Drainage Design Manual Hydrology. March 1993.

PAWRES\Arizona_Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rainfall Data\Rainfall
Data Calc-draft.doc




WORKSHEETS

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rainfall Data\Rainfall
Data Calc-draft.doc




A Bl c¢c | o | E | F | G T H T 1
1 ARIZONA DEPARTMENT OF TRANSPORTATION
2 HYDROLOGIC DESIGN DATA
3
4 [Project No. 23445548
5 |Project Name Cholla Power Plant - Ash Fill Date 2/3/2009
6 |Location/Station Joseph City, AZ
7 |Designer MCW Checker DRL
8
9 Figure 1-2
10 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
11
13
14 iDetermine rainfall depths from Precipitation Data (NOAA Atlas 14):
15
16 |2-year, 6-hour P 2= 0.96
17 |2-year, 24-hour P224= 1.25
18 {100-year, 6-hour P 100,6= 2.28
19 |100-year, 24-hour P 100,24= 2.77
20
22
23 |Compute the following:
24
25 J2-year, 1-hour —0.011+O.942(P26._L2 Pa1= 0.68
26 (P2,24')
27 |100-year, 1-hour 0.494+0.755(P 100 ) Pgo,= 1.91
28 (P 100,24')
29 12-year, 2-hour 0.341(P,¢)+0.659(P, 1) P2a- 0.78
30 |2-year, 3-hour 0.569(P 3,6)+0.431(P.1) Paa= 0.84
31 |2-year, 12-hour 0.500(P,¢)+0.500(P 5 24) P2 12= 1.11
32 |100-year, 2-hour - 0.341(P 100,6)+0.659(P 100.1') P 100.2:= 2.04
33 100‘year, 3-hour 0.569(P10016')+0.431(P100’1') P1OO,3‘= 212
34 |100-year, 12-hour 0.500(P 10.6)+0.500(P 100 24) P 100,12+ 2.53

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydrology\Calcutations\Rainfall Data\ADOT IDF-
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30

3

—_

32

33

34

2-year, 3-hour
2-year, 12-hour
100-year, 2-hour
100-year, 3-hour

100-year, 12-hour

0.569(P ,¢)+0.431(P, )

0.500(P 2.6)+0.500(P 554')

0.341(P 100.6)*+0.659(P 10,1-)
0.569(P 190.6)+0.431(P 10p.1)
0.500(P 190.6)+0.500(P 190,24

A B | C i D i E I F T ¢ 1T H 7]
1 ARIZONA DEPARTMENT OF TRANSPORTATION
2 HYDROLOGIC DESIGN DATA
3
4 {Project No. 23445548
5 |Project Name Cholia Power Plant - Ash Fill Date 39847
6 |Location/Station Joseph City, AZ
7 _jLocation/Station MCW Checker DRL
8
9 Figure 1-2
10 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
11
12 PART A - FORMULAS
13
14 |Determine rainfall depths from isopluvial maps (ADOT Highway Drainage Design Manual, Appendix B):
15
16 [2-year, 6-hour Pag= 0.96
17 |2-year, 24-hour Pog= 1.25
18 }100-year, 6-hour Pie= 2.28
19 |100-year, 24-hour Pioze= 277
20
21 PART B - FORMULAS
22
23 {Compute the following:
24
25 |2-year, 1-hour -0.011+0.942(P9_5-_)f Par= =(-0.011+(0.942*11672)/117)
26 (P224)
27 |100-year, 1-hour 0.494+0.755(P 100.6)° P 100.1= =0.494+(0.755*118"2)/119
28 (P 100,24
29 |2-year, 2-hour 0.341(P 5)+0.659(P 5 ;) P22- =0.341*$1$16+0.659*$1$25

P23= =0.569*$1$16+0.431*$1$25

P212= =0.5*$1$16+0.5*$1$17

P1oo2- =0.341*$1$18+0.659*$1$27

P 100.3= =0.569*$1$18+0.431*$1$27

P100,12= =0.5*$1$18+0.5*$1$19
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1
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
4
5
6
7 |Determine the short-duration rainfall zone (Figure 1-1):
8
9 Zone = 6
10
11 |Determine the short duration rainfall ratios (Table 1-1):
12
13 Duration Ratio
14 (Minutes) 2-Year 100-Year
15 5 0.35 E= 0.32
16 10 0.54 F= 0.50
17 15 0.65 G= 0.62
18 30 0.83 H= 0.81
19
20
21
22
23 |Compute the following:
24
25 2-year, 5-min (AYPo1)= P2 5= 0.24
26
27 2-year, 10-min (B)Py1)= P2 100 0.37
28
29 2-year, 15-min (CYP21)= P2 15= 0.44
30
31 2-year, 30-min (D)(P1)= P2 .30 0.57
32
33 100-year, 5-min (EXP1oo)=  Proos- 0.61
34 -
35 100-year, 10-min (FYP 100.1)= P100,10%= 0.96
36
37 100-year, 15-min (GXP1go1)=  Pioois= 1.18
38
39 100-year, 30-min (H}XP1g01)=  Piooso= 1.55
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Compute the following:

A ] B | C | D ] E | F G
7
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
4
5 PART C - FORMULAS
6
7_|Determine the short-duration rainfall zone (Figure 1-1):
8
9 Zone= 6
10
11 |Determine the short duration rainfall ratios (Table 1-1):
12
13 Duration Ratio
14 (Minutes) 2-Year 100-Year
15 5 A= =IF($E$9=6,0.35,IF($E$9=8,0.34,"NG")) = =IF($E$9=6,0.32,IF($E$9=8,0.3,"NG"))
16 10 B= =IF($E$9=6,0.54,IF(3E$9=8,0.51,"NG")) = =IF($E$9=6,0.5,IF($E$9=8,0.46,"NG"))
17 15 C=  =IF($E$9=6,0.65,IF($3E£$9=8,0.62,"NG")) G=  =IF($E$9=6,0.62,IF($E$9=8,0.59,"NG"))
18 30 D= =IF($E$9=6,0.83,IF($E$9=8,0.82,"NG")) H= =IF($E$9=6,0.81,IF($E$9=8,0.8,"NG"))
19
20
21
22

2-year, 5-min
2-year, 10-min
2-year, 15-min
2-year, 30-min
100-year, 5-min
100-year, 10-min

100-year, 15-min

100-year, 30-min

(AXP21)=  Pas= =E15*Parts A & B'l125

(BYP,1)=  Pair= =E16*Parts A & B'1$1$25

(CYPyr)=  Pais= =E17*Parts A & B'1$1$25

(D)YPy4)=  Pazo= =E18*Parts A & B'1$1$25

(EXP1g01)= Pioos= ='Parts A & B1I27*Part C''1G15

(FXP100.1)= Prooao=

(GYP 100.1)=

='Parts A & B'\$1$27'Part C''G16

I:>100,15"=

='Parts A & B'1$1$27"Part C''G17

(HYXP100.1)= P1oose= ='Parts A & B'1$I1$27*'Part C'1G18
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A B | C D E | F | G |
7
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
4
5 ~_ PARTD
6
7
8 |For any flood frequency (T-yr) other than the 2-year or 100-year, calculate the rainfall depth
9 lfor each rainfall duration (t) by the following equation:
10
11 P =(XHP 2,0+(Y NP 100,0)
12
13 Frequency
14 (T-yr) X Y
15 5-year 0.674 0.278
16 10-year 0.496 0.449
17 25-year 0.293 0.669
18 50-year 0.146 0.835
19 500-year -0.337 1.381
20
21
22 |Selected Frequency (T-year)
23
24 5 yr X= 0.674 Y= 0278
25
26 5-min X)P 2.5+ (Y )P 100.57)= P 5= 0.33
27
28 10-min NP 2.410)*+(Y)(P 100.107)= (P g a0)= 0.51
29
30 15-min )P 2.45)*+(Y)(P 100.157)= (P g as)= 0.63
31
32 30-min (XHP 2307 HYXP 100.307)= (P a0)= 0.81
33
34 1-hour (XHP 2.4 )*+(Y)(P 100.1)= P o= 0.99}
35
36 2-hour (XHP 2.2)+(Y)(P 1002)= (P 2= 1.09
37
38 3-hour (X)P 2.3)+(Y)P 10053)= (P 3= 1.16
39
40 6-hour (XY P 26)+HYNP 1006)= (P 4= 1.28
41
42 12-hour (XHP 2.12)HY )P 100.12)= (P g a2)= 1.45
43
44 24-hour X)P 224 HY )P 100.24)= (P 5 2a)= 1.61
45
46 [NOTE: Ps s« : 5 = flood frequency Year, 5" = rainfall duration
47 "stands for minutes, ' stands for hours.
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A | B | ¢ I D T E T F [ 6 TJH[ I
1
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
5 ... PARTD
6
7
8 [For any flood frequency (T-yr) other than the 2-year or 100-year, calculate the rainfall depth
9 |for each rainfall duration (t) by the following equation:
10
11 P 1. &XNP 2,0+(Y)P 100,0)
12
13 Frequency
14 (T-yr) X Y
15 5-year 0.674 0.278
16 10-year 0.496 0.449
17 25-year 0.293 0.669
18 50-year 0.146 0.835
19 500-year -0.337 1.381
20
21
22 [Selected Frequency (T-year)
23
24 10 yr X= 0.496 Y= 0.449
25 -
26 5-min (XYP 250 YHP 1005)= (P 10 577 0.39
27
28 10-min (XUP 2,10+ (Y )P 100,10")= (P 10 107)= 0.61
29
30 15-min (XUP 2,15)+(Y)(P 100,15%)= (P 1 18)= 0.75
31
32 30-min (KUP 2,30 (Y )P 100,30")= (P10 50)= 0.98
33
34 1-hour (X)P2.4)HY)P 1001)= (P o= 1.20
35
36 2-hour (X)NP 22)+H(Y )P 1002)= (P 1o 2)= 1.30
37
38 3-hour X)NP 23+ (Y)(P1003)= (P40 a)= 1.37
39
40 6-hour XNP 26)HY NP 1006)= (P o8~ 1.50
41
42 12-hour XNP 2.42)HY NP 100.12)= (P10 12)= 1.68
43
44 24-hour X)P 224 HY )P 100 24)= (P g 20)= 1.86
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A~ [ B | ¢ T o | e [ FF [ 6 [H 1 [ J
7
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
4
s ~ PARTD
6
7
8 |For any flood frequency (T-yr) other than the 2-year or 100-year, calculate the rainfall depth
9 [for each rainfall duration (t) by the following equation:
10
11 P 1= (XHP 2,0+ (Y NP 100,1)
12
13 Frequency
14 (T-yr) X Y
15 5-year 0.674 0.278
16 10-year 0.496 0.449
17 25-year 0.293 0.669
18 50-year 0.146 0.835
19 500-year -0.337 1.381
20
21
22 |Selected Frequency (T-year)
23
24 25 yr X=  0.293 Y= 0.669
25
26 5-min (XN P25+ (Y)(P 10057)= P )= 0.48
27
28 10-min X)P 210+ (Y)(P 100107 (P 100" 0.75
29
30 15-min (XHP 215 (Y)(P 100.157)= (P 15)= 0.92
31
32 30-min (XHP 2367 H(Y)(P 100.30)= (P a00)= 1.20
33
34 1-hour (XHP 21 +HY)(P1gor)= (P )= 1.48
35
36 2-hour (X)P22)HY)P 1002)= (P s 2)= 1.59
37
38 3-hour (XHP 3 +HY)(P100.3)= (P 3)= 1.67
39
40 6-hour (XHP 26)HY)P 1006)= (P 8)= 1.81
41 ’ —
42 12-hour X)P 212)*H(Y)P 100.12)= (P s 12)= 2.01
43 . -
44 24-hour (X)P 2.24)H(Y )P 100.24)= (P 20)= 2.22
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Figure 1-2

RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
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For any flood frequency (T-yr) other than the 2-year or 100-year, calculate the rainfall depth
for each rainfall duration (t) by the following equation:

P 1 =(XYP 2,0+ (Y NP 100,)

Frequency
(T-yr) X Y
5-year 0.674 0.278
10-year 0.496 0.449
25-year 0.293 0.669
50-year 0.146 0.835
500-year -0.337 1.381
Selected Frequency (T-year)
50 yr X=  0.146 Y= 0835
5-min (XHP 2,50t (Y)P 10057)= (CE 0.55
10-min (X)(P 2,10 )+ (Y)(P 100,10)= (P g9 10)= 0.85
15-min (XNP 2,150+ (Y)(P 100,157)= (P 55 150)= 1.05
30-min (X)P 2300+ (Y)(P 10030)= (P g0 30)= 1.38
1-hour (X)(P 2.1 )+ (Y )P 100,1)= (P g5 1)= 1.70
2-hour (X)P 22)+(Y)(P 100.2)= (P g 2)= 1.81
3-hour (X)P23)+Y)(P 100.3)= (P a)= 1.89
6-hour (KNP 26)+(YNP 1006)= G 50 6)= 2.04
12-hour (XUP 2120+ (Y NP 100,12)= (P 5 12)= 2.27
24-hour (X)(P2.24)+(Y)(P 100,24)= (P 5o 20)= 2.50
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A B C D | E | F | G JH] 1
1
2 Figure 1-2
3 RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET
4
5 PARTD
6
7
8 |For any flood frequency (T-yr) other than the 2-year or 100-year, calculate the rainfall depth
9 [for each rainfall duration (t) by the following equation:
10
11 P 1 =(XHP 2,0+ (Y)NP 100,)
12
13 Frequency
14 (T-yr) X Y
15 5-year 0.674 0.278
16 10-year 0.496 0.449
17 25-year 0.293 0.669
18 50-year 0.146 0.835
19 500-year -0.337 1.381
20
21
22 |Selected Frequency (T-year)
23
24 500 yr X= -0.337 Y= 1.381
25
26 5-min (XUP 250+ (YN P 100,57)= (P 500 577 0.76
27
28 10-min (X)(P 2,10} +(Y)(P 100,107)= (P 500 107)= 1.20
29
30 15-min (KNP 2,15 )+ (Y)P 100,157)= (P 500 .16")= 1.49
31
32 30-min (X)P 2,30 *H(Y)(P 100,30°)= (P 500 a07)= 1.95
33
34 1-hour (X)P 2,1)+(Y)(P100,1)= (P 500 1= 2.41
35
36 2-hour (XHP 22+ (YXP 100.2)= G 2.55
37
38 3-hour (X)(P 23 )HY)(P 1005)= (P 500 5)= 2.65
39
40 6-hour (X)(P26)HY)P 100)= (P 500 )= 2.83
41
42 12-hour (KNP 2,120+ (Y NP 100,12)= (P 500 12)= 3.1
43
44 24-hour (X)P 224 +H(Y )P 100 24°)= Y 3.40

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rainfall Data\ADOT IDF-

Rainfall-Data




Figure 1-2
RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET

PART D - FORMULAS

For any flood frequency (T-yr) other than the 2-year or 100-year, caiculate the rainfall depth
for each rainfall duration (1) by the following equation:

|m|m|wlo‘> (& blwlr\)l—n

(=

Pr=(XYP 24 Y HP 1000

N

w

Frequency
(T-yr) X

o

[

S-year 0.674
10-year 0.496
25-year 0.293
50-year 0.146

500-year {-0.337

o

~

!

©

0.278
0.449
0.669
0.835
1.381

N
(=3

Selected Frequency (T-year)

500 yr

X= =IF($B$24=5,D15,IF($B$24=10,D16,IF(§8$24=25,017,IF($B$24=50,D18,IF($B$24=500,019,"NG")))))

Y= =IF($B$24=5E15,IF(3B$24=10,E16,IF($BS24=25 E17 IF($8524=50,E18,IF($B$24=500,E19,"NG*)}})))

5-min XNP 25 HYHP 100.5)=
10-min (XXP 250 HYKP 100.107)=
15-min (XUP 246 Y KP 100.157)=
30-min (XNP 230 (Y KP 10020)=
1-hour (NP2 )HYNP i00,r)=
2-hour (XNP 22 YNP s00.7)=
3-hour (XAP 23+ YNP o.5)=
6-hour (XAP 25)H(YXP 1005)=

12-hour (XUP 212 )P 100 12)=

SInloisnd o kol wlw| wlw] wic] wlw] wint v lnod v (o] gl
slolisi ool || S0 RG] OS] Slof o | N o o] BN

24-hour P 2.2+ (Y)P 100.20)=

P

B

&

P =8B824

P =88824

=58824

=$B824

=$as2a I

=8B824

=5B§24

=$B524

=$D$24"'Part C'1G25+'Part D'1$F$24*Part C'1G33

=$D8$24"'Part C'G27+Part D'1$F$24*Part C'1G35

=5D$24"'Part C'\G29+Part D'I$F$24 Part C'G37

=$D824"Part C'\G31+Part D'1§F$24*Part C'1G39

=$D$24"Parts A & B1125+'Part D'1$F$24*Parts A & 8'(27

=5D$24" Parts A & B'1129+'Part D'I$F$24*Parts A & B'I32

=$D824"Parts A & B'I30+Part D'1$F$24"Parts A & B'I33

=5D$24"Parts A & B'116+'Part D''SF$24*Parts A & B'1I18

=8D$24"Parts A & B8'1131+'Part D''$F$24* Parts A & B34

=$D$24"Parts A & B'II17+Part D'1$F$24"Parts A & B'II19
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Figure 1-2
RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET

Tabulate the rainfall Depth-Duration-Frequency statistics below:

NINININININININININ ] alalalalala] o
o|@|~Nfo|o| BN [S|oijm|~io|ol mlwin| ~|o|@RIN|e| O | Bw|Nj—

( Rainfall Depth, In Inches
Frequency, In Years
Duration || 2 | 5 10 | 25 | 50 100 | 500
5-min 0.24 0.33 0.39 0.48 0.55 0.61 0.76
10-min 0.37 0.51 0.61 0.75 0.85 0.96 1.20
15-min 0.44 0.63 0.75 0.92 1.05 1.18 1.49
30-min 0.57 0.81 0.98 1.20 1.38 1.55 1.95
1-hour 0.68 0.99 1.20 1.48 1.70 1.91 2.41
2-hour 0.78 1.09 1.30 1.59 1.81 2.04 2.55
3-hour 0.84 1.16 1.37 1.67 1.89 212 2.65
6-hour 0.96 1.28 1.50 1.81 2.04 2.28 2.83
12-hour 1.11 1.45 1.68 2.01 2.27 2.53 3.11
24-hour 1.25 1.61 1.86 2.22 2.50 2.77 3.40
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A T B | C D | E ! F | G | H |

1
[ 2] Figure 1-2
| 3 | RAINFALL DEPTH-DURATION-FREQUENCY (D-D-F) WORKSHEET

4

5 PART E - FORMULAS
| 6 |
na
| 8 |Tabulate the rainfall Depth-Duration-Frequency statistics below:

9
10

11
| 12 | Rainfall Depth, In Inches
| 13 ] Frequency, In Years

14 Duration [[2 |5 110 |25 [50 1100 |500
| 15| 5-min ='Part C''G25 ='Part D, 5-yr'ld26 ='Part D, 10-yr''$J26  ='Part D, 25-yr'!$J26  ='Part D, 50-yr''$J26  ='Part C'|G33 ='Part D, 500-yr '1J26
| 16 | 10-min ="Part C'1G27 ='Part D, 5-yr'tJ28 ='Part D, 10-yr''$J28  ='Part D, 25-yr''$J28  ='Part D, 50-yr''$J28 ='Part C'IG35 ='Part D, 500-yr '1J28
| 17 ] 15-min ='Part C''G29 ='Part D, 5-yr'tJ30 ='Part D, 10-yr''$J30  ='Part D, 25-yr'!$J30  ='Part D, 50-yr''$J30  ='Part C'\G37 ='Part D, 500-yr '1J30
18] 30-min ='Part C'1G31 ="Part D, 5-yr'tJ32 ='Part D, 10-yr''$J32  ='Part D, 25-yr'!$J32  ='Part D, 50-yr'!$J32  ='Part C'IG39 ='Part D, 500-yr 1432
19| 1-hour ='Parts A & B'lI125  ='Part D, 5-yr''J34 ='Part D, 10-yr''$J34  ='Part D, 25-yr''$J34  ='Part D, 50-yr''$J34 ='Parts A & B'I27 ='Part D, 500-yr '1J34
120§ 2-hour ="Parts A & B'129  ='Part D, 5-yr''J36 ='"Part D, 10-yr''$J36  ='Part D, 25-yr''$J36  ='Part D, 50-yr''$J36  ='Parts A & B"132 ="Part D, 500-yr '1J36
| 21 3-hour ='Parts A & B'I30  ='Part D, 5-yr'J38 ='"Part D, 10-yr''$J38  ='Part D, 25-yr'!$J38  ='Part D, 50-yr''$J38 ='Paris A & B"I33 ="Part D, 500-yr '1J38
| 22 | 6-hour ='Parts A& B'!I16  ='Part D, 5-yr''J40 ='"Part D, 10-yr''$J40 ='Part D, 25-yr''$J40  ='Part D, 50-yr''$J40 ='Paris A & B'[18 ='Part D, 500-yr '1J40
1 23§ 12-hour  ='Parts A & B'!131 ='Part D, 5-yr'tJ42 ='Part D, 10-yr''$J42  ='Part D, 25-yr'!$J42  ='Part D, 50-yr'l$J42  ='Paris A & B'l134 ='Part D, 500-yr '1J42
| 24| 24-hour  ='Parts A & B'I17 ='Part D, 5-yr't{J44 ='Part D, 10-yr''$J44  ='Part D, 25-yr''$J44  ='"Part D, 50-yr''$J44  ='Parts A & B'l{19 ='Part D, 500-yr '1J44
25|
26
27 ]
28]

29
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ADOT
Intensity-Duration-Frequency Curves
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FIGURE 141
SHORT-DURATION RAINFALL RATIO ZONES FOR ARIZONA

Litilefiald

Hoover Do

Poge
rble Canyon

Peach Springs

’“ v itliorrs
Seligman

Kingman
- ™ Ash Fork

| @uitheaa City

Tuceo YAVAPAL
Chino Voliey
Bogdad
Loke Hovany City . Praacotl
Ciints Well Snowlioks ‘
o Came St Jehne
Hillgide
v-m ‘ Heber Tayior {Concha
wayer
° Cordes Jet- ‘. & "
3 A
S Pinedo! <
Poyson Grad &
Ny o
Eagark
‘ Atpine

1992
MILEPOST LOCATION MAP
OF

ARIZONA

ARIZONA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION PLANNING DIVISION

[¢] 25 50 75 100
MILES

1-3

MARCH 1993




LEJ0 57 28ng

llews 0se L Auosepy LU NSLLOLS Mo L# 881D 1eal) 450002V £€0°60
A4a1 hay onguinq  dmovdvy Sy adA] wnq uonvIOT Ssvy) piv2vy WD N WD dIN aj ams
mopsury fo 1)

SielpaleU| 0009 59 yHe3 JTCU'NBL'OLS ubiH senber £20002v £1'60
AdI hay onswnq  dmondvy Sy adAy wng uonwI0Y $SP]1) piv2DE WDN] D ([ aIN dJ amwig
MOT moygs fo A1)

llews 00zz €l Unes 36LH'N8LL'9ZS eoyubls puod Bujicod eloyo 081002v 6260
Adl "hay anguvq  dpovdn) g adAf wng uonvI07Y SSP]D) pADIVE dumN] wn(q aIN ars amwig
2o1fJO x1uaoyg ‘AQuvduio) 2014438 21N PUOLLY

slepsuLBiUl 00081 08 yues J0TH'N8LL'0ES YBiH puod ysy A4 elioyd 621002V 82'60

mw_um::mz_ 00zz €L yues 36LU'NGLL'ELS uBiH puod ysy wonog elioyd 841007V MM@

Adr hay 2218 win(g Govdvy  wySiay  add] wnq uonwIOT SSD]D) PAVIDE] UDN v aIN aj amg
o H2mod vjjoy) ‘Auvduwo) ada4ag 2yqng vuoLy

dNd S0 sjelpaw.aiu| JA%A) 09 H00JUyLE JITY'NOLL'ZLS ubiH MOI|OH (00 150002V 6160

dNd S0 SleipauLisul 18GL 09 ypes 3SLY'NLLL'YES ubiH uoAue ¥oe|g Z¥0002v 0Z'60
H4qrI hay anguwwq  dpovdn)y Sy 2dA] wvqg uonwI0Y SV pAvInE UDN] WD (T aIN djJ ams
JUAULADAI(J YS1.] B WD) DUOLIY

Sletpawlalul 0oze 0g Yues J6LUNELL'LLS Mo puod (1N LEZ00ZV 9€'60

leak-00 1 llews 13414 14 e 36LM'NELL'LES Mo suoobeT ysy 222002V S€'60
AdI hay a2n1gwvq  dpondvy Sy addAf wnq HoyvIOT SsSp]) piv2DES DN wv( adIN dl avig

U0ISIAL(J 2YVYMOUS parpp1osuc) 1q11qy

olvapp]



Graphical Locater Result

USDOE

USF&WS

Graphical Locater
r Home Page
USA map S MR
XY- data nvironmental
TRS- data |Siatistics Group

The selected location is:

Latitude/Longitude 34.9584°N, 110.2784°W ( 34°,57',30.4" N; 110°, 16',42.3" W)
The legal description is: Arizona, Gila & Salt River Meridian T18N,R19E,sec13. g2
UTM zone 12 (X,Y) 565879 , 3868672

The elevation is 1554 m ( 5098 ft)

The gradient 1s: 0.0 percent

There is no aspect direction.

The local roughness is: 0.0 or flat

The location as decimal degrees (X,Y;Z) = -110.2784, 34.9584; 1554 m

The state and county are Arizona: Navajo County 4017
The HUC 1s Middle Little Colorado 15020008; Place point in HUC

The Omernik ecoregion is Arizona/New Mexico Plateau (less typical) 22

1. ~ 1Al Al bt T aeeaQa
TUC 1 IOU UUU iiap \11 avauautcl, ow1tuu tu 1 SiTascrver

Zoom on that location with radius =2 km; Skm ; 10 km ; 20 km ; 30 km ; custom.

Nearby named places (in order by distance)

Page 1 of 2

20

Cholla Cooling Pond Dam; Arizona: Navajo Co. -110.2774, 34.9550 at a distance of 391 m

Cholla Fly Ash Pond; Arizona: Navajo Co. -110.2674, 34,9600 at a distance of 1023 m

~ Cholla Fly Ash Pond Dam; Arizona: Navajo Co. -110.2674, 34.9600 at a distance of 1023 m

— Cholla Bottom Ash Pond, Arizona: Navajo To.-110.2890, 34.9667 at a distance of 1332 m

Cholla Bottom Ash Pond Dam; Arizona: Nwﬁp -110.2890, 34.9667 at a distance of 1332j <

olla Power
Cholla Lake; Arizona: Navajo Co. -110.2838, 34.9306 at a distance of 3125 m

O 0 00~ LERIL B —

The 7.5 minute series topographic maps for that area

Humpy Camp

Well Blairs Spring || Lee Mountain

Apache Butte || Joseph City Holbrook

Chimney Saunders

Porter Canyon
Canyon Draw y

http://www esg.montana.edu/cgi-bin/trs-data

enerafing Plant Arizona: Navajo Co. -110.2979, 349394 at a distance 0of 2759 m

The Old Fort Historical Monument; Arizona: Navajo Co. -110.3210, 34.9558 at a distance of 3898 m
Joseph City Elementary School; Arizona: Navajo Co. -110.3318, 34.9647 at a distance 0f 4923 m
Joseph City High School; Arlzona Navajo Co. -110.3318, 34.9653 at a distance 0f 4933 m

1/22/2009




NOAA 14 TABLES
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Precipitation Frequency Data Server Page 1 of 4

POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14
Arizona 34.9667 N 110.289 W 5200 feet

from “Precipitation-Frequency Atlas of the United States” NOAA Atlas 14, Volume 1, Version 4
G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2006

Extracted: Thu Jan 22 2009
[ Confidence Limits ][ Seasonality ][ Location Maps ]{" Other Info. ][ GIS data )| Maps | Docs | Returnto Sta

al

| Precipitation Frequency Estimates (inches) T
"

(ears) min | min | o | min || in | i |22 S 12 bef2 048 bl i | gy |ty || day | iy | s | dny

[ 1 lo.18 Jl0.27 ][0.33 Jjo.45 ]jo.55 J|o.63 ]lo.68 [l0.77 Jlo.88 Ji1.00 f|1.12 J[1.25 [|1.43 |[1.57 ][2.04 ][2.39 |2.87 ]{3.30 ]

[ 2 .23 Jo.34 Jo.43 Jo.58 1fo.71 ][o.81 ]ﬁm’@ﬁm [l155 1[1.77 |[1.96 |[2.54 1297 |3.56 ][4.09 |j&—
5 Jl0.31 l[0.47 {058 Jl0.78 1l0.96 |[1.07 {[1.11 Jl1.21 [[1.36 |[1.57 |{1.74 J[1.92 ||2.18 |[2.40 |i3.09 |j3.61 [l4.32 ||4.92 ]

10 [0.37 {jo.57 Jlo.70 Jfo.o4 Jfr.17 J[1.29 {11.33 [1.43 |[1.57 |[1.83 |2.01 ||2.22 |}2.51 |[2.74 |[3.52 ||4.08 ]i4.89 |5.54 |

25 ll0.47 Jo.71 Jo.88 |[1.19 |[1.47 |[1.62 J[1.65 |[1.74 ||1.87 |I2.19 |[2.39 ]|2.63 |[2.95 |[3.20 ||4.07 ][4.68 I|5.60 [l6.31 ]

[ 50 llo.ss Jlo.83 J[1.03 |[1.38 {[1.71 |[1.89 |[1.91 ]}2.00 [{2.10 J|2.47 {[2.68 |[2.95 ||3.29 ||3.54 |}4.48 |[5.12 |l6.11 |[6.85 |

100 1[0.63 ][0.96 ][1.19 [1.60 |[1.99 ][2.18 J[2.20 §2.28 .34 J2.77 Jf2.98 |[3.29 |[3.63 |[3.88 J|4.88 |I5.54 Jl6.59 |[7.35 || &—

200 Jlo.72 J[1.10 |[1.36 |[1.84 [2.27 ][2.50 |[2.52 ][2.59 J2.61 ][3.07 |[3.29 |[3.62 ][3.98 Jl4.21 ][5.26 ][5.94 |[7.03 ][7.81 ]

500 |l0.85 [1.30 |f1.61 |[2.17 ][2.69 |[2.97 |[2.99 {[3.04 ||3.08 |[3.49 [[3.70 ||4.08 |l4.44 |l4.66 ||5.75 ||6.43 ||7.56 |(8.35 |

[ 1000 Jj0.96 ][1.46 1[1.81 ][2.44 |[3.02 |[3.35 ][3.38 |[3.43 |[3.47 ||3.81 ]}4.02 }|4.43 ][4.79 ]4.99 |l6.11 ]l6.78 ]{7.91 |[8.70 |

* These precipitation frequency estimates are based on a partial duration series. AR is the Average Recurrence Interval.
Please refer to NOAA Atlas_14 Document for more information. NOTE: Formatting forces estimates near zero to appear as zero.

* Upper bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

 J|ARI**|[ 5 10 {| 15 4| 30 || 60 Jj 120 ] 3 6 12 || 24 || 48 4 7 10 [} 20 | 30 {| 45 || 60
(years)|| min || min || min || min [ min || min || hr {| hr || hr || hr || hr || day || day || day || day || day || day || day

1 J0.20 ][o.31 Jjo.38 Jjo.51 Jjo.64 Jjo.73 ]j0.77 Jl0.86 ]j0.97 |[1.09 |[1.22 [|1.35 |[1.54 |[1.70 ]2.19 |[2.56 |{3.08 |I3.53 |
2 026 {[0.40 J[0.49 J[o.66 1l0.82 ]0.93 ]0.98 [[1.08 ||1.22 Jj1.36 |[1.52 Jj1.67 |[1.91 Jl2.11 |[2.73 |[3.18 |[3.82 |[4.37 ]
5 lo.35 J{0.54 Jlo.67 Jfo.90 |f1.11 |{1.23 J}1.27 J|1.36 {|1.51 J|1.70 ||1.88 ][2.07 |{2.35 |[2.58 ||3.32 ||3.85 ||4.62 ||5.25 |
10 Jl0.43 J[o.65 Jjo.81 ][1.09 |[1.34 J]1.48 |[1.51 ]{1.60 |{1.74 ||1.98 }|2.18 |[2.39 {{2.70 |[2.94 |3.77 |l4.35 |[5.21 ||5.89 |
25 J[o.54 llo.82 |[1.01 |[1.36 |[1.69 |[1.85 |[1.87 |[1.94 ||2.07 ||2.37 |[2.58 ||2.83 |[3.18 ||3.43 ]|4.36 ][4.99 ||5.95 ||6.70 |
50 J[o.62 J[0.95 J[i.18 J[1.59 J[1.96 Jf2.15 J2.17 J2.23 ][2.32 J2.67 ][2.90 ]}3:17 |[3.54 ][3.79 [[4.80 ][5.46 J[6.49 ][7.:27 ]
100 Jfo.73 |[1.10 J[1.37 |[1.84 |[2.28 {[2.49 |[2.50 ][2.55 ][2.60 |[2.99 |[3.22 |[3.53 |{3.91 |[4.16 ]i5.22 ||5.91 [i7.00 {|7.80 ]
[ 200 1jo.83 |[1.27 ll1.57 J2.12 ||2.62 ||2.87 |[2.88 |[2.91 |[2.91 [[3.32 ]13.56 |[3.90 |[4.29 }4.53 |[5.64 ||6.34 |[7.46 ||8.30 |
500 ]f0.99 |[1.51 |[1.87 |[2.52 |[3.12 ]{3.42 [[3.43 ]{3.44 |3.48 ]}3.78 ||4.02 fl4.41 [l4.80 ][5.01 |l6.18 |6.88 ||3.04 |[8.89 |
1000 J[1.12 J1.71 |2.12 ][2.85 ][3.52 |[3.88 ][3.90 |[3.91 |[3.95 |l4.15 [|4.38 [|4.81 |[5.20 |[5.39 ||6.58 ]{7.26 ||8.43 [[9.27 |

* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.
** These precipitation frequency estimates are based on a partial duration series. ARl is the Average Recurrence Interval.

* Lower bound of the 90 % confidence interval
Precipitation Frequency Estimates (inches)

ARI**|{ 5 10 §| 15 ] 30 §f 60 |{ 120 (| 3 6 12 )| 24 || 48 4 7 10 || 20 {] 30 || 45 || 60
(years)|| min [i min || min {| min [ min | min {| hr || hr || hr || hr || hr § day [{ day [| day || day || day || day || day

[ 1 Jlo.15 ][0.23 J[0.29 Jjo.39 Jjo.48 ][o.56 Jjo.60 ][0.69 Jjo.80 Jl0.93 JJ1.04 |[1.16 ][1.33 J1.47 Jl1.90 ]j2.24 ]j2.69 |{3.09 ]
[ 2 .20 ]fo.30 ]f0.37 J[o.50 ][o.62 Jjo.71 J|o.76 Jjo.86 [l0.99 |[1.16 J[1.29 J|1.44 Jli.65 |[1.82 ||2.36 |[2.78 ]{3.34 [|3.83 |
|

/R I I D D e
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5 |27 Jo.a1 |

051 |

0.68 [[0.84 ]|0.94 [l0.98 [[1.09 ]1.23 ||1.45 [|1.61 [[179 |l2.03 [[2.24 [|2.88 [|3.38 [l.05 Jla62 || ya

10 ][0.32 Jfo.49 |

0.61 |

0.82 |[1.01 |[1.13 117 J[r.27 J[1.42 J[1.69 J[1.86 ][2.07 ||2.33 ][2.56 |[3.28 ]{3.82 |[4.58 ||5.19 |

[ 25 Jlo-40 Jlo.61 Jfo.75 J[ro1 J[r25 J[139 J[1.43 ][154 ][1.67 J2.01 ][220 J2.44 J[2.74 J2.97 |3.79 ]ja.38 ][5.24 1[5.91 |

!I 100 |

[ 50 ][o.46 ]jo.70 Jjo.87 ][t.17 J[1:45 J[1.60 J[1.64 ][1.75 |[1.86 ][2:26 ][2.46 |[2.73 [3.04 |[3.28 Jla.16 ]4.78 |[5.71 ][6.41 |

0.53 ][0.80 ]f0.99 |[1.34 ][1.65 ][1.83 |[1.86 ][1.97 |[2.05 ][2.51 ||2.72 |[3.02 ||3.35 ][3.58 |4.51 ||5.16 ]l6.15 ]|6.87 |

lZOOl

0.59 Jf0.90 |[1.12 |[1.51 ][1.87 ][2.06 J[2.09 1f2.19 J[2.26 ][2.77 |[2.98 |[3.31 |[3.65 ][3.88 |4.86 ||5.52 |i6.56 ][7.29 |

500

0.69 |[1.04 [1.29 |[1.74 ][2.15 [[2.39 |42 .52 J[2.56 ][3.12 |[3.33 |[3.68 [[4.05 ]j4.26 ||5.27 ||5.94 |{7.04 ][7.78 |

1000 |

0.76 |[1.15 [[1.43 |[1.93 |2.38 ][2.64 |[2.69 |[2.78 ][2.81 |[3.38 |[3.59 |[3.97 ]|4.34 ]j4.54 ||5.58 |l6.25 ]{7.37 ]8.10 |

* The fower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than.
* These precipitation frequency estimates are based on a parfial duration maxima series. ARl is the Average Recurrence Interval.

Please refer to NOAA Atlas 14 Docurment for more information. NOTE: Formatting prevents estimates near zero to appear as zero.

[ Textversion of tables

J

Partial duration based Point Precipitation Frequency Estimates - VYersion: 4
34.9667 N 110.28% W 5286 ft
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Partial duration based Point Precipitation Fredquency Estimates - Version: 4
34.9667 N 116.289 U 5288 ft ;{3

Precipitation Depth (in)
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These maps were produced using a direct map request from the
U.S. Census Bureau Mapping and Cartographic Resources
Tiger Map Server.

Please read discluimer for more informarion.

Crmmartmcieid Oy ettt A DI 7ZONT 1 /Y)Y INYNNOY

Tttone 7T T sncvrits omvcror mvmxrd vy et I T A s v A A vt svme]l Tecrovnmamet Crrrer bty



Precipitation Frequency Data Server

Page 4 of 4

S | = !
R ] LEGEND 24
_{ \ — —— State — Connector

A—Tj : —— County Stream
: £ ] Indian Resv Military Area

o s LakefPond/Ocean National Park

T-/ g — Street Other Park
= < Expressway [ 1City
& — Highway o — (igunty's & ni

Scale 1:228583 |15 1
faverage--true scale depengs on mon?tor resoil(l)ztklmon

q i :
] e
el e ,f’ Location
-y A

{8 =
—-'T’__F\“% wzcr
H <
s Te
‘;x . : B i
i ‘l. .\"r( N 1 s 1 1
110.4%W 110.3%W

Other Maps/Photographs -

View USGS digital orthophoto quadrangle (DOQ) covering this location from TerraServer; USGS Aerial Photograph may also be

available A
from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused by terrain relief and camera
tilts has been removed. It combines the image characteristics of a photograph with the geometric qualities of a map. Visit the USGS for more

information.

Watershed/Stream Flow Information -

Find the Watershed for this location using the U.S. Environmental Protection Agency's site.

Climate Data Sources -

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links provide general

information
about observing sites in the area, regardless of if their data was used in this study. For detailed information about the stations used in this

study,
please refer to NOAA Atlas 14 Document.

[ +/-30minutes ]| or.. [ +-1degree | of this location (34.9667/-110.2890). Digital ASCII data can be obtained directly from

Find Natural Resources Conservation Service (NRCS) SNOTEL (SNOwpack TELemetry) stations by visiting the
Western Regional Climate Center's state-specific SNOTEL station maps.

Hydrometeorological Design Studies Center
DOC/NOAA/National Weather Service
1325 East-West Highway

Silver Spring, MD 20910

(301) 713-1669
Questions?: HDSC.Questions @noaa.gov

Disclaimer

T tbom e Il T e ente s om s~ em v e~y It 1 M Ao il At mar]l Vvmoam—mmE Lriimife—ricRrecnrioc—nd L ctatename— A RTI7ZON 1/77/7000




APPENDIX B
HYDROLOGY

P:\WRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Report\Draft Drainage Report.doc




ON-SITE HYDROLOGY

P:\WRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Report\Draft Drainage Report.doc




URS EXHIBIT 4.7-2
CALCULATION COVER SHEET
Client: Arizona Public Service Project Name: Cholla Ash Monofill

Project/Calculation Number: 23445548
Title: Rational Method Calculations/Inputs

Total Number of Pages (including cover sheet):

Total Number of Computer Runs:
Prepared by:  Michelle C. West, EIJ~ %w "~ et~ Date:  2/3/2009
Checked by:  Danette Lucas, EIT_FC0UIAZ ol Date: _2/9/2009

Description and Purpose:

The purpose of this calculation is to estimate the peak flows required for the offsite and onsite drainage
channel design, and to calculate the runoff volume for the onsite drainage detention basin.

The Rational Method and inputs were calculated in an excel spreadsheet. This package contains the
input calculations and reference material used to determine C values, K,, values and T, values. The
Rainfall data included in this package is provided in the Rainfall Data calculation package.

The Peak Flow printouts were generated from an excel spreadsheet located:

PAWRES\Arizona Public_Service\23445548 Cholla_Ash Monofill APP\Channel
Design\Hydrology\Calculations\Rational Method\ADOT-IDF-Cholla-Ash-Monofill 2-9-09.xls

Design Basis/References/ Assumptions

The drainage basins and flow paths that the rational method calculation are based on are located in the
following CADD files:

PA\WRES\Arizona Public Service\23445548 Cholla Ash Monofill APP\Channel Design\Hydrology\
Topo Base mcw_working.dwg

PAWRES\Arizona Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydrology\X-
5548-SitePlan_onsite mcw_working.dwg

Figures are included which show the proposed development area, the offsite and onsite drainage basin
delineations, and the longest flowpaths for each basin.

Remarks/Conclusions/Results:
See attached printouts.

Calculation Approved by:

Project Manager/Date

Revision No.: Description of Revision: Approved by:

Project Manager/Date




RATIONAL METHOD CALCULATION
CHOLLA ASH MONOFILL HYDROLOGY ANALYSIS
CHOLLA GENERATING STATION
ARIZONA PUBLIC SERVICE

Problem Statement

The object of this calculation is to calculate the peak flows required for the onsite and offsite
drainage channel design of the proposed Cholla Ash Monofill, and to calculate the volume required
for the detention basin for the onsite drainage.

The peak flows for the drainage basins were calculated using the procedure outlined in the Arizona
Department of Transportation (ADOT) Highway Drainage Design Manual Hydrology.

Required Deliverables

e Times of Concentration and Peak flows for each drainage basin, both offsite pre-development
(100-year, 24-hour storm event) and onsite post-development (25-year, 24-hour storm event).

¢ Volume of runoff for onsite post-development detention basin.

Data Available

e Rainfall Data provided in Rainfall Data Calculation package
e [-D-F Data and Curves provided in Rainfall Data Calculation package

e Drainage Area (Total pre-development drainage area is approximately 150 acres, total post-
development offsite drainage area is approximately 98 acres, see Fig 1)

e USDA NRCS web soil survey report for hydrologic soil group ratings by soil map unit to
provide basis for C value.

o Tables from ADOT Highway Drainage Design Manual Hydrology providing C values and Ky
values for the calculation

¢ Contour Data provided by USGS (5-foot contours) and Arizona Public Service (2-foot contours)

e Proposed Ash Monofill contour data.

Results

The printouts of the offsite and onsite peak flows were generated from the following Excel
spreadsheet are attached:

PAWRES\Arizona Public Service\23445548 Cholla_Ash Monofill APP\Channel
Design\Hydrology\Calculations\Rational Method\ADOT-IDF-Cholla-Ash-Monofill 2-9-09 xls

P:\WRES\Arizona_Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rational Method\ADOT
Rational Method Calc-2-9-09_draft.doc




The total runoff volume for the onsite post-development drainage basins is 5.5 acre feet, including the
proposed area of the detention basin itself.

REFERENCES

ADOT Highway Drainage Design Manual Hydrology. March 1993.
URS Corporation. Rainfall Data Calculation Package. Cholla Ash Monofill. 2009.

USDA NRCS. Web Soil Survey. Soil Properties and Qualities, Hydrologic Soil Group. Accessed
February 4, 2009. http://websoilsurvey.nrcs.usda. gov/app/WebSoilSurvey.aspx

P:\WRESVArizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rational Method\ADOT
Rational Method Calc-2-9-09_draft.doc




WORKSHEETS

P\WRES\Arizona_Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydrology\Calculations\Rational Method\ADOT
Rational Method Calc-2-9-09_draft.doc




Cholla Ash Monofill

Cholla Generating Station 7
Arizona Public Service
A cC | D E | F | G H |

1

2 Rainfall

3 Return Frequency Depth

4 (inches)

5 2-year, 6-hour 096

6 2-year, 24-hour 125

7 100-year, 6-hour 2928

8 100-year, 24-hour 277

9

10 Short-Duration Rainfall Zone = 6

11

12 ADOT RAINFALL INTENSITY-DURATION-FREQUENCY

13 SITE SPECIFIC |-D-F TABLE

14

15 Rainfall Intensity (inches/hour)

16 | Duration Frequency (N-year)

17 2 5 10 25 50 100 500

18 5-min 2.87 3.97 472 575 6.55 7.34 9.17

19 10-min 2.21 3.09 3.67 448 511 573 717
20 15-min 1.78 2.52 3.01 3.69 4.22 474 5.95
21 30-min 113 1.63 1.95 2.40 2.75 3.10 3.89
22 1-hour 0.68 0.99 1.20 1.48 1.70 1.91 2.41
23 2-hour 0.39 0.55 0.65 0.80 0.91 1.02 1.28
24 3-hour 0.28 0.39 0.46 0.56 0.63 0.71 0.88
25 6-hour 0.16 0.21 0.25 0.30 0.34 0.38 0.47
26 12-hour 0.09 0.12 0.14 0.17 0.19 0.21 0.26
27 24-hour 0.05 0.07 0.08 0.09 0.10 0.12 0.14
28
29 ADOT RAINFALL DEPTH-DURATION-FREQUENCY

30 SITE SPECIFIC D-D-F TABLE
31
32 Rainfall Depth (inches)

33| Duration Frequency (N-year)

34 2 5 10 25 50 100 500
35 5-min 0.24 0.33 0.39 0.48 0.55 0.61 0.76
36 10-min 0.37 0.51 0.61 0.75 0.85 0.96 1.20
37 15-min 0.44 0.63 0.75 0.92 1.05 1.18 1.49
38 30-min 0.57 0.81 0.98 1.20 1.38 1.55 1.95
39 1-hour 0.68 0.99 1.20 1.48 1.70 1.91 2.41
40 2-hour 0.78 1.09 1.30 1.59 1.81 2.04 2.55
41 3-hour 0.84 1.16 1.37 1.67 1.89 2.12 2.65
42 6-hour 0.96 1.28 1.50 1.81 2.04 2.28 2.83
43 12-hour 1.11 1.45 1.68 2.01 2.27 2.53 3.1
44 24-hour 1.25 1.61 1.86 2.22 2.50 2.77 3.40
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Cholla Ash Monofill
Cholla Generating Station
Arizona Public Service
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Procedure Intermediate Calculations:

Rainfall Depth (inches)

2-year, 1-hour 0.68
2-year, 2-hour 0.78
2-year, 3-hour 0.84
2-year, 6-hour 0.96
2-year, 12-hour 1.11
2-year, 24-hour 1.25
100-year, 1-hour 1.91
100-year, 2-hour 2.04
100-year, 3-hour 2.12
100-year, 6-hour 2.28
100-year, 12-hour 2.53
100-year, 24-hour 2.77
Procedure Look-up Tables:

2-year, 5-min
2-year, 10-min
2-year, 15-min
2-year, 30-min
100-year, 5-min
100-year, 10-min
100-year, 15-min
100-year, 30-min

Rainfali Depth (inches)
0.24
0.37
0.44
0.57
0.61
0.96
1.18
1.55

Duration Zone Ratio Frequency Adjustment Ratio
(Minutes) 6 8 (N-yr) X Y
5 0.35 0.34 5 0.674 0.278
10 0.54 0.51 10 0.496 0.449
15 0.65 0.62 25 0.293 0.669
30 0.83 0.82 50 0.146 0.835
5 0.32 0.30 500 -0.337 1.381
10 0.50 0.46
15 0.62 0.59
30 0.81 0.80
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Cholla Ash Monofill
Cholla Generating Station
Arizona Public Service

IDF DATA FORMULAS

A C D E { F G H 1
1
| 2 ] Rainfall
| 3 | Return Frequency Depth
| 4
| 5] 2-year, 6-hour
| 6 ] 2-year, 24-hour
| 7 ] 100-year, 6-hour
| 8 ] 100-year, 24-hour
¢ ]
10| Short-Duration Rainfall Zone = 6.
7]
[ 72]
73]
14
5]
| 16]  Duration
17 2 5 10 25 50 100 500
18 5-min =C35/$B18 |=D35/3B18 =E35/5818 =F35/3818 =G35/$818 =H35/$B18 _|=I135/$B18
19 10-min __ |=C36/$B819 |=D36/$819 =E36/5B19 =F36/5819 =G36/$819 =H36/5B19 {=I36/$B19
20 15-min__ |=C37/5820 |=D37/3820 =E37/$820 =F37/$820 =G37/3820 =H37/5820 |=I137/3B20
21 30-min __|=C38/$B21 |=D38/3B21 =E38/3B21 =F38/5B21 =(38/$821 =H38/$B21 |=I138/$B21
22 1-hour =C39/$822 |=D39/$B22 =E39/$822 =F30/8822 =G39/8B22 =H39/$822 |=139/$822
23 2-hour =C40/8823 [=D40/3B23 =E40/3B23 =F40/$823 =G40/$823 =H40/$823 |=140/$B23
24 3-hour =C41/$B24 |=D41/$B24 =E41/$824 =F41/$B24 =G41/5824 =H41/$B24 |=141/$B24
25 6-hour =C42/$B25 |=D42/3B25 =E42/$B25 =F42/$B25 =G42/$B25 =H42/$825 |=142/$B25
26 12-hour {=C43/3826 |=D43/$826 =E43/$B26 =F43/3826 =G43/$B26 =H43/5826 [=143/$B26
27 24-hour _1=C44/5B27 [=D44/$B27 =£44/5B27 =F44/$B27 =G44/8B27 =H44/$827 |=144/$827
28]
29
[50]
31
[32]
| 33]  Duration
34 2 5 10 25 50 100 500
35 5-min =H48 =(VLOOKUP(D$34,8G$65:51369,2)"$H48)+(VLOOKUP(D$34,5G565:91$69,3)'SH52) S(VLOOKUP(ES$34 3G865:51$69,2)$H48)+(VLOOKUP(ES34,5G$65:$1569.3)"$H52) =(VLOOKUP(F$34.$G$65:31569,2)$H48)+(VLOOKUP(F$34,8G$65:$1$69,3)"3H52) =(VLOOKUP(G$34,$G565:51869,2)"$H48)+{(VLOOKUP(G$34,5G$65:51369.3)"5H52) |=H52 =(VLOOKUP(1834,$G$65:31$69,2)"$H48)+(VLOOKUP(1$34,$C$65:$1$69,3)"$H52)
36 10-min__ [=H49 =(VLOOKUP(D$34 $G$65:81$69.2)"$H49)+(VLOOKUP(D$34,5G$65:$1369,3)"5H53) S(VLOOKUP(E$34,5G565:31869,2) $HA9)+(VLOOKUP(E$34 $G$65:51$69,3)$H53) ={VLOOKUP(F$34,8G$65:$1$69,2)"$H49)+(VL OOKUP(F$34,5G$65:81$69,3)5H53) =(VLOOKUP(G$34,5G$65:51569.2)"$H49)+(VLOOKUP(GS$34,5G$65:81569,3) 5H53) |=H53 =(VLOOKUP(1$34,8G$65:$/$69,2)"$H49)+(VLOOKUP(1$34,$G$65:31$69,3) $H53)
37 t5-min__ [=HS50 =(VLOOKUP(D$34 3G$65:81$69,2) $H50)+(VL OOKUP(D$34,$G$65:$1569,3) $H54) =(VLOOKUP(E$34.5G$65:51869,2)" SH50)+(VLOOKUP(E$34,5G$65:51569,3) SH54) =(VLOOKUP(F$34,5G565:51$69,2) $H50)+(VLOOKUP(F$34,5G$65:51369,3)SH54) =(VLOOKUP(G$34,5G$65:31869,2)' $H50)+(VLOOKUP(G$34,$G$65:51$69,3) $H54) [=H54 =(VLOOKUP(1$34,$G$65:$1$69.2)" $H50)+{VLOOKUP(1$34,5G$65:$(569,3) $H54)
38 30-min___ |=H51 =(VLOOKUP(D$34 $G$65:$1569,2)"§H51)+(VLOOKUP(D$34,5G$65:3/369,3) $H55) =(VLOOKUP(E$34,5G565:31569,2) $H5 1)+(VIL. OOKUP(ES34,5G$65:51569,3)"$H55) =(VLOOKUP(F$34.3G$65:51869,2)8H5 1)+ VLOOKUP(F$34,$G565:51$69,3)"SHS5) =(VLOOKUP(G$34 5G565:31869.2) $H5 1)+ VLOOKUP(G$34,$G$65:51369,3)"8H55) |=H55 =(VLOOKUP(1$34 $G$66:$1869,2)"$H5 1)+(VLOOKUP(1$34,5G$65:$1569.3) SH55)
32 1-hour =D48 =(VLOOKUP(D$34,5G$65:31$69,2)"$D48)+(VL OOKUP(D$34,$G$65:51$69,3)"$D54) =VLOOKUP(E$34 5G565:51$69,2)"$D48)+VLOOKUP(E$34,5G$65:51$69,3)"$D54) =(VEOOKUP(F$34 $G$65:51569,2)" $D48)+VLOOKUP(F$34,$G565:51$69.3)"$D54) =(VLOOKUP(G$34.5G$65:$/1369,2)"$D48)+{VLOOKUP(G534,5G$65:51569,3)$D54) |=D54 =(VLOOKUP(i$34 $G$65:31569,2)*$D48)+(VLOOKUP(1$34,$G$65:51569.3)"$D54)
40 2-hour__ 1=D4g ={(VLOOKUP(D$34 5G$65:$1$69,2)"$D49)+(VL OOKUP(D$34,$G565:$1$69,3) $D55) =(VLOOKUP(ES34.3G$65:81$69,2)8D49)+(VLOOKUP(ES34 $G$65:$1$69,3)'SD55) =(VLOOKUP(F$34,5G365:81$69,2)"$D49)+(VLOOKUP(F$34,5G$65 $1$69,3) $D55) =(VLOOKUP(G$34,8G$65:31869.2)"$D49)+(VLOOKUP(G$34,5G$65:51$69,3)"SD55) |=D55 =(VLOOKUP(1$34,5G$65:$1569,2)*$D49)+(VLOOKUP(1$34,$G$65:51369,3)"$D55)
41 3-hour =D50 =(VLOOKUR(D$34,5G$65:31$69,2)" $D50+{VL OOKUP(D$34,$G$65:51$69,3)°$D56) =(VLOOKUP(E$34,8G565:51969,2) 5050 +{VLOOKUP(ES34,5G$65:$1369.3)"$D56) ={VLOOKUP(F$34,$G$65:51569.2) $D50)+ VL OOKUP(F$34,$G$65:$/$69,3)$D56) =(VLOOKUP(G$34,5G$65:31$69.2)' $D50)+(VLOOKUP(G$34,5G$65:51$69,3)"$D56) |=D56 =(VLOOKUP(1$34,5G$65:81869,2)"$D50)+(VLOOKUP(1$34,$G$65:$1569,3)"$D56)
42 6-hour =Ds1 =(VLOOKUP(D$34 $G$65:31$69,2)"$D51)+(VLOOKUP(D$34,5G565:$1569,3) $D57) =(VLOOKUP(E$34.8G$65:81$69.2)"SD5 1)+(VLOOKUP(E$34,8G$65:51869,3)"$D57) =(VLOOKUP(F$34,8G565:51$69.2)$D5 1 )+(VLOOKUP(F$34,5G$65:31$69.3) $D57) =(VLOOKUP(G$34,5G565:$1569.2) $D5 1)+(VLOOKUP(G$34,$G565:$1569,3)'$D57) [=D57 =(VLOOKUP(i$34 3G$65:51869,2)"$D51)+(VLOOKUP(1534,$G$65:51$69,3)"$D57)
43 12-hour _ [=D52 =HVLOOKUP(D$34 $6965:81569,2)"$D52)+(VIL.OOKUP(D$34.5G$65:$1$69,3)3D58) =(VLOOKUP(E$34, 5G865:31569,2) $D52)+(VLOOKUP(ES34 $G$65:51569.3)5D58) “{VLOOKUP(F$34,8G$65:51369.2)$D52)+(VLOOKUP(F$34,$G$65:81869,3)°5D58) =(VLOOKUP(G$34 56865:51869,2)"$D52)+(VLOOKUP(G$34,5G$65:51$69.3)$D58) |=D58 =(VLOOKUP(i$34 $G$65:31869,2)"$D52)+(VL OOKUP(1$34,5G$65:$1569,3) $D58)
44 24-hour _ [=D53 =(VLOOKUP(D$34,$G$65:81569,2) $D53)+(VLOOKUP(D$34,$G$65:31869,3)'$D59) (VLOOKUP(E$34,$G$65:31569,2)"$D53)+(VLOOKUP(E$34,$G$65:$1$69.3)5D59) =(VLOOKUP(F$34,3G$65:51569,2)$D53)+(VLOOKUP(F$34,8G$65:51$69,3)"$D59) =(VLOOKUP(G$34 $G$65:31569.2)$D53)+{VLOOKUP(G$34 $G$65:91569,3)"$D59) [=D59 =(VLOOKUP(1334,5G$65:31$69,2)"$D53}+(VLOOKUP(I$34,3G$65:51$69,3)'$D59)
45
E Procedure Intermediate Calculations:
47
E 2-year, 1-hour =-0.011+(0.942°($F$5"2)/5F$6) 2-year, 5-min =IF($F$10=6,D65"$D$48,E65°$D348)
| 49 J2-year, 2-hour =0.3417($F$5)+0.650*(3D548) 2-year, 10-min =IF($F$10=6,D66"$D$48, E66°$D$48) ‘
| 50 |2-year, 3-hour =0.569°($F$5)+0.431°($D348) 2-year, 15-min =IF($F$10=6,D67°50$48,E67°3D$48)
| 51 §2-year, 6-hour =F5 2-year, 30-min =IF($F$10=6,D68"$0$48,E68'$D$48)
| 52 J2-year. 12-hour =0.5°($F$5)+0.5"($F56) 100-year, 5-min =IF($F$10=6,D69'$D$54 E69°$D$54)
5_3. 2-year, 24-hour =F6 100-year, 10-min =IF($F$10=6,D70"8D$54,E70"$D$54)
|_54 f100-year, 1-hour =0.494+(0.755"($F$742)/$F$8) 100-year, 15-min =IF($F$10=6,D71°$D$54,E71°$D$54)
| 55 | 100-year, 2-hou =0.341($F$7)+0.659°($D$54) 100-year, 30-min - =IF($F$10=6,D72"$D854,E72"$D$54)
|56 ]100-year, 3-hout =0.569°($F$7)+0.431°($D$54)
|57 |100-year, 6-how =F7
| 58 1100-year, 12-hos =0.5"($F$7)+0.57($F$8)
| 59 }100-year, 24-hon =F8
[ 60]
| 61 |Procedure Look-up Tables:
[62]
| 63 § Duration Zone Ratio Frequency
| 64 Minutes) |6 8 (N-yr) X Y
65 5 0.35 034 5 0674 0278
| 66 10 054 0.51 10 0.496 0.449
67| 15 0.66 0.62 25 0.293 0.669
| 68§ 30 0.83 0.82 50 0.146 0.835
| 69 5 0.32 03 500 -0.337 1.381
70 10 0.5 0.46
| 71} 15 0.62 0.59
72§ 30 0.81 08
73
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Project Name:

Denotes information that needs to be entered.
*NOTE: Minimum allowable Tc = 10 minutes per ADOT Manual

Cholla Power Plant- Ash Fill Date: 02/06/09
Subject: 25-Year Peak Discharge Onsite Computed By: MCW
Location: Joseph City, AZ Checked By:
Q=CIA
25-yr, 24-hr Precipitation = 222 in
25-yr, 10 min Intensity = 4.48 in/hr
Hydrologic Zone = 6 I= in/hr
Area = acres
Length of Longest Flowpath Total Area = 8.89 acres
0.16 miles
feet
eet Design Peak Flow = 23.9 cfs
Slope of Longest Flowpath : ft/mi
Kb
Te=11.4L0%0K, 0525031038
Tc= time of concentration (hrs)
Trials L= length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min) = slope of longest flowpath

4.5 = average rainfall intensity (in/hr)

49 OK*

5.3

6.2

7.5




. | Denotes information that needs to be entered.
*NOTE: Minimum allowable T¢ = 10 minutes per ADOT Manual

Project Name: Cholla Power Plant- Ash Fill Date: 02/06/09
Subject: 25-Year Peak Discharge Onsite Computed By: MCW
Location: Joseph City, AZ Checked By:
Q=CIA
25-yr, 24-hr Precipitation = 222 in
25-yr, 10 min Intensity = 4.48 in/hr
Hydrologic Zone = 6 I= in/hr
Area = acres
Length of Longest Flowpath Total Area = 13.72 acres
0.12 miles
Design Peak Flow = 36.9 cfs
Slope of Longest Flowpath = ft/mi
Kb =
1 Tc=1 1 .4L°-5°Kbo-5zs"°.31I'0-38
Tc= time of concentration (hrs)
Trials L= length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min) I(in‘hr Tc (min) S= slope of longest flowpath
3.8 = average rainfall intensity (in/hr)
41 OK*
4.5
5.2
6.3




Trials
Calculated
Tc (min)

4.5
4.9 OK*
5.3
6.2
7.5

Tc (min

Denotes information that needs to be entered.
*NOTE: Minimum allowable Tc = 10 minutes per ADOT Manual

= slope of longest flowpath
= average rainfall intensity (in/hr)

Project Name: Cholla Power Plant- Ash Fill Date: 02/06/09
Subject: 25-Year Peak Discharge Onsite Computed By: MCw
Location: Joseph City, AZ Checked By:
Q=CIA
25-yr, 24-hr Precipitation = 222 in
25-yr, 10 min Intensity = 4.48 in/hr
Hydrologic Zone = 6 I= 4.48 in/hr
Area 87 acres
Length of Longest Flowpath Total Area = 19.87 acres
0.16 miles
eet
eet Design Peak Flow = 53.5 cfs
Slope of Longest Flowpath : ft/mi
Kb
Te=11 4L0.50Kb0.528-0.31l-0.38
Tc= time of concentration (hrs)

= length of longest flowpath (miles)
Kb = watershed resistance coefficient




Project Name: Cholla Power Plant- Ash Fill Date: 02/06/09
Subject: 25-Year Peak Discharge Onsite Computed By: MCW
Location: Joseph City, AZ Checked By:

25-yr, 24-hr Precipitation = 2.22 in
25-yr, 10 min Intensity = 4.48 in/hr
Hydrologic Zone = 6

Length of Longest Flowpath

eet
0.09 miles
eet
eet

ft/mi

Slope of Longest Flopath :
Kb

Q=CIA

Design Peak Flow =

= 4.48 in/hr

Area acres

Total Area = 467 acres
12.6 cfs

Te=11 .4L0.50Kb0.523-0.31 l-0.38

Trials
Calculated
Tc (min)

3.1
3.4 OK*
3.7
4.3
5.2

Denotes information that needs to be entered.
*NOTE: Minimum allowable Tc = 10 minutes per ADOT Manual

time of concentration (hrs)

length of longest flowpath (miles)
watershed resistance coefficient
slope of longest flowpath
average rainfall intensity (in/hr)
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TABLE 2-1
RESISTANCE COEFFICIENT (K,) FOR USE WITH THE
RATIONAL METHOD T, EQUATION

Mountain, with forest and dense ground 0.15 - 0.30
cover

(overland slopes - 50% or greater)

Mountain, with rough rock and boulder cover 0.12 0.25
(overland slopes - 50% or greater)

Foothills ‘ 0.10 0.20

(overland slopes - 10% to 50%)

f
1Alluvial fans, Pediments and Rangeland 0.05 & K b
(overland slopes - 10% or less) osite
Irrigated Pasture @ — 0.20
Tilled Agricultural Fields 2 — 0.08
URBAN
Residential, L is less than 1,000 ft° 0.04 —
Residential, L is greater than 1, OOO ftP 0.025 —
Grass; parks, cemeteries, etc. 2 — 0.20
Bare ground; playgrounds etc. @ — 0.08
Paved; parking lots, etc. @ — 0.02

Notes: a - No defined drainage network.
b - L is length in the T, equation. Streets serve as drainagae network.

OV\SH'C K\o assume{ = 0.0%

e S SR
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FIGURE 2-5
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FIGURE 2-5

RATIONAL "C" COEFFICIENT 7
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Soil Properties and Qualities—Navajo County Area, Arizona, Ceniral Part
(Cholla Ash Monofiil Hydrology)
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Soil Properties and Qualities—Navajo County Area, Arizona, Central Part

(Cholla Ash Monofill Hydrology)

MAP LEGEND

Area of Interest (AOI)
i Area of Interest (AOI)

Soils
Soil Map Units

Soil Ratings
A

AD

Not rated or not available
Political Features
) Cities
Water Features
fud Oceans
Streams and Canals

Transportation

ey Rails
il Interstate HighWays
s US Routes
Major Roads
o Local Roads

MAP INFORMATION

Map Scale: 1:9,280 if printed on A size (8.5" x 11") shest.
The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each,map sheet for accurate map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: UTM Zone 12N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Navajo County Area, Arizona, Central Part
Version 10, Sep 11, 2008

Date(s) aerial images were photographed:  6/21/1997

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

USDA  Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperative Soil Survey

2/4/2009
Page 2 of 4
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Soil Properties and Quaiities—Navajo County Area, Arizona, Central Part Cholla Ash Monofill Hydiuiogy

Soil Properties and Qualities

Soil Properties and Qualities— Siimimary by Mag Unit — Navajo County Ared, Arizona, Central Pari
Map unit syimbof Map unit name Rating Acres in ADI | Parcent of AGH

3 Badland-Torriorthents association, 1 to 30 - 438 21.4%
percent slopes

9 Bumswick sandy clay loam, 1to 5 percent |B 106.0 51.7%
slopes

21 Grieta sandy loam, 3 to 10 percent siopes B 0.2 0.1%

22 Gypsiorthids-Torriorthents association, 5to  |{B 55.0 26.8%
60 percent slopes

Totals for Area of interest 205.0 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils  :
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell

— |

va - potential, soils that have a high water table, soils that have a claypan or clay layer

lﬁn\ 09"“’”"\' at or near the surface, and soils that are shallow over nearly impervious material.

These soils have a very slow rate of water transmission.
Onsi¥® v ——
- .

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

USDA  Natural Resources ‘ Web Soil Survey 2.1 2/4/2009

Conservation Service : National Cooperative Soil Survey Page 3 of 4
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Soil Properties and Qualities-Navajo County Area, Arizona, Central Part Cholla Ash Monofill Hydrology

Rating Options

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified

Tie-break Rule: Lower

USDA  Natural Resources Web Soil Survey 2.1 2/4/2009
Conservation Service National Cooperative Soil Survey Page4 of 4




OFF-SITE HYDROLOGY

P:\WRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Report\Draft Drainage Report.doc




Project Name:
Subject:
Location:

Cholla Power Plant- Ash Fill
100-Year Peak Discharge
Joseph City, AZ

Date: 02/03/09

Computed By:
Checked By:

MCwW

100-yr, 24-hr Precipitation = 277 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6

Length of Longest Flowpath

0.56 miles
feet
eet

229.85 ft/mi

Slope of Longest Flowpath
Kb =

Q=CIA

Total Area =

Design Peak Flow =

in/hr
acres

39.63 acres

53.8 cfs

Te=11 .4L0.50Kb0.528-0.31 I-0.38

Trials

Calculated
Tc (min)
13.4
15.9
16.1 OK
18.7
22.4

I(in/hr)

Denotes information that needs to be entered.

time of concentration (hrs)

length of longest flowpath (miles)
watershed resistance coefficient
slope of longest flowpath
average rainfall intensity (in/hr)




Project Name: Cholla Power Plant- Ash Fill

Date: 02/03/09

Denotes information that needs to be entered.

Subject: 100-Year Peak Discharge Computed By: MCW
Location: Joseph City, AZ Checked By:
Q=CIA
100-yr, 24-hr Precipitation = 2.77 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6 = 4.30 in/hr
Area = cres
Length of Longest Flowpath Total Area = 49.27 acres
Design Peak Flow = 62.5 cfs
Slope of Longest Flowpath 215.44 ft/mi
Kb =
Te=11.4L050K, 0-52g-0.31-0.38
Tc= time of concentration (hrs)
Trials L= length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min Tc (min) S= slope of longest flowpath

14.5 I= average rainfall intensity (in/hr)

171

17.8 OK

20.1 '

242




| Denotes information that needs to be entered.

Project Name: Cholla Power Plant- Ash Fill Date: 02/03/09
Subject: 100-Year Peak Discharge Computed By: MCW
Location: Joseph City, AZ Checked By:
Q=CIA
100-yr, 24-hr Precipitation = 2.77 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6 3.80 in/hr
acres
Length of Longest Flowpath ‘ Total Area = 59.65 acres
0.85 miles '
Design Peak Flow = 66.9 cfs
Slope of Longest Flowpath :
Kb =
Tc=11.4L0%0K, 525031038
Tec= time of concentration (hrs)
Trials L= length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min) i(in/hr Tc (min) S= slope of longest flowpath
17.4 = average rainfall intensity (in/hr)
20.6
224 OK
24.2
29.1




Project Name: Cholla Power Plant- Ash Fill Date: 02/03/09
Subject: 100-Year Peak Discharge Computed By: MCWwW
Location: Joseph City, AZ Checked By:

100-yr, 24-hr Precipitation = 277 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6

Length of Longest Flowpath

Slope of Longest Flowpath
Kb

276.26 ft/mi

Q=CIA

Csoa=

Area =
Total Area = 14.10 acres
Design Peak Flow = 23.8 cfs

Te=11 .4L0.50Kb0.52s-0.31 |-0.38

Trials

Calculated
Tc (min)
8.6
9.3
9.4 OK*
10.1
11.9
14.3

enotes information that needs to be entered.
Note: Minimum allowed Tc = 10 minutes

time of concentration (hrs)
length of longest flowpath (miles)
watershed resistance coefficient
slope of longest flowpath
average rainfall intensity (in/hr)




Denotes information that needs to be entered.

Project Name: Cholla Power Plant- Ash Fill Date: - 02/03/09
Subject: 100-Year Peak Discharge Computed By: MCw
Location: Joseph City, AZ Checked By:
Q=CIA
100-yr, 24-hr Precipitation = 277 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6 I= 5.00 in/hr
Area =
Length of Longest Flowpath Total Area = 34.4 acres
Design Peak Flow = 50.7 cfs
Slope of Longest Flowpath 233.99 ft/mi
Kb =
Tc=11 .4Lo.soKbo.5zs-o.31 |-0.38
Tc= time of concentration (hrs)
Trials L= length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min) S= slope of longest flowpath

11.2 = average rainfall intensity (in/hr)

13.0 OK

13.2

15.5

18.7




Project Name: Cholla Power Plant- Ash Fill

Date: 02/03/09

Denotes information that needs to be entered.

Subject: 100-Year Peak Discharge Computed By: MCW
Location: Joseph City, AZ Checked By:
Q=CIA
100-yr, 24-hr Precipitation = 277 in
100-yr, 10 min Intensity = 5.73 in/hr
Hydrologic Zone = 6 I= 4.20 in/hr
Length of Longest Flowpath = 'Total Area = 49.19 acres
Design Peak Flow = 60.9 cfs
Slope of Longest Flowpath
Kb
Te=11 '4L0.50Kb0.528-0.31 |-0.38
Tc= time of concentration (hrs)
Trials = length of longest flowpath (miles)
Calculated Kb = watershed resistance coefficient
Tc (min) S= slope of longest flowpath

15.5 = average rainfall intensity (in/hr)

18.3

19.2 OK

21.5

25.9




Hydrograph Data

Based on Site Specific Watershed and Rainfall Data

FORMULAS

A | B i C i D

| G | H | I

Project Name: Cholla Power Plant- Ash Fill
Subject: 100-Year Peak Discharge
Location: Joseph City, AZ

Date: 39847
Computed By: MCW
Checked By:

Ash Fill Channel - Pre-development Drainage ‘Area 1

100-yr, 6-hr Precipitation = ='|DF Data'lH42
100-yr, 10 min Intensity ='|DF Data'lH19
Hydrologic Zone *= ='|DF Data'lF10

—
S

-
N

Length of Longest Flowpath = ' 44974
: =D12/5280
‘5245
BO79
=(D14-D15)/D13
Kb= 0

~Upper Eleval
St LowerElevation= o
Slope of Longest Flowpath =

JEEY NN SN
(6,1 BN {0V

—
[=>]

in
in/hr

feet

_miles
i feet
. feet

ft/mi

Q=CIA

50B Area =
__Area=
Total Area =

Design Peak Flow =

Csoa= 0.295
C =0
CComposlle= =(HE*H10+H7*H11)/H12
I= =B26 in/hr
5965~ acres
0 acres
=H10+H11 acres

=H8*H9*H12 cfs

urey N JEN
© Joof~

Te=11 .4LOA50Kb0.523-0.31 rOA38

Trials
Calculated

Tc (min) I(in/hr) Tc (min)

5. ='DF DatallH18 11.4*$D3$1340.5"3D$17/0.52*$D$167-0.31*B24"-0.38)*60

15 =1DF Data'lH20 - 11.4*$D$13%0.5*$D$170.52*$D$167-0.31*B25-0.38)*60

- 38 i 11.4*$0$1370.5*$D$1710.52"$D$164-0.31"B26"-0.38)*60 OK

11.4*$D$13%0.5*$D$1770.52*$D$16"-0.31"B27-0.38)*60
11.4*$D$13%0.5*$D$1720.52*$D$164-0.31*B28-0.38)*60

A

Denotes information that needs to be entered.

(O] [N [O8] 1381 [NST1NT ST 3N] [3SF [N FANT 1] £307
N 2 OO |0~ |-B [WN = O
RN
35}

time of concentration (hrs)
length of longest flowpath (miles)
watershed resistance coefficient
slope of longest flowpath
average rainfall intensity (in/hr)

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydrology\CalculationsiRational Method\ADOT-IDF-Cholla-Ash-Monofill_2-9-09

~

2/10/2009




APPENDIX C
HYDRAULC CALCULATIONS

P:\WRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Report\Draft Drainage Report.doc




APPENDIX C
HYDRAULC CALCULATIONS
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ON-SITE HYDRAULIC CALCULATIONS

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Repori\Draft Drainage Report.doc




ON-SITE CHANNEL
NORMAL DEPTH CALCULATIONS

PAWRES\rizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel DesigmReport\Draft Drainage Report.doc




Worksheet for DROP Onsite SOUTH channel(25 cfs-5:1)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVE Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 4:58:42 PM

Manning Formula

Normal Depth

0.035
0.20000
2.50
2.50
10.00
25.00

0.29
3.14
11.58
11.46
0.55
0.02311
7.96
0.98
1.28
2.68

Supercritical

0.00
0.00

0.00

0.00
infinity
infinity

0.29

0.55

0.20000
0.02311

ft/ft

ft/ft (H:V)
fift (H:V)
ft

ft¥/s

ftZ

ft/ft
ft/s

ft/s
ft/s

f/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite SOUTH channel (25 cfs - 1.6% slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Siope
Bottom Width

Discharge

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Input Data

Downstream Depth
Length
Number Of Steps

GVE Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 4:58:02 PM

Manning Formula

Normal Depth

0.035
0.01600
2.50
2.50
10.00
25.00

0.61
7.09
13.31
13.07
0.55
0.02311
3.53
0.19
0.81
0.84

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.61

0.55

0.01600
0.02311

fi/ft
ft/ft (H:V)
ft/ft (H:V)
ft

fty/s

ftZ

ft/ft
ft/s

ft/s
ft/s

f/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster {08.01.071.00]




Worksheet for DROP STRUCTURE Onsite sec-1(95 cfs-5:1)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Stope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF OQutput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channe! Slope
Critical Slope

2/12/2009 2:53:50 PM

Manning Formula

Normal Depth

0.035
0.20000
2.50
2.50
10.00
95.00

0.64
7.43
13.45
13.20
1.26
0.01845
12.79
2.54
3.18
3.01

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.64

1.26

0.20000
0.01845

ft/ft
f/ft (H:V)
ft/ft (H:V)

ft’/s

ftZ

ft/ft
ft/s

ft/s
ft/s

ft/ft
f/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite channel sec-1(95 cfs - 0.885% slope)

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Inptit Data

Roughness Coefficient 0.035
Channel Siope : 0.00885 ft/ft
Left Side Slope 2,50 ft/ft (H:V)
Right Side Slope 2.50 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 95.00 ft¥s
Results

Normat Depth 1.55 ft
Flow Area 21.43 ft2
Wetted Perimeter 18.32 #
Top Width 17.73
Critical Depth 1.26
Critical Slope 0.01845 fi/ft
Velocity 443 fys
Velocity Head 0.31 ft
Specific Energy 1.85
Froude Number 0.71

Flow Type Subcritical

GVF input Data

Downstream Depth 0.00 ft
Length 0.00
Number Of Steps 0

GVF Output Data -

Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.55 +#t
Critical Depth 1.26 ft
Channel Slope 0.00885 ft/ft
Critical Slope 0.01845 it
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00]

2/12/2009 2:52:23 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1




Worksheet for Onsite channel sec-2(95 cfs - 1.04% slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Siope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 2:52:28 PM

Manning Formula

Normal Depth

0.035
0.01040
2.50
2.50
10.00
95.00

1.48
20.25
17.96
17.39

1.26

0.01846

4.69

0.34

1.82

0.77

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.48

1.26

0.01040
0.01846

fu/ft
f/ft (H:V)
fu/ft (H:V)

ft3/s

ﬁZ

ft/ft
ft/s

ft/s
ft/s

ft/ft
fi/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite channel sec-3(95 cfs - 0.5% slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input.Data’

Downstream Depth
Length
Number Of Steps

GVF Output:Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 2:52:32 PM

Manning Formula

Normal Depth

0.035
0.00500
2.50
2.50
10.00
95.00

1.80
26.19
19.72
19.02

1.26

0.01845

3.63

0.20

2.01

0.55

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.80

1.26

0.00500
0.01845

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft*/s

ﬁZ

ft
ft/ft
ft/s
ft
ft

ft

ft/s
ft/s

fi/ft
ft/ft

Bentley Systems, inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite channel sec-4(95 cfs - 1.0% slope)

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035
Channel Slope 0.01000
Left Side Slope 2.50
Right Side Slope 2.50
Bottom Width 10.00
Discharge 95.00
Results

Normal Depth 1.49
Flow Area 20.54
Wetted Perimeter 18.05
Top Width 17.47
Critical Depth 1.26
Critical Slope 0.01845
Velocity 4.63
Velocity Head 0.33
Specific Energy 1.83
Froude Number 0.75
Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00
Profile Description

Profile Headloss 0.00
Downstream Velocity Infinity
Upstream Velocity Infinity
Normal Depth 1.49
Critical Depth 1.26
Channel Slope 0.01000
Critical Slope 0.01845

i/t
ft/ft (H:V)
fi/ft (H:V)

ft¥/s

ftZ

ft/ft
ft/s

ft

ft/s
ft/s

ft/ft
ft/ft

Bentiey Systems, Inc. Haestad Methods Solution Center
2/12/2009 2:52:37 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page

Bentley FlowMaster [08.01.071.00]

1 of

1




Worksheet for Onsite channel sec-5(40 cfs - 1.0% slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input-Data

Downstream Depth
Length '
Number Of Steps

GVF Qutput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channe! Slope
Critical Slope

2/12/2009 2:52:42 PM

Manning Formula

Normal Depth

0.035
0.01000
2.50
2.50
10.00
40.00

0.92
11.34
14.96
14.61

0.74

0.02127

3.53

0.19

1.1

0.71

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.92

0.74

0.01000
0.02127

ft/ft

Rt (H:V)
fift (H:V)
ft

ft¥/s

ftZ

ft/ft
ft/s

ft

ft

ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite channel sec-6(40 cfs - 1.0% slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Criticat Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data
Downstream Depth

Length
Number Of Steps

GVF Qutput Pata

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normai Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 2:52:47 PM

Manning Formula

Normal Depth

0.035
0.01000
2.50
2.50
10.00
40.00

0.92
11.34
14.96
14.61

0.74

0.02127

3.53

0.19

1.1

0.71

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.92

0.74

0.01000
0.02127

Bentley Systems, Inc. Haestad Methods Solution Center

fi/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ﬂZ

ft
ft/ft
ft/s

ft

ft/s
ft/s

ft/ft
ft/ft

Bentley FlowMaster {08.01.071.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1




Worksheet for DROP STRUCTURE Onsite Sec-7 (40 cfs-5:1)

Project Deseription

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Siope
Left Side Slope
Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth

Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Siope

2/12/2009 2:53:05 PM

Manning Formula

Normal Depth

0.035
0.20000
2.50
2.50
10.00
40.00

0.39
4.24
12.08
11.93
0.74
0.02127
9.44
1.39
1.77
2.79

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.39

0.74

0.20000
0.02127

ft/ft

ft/it (H:V)
fi/ft (H:V)
ft

ft®/s

ft2

ft/ft
ft/s

ft/s
ft/s

fuft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Worksheet for Onsite channel sec-7(40 cfs - 1.0% slope)

Project Description

Friction Method Manning Formula

Solve For Normal Depth

fnput Data

Roughness Coefficient 0.035
Channel Slope 0.01000 ft/ft
Left Side Slope 2.50 ft/ft (HV)
Right Side Slope 2.50 fi/ft (H:V)
Bottom Width 10.00 ft
Discharge 40.00 ft¥/s
Results

Normal Depth 0.92 ft
Flow Area 11.34 {12
Wetted Perimeter 14.96 ft
Top Width 14.61 ft
Critical Depth 0.74 ft
Criticat Slope 0.02127 i/t
Velocity 353 fi/s
Velocity Head 0.19 ft
Specific Energy 111 ft
Froude Number 0.71

Flow Type Subcritical

GVF Input-Data

Downstream Depth 0.00 ft
Length 0.00
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.92 ft

Critical Depth 0.74

Channel Slo‘pe » 0.01000 fuft
Critical Slope 0.02127  fuft

Bentiey Systems, Inc. Haestad Methods Solution Center Bentiey FlowMaster [08.01.071.00]

2/12/2009 2:53:12 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1




Worksheet for Onsite channel sec-8(40 cfs - 0.5% slope)

Project Description

Friction Method

Solve For

nput Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

Results .

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth

Length
Number Of Steps

GVF Qutput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 2:53:26 PM

Manning Formula

Normal Depth

0.035
0.00500
2.50
2.50
10.00
40.00

1.12
14.35
16.04
15.60

0.74

0.02127

2.79

0.12

1.24

0.51

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.12

0.74

0.00500
0.02127

ft/ft

ft/ft (H:V)
ft/et (H:V)
ft

ft¥/s

ft2

ft/ft
ft/s

ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Onsite channel sec-9(40 cfs - 0.5% slope)

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results -

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Siope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Qutput Data

Upstream Depth
Profile Description
Profile Headloss
bownstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/12/2009 2:53:17 PM

Manning Formula

Normal Depth

0.035
0.00500
2.50
2.50
10.00
40.00

1.12
14.35
16.04
156.60

0.74

0.02127

2.79

0.12

1.24

0.51

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.12

0.74

0.00500
0.02127

ft/ft

f/ft (H:V)
fi/ft (H:V)
ft

ft®/s

ﬂZ

ft/ft
ft/s

ft/s
ft/s

ft/ft
f/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




ON-SITE CHANNEL
RIP-RAP SIZING CALCULATIONS
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Chotla Ash Monofill
Riprap Comparison
Onsite Channels Drop Structures

Cholla Ash Monofill Drainage Channel Riprap Rock Size (feet
Methed |
Chosen Layer
USACE Maricopa Rock Size | Thickness
Onsite Channel | (D30) | ASCE |USBR|USGS|ISBASH | HEC-11| Cty Min Max (D50) (ft)
Section 1 (bank) 0.09 014 | 0.26 | 0.38 0.25 0.05 0.17 0.05 0.38 0.33 1.00 |
Section 1 (bottom) 0.09 013 | 026 038, 0.25 0.04 0.04 0.38 0.33 1.00
Section 2 (bank) 011 [ 016 | 029 | 043 028 | 006 017 | 0.06 0.43 0.33 1.00 |
Section 2 (bottom) 0.1 014 1 029 ' 043 @ 0.28 | 005 0.05 0.43 0.33 1.00
Section 3 (bank) 0.05 | 0.09 | 017 - 023 | 017 | 0.03 0.08 0.03 0.23 033 | 1.00
Section 3 (bottom) 005 | 0091 017 | 0.23 0.17 | 0.02 0.02 0.23 0.33 ~1.00
Section 4 (bank) 010 | 015 | 0.29 | 0.42 0.27 0.06 0.17 0.06 0.42 0.33 1.00
Section 4 (bottom) 010 | 0.14 | 029 042 | 027 | 004 0.04 0.42 033 | 1.00
|Section 5 (bank) 0.06 0.09 | 016 | 0.22 0.16 0.03 0.08 0.03 0.22 0.33 1.00 |
Section 5 (bottom) 0.06 | 008 | 0.16 | 0.22 0.16 0.02 0.02 0.22 0.33 1.00
Section 6 (bank) 0.06 | 009 | 016 | 0.22 0.16 0.03 0.08 0.03 0.22 0.33 1.00
Section 6 (bottom) 0.06 0.08 | 0.16 | 0.22 0.16 0.02 0.02 0.22 0.33 1.00
Section 7 (bank) 0.06 | 009 | 016 | 0.22 0.16 0.03 0.08 0.03 0.22 0.33 1.00 |
Section 7 (bottom) 0.06 0.08 | 0.16 | 0.22 0.16 0.02 0.02 0.22 0.33 1.00
Section 8 (bank) 0.03 | 005 | 010 | 0.12 0.10 0.01 0.08 0.01 0.12 0.33 1.00
Section 8 (bottom) 0.03 0.05 | 0.10 | 0.12 0.10 0.01 0.01 0.12 0.33 1.00
Section 9 (bank) 003 | 005 | 010 | 0.12 0.10 0.01 0.08 0.01 0.12 0.33 1.00 |
Section 9 (bottom) 0.03 0.05 | 010 | 0.12 0.10 0.01 0.01 0.12 0.33 1.00
Drop Struc On-sec 1-basin (bnk) 1.61 116 | 2.33 | 5.02 2.09 1.23 3.50 1.16 5.02 1.00* 2.00 |
Drop Struc On-sec 1-basin (btm) 1.61 1.07 | 233 | 5.02 2.09 0.92 0.92 5.02 1.00* 2.00 |
Drop Struc On-sec 7- 5:1(bnk) 0.85 | 063 | 1.24 | 2.39 1.14 0.50 1.83 0.50 2.39 1.00* 2.00
Drop Struc On-sec 7- 5:1(btm) 085 | 058 | 1.24 | 2.39 1.14 0.37 0.37 2.39 1.00* 2.00 |
SOUTH Channel
Section 1 (bank) 0.07 0.09 | 0.16 | 0.22 0.16 0.03 0.08 0.03 0.22 0.33 1.00
Section 1 (bottom) 0.07 | 0.08 [ 016 | 022 | 016 | 0.02 0.02 0.22 0.33 1.00
Drop Struc On-SOUTH-basin {bnk) 0.60 045 | 0.88 | 1.58 0.81 0.34 1.33 0.34 1.58 1.00* 2.00 |
Drop Struc On-SOUTH-basin {(btm) 060 | 042  0.88 | 1.58 0.81 0.26 0.26 1.58 1.00* 2.00
*NOTE: All drop structures and basins will consist of grouted riprap. ]

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Riprap Sizing\RDS runs_comparison 2/12/2009




Cholla Ash Monofill
Riprap Calculation

A | B [ ¢ T ® T & Tr[ 6 T W T 1T T 7]

1_|Calculation of Riprap Size for Channel Lining
2 |Calculations are based on Drainage Design Manuat for Maricopa County (Manual)
3
4 |Channel Name: Cholla Ash Onsite Drop Structure SOUTH channel
5 |Design Flood Freque 100 -yr
6 [Location/Station: 32+50 to 33+00
1
| 8 |
9 [Relevant Equations
| 10 ]
11
| 12 | 0.001¥;
_& 30 = [P
14 dm\: K!
15 ]
16 L 0.8
wTR . sin- @
7] K = {1 _sin” J
18 sn - @
19 |Where,
20 dsg = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 dag = Average depth of flow in the main channel, ft
Ki= Bank angle correction factor
6= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

V, = 7.96|ft/s
davg = 0.28ft
Dgp = 16{inch Assume a Dg; and then calculate if it is stable.

= 21.80|degree [2.5:1 (H:V)]

Hence,
Ky= 0.82
dgp = 1.25 ft
dsp (inch) = 16 inch <----D50 = 16 inches is stable.

BIAIS W W JWIwlwlw]w jw fw [wno]o]o]ofo]o
NI=O |© |0 [N|ojots|w [N [ |ojololw]o]|lofslw

~
w

Therefore, proposed design riprap size (dsg) = |16 inch I

= 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
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Cholla Ash Monofill
Riprap Calculation

A_| 8 [ ¢ T o T & TF[6 T A T 1 T 3T ]
1_|Calculation of Riprap Size for Channel Lining
2_|Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 |Channel Name: Cholla Ash ONSITE SOUTH Channel
5 |Design Flood Freque 100 -yr
6 |Location/Station: 35+00 to 38+50

=
| 8 |
9 [Relevant Equations
| 10|
| 11]
| 12 | 0.001/;
13 da =~ it
14 d,. K
L 15 |
16 s [
== sn - @
——-17 KI = {1 T }
18 sm- @
19 [Where,
20 dgp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, f/s
22 davg = Average depth of flow in the main channel, ft
23 K= Bank angle correction factor
24 g = Bank angle with the horizontal, degree
25 Q= Riprap material's angle of repose, degree
26
27
28 |input Parameters
29 [{Based on output from FlowMaster and based on the Manual)
30
31 V, = 3.53|ft/s
32 oy = 0.61ft
33 Dep = 1{inch Assume a Dy, and then calculate if it is stable.
34 6= 21.80|degree [2.5:1 (H:V)]
35 ¢ = 41.0[degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
37 |Hence,
38 Ky = 0.82
39 dso = 0.08 ft
40 dsp (inch) = 1 inch <---D50 = 1 inches is stable.
| 41 ]
42
43| Therefore, proposed design riprap size (ds,) = I 1 inch l
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Cholla Ash Monofill
Riprap Calcuiation

Al 8 [ ¢ [ o [ E T G T ] [ J 1]
1_|Calculation of Riprap Size for Channel Lining
| 2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 |Channel Name: Cholla Ash Onsite Drop Structure channel section 1
5 [Design Flood Freque 100 -yr
6 [Location/Station: 32+50 to 33+00
| 7
8
9 |Relevant Equations
[ 10 ]
1
|12 0.001%,
_ﬁ 00 dus Kx.s
_E‘l_ ave P
| 15
16 .2 408
BER sin @
—1 KI = 1 TS
18 s - ¢
19 |Where,
20 dsp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 davg = Average depth of flow in the main channel, ft
K= Bank angle correction factor
G = Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

8] sfsafle s = [ells]s[alelax

V, = 12.79|ft/s
davg = 0.64|ft
Dso = 42linch Assume a Dy and then calculate if it is stable.
G = 21.80|degree [2.5:1 (H:V)]
¢ = 41.0jdegree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,
Ky = 0.82
dsg = 3.49 ft
40 dsp (inch) = 42 inch <----D50 = 42 inches is stable.
11]
42
4_3 Therefore, proposed design riprap size (dg) = |42 inch |
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Cholla Ash Monofill
Riprap Calculation

A1 8 [ € T 0 T & [F[ 6 | w T 1T [ 7]

Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County {(Manual)

Channel Name: Cholla Ash ONSITE Channel section 1
Design Flood Freque 100 -yr
Location/Station: 35+00 to 38+50

Jele[ ol []-

Relevant Equations

43 Therefore, proposed design riprap size (dso) = I 2 inch I

10
11
|12 0.0014}
_:lé_ dﬁ” =R [
14 e K
15
16 L, 0.5
PEa sin - @
i Kl = 1 T
18 sin - ¢
19 |Where,
20 dsp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 davg = Average depth of flow in the main channel, ft
23 K, = Bank angle correction factor
24 @ = Bank angle with the horizontal, degree
25 ¢ = Riprap material's angle of repose, degree
26
27 |
28 |Input Parameters
29 [(Based on output from FlowMaster and based on the Manuatl)
30
31 V= 4.43|ft/s
32 davg 1.55]ft
33 Dsgp = 2linch Assume a Dy and then calculate if it is stable.
34 = 21.80|degree [2.5:1 (H:V)]
35 @ = 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
37 {Hence,
38 K, = 0.82
39 dgp = 0.09 ft
40 dsg (inch) = 2 inch <----D50 = 2 inches is stable.
41
42

P:\WRES\Anzona_PubIic_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Riprap Sizing\Riprap_size_ estimates

By:
Checked:

Date:

Page




Cholla Ash Monofill
Riprap Calculation

A | 8 | ¢ [ © T E TF[ G T W T T T J ]
1_|{Calculation of Riprap Size for Channel Lining
2_|Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 {Channel Name: Cholla Ash ONSITE Channel section 2
5 |Design Flood Freque 100 -yr
6 [Location/Station: 35+00 to 38+50

| 7]
| 8 |
9 |Relevant Equations
| 10|
L1 ]
12 | 0.001/}

13 Ao =—5 %

14 dg K,

15

16 R

7 K, = 1_5?1179

18 sin” @

19 |Where,

20 dso = Median diameter of the riprap materials, ft
V,= Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
6= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

Input Parameters

(Based on output from FlowMaster and based on the Manual)

AP W W lwlwlwlw]w {w [w [wn ool o o
WINI=|O O | I~Njo]o|[Rw I = [Olololvo]o]s|w I [ —

Therefore, proposed design riprap size (ds) = I 2 inch I

Vy = 4.69ft/s

davg = 1.48]ft

Dgo = 2linch Assume a Dy, and then calculate if it is stable.

6 = 21.80{degree [2.5:1 (H:V)]

¢ = 41.0[degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dgg = 0.11 ft

dgo (inch) = 2 inch <----D50 = 2 inches is stable.
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Cholla Ash Monofill
Riprap Calculation

A | 8 [ ¢ ] © T E TG T w ] | J ]
1_|Calculation of Riprap Size for Channel Lining

2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)

3

4 |Channel Name: Cholla Ash ONSITE Channel section 3

5 |Design Flood Freque 100 -yr

6 {lLocation/Station: 35+00 to 38+50

L 7]
| 8 |
9 {Relevant Equations
| 10 ]
|11
1_§ 0.0017,
| 13 | 05 TR 1S

14 doe K,

15

16 . 0.3

7] K = {1 _sin 9}
|- ] . )

| 18 ) sin - @
| 19 [Where,

20 dsp = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
6= Bank angle with the horizontal, degree
Q= Riprap material's angle of repose, degree

nput Parameters
(Based on output from FlowMaster and based on the Manual)

IS s W W lw]wlw[w|w fw jw [winn] oo (o (o
WIN}=2]O J© | Nl AW [N [— [O]lo]o{Njoloislw (N |=

Therefore, proposed design riprap size (ds) = I 1 inch I

Va= 3.63|ft/s

davg = 1.8]ft

Dgy = 1linch Assume a Dg; and then calculate if it is stable.

6= 21.80|degree [2.5:1 (H:V)]

¢ = 41.0j{degree From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dgg = 0.05 ft

dgp (inch) = 1 inch <----D50 = 1 inches is stable.
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Cholla Ash Monofill
Riprap Calculation

A1 8 [ ¢ [ o T € JF[ 6 [ H T 1T T 7
1_|Calculation of Riprap Size for Channel Lining
2_{Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 IChannel Name: Cholla Ash ONSITE Channel section 4
5 IDesign Flood Freque 100 -yr
6 |Location/Station: 35+00 to 38+50
7
8
9 |Relevant Equations

| 10 |
|11
|12 | 0.001¥;
13 T
14 we M
15
16 Lo 0.5
WER sin- @
—-—17 KI = 4:1 T :]
18 sin” ¢
19 {Where,
20 dsp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, fi/s
22 davg = Average depth of flow in the main channel, ft
23 Ky = Bank angle correction factor
24 Q= Bank angle with the horizontal, degree
25 ¢ = Riprap material's angle of repose, degree
26
27
28 |Input Parameters

|

| 29 |(Based on output from FlowMaster and based on the Manual)
30
31 Vo= 4.83|fts
32| ong = 1.49]ft
? Dso = 2|inch Assume a Dy, and then calculate if it is stable.
Ea 9= 21.80]degree  [2.5:1 (H:V)]
| 35 ¢= 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
z Hence,
| 38 | Ky = 0.82
39 dsp = 0.11 ft
40 | dsg (inch) = 2 inch <---D50 = 2 inches is stable.
(471
42
43 | Therefore, proposed design riprap size (ds) = W—I
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Cholla Ash Monofill
Riprap Calculation

A

|

B

¢ | D 1]

E _JF]_ 6 | H [ T 1 J ]

[efel ol [

Channel Name:
Design Flood Freque 100 -yr
Location/Station:

Relevant Equations

—
o

|

uy
N

ey
N

-
w

|

-
EaY

|

-
w

|

=y
[«)

ey
~

-
o

=y
<]

Hence,

W W [WWlWIW]W W TW FWININENININININ [N IN N
O O | N[ IW I = OO |ohiw N |- O

=N
-

|

[5

S
w

Where,

Cholla Ash ONSITE

35+00 to 38+50

Al

d

_0.001/;

dyy = ———%

3 K‘!.S

vy

ot

L, ns
sin - @
sin~ @

9:
¢:

Input Parameters
(Based on output from FlowMaster and based on the Manual)

Ki =
dgp =
dgg (inch) =

Calcuilation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)

Channel section 5

Median diameter of the riprap materials, ft

Average velocity in the main channel, ft/s

Average depth of flow in the main channel, ft
Bank angle correction factor

Bank angle with the horizontal, degree
Riprap material's angle of repose, degree

3.53|ft/s
0.92]ft
1{inch

21.80|degree
41.0|degree

0.82
0.06 ft
1 inch

Assume a Dg, and then calculate if it is stable.
{2.5:1 (H:V)]
From Figure 6.14 of the Manual for rounded riprap - attached.

<----D50 = 1 inches is stable.

Therefore, proposed design riprap size (dg) = | 1 inch I
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Cholla Ash Monofill
Riprap Calculation

A [ 8 [ ¢ T o[ TF[ 6 T w T T [ 7 ]
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Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)

Channel Name: Cholla Ash ONSITE Channel section 6
Design Flood Freque 100 -yr
Location/Station: 35+00 to 38+50

Relevant Equations

0.001;
doy =—e%
do K,
o 0.3
K | Sin” g
== ;
‘ S @
Where,
dsy = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky= Bank angle correction factor
6= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

nput Parameters
(Based on output from FlowMaster and based on the Manual)

V, = 3.53|ft/s

davg = 0.92(ft

Dy = 1linch Assume a D5, and then calculate if it is stable.

= 21.80[degree [2.5:1 (H:V)]

o= 41.0]degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

K= 0.82

dsg = 0.06 ft

dgp {inch) = 1 inch <----D50 = 1 inches is stable.

Therefore, proposed design riprap size (ds) = I 1 inch I
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Cholla Ash Monofill
Riprap Calculation
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Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)
Channel Name: Cholla Ash ONSITE Drop Structure section 7
Design Flood Freque 100 -yr
Location/Station: 35+00 to 38+50
Relevant Equations

0.001¥;
dsy = EAE
(/u\u Kl
L P 03
) Nl
o]
sn Q@
Where,
dsy = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
g = Bank angle with the horizontal, degree
Q= Riprap material's angle of repose, degree

nput Parameters

(Based on output from FlowMaster and.based on the Manual)

V, = 9.44 f/s

davg = 0.39ft

Dgp = 22|inch Assume a Dy and then calculate if it is stable.

6= 21.80)degree [2.5:1 (H:V)]

¢ = 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dgp = 1.80 ft

dsg (inch) = 22 inch <----D50 = 22 inches is stable.

Therefore, proposed design riprap size (dsp) = |22 inch l
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Cholla Ash Monofill
Riprap Calculation

A | B ]
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1 |Calculation of Riprap Size for Channel Lining
2_|Calculations are based on Drainage Design Manual for Maricopa County {Manual)
3
4 [Channel Name: Cholla Ash ONSITE Channel section 7
5 [Design Flood Freque 100 -yr
6 [Location/Station: 35+00 to 38+50
7
8
9 |Relevant Equations
10
11
| 12 ] 0.0017)
| 13 Ay = =7
| 14 ] du\;uKl
|15 |
16 Lo 03
] ) NI
17 K, = {1 L }
18 sm @
19 [Where.
20 deg = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
6= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

Alnlals jw |w lwlwlwlwlw [w |w (wlofofoioio ]

Therefore, proposed design riprap size (ds,) = I 1 inch l

V, = 3.53}fts

davg = 0.92|ft

Dyo = 1linch Assume a D5, and then calculate if it is stable.

6= 21.80|degree {2.5:1 (H:V)]

Q= 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dgp = 0.06 ft

dgp (inch) = 1 inch <----D50 = 1 inches is stable.

PAWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Riprap Sizing\Riprap_size_ estimates

By:
Checked:

Date:

Page




Cholla Ash Monofill
Riprap Calculation

A | 8 | ¢ | o T e Je[ G [ H ] L J
1_|Calculation of Riprap Size for Channel Lining
2_[Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 |Channel Name: Cholla Ash ONSITE Channel section 8
5 [Design Flood Freque 100 -yr
6 |Location/Station: 35+00 to 38+50
7

| 8 |
9 |Relevant Equations
| 10 ]
| 17 ]
| 12 | 0.001/}
13 0T Tos s
a Rt d:,)\»:u K\L.
15
16 L. 0.3
= sin - @
17 K, =|1-2
18 s @
19 IWhere,
20 dgo = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, f/s
22 davg = Average depth of flow in the main channel, ft
23 K= Bank angle correction factor
24 8= Bank angle with the horizontal, degree
25 Q= Riprap material's angle of repose, degree
26
27
28 |Input Parameters
29 |(Based on output from FlowMaster and based on the Manual)
30
31 Vo = 2.79\ft/s
32 Gavg = 1.12)ft
33 Dsg = 1linch Assume a Dy and then calculate if it is stable.
34 6= 21.80|degree [2.5:1 (H:V))
35 ¢ = 41.0|degree From Figure 6.14 of the Manual for rounded riprap - attached.
36
37 [Hence,
38 K= 0.82
39 dso = 0.03 ft
40 dgg (inch) = 1 inch <----D50 = 1 inches is stable.
41
42
43| Therefore, proposed design riprap size (dg) = I 1 inch |
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Cholla Ash Monofill
Riprap Calculation

nput Parameters

PRSI W (W fW]WlW][wW]|w W Jw FLOINININIRINININ N NN
WIN=2O |© | [N~ ]|W [N - |Ojole|N|[o|lw M [— O

V, = 2.79|fs

davg = 1.12]ft

Dgg = 1linch

Q= 21.80|degree

o= 41.0|degree
Hence,

K= 0.82

dgp = 0.03 ft

dgp (inch) = 1 inch

A1 8 [ ¢ [ o [ € TF[ 6 [ w T T T J ]
1_|Calculation of Riprap Size for Channel Lining
2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 iChannel Name: Cholla Ash ONSITE Channel section 9
5 [Design Flood Freque 100 -yr
6 |Location/Station: 35+00 to 38+50
L 7]
| 8 |
9 |Relevant Equations
| 10 ]
11
12 ] 0.001%}
| 13 ] T = — o
14 e
| 15 ]
16 ISR
7 K, =|1- sTn : g
18 sin’ @
19 [Where,
dsg = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, fi/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
g = Bank angle with the horizontal, degree
o= Riprap material's angle of repose, degree

(Based on output from FlowMaster and based on the Manual)

Assume a Dsg and then calculate if it is stable.
[2.5:1 (H:V))

From Figure 6.14 of the Manual for rounded riprap - attached.

<----D50 = 1 inches is stable.

Therefore, proposed design riprap size (dg) = | 1 inch I
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Cholla Ash Monofill By:

Riprap Calculation Checked:

Formulas

A | B | C | D | E [ F ] G [ H
Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)

Channel Name: Choila Ash Offsite Channel section 1
Design Flood Frequency: 100 -yr
Location/Station: 1+50 to 7+50

el o]l [

Relevant Equations
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dsg = Median diameter of the riprap materials, ft
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Where,

N
(@

V, = Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor

9= Bank angle with the horizontal, degree
p= Riprap material's angle of repose, degree

NI [N
w N =

EEER

N
o]

nput Parameters

(Based on output from FlowMaster and based on the Manual)

WIN
(e} Ko}

w
iy

Vo = 7.96 fi/s
davg = 0.29 ft
Dgy = 16 inch Assume a Dy, and then calculate if it is stable.

6= 21.8 degree [2.5:1 (H:V))

= 41 degree From Figure 6.14 of the Manual for rounded riprap - attached.

|

w
N

|

w
w

Hence,
Ky = =(1-((SIN(RADIANS(C34)))42/(SIN(RADIANS(C35)))72))40.5
dsg = =0.001*C3113/(C32"0.5*C38"1.5) ft
dsg (inch) = =CEILING(C39*12,1) inch <----D50 = =C33 inches is stable.
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Therefore, proposed design riprap size (dsg) = 5233 inch —l
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onsite SOUTH Channel-DROP
Date: 02/12/2009 Time: 17:05

BY
WEST Consultants, Inc.

version 3.0

COPYRIGHT (c) 2005

WEST CONSULTANTS, INC.
16870 WEST BERNARDO DRIVE
SUITE 340

* SAN DIEGO, CA 92127

PH:
FAX:
WEB :WWW,WESTCON

Project: Cholla Ash Onsite
Description: Onsite SOUTH Channel DROP

USACE Method

RIPRAP DESIGN SYSTEM (RDS)

March, 2005 f

858-487-9378 *
858-487-9448 *
L TANTS . CoM %

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 7.96 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. Ibs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.29 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Ooutput Results:

Computed D30 0.60 ft
Computed Local Depth Averaged velocity 7.96 ft/s
Local velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**% Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 lIbs/cu ft

Layer Thickness 1.250 ft

Selected Minimum D30 0.61 ft

selected Minimum D90 0.88 ft

Stone weight, lbs

Percent Lighter by Weight Minimum Maximum
w100 67. 169.
w50 34. 50.
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onsite SOUTH Channel-DROP
w15 11. 25.

ASCE Method

Input Parameters:

Local velocity 7.96 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. Ibs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.45 ft

** Using Gradations from COE ETL 1110-2-120 #%*

Specific wWeight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Ooutput Results:

Computed D50 0.88 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
t.ayer Thickness 1.500 ft
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 117. 292.
w50 58. 86.
wl5 18. 43,
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onsite SOUTH Channel-DROP
USGS Method

Input Parameters:

Average Channel velocity 7.96 ft/s
output Results:

Computed D50 1.58 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft

Layer Thickness 2.750 ft

Selected Minimum D30 1.34 ft

Sselected Minimum D90 1.94 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 719. 1797.
w50 359. 532.
w15 112. 266.

Isbash Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.81 ft

< Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft
Layer Thickness 1.500 ft
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft
Stone weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 117. 292.
w50 58. 86.
wls 18. 43.

cal B & SP Method

Input Parameters:
Page 3




Average Channel Vvelocity
velocity Affecting Bank
Unit Weight of Stone
Cotangent of Side slope
Flow Type

output Results:

Computed W

* CalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

onsite SOUTH Channel-DROP

7.96 ft/s
10.61 ft/s
165. Ibs/cu ft
2.50

Impinging

40.71 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit weight of Stone
Ccotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

7.96 ft/s

3.00 ft

165. 1bs/cu ft
2.50

41.00 deg.




) Oonsite SOUTH Channel-DROP
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.34 ft

*% FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, Tlbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Date:

02/12/2009 Time: 17:0
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Project:
Description:

RIPRAP DESIGN SYSTEM

WEST Consultants,

Version 3.0

COPYRIGHT (c) 2005

WEST CONSULTANTS, INC.
16870 WEST BERNARDO DRIVE
SUITE 340

SAN DIEGO, CA 92127

Cholla Ash Onsite

USACE Method

Input Parameters:

Velocity Type
Channel Shape
Channel Type

Bend Angle

(deg)

Average Channel Velocity
Bottom width

Bend Radius

Top Width

Unit Weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

Rock Type

Output Results:

Computed D30

Computed Local Depth Averaged Velocity

BY

Local Velocity/Avg. Velocity
Side Slope Correction Factor
Correction for Layer Thickness

Correction for Secondary Currents

Specific Weight

Inc.

Onsite SOUTH Channel DROP_BTM

PH:

FAX:858-487-9448
WEB : WWW . WESTCONSULTANTS . COM

IR R R R R R R RS S S EEREEREE R R EE R R R R R R R R

*

*

*

-

‘March, 2005

858-487-9378

ok A ko o

-

Average
Trapezoidal
Straight
N/A

7.96 ft/s
N/A

N/A

N/A
lbs/cu ft
1.00

0.29 ft
N/A

1.1
Channel Bottom
Angular

165.

0.60 ft
7.96 ft/s
1.00

1.06

1.00

1.00

*** Using Gradations from COE ETL 1110-2-120 ***

Layer Thickness
Selected Minimum D30
Selected Minimum D90

165.0 1lbs/cu

1.250
0.61
0.88

ft
ft
ft
ft




Stone Weight, lbs

Percent Lighter by Weight Minimum Maximum
w100 67. 169.
w50 34. 50.
W15 11. 25.
ASCE Method

Input Parameters:
Local Velocity 7.96 ft/s
Cotangent of Side slope N/A

Unit Weight of Stone
Riprap Placement

Output Results:

Computed D50

165. lbs/cu ft
Channel Bottom

0.42 ft

**+* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1lbs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft

Stone Weight, lbs

Percent Lighter by Weight Minirmum Max imum
w100 15. 36.
w50 7. 11.
Wil5 2. 5.
USBR Method

Input Parameters:

Average Channel Velocity 7.96 ft/s
Output Results:

Computed D50 0.88 ft

*** Using Gradations from COE ETL 1110-2-120 ***

165.0 lbs/cu ft
1.500 ft

Specific Weight
Layer Thickness




Selected Minimum D30

0.73 ft

Selected Minimum D90 1.06 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 117 292
w50 58 86
W1l5 18 43
USGS Method

Input Parameters:
Average Channel Velocity 7.96 ft/s
Qutput Results:

1.58 ft

Computed D50

**%* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight

165.0 lbs/cu ft

Layer Thickness 2.750 ft

Selected Minimum D30 1.34 f¢t

Selected Minimum D90 1.94 ft

Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 719. 1797.
w50 359. 532.
W15 112. 266.
Isbash Method

Input Parameters:

Average Channel Velocity 7.96 ft/s
Unit Weight of Stone 165. lbs/cu ft
Turbulence Level High
Output Results:

0.81 ft

Computed D50

*** Using Gradations from COE ETL 111042—120 *okx




Specific Weight 165.0 lbs/cu ft

Layer Thickness 1.500 £
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft

Stone Weight, lbs

Percent Lighter by Weight Minimum Maximum
w100 117. 292.
w50 58. 86 .
W15 18. 43,
Cal B & SP Method

Input Parameters:

Average Channel Velocity 7.96 ft/s
Velocity Affecting Bank 10.61 ft/s
Unit Weight of Stone 165. lbs/cu ft
Cotangent of Side slope 2.50
Flow Type Impinging
Output Results:

Computed W 40.71 1bs

** CalTrans A Gradation

(1) Outside Layer:

Gradation Class 1/2 Ton
Layer Thickness 3.40 ft

Percent Larger than

Rock Size (Ton)

0 -5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.

1.00
0.50
0.25

None
0.00 ft




Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

HEC-11 Method

1.8 ft

5.2 ft

Input Parameters:

Average Channel Velocity
Average Flow Depth

Unit Weight of Stone
Cotangent of Side Slope
Material Angle of Repose
Riprap Placement

Safety Factor

Output Results:

Computed D50

** FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft

7.96 ft/s

3.00 ft

165. lbs/cu ft
N/A

deg.

Channel Bottom
1.1

0.26 ft

Rock Weight, 1lbs

D100 1.30
D50 0.95
D10 0.40

200.
75.
5.




onsite SOUTH Channel
Date: 02/12/2009 Time: 17:03 e enss

RIPRAP DESIGN SYSTEM (RDS)

BY

WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE

* SUITE 340

kS

Project: €holla Ash Onsite

" SAN DIEGO, CA'92127

Description: Onsite SOUTH Channel

USACE Method

Input Parameters:

March, 2005 f

PH: 858-487-9378 *
FAX:858-487-9448 *

WEB : WwWW.WESTCONSULTANTS.COM *

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 3.53 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.61 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
output Results:

Computed D30 0.07 ft
Computed Local Depth Averaged velocity 3.53 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 Ibs/cu ft

Layer Thickness
Selected Minimum D30
Selected Minimum D90

Percent Lighter by weight

w100
w50

0.750 ft
0.37 ft
0.53 ft
Stone weight, 1lbs
Minimum Maximum
15. 36.
7. 11.
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onsite SOUTH Channel
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 3.53 ft/s
Cotangent of Side slope 2.50
Unit wWeight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.09 ft

** Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel Vvelocity 3.53 ft/s
output Results:

Computed D50 0.16 ft

* Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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Onsite SOUTH Channel
USGS Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Qutput Results:

Computed D50 0.22 ft

* Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tlbs
Percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel Vvelocity 3.53 ft/s
Unit Weight of Stone 165. Tbs/cu ft
Turbulence Level High

output Results:

Computed D50 0.16 ft

* Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
W15 2. 5.

cal B & SP Method

Input Parameters:
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onsite SOUTH Channel

Average Channel velocity
velocity Affecting Bank
Unit Weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

* calTrans A Gradation **

(1) outside Layer:

Gradation Class
tayer Thickness

Percent Larger than

3.53 ft/s

4.71 ft/s

165. 1bs/cu ft
2.50

Impinging

0.31 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5 1.00
50 - 100 0.50
95 - 100 0.25
(2) Inner Layer:

Gradation Class None
Layer Thickness 0.00 ft
(3) Backing:

Backing Class No. 1
Layer Thickness 1.8 ft
(4) Fabric:

Fabric Type B
Total Thickness (L)+(2)+(3)+(4): 5.2 ft
HEC-11 Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Average Flow Depth 3.00 ft
Unit Weight of Stone 165. Tbs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
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] onsite SOUTH Channel
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.03 ft

*% FHWA Gradation*=*

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Onsite SOUTH Channel_btm
Date: 02/12/2009 Time: 17:03 i

RIPRAP DESIGN SYSTEM (RDS)

BY

WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE

* SUITE 340

*,SAN DIEGO, CA 92127

Project: cholla Ash Onsite
Description: Onsite SOUTH Channel_btm

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deq)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
Local Flow bepth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

Computed Local Depth Averaged velocity

USACE Method

Local velocity/Avg. Velocity
Side Slope Correction Factor
Correction for Layer Thickness

Correction for Secondary

Currents

WEB : WWW.WESTCONSULTANTS.COM *

March, 2005 f

PH: 858-487-9378 *
FAX:858-487-9448 *

Average
Trapezoidal
Straight
N/A

165. dbs/cu ft
1.00

0.61 ft
N/A

1.1
Channel Bottom

Angular

0.07 ft
3.53 ft/s
1.00

1.06

1.00

1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight

165.0 1bs/cu ft

Layer Thickness 0.750 ft
selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft

Stone weight, Tbs
pPercent Lighter by wWeight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Onsite SOUTH Channel_btm
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 3.53 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. lbs/cu ft
Riprap Placement Channel Bottom

Output Results:

Computed D50 0.08 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 3.53 ft/s
output Results:

Computed D50 0.16 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Sspecific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.
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Onsite SOUTH Channel_btm
USGS Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Output Results:

Computed D50 0.22 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.53 ft/s
unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.16 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

cal B & sP Method

Input Parameters:
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onsite SOUTH Channel_btm

Average Channel velocity 3.53 ft/s
velocity Affecting Bank 4.71 ft/s
Unit wWeight of Stone 165. 1bs/cu ft
Cotangent of Side slope 2.50
Flow Type Impinging
Output Results:
Computed W 0.31 1bs
** calTrans A Gradation **
(1) outside Layer:
Gradation Class 1/2 Ton
Layer Thickness 3.40 ft
Percent Larger than Rock Size (Ton)
0-5 1.00
50 - 100 0.50
95 - 100 0.25
(2) Inner Layer:
Gradation Class None
Layer Thickness 0.00 ft
(3) Backing:
Backing Class No. 1
Layer Thickness 1.8 ft
(4) Fabric:

Fabric Type B
Total Thickness (1)+(2)+(3)+(4): 5.2 ft
HEC-11 Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Average Flow Depth 3.00 ft
Unit weight of Stone 165. Ibs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
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) Onsite SOUTH Channel_btm
Riprap Placement Channel Bottom
Safety Factor 1.1

Output Results:

Computed D50 0.02 ft

** FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel DROP Sec-1

Date: 02/12/2009 Time: 15:41 ~

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005
f WEST CONSULTANTS, INC.

March, 2005 f

858-487-9378 *

* 16870 WEST BERNARDO DRIVE PH:
* SUITE 340 FAX:858-487-9448 *
T AN DIEGO, CA 92127 @ @@ csws EBIWWW.WESTCONSULTANTS, COM ~

kil

Project: Cholla Ash Onsite
Description: Onsite Channel SEC-1 DROP

USACE Method

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top wWidth

Unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

computed Local Depth Averaged velocity
tocal velocity/Avg. velocity

Side Slope Correction Factor
Correction for Layer Thickness
correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

12.79 ft/s
N/A

N/A

N/A

165. Tbs/cu ft
1.00

0.64 ft
2.50

1.1

Channel Bank
Angular
1.61 ft
12.79 ft/s
1.00

1.06

1.00

1.00

***% Using Gradations from COE ETL 1110-2-120 *=**

Specific wWeight 165.0 1bs/cu ft
Layer Thickness 3.500 ft
Selected Minimum D30 1.70 ft
Selected Minimum D90 2.47 ft
Stone Weight, Tlbs
Percent Lighter by Weight Minimum Maximum
w100 1482. 3704.
w50 741. 1096.
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ONSITE Channel DROP Sec-1
wil5 232. 548.

ASCE Method

Input Parameters:

Local velocity 12.79 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

output Results:

Computed D50 1.16 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 2.000 ft
Selected Minimum D30 0.97 ft
selected Minimum D90 1.41 ft
Stone Weight, Tlbs
pPercent Lighter by weight Minimum Maximum
w100 276. 691.
w50 138. 205.
wl5 43. 102.

USBR Method

Input Parameters:

Average Channel velocity 12.79 ft/s
Output Results:

Computed D50 2.33 ft

* Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft

Layer Thickness 4.000 ft

Selected Minimum D30 1.95 ft

selected Minimum D90 2.82 ft

Stone Weight, Tlbs

Percent Lighter by weight Minimum Maximum
w100 2212. 5529.
w50 1106. 1637.
w15 346. 818.
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ONSITE Channel DROP Sec-1
USGS Method

Input Parameters:

Average Channel Vvelocity 12.79 ft/s

Output Results:

Computed D50 5.02 ft
** Using Gradations from COE ETL 1110-2-120 **¥*

warning: The required stone size is greater than the largest

USACE stone gradation.

Isbash Method

Input Parameters:

Average Channel velocity 12.79 ft/s
Unit weight of Stone 165. Tbs/cu ft
Turbulence Level High

output Results:

Computed D50 2.09 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1tbs/cu ft
Layer Thickness 4.000 ft
Selected Minimum D30 1.95 ft
Selected Minimum D90 2.82 ft
Stone Weight, T1bs
Percent Lighter by weight Minimum Maximum
w100 2212. 5529.
w50 1106. 1637.
wl5 346. 818.

HEC-11 Method

Input Parameters:

Average Channel velocity 12.79 ft/s
Average Flow Depth 4.00 ft
Unit weight of Stone 165. Ibs/cu ft
Cotangent of Sside Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
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ONSITE Channel DROP Sec-1

Safety Factor
Qutput Results:

Computed D50

** FHWA Gradation**

Gradation Class Light
Layer Thickness 2.60 ft

Percent Smaller by Size Rock size, ft

1.1

1.23 ft

Rock weight, 1bs

D100 1.80
D50 1.30
D10 0.40

Page 4
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ONSITE Channel DROP Sec-1_btm
Date: 02/12/2009 Time: 15:42 @ e eeans

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

f version 3.0 March, 2005 *

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

*

* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
wsoAN DIEGO, CA 92127 cwnwsns CosWWW WESTCONSULTANTS. COM *

Project: Cholla Ash Onsite
Description: Onsite Channel SEC-1 DROP bottom

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 12.79 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.64 ft
Cotangent of Side Slope N/A
Safety Factor 1.1
Riprap Placement Channel Bottom
Rock Type Angular

output Results:

Computed D30 1.61 ft
Computed Local Depth Averaged velocity 12.79 ft/s
Local velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft
Layer Thickness 3.500 ft
Selected Minimum D30 1.70 ft
Selected Minimum D90 2.47 ft
Stone Weight, 1bs
pPercent Lighter by weight Minimum Maximum
w100 1482. 3704.
w50 741. 1096.
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ONSITE Channel DROP Sec-1_btm
wl5s 232. 548.

ASCE Method

Input Parameters:

Local velocity 12.79 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bottom

Ooutput Results:

Computed D50 1.07 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
Layer Thickness 2.000 ft
Selected Minimum D30 0.97 ft
Selected Minimum D90 1.41 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 276. 691.
w50 138. 205.
w15 43. 102.

USBR Method

Input Parameters:

Average Channel velocity 12.79 ft/s
Output Results:

Computed D50 2.33 ft

* Using Gradations from COE ETL 1110-2-120 #*#*

specific weight 165.0 1bs/cu ft
Layer Thickness 4,000 ft
Selected Minimum D30 1.95 ft
Selected Minimum D90 2.82 ft
Stone weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 2212. 5529.
w50 1106. 1637.
w15 346. 818.
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ONSITE Channel DROP Sec-1_btm
USGS Method

Input Parameters:

Average Channel velocity 12.79 ft/s

output Results:

Computed D50 5.02 ft
“* Using Gradations from COE ETL 1110-2-120 ***

warning: The required stone size is greater than the Targest

USACE stone gradation.

Isbash Method

Input Parameters:

Average Channel velocity 12.79 ft/s
Unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 2.09 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 4.000 ft
selected Minimum D30 1.95 ft
Selected Minimum D90 2.82 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 2212. 5529.
w50 1106. 1637.
w15 346. 818.

HEC-11 Method

Input Parameters:

Average Channel Vvelocity 12.79 ft/s
Average Flow Depth 4.00 ft
Unit weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
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ONSITE Channel DROP Sec-1_btm
Safety Factor 1.1

Output Results:

Computed D50 0.92 ft

* FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, Tbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Date: 02/12/2009 Time: 1>:4

ONSITE Channel Sec-1

T L S O M I Y

RIPRAP DESIGN SYSTEM (RDS)

*

BY

WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

f_SAN‘DIggQ,_CA 92127 o

Project: cholla Ash Onsite
Description: Onsite Channel

Input Parameters:

SEC-1

USACE Method

March, 2005 f

PH: 858-487-9378 *
FAX:858-487-9448 ~*

WEB :WwWW . WESTCONSULTANTS . COM *

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 4.43 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow bDepth 1.55 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
output Results:

Computed D30 0.09 ft
Computed Local Depth Averaged velocity 4.43 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1
Layer Thickness

Selected Minimum D30
Selected Minimum D90

Percent Lighter by weight

w100
w50

bs/cu ft
0.750 ft
0.37 ft
0.53 ft
Stone weight, 1bs

Minimum Maximum

15. 36.

7. 11.

Page 1




ONSITE Channel Sec-1
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.43 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone ‘ 165. Tbs/cu ft
Riprap Placement Channel Bank

Ooutput Results:

Computed D50 0.14 ft

“*%% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
pPercent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.43 ft/s
output Results:

CQmputed D50 0.26 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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ONSITE Channel Sec-1
USGS Method

Input Parameters:

Average Channel velocity 4.43 ft/s
Output Results:

Computed D50 0.38 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.43 ft/s
Unit weight of Stone 165. lbs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.25 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tlbs
Percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-1

Average Channel velocity 4.43 ft/s
Average Flow Depth 4.00 ft
Unit Weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.05 ft

* FHWA Gradation®*

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, Tbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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_ ONSITE Channel Sec-
Date: 02/12/2009 Time: 15:44
RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS,

? INC.
* 16870 WEST BERNARDO DRIVE

e PH:
* SUITE 340 FAX:
* SAN DIEGO, CA 92127 WEB :WWW.WESTCON

Project: Cholla Ash Onsite
Description: onsite Channel SEC-1 bottom

USACE Method

1_btm

March, 2005 f

858-487-9378 *
858-487-9448 *
SULTANTS . com =

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 4.43 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
unit weight of Stone 165. Tbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.55 ft
Cotangent of Side Slope N/A
safety Factor 1.1
Riprap Placement Channel Bottom
Rock Type Angular
output Results:

Computed D30 0.09 ft
computed Local bepth Averaged velocity 4.43 ft/s
Local velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1bs/cu ft

tayer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

selected Minimum D90 0.53 ft

Stone weight, Tbs

percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-1_btm
wls 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.43 ft/s
Cotangent of Side slope N/A
Unit Weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bottom

output Results:

Computed D50 . 0.13 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.43 ft/s
Output Results:

Computed D50 0.26 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.




ONSITE Channel Sec-1_btm
USGS Method

Input Parameters:

Average Channel velocity 4.43 ft/s
Output Results:

Computed D50 0.38 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.43 ft/s
Unit wWeight of Stone 165. Tbs/cu ft
Turbulence Level High

output Results:

Computed D50 0.25 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 lbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-1_btm

Average Channel velocity 4.43 ft/s
Average Flow Depth 4.00 ft
Unit Weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
Safety Factor 1.1

Output Results:

Computed D50 0.04 ft

“* FHWA Gradation®*

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.

Page 4




ONSITE Channel Sec-2
Date: 02/12/2009 Time: 15:50 '~
RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.
* Version 3.0 March, 2005 *
* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC. =
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
©,SAN DIEGO, CA 92127 . . WEBIWWW WESTCONSULTANTS.COM *
Project: cholla Ash Onsite
Description: Onsite Channel SEC-2
USACE Method
Input Parameters:
velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 4.69 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. l1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.48 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:
Computed D30 0.11 ft
Computed Local Depth Averaged velocity 4.69 ft/s
Local velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00
***% Using Gradations from COE ETL 1110-2-120 ***
Specific Weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Sselected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-2
wl5 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.69 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.16 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.69 ft/s
output Results:

Computed D50 0.29 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

selected Minimum D90 0.53 ft

Stone Weight, 1bs

Percent Lighter by weight Mi nimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.
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ONSITE Channel Sec-2
USGS Method

Input Parameters:

Average Channel velocity 4.69 ft/s
Output Results:

Computed D50 0.43 ft

**% Using Gradations from COE ETL 1110-2-120Q #*%*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. _ 11.
wls 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.69 ftr/s
unit weight of Stone 165. 1bs/cu ft
TurbuTence Level High

Output Results:

Computed D50 0.28 ft

“** Using Gradations from COE ETL 1110-2-120Q ##%*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-2

Average Channel velocity 4.69 ft/s
Average Flow Depth 4.00 ft
Unit wWeight of Stone 165. 1bs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.06 ft

** FHWA Gradation¥**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, Tbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.

Page 4




ONSITE Channel Sec-2_btm

Date: 02/12/2009 Time: 15:50

RIPRAP DESIGN SYSTEM (RDS)

BY
WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH:

March, 2005 f

858-487-9378 *

* SUITE 340 FAX:858-487-9448 =

£, SAN DIEGO, CA 92177

o e e de e e e e

Project: Cholla Ash oOnsite
Description: Onsite Channel SEC-2_btm

USACE Method

WEB :WWW.WESTCONSULTANTS.COM *

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel Vvelocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
tocal Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

Output Results:

Computed D30

Computed Local Depth Averaged velocity
Local velocity/Avg. velocity

Side Slope Correction Factor
Correction for Layer Thickness
Correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

4.69 ft/s
N/A

N/A

N/A

165. Tbs/cu ft
1.00

1.48 ft

N/A

1.1

Channel Bottom
Angular
0.11 ft
4.69 ft/s
1.00

1:.06

1.00

1.00

*** Using Gradations from COE ETL 1110-2-120 *%*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-2_btm
2.

w15 5.
ASCE Method
Input Parameters:
Local velocity 4.69 ft/s
Cotangent of Side slope N/A
unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bottom
Output Results:
Computed D50 0.14 ft
** Using Gradations from COE ETL 1110-2-120Q ***
Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.
USBR Method
Input Parameters:
Average Channel velocity 4.69 ft/s
Output Results:
Computed D50 0.29 ft
**% Using Gradations from COE ETL 1110-2-12Q *%**
Specific weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight M1inimum Maximum
w100 15. 36.
w50 7. 11.
wl5s 2. 5.
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ONSITE Channel Sec-2_btm
USGS Method

Input Parameters:

Average Channel velocity 4.69 ft/s
Output Results:

Computed D50 0.43 ft

** Using Gradations from COE ETL 1110-2-120Q #*=*

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.69 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.28 ft

** Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

HEC-11 Method

Input Parameters: _
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ONSITE Channel Sec-2_btm

Average Channel velocity 4.69 ft/s
Average Flow Depth 4.00 ft
Unit weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
Safety Factor 1.1

Output Results:

Computed D50 0.05 ft

** FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Ssize, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-3
Date: 02/12/2009 Time: 15:51

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

March, 2005 f

* version 3.0
* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC. "
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
* SAN DIEGO, CA 92127 WEB :WwWW . WESTCONSULTANTS.COM *
Project: Cholla Ash onsite
Description: Onsite Channel SEC-3

USACE Method
Input Parameters:
velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 3.63 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.80 ft
Cotangent of Side Slope 2.50
Safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:
Computed D30 0.05 ft
Computed Local bDepth Averaged velocity 3.63 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

** Using Gradations from COE ETL 1110-2-120 #**

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tlbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-3
2.

wl5s 5.

ASCE Method
Input Parameters:
Local velocity 3.63 ft/s
Cotangent of Side slope 2.50
unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bank
Output Results:
Computed D50 0.09 ft

“* Using Gradations from COE ETL 1110-2-120 ***
Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs

Percent Lighter by weight M1inimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method
Input Parameters:
Average Channel Velocity 3.63 ft/s
output Results:
Computed D50 0.17 ft

* Using Gradations from COE ETL 1110-2-120 ***
Specific Weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs

pPercent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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ONSITE Channel Sec-3
UsSGS Method

Input Parameters:

Average Channel velocity 3.63 ft/s
Output Results:

Computed D50 0.23 ft

** Using Gradations from COE ETL 1110-2-120 #*%*=*

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.63 ft/s
uUnit Weight of Stone 165. Tbs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.17 ft

“%%* Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by weight Mindmum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-3

Average Channel Vvelocity 3.63 ft/s

Average Flow Depth
unit weight of Stone

4.00 ft
165. 1bs/cu ft

Cotangent of Side STope 2.50
Material Angle of Repose 41.00 deg.

Riprap Placement

Channel Bank

Safety Factor 1.1
Output Results:

Computed D50 0.03 ft

**% FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, T1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-3_btm

SR T A B

RIPRAP DESIGN SYSTEM (RDS)

BY

WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE

* SUITE 340

* SAN DIEGO, CA 92127

Project: Cholla Ash Onsite

March, 2005 f

PH: 858-487-9378 *

Description: Onsite Channel SEC-3_btm

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit Weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

USACE Method

FAX:858-487-9448 *
WEB:WWW.WESTCONSULTANTS .COM *

Average
Trapezoidal
Straight
N/A

3.63 ft/s
N/A

N/A

N/A

165. Tbs/cu ft
1.00

1.80 ft

N/A

1.1

Channel Bottom

Rock Type Angular
Ooutput Results:

Computed D30 0.05 ft
Computed Local Depth Averaged velocity 3.63 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, Tbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-3_btm
2.

wl5 5.
ASCE Method
Input Parameters:
Local velocity 3.63 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bottom
Output Results:
Computed D50 0.09 ft
* Using Gradations from COE ETL 1110-2-120 ***
Specific Weight 165.0 Ibs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
USBR Method
Input Parameters:
Average Channel velocity 3.63 ft/s
output Results:
Computed D50 0.17 ft
* Using Gradations from COE ETL 1110-2-120 #***
specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.
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ONSITE Channel Sec-3_btm
USGS Method

Input Parameters:

Average Channel velocity 3.63 ft/s
Output Results:

Computed D50 0.23 ft

“*%* Using Gradations from COE ETL 1110-2-120 =*=**

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.63 ft/s
unit wWeight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 0.17 ft

** Using Gradations from COE ETL 1110-2-120 #**=*

specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5s 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-3_btm

Average Channel velocity 3.63 ft/s
Average Flow Depth 4.00 ft
unit Weight of Stone 165. 1bs/cu ft
Cotangent of Side STope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
Safety Factor 1.1

Output Results:

Computed D50 0.02 ft

“ FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 tt
Percent Smaller by Size Rock Ssize, ft Rock weight, Tbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-4
Date: 02/12/2009 Time: 16:30 e ernenns

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

f version 3.0 March, 2005 *

%

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
* SAN DIEGO, CA 92127 WEB : WWW . WESTCONSULTANTS.COM *

*

Sle e e o oo e e o e

Project: Cholla Ash oOnsite
Description: Onsite Channel SEC-4

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 4.63 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit Weight of Stone 165. 1lbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.49 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular

Output Results:

Computed D30 0.10 ft
Computed Local Depth Averaged velocity 4.63 ft/s
Local velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“ Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-4
wl5s 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.63 ft/s
Cotangent of Side sTope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.15 ft

“ Using Gradations from COE ETL 1110-2-120 **=*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.63 ft/s
Output Results:

Computed D50 0.29 ft

* Using Gradations from COE ETL 1110-2-120 #¥*=*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 } 2. 5.




ONSITE Channel Sec-4
USGS Method

Input Parameters:

Average Channel velocity 4.63 ft/s
Output Results:

Computed D50 0.42 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.63 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 0.27 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
pPercent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-4

Average Channel velocity 4.63 ft/s
Average Flow Depth 4.00 ft
Unit weight of Stone 165. Tbs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.06 ft

“* FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-4_btm

Date: 02/12/2000 Time: 16:31 s

version 3.0

COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE

* SUITE 340

* SAN DIEGO, CA 92127

Project: cholla Ash Onsite

BY

WEST Consultants, Inc.

RIPRAP DESIGN SYSTEM (RDS)

March, 2005 *

PH: 858-487-9378 *

Description: Onsite Channel SEC-4_btm

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit Weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

USACE Method

FAX:858-487-9448 *
WEB :WWW.WESTCONSULTANTS . COM *

N/A
165. Tbs/cu ft

Average
Trapezoidal
Straight
N/A

4.63 ft/s
N/A

N/A

1.00

1.49 ft
N/A

1.1

Channel Bottom

Rock Type Angular
output Results:

Computed D30 0.10 ft
Computed Local Depth Averaged Velocity 4.63 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

* Using Gradations from COE ETL 1110-2-120 *%**

specific weight 165.0 lbs/cu ft

tayer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Ths

Percent Lighter by Wweight Minimum Maximum
w100 15. 36.
w50 7. 11.
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wl5

Input Parameters:

Local velocity
Cotangent of Side slope
Unit weight of Stone
Riprap Placement

Output Results:

Computed D50

ASCE Method

ONSITE channel Sec-4_btm
2.

4.63 ft/s

N/A
165. 1bs/cu ft
Channel Bottom

0.14 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.

USBR Method
Input Parameters:
Average Channel velocity 4.63 ft/s
output Results:
Computed D50 0.29 ft

“* Using Gradations fr

Specific weight
Layer Thickness
Selected Minimum D30
Selected Minimum D90

Percent Lighter by weight

om COE ETL 1110-2-120 #*%**

165.0 1bs/cu ft

w100
w50
wl5

0.750 ft
0.37 ft
0.53 ft
Stone Weight, 1bs
Minimum Maximum
15. 36.
7. 11.
2. 5.
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ONSITE Channel Sec-4_btm
USGS Method

Input Parameters:

Average Channel velocity 4.63 ft/s
output Results:
Computed D50 0.42 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. T 36.
w50 7. 11.
W15 . 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.63 ft/s
Unit Weight of Stone 165. 1Ibs/cu ft
Turbulence Level High

output Results:

Computed D50 0.27 ft

*** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-4_btm

Average Channel velocity 4.63 ft/s
Average Flow Depth 4.00 ft
Unit Weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
Safety Factor 1.1

output Results:

Computed D50 0.04 ft

* FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-

5-6-7

A R L s O

RIPRAP DESIGN SYSTEM (RDS)

BY
WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

* SAN DIEGO, CA 92127

PH:
FAX:
WEB :WwWW.WESTCON

Project: Cholla Ash Onsite
Description: Onsite Channel SEC-5-6-7

USACE Method

March, 2005 f

858-487-9378 *
858-487-9448 *
S TANTS. CoM

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (degq)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

Computed Local Depth Averaged velocity
Local Velocity/Avg. Velocity

Side Slope Correction Factor
Correction for Layer Thickness

" Correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

3.53 ft/s
N/A

N/A

N/A

165. Tbs/cu ft
1.00

0.92 ft
2.50

1.1

Channel Bank
Angular
0.06 ft
3.53 ft/s
1.00

1.06

1.00

1.00

* Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 Ibs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft

Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE cChannel Sec-5-6-7
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 3.53 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. Ibs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.09 ft

** Using Gradations from COE ETL 1110-2-120 *%*%

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 3.53 ft/s
output Results:

Computed D50 0.16 ft

** Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.




ONSITE Channel Sec-5-6-7
USGS Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Qutput Results:

Computed D50 0.22 ft

“* Using Gradations from COE ETL 1110-2-120 **%

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.53 ft/s
unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Ooutput Results:

Computed D50 0.16 ft

“% Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-5-6-7

Average Channel velocity 3.53 ft/s
Average Flow Depth 4.00 ft
unit weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.03 ft

* FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-5-6-7_btm

Date:

BY

WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

* SAN DIEGO, CA 92127

Project: cholla Ash Onsite

RO RURCRC N N

PH:

A I L

RIPRAP DESIGN SYSTEM (RDS)

March, 2005 *

858-487-9378 *

FAX:858-487-9448 *

Description: Onsite Channel SEC-5-6-7_btm

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel Vvelocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Ssafety Factor

Riprap Placement

Rock Type

Output Results:

Computed D30

USACE Method

WEB : WWW . WESTCONSULTANTS . COM *

Computed Local Depth Averaged velocity

Local velocity/Avg. Velocity
Side Slope Correction Factor

Correction for Layer Thickness
correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

165. Ibs/cu ft
1.00

0.92 ft

N/A

1.1

Channel Bottom
Angular

0.06 ft
3.53 ft/s
1.00

1.06

1.00

1.00

“* Ysing Gradations from COE ETL 1110-2-120 ***

Specific weight

165.0 1bs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft

Stone Weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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ONSITE Channel Sec-5-6-7_btm
2.

wl5 5.
ASCE Method

Input Parameters:

Local velocity 3.53 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bottom
Output Results:

Computed D50 0.08 ft

“*% Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
USBR Method

Input Parameters:
Average Channel velocity 3.53 ft/s
Ooutput Results:

Computed D50 0.16 ft

** Using Gradations from COE ETL 1110-2-120 *%**

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, lbs

Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Page 2




ONSITE Channel Sec-5-6-7_btm
USGS Method

Input Parameters:

Average Channel velocity 3.53 ft/s
Output Results:

Computed D50 0.22 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by Weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.53 ft/s
unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 0.16 ft

“ Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, 1lbs

Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

HEC-11 Method

Input Parameters:
Page 3




Average Channel velocity
Average Flow Depth

Unit Weight of Stone
Cotangent of Side Slope
Material Angle of Repose

Riprap Placement
Safety Factor

Qutput Results:

Computed D50

Gradation Class
Layer Thickness

Percent Smaller by Size

ONSITE Channel Sec-5-6-7_btm

“* FHWA Gradation**

Facing
1.90 ft

Rock Size, ft

3.53 ft/s

4.00 ft

165. lbs/cu ft
N/A

deg.

Channel Bottom
1.1

0.02 ft

Rock weight, Tbs

D100
D50
D10

1.30
0.95
0.40

Page 4
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ONSITE Channel DROP Sec-7

Date: 02/12/2009 Time: 16:41 fiiss

version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE

* SUITE 340
AN DIEGO, CA 92127

Project: Cholla Ash oOnsite

WEST Consultants,

P e de Jo Po P e e

BY
Inc.

RIPRAP DESIGN SYSTEM (RDS)

March, 2005 f

PH:

858-487-9378 *

FAX:858-487-9448 *

Description: Onsite Channel DROP SEC-7

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

USACE Method

WEB : WwWwW .WESTCONSULTANTS.COM *

Average
Trapezoidal
Straight
N/A

9.44 ft/s
N/A

N/A

N/A

165. Ibs/cu ft
1.00

0.39 ft
2.50

1.1

Channel Bank

Rock Type Angular
Output Results:

Computed D30 0.85 ft
Computed Local Depth Averaged velocity 9.44 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

** Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 1bs/cu ft

Layer Thickness 2.000 ft

Selected Minimum D30 0.97 ft

Selected Minimum D90 1.41 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 276. 691.
w50 138. 205.

Page 1




ONSITE Channel DROP Sec-7

wl5

ASCE

Input Parameters:

Local velocity
Cotangent of Side slope
Unit Weight of Stone
Riprap Placement

Output Results:

Computed D50

43.

Method

102.

165.

9.44 ft/s
2.50
Tbs/cu ft

Channel Bank

“*% Using Gradations from COE ETL 1110-2-120 **%

Specific Weight

165.0 1bs/cu ft

0.63 ft

Layer Thickness 1.250 ft
Selected Minimum D30 0.61 ft
Selected Minimum D90 0.88 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 67. 169.
w50 34, 50.
w15 11. 25.
USBR Method
Input Parameters:
Average Channel velocity 9.44 ft/s
Qutput Results:
Computed D50 1.24 ft

*** Ysing Gradations from COE ETL 1110-2-120 #***

Specific weight

165.0 1bs/cu ft

Layer Thickness 2.250 ft
Selected Minimum D30 1.10 ft
Selected Minimum D90 1.59 ft
Stone Weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 394. 984.
w50 197. 291.
wl5s 62. 146.
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ONSITE Channel DROP Sec-7
USGS Method

Input Parameters:

Average Channel velocity 9.44 ft/s
Output Results:

Computed D50 2.39 ft

** Using Gradations from COE ETL 1110-2-120 #*=*

Specific weight 165.0 1bs/cu ft
Layer Thickness 4.500 ft
Selected Minimum D30 2.19 ft
Selected Minimum D90 3.17 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 3149. 7873.
w50 1575. 2330.
wl5 492. 1165.

Isbash method

Input Parameters:

Average Channel velocity 9.44 ft/s
Unit weight of Stone 165. Ibs/cu ft
Turbulence Level High

Ooutput Results:

Computed D50 1.14 ft

** Using Gradations from COE ETL 1110-2-120Q *%*

Specific weight 165.0 1bs/cu ft
Layer Thickness 2.000 ft
Selected Minimum D30 0.97 ft
Selected Minimum D90 1.41 ft
Stone Weight, 1bs
Percent Lighter by weight M1 nimum Maximum
w100 276. 691.
w50 138. 205.
w15 43, 102.

HEC-11 Method

Input Parameters:
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ONSITE Channel DROP Sec-7

Average Channel Vvelocity 9.44 ft/s
Average Flow Depth 4.00 ft
Unit Weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
safety Factor 1.1

Output Results:

Computed D50 0.50 ft

*% FHWA Gradation®*

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel DROP Sec-7_btm
Date: 02/12/2009 Time: 16:4L e ernnrns

RIPRAP DESIGN SYSTEM (RDS)
BY

WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

* SAN DIEGO, CA 92127

Project: Cholla Ash Onsite
Description: onsite Channel DROP SEC-7_btm

USACE Method

PH:
FAX:858-487-9448 *
WEB: W, WESTCONSULTANTS . COM ™

March, 2005 f

858~-487-9378 *

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit wWeight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

Computed Local Depth Averaged velocity
Local velocity/Avg. Velocity

Side Slope Correction Factor
Correction for Layer Thickness
Correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

9.44 ft/s
N/A

N/A

N/A

165. 1bs/cu ft
1.00

0.39 ft

N/A

1.1

Channel Bottom
Angular
0.85 ft
9.44 ft/s
1.00

1.06

1.00

1.00

“* Using Gradations from COE ETL 1110-2-120 ***

specific Weight 165.0 Tbs/cu ft

Layer Thickness 2.000 ft
Selected Minimum D30 0.97 ft
Selected Minimum D90 1.41 ft

Stone Weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 276. 691.
w50 138. 205.
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ONSITE Channel DROP Sec-7_btm
wls 43. 102.

ASCE Method

Input Parameters:

Local velocity 9.44 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bottom

Ooutput Results:

Computed D50 0.58 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 lbs/cu ft

Layer Thickness 1.000 ft

Selected Minimum D30 0.49 ft

Selected Minimum D90 0.70 ft

Stone weight, 1lbs

Percent Lighter by Weight Minimum Maximum
w100 35. 86.
w50 17. 26.
w15 5. 13.

USBR Method

Input Parameters:

Average Channel velocity 9.44 ft/s
output Results:

Computed D50 1.24 ft

* Using Gradations from COE ETL 1110-2-120 #***

Specific wWeight 165.0 1bs/cu ft
Layer Thickness 2.250 ft
Selected Minimum D30 1.10 ft
Selected Minimum D90 1.59 ft
Stone weight, Ths
Percent Lighter by Weight Minimum Maximum
w100 394. 984.
w50 197. 291.
wl5 62. 146.
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ONSITE Channel DROP Sec-7_btm
USGS Method

Input Parameters:

Average Channel velocity 9.44 ft/s
Output Results:

Computed D50 2.39 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
tayer Thickness 4.500 ft
Selected Minimum D30 2.19 ft
Selected Minimum D90 3.17 ft
Stone Weight, 1bs
Percent Lighter by weight M1 nimum Maximum
w100 3149, 7873.
w50 1575. 2330.
wl5 492. 1165.

Isbash Method

Input Parameters:

Average Channel Vvelocity 9.44 ft/s
unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 1.14 ft

%% Using Gradations from COE ETL 1110-2-120 *¥**

specific weight 165.0 l1bs/cu ft
Layer Thickness 2.000 ft
Selected Minimum D30 0.97 ft
Selected Minimum D90 1.41 ft
Stone weight, lbs
Percent Lighter by weight M1inimum Maximum
w100 276. 691.
w50 ‘ 138. 205.
W15 43, 102.

HEC-11 Method

Input Parameters:
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ONSITE Channel DROP Sec-7_btm

Average Channel velocity 9.44 ft/s
Average Flow Depth 4.00 ft
Unit weight of Stone 165. Ibs/cu ft
Cotangent of Side Slope N/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
safety Factor 1.1

Ooutput Results:

Computed D50 0.37 ft

** FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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ONSITE Channel Sec-
16 42

Qatg 02/12/2009 T1me
RIPRAP DESIGN SYSTEM (RDS)
BY

WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

“ SAN DIEGO, CA 92127

PH:
FAX:
WEB :WwWw.WESTCON

cholla Ash onsite

Project: A
onsite Channel SEC-8-9

Description:

USACE Method

8-9

march, 2005 f

858-487-9378 *
858-487-9448 *
S L TANTS oM

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 2.79 ft/s
Bottom width N/A
Bend Radius N/A
Top Width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
tocal Flow Depth 1.12 ft
Cotangent of Side Slope 2.50
Safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:

Computed D30 0.03 ft
computed Local Depth Averaged Ve10c1ty 2.79 ft/s
Local velocity/Avg. Vvelocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.

pPage 1




ONSITE Channel Sec-8-9

wi5s

ASCE

Input Parameters:

Local velocity
Cotangent of Side slope
Unit weight of Stone
Riprap Placement

output Results:

Computed D50

2. 5.

Method

2.79 ft/s

2.50

165. Ibs/cu ft
Channel Bank

0.05 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight

165.0 Ibs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.
USBR Method

Input Parameters:
Average Channel velocity 2.79 ft/s
output Results:

Computed D50 0.10 ft

* Using Gradations from COE ETL 1110-2-120 =***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tlbs

pPercent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wils 2. 5.
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ONSITE Channel Sec-8-9
USGS Method

Input Parameters:

Average Channel velocity 2.79 ft/s
output Results:

Computed D50 0.12 ft

“*% ysing Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 2.79 ft/s
Unit weight of Stone 165. lTbs/cu ft
Turbulence tevel High

output Results:

Computed D50 0.10 ft

***% ysing Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum DY0 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

HEC-11 Method

Input Parameters:
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ONSITE Channel Sec-8-9

Average Channel velocity 2.79 ft/s
Average Flow Depth 4.00 ft
unit weight of Stone 165. 1bs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.01 ft

** FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Date: 02/12/2009 Time: 16:43

ER I S R I I I I S o S O A S A A O B AR I S I R I

* . RIPRAP DESIGN SYSTEM (RDS)
* BY

* WEST Consultants, Inc.
*

Version 3.0 March, 2005

*
*
*
* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH: 858-487-9378
* SUITE 340 FAX:858-487-9448
* SAN DIEGO, CA 892127 WEB : WWW . WESTCONSULTANTS . COM
*

E R I L R A S L O A I o A A S S I S I A S A I S

LR T T T T T

Project: Cholla Ash Onsite
Description: Onsite Channel SEC-8-9_btm

USACE Method

Input Parameters:

Velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel Velocity 2.79 ft/s
Bottom width N/A
Bend Radius N/A
Top Width N/A
Unit Weight of Stone 165. lbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.12 ft
Cotangent of Side Slope N/A
Safety Factor 1.1
Riprap Placement Channel Bottom
Rock Type ) Angular

OQutput Results:

Computed D30 0.03 ft
Computed Local Depth Averaged Velocity 2.79 ft/s
Local Velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

*** Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft




Stone Weight, 1bs

Percent Lighter by Weight Minimum Max 1mum
w100 15. 36.
W50 7. 11.
W15 2. 5.

ASCE Method

Input Parameters:

Local Velocity 2.79 ft/s
Cotangent of Side slope N/A
Unit Weight of Stone 165. lbs/cu ft
Riprap Placement Channel Bottom

Output Results:

Computed D50 0.05 ft

***% Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1lbs/cu ft
Layer Thickness 0.750 fc
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
W100 15. 36.
W50 . 7. 11.
W15 2. 5.

USBR Method

Input Parameters:

Average Channel Velocity 2.79 ft/s
Output Results:
Computed D50 0.10 ft

*** Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1lbs/cu ft
Layer Thickness 0.750 ft




Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
W15 2. 5.

USGS Method

Input Parameters:

Average Channel Velocity 2.79 ft/s
Output Results:

Computed D50 0.12 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1bs/cu ft
Layer Thickness ’ 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
W15 2. 5.

Isbash Method

Input Parameters:

Average Channel Velocity 2.79 ft/s
Unit Weight of Stone 165. lbs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.10 ft

**% Using Gradations from COE ETL 1110-2-120 ***




Specific Weight 165.0 lbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1bs
Percent Lighter by Weight Minimumn Maximum
w100 15. 36.
W50 7. 11.
Wlb 2. 5.
HEC-11 Method
Input Parameters:
Average Channel Velocity 2.79 ft/s
Average Flow Depth 4.00 ft
Unit Weight of Stone 165. lbs/cu ft
Cotangent of Side Slope N7/A
Material Angle of Repose deg.
Riprap Placement Channel Bottom
Safety Factor 1.1
Output Results:
0.01 ft

Computed D50

** FHWA Gradation**

Facing
1.90 ft

Gradation Class
Layer Thickness

Percent Smaller by Size Rock Size, ft

Rock Weight, lbs

D100 1.30 200.
D50 0.95 75.
D10 0.40 5.




ON-SITE CHANNEL
DROP STRUCTURE CALCULATIONS
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Cholla Ash Mondfill
Riprap Basin Sizing and Hydraulic Jump
Onsite Drop Structure SOUTH Channel Into Basin

A ] B [ ¢ [ o J e [ F | 66 | H | v 1 J

1 |Riprap Basin Sizing

2

3 |1Q= 25 cfs flow rate for onsite SOUTH channel into basin
4 |Vallow= 0 ft/s velocity for basin

5 |TW= 10 ft normal depth for basin

6 [Wo= 10 ft : channel bottom width

7

8 |From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 |1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions
10

11 |From Flowmaster output files:

12 lyo= ye= 0.29 ft normal depth for drop

13 {Vo= 7.96 ft/s velocity for drop

14 {Fr= 2.68 Froude number for drop

15

16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.

L h b, Y7 v

18 Equation 10.1 A O.86£ 50 ] o |-C

20 y.’.’ ye V gye

21 Lo
22 |Get tailwater parameter Co: DISSIPATGR POOL ) APRON CHANNEL
23|Co = 1.4 if TW/ye <0.75

24 |Co = 136.331 if 0.75 < TW/ye < 1.0

25|Co = 3if1.0<TWlye

26 A

27 [TW/lye = 34.48276

28

29 |D50 = 0.11 ft D50 of riprap ) ) ) )
30 Figure 10.1. Profile of Riprap Basin
31 [Check to see that hs/D50 >= 2 and that D50/ye >= 0.1.

32 |D50/ye = 0.37931 >=0.1 OK

33 |g= 32.2 ft/s2

34 |hslye = 0.928133

35 |hs = 0.269159 ft scour depth

36 |hs/D50 =  2.446896 >=2.0 OK

37

38 |3) Size the basin

39 |Ls = 10*hs = 2.69 ft Dissipator Pool Length

40 |Lsmin= 3Wo = 30 ft

41

42 |Lb = 15hs = 4.04 ft Total Pool Length

43 |[Lbmin=  4Wo = 40 ft

44 |La = 10 ft Apron Length

45 (Wh = 10 ft maintaining channel bottom depth

46

P:AWRES\Arizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydraulics\Riprap Basin Sizing-Hydraulic Jump\Riprap
Basin Sizing 2/13/2009




Cholla Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Onsite Drop Structure SOUTH Channel Into Basin

Al B | ¢ | o | e | FF ] ¢ | H | 1 T J

47 |Hydraulic Jump

48 |From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003
49 1Y1 = 0.29 ft upstream normai depth for drop
50 |Ydn = 10 ft downstream normal depth basin
51|Q= 25 cfs flow through the drop

52 g = 32.2 ft/s2

53 |A1 = 3.14 ft2 area of flow through the drop

54 |A2 = 10.43 ft2 area of flow in next section

55]|z= 2.5 ft sideslope H:1

56 ib = 10 ft bottom width of channel

57 .

58 |2) Calculate sequant height of jump.

59 |Equation 7.2 !

= Y, = %Y{(l +8F2 )2 —1}

62

63 ]Y2 = 0.96 ft OK height of jump

64 Figure 6.10. Hydraulic Jump Types Sloping Channels {Bradley, 1961;
65 [3) Another check on sequant height of jump.

66 |Use Fig. 7-8

67 V= 7.96 ft/s

68 {Fr1 = V top width = 11.46 ft

69 / ym = 0.27 ft = flow area / top width
70 En Fr1 = 2.68

71

721J=Y2/Y1 t = b/(zy1)

731(J = 3.1 t= 13.79

741Y2 = 0.899 ft use larger height of jump

75

76 |1) Calculate depth at beginning location of jump.

77 |Equation 7.3 3 2 3 >

78 2y, zZ% . Q _zy, bY, 0

79 3 2 g4, 3 3 g4,

80

81 |Leq = 0.373 Req = 0.375 (Plug in values for Y2 until both sides equal)
82 |Yb = 0.29 ft OK depth at jump location
83

84 |4) Calculate length of jump.

85 |Use Fig. 7-9

86 jLj/y1 = 33

87 |Lj= 9.57 ft = jump length

88

89| Therefore: Min. Length of jump = 30 ft

90 Min. Length of apron = 10 ft

91 Total Length of basin = 40 ft

PAWRES\Arizona_Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydraulics\Riprap Basin Sizing-Hydraulic Jump\Rrpr
Basin Sizing 3/200




Cholla Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Onsite Channel SEC-1 Into Basin

Al B | ¢ | b | E | F | G

Riprap Basin Sizing

From Flowmaster output files:

yo=ye= 0.64 ft normal depth for drop
Vo= 12.79 ft/s velocity for drop
Fr= 3.01 Froude number for drop

2) Select trial D50 and obtain hs/ye from Equation 10.1.

~0.55
i h D V
Equation 10.1 s _ 0'86(—3()} o |_C

Q= 95 cfs flow rate for onsite channel SEC-1 into basin
Vallow= 0 ft/s velocity for basin

TW= 10 ft normal depth for basin

Wo= 10 ft channel bottom width

From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions

RiI8lo|z||a|a|R| || 33| @] e|~| oo & |w|n| =

CHANNEL

Ve Ve vo. |
22 {Get tailwater parameter Co: DISSIPATOR poLof FPRON
23 |Co = 1.4 if TWiye < 0.75 Yo= Ve ts -a
24 [Co = 60.9 if 0.75<TW/ye <1.0 -
25 |Co = 3if 1.0 < TW/ye .
26
27 [TWlye = 15.625 S g o1 2 g o 150000
28
29 |{D50 = 0.29 ft D50 of riprap - - - X
30 Figure 10.1. Profile of Riprap Basin
31 |Check to see that hs/D50 >= 2 and that D50/ye >=0.1.
32 |D50/ye = 0.453125 >=0.1 OK
33 |g= 32.2 fi/s2
34 |hslye = 1.000783
35 |hs = 0.640501 ft scour depth
36 |hs/D50 =  2.208625 >=2.0 OK
37
38 |3) Size the basin
39 |Ls = 10*hs = 6.41 ft Dissipator Pool Length
40 |[Lsmin= 3Wo = 30 ft :
41
42 |Lb = 15hs = 9.61 ft Total Pool Length
43 |[Lbmin=  4Wo = 40 ft
44 L a= 10 ft Apron Length
45 Wb = 10 ft maintaining channe! bottom depth
46

PAWRES\Arizona_Public_Service\23445548 Cholla_Ash Monofill APP\Channel Design\Hydraulics\Riprap Basin Sizing-Hydraulic Jump\Riprap

Basin Sizing

2/13/2009




Cholla Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Onsite Channel SEC-1 Into Basin

Al B | ¢ | b | E | F | ¢ [ wH ] v T J

47 iHydraulic Jump

48 |From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003
49 [Y1 = 0.64 ft upstream normal depth for drop
50 |Ydn = 10 ft downstream normal depth basin
511Q = 95 cfs flow through the drop

52 |g= 32.2 ft/s2

53 |A1 = 7.43 ft2 area of flow through the drop

54 |A2 = 10.43 ft2 area of flow in next section

551z = 2.5 ft sideslope H:1

56 |b = 10 ft bottom width of channel

57

58 [2) Calculate sequant height of jump.

59 |Equation 7.2 :

g? Yzzé}’][(lﬂ-SFj)E—-l:l

62

63 Y2 = 2.42 ft OK height of jump

64 Figure §.10. Hydraulic Jump Types Sloping Channels (Bradley. 1961:
65 |3) Another check on sequant height of jump.

66 |Use Fig. 7-8

67 V= 12.79 fi/s

68 |Fr1 = V top width = 13.20 ft

69 oy ym = 0.56 ft = flow area / top width
70 om Fri = 3.00

71

72 J=Y2/]Y1 t = bl(zy1)

73 |J= 3.5 t= 6.25

74 1Y2 = 224 use larger height of jump

75

76 |1) Calculate depth at beginning location of jump.

77 |Equation 7.3 ] 3 3 B

75 ) zv} Q9 _zv} oY QO

79 3 2 g4 3 3 g4,

80

81 |Leq = 1.128 Req = 1.143 (Plug in values for Y2 until both sides equal)
82 |Yb = 0.48 ft OK depth at jump location
83

84 14) Calculate length of jump.

85 [Use Fig. 7-9

86 |Lj/y1= 55

87 |Lj= 35.2 ft = jump length

88

891 Therefore: Min. Length of jump = 36 ft

90 Min. Length of apron = 10 ft

N Total Length of basin = 46 ft
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Cholla Ash Monofill
Riprap Sizing and Hydraulic Jump
Onsite Channel SEC-7 Drop Structure

At B | ¢ | b | e | F | ¢ T W [ v T 4
1 {Riprap Basin Sizing
2
3 |Q= 40 cfs flow rate for onsite channel SEC-7, just before brink of drop
4 |Vallow= 3.53 ft/s velocity for onsite channel SEC-6, past drop
5 |Tw= 0.92 ft normal depth for onsite channel SEC-6, past drop
6 IWo= 10 ft channel bottom width
7
8 |From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 |1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr} for brink conditions
10
11 {From Flowmaster output files:
12 jyo= ye= 0.39 ft normal depth for drop
13 |Vo= 9.44 fi/s velocity for drop
14 |Fr= 2.79 Froude number for drop
15
16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.
17 h D -0.55 V
18 Equation 10.1 |/, _ 0.86(—’()} e |-C,
Ye Ye V&,
20
21 La |
22 |Get tailwater parameter Co: DISSIPATGR POOL . zPRON | CHANNEL
23|Co= 1.4 if TW/ye < 0.75 Yo= Ve ts LA ‘
24 |Co= 7.835897 if 0.75 < TW/ye < 1.0 T ez -
25 [Co = 3if1.0<TWlye - Va .
26 3 Feed
27 |[TWlye = 2.358974 3 s 2 b o -
50 mas
28
29 |D50 = 0.16 ft D50 of riprap - - -
30 Figure 10.1. Profile of Riprap Basin
31 [Check to see that hs/D50 >= 2 and that D50/ye >= 0.1.
32 |D50/ye = 0.410256 >=0.1 OK
33|g= 32.2 fi/s2
34 |hslye = 0.916717
35 |hs = 0.35752 ft scour depth
36 [hs/D50 = 2.234498 >=2.0 OK
37
38 [3) Size the basin
39 |Ls = 10%hs = 3.58 ft Dissipator Pool Length
40 |Lsmin= 3Wo = 30 ft
41
42 |Lb = 15hs = 5.36 ft Total Pool Length
43 |Lbmin= 4Wo = 40 ft
44 |La = 10 ft Apron Length
45 |[Wh = 10 ft maintaining channel bottom depth
46
47 14) Assess need for downstream riprap due to TW/ye >0.74
48 [Using Figure 10.3 D>
49 [Compute equivalent circular diameter, De, for brink area A==y W,
50 |A = 0.3588 4
51 |De = 0.68
52
53 [Rock size for riprap after energy dissipators Equation 10.6 _0.692 y?
54 |S = 2.64 specific gravity of rock Dy, = H g
55
VIVo (Fig.
56 L/De L (ft) 10.3)]  VI(ft/s)] D50 (ft)
57 | 14.79513 10 0.42 3.9648 0.10
58 | 22.19269 15 0.4 3.776 0.09
591 25.15172 17 0.38 3.5872 0.08 Riprap placement required for 17 ft from brink.
60 | 29.59026 20 0.3 2.832 0.05
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Cholla Ash Monofill
Riprap Sizing and Hydraulic Jump
Onsite Channel SEC-7 Drop Structure
A | 8 | ¢ | o | e | F | 6 [ #H [ v [ J
61 |Hydraulic Jump
62 |From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003

63 |Y1 = 0.39 ft upstream normal depth for drop
64 |Ydn = 0.92 ft downstream normal depth
65 |Q = 40 cfs flow through the drop

66 ig = 32.2 ft/s2

67 |A1= 4.24 ft2 area of flow through the drop
68 |A2 = 11.34 ft2 area of flow in next section

69 |z= 2.5 ft sideslope H:1

70 jb = 10 ft bottom width of channel

71

72 |2) Calculate sequant height of jump.
73 |Equation 7.2

74 1 -

o Y, =5Y.{(1+8F,., g —1}

76

77 |Y2 = 1.36 ft OK height of jump

78 Figure 6.10. Hydraulic Jump Types Stoping Channels (Bradley, 1961;
79 13) Another check on sequant height of jump.
80 jUse Fig. 7-8

81 V= 9.43 ft/s

82 |Fr1 = 4 top width = 11.93 ft

83 / ym = 0.36 ft = flow area / top width
84 & Fr1= 2.79

85

86 fJ=Y2/Y1 t=blzy1)

87 J= 3.4 t= 10.26

88 |Y2 = 1.326 ft use larger of Y2 for max height of jump

89

90 1) Calculate depth at beginning location of jump.

91 [Equation 7.3 3 3 3 3

92 2y Zy L 0 _zZzy, oY, 0O

93 3 2 g4, 3 3 g4,

94

95 |Leq = 0.533 Reg = 0.528 (Plug in values for Yb until both sides equal)
96 |Yb = 0.34 ft OK depth at beginning jump location
97

98 |4) Calculate length of jump.
99 |Use Fig. 7-9

100|Lj/y1 = 41

101|Lj = 15.99 ft = jump length

102

103} Therefore: Min. Length of jump = 30 ft

104 Min. Length of apron = 10 ft

105 Total Length of basin = 40 ft

106| Total Length of required riprap= 17 ft {from brink of drop)
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Cholla Ash Monofill
Sloping Drop Structure
Riprap Sizing and Hydraulic Jump Formulas

A | B | C | D | E | F | G H |
1 |Riprap Basin Sizing
2
3 |Q= 80 cfs flow rate for section 6, just before brink of drop
4 |Vallow= 4.39 ft/s velocity for section 5, past drop
5 |Tw= 1.36 ft normal depth for section 5, past drop
6 |Wo= 10 ft channel bottom w
7
8 [From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 11) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions
10
11 |From Flowmaster output files:
12 lyo=ye= 0.58 ft normal depth for ¢
13 |Vo= 12.05 ft/s velocity for drop
14 |Fr= 2.96 Froude number for drop
15
16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.
17 —0.55 La
18 |Equation 10.1 A D, v, DISSIPATOR POOL APRON CHAMNEL
15 =O.86(————~J (\/7 }— C, I Lg ' Lg
20 Ve Ve Ve ° ! TOP OF RIPRAP
51 \_“i___'_Em;‘]‘%ﬁ:%ﬁT;&fkh S e e
22 |Get tailwater parameter Co: { o 1;\ }
23|Co= 1.4 if TW/ye < 0.75 : =% ““’f«‘;ffi;e)
24 |Co = =4*B5/B12-1.6 if0.75<TW/ye < 1.0 3 dsg ot Z dumax 2d5p ¢f 1.5d max
25|Co = 3 if 1.0 <TWl/ye
26 Figure 10.1. Profile of Riprap Basin
27 |TWlye = =B5/B12
28
29 |D50 = 0.25 ft D50 of riprap
30
31 [Check to see that hs/D50 >= 2 and that D50/ye >=0.1.
32 |D50/ye = =B29/B12 >=0.1 OK
331g= 32.2 ft/s2
34 |hslye = =0.86"((B32)"(-0.55))*(B14)-B25
35 |hs = =B34*B12 ft scour depth
36 |hs/D50 = . =B35/B29 : >=2.0 OK
37
38 |3) Size the basin
39 |Ls = 10*hs = =10"B35 ft Dissipator Pool Length
40 [Lsmin = 3Wo = =3*B6 ft
41
42 |Lb = 15hs = =15"B35 ft Total Pool Length
43 {Lbmin = 4Wo = =4*B6 ft
44 |La = =C43-C40 ft Apron Length
45 |Wb = 10 ft maintaining channel bottom depth
46
47 |4) Assess need for downstream riprap due to TW/ye >0.74 (for Drop Structures in channel only)
48 |Using Figure 10.3 >
49 |Compute equivalent circular diameter, De, for brink area A= 7D, =y W
50 |A = =B5*B12 4 ° e
51 |De = =(B50*4/P1())*0.5
52
53 |Rock size for riprap aft D, = 0.692 [ 1288 ]
54|S = =165/62.4 specific gravity of rock 50 S—1|2g
55
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Cholla Ash Monofill

Sloping Drop Structure

Riprap Sizing and Hydraulic Jump Formulas

A B C D E | F H [
VI/Vo (Fig.
56 L/De L (ft) 10.3) VI (ft/s)]D50 (ft)
57 |=B57/$B$51 10 0.42 =C57*$B$13 =(0.692/($B$54-1))*((D5742)/(2*'Drop Off-basin'!$B$33))
58 |=B58/$B$51 15 0.4 =C58*$B$13 =(0.692/($B$54-1))*((D58"2)/(2*'Drop Off-basin'!$B$33))
59 |=B59/$B$51 17 0.38 =C59*$B$13 =(0.692/($B$54-1))*((D5942)/(2*'Drop Off-basin’'!$B$33)) Riprap placement
60 |=B60/$B$51 20 0.3 =C60*$B$13 =(0.692/($B$54-1))*((D60*2)/(2*'Drop Off-basin''$B$33)) required for 17 ft from
61 » brink.
62 |Hydraulic Jump
63 |From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003
64 |Y1 = 0.58 ft upstream normal depth for drop
65 |Ydn = 1.36 ft downstream normal depth section 5
66 |Q = 80 cfs flow through the d
67 |g= 32.2 ft/s2
68 |A1 = 6.64 ft2 area of flow through the drop
69 |A2 = 10.43 ft2 area of flow in next section
70 |z = 2.5 ft sideslope H:1
71|b= 10 ft bottom width of channel
72
73 |2) Calculate sequant height of jump.
74 |Equation 7.2 1 ’
E v =3 v Gesed)t 1]
77
78 {Y2 = =0.5*"B64*(((1+8*(D85"2))"0.5)-1) ft OK height
79
80 |3) Another check on sequant height of jump.
81 USe Flg 7—8 Figure 6.10. Hydraulic Jump Types Sloping Channels {Bradiey, 1961)
82 % V= =B66/B68 ft/s
83 |Fr1 = top width = 12.9 ft
84 VEY ym = =B68/D83 ft = flow area / top width
85 Fr1 = =D82/SQRT(B67*D84)
86
87J=Y2/Y1 t = bl(zy1)
88 |J = 3.5 t= =B71/(B70*B64)
89 (Y2 =, =B88*B64 ft use larger height of jump
90
91 |1) Calculate depth at beginning location of jump.
92 |Equation 7.3 3 5 3 2
93 zy) z¥’ O _zv] bY! O
94 3 2 g4, 3 3 gA,
95
96 |Leq = =(B70*(B64/3)/3)+(B70*(B64"2)/2)+(B66/(B67*B68)) Reg = =(B70*B97+3/3)+(B71*B97/2/3)+(B66/(B67*B69)) (Plug in values for Y2
97 |Yb = 0.44 ft OK depth at jump location until both sides equal)
98
99 |4) Calculate length of jump.
100}Use Fig. 7-9
101|Lj/y1 = 55
102|Lj = =B101*B64 ft = jump length
103
104 Therefore: Min. Length of jump = 32 ft
105 Min. Length of apron = 10 ft
106 Total Length of basin = =D105+D104 ft
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ON-SITE STORAGE VOLUME CALCULATION
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Cholla Ash Monofill

On-Site Basin Calculation

Storage Storage Total
Area Area Volume *(1) [ Volume Volume
Depth (sq ft) (ac) (cu ft) (ac-ft) (ac ft)
0 18,225 0.42 0 0 0
9 35,721 0.82 238,383 5.473 5.5
12 45,369 1.04 121,347 2.786 8.3

Notes: The volume was calculated using the conic equation (V = h/3 x (a1 + a2 + (a1 x a2)(1/2))




OFF-SITE HYDRAULIC CALCULATIONS
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OFF-SITE CHANNEL
NORMAL DEPTH CALCULATIONS
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Worksheet for DROP Channel Section 1 (25 cfs-5:1)

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035
Channel Slope 0.20000 ft/ft
Left Side Slope 2.50 fi/ft (H:v)
Right Side Slope 2.50 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 25.00 ft¥s
Results

Normal Depth 029
Flow Area 3.14 ft2
Wetted Perimeter 11.58

Top Width 11.46
Critical Depth 0.55
Critical Slope 0.02311 fu/ft
Velocity 7.96 fi/s
Velocity Head 0.98 ft
Specific Energy 1.28 ft
Froude Number 2.68

Flow Type Supercritical

GVEInputData - -

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

GVF Output Data: =

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.29 ft
Critical Depth 0.55 ft
Channel Slope 0.20000 ft/ft
Critical Slope 0.02311  ft/ft

Bentley Systems, inc. Haestad Methods Solution Center

Bentiey FlowMaster [08.01.071.00]

2/13/2009 10:27:02 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1




Worksheet for Channel Section 1 (30 cfs - 0.885% Slope)

Project Description

Friction Method

Solve For

input Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
BVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Qutput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/10/2009 9:30:26 AM

Manning Formula

Normal Depth

0.035
0.00885
2.50
2.50
10.00
25.00

0.73
8.62
13.93
13.65
0.55
0.02311
2.90
0.13
0.86
0.64

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.73

0.55

0.00885
0.02311

ft/it
ft/ft (H:V)
ft/ft (H:V)

ft¥/s

ﬂZ

ft/ft
ft/s

ft/s
ft/'s

ft/ft
ft/ft

Bentley Systems, inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Worksheet for Channel Section 2 (80 cfs - 0.104% Slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Fiow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/10/2009 9:30:31 AM

Manning Formula

Normal Depth

0.035
0.01040
2.50
2.50
10.00
80.00

1.35
17.97
17.24
16.73

1.14

0.01896

4.45

0.31

1.65

0.76

Subcritical

0.00
0.00

0.00

0.00
infinity
Infinity

1.35

1.14

0.01040
0.01896

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ft2
ft

ft/ft
ft/s

ft/s
ft/s

ft/tt
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1.203-755-1666 Page 1 of 1
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Worksheet for Channel Section 3 (140 cfs - 0.5% Slope)

Project Description

Friction Method

Solve For

Input:Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Siope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Siope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/16/2009 7:06:53 PM

Manning Formula

Normal Depth

0.035
0.00500
2.50
2.50
10.00
140.00

222
34.50
21.95
21.10

1.59

0.01739

4.06

0.26

2.48

0.56

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

222

1.59

0.00500
0.01739

ft/ft

ft/ft (H:V)
f/it (H:V)
ft

fté/s

ft/ft

ft/ft
fft

Bentley Systems, Inc. Haestad Methods Solution Center

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page

Bentley FlowMaster [08.01.071.00]
10of 1




Worksheet for Channel Section 4 (140 cfs - 1.0% Slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Siope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output-Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/10/2009 9:30:42 AM

Manning Formula

Normal Depth

0.035
0.01000
2.50
2.50
10.00
150.00

1.91
28.32
20.31
19.57

1.65

0.01721

5.30

0.44

2.35

0.78

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.91

1.65

0.01000
0.01721

ft/ft
ft/ft (H:V)
ft/ft (H:V)

ft*/s

ft2
ft

ft
ft/ft

ft/s

ft

ft

ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Worksheet for Channel Section 5 (80 cfs - 1.0% Slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/11/2009 1:48:05 PM

Manning Formula

Normal Depth

0.035
0.01000
2.50
2.50
10.00
80.00

1.36
18.22
17.32
16.80

1.14

0.01896

4.39

0.30

1.66

0.74

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.36

1.14

0.01000
0.01896

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

fi/ft
ft/ft (H:V)
fi/ft (H:V)

ft¥/s

ft/ft
ft/s
ft

ft/s
ft/s

ft/ft
ft/ft
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Worksheet for DROP STRUCTURE Channel Sec-6 (80 cfs-5:1)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Restilts

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normatl Depth
Critical Depth
Channel Slope
Critical Slope

2/10/2009 9:31:06 AM

Manning Formula

: Normal Depth

0.035
0.20000
2.50
2.50
10.00
80.00

0.58
6.64
13.12
12.90
1.14
0.01896
12.05
2.26
2.84
2.96

Supercritical

0.00
0.00
0

0.00

0.00
Infinity
Infinity

0.58

1.14

0.20000
0.01896

fi/ft
ft/ft (H:V)
fifft (H:\)

ft*/s

ft
ﬁZ
ft

ft/ft
ft/s
ft

ft

ft
ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Bentley FlowMaster [08.01.071.00]
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Worksheet for Channel Section 6 (80 cfs - 1.0% Slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

Resuits

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

2/10/2009 9:30:52 AM

Manning Formula

Normal Depth

0.035
0.01000
2.50
2.50
10.00
80.00

1.36
18.22
17.32
16.80

1.14

0.01896

4.39

0.30

1.66

0.74

Subcritical

0.00
0.00

0.00

0.00
infinity
Infinity

1.36

1.14

0.01000
0.01896

fi/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ft2
ft

ft/ft
ft/s

ft/s
ft/s

f/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]




Worksheet for Channel Section 7 (25 cfs - 0.5% Slope)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge
Results

Normai Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channe! Slope
Critical Slope

2/10/2009 9:30:57 AM

Manning Formula

Normal Depth

0.035
0.00500
2.50
2.50
10.00
25.00

0.86
10.43
14.62
14.29

0.55

0.02311

2.40

0.09

0.95

0.49

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.86

0.55

0.00500
0.02311

fi/ft

ft/ft (H:v)
ft/ft (H:V)
ft

ft*/s

ft
ft?

ft
ft/ft
ft/s
ft
ft

ft

ft

ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Bentley FlowMaster [08.01.071.00]
Page 1 of 1




OFF-SITE CHANNEL
RIP-RAP SIZING CALCULATIONS
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Riprap Size Comparison

Cholla Ash Monofill

Offsite Channel Drop Structures

Cholla Ash Monofill Drainage Channel Riprap Rock Size (feet)
Method
Chosen Layer
USACE Maricopa Rock Size | Thickness
Offsite Channel (D30) | ASCE | USBR|USGS|ISBASH |HEC-11|  Cty Min Max (D50) (ft)
Section 1 (bank) 004 | 006 | 011 | 0.13 0.11 0.02 0.04 0.02 0.13 0.33 1.00
Section 1 (bottom) 004 | 006 | 0.11 1 0.13 0.11 0.02 0.02 0.13 0.33 1.00
Section 2 (bank) 0.10 014 | 0.26 | 0.38 0.25 0.05 0.10 0.05 0.38 0.33 1.00
Section 2 (bottom) 0.10 014 | 0.26 | 0.38 0.25 0.05 0.05 0.38 0.33 1.00
Section 3 (bank) 0.06 | 0.10 | 0.20 | 0.27 0.19 0.03 0.06 0.03 0.27 0.33 1.00
Section 3 (bottom) 0.06 | 010 | 0.20 | 0.27 0.19 0.03 0.03 0.27 0.33 1.00
Section 4 (bank) 014 | 0.20 | 0.38 | 0.59 0.36 0.09 0.14 0.09 0.59 0.50 1.00
Section 4 {bottom) 0.14 | 0.20 | 0.38 | 0.59 0.36 0.09 0.09 0.59 0.50 1.00
Section 5 (bank) 009 | 014 | 0.26 | 0.37 0.25 0.05 0.10 0.05 0.37 0.33 1.00
Section 5 (bottom) 0.09 | 0.04 | 0.26 | 0.37 0.25 0.05 0.04 0.37 0.33 1.00 |
Section 6 (bank) 009 | 014 ] 0.26 | 0.37 0.25 0.05 0.10 0.05 0.37 0.33 1.00
Section 6 (bottom) 0.09 | 004 | 0.26 | 0.37 0.25 0.05 0.04 0.37 0.33 1.00
Section 7 (bank) 0.02 | 0.04 | 0.07 | 0.08 0.07 0.01 0.02 0.01 0.08 0.33 1.00 |
Section 7 (bottom) 0.02 | 0.04 | 0.07 | 0.08 0.07 0.01 0.01 0.08 0.33 1.00
Drop Struc Sec-6-5:1 (bnk) 1.42 1.03 | 2.06 | 4.34 1.86 1.03 3.07 1.03 4.34 1.00* 2.00
Drop Struc Sec-6-5:1 (btm) 142 | 095 | 206 | 434 1.86 0.77 0.77 4.34 1.00* 2.00
Drop Struc Sec-1-basin (bnk) 060 | 045 | 0.88 | 1.58 0.81 0.30 1.33 0.30 1.58 1.00* 2.00
Drop Struc Sec-1-basin (btm) 060 | 042 0.88 | 1.58 0.81 0.22 0.22 1.58 1.00* 2.00
"NOTE: All drop structures and basins will consist of grouted riprap.
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Cholla Ash Monofill
Riprap Calculation

A B [ ¢ [0 J & TfF[C 6 T w T 1T T T ]
1_|Calculation of Riprap Size for Channel Lining
2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 {Channel Name: Cholla Ash Offsite Channel section 1 Drop Structure
5 |Design Flood Freque 100 -yr
6 [Location/Station: 1+50 to 7+50
1
| 8 |
9 |Relevant Equations
10 |
11
% _0.001%}
4] K
| 15 ]
16 . 05
7 % ={1— sin 9}
. — 1 <2
18 sin ¢
19 |Where,
20 dgg = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 davg Average depth of flow in the main channel, ft

Ky = Bank angle correction factor
g = Bank angle with the horizontal, degree
o= Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

BIDIRIE W jw [Wlw|w]wlw [w jw jwirsin]oio i
WIN={O O [ |N]olosfw I = lo]lojo|Nlojo]aiw

Therefore, proposed design riprap size (dg,) = |16 inch I

V, = 7.96(ft/s

davg = 0.29(ft

Dsp = 16]inch Assume a D5y and then calculate if it is stable.

6= 21.80|degree [2.5:1 (H:V))

o= i 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence.

Ky = 0.82

dgg = 1.25 ft

dsp (inch) = 16 inch <----D50 = 16 inches is stable.
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Cholla Ash Monofill
Riprap Calculation

A | 8 [ ¢ [T o T & TF[ 6 [ W T 1 1 7 ]
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Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)

Channel Name: Cholla Ash Offsite Channel section 1
Design Flood Freque 100 -yr
Location/Station: 1+50 to 7+50

Relevant Equations

_0.001/;
50 7 d((l)\.iKll.s
. 0.3
K, = {1_ sTn : 9}
sin @
Where,
dgp = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, fi/s
davg = Average depth of flow in the main channel, ft
Ki= Bank angle correction factor
= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

nput Parameters

(Based on output from FlowMaster and based on the Manual)

V, = 2.90|ft/s

doyg = 0.73(ft

D = 6|inch Assume a Dy and then calculate if it is stable.

= 21.80|degree [2.5:1 (H:V)]

¢ = 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dgg = 0.04 ft

dgp (inch) = 1 inch <----D50 = 8 inches is stable.

Therefore, proposed design riprap size (dsg) = l 6 inch |
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Cholla Ash Monofill-
Riprap Calculation

A | 8 1 ¢ T 0T €& TF[ 6 [ W [ 1T T 7]

Calculation of Riprap Size for Channel Lining
Calculations are based on Drainage Design Manual for Maricopa County (Manual)

Channel Name: Cholla Ash Offsite Channel section 2
Design Flood Freque 100 -yr
Location/Station: 8+00 to 11+00

Relevant Equations

3 el {olof [ [

11
12 ) 0.001/
13 Qo = —57%
14 du\‘g KI
15 ]
16 Lo, 0.5
RER s 6
17 K =|l-— ;
18 sm* @
19 |Where,
20 dgp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 Javg Average depth of flow in the main channel, ft
23 K= Bank angle correction factor

G = Bank angle with the horizontal, degree
o= Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

W W [WIWWIW]|W W W NN NN N Y
O o NGO AW [N |- [Ojlo|oi~]o|lo s

43 | Therefore, proposed design riprap size (dsg) = I 6 inch I

V,= 4.45]ft/s
davg = 1.35|ft
Dgo = 6{inch Assume a Dsy and then calculate if it is stable.
= 21.80|degree [2.5:1 (H:V)]
¢ = 41.0ldegree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82
dsg = 0.10 ft

40 dgp (inch) = 2 inch <----D50 = 6 inches is stable.

[47]
42
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Cholla Ash Monofill
Riprap Calculation

A | 8B [ ¢ T o[ € TF[CG6 T ® T T 1T 7 ]

1_|Calculation of Riprap Size for Channel Lining
|2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
|4 |Channel Name: Cholla Ash Offsite Channel section 3
B Design Flood Freque 100 -yr
E Location/Station: 11+50 to 13+75
7
B
z Relevant Equations
10
1]
12 | 0.001/"
13 din = 'l,\_&‘
T du\‘ukl )
75
16 s 0.8
7] U vl
(18] ol {1 sin ? ¢J
E Where,
20 dsp = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, f/s
22 davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
Q= Bank angle with the horizontal, degree
¢ = Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

PAPIEIDS W W fw]w]wlwlw fw jw fwN]N NI oI
WINI=O O [oo [Nifo|jObtw [N = [ololx|N[olo|afw

V, = 3.851ft/s

davg = 1.85]ft

Dgg = 6|inch Assume a Dy and then calculate if it is stable.

g = 21.80|degree [2.5:1 (H:V)]

¢ = 41.0[degree  From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,

Ky = 0.82

dsgg = 0.06 ft

dgp (inch) = 1 inch <----D50 = 6 inches is stable.

Therefore, proposed design riprap size (ds,) = I 6 inch l
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Cholla Ash Monofill
Riprap Calculation

A 1 B [ ¢ T 0o T & JF[ 6 [ w [ 1 T T ]
1_|Calculation of Riprap Size for Channel Lining
2 _|Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 |Channel Name: Cholla Ash Offsite Channel section 4
5 [Design Flood Freque 100 -yr
6 _[lLocation/Station: 13+75 to 23+50
L 7]
| 8 |
9 |Relevant Equations
| 10
AR
% ;20001
L2 s =505
14 dn,\u KI
15
16 5 03
EXa P :{1_5111 9}
— 1 . 2
18 sin - @
19 |Where,
20 dsg = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, f/s
22 Jayg = Average depth of flow in the main channel, ft
| 23 Ky = Bank angle correction factor
24 6= Bank angle with the horizontal, degree
25 o= Riprap material's angle of repose, degree
26
| 27 |
28 {Input Parameters
29 |(Based on output from FlowMaster and based on the Manual)
30
31 Vo= 5.30|ft/s
32 davg = 1.91]ft
33 Dgp = 6inch Assume a Dy, and then calculate if it is stable.
34 8= 21.80|degree [2.5:1 (H:V)]
35 o= 41.0]degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
37 |Hence,
38 Ky = 0.82
39 dso = 0.14 ft
40 dsp (inch) = 2 inch <----D50 = 6 inches is stable.
41
42
43 Therefore, proposed design riprap size (dsg) = l 6 inch I
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Cholla Ash Monofill
Riprap Calculation

A_| 8 [ ¢ T o [ E TF[ G T W T T T J ]
1_{Calculation of Riprap Size for Channel Lining

2 |Calculations are based on Drainage Design Manual for Maricopa County {(Manuat)

3

4 |Channel Name: . Cholla Ash Offsite Channel section 5

5 |Design Flood Freque 100 -yr

6 (Location/Station: 23+50 to 32+50

7 |
8 |
| 9 |Relevant Equations
10
11
__E _0.0010,
L~ 3007 08 s

72 e

15

16 I LA

F— sin * @
———'17 KI = 1— .2

18 sm” @

19 [Where,

20 dso = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, ft/s
dayg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
6= Bank angle with the horizontal, degree
o= Riprap material's angle of repose, degree

Input Parameters
(Based on output from FlowMaster and based on the Manual)

HEEEEEEEESS

S
w

Therefore, proposed design riprap size (dsg) = I 6 inch I

Vo= 4.39|fs
32 dayg = 1.36|ft
T; Dso = 6{inch Assume a Dsy and then calculate if it is stable.
| 34| 9= 21.80|degree  [2.5:1 (H:V)]
| 35 | ¢ = 41.0|/degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
E_THence,
| 38 | Ky = 0.82
39 dgp = 0.10 ft
m dso (inch) = 2 inch <—--D50 = 6 inches is stable.
47
| 42 |
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Cholla Ash Monofill
Riprap Calculation

AL B [ ¢ T 0 T € [F[ 6 [ W [ T [ T ]
1_|Calculation of Riprap Size for Channel Lining
z Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
Z Channel Name: Cholla Ash Offsite Channel section 6
| 5 [Design Flood Freque 100 -yr
| 6 |Location/Station: 33+00 to 35+00
7
8]
E Relevant Equations
10
7]
| 12 ] _0.001¥]
_1_3_ S0 CZ':;,:ZK,"S
[ 15
16 ., s
7] K,:{I—S]_nje}
18 s ¢
E Where,
20 dsg = Median diameter of the riprap materials, ft
Z V, = Average velocity in the main channel, fi/s
22 davg = Average depth of flow in the main channel, ft
—2—3— K, = Bank angle correction factor
z 6= Bank angle with the horizontal, degree
| 25 | 0= Riprap material's angle of repose, degree
26
(27 ]
E Input Parameters
| 29 |(Based on output from FlowMaster and based on the Manual)
[30]
131 Va= 4.39|fts
32 davg 1.36|ft
—53— Dsp = 6finch Assume a Dy, and then calculate if it is stable.
| 34] = 21.80|degree  [2.5:1 (H:V)]
| 35 | ¢ = 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
_3___7— Hence,
38 Ky= 0.82
_?9_— dso = 0.10 ft
40 dso (inch) = 2 inch <-~--D50 = 6 inches is stable.
47
42 |
43 | Therefore, proposed design riprap size (dso) = I 6 inch I
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Cholla Ash Monofill
Riprap Calculation

A | 8 [ ¢ T o [ & TG T H® T T 1 7 ]

1_|Calculation of Riprap Size for Channel Lining

2_|Calculations are based on Drainage Design Manual for Maricopa County (Manual)

3 .

4 [Channel Name: Cholla Ash Offsite Drop Structure section 6

5 |Design Flood Freque 100 -yr

6 [Location/Station: 32+50 to 33+00

| 7
| 8 |
9 [Relevant Equations
| 10 ]
1]
| 12 ] 0.001%}
| 13| S07 05 LTS

14 dm:&' Kl

|15

16 . 0.5

77 K o=|]_Sn 6

—_— | o2

18 sin” ¢

19 |Where,

20 dgo = Median diameter of the riprap materials, ft
V, = Average velocity in the main channel, ft/s
davg = Average depth of flow in the main channel, ft
Ky = Bank angle correction factor
g = Bank angle with the horizontal, degree
¢ = Riprap material's angte of repose, degree

nput Parameters
(Based on output from FlowMaster and based on the Manual)

W W FWW]LWIW W W [WININININENININ (N N
O OO N OO B|W N = |OOI@N[R[OR{W [N |-

V, = 12.05|ft/s
davg = 0.58|ft
D= 37l}inch Assume a D5y and then calculate if it is stable.
6= 21.80|degree [2.5:1 (H:V)]
o= 41.0]/degree From Figure 6.14 of the Manual for rounded riprap - attached.
Hence,
Ky = 0.82
ds = 3.07 ft
40 dsg (inch) = 37 inch <----D50 = 37 inches is stable.
[47]
42
_4'?:- Therefore, proposed design riprap size (dsg) = |37 inch I
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Cholla Ash Monofill
Riprap Calculation

A1 8 | ¢ [T 0 T E Jr[_ 6 T H T T T 7 7]
1_{Calculation of Riprap Size for Channel Lining
2 |Calculations are based on Drainage Design Manual for Maricopa County (Manual)
3
4 [Channel Name: Cholla Ash Offsite Channel section 7
5 [Design Flood Freque 100 -yr
6 |Location/Station: 35+00 to 38+50
1
| 8 |
9 |Relevant Equations
| 10
L 11
112 | 0.001%}
13 dao =—s 7%
14 dur,u Kl
15
16 ) 0.8
=1 sin - @
-—-17 KI = 1-_ -2
18 sin~ @
19 |Where,
20 dgy = Median diameter of the riprap materials, ft
21 V, = Average velocity in the main channel, ft/s
22 dayg = Average depth of flow in the main channel, ft
23 Ky = Bank angle correction factor
24 6= Bank angle with the horizontal, degree
25 o= Riprap material's angle of repose, degree
26
27
28 llnput Parameters
29 |(Based on output from FlowMaster and based on the Manual)
30
31 V, = 2.401ft/s
32 davg 0-86 ft
33 Dy = 6linch Assume a Dsg and then calculate if it is stable.
34 = 21.80|degree [2.5:1 (H:V)] .
35 o= 41.0|degree  From Figure 6.14 of the Manual for rounded riprap - attached.
36
37 |Hence,
38 Ki= 0.82
39 d50 = 0.02 ft
40 dsy (inch) = 1 inch <----D50 = 6 inches is stable.
|47 ]
42
43 Therefore, proposed design riprap size (dg,) = I 6 inch l
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Drop Structure Offsite Sec-1-basin(0.2%sTope)
pgtg 02/12/2009 T1me 10 02 ettt N
RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

f version 3.0 March, 2005 f

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *

* SAN DIEGO CA 92127 WEB :WwWW.WESTCONSULTANTS.COM *

R o T L s e L S Y St S N S A DO P T B S T DU JO O S DR SO T S S S

Project: Cholla Ash offsite )
Description: Offsite Channel - Section 1 Drop

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 7.96 ft/s
Bottom width ' N/A
Bend Radius N/A
Top width N/A
unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Ltocal Flow Depth 0.29 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular

Output Results:

Computed D30 0.60 ft
Computed Local Depth Averaged velocity 7.96 ft/s
Local velocity/Avg. velocity 1.00
Side slope Correction Factor 1.06
Correction for tayer Thickness 1.00
Correction for Secondary Currents 1.00

**%* Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 lbs/cu ft
Layer Thickness 1.250 ft
Selected Minimum D30 0.61 ft
Selected Minimum D90 0.88 ft
Stone weight, 1lbs
Percent Lighter by Weight Minimum Maximum
w100 67. 169.
w50 34. 50.
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Drop Structure Offsite Sec-1-basin(0.2%slope)
w15 11. 25.

ASCE Method

Input Parameters:

Local velocity 7.96 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

output Results:

Computed D50 0.45 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Output Results:

Computed D50 0.88 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
tayer Thickness 1.500 ft
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 117. 292.
w50 58. 86.
wl5 18. 43,

Page 2




Drop Structure Offsite Sec-1-basin(0.2%slope)
USGS Method

Input Parameters:

Average Channel Velocity 7.96 ft/s
Output Results:

Computed D50 1.58 ft

*** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 2.750 ft
Selected Minimum D30 1.34 ft
Selected Minimum D90 1.94 ft
Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 719. 1797.
w50 359. 532.
w15 112. 266.

Isbash Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 0.81 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Ibs/cu ft
Layer Thickness 1.500 ft
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 117. 292.
w50 58. 86.
w15 18. 43.

Cal B & sP Method

Input Parameters:
Page 3




Drop Structure Offsite Sec-1-basin(0.2%slope)

Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

* CalTrans A Gradation

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

o ol

7.96 ft/s
10.61 ft/s
165. 1bs/cu ft
2.50

Impinging

40.71 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0 -5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

uUnit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

7.96 ft/s

4.00 ft

165. Tbs/cu ft
2.50

41.00 deg.




Riprap Placement
safety Factor

Output Results:

Computed D50

Gradation Class
Layer Thickness

Drop Structure Offsite Sec-1-basin(0.2%slope)

** FHWA Gradation*¥

Facing
1.90 ft

Percent Smaller by Size Rock Size, ft

Channel Bank
1.1

0.30 ft

Rock weight, 1bs

D100
D50
D10

1.30
0.95
0.40

Page 5
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Drop Structure Offsite Sec-1-basin_btm(0.2%slope)
Date: 02/12/2009 Time: 10:02

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

version 3.0 March, 2005 *

COPYRIGHT {(c) 2005
* WEST CONSULTANTS, INC. *
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *

* SUITE 340 FAX:858-487-9448 *
o DIEC0, O 92127 swnssns VDWW, WESTCONSULTANTS . COM *

Project: Cholla Ash offsite )
Description: Offsite Channel - Section 1 DROP btm

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 7.96 ft/s
Bottom width ) N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.29 ft
Cotangent of Side Slope _ N/A
Safety Factor 1.1
Riprap placement Channel Bottom
Rock Type Angular

Output Results:

Computed D30 0.60 ft
Computed Local Depth Averaged velocity 7.96 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 1.250 ft
Selected Minimum D30 0.61 ft
Selected Minimum D90 0.88 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 67. 169.
w50 34. 50.
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Drop Structure Offsite Sec-1-basin_btm(0.2%slope)
25.

w15 11.

ASCE Method

Input Parameters:

Local velocity 7.96 ft/s
Cotangent of Side slope N/A
unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bottom

Output Results:

Computed D50 0.42 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Output Results:

Computed D50 0.88 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 1.500 ft

Selected Minimum D30 0.73 ft

Selected Minimum D90 1.06 ft

Stone weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 117. 292.
w50 58. 86.
wil5 18. 43,
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Drop Structure 0Offsite Sec-1-basin_btm(0.2%sl1ope)
USGS Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Output Results:

Computed D50 1.58 ft

*** Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 1bs/cu ft
Layer Thickness 2.750 ft
Selected Minimum D30 1.34 ft
Selected Minimum DS0 1.94 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 719. 1797.
w50 359. 532.
w15 112. 266.

Isbash Method

Input Parameters:

Average Channel velocity 7.96 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 ' 0.81 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 lbs/cu ft
tayer Thickness 1.500 ft
Selected Minimum D30 0.73 ft
Selected Minimum D90 1.06 ft
Stone weight, lbs
Percent Lighter by weight Mi ndmum Maximum
w100 117. 292.
w50 58. 86.
wi5s 18. 43.

cal B & sP method

Input Parameters:
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Drop Structure Offsite Sec-1-basin_btm(0.2%slope)

Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed W

* CalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

7.96 ft/s
10.61 ft/s
165. Tbs/cu ft
2.50

Impinging

40.71 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow bDepth

Unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

7.96 ft/s

4.00 ft

165. 1bs/cu ft
N/A

deg.




Drop Structure Offsite Sec-l1-basin_btm(0.2%slope)

Riprap Placement
Safety Factor

Output Results:

Computed D50

** FHWA Gradation**

Gradation Class
Layer Thickness

Percent smaller by Size

Facing
1.90 ft

Rock Size, ft

channel Bottom
1.1

0.22 ft

Rock weight, 1bs

D100
D50
D10

1.30
0.95
0.40
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75.
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offsite channel sec-1

Date:,92/06/2009 Time: 16:25 @ riwrrsssnns

RIPRAP DESIGN SYSTEM (RDS)

BY
WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

March, 2005

858-487-9378 *

* 16870 WEST BERNARDO DRIVE PH:
* SUITE 340 FAX:858-487-9448 ~
* SAN DIEGO, CA 92127 WEB :WWW.WESTCONSULTANTS.COM *

Project: Cholla Ash offsite )
Description: offsite cChannel - Section 1

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 2.90 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.73 ft
Cotangent of Side Slope 2.50
Safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:

Computed D30 0.04 ft
Computed Local bDepth Averaged velocity 2.90 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**% Using Gradations from COE ETL 1110-2-120 #***

Specific weight 165.0 Ibs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, 1bs

Percent Lighter by weight M1nimum Maximum
w100 _ 15. 36.
w50 7. 11.
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Offsite channel Sec-1
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 2.90 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.06 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 2.90 ft/s
output Results:

Computed D50 0.11 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.
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offsite Channel Sec-1
USGS Method

Input Parameters:

Average Channel velocity 2.90 ft/s
Ooutput Results:

Computed D50 0.13 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

" Isbash Method

Input Parameters:

Average Channel velocity 2.90 ft/s
Unit Weight of Stone , 165. 1bs/cu ft
TurbuTlence Level High

Output Results:

Computed D50 0.11 ft

**% ysing Gradations from COE ETL 1110-2-120 =***

specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 : 2. 5.

cal B & SP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

* CcalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite channel Sec-1

2.90 ft/s

3.87 ft/s

165. Ibs/cu ft
2.50

Impinging

0.10 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Ltayer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1
1.8 ft

5.2 ft

Page 4

2.90 ft/s

3.00 ft

165. Ibs/cu ft
2.50

41.00 deg.




Riprap Placement
Safety Factor

Output Results:

Computed D50

Gradation Class
Layer Thickness

Percent Smaller

by Size

Ooffsite Channel Sec-1

* FHWA Gradation*¥*

Facing
1.90 ft

Rock Size, ft

Channel Bank
1.1

0.02 ft

Rock weight, Tlbs

D100
D50
D10

1.30
0.95
0.40

Page 5

200.
75.
5.




Date: 02/08/2009 Time: 12:42
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* RIPRAP DESIGN SYSTEM (RDS) *
* BY *
* WEST Consultants, Inc. *
* *
* Version 3.0 March, 2005 *
* *
* *
* COPYRIGHT (c) 2005 *
* WEST CONSULTANTS, INC. *
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
* SAN DIEGO, CA 92127 WEB : WWW . WESTCONSULTANTS . COM  *
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Project: Cholla Ash Offsite ‘ j—
Description: Offsite Channel - 10 ft bottom width gc,(/'f - LJ"‘M

USACE Method

Input Parameters:

Velocity Type Average

Channel Shape Trapezoidal

Channel Type Straight

Bend Angle (deg) N/A :
Average Channel Velocity 2.90 ft/s §
Bottom width N/A \
Bend Radius N/A

Top Width N/A

Unit Weight of Stone 165. lbs/cu ft

Riprap Layer Thickness 1.00

Local Flow Depth 0.73 ft

Cotangent of Side Slope 2.50

Safety Factor 1.1

Riprap Placement Channel Bank

Rock Type Angular

Output Results:

Computed D30 0.04 ftc
Computed Local Depth Averaged Velocity 2.90 ft/s
Local Velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**% Using Gradations from COE ETL 1110-2-120 **x*

Specific Weight 165.0 1lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft




Stone Weight, 1lbs

Percent Lighter by Weight Minimum Maximum
w100 15. 36.
W50 7. 11.
W15 2. 5.
ASCE Method

Input Parameters:
Local Velocity 2.90 ft/s
2.50

Cotangent of Side slope
Unit Weight of Stone
Riprap Placement

Output Results:

Computed D50

165. lbs/cu ft
Channel Bank

0.06 ft

**%* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 1lbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
W50 7. 11.
W15 2. 5.
USBR Method

Input Parameters:

Average Channel Velocity 2.90 ft/s
Output Results:

0.11 ft

Computed D50

*** UJging Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft




Selected Minimum D30

0.37 ft

Selected Minimum D90 0.53 ft
Stone Weight, 1lbs
Percent Lighter by Weight Minimum Maximum
W100 15. 36.
W50 7. 11.
w15 2. 5.
USGS Method
Input Parameters:
Average Channel Velocity 2.90 ft/s
Output Results:
Computed D50 0.13 ft
*** Using Gradations from COE ETL 1110-2-120 ***
Specific Weight 165.0 1lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
W50 7. 11.
Wi5 2. 5.
Isbash Method
Input Parameters:
Average Channel Velocity 2.90 ft/s
Unit Weight of Stone 165. lbs/cu ft
Turbulence Level High
Output Results:
0.11 ft

Computed D50

*x* [Jsing Gradations from COE ETL 1110-2-120 ***




Specific Weight 165.0 1lbs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ftc
Selected Minimum D90 0.53 ft
Stone Weight, 1lbs
Percent Lighter by Weight Minimum Maximum
wWi00 15. 36.
w50 7. 11.
Wl5s 2. 5.

Cal B & SP Method

Input Parameters:

Average Channel Velocity 2.90 ft/s
Velocity Affecting Bank 3.87 ft/s
Unit Weight of Stone 165. lbs/cu ft
Cotangent of Side slope 2.50
Flow Type Impinging

Output Results:

Computed W 0.10 1bs

** CalTrans A Gradation **

(1) Outside Layer:

Gradation Class 1/2 Ton
Layer Thickness 3.40 ft
Percent Larger than Rock Size (Ton)
0 -5 v 1.00
50 - 100 0.50
95 - 100 0.25

(2) Inner Layer:

Gradation Class None
Layer Thickness 0.00 ft
(3) Backing:

Backing Class No. ' 1




Layer Thickness 1.8 ft
(4) Fabric:
Fabric Type B

Total Thickness (1)+(2)+(3)+(4): 5.2 ft

HEC-11 Method

Input Parameters:

Average Channel Velocity 2.90 ft/s
Average Flow Depth 3.00 ft
Unit Weight of Stone 165. lbs/cu ft
Cotangent of Side Slope 2.50
Material Angle of Repose 41.00 deg.
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.02 ft

** FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock Weight, lbs
D100 1.30 200.
D50 0.95 75.

D10 0.40 5.




offsite Channel Sec-2

Date: 02/06/2009 Time: 16:26 rvwwsns

RIPRAP DESIGN SYSTEM (RDS)

BY
WEST Consultants, Inc.

* Version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.
* 16870 WEST BERNARDO DRIVE PH:

* SUITE 340 FAX:
* SAN DIEGO, CA 92127 WEB :WwW.WESTCON

JORN SO A A
v P R R

Project: Cholla Ash offsite )
Description: offsite Channel - Section 2

USACE Method

March, 2005 f

858-487-9378 *
858-487-9448 *
UL TANTS oM

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Ssafety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

computed Local Depth Averaged velocity
tocal velocity/Avg. Vvelocity

Side Slope Correction Factor
correction for Layer Thickness
correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

4.45 ft/s
N/A

N/A

N/A

165. Tbs/cu ft
1.00

1.35 ft
2.50

1.1

Channel Bank
Angular
0.10 ft
4.45 ft/s
1.00

1.06

1.00

1.00

%% Using Gradations from COE ETL 1110-2-120 ***

Sspecific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
pPercent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Offsite Channel Sec-2
wls 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.45 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. Ibs/cu ft
Riprap Placement Channel Bank

output Results:

Computed D50 0.14 ft

*%%* sing Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.45 ft/s
Output Results:

Computed D50 0.26 ft

** yUsing Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 ‘ 15. 36.
w50 7. 11.
W15 2. 5.
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Ooffsite Channel Sec-2

USGS Method

Input Parameters:

Average Channel velocity

Output Results:

Computed D50

4.45 ft/s

0.38 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tlbs

percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method
Input Parameters:
Average Channel velocity 4.45 ft/s
Unit weight of Stone 165. Tbhs/cu ft
Turbulence Level High
output Results:
Computed D50 0.25 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

cal B & sP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Qutput Results:

Computed w

* CcalTrans A Gradation **

(1) outside Layer:

Gradation Class
Ltayer Thickness

Percent Larger than

offsite Channel Sec-2

4.45 ft/s

5.93 ft/s

165. Tbs/cu ft
2.50

Impinging

1.24 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (D)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft

Page 4

4.45 ft/s

4.00 ft

165. Ibs/cu ft
2.50

41.00 deg.




offsite Channel Sec-2
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.05 ft

** FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 t

Percent Smaller by Size Rock Size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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offsite channel Sec-2_btm
bate: 02/06/2009 Time: 17:01 ~
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RIPRAP DESIGN SYSTEM (RDS)

e B Y 3
f’ WEST Consultants, Inc. f
f version 3.0 March, 2005 f
* COPYRIGHT (c) 2005 *
* WEST CONSULTANTS, INC. *
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *

* SAN DIEGO, CA 92127 WEB : WWW.WESTCONSULTANTS.COM *

o sl Ml e o oo o o sle oo o o ol oo e e o o Fo e fe
Lo i R IR i e T S o Dl Tty WY s e

Project: Cholla Ash offsite )
Description: Offsite Channel - Section 2 btm

USACE Method

Input Parameters:

velocity Type Average
Channel shape Trapezoidal
Channel Type ' Straight
Bend Angle (deg) N/A
Average Channel velocity 4.45 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit Weight of Stone 165. lbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.35 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular

output Results:

Computed D30 0.10 ft
Computed Local Depth Averaged velocity 4.45 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tbs

Percent Lighter by Wweight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Offsite Channel Sec-2_btm
2.

w15 5.

ASCE Method
Input Parameters:
Local velocity 4.45 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. Ibs/cu ft
Riprap Placement Channel Bank
Output Results:
Computed D50 0.14 ft

** Using Gradations from COE ETL 1110-2-120 ***
Specific weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs

Percent Lighter by weight M1 nimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method
Input Parameters:
Average Channel velocity 4.45 ft/s
output Results:
Computed D50 0.26 ft

**% (sing Gradations from COE ETL 1110-2-120 **=*
Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs

Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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offsite Channel Sec-2_btm
USGS Method

Input Parameters:

Average Channel velocity 4.45 ft/s
Output Results:

Computed D50 0.38 ft

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.45 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.25 ft

“* Using Gradations from COE ETL 1110-2-12Q **x*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5s 2. 5.

cal B & SP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed W

** calTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Ssec-2_btm

4.45 ft/s

5.93 ft/s

165. Ibs/cu ft
2.50

Impinging

1.24 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit wWeight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

4.45 ft/s

4.00 ft

165. Tbs/cu ft
2.50

41.00 deg.




) offsite Channel Sec-2_btm
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.05 ft

*% FHWA Gradation®*

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, Tlbs
D100 1.30 200.
D50 0.95 ‘ 75.
D10 0.40 5.
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* Version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.
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Project: cholla Ash offsite

Offsite Channel Sec-3
Date: 02/06/2009 Time: 16:27 e

BY

WEST Consultants,

RIPRAP DESIGN SYSTEM (RDS)

Inc.

March, 2005 f

PH: 858-487-9378 *
FAX:858-487-9448 *

WEB : WWW . WESTCONSULTANTS.COM *

Description: offsite Channel - Section 3

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

uUnit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

Computed Local Depth Averaged velocity

USACE Method

Local velocity/Avg. Velocity

Side Slope Correction Factor
Correction for Layer Thickness
Correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

3.85 ft/s
N/A

N/A

N/A

165. Ibs/cu ft
1.00

1.85 ft
2.50

1.1

Channel Bank
Angular
0.06 ft
3.85 ft/s
1.00

1.06

1.00

1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight

165.0 1bs/cu ft

Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft

Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Ooffsite Channel Sec-3
wl5 2. 5.

ASCE Method

Input Parameters:

Local velocity 3.85 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.10 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 3.85 ft/s
Output Results:

Computed D50 0.20 ft

“* Using Gradations from COE ETL 1110-2-120 #*#**

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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Offsite Channel Sec-3
USGS Method

Input Parameters:

Average Channel velocity . 3.85 ft/s
Output Results:

Computed D50 0.27 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Mi nimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.85 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Ooutput Results:

Computed D50 0.19 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Ccal B & SP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side sTope
Flow Type

Output Results:

Computed W

P e

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-3

calTrans A Gradation **

3.85 ft/s

5.13 ft/s

165. 1bs/cu ft
2.50

Impinging

0.52 1bs

1/2 Ton
3.40 ft

Rock Ssize (Ton)

0 -5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

3.85 ft/s

4.00 ft

165. 1bs/cu ft
2.50

41.00 deg.




Offsite Channel Sec-3
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.03 ft

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Ooffsite Channel Sec-

Date: 02/06/2009 Time: 17:00

BY

WEST Consultants, Inc.

version 3.0

COPYRIGHT (c) 2005
WEST CONSULTANTS, INC.
16870 WEST BERNARDO DRIVE
SUITE 340

SAN DIEGO CA 92127

e ofe ofe oo

PH:
FAX:
WEB WWW WESTCON

Tedefedehde el dedefedededede

Project: Cholla Ash offsite

Description: Offsite Channel - Section 3 btm

USACE Method

RIPRAP DESIGN SYSTEM (RDS)

3_btm

March, 2005 f

858-487-9378 *
858-487-9448 *
SULTANTS COMIf

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 3.85 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
unit weight of Stone 165. Tbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.85 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:

Computed D30 0.06 ft
Computed Local Depth Averaged Vvelocity 3.85 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

selected Minimum D90 0.53 ft

Stone weight, Tlbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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offsite Channel Sec-3_btm
2.

wl5 5.

ASCE Method
Input Parameters:
Local velocity 3.85 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank
output Results:
Computed D50 0.10 ft

*** Using Gradations from COE ETL 1110-2-120 ***
Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tlbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method
Input Parameters:
Average Channel velocity 3.85 ft/s
Output Results:
Computed D50 0.20 ft

* Using Gradations from COE ETL 1110-2-120 ***
Specific weight 165.0 Tbs/cu ft
lLayer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 . 15. 36.
w50 7. 11.
wls 2. 5.

Page 2




Ooffsite Channel Sec-3_btm
USGS Method

Input Parameters:

Average Channel velocity 3.85 ft/s
Output Results:

Ccomputed D50 0.27 ft

**%* Using Gradations from COE ETL 1110-2-120 *%*

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wi5s 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 3.85 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.19 ft

** Using Gradations from COE ETL 1110-2-120 **=*

Specific Weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Sselected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

cal B & sP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

** calTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-3_btm

3.85 ft/s

5.13 ft/s

165. Ibs/cu ft
2.50

Impinging

0.52 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

unit weight of Stone
Cotangent of Side Slope
Material Angie of Repose

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft

Page 4

3.85 ft/s

4.00 ft

165. 1bs/cu ft
2.50

41.00 deg.




Offsite Channel Sec-3_btm
Riprap Placement Channel Bank
Safety Factor 1.1

output Results:

Computed D50 0.03 ft

* FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock Size, ft Rock weight, Tbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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offsite Channel Sec-4

Date: 02/06/2009 Time: 16:31 @ isns

RIPRAP DESIGN SYSTEM (RDS)

BY
WEST Consultants, Inc.

* version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH:
* SUITE 340 FAX:
* SAN DIEGO, CA 92127 WEB :WwWW.WESTCON

Project: Cholla Ash offsite
Description: Offsite Channel - Section 4

USACE Method

Mmarch, 2005 *

858-487-9378 *
858-487-9448 *
S AN o

Input Parameters:
velocity Type

Channel shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit Weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

Output Results:

Computed D30

Computed Local Depth Averaged velocity
Local velocity/Avg. velocity

Side Slope Correction Factor
Correction for Layer Thickness
Correction for Secondary Currents

Average
Trapezoidal
Straight
N/A

5.30 ft/s
N/A

N/A

N/A

165. 1bs/cu ft
1.00

1.91 ft
2.50

1.1

Channel Bank
Angular
0.14 ft
5.30 ft/s
1.00

1.06

1.00

1.00

*** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Offsite Channel Sec-4
W15 2. 5.

ASCE Method

Input Parameters:

Local velocity 5.30 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.20 ft

*%*% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.

USBR Method

Input Parameters:

Average Channel Vvelocity 5.30 ft/s
Ooutput Results:

Computed D50 0.38 ft

** Using Gradations from COE ETL 1110-2-120 *%**

Specific weight 165.0 Tbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone Weight, lbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.




offsite channel sec-4
USGS Method

Input Parameters:

Average Channel velocity 5.30 ft/s
Output Results:

Computed D50 0.59 ft

“* Using Gradations from COE ETL 1110-2-120Q ***

Specific weight 165.0 Tbs/cu ft
Layer Thickness 1.000 ft
Selected Minimum D30 0.49 ft
Selected Minimum D90 0.70 ft
Stone weight, 1lbs
Percent Lighter by weight Minimum Maximum
w100 35. 86.
w50 17. 26.
W15 5. 13.

Isbash Method

Input Parameters:

Average Channel velocity 5.30 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.36 ft

* Using Gradations from COE ETL 1110-2-120 *%=*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Ccal B & SP Mmethod

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed W

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-4

5.30 ft/s

7.07 ft/s

165. Ibs/cu ft
2.50

Impinging

3.55 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
lLayer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft

Page 4

5.30 ft/s

4.00 ft

165. Tbs/cu ft
2.50

41.00 deg.




offsite Channel Sec-4
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.09 ft

** FHWA Gradation®*

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, lbs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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offsite Channel Sec-4_btm
Date: 02/06/2009 Time: 16:59

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

version 3.0 March, 2005 f

kS

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC. *
* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUITE 340 FAX:858-487-9448 *
* SAN DIEGO, CA 92127 WEB : WWW . WESTCONSULTANTS.COM *

JOROR S o o ol oo oo

Project: Cholla Ash Offsite )
Description: Offsite Channel - Section 4 btm

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 5.30 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. lbs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 1.91 ft
Cotangent of Side Slope 2.50
safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular

output Results:

Computed D30 0.14 ft
Computed Local Depth Averaged Velocity 5.30 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

*** Using Gradations from COE ETL 1110-2-120 3%

Specific Weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Offsite Channel Sec-4_btm
wl5 2. 5.

ASCE Method

Input Parameters:

Local velocity 5.30 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.20 ft

*¥%% ysing Gradations from COE ETL 1110-2-120Q ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight M1nimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 5.30 ft/s
Ooutput Results:

Computed D50 0.38 ft

% Using Gradations from COE ETL 1110-2-120 #*%=

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Page 2




Offsite Channel Sec-4_btm
USGS Method

Input Parameters:

Average Channel velocity 5.30 ft/s
Output Results:

Computed D50 0.59 ft

“* Using Gradations from COE ETL 1110-2-120 #**=*

Specific weight 165.0 Ibs/cu ft

Layer Thickness 1.000 ft

Selected Minimum D30 0.49 ft

Selected Minimum D90 0.70 ft

Stone Weight, 1bs

Percent Lighter by weight Minimum Maximum
w100 35. 86.
w50 17. 26.
w15 5. 13.

Isbash Method

Input Parameters:

Average Channel velocity 5.30 ft/s
Unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Output Results:

Computed D50 0.36 ft

“**% Using Gradations from COE ETL 1110-2-120 *¥%*

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

cal B & spP Method

Input Parameters:
Page 3




Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side sliope
Flow Type

Output Results:

Computed w

< CalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

offsite Channel Sec-4_btm

5.30 ft/s

7.07 ft/s

165. Ibs/cu ft
2.50

Impinging

3.55 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0 -5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (L)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit wWeight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

5.30 ft/s
4.00 ft-

165. 1bs/cu ft
2.50

41.00 deg.




offsite Channel Sec-4_btm
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.09 ft

** FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, 1bs

D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Offsite Channel Sec-5&6
Date: 02/06/2009 Time: 16:32 ~

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.

f version 3.0 March, 2005 f

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.
* 16870 WEST BERNARDO DRIVE PH: 858-487-93

78 =

* SUITE 340 FAX:858-487-9448 *
T DGO, O D2 vrrnsnnn DWW WESTCONSULTANTS . COM_*

Project: Cholla Ash oOffsite
Description: offsite Channel - Section 5&6

USACE Method

Input Parameters:

velocity Type Average
Channel shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 4.39 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Layer Thickness 1.00
Local Flow bepth 1.36 ft
Cotangent of Side Slope 2.50
Safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:

Computed D30 0.09 ft
Computed Local Depth Averaged velocity 4.39 ft/s
tocal velocity/Avg. velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

“*% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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offsite Channel Sec-5&6
wls 2. 5.

ASCE Method

Input Parameters:

Local velocity 4.39 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.14 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs .
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.39 ft/s
Ooutput Results:

Computed D50 0.26 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, lbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5s 2. 5.
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Offsite Channel Sec-5&6
USGS Method

Input Parameters:

Average Channel velocity 4.39 ft/s
output Results:

Computed D50 0.37 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
Isbash Method
Input Parameters:
Average Channel velocity 4.39 ft/s
Unit weight of Stone 165. 1bs/cu ft
Turbulence Level High
output Results:
Computed D50 0.25 ft
** Using Gradations from COE ETL 1110-2-120 ***
Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5s 2. 5.

Cal B & SP Method

Input Parameters:
Page 3




Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed W

o e

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-5&6

CalTrans A Gradation **

4.39 ft/s

5.85 ft/s

165. Ibs/cu ft
2.50

Impinging

1.15 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0 -5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Ltayer Thickness

(4) Fabric:

Fabric Type

Total Thickness (L)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit Weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1
1.8 ft

5.2 ft

Page 4

4.39 ft/s

4.00 ft

165. 1bs/cu ft
2.50

41.00 deg.




offsite Channel Sec-5&6
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 : 0.05 ft

** FHWA Gradation**

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Date: 02/06/2009 Time: 16:59,
RIPRAP DESIGN SYSTEM (RDS)

WEST Consultants, Inc.

-+

* Version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

Offsite Channel Sec-5&6_btm

e S J M MU P D J P P S J A

BY

* 16870 WEST BERNARDO DRIVE

“ SUITE 340

N DGO, A 2L vssrnnr

Project: Cholla Ash offsite

Description: offsite Cchannel - section 5&6 btm

Input Parameters:
velocity Type

Channel sShape

Channel Type

Bend Angle (deg)
Average Channel Velocity
Bottom width

Bend Radius

Top width

Unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
Safety Factor

Riprap Placement

Rock Type

Output Results:

Computed D30

Computed Local Depth Averaged velocity

Local Vvelocity/Avg. velocity
Side Slope Correction Factor
Correction for Layer Thickness

Correction for Secondary Currents

USACE Method

March, 2005 *

858-487-9378 *

FAX:858-487-9448 *
WEB: i WESTCONSULTANTS  COM *

Average
Trapezoidal
Straight
N/A

4.39 ft/s
N/A

N/A

N/A

165. 1bs/cu ft
1.00

1.36 ft
2.50

1.1

Channel Bank
Angular
0.09 ft
4.39 ft/s
1.00

1.06

1.00

1.00

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
0.750 ft
0.37 ft
0.53 ft

Layer Thickness
Selected Minimum D30
Selected Minimum D90

Percent Lighter by weight

Stone weight, T1bs

Maximum

w100
w50

36.
11.




Offsite Channel Sec-5&6_btm
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 2.40 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. Ibs/cu ft
Riprap Placement Channel Bank

Output Results:

Computed D50 0.04 ft

** Using Gradations from COE ETL 1110-2-120 #***

specific weight 165.0 lbs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

selected Minimum D90 0.53 ft

Stone Weight, lbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 4.39 ft/s
Output Results:

Computed D50 0.26 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
tayer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

Page 2




Ooffsite Channel Sec-5&6_btm
USGS Method

Input Parameters:

Average Channel velocity 4.39 ft/s
Output Results:

Computed D50 0.37 ft

“* Using Gradations from COE ETL 1110-2-120Q ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 4.39 ft/s
Unit weight of Stone 165. Tbs/cu ft
Turbulence Level High

Ooutput Results:

Computed D50 0.25 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific wWeight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Ths
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wil5 2. 5.

Cal B & SP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Ooutput Results:

Computed w

** calTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-5&6_btm

4.39 ft/s
5.85 ft/s
Tbs/cu ft

2.50
Impinging

165.

1.15 Tbs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit weight of Stone
Cotangent of Side STope
Material Angle of Repose

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft
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4.39 ft/s
4.00 ft
Tbs/cu ft
2.50

41.00 deg.

165.




Offsite Channel Sec-5&6_btm
Riprap Placement Channel Bank
Safety Factor 1.1

Output Results:

Computed D50 0.05 ft

** FHWA Gradation®*

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Drop

Structure oOffsite Channel Sec-6(0.2%sl1ope)

AL E UL SR AL S

BY

version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE
* SUITE 340

N DIEGO, CA 92127 issrsn

Project: cholla Ash offsite

RIPRAP DESIGN SYSTEM (RDS)

WEST Consultants, Inc.

March, 2005 f

PH: 858-487-9378 *
FAX:858-487-9448 *
W WE S TCONSUL TANTS . coM

Description: oOffsite Channel - SEction 6 DROP

USACE Method

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

Unit wWeight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

Computed Local Depth Averaged velocity

tocal velocity/Avg. Velocity

Side Slope Correction Factor
Correction for Layer Thickness
Correction for Secondary Currents

**% yUsing Gradations from COE ETL

specific weight 165.0 lbs/cu ft

Average

Trapezoidal

Straight

N/A

12.05 ft/s

N/A

N/A

N/A

165. Tbs/cu ft

1.00

0.58 ft

2.50

1.1

Channel Bank

Angular

1.42 ft

12.05 ft/s

1.00

1.06

1.00

1.00
1110-2-120 #***

Layer Thickness 3.000 ft
Selected Minimum D30 1.46 ft
Selected Minimum D90 2.11 ft

Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 933. 2333.
w50 467 . 690.
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Drop Structure Offsite Channel Sec-6(0.2%slope)
wl5 146. 345.

ASCE Method

Input Parameters:

Ltocal velocity 12.05 ft/s
Cotangent of Side slope 2.50
Unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bank

Ooutput Results:

Computed D50 1.03 ft

“* Using Gradations from COE ETL 1110-2-120 *%**

Specific weight 165.0 Tbs/cu ft
Layer Thickness 1.750 ft
Selected Minimum D30 0.85 ft
Selected Minimum D90 1.23 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 185. 463.
w50 93. 137.
w15 29. 69.

USBR Method

Input Parameters:

Average Channel velocity 12.05 ft/s
Output Results:

Computed D50 2.06 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 Tbs/cu ft
tayer Thickness 3.500 ft
Selected Minimum D30 1.70 ft
Selected Minimum D90 2.47 ft
Stone weight, Tlbs
Percent Lighter by weight Minimum Maximum
w100 1482. 3704.
w50 , 741. 1096.
wl5 232. 548.
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Drop Structure Offsite Channel Sec-6(0.2%slope)
USGS Method

Input Parameters:

Average Channel velocity 12.05 ft/s

Output Results:

Computed D50 4.34 ft
** Using Gradations from COE ETL 1110-2-120 ***

Warning: The required stone size is greater than the largest

USACE stone gradation.

Isbash Method

Input Parameters:

Average Channel Velocity 12.05 ft/s
Unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

Qutput Results:

Computed D50 1.86 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 3.500 ft
Selected Minimum D30 1.70 ft
Selected Minimum D90 2.47 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 1482. 3704.
w50 741. 1096.
w15 232. 548.

cal B & SP Method

Input Parameters:

Average Channel velocity 12.05 ft/s
velocity Affecting Bank 16.07 ft/s
Unit weight of Stone 165. Tbs/cu ft
Cotangent of Side slope 2.50
Flow Type Impinging
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Drop Structure Offsite Channel Sec-6(0.2%slope)

Output Results:

Computed W

* CalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

489.90 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (L)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit Weight of Stone
Cotangent of Side Slope
Material Angle of Repose
Riprap Placement

safety Factor

Output Results:

Computed D50

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft
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12.05 ft/s
4.00 ft

165. Tbs/cu ft
2.50

41.00 deg.
Channel Bank
1.1

1.03 ft




Drop Structure Offsite Channel Sec-6(0.2%slope)

** FHWA Gradation®*

Gradation Class Light

Layer Thickness 2.60 ft

Percent Smaller by Size Rock Size, ft Rock weight, Tbs
D100 1.80 500.
D50 1.30 200.
D10 0.40 5.
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Drop Structure Offsite Channel Sec-6_btm(0.2%slope)

Date: 02 00 00 T T 3 s

RIPRAP DESIGN SYSTEM (RDS)
BY
WEST Consultants, Inc.
* version 3.0 March, 2005 *

* COPYRIGHT (c) 2005
“ WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH: 858-487-9378 *
* SUTTE 340 FAX:858-487-9448 *
Yo OAN DIEGO, CA 92127 @ cssssss EDiWWW, WESTCONSULTANTS. COM ~

Project: Cholla Ash oOffsite
Description: Offsite Channel - SECTION 6 DROP btm

USACE Method

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 12.05 ft/s
Bottom width N/A
Bend Radius N/A
Top width N/A
Unit weight of Stone 165. Ibs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.58 ft
Cotangent of Side Slope N/A
safety Factor 1.1
Riprap Placement Channel Bottom
Rock Type Angular

output Results:

Computed D30 1.42 ft
Computed Local Depth Averaged velocity 12.05 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

**%% Using Gradations from COE ETL 1110-2-120Q ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 3.000 ft

Selected Minimum D30 1.46 ft

Selected Minimum D90 2.11 ft

Stone Weight, lbs

Percent Lighter by weight Minimum Maximum
w100 933, 2333.
w50 467. 690.
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Drop Structure Offsite Channel Sec-6_btm(0.2%slope)
w15 146. 345,

ASCE Method

Input Parameters:

Local velocity 12.05 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. Tbs/cu ft
Riprap Placement Channel Bottom

Qutput Results:

Computed D50 0.95 ft

**% Using Gradations from COE ETL 1110-2-120 ***

Specific Weight 165.0 Tbs/cu ft
Layer Thickness 1.750 ft
Selected Minimum D30 0.85 ft
Selected Minimum D90 1.23 ft
Stone Weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 185. 463.
w50 93. 137.
wl5s 29. 69.

USBR Method

Input Parameters:

Average Channel velocity 12.05 ft/s
output Results:

computed D50 ' 2.06 ft

*** Using Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 Ibs/cu ft

Layer Thickness 3.500 ft

Selected Minimum D30 1.70 ft

Selected Minimum D90 2.47 ft

Stone weight, 1lbs

Percent Lighter by weight Minimum Maximum
w100 1482. 3704.
w50 , 741. 1096.

wls 232. 548.
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Drop Structure Offsite Channel Sec-6_btm(0.2%slope)
USGS Method

Input Parameters:

Average Channel velocity 12.05 ft/s

Output Results:

Computed D50 4.34 ft
“**% Using Gradations from COE ETL 1110-2-120 ***

warning: The required stone size is greater than the largest

USACE stone gradation.

Isbash Method

Input Parameters:

Average Channel velocity 12.05 ft/s
Unit Weight of Stone 165. Ibs/cu ft
Turbulence Level High

output Results:

Computed D50 1.86 ft

* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 3.500 ft

Selected Minimum D30 1.70 ft

Selected Minimum D90 2.47 ft

Stone weight, Tbs

Percent Lighter by weight Minimum Maximum
w100 1482. 3704.
w50 741. 1096.
w15 232. 548.

cal B & SP Method

Input Parameters:

Average Channel velocity 12.05 ft/s
velocity Affecting Bank 16.07 ft/s
unit weight of Stone 165. Ibs/cu ft
Cotangent of Side slope 2.50
Flow Type Impinging
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Drop Structure Offsite Channel Sec-6_btm(0.2%slope)

Output Results:

Computed w

** CalTrans A Gradation *=*

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

489,90 1bs

1/2 Ton
3.40 ft

Rock size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit wWeight of Stone
Cotangent of Side Slope
Material Angle of Repose
Riprap Placement

Safety Factor

Output Results:

Computed D50

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1
1.8 ft

5.2 ft

Page 4

12.05 ft/s
4,00 ft

165. 1bs/cu ft
N/A

deg.

Channel Bottom
1.1

0.77 ft




Drop Structure Offsite Channel Sec-6_btm(0.2%slope)

* FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent smaller by Size Rock size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Ooffsite Channel Sec-7

DAt 0200 00 Time 10 32 ksrnnns

BY
WEST Consultants, Inc.

version 3.0

* COPYRIGHT (c) 2005

* WEST CONSULTANTS, INC.

* 16870 WEST BERNARDO DRIVE PH:
* SUITE 340 FAX:
* SAN DIEGO, CA 92127 WEB :WwWW.WESTCON

ek NSl

Project: Cholla Ash Offsite )
Description: Offsite Channel - Section 7

USACE Method

RIPRAP DESIGN SYSTEM (RDS)

E T B T R A S R A

March, 2005 *

858-487-9378 *
858-487-9448 *
AT SOV %

Input Parameters:

velocity Type Average
Channel Shape Trapezoidal
Channel Type Straight
Bend Angle (deg) N/A
Average Channel velocity 2.40 ft/s
Bottom width N/A
Bend Radius , N/A
Top width N/A
Unit Weight of Stone 165. 1bs/cu ft
Riprap Layer Thickness 1.00
Local Flow Depth 0.86 ft
Cotangent of Side Slope 2.50
Safety Factor 1.1
Riprap Placement Channel Bank
Rock Type Angular
Output Results:

Computed D30 0.02 ft
Computed Local Depth Averaged velocity 2.40 ft/s
Local velocity/Avg. Velocity 1.00
Side Slope Correction Factor 1.06
Correction for Layer Thickness 1.00
Correction for Secondary Currents 1.00

* Using Gradations from COE ETL 1110-2-120 #**

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, 1lbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
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Offsite Channel Sec-7
w15 2. 5.

ASCE Method

Input Parameters:

Local velocity 2.40 ft/s
Cotangent of Side slope 2.50
Unit Weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bank

output Results:

Computed D50 0.04 ft

“** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 lbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 2.40 ft/s
output Results:

Computed D50 0.07 ft

“**% Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, 1bs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.
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Ooffsite channel Sec-7
USGS Method

Input Parameters:

Average Channel velocity 2.40 ft/s
Output Results:

Computed D50 0.08 ft

“** Using Gradations from COE ETL 1110-2-120 #**¥

Specific weight 165.0 Ths/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone Weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 2.40 ft/s
Unit Weight of Stone 165. Tbs/cu ft
Turbulence Level , High

Output Results:

Computed D50 0.07 ft

“*%* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
w15 2. 5.

cal B & SP Method

Input Parameters:
Page 3




Average Channel velocity
Velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

** CcalTrans A Gradation **

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

Offsite Channel Sec-7

2.40 fr/s

3.20 ft/s

165. 1bs/cu ft
2.50

Impinging

0.03 1bs

1/2 Ton
3.40 ft

Rock Ssize (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

Unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

1.00
0.50
0.25

None

0.00 ft

1.8 ft

5.2 ft
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2.40 ft/s

3.00 ft

165. Tbs/cu ft
2.50

41.00 deg.




offsite Channel Sec-7
Riprap Placement Channel Bank
safety Factor 1.1

Output Results:

Computed D50 0.01 ft

Gradation Class Facing

Layer Thickness 1.90 ft

Percent Smaller by Size Rock Size, ft Rock weight, l1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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Date: 02/06/2009 Time: 16:38 esrres

offsite Channel Sec-7_btm

RIPRAP DESIGN SYSTEM (RDS)

WEST Consultants,

* Version 3.0

* COPYRIGHT (c) 2005
* WEST CONSULTANTS, INC.

BY

* 16870 WEST BERNARDO DRIVE

* SUITE 340

AN DTRG0, A Doy o nrntns

Project: Cholla Ash offsite

Description: Offsite Channel - Section 7 btm

Input Parameters:
velocity Type

Channel Shape

Channel Type

Bend Angle (deg)
Average Channel velocity
Bottom width

Bend Radius

Top width

unit weight of Stone
Riprap Layer Thickness
Local Flow Depth
Cotangent of Side Slope
safety Factor

Riprap Placement

Rock Type

output Results:

Computed D30

computed Local Depth Averaged velocity

USACE Method

Local velocity/Avg. velocity
Side Slope Correction Factor
Correction for Layer Thickness

Correction for Secondary Currents

March, 2005 f

858-487-9378 *

FAX:858-487-9448 *
WEB : WWW.WESTCONSULTANTS . COM f

Average
Trapezoidal
Straight
N/A

165. 1bs/cu ft
1.00

0.86 ft

N/A

1.1

channel Bottom
Angular

0.02 ft
2.40 ft/s
1.00

1.06

1.00

1.00

** sing Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
0.750 ft
0.37 ft
0.53 ft

Layer Thickness
Selected Minimum D30
selected Minimum D90

Percent Lighter by weight

Stone weight, 1bs

Maximum

w100
w50

36.
11.




Offsite Channel Sec-7_btm
wls 2. 5.

ASCE Method

Input Parameters:

Local velocity 2.40 ft/s
Cotangent of Side slope N/A
Unit weight of Stone 165. 1bs/cu ft
Riprap Placement Channel Bottom

Output Results:

Computed D50 0.04 ft

* Using Gradations from COE ETL 1110-2-120 #*#**

Specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, lbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

USBR Method

Input Parameters:

Average Channel velocity 2.40 ft/s

’

Output Results:

Computed D50 0.07 ft

** Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft

Layer Thickness 0.750 ft

Selected Minimum D30 0.37 ft

Selected Minimum D90 0.53 ft

Stone weight, Tbs

Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wls 2. 5.
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Ooffsite Channel Sec-7_btm
USGS Method

Input Parameters:

Average Channel velocity 2.40 ft/s
Output Results:

Computed D50 0.08 ft

“*%* Using Gradations from COE ETL 1110-2-120 ***

Specific weight 165.0 1bs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
Selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

Isbash Method

Input Parameters:

Average Channel velocity 2.40 ft/s

Unit Weight of Stone 165. 1bs/cu ft
Turbulence Level High

output Results:

Computed D50 0.07 ft

** yUsing Gradations from COE ETL 1110-2-120 ***

specific weight 165.0 Tbs/cu ft
Layer Thickness 0.750 ft
Selected Minimum D30 0.37 ft
selected Minimum D90 0.53 ft
Stone weight, Tbs
Percent Lighter by Weight Minimum Maximum
w100 15. 36.
w50 7. 11.
wl5 2. 5.

cal B & SP Method

Input Parameters:
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Average Channel velocity
velocity Affecting Bank
Unit weight of Stone
Cotangent of Side slope
Flow Type

Output Results:

Computed w

(1) outside Layer:

Gradation Class
Layer Thickness

Percent Larger than

offsite

Channel Sec-7_btm

2.40 ft/s
3.20 ft/s
Tbs/cu ft

2.50
Impinging

165.

0.03 1bs

1/2 Ton
3.40 ft

Rock Size (Ton)

0-5
50 - 100
95 - 100

(2) Inner Layer:

Gradation Class
Layer Thickness

(3) Backing:

Backing Class No.
Layer Thickness

(4) Fabric:

Fabric Type

Total Thickness (1)+(2)+(3)+(4):

Input Parameters:

Average Channel velocity
Average Flow Depth

unit weight of Stone
Cotangent of Side Slope
Material Angle of Repose

HEC-11 Method

None
0.00 ft

1.8 ft

5.2 ft

Page 4

2.40 ft/s
3.00 ft
Tbs/cu ft
N/A

deg.

165.




_ offsite Channel Sec-7_btm
Riprap Placement Channel Bottom
Safety Factor 1.1

Output Results:

Computed D50 0.01 ft

** FHWA Gradation**

Gradation Class Facing
Layer Thickness 1.90 ft
Percent Smaller by Size Rock size, ft Rock weight, 1bs
D100 1.30 200.
D50 0.95 75.
D10 0.40 5.
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OFF-SITE CHANNEL
DROP STRUCTURE CALCULATIONS
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Cholla Ash Monofiil
Riprap Basin Sizing and Hydraulic Jump
Offsite Drop Structure Channel Section 1 Into Basin

Al B [ ¢ | o I e | F I 6 T H T 1 T J
1 |Riprap Basin Sizing
2
3 |Q= 25 cfs flow rate for section 1 just before brink of drop
4 |Vallow= 0.001 fi/s velocity for basin, past drop
5 |TW= 10 ft normal depth for basin, past drop
6 |Wo= 10 ft channel bottom width
7
8 |From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 |1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions
10
11 |From Flowmaster output files:
12 |yo=ye= 0.29 ft normal depth for drop
13 |Vo= 7.96 ft/s velocity for drop
14 [Fr= 2.68 Froude number for drop
15 '
16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.
- h D, Y v
18 Equation 10.1 s 0'86(—5()] °|-C,

Ve Ve V&Y.

20
21 La
22 |Get tailwater parameter Co: DISSIPATGR POGL APRON CHANNEL
23]Co = 1.4 if TW/ye < 0.75 Yo= Ve ks -a
24 [Co = 136.331 if0.75 < TW/ye < 1.0
25|Co = 3if1.0<TWlye
26
27 {TWiye = 34.48276
28
29 |D50 = 0.11 ft D50 of riprap - ) - -
30 » Figure 10.1. Profile of Riprap Basin
31 |Check to see that hs/D50 >= 2 and that D50/ye >=0.1.
32 |D50/ye = 0.37931 >=0.1 OK
33 |g= 32.2 ft/s2
34 |hslye = 0.928133
35 |hs = 0.269159 ft scour depth
36 |hs/D50 =  2.446896 >=2.0 OK
37
38 |3) Size the basin
39 |Ls = 10*hs = 2.69 ft Dissipator Pool Length
40 |[Lsmin=  3Wo = 30 ft
41
42 |Lb = 15hs = 4.04 ft Total Pool Length
43 |[Lbmin=  4Wo = 40 ft
44 [La= 10 ft Apron Length
45 Wb = 10 ft maintaining channel bottom depth
46

PAWRESVArizona_Public_Service\23445548_Cholla_Ash Monofill APP\Channel Design\Hydraulics\Riprap Basin Sizing-Hydraulic Jump\Riprap

Basin Sizing

2/13/2009




Cholla Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Offsite Drop Structure Channel Section 1 Into Basin

A]B]C|D|E|F|G|H|||J

47 |Hydraulic Jump
48 jFrom Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003
49 Y1 = 0.29 ft upstream normal depth for drop
50 |Ydn = 10 ft downstream normal depth basin
51iQ= 25 cfs flow through the drop
52 |g= 32.2 ft/s2
53 |A1 = 3.14 ft2 area of flow through the drop
54 |A2 = 10.43 ft2 area of flow in next section
55|z = 2.5 ft sideslope H:1
56 |b = 10 ft bottom width of channel
57
58 12) Calculate sequant height of jump.
59 |Equation 7.2 1
1 _
2 v, = EY.[(I +8F2): —1}
62
631Y2 = 0.96 ft OK height of jump
64 Figure €.10. Hydraulic Jump Types Sloping Channels (Bradiey, 1961;
65 |3) Another check on sequant height of jump.
66 jUse Fig. 7-8
67 V= 7.96 ft/s
68 |Fr1 = V top width = 11.46 ft
69 oy ym = 0.27 1t = flow area / top width
70 o7m Fr1 = 2.68
71
72(J=Y2/Y1 t = b/(zy1)
73|J = 3.1 t= 13.79
741Y2 = 0.899 ft use larger height of jump
75
76 |1) Calculate depth at beginning location of jump.
77 {Equation 7.3 3 > 3 5
78 ZY, +ZYI +Q:ZY2 +sz+ o
79 3 2 g4, 3 3 g4,
80
81 |Leq = 0.373 Req = 0.375  (Plug in values for Y2 until both sides equal)
82 |Yb = 0.29 ft OK depth at jump location
83
84 [4) Calculate tength of jump.
85 {Use Fig. 7-9
86 |Lj/yl1= 33
87 |Lj= 9.57 ft = jump length
88
89| Therefore: Min. Length of jump = 30 ft
90 Min. Length of apron = 10 ft
91 Total Length of basin = 40 ft
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Cholla Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Offsite Drop Structure Channel Section 6

A 1 B | ¢ 1T o T e T F T 6 T " wH T 71 T4
1 |Riprap Basin Sizing
2
3 |Q= 80 cfs flow rate for section 6, just before brink of drop
4 Vallow= 4.39 ft/s velocity for section 5, past drop
5 [TW= 1.36 ft normal depth for section 5, past drop
6 |Wo= 10 ft channel bottom width
7
8 |From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 |1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions
10
11 {From Flowmaster output files:

12 yo= ye= 0.58 ft normal depth for drop
13 |Vo= 12.05 ft/s velocity for drop
14 |Fr= 2.96 Froude number for drop
15
16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.
17 053
i h D, 14
zg Equation 10.1 s 0,86[ 50 ] °_|-C,
Ye Ve .
50 vE
21 Lo L
22 |Get tailwater parameter Co: BISSIPATGR PUOL 2PRON CHANNEL
23|Co = 1.4 if TW/ye < 0.75 Yo= Ve ts ’ o
24]Co = 7.77931 if 0.75 < TW/iye < 1.0 Pp— o
= I X DA I NI
25]Co = 3if1.0<TWlye T S
26
g; TW/ye = 2.344828 3 dgg o 2 dpayg g or 150 g
29 |D50 = 0.25 ft D50 of riprap - - - -
30 Figure 10.1. Profile of Riprap Basin
31 [Check to see that hs/D50 >= 2 and that D50/ye >= 0.1.

32 |D50/ye =  0.431034 >=0.1 OK
33|g= 32.2 ft/s2
34 lhslye = 1.043976
35 ths = 0.605506 ft scour depth
36 |hs/D50 = 2.422024 >=2.0 OK
37
38 |3) Size the basin
39 jLs = 10*hs = 6.06 ft Dissipator Pool Length
40 [Lsmin= 3Wo = 30 ft
41
42 [Lb = 15hs = 9.08 ft Total Pool Length
43 |[Lbmin= 4Wo = 40 ft
44 jLa = 10 ft Apron Length
45 |Wb = 10 ft maintaining channel bottom depth
46
47 |4) Assess need for downstream riprap due to TW/ye >0.74
48 {Using Figure 10.3 D>
49 |Compute equivalent circular diameter, De, for brink area A=—%=y W,
50 [A = 5.8 4
51 |De = 2.72
52
53 [Rock size for riprap after energy dissipators - Equation 10.6 _0.692 v?
54 |S = 2.64 specific gravity of rock Dy = S—1 g
55
VIVo (Fig.
56 L/De L (ft) 10.3)] VI(it/s)] D50 (ft)
57| 3.679857 10 0.95] 11.4475 0.86
58| 7.359714 20 0.75 9.0375 0.53
59| 11.03957 30 0.5 6.025 0.24
60| 14.71943 40 0.4 4.82 0.15
61] 17.29533 47 0.36 4.338 0.12 Riprap placement required for 47 ft from brink.
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Cholia Ash Monofill
Riprap Basin Sizing and Hydraulic Jump
Offsite Drop Structure Channel Section 6

A | 8 | ¢ | o | E T F [ 6 [ H T 1T [ J

62 |Hydraulic Jump
63 1From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003

64 |Y1= 0.58 ft upstream normal depth for drop
65 [Ydn = 1.36 ft downstream normal depth |
66 |Q = 80 cfs flow through the drop |
67 g = 32.2 fi/s2
68 |A1 = 6.64 ft2 area of flow through the drop
69 |A2 = 18.22 ft2 area of flow in next section
70z = 2.5 ft sideslope H:1 N A - ]
71|b= 10 ft bottom width of channel v Y Ty
. . B Ve V2
73 |2) Calculate sequant height of jump. v n e
74 |Equation 7.2 1 :
75 2 \z
76 Yzzgylli(l"'gFrI)z_l}
77
781Y2 = 2.15 ft OK height of jump
79 Figure 6.10. Hydraulic Jump Types Stoping Channeis (Bradley. 1961}
80 |3) Another check on sequant height of jump.
81 {Use Fig. 7-8
82 V= 12.05 ft/s
83 |Fr1 = v top width = 12.90 ft
84 f ym = 0.51 ft = flow area / top width
85 & Fr1= 2.96
86
871J=Y2/Y1 t = bl(zy1)
88|J= 3.5 t= 6.90
89 1Y2 = 2.03 ft use larger height of jump
90

91 |1) Calculate depth at beginning location of jump.

92 |Equation 7.3 3 > 3 3

53 5 2y 0 zr b 0

94 3 2 g4, 3 3 gA,

95

96 |Leq = 0.957 Reg = 0.959 (Plug in values for Y2 until both sides equal)
97 |Yb = 0.47 ft OK depth at jump location

98

99 14) Calculate length of jump.
100|Use Fig. 7-9

101|Lj/y1 = 55

102|Lj = 31.9 1t = jump length

103

104} Therefore: Min. Length of jump = 32 ft

105 Min. Length of apron = 10 ft

106 Total Length of basin = 42 ft

107}  Total Length of required riprap= 47 ft (from brink of drop)
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Cholla Ash Monofill
Sloping Drop Structure

Riprap Sizing and Hydraulic Jump Formulas

A | B ] C | D | E | F l G
1 |Riprap Basin Sizing
2
3 Q= 80 cfs flow rate for section 6, just before brink of drop
4 |Vallow= 4.39 ft/s velocity for section 5, past drop
5 |TW= 1.36 ft normal depth for section 5, past drop
6 |Wo= 10 ft channel bottom w
7
8 |From FHWA Hydraulic Design of Energy Dissipators for Culverts and Channels, July 2006
9 }1) Get intial velocity (Vo), depth (yo), and Froude Number (Fr) for brink conditions
10
11 [From Flowmaster output files:
12 |yo= ye= 0.58 ft normal depth for ¢
13 |Vo= 12.05 ft/s velocity for drop
14 |Fr= 2.96 Froude number for drop
15
16 |2) Select trial D50 and obtain hs/ye from Equation 10.1.
17 . —0.55 Lg
18 {Equation 10.1 A, D, v, DISSIPATOR POOL PPRON CHANNEL
15 =O.86[——J (FJ— C, v =y Le La
20 Ve Ve gV ° € | ‘ TOP OF RIPRAF —
1 b S e e e ey e g e N
] . / W Vg {‘
22 |Get tailwater parameter Co: SRS
23|Co= 1.4 if TW/ye <0.75 RS ;g'
24 |Co = =4*B5/B12-1.6 if0.75<TW/ye < 1.0 25 er 1.5d yae
25|Co = 3 if 1.0 <TWl/ye
26 Figure 10.1. Profile of Riprap Basin
27 |TW/ye = =B5/B12
28
29 |D50 = 0.25 ft D50 of riprap
30
31 |Check to see that hs/D50 >= 2 and that D50/ye >=0.1.
32 |D50/ye = =B29/B12 >=0.1 OK
33|g= 32.2 ft/s2
34 |hs/ye = =0.86"((B32)(-0.55))*(B14)-B25
35ths = =B34*B12 ft scour depth
36 |hs/D50 = =B35/B29 >=2.0 OK
37
38 |3) Size the basin
39 |Ls = 10*hs = =10"B35 ft Dissipator Pool Length
40 {Lsmin = 3Wo = =3*B6 ft
41
42 |Lb = 15hs = =15*"B35 ft Total Pool Length
43 [Lbmin = 4Wo = =4*B6 ft
44 |La = =C43-C40 ft Apron Length
45 |Wb = 10 ft maintaining channel bottom depth
46
47 [4) Assess need for downstream riprap due to TW/ye >0.74 (for Drop Structures in channel only)
48 {Using Figure 10.3 3
49 |Compute equivalent circular diameter, De, for brink area A= 7D, =y W
50 (A = =B5*B12 e
51 |De = =(B50*4/PI1())"0.5
52
53 |Rock size for riprap aft Do = 0.692 (Vz j
54 1S = =165/62.4 specific gravity of rock 50 S—1{2g
55
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Cholla Ash Monofill
Sloping Drop Structure

Riprap Sizing and Hydraulic Jump Formulas

A C D E | F H [
Vi/Vo (Fig.

56 L/De L (ft) 10.3) VI (ft/s){D50 (ft)
57 |=B57/$B$51 10 0.42 =C57"$B$13 =(0.692/($B$54-1))*((D572)/(2*Drop Off-basin''$B$33)) -
58 [=B58/$B%51 15 0.4 =C58"$B$13 =(0.692/($B$54-1))*((D582)/(2*Drop Off-basin'l$B$33))
59 [=B59/$B%$51 17 0.38 =C59*$B$13 =(0.692/($B$54-1))*((D59*2)/(2*'Drop Off-basin'!$B$33)) Riprap placement
60 {=B60/$B$51 20 0.3 =C60*$B$13 =(0.692/($B$54-1))*((D602)/(2*Drop Off-basin'!$B$33)) required for 17 ft from
61 brink.
62 |Hydraulic Jump

63 |From Drainage Design Manual for Maricopa County, Hydraulics: Hydraulic Structures, 2003
64 |Y1 = 0.58 ft upstream normal depth for drop

65 [Ydn = 1.36 ft downstream normal depth section 5
66 ]Q = 80 cfs flow through the d

67 1g= 32.2 ft/s2

68 |A1 = 6.64 ft2 area of flow through the drop

69 |A2 = 10.43 ft2 area of flow in next section

70 |z= 2.5 ft sideslope H:1

71|b= 10 ft bottom width of channel

72

73 ]2) Calculate sequant height of jump.

74 |Equation 7.2

75 v, =Ly (1+8F2)%—1

76 20! !

77

78 Y2 = =0.5*"B64*(((1+8*(D85%2))*0.5)-1) ft OK height

79

80 |3) Another check on sequant height of jump.

81 USe Flg 7—8 Figure 6.10. Hydraulic Jump Types Sloping Channeals {Bradley, 1961}
82 % V= =B66/B68 ft/s

83 |Fr1 = top width= 129 ft

84 VEV ym = =B68/D83 ft = flow area / top width
85 Fr1 = =D82/SQRT(B67*D84)

86

87{J=Y2/Y1 t=bl(zy1)

88 |J = 3.5 t= =B71/(B70*B64)

89 1Y2 = =B88*B64 ft use larger height of jump

90

91 }1) Calculate depth at beginning location of jump.

92 |Equation 7.3 3 5 3 5

53 Zy! | Zv? O _zv} bY! QO

94 3 2 g4, 3 g4,

95

96 |Leqg = =(B70%(B64"3)/3)+(B70*(B64"2)/2)+(B66/(B67*B68)) Req = =(B70*B97"3/3)+(B71*B97"2/3)+(B66/(B67*B69)) (Plug in values for Y2
97 |Yb = 0.44 ft OK depth at jump location until both sides equal)
98

99 [4) Calculate length of jump.

100|Use Fig. 7-9

101jLj /y1 = 55

102|Lj = =B101*B64 ft = jump length

103

104 Therefore: Min. Length of jump = 32 ft

105 Min. Length of apron = 10 ft

106 Total Length of basin = =D105+D104 ft
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OFF-SITE CHANNEL
CULVERT AND WEIR CALCULATIONS
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URS EXHIBIT 4.7-2

CALCULATION COVER SHEET

Client:  Arizona Public Service Project Name: Cholla Ash Monofill
Project/Calculation Number: 23445548

Title:  Weir Equation Calculation

Total Number of Pages (including cover sheet): 6

Total Number of Computer Runs:
Prepared by:  Michelle C. West, EIT Date: 2/12/09
Checked by: Date:

Description and Purpose:
The purpose of this calculation is to estimate the height of the weirs for the two culverts in the offsite

drainage channel.

The inputs were calculated in Culvertmaster and are attached.

Design Basis/References/Assumptions
The weirs are designed as broad crested and have a weir coefficient (C) of 2.7.
The weirs are 20 feet in length.

Remarks/Conclusions/Results:
See attached printouts.

Calculation Approved by:

Project Manager/Date

Revision No.: Description of Revision: Approved by:

Project Manager/Date
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Culvert Designer/Analyzer Report
South Culvert (Sta. 7+50 to 8+00)

Analysis Component

Storm Event Design Discharge 25.00 cfs

Peak Discharge Method: User-Specified

Design Discharge 25.00 cfs Check Discharge 25.00 cfs

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name Description Discharge HW Elev. Velocity
Culvert-1 1-30 inch Circular 25.00cfs 5,076.99 ft 7.01 ft/s
Weir Not Considered N/A N/A N/A

Project Engineer: patrick_wolf
p:\...\channei design\culverts.cvm URS Corporation CulvertMaster v3.2 [03.02.00.01]

02/12/09 11:19:13 AMD Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA  +1-203-755-1666 Page 1 of 2




Component:Culvert-1

Culvert Designer/Analyzer Report
South Culvert (Sta. 7+50 to 8+00)

Culvert Summary

Computed Headwater Elev:  5,076.99 ft Discharge 25.00 cfs
Inlet Control HW Elev. 5,076.47 ft Tailwater Elevation N/A ft
Outlet Control HW Elev. 5,076.99 ft Control Type Outlet Control
Headwater Depth/Height 1.27

Grades

Upstream Invert 5,073.80 ft Downstream Invert 5,073.70 ft
Length 50.00 ft Constructed Slope 0.002000 fi/ft
Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.70 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.70 ft
Velocity Downstream 7.01 fi/s Critical Slope 0.019391 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.50 ft
Section Size 30 inch Rise 2.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 5,076.99 ft Upstream Velocity Head 0.40 ft
Ke 0.50 Entrance Loss 0.20 ft
iniet Control Properties

Inlet Control HW Elev. 5,076.47 ft Flow Control Unsubmerged
Inlet Type Headwall Area Full 49
K 0.00780 HDS 5 Chart 2

M 2.00000 HDS 5 Scale 1

C 0.03790 Equation Form 1

Y 0.69000

p:\...\channel design\culverts.cvm

02/12/09 11:19:13 AND Bentley Systems, Inc.

URS Corporation

Haestad Methods Solution Center Watertown, CT 06795 USA  +1-203-755-1666

Project Engineer: patrick_wolf
CulvertMaster v3.2 [03.02.00.01]
Page2of 2’




Culvert Designer/Analyzer Report _ )
North Culvert (Sta. 11+00 to 11+50)

Analysis Component

Storm Event Design Discharge 80.00 cfs -

Peak Discharge Method: User-Specified

Design Discharge 80.00 cfs Check Discharge 80.00 cfs

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name Description Discharge HW Elev. Velocity
Culvert-1 2-30 inch Circular 80.00 cfs 5,082.07 ft 8.98 fi/s
Weir Not Considered N/A N/A N/A

Project Engineer: patrick_wolf
p:\...\channel design\culverts.cvm URS Corporation CulvertMaster v3.2 [03.02.00.01]
02/12/09 11:19:37 AMD Bentley Systems, inc. Haestad Methods Solution Center Watertown, CT 06795 USA  +1-203-755-1666 Page 1 of 2




Culvert Designer/Analyzer Report
North Culvert (Sta. 11+00 to 11+50)

Component:Culvert-1

Culvert Summary

Computed Headwater Elev:  5,082.07 ft Discharge 80.00 cfs
inlet Control HW Elev. 5,081.82 ft Tailwater Elevation N/A ft
Qutlet Control HW Elev. 5,082.07 ft Control Type Outlet Control
Headwater Depth/Height 1.63

Grades

Upstream Invert 5,078.00 ft Downstream Invert 5,076.93 ft
Length 50.00 ft Constructed Slope 0.021400 fi/ft

Hydraulic Profile

Profile = CompositeM2PressureProfile Depth, Downstream 213 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 213 ft
Velocity Downstream 8.98 fi/s Critical Slope 0.030441 fu/ft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.50 ft
Section Size 30 inch Rise 250 ft
Number Sections 2

Outlet Control Properties

Qutlet Control HW Elev. 5,082.07 ft Upstream Velocity Head 1.03 ft
Ke 0.20 Entrance Loss 0.21 ft

Inlet Control Properties

Iniet Control HW Elev. 5,081.82 ft Flow Control N/A
Intet TypeBeveled ring, 45° (1:1) bevels Area Full 9.8 ft2
K 0.00180 HDS 5 Chart 3

M 2.50000 HDS 5 Scale A

C 0.03000 Equation Form 1

Y 0.74000 '

Project Engineer: patrick_wolf
p:\...\channel design\culverts.cvm URS Corporation CulvertMaster v3.2 (03.02.00.01]
02/12/09 11:19:37 AND Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA  +1-203-755-1666 Page 2 of 2
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