FOUR CORNERS POWER PLANT
DRY FLY ASH DISPOSAL AREA
RUN-ON AND RUN-OFF CONTROL SYSTEM PLAN AMENDMENT:
DFADA 4 LATERAL LANDFILL EXPANSION; AND
5-YEAR UPDATE TO THE INITIAL PLAN

This Run-on and Run-off Control System Plan (Plan) document has been prepared specifically for the Dry
Fly Ash Disposal Area (DFADA) at the Four Corners Power Plant (FCPP) 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. §257.81 of the Federal Register is reproduced below for
reference purposes. This document serves as an amendment to the initial run-on and run-off control
system plan, dated October 17, 2016. This update has been prepared to include the run-on and run-off
controls associated with the proposed DFADA Site 4 landfill lateral expansion, and to satisfy the 5-year

plan update requirement.

The DFADA is an existing CCR landfill facility. The location of the DFADA is illustrated on Exhibit 1.
Calculations supporting the run-on and run-off control system for the facility are referenced within this

document and included as appendices.

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

The following are the requirement for the run-on and run-off controls for CCR landfills, as reproduced
from §257.81 of the Federal Register:

(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
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 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
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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 Four Corners Power Plant / 691 CR-6100,
Fruitland, NM 85416

Owner Name / Address Arizona Public Service / 400 North 5% Street,
Phoenix, AZ 85004

CCR Unit Dry Fly Ash Disposal Area (DFADA)

OVERVIEW

The existing Dry Fly Ash Disposal Area (DFADA) located at the FCPP is an CCR landfill that consists of
three (3) cells identified as Site 1, 2, and 3. Currently, the DFADA Site 4 landfill lateral expansion is
being constructed. As part of the design and construction of the existing DFADA, an offsite storm
water diversion channel system was designed and constructed to intercept and convey offsite storm

water to a downgradient outfall.

This storm water run-on and run-off control plan describes the existing run-on and run-of controls
associated with the existing DFADA and the additional storm water run-on and run-off controls
designed for the under-construction DFADA Site 4 landfill lateral expansion. §257.81 requires storm
water run-on and run-off control systems be designed to handle the peak discharge and water
volume generated by the 24-hour, 25-year storm event; the existing and proposed run-on diversion
channels for the DFADA are designed to handle the 100-year, 24-hour storm event, which exceeds the

run-on requirement of §257.81(a)(1).
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Exhibit 1 — Dry Fly Ash Disposal Area (DFADA) at Four Corners Power Plant Facility



§257.81 (a)(1), (a)(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;

The 100-Year, 24-Hour Storm Event DFADA 3 —
Offsite Hydrology — Calculation Package (URS
2013), included as Appendix 1, was prepared to
delineate the watershed areas upstream of the
existing DFADA and calculate the associated
storm water peak discharges associated with the
storm water diversion channel located on the
upstream perimeter of the existing DFADA. The
calculated peak discharge values range from 106
cubic feet per second (cfs) in Channel Segment 1

to 244 cfs in Channel Segment 3.

The DFADA Site 3 Project Storm Water Channel
Hydraulic Analysis, Four Corners Power Plant —
Calculation Package (URS 2014), included as
Appendix 2, was prepared to identify the
diversion channel geometry required to convey
the peak discharge flows developed in Appendix
1. Generally, the diversion channel consists of a
trapezoidal channel section, with a bottom slope
of approximately 0.25 percent, and flow depths
that range from approximately two (2) to three
(3) feet.

The DFADA - Site 4 Storm Water Run-On
Controls — Calculation Package (AECOM 2020),
included as Appendix 3, was prepared using the
original DFADA 3 calculations (Appendix 2) to: (1)
delineate the expanded watershed areas
upstream of the DFADA Site 4 landfill lateral
expansion area, (2) calculate the associated
storm water peak discharges from the 100-year,
24-hour storm contributing to the DFADA Site 4
storm water diversion channel, and (3) identify
the required geometry of the storm water
diversion channel and associated cement-treated

base diversion and drop structure. The peak




discharge of the DFADA Site 4 diversion channel
is calculated to be 308 cfs.

(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
least the water volume resulting from a 24-hour,

25-year storm.

All run-off from the existing DFADA Sites 1, 2, and
3 reports to the collection sumps by: (1) surface
run-off contained within the lined landfill
footprint by perimeter berms, and (2) infiltration
into and through the CCR materials to the
leachate collection and removal system (LCRS).
Run-off from the existing DFADA Sites 1, 2, and 3
is routed into two existing lined collection ponds,
located along the western edge of the existing
DFADA Site 1. The existing collection ponds
provide adequate storage volume for the run-off

generated by the 25-year, 24-hour storm event.

The Dry Fly Ash Disposal Area Phase Il Ash
Disposal Facility Four Corners Power Plant
Drainage Report (URS 2012), included as
Appendix 4, establishes, with supporting
calculations, that the storm water storage volume
provided within the two existing collection ponds
is approximately 19.34 acre-feet (ac-ft). This
report presents a calculation of the run-off water
volume from the 25-year, 24-hour storm event to
be 16.3 ac-ft from the DFADA Sites 1 and 2 and,
the projected DFADA Site 3 area, and from two

small upstream off-site watersheds.

The Increased Storm Water Runoff from Site 3 -
Calculation Package (URS 2013), included as
Appendix 5, was prepared in support of the
Design of DFADA 3 and the associated run-on
control system described in the previous section.
This calculation revised the storm water run-off
calculation presented in the previously described
2012 Drainage Report (URS 2012), based on the
actual area of DFADA Site 3 and the elimination
of contribution of storm water run-off from the

two small upstream off-site watersheds, which




were now to be re-routed into the run-on
diversion channel as described in the previous
section. The revised 25-year, 24-hour storm
water run-off volume identified in this calculation
is 15.81 ac-ft, which is slightly less than the
previously calculated run-off volume, and is
contained within the existing collection ponds

that provide 19.34 ac-ft of storage.

The Storm Water Run-off and Leachate
Collection Pond Sizing — Calculation Package
(AECOM 2020), included as Appendix 6, was
prepared to estimate the 25-year, 24-hour storm
water run-off volume from the DFADA Site 4
landfill lateral expansion and to size a third
collection pond with adequate storage to contain
the DFADA 4 run-off. Similar to run-off from
DFADA Sites 1, 2, and 3, run-off from DFADA Site
4 reports to the collection sumps through the
LCRS. The 25-year, 24-hour storm water run-off
volume identified in this calculation is 6.68 ac-ft.
The storage volume provided by the DFADA Site 4
collection pond is calculated to be 6.99 ac-ft. The
DFADA Site 4 collection pond is connected
hydraulically, via an overflow pipe, to the two

existing DFADA Sites 1, 2 and 3 collection ponds.

Water is pumped from the collection ponds and
used for dust control within the active DFADA
areas. All three collection ponds are connected
hydraulically. The northern-most collection pond
has a spillway that allows run-off water from
storms larger than the 25-year, 24-hour storm to
discharge into a conveyance channel that flows to
Pump House 3, which pumps the water into the
lined Return Water Pond (RWP).




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

(b) Run-off from the active portion of the CCR
unit must be handled in accordance with the

surface water requirements under §257.3-3.

25-year, 24-hour storm water run-off produced
from the DFADA Site is contained in three
hydraulically connected collection ponds
contiguous to the DFADA and does not discharge

into waters of the United States.

§257.81 (c)(1), (c)(2), (c)(3), (c)(4), (c)(5) Run-on an

d 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 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).

This Run-on and Run-off Control System Plan

serves as an amendment to the initial plan, dated
October 17, 2016, includes the new DFADA Site 4
landfill lateral expansion, and serves as the 5-year

update to the initial plan.

(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.

This Run-on and Run-off Control System Plan

serves as an amendment to the initial plan, dated
October 17, 2016, includes the new DFADA Site 4
landfill lateral expansion, and serves as the 5-year

update to the initial plan.




(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 DFADA Sites 1, 2, and 3 are existing CCR
landfills at the FCPP. The initial run-on and run-
off control system plan associated with the
existing DFADA Sites 1, 2, and 3 was prepared on
October 17, 2016.

This Run-on and Run-off Control System Plan

serves as an amendment to the initial plan, dated
October 17, 2016, includes the new DFADA Site 4
landfill lateral expansion, and serves as the 5-year

update to the initial plan.

(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 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).

The owner or operator acknowledges and will

comply with this requirement.

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

requirements of this section.

Certification by a professional engineer is

included as an attachment to this document.




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

(d) The owner or operator of the CCR unit must The owner or operator acknowledges and will
comply with the recordkeeping requirements comply with this requirement.

specified in §257.105(g), the notification
requirements specified in §257.106(g), and the
internet requirements specified in §257.107(g).
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Certification Statement 40 CFR § 257.81(c)(5) —Run-on and Run-Off Control System Plan Amendment for a CCR
Landfill Lateral Expansion (DFADA Site 4)

CCR Unit: Arizona Public Service; Four Corners Power Plant; Dry Fly Ash Disposal Area

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State of New Mexico, do
hereby certify, to the best of my knowledge, information, and belief, that the information contained in this
certification has been prepared in accordance with the accepted practice of engineering. | certify, for the above-
referenced CCR Unit, that the information contained in the amended run-on and run-off control system plan dated
July 13, 2020 meets the requirements of 40 CFR § 257.81.

Alexander W. Gourlay, P.E.

Printed Name

July 13, 2020

Date




Certification Statement 40 CFR § 257.81(c)(5) —Run-on and Run-Off Control System Plan Amendment for the 5-
year update of the Initial Run-on and Run-Off Control System Plan

CCR Unit: Arizona Public Service; Four Corners Power Plant; Dry Fly Ash Disposal Area

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State of New Mexico, do
hereby certify, to the best of my knowledge, information, and belief, that the information contained in this
certification has been prepared in accordance with the accepted practice of engineering. | certify, for the above-
referenced CCR Unit, that the information contained in the amended run-on and run-off control system plan dated
July 13, 2020 meets the requirements of 40 CFR § 257.81.

Alexander W. Gourlay, P.E.

Printed Name

July 13, 2020

Date




APPENDIX 1 - 100-YEAR, 24-HOUR STORM EVENT DFADA 3 — OFFSITE HYDROLOGY — CALCULATION
PACKAGE
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100-Year, 24 Hour Storm Event DFADA 3 - Offsite Hydrology
Hydrology - Calculation Package
Four Corners Power Plant
Arizona Public Service
Farmington, New Mexico

Problem Statement

The objective of this calculation package is to determine the peak stormwater runoff from the
100-year, 24-hour Storm of the proposed stormwater diversion channel for the DFADA 3
project of the Arizona Public Service (APS) Four Corners Power Plant (FCPP).

Deliverables

e The peak stormwater runoff from the 100-year, 24-hour Storm of the Stormwater

Diversion Channel.

Assumptions
Design Basis

e URS utilized the New Mexico State and Transportation Department (NMSHTD)
“Drainage Manual Volume 1, Hydrology” dated December 1995 as the guide for the
analysis.

e The area east of the Lined Ash Impoundment is assumed to be a tributary drainage basin
to the stormwater diversion channel at the closure of FCPP. This area has been included

in this calculation.

e URS utilized topographic data provided by APS to delineate drainage basins, locate
flow paths, and estimate slopes.

o Source: Aerial Mapping Company, May 2010.

o Horizontal Datum: New Mexico State Plane Coordinate (Transverse Mercator
Grid System) West Zone N.A.D. 1983

o Vertical Datum: N.A.V.D. 88

PAWRES\Arizona_Public_Service\23446460_APS_DFADA__3_Phase_II_Design\5_0_Technical\5_5_Calculations\Stormwater Diversion
Channel Design\Offsite Hydrology\Calculation for 100-Year. 24 Hour Storm-DFADA Site 3A - Hydrology.docx



Methodology

HEC-1 Model

The HEC-1 program has been developed by the United States Army Corps of Engineers
(USACE) Hydrologic Engineering Center (HEC) to perform rainfall runoff computations. URS
followed the USACE HEC-1 manual to verify the proper inputs were placed into the program
along with obtaining the rainfall data from the National Oceanic and Atmospheric
Administration (NOAA) at the project site. Input parameters for the program to perform the
analysis include:

e Area for the drainage basins

e Drainage length of longest flow path

e Infiltration losses (SCS Curve Number)

e Time of concentration

e Lag time of concentration

e Selected storm event rainfall data (100-Year, 24 hour storm)
e Time interval for the analysis (5-minute time step)

The methodology to determine the inputs of the HEC-1 model are discussed in the following
sections. The results of the HEC-1 model are included in the Attachments.

Drainage Basins, Drainage Lengths, Slopes and Infiltration Losses (SCS Curve Number)

The drainage basin delineations are assumed for the closure of the plant. Drainage basins were
developed by reviewing topographic data at FCPP. It is assumed that the eastern and
southeastern sideslopes of DFADA Site 2 will drain into the channel after closure. It is also
assumed that the area east of the LAI (Basin H8) will drain into the channel through a detention
basin at closure.

The flow paths were developed by reviewing the topographic data for each drainage basin. The
corresponding drainage lengths and elevations for the high point and low point of the flow paths
were used to calculate the slope of the flow path. The drainage lengths and slopes of the channel
are based on the channel design. The drainage lengths and slopes were separated into overland
flow sections and channel flow sections.

PAWRES\Arizona_Public_Service\23446460_APS_DFADA__3_Phase_II_Design\5_0_Technical\5_5_Calculations\Stormwater Diversion
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The infiltration losses used for this project were developed by assuming Poor Desert Shrub in
Hydrologic Soil Group D from “Table 3-1 - Runoff Curve Numbers for Arid and Semiarid
Rangelands” in NMSHTD Drainage Manual Volume 1, 1995, page 3-23. Table 3-1 provides a
SCS Curve Number of 88; however the SCS Curve Number was increased to 90 to account for
disturbed areas within the drainage basins.

Time of Concentration (T.) and Lag Time

The T, has been developed based on the flow paths for the assumed closure conditions of the
FCPP drainage areas. The T, was calculated using two different methods based on the type of
flow along the flow path. The T, was calculated using the Upland Flow method for flow paths
that had sheet flow characteristics with no defined channels. For flow paths with defined
channel sections the Stream Hydraulic method was used as per Table 3-6 of NMSHTD
Drainage Manual Volume 1, 1995. Drainage basin(s) which had both sheet flow and
channelized flow used a combination of both the Upland Flow method and the Stream
Hydraulic method to calculate the T.. If the calculated T, was less than 10 minutes, a minimum
T, of 10 minutes was assumed per NMSHTD Drainage Manual.

The lag time was calculated based on the T, using the formula below.
Lag T, = 0.6T,
The T, and lag time calculations for the drainage basins are attached.

Future Detention Basin

It is assumed that the area east of the LAI, Basin H8, will flow into the Stormwater Diversion
Channel after closure of the LAL It is also assumed that a future detention basin will be
constructed at the outlet of Basin H8. The detention basin is assumed to be 4-foot deep and have
a 2-acre footprint. The outlet is assumed to be a weir controlled outlet. The controlled release of
flows through the weir will enable attenuation of the peak discharge from Basin H8. A summary

of the assumed detention basin is attached.

100-Year, 24 Hour Storm Rainfall and Time Interval

The rainfall data was obtained from NOAA for the project site at the Latitude 36.6805 and
Longitude -108.505. The NOAA website for determining this information is as follows:

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds map cont.html?bkmrk=nm

The distribution for the 100-year storm event rainfall was determined using the procedure
presented in the NMSHTD Drainage Manual that specifies the Modified NOAA-SCS rainfall
distribution be used for project sites in New Mexico. The procedure is presented in Figure 3-6
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of the NMSHTD Drainage Manual. Calculated incremental rainfall depths from the rainfall
distribution were entered into the HEC-1 program to distribute the rainfall over 24-hour
duration. A 5-minute time interval was selected for the analysis in the HEC-1 Model.

Temporary Retention Basin

A temporary retention basin will be designed to retain potentially ash impacted stormwater
runoff from the existing haul road. The temporary retention basin will be located at the
beginning of the stormwater diversion channel. The SCS Runoff Curve Number method was

used to calculate the required retention volume.

Conclusion

The peak discharges for each channel were calculated using HEC-1. The peak discharges for
each channel are as follows:

e Channel 1: 106 cfs
e Channel 2: 200 cfs
e (Channel 3: 244 cfs

The required retention volume for the temporary retention basin is 4.53 acre-feet.

References

New Mexico State Highway and Transportation Department (NMSHTD). 1995 “Drainage
Manual Volume 1, Hydrology.” December, 1995.
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URS

Based on Figure 3-10 from NMSHTD Drainagae Manual Volume 1 Hydrology December 1995. Value is based off the interpted equation from the figure for NB and PA

Nearly Bare and Untilled (Overland Flow), Alluvial Fans in Western Mountain Region (Shallow Concentrated Flow) - NB

Paved areas (Sheet Flow), Small Upland and Gullies (Shallow Concentrated Flow) - PA

Nearly Bare and
Untilled (Overland
Flow), Alluvial Fans in
Western Mountain
Region (Shallow
Concentrated Flow)

Paved Areas (Sheet
Flow) Small Upland
Gullies (Shallow
Concentrated Flow)

NB PA
Slope Velocity Slope Velocity
(%) (ft/s) (%) (ft/s)
0.5 0.7 0.1 0.62
1 0.2 0.9
4 2 1 2
60 8 2 2.8
3 3.5
4 4
5 4.5
6 5
7 5.3
8 5.7
9 6.1
10 6.4
25 10

Slope in percent

FCPP - DFADA Site 3A Offsite Drainage Channel

slope may be considered.

Medified from SCS, NEH-, 1972

100 T I T
b —pebe =]
R = s
i
10 s
oy iy
iﬁ i
11
W
< i 1g
& j;
1 / o
/ JANMY .
s
/
s
0.1 10
Velocity (fi/sec)
MNote: For watercourses with slopes less than 0.5 percent, Figure 3-10
use the overland flow velocity given for 0.5 percent, Flow Velocites for
except for shallow concentrated flow where a flatter Cverland and Shallow

Concentrated Flows

DEcEMBER 1995

NMSHTD DRAINAGE MANUAL

PaGE NUMBER 3-13

September 27, 2013
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Based on Figure 3-10 from NMSHTD Drainagae Manual Volume 1 Hydrology December 1995. Value is based off the interpted equation from the figure for NB and PA

Nearly Bare and Untilled (Overland Flow), Alluvial Fans in Western Mountain Region (Shallow Concentrated Flow) - NB
Paved areas (Sheet Flow), Small Upland and Gullies (Shallow Concentrated Flow) - PA

Nearly Bare and
Untilled (Overland
Flow), Alluvial Fans in
Western Mountain
Region (Shallow
Concentrated Flow)

Paved Areas (Sheet
Flow) Small Upland
Gullies (Shallow
Concentrated Flow)
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Slope (%)

NMDOT Figure 3-10

100

10

1 10
Velocity (ft/s)

wedpem PA- NMDOT Figure 3-
10

w=fif= NB- NMDOT Figure 3-
10

—— Power (PA- NMDOT
Figure 3-10)

—— Power (NB- NMDOT
Figure 3-10)

PA Trendline Equation
y = 0.2528x1-9848
R?=0.9999

NB Trendline Equation
y = 1.00889x1:966%9
R? =0.99998

FCPP - DFADA Site 3A Offsite Drainage Channel

September 27, 2013

NMDOT Figure 3-10
(To solve for Velocity)

100

NB PA
Slope Velocity Slope Velocity
(%) (ft/s) (%) (ft/s)
0.5 0.7 0.1 0.62
1 1 0.2 0.9
4 2 1 2
60 8 2 2.8
3 3.5
4 4
5 4.5
6 5
7 5.3
8 5.7
9 6.1
10 6.4
25 10

This Chart is used to Solve for Slope (%)
PA Trendline Equation

NB Trendline Equation
Slope =1.00889(Velocity)

1.96689

Slope = 0.2528(Velocity)

1.9848

=
o

Velocity (ft/s)

0.1
0.1

Slope (%)

10

== PA
=i~ NB

—— Power (PA)
—— Power (NB)

PA Trendline Equation
y = 1.99944x0.50378
R?=0.99988

NB Trendline Equation
y = 0.99552x0-50838
2=0.99998

This Chart is used to Solve for Velocity (ft/s)

NB Trendline Equation

Velocity = 0.99552(Slope)

0.50838

PA Trendline Equation

Velocity = 1.99944(Slope)

0.50378



Area Upland Method
Basin Square Acres Sqlzuare InIeF Outlt'at faneth Average Average Velocity Time of Concentration
Feet (Ac) Miles | Elevation | Elevation (ft.) Slope Slope (t/s) Upland Method
(SF) (sm) (msl. ft.) | (msl. ft.) (ft./ft.) (%) (minutes)
H8 6417871 | 147.33 0.230 5398 5268 6181 0.0210 2.10 1.5 70.91
J5-A 1079110 24.77 0.039 - - - - - - 0.00
J5-B 322246 7.40 0.012 5384 5236 1141 0.1297 12.97 3.7 5.19
J5-C 303112 6.96 0.011 5290 5242 807 0.0595 5.95 2.5 5.46
J5-D 305560 7.01 0.011 5317 5235 127 0.6457 64.57 8.3 0.26
J5-E 1212078 27.83 0.043 5399 5234 1415 0.1166 11.66 3:5 6.80
J5-F 920806 21.14 0.033 5394 5234 1145 0.1397 13.97 3.8 5.02
K3-A 1006333 23.10 0.036 5392 5230 1963 0.0825 8.25 2.9 11.24
K3-B 985392 22.62 0.035 5234 5210 256 0.0938 9.38 3.1 1.37
Notes:

AW N e

. Velocity - Based on Figure 3-10 from NMSHTD Drainage Manual Volume 1 Hydrology December 1995. Analysis considers the ground surface as nearly bare (NB).
. Time of Concentration has been developed by the NMSHTD Drainage Manual for Upland Flow Method.
. Source of Elevations - Flown by Aerial Mapping Co. Flight Date May 7, 2010. Projection NM State Plane Coordinate System, NAD83, West Zone. Vertical Datum: NAD83

. The final slope for certain areas were assumed based on the final closure plan.
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FCPP - DFADA Site 3A Offsite Drainage Channel
September 27, 2013

A [ B C D E F G | H I | J K
| 1 |
| 27
3
[ 4 | Area Upland Method
Basin Square Feet Acfes square Miles ?lnle‘t "Outlet Length ’Auerage "Average Ivelocity *Time of Concentration
Elevation Elevation Slope Slope Upland Method
(SF) (Ac) (sm) (ft.) (ftfs) -
5 (msl. ft.) (msl. ft.) (ft./ft.) (%) (minutes)
6 H8 65417871 =B6/43560 =B6/(5280*5280) 5398 5268 6181 =IF[E6="-","-",(E6-FB)/GB) =IF(H6="-","-" , H6*100) |=IF{H6="-","-",0.99552*((I6}*0.50838)) =(IF(J6="NA","0.00",(G6/J6)*(1/60)))
7 J5-A 1079110 =B7/43560 =B7/(5280*5280) - - - =|F(E7="-","-",(E7-F7)/G7) =|F(H7="-","-",H7*100) |=IF{H7="-","-",0.99552*((17)"0.50838)) =(IF(J7="-","0.00",(G7/17)*(1/60)))
8 J5-B 322246 =BB/43560 =B8/(5280*5280) 5384 5236 1141 =|F(E§="-","-" (E8-F8)/G8) =|F(H8="-","-" H8*100) |=IF{H8="-","-",0.99552*((I8)*0.50838)) =(IF{J8="-","0.00",(G8/18)*(1/60}))
9 J5-C 303112 =B9/43560 =B9/(5280*5280) 5290 5242 807 =|F(E9="-","-",(E9-F9)/GS) =|F(H9="-","-",H9*100) "-",0.99552*%((19)"0.50838)) =(IF(J9="-","0.00",(G9/19)*(1/60)))
10 15-D 305560 =B10/43560 =B10/(5280*5280) 5317 5235 127 =IF(E10="-","-",(E10-F10)/G10) =|F(H10="-","-",H10*10(=| ", 0.99552*((110)~0.50838)) =(IF(J10="-","0.00",{G10/J10)*({1/60)))
11 J5-E 1212078 =B11/43560 =B11/(5280*5280) 5399 5234 1415 =IF(E11="-","-" (E11-F11)/G11) =|F(H11="-","-",H11*10( ,0.99552*({111)*0.50838)) =(IF(J11="-","0.00",{G11/J11)*(1/60)))
12 J5-F 920806 =B12/43560 =B12/(5280*5280) 5394 5234 1145 =|F(E12="-","-" (E12-F12)/G12) =|F(H12="-","-",H12*10( "t 0.99552%1(112)40.50838)) =(IF{J12="-","0.00",(G12/J12)*(1/60)))
13 K3-A 1006333 =B13/43560 =B13/(5280*5280) 5392 5230 1963 =|F(E13="-","-",(E13-F13)/G13) =IF(H13="-""-" H13*100=IF(H13="-","-",0.99552*({113)"0.50838)) =(IF(J13="-","0.00",(G13/J13)*(1/60)))
14 K3-B 985392 =B14/43560 =B14/(5280*5280) 5234 5210 256 =IF(E14="-","-",(E14-F14)/G14) =IF(H14="-""-" H14*10Q=IF(H14="-","-",0.99552*((114)*0.50838)) =(IF(J14="-","0.00",(G14/114)*(1/60)))
1 15 |
| 16 | Notes:
| 17 |1. Velocity - Based on f
| 18 |2. Time of Concentratit
| 19 |3. Source of Elevations
20 |4. The final slope for ce
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URS

Channel Te Calculation and Total Lag Time

FCPP - DFADA Site 3A Offsite Drainage Channel

September 27, 2013

Channel Inlet |Channel Outlet Unit Peak Design Percent Greater than
Iteration Elevation Elevation Channel Channel Slope Manning's n Curve number | Precipitation | Direct Runoff Runoff Discharge Frequency Difference 10%, perform
Basin Number Area Area Length (S) Biypn Q"'_'ii.'r value Velocity Teehannen j Fr— Tefiowt) {CN) (P) (Qd) Volume (Qv) (qu) Dicharge (Qp)| Q4 vs Qp next Iteration Final T, Lag Time
(acre) (sq mile) (ft) (ft) (feet) (ftift) (cfs) (cfs) (ftls) (min) (min) {min) (inch) (inch) (ac-ft) {cfslac-in) (cfs) % (min) (hour)

H8 - - - - | - - - - - - - 0 70.91 70.91 - - 2 - - - - - 70.91 0.71
J5-A ITR 1 24.77 0.039 5398 | 5293 2544 0.0413 187 132 0.050 7.11 5.96 0.00 10.00 90 2.37 1.42 292 1.88 65.77 100.05% MNext Iteration - -
J5-A ITR2 24.77 0.039 2544 0.0413 B8 44 0.050 4.89 8.67 0.00 10.00 90 2.37 1.42 292 1.88 65.77 0.00% Stop Iteration 10.00 0.10
J5-B ITR 1 7.40 0.012 - l = 249 0.0025 115 76 0.050 2.28 1.82 5.19 10.00 a0 237 1.42 0.87 1.88 19.64 141.49% Next Iteration - -
J45-B ITR2 7.40 0.012 249 0.0025 20 13 0.050 1.28 3.24 5.19 10.00 90 2.37 1.42 0.87 1.88 19.64 0.00% Stop Iteration 10.00 0.10
J5-C - - = - - d - = = 0.00 5.46 10.00 - = - = - - - - 10.00 0.10
J5-D ITR 1 7.01 0.011 = - 579 0.0025 112 75 0.050 2.28 4.23 0.26 10.00 a0 2.37 1.42 0.83 1.88 18.62 142.93% Next Iteration - -
J5-D ITR 2 7.01 0.011 579 0.0025 18 12 0.050 1.25 7.72 0.26 10.00 a0 237 1.42 0.83 1.88 18.62 0.00% Stop Iteration 10.00 0.10
J5-E - = = - - - - - - - - 0.00 6.80 10.00 - - - = = - - - 10.00 0.10
J5-F ITR 1 21.14 0.033 - - 904 0.0025 184 123 0.050 263 5.73 2.02 10.74 90 237 1.42 249 1.81 54.05 109.12% Next lteration = -
J5-F ITR 2 21.14 0.033 904 0.0025 54 38 0.050 1.81 8.32 5.02 13.34 90 237 1.42 2.49 1.61 48.05 11.75% Next Iteration - -
J5-F ITR3 21.14 0.033 904 0.0025 48 3z 0.050 1.74 8.66 5.02 13.67 90 237 1.42 2.49 1.58 47.39 1.38% Stop lteration 13.67 0.14
K3-A ITR 1 23.10 0.036 - - 575 0.0025 191 128 0.050 2.66 3.60 11.24 14.84 90 237 1.42 2.73 1.51 49.42 117.89% Next Iteration - -
K3-A ITR 2 23.10 0.036 575 0.0025 49 33 0.050 3.90 2.46 11.24 13.70 90 2.37 142 2.73 1.58 51.74 -4.58% Stop Iteration 13.70 0.14
K3-B ITR 1 22.62 0.035 5210 5154 2218 0.0252 190 126 0.050 2.66 13.90 1.37 15.27 90 237 1.42 2.67 1.49 47.60 119.71% Nexl Iteration - =
K3-B ITR 2 22.62 0.035 2218 0.0252 48 32 0.050 3.72 9.94 1.37 11.31 90 2.37 1.42 267 1.76 56.28 -16.71% Stop Iteration 11.31 0.11

Notes:

1. Table 3-7 NMSHTD Drainage Manual - USGS Rural Flood Frequency Equations for New Mexico - Use Region 2 Northwest Plateau for 100-year regression equation {Qyen = 8.53*10".&“"’}

2. For the SCS iterative procedure, the flow rate to compute channel flow velocity is Qe = (2/3)* Qo

3. Channel section was developed using AutoCAD Civil3D and Bentley's Fl

1

4, Each iteration of Q. i5 placed into Flowmaster to obtain the value for Velocity to update the calculations.

5, Time of Concentration {T.) T, = (Length/Velocity){ 1/60) for a value in minutes

6. The Combined T, will be set at a minimum of 10 minutes [As per NMSHTD Hydrology Manual)
7. Second Iteration use the Qp calculated value to perfarm the analysis.
2. 1. The intensity 'I' is extracted from the NOAA 14 DDF curves for a 100-yr 24-hr storm event

9, The direct runoff Qd is obtained from Eqn 3-23 of NMSHTD Hydrology Manual

10. Runoff Volume is calculated using Equation 3-25 of NMSHTD Hydrology Manual
11. Refer attached Time of Concentration calculation for flow paths using Upland Flow Method
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FCPP - DFADA Site 34 Offsite Drainage Channel
September 27, 2013

aJa]e

11. Refer attached Time of Concentration cal

A | 5| c 0 I 3 | ¥ | G [ H | ] | 3 [ L M N 0 | P | Q 1
| 2 |[Channel Tc Calculation and To
3
—
Channelinlot | Channel
Iteration Elevation7 0""_“ Channel Curve
2 Basin Number Area Area Elavation? Length | Channel Slope (S) Qs Quuieeny Manning's nvalue | Velocity Totcnsanet T cttendy T number (CN) | Precipitation (P) Direct Runoff (Qd)
3 (acre) (sg mile) (ft) {ft) (feet) (fLift) {cfs) (cfs) {ft's) {min) {min} min (inch)
7 Ha - - - ~ | - - - - - - - 0 ="DFADAS Upland Tc'IKE SIF(MT+NT<10, 10,MT+NT) - -
8 |="DFADA3J Upland Tc'lAT ITR1 ='DFADA3J Upland Tc''CT ='DFADAZ Upland Te''D7 5398 @93 2544 =(EB-F8YGE =853°(D&"0.45) ={273)°18 0.05 711 =(G8/L8) (1160} =DFADA3J Upland Tc K7 =IF(MB+NB<10, 10,ME+N8) S0 237 ={{Q&-(200/PE)+2)*2)(C8+{BO0PE)-8)
5 {=A8 ITR2 =C8 =08 =G8 =H8 =U8 =(273y'19 =K8 4.89 ={GALIY(1/60) =hg =IF(MS+NG<10, 10.M8+N3) 90 237 ={{Q9-(200/P9)+2)*2)(QI+(B00/PI}-8)
10 |="DFADA3J Upland Tc'lA8 IR 1 ='DFADA3Z Upland T¢'IC8 ='DFADA3 Upland Tc'D8 o | = 249 0.0025 =853°(D10%0.45) ={2/3)'110 0.05 228 =(G10M10)°(1/60) =DFADAS Upland TcIK& =IF(M10+N10<10, 10.M10+N10 9 2.37 =({Q10-4{200/P10}+2)*2)(Q10+(800/P10}-8
11 |=A10 ITR 2 =C10 =010 =G10 =H10 =U10 =213 111 =K10 28 =(G11L11) (160} =N10 SIF(M11+N11<10, 10.M11+N11) 90 2.37 =({Q114{200/P11}+2)*2)(Q11+({800/F11)-8)
12 |="DFADA3 Upland Tc"A9 - - - - - - - = 0 ='DFADA3 Upland TeIK8 =IF(M124N12<10, 10.M12+N12) = > =
13 |='DFADA3 Upland Tc'A10 IR 1 ='DFADA3 Upland Tc'IC10 ='DFADA3Z Upland Tc'lD10 - - 579 0.0025 =8537{D13*0.45) =(23)'13 0.05 2.28 ={G131.13)°(1/60) =DFADAZ Upland TcK10 =IF(M13+N13<10, 10,M13+N13) Joc 237 =((Q13-(200/P13)+2)*2 Q1 3+(BO0P13)-8)
141=A13 MR 2 =C13 =D13 =G13 =H13 =U13 =(23)'114 =K13 1.25 =(G14/14)°(1/60) =N13 =IF(M14+N14<10, 10.M14+MN14) M 2.37 ={(Q14-{200/P14)+2)*2)(Q14+({800/P14}-8)
15 |="DFADA3 Upland Te!A11 - - - - - | = - - - - - 10 ="DFADAS Upland Te'tK11 =IF(M15+N15<10, 10.M15+M15) | = = x
16 |="DFADA3J Upland Tc'lA12 ITR1 ='DFADAS Upland Te'IC12 ='DFADA3 Upland Te'ID12 - - [9_04 0.0025 =B53"(D160.45) =(2/3)° 116 0.05 2,63 =(G16/L16)"(1/60) =DFADA3 Upland Tc'lK12 SIF(M16+N16<10, 10.M16+N16) a0 237 =((Q16-{200/P16}+2)*2)(Q16+(B00/P16)-8)
17 |=A16 ITR 2 =C16 =016 =G16 =Hi6 =U16 =213 117 =K16 1.81 =(GITATY(1/60) =N16 =IF(M1T+N17<10, 10,M17+N17) 80 2.37 =({O174{200/P17}+2)*2)(Q1 T+(800/P17}-8)
18 §=A17 TR 3 =C17 =017 |=G17 =H17 =17 =(2/3rng |=K17 1.74 ={G18/L18)"(1/60) =N17 =IF(M18+N18<10, 10,M18+N18 9c 2.37 =({Q18-{200/P18)+2)*2)/(Q18+(B00/P18}-8)
13 |="DFADA3 Upland Tc'A13 R1 ="DFADAJ Upland Te!C13 ='DFADAJ Upland Te'lD13 - - |__5‘?$ 0.0025 =B53'(D190.45) (213119 0.05 2.66 =(G1a/L19)(1/60) ="DFADAZ Upland Te'lK13 =IF(M19+N19<10, 10,M19+N19, ac 237 =({Q19-4{200/P19p+2)*2)(Q19+(800P19)-8)
20|=A18 TR 2 =C18 =018 =G18 =H18 =u18 =(2/3) 120 =K18 38 =(G20/L20)"(1/60) =N19 =IF(M20+N20<10, 10.M20+N20, 40 2.37 =((Q20-(200/P20)+2)*2W(Q20+(800/P20)-8)
21 [="DFADA3 Upland TclA14 TR 1 ='DFADAZ Upland Te1C14 ='DFADAS Upland Te'lD14 Ii.?ﬂ] 5154 2218 =(E21-F21)G21 =853°({D21'0.45) ={2/3) 121 0.05 2.66 =(G21.21)"(1/60) =DFADA3 Upland Tc'IK14 =IF{M21+N21<10, 10,M21+N21) a0 2.37 ={(021-{200/P21)+2}"2)(Q21+(BONP21})-8)
22 |=A21 TRz |=C21 =021 =G21 =H21 =Uz1 =(2/3)' 122 =KZ1 372 =(G22/L22)"(1/80) __|=N21 =IF(M22+N22<10, 10,M22+N22) 90 2.37 =((022-{200/P22)+2)2)/(022+(B00IF22}-8)
3
[0 |Motes:
25 |1. Table 3-7 NMSHTD Drainage Manual - USG
[ 26 |2 For the scs iterative procedure, the fiow ra
| 27 |3. Channel section was daveloped using Auto
ﬁ 4. Each iteration of Q... i placed into Flow
29 |5. Time of Concentration (T,) T, = (Length/Vel
50 [5. The Combined T, will be set.at & minimum
E 7. Second Iteration use the Qp calculated val
| 32 |&. 1. The intensity " is extracted from the NO
Ocl— [P— (200 C'N +2]:
| 33 |5. The direct runoff Od is obtained from Eqn P*(soat M -8
Q,.A
Qv =
10. Runaff Valume is caleulated using Equatic 12

PA\WRES\Arizona_Public_Service\23448460_APS_DFADA__3_Phase_ll_Design\5_0_Technical\5_5_C

Diversion Channel Design\Hydraulic Model\Lag Time calc 11051 3.xksx



FCPP - DFADA Site 3A Offsite Drainage Channel

m September 27, 2013
5
2]
=R
]

Design Frequency Dicharge Percent Difference
5 |Runoff Voluma {Qv) Unit Peak Discharge (qu) (Qp) Qypq vs Qp Greater than 10%, perform next [eration Final T, Lag Time
3 {ac-ft) (cfsfac-in) {cfs) % {min) {hour)
7 - - - - - =IF{W7="Naxt ltaration”, "-",07) 0.6 (XTI60))
& [=(R8'C8)12 =0.543"([08/60)"-0.812)" (10*(({ABS(LOGIOBIG0+0.3)-LOG(O8/60}-0.3)*1.5)10)) =CE&'RE'TE ={|8-UB {18+ UBYZ) =IF(VE>=0.1,"Nex! [teration™,"Stop lteration™) =IF(W8="Next lteration™, "-" O8)
| 9 {=(R9'CIY12 543°({0960*-0.812)" (10*{{{ABS{LOG{OS/50}+0.3)-L OG{OS/50)-0.31*1.5)10}) =C9'RI'TS =(19-USp{(19+19)2) =IF{V8>=0.1,"Mext Iteration™,"Stop Iteration™) =IF{W3="Next Iteraticn™, "-",09)
10|=(R10°C10y12 543" ((010/60)"-0.812)"(10"{{{ABS{LOG(O10/60)+0.3}-LOG(O10/60-0.31*1.5)10])) =C10°'R10°T10 =(110-U10M{110+U10)2) =IF(V10>=0.1,"Next lteration™,"Stop Iteration™) =IF{W10="Next lteration”, "-",010)
1 |={R11°C11)¥12 =0.543"((011/60)"-0.812)"(10*-{{(ABS{LOG(O11/60)+0.3-LOG(O11/60)-0.3)*1.5)/10)) =C11°R11°T11 (AU 1+U11)2) =IF{V11>=0.1,"Next lteration”,"Stop lteration” =IF{W11="Next lteration”, "-",011) =" 0.6%(X11/60))
12 - - - - - =IF{W12="Naxt lteration”, 012) =IF(X12="""-"0.6°(X12160])
13]=(R13°C13)12 =0.543"({013/60)"-0.812)'(10*-{((ABS(LOG(O13/60)+0.3}-LOG[O13/60)-0.3)*1.5)/10)) =C13°R13'T13 =(113-U13){(113+U13)2) =IF(V13>=0.1,"Mex! lteration”,"Stop Iteration”) =IF(W13="Next ltaration”, "-".013} =IF(X13="-","-",0.6"(X13/60))
14 [=(R14°C14)12 =0.543"((014/60)*-0.812)" (10*{{{ABS{LOG(O14/60}+0.3)-LOG(O14/60)-0.3)*1.5/10)) =C14'R14'T14 =(114-L14p{{114+L14Y2) =IF(V14>=0.1,"Next lteration™,"Stop Iteration™) =IF(W14="Next lteration”, “-",014) F{X14="""-"0.6%(X14/60))
15 - - - - - =IF{W15="Next ltaration", "-",015) §="2" 0.6 (X 15/60))
16 |={R16°C16)12 =0.543"((016/60)"-0.812)" (10*{{{ABS(LOG(O16/60)+0.3-LOG(O16/60)-0.3)*1.5)/10)) =C16'R16°T16 =(16-U1BM{1E+U16Y2) =IF(V16>=0.1,"Next lleration”,"Stap |teration” =IF(W16="Noxt ltaration”, "-",016) B="."""0.6(X16/60))
17 |=(R17°C17)12 543" ((017/60)"-0.812)" (10°-{({ABS(LOG(O17/60)+0.3-LOG(O17/60)-0.3)*1.5010}) =CIT'RIT'T17 =T-UTRNT+UITYZ) =IF(V17>=0.1,"Next lteration”,"Stop Iteration") =IF{W17="Noxt itaration™, "-",017) SIF(X17="-","-"0.6*(X17/60))
1E|=(R18°C18)12 .543*((018/60)*-0.812)" (10*{{{ABS(LOG(018/60)+0.3-LOG{O18/60)-0.3)*1.5)/10}) =C18°R18°T18 =(118-L1BY{{18+U18Y2) =IF(V18>=0.1,"Next lteration”,"Stop Iteration”) =IF(W18="Next lteration”, “-",018) _ =IF(X18="-""-",0.6*(X18/60})
19 |=(R1G°C19)12 =0.543"((019/60)"-0.812)" (10*({{ABS(LOG({O19/60)+0.3-LOG(O158/60}-0.3)*1.5§/10)) =C19'R19°T19 =(119-L1aM{119+U19y2) =IF(V19>=0.1."Next lteration” "Stop Iteration”) =IF(W19="Next Iteration", "-",013) =IF(X19="2""0.64(X19/60))
20 |=(R20°C20)12 =0.543"((020/60)*-0.812)"(10*-{{{ABS{LOG(020/60)+0.3}-LOG(020/60}-0.3)*1.5)/10]) =C20"R20°T20 =(120-U20)({120+U20)2) =IF{V20>=0.1,"Next lteration”,"Stap |teration” =IF(W20="Noxt itaration", "-",020) =F(X20="-""-"0.6°(X20/60})
21 |=(R21°C21)12 =0.543*((021/60)*-0.812)" (10*{{{ABS({LOG(021/60)+0.3- LOG(021/60}-0.31*1.5)/10]) =C21°R21°T21 =(121-U21)({121+U21y2) =IF{V21>=0.1,"Nex! lteration”,"Stop [teration” =IF{W21="Next ltaration”, "-",021) =IF(X21="-","-",0.6*(X21/60})
22 |={R22*C22)12 =0.543"((022/50*-0.812) (10*-(((ABS(LOG(Q22/60)+0.3-LOG(022/60)-0.31*1.5)10)) =C22"R22°T22 =(i22-U22)i(122+U22y2) =IF(V22>=0.1,"Next ion"."Stop Iteration”) =IF(W22="Next iteration"”, “-",022) =IF(X22="27 " 0.6*(X22/60))
23
2 |
»E‘
2
27|
_2&
| 23]
2
| 31]
[ 32]
| 23]
4]
[ 35|
36
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Storage Basin - 2 Acre Basin

3:1ss 420 ft x 210 ft
l
Elev Area Area Incrementai Volume Cumulative Storage Volume
ft sq.ft ac cf ac-ft ac-ft
0 73207 1.68 0 0.00 0.00
1 76600 1.76 74,904 1.72 1.72
2 80050 1.84 78,325 1.80 3.52
3 83557 1.92 81,804 1.88 5.40
4 87121 2.00 85,339 1.96 7.35
To determine length of weir
Weir Equation T
Q=CLHY
variable value units
Q= 50|cfs
L= 3.56|ft
H= 3|ft
C= 2.7|typical range 2.5 to 3.1
To determine flows for HEC-1 SQ record
Weir Equation Weir Equation
Q=CLH™ Q=CLH"
variable value units variable value units
Q= 9.62|cfs Q= 27.22|cfs
L= 3.56|ft L= 3.56|ft
H= 1|ft H= 2|ft
C= 2.7 |typical range 2.5 t0 3.1 |C= 2.7 |typical range 2.5 to 3.1
[Weir Equation I"n'_*.i'e.-ir_l"Equation
Q=CLH™ Q=CLH¥
variable value units variable value units
Q= 50.00|cfs Q= 76.98|cfs
L= 3.56|ft L= 3.56|ft
H= 3|ft H= 41ft
Cc= 2.7|typical range 2.5 to 3.1 |C= 2.7|typical range 2.5 to 3.1




A | B C D | E F

|1 |Storage Basin - 2 A

2
[ 370311 ss 420 ft x 210 ft

4 |

5 Elev Area Area Incremental Volume Cumulative Storage Volume

6 ft sq.ft ac cf ac-ft ac-ft

7 |0 =73207 =B7/43560 =0 =D7/43560 =0

8 |1 =76600 =B8/43560 =({B8+B7)/2)*(A8-A7) =D8/43560 =F7+E8

9 |2 =80050 =B9/43560 =((B9+B8)/2)"(A9-A8) =D9/43560 =F8+E9

10 |3 =83557 =B10/43560 =({B10+B9)/2)*(A10-A9) =D10/43560 =F9+E10

11 |4 =87121 =B11/43560 =({B11+B10)/2)*(A11-A10) |=D11/43560 =F10+E11
| 12

13

14 | To determine length

15 |Weir Equ_g_tion

16 |Q =CLH™

17 variable value units

18|Q= 50 cfs

19 |L= =B18/(B21"B20N3/2)) |ft

20 |H= 3 fi

21|C= 2.7 typical range 2.5 lo 3.1

22

23 |To determine flows fc

24 |Weir Equgtion Welr Equatinn

25|Q=CLH™ Q=CLH™

26 variable value units variable value units

27 |Q= =B30*B28*B29/(3/2) cfs Q= =E30*E28*E29/(3/2) |cfs

28 |L= =B19 ft L= =B19 ft

29 |H= 1 ft H= 2 ft

30 |C= 2.7 typical range 2.5t0 3.1 |C= 2.7 typical range 2.5 to 3.1
31

32

33 |Weir Equation Weir Equgtion

34|Q=CLH* Q=CLH™*

35 variable value units variable value units

36 |Q= =B39*B37*B38A(3/2) cfs Q= =E39*E37*E38/(3/2) |cfs

37 L= =B19 ft L= =B19 ft

38 |H= 3 ft H= 4 ft

39 |C= 2.7 typical range 2.5t0 3.1 |C= 2.7 typical range 2.5 to 3.1




Rainfall Data

P:\WRES\Arizona_Public_Service\23446460_APS_DFADA_3_Phase__II_Design\5_0_Technica]\5_5_Calculations\Stormwater Diversion
Channel Design\Offsite Hydrology\Calculation for 100-Year, 24 Hour Storm-DFADA Site 3A - Hydrology.docx



4/10/13

PFDS: Contiguous US
WWW.NWS.Noaa.gov
NOAA's National Weather Service b,
o NOAA . A . : v
\,_/ Hydrometeorological Design Studies Centeg R
Precipitation Frequency Data Server (FEDS ] (rra

General Info

Homepayo

Current Projecis
fC

Glossary

Precipitation
Frequency (PF}
PF f3ata Server
« PFin GIS Format
« PFMaps
« Temporal Distr.
& Time Series Data
s PFDS Perform,
PE Documenis

Probable Maximum
Precipitation (PMP}
PME Documenis

Miscellaneous
Publications
AEP Storm Anzlysls
‘ecord Precipitation

Contact Us
fnguities
List-sorver

—

USA.gov._

hdsc.nws.noaa.govihdsc/pfds/pfds_map_cont.htmi ?bkmrk=nm

Home Newves Search

@ nws O ANNOAA [Go | .

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: NM
DATA DESCRIPTION

Site Wap Organization

Data type: | precipitation depth || Unlts: | english [=] Time series type: | partial duration _[~]

SELECT LOCATION
1. Manually:

| longitude: -108.5050 | [‘submit ]

b) Select station (click here for a list of stations used in frequency analysls for NM): select siation

a) Enter location (decimal degrees, use ™" for S and W): latitude: '1366805 )

YSS U Colorado Hays s

G H,.z# 'Springs , || @) Select location

k™. Blebio Kansasg|| (movecrosshairordouble click)
° b) Click on statlon icon
- V| ([TJshow slations on map)
1
) En
Litte Sahara LOCATION INFORMATION:
State Rard ‘0 || Name: New Mexico, US*
Oklahom; Latitude: 36.6805
Amarilo 11 City| Longltude: -108.5050
Ll
« || Elevatlon: 5182 ft*
Clovis
o
Lubback
=]
Hope Fort Wo
o
Midiand A0 'l * source: Google Maps
" 4% (]
" [ o Guadakipa Odesse
1 Ciudad Mountalng Texas,
o g o o duarez, NetowPed Mapdais €2013 Google. NEG!
—

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONRDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 1, Verslon 5

PF tabular PF graphical Supplementary information & Print Page
PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
. Average recurrence interval (years)
Duration
1 2 5 10 25 50 100 200 500 | 1000
5-min 0.148 0.190 0.256 0.310 0.388 0.453 0.521 0.596 0.703 0.792
(0.127-0.172) || (0.163-0.221) || (0.220-0.297) || (0.266-0.361) || (0.330-0452) || (0.381-0.526) || (0.434-0.606) (0.490-0.695) || (0.566-0.822) || (0.628-0.830)
10-min 0.225 0.289 0.389 0.472 0.590 0.689 0.793 0.908 1.07 1.21
(0.193-0262) || (0.249-0.337) || (0.335-0.453) || (0.405-0.550) || (0.502-0.688) || (0.580-0.801) || (0.661-0.923) || (0.746-1.06) (0.862-1.25) || (0.956-1.42)
15-min 0.278 0.358 0.482 0.585 0.732 0.854 0.983 113 133 149
(0.239-0.325) || (0.308-0.418) || (0.415-0.561) || (0.502-0.681) || (0.622-0.852) || (0.719-0.892) || (0.819-1.14) (0.925-1.31) (1.07-1.55) (1.18-1.75)
30-min 0.375 0.482 0.650 0.788 0.986 115 1.32 1.51 1.79 2.01
(0.322-0.437) || (0.415-0562) || (0.559-0.755) || (0.675-0.917) || (0.838-1.15) || (0.867-1.34) || (1.10-154) (1.25-1.77) (1.44-2.09) {1.59-2.36)
60-min 0.464 0.597 0.804 0.975 1.22 142 1.64 1.88 2.21 249
(0.399-0.541) || (0.514-0.696) || (0.692-0.935) || (0.836:1.14) (1.04-1.42) {1.20-1.85) (1.36-1.91) (1.54-2.19) (1.78-2.58) (1.97-2.92)
2.hr 0.505 0.642 0.856 1.03 1.30 1.52 1.76 2,02 241 2173
(0.441-0.586) || (0.563-0.745) || (0.750-0.988) || (0.802-1.20) {1.12-1.50) (1.29-1.75) (1.48-2.02) (1.67-2.33) (1.95-2.79) (2.16-3.17)
3-hr 0.558 0.703 0.913 1.09 1.35 1.57 1.80 206 244 2.76
(0.496-0.637) || (0.622-0.805) || (0.811-1.04) || (0.962-1.24) (1.18-1.53) {1.35-1.78) (1.53-2.05) (1.73-2.35) (2.01-2.80) (2.23-319)
0.654 0.812 1.02 1.21 1.47 1.69 192 218 2.55 2.86
G-hr N EON N 724N 0T 0 A4 INON1 1 4R\ 4 A0 4 aEY 14 20 4 ay #4 an 4 onh {4 27 21N f4 @ " AaN I AT D onh %A 5 Ay
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4/10/13 PFDS: Contiguous US
LU e ML FOLTUD ) LA ERE T L k) O I W vl e I WL VorL, vy el | \£- 19" 40T kel I
12-hr 0.762 0.948 1.18 1.36 1.61 1.81 2.01 223 2,58 289
(0.690-0.845) (0.859-1.05) (1.06-1.30) (1.22-1.50) (1.45-1.77) (1.61-1.99) (1.78-2.22) (1.95-2.47) (2.17-2.92) (2.37-3.28)
24-hr 0.835 1.05 132 1.55 1.86 211 237 2,64 3.01 3
(0.762-0.915) || (0.953-1.15) (1.21-1.45) (1.41-1.69) (1.68-2.03) (1.90-2,30) (2.12-2.59) (2.35-2.89) (2.65-3.31) (2.60-3.84)
2.da 0.944 1.18 147 1.711 2,03 2.28 254 280 316 3.44
Y (0.859-1.03) (1.08-1.29) (1.34-1.61) (1.55-1.86) (1.84-2.21) (2.06-2.48) (2.28-2.76) (2.51-3.05) (2.80-3.44) (3.03-3.75)
3.da 1.01 1.26 1.57 1.82 215 240 2,67 2,93 3.29 3.56
y (0.925-1.11) (1.16-1.36) (1.44-1.71) (1.66-1.98) (1.96-2.34) (2.18-2.61) (2.41-2.90) (2.63-3.19) (2.93-3.59) (3.16-3.80)
4-da 1.08 1.35 1.67 193 227 2,53 2.79% 3.06 341 3.68
y (0.882-1.18) (1.24-1.47) (1.63-1.82) (1.77-2.09) (2.07-2.46) (2.30-2.75) (2.54-3.04) (2.76-3.33) (3.06-3.73) (3.29-4.04)
7-da 1.20 1.50 1.85 211 247 274 3.00 3.27 3.61 3.87
Y (1.10-1,31) (1.37-1.63) (1.69-2.00) (1.94-2.29) (2.27-2.67) (2.51-2.96) (2.74-3.25) (2.97-3.54) (3.26-3.91) (3.48-4.20)
10-da 1.33 1.66 2.04 233 272 3.00 3.28 .56 3.90 4.16
- 4 (1.22-1.45) (1.52-1.80) (1.88-2.21) (2.15-2.53) (2.50-2.94) (2.75-3.25) (3.00-3.55) (3.24-3.85) (3.54-4.24) (3.78-4.54)
20-da 1.65 2,06 2,53 290 3.39 3.75 411 4.46 4,92 5.26
Y (1.52-1.79) (1.89-2.24) (2.33-2.75) (2.67-3.15) (3.10-3.67) (3.42-4.06) (3.74-4.48) (4.05-4.85) (4.44-5.36) (4.72-5.73)
30-da 1.95 243 2.98 3.39 3.92 431 4.69 5.06 5.51 5.85
4 (1.79-2.12) (2.23-2.66) (2.74-3.24) (3.12-3.69) {3.60-4.26) (3.95-4.67) (4.28-5.00) (4.60-5.49) (4.99-6.00) _(5:28-8.37)
45-da 232 2.89 3.54 4.02 4.62 5.05 546 5.85 6.31 6.62
Y (2.14-2.52) (2.66-3.14) (3.27-3.84) (3.71-4.35) (4.26-4.99) (4.64-5.45) (5.01-5.80) ‘|| (5.35-6.31) (5.76-6.82) (6.04-7.16)
60-day 261 3.25 3.96 448 5.14 5.60 6.03 6.44 6.92 725
(2.42-2.83) (3.00-3.52) (3.66-4.29) (4.14-4.84) (4.74-5,53) (5.16-6.02) (5.55-6.49) (5.91-6.93) (6.34-7.46) (6.63-7.81)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of pariial duration series (PDS).
Numbers in parenthesis are PF estimates al fow er and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
||recurrence Interval) will be greater than the upper bound (or less than the low er bound) is 5%. Estimates at upper bounds are not checked agalnst probable maximum precipitation (FVF) estimate:
and may be higher than currently valid PMP values.
Pease refer to NOAA Atlas 14 document for more information.
%Q Estimates from the table in csvformat: | precipitation frequency estimates [ZI

US Department of Commerce
National Oceanic and Almospheric Adminisiration
National Weather Service

Office of Hydrologic Development
1325 Eagt West Highway

Silver Spring, MD 20910
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PRk ok kA kAR Rk H I KRR kK Rk KAk A ok kA k
AR AR A AAEIRR A AR T I AR AR I Nk R hdk b hH ok h ok hH

* * .
*
L FLOOD HYDROGRAPH PACKAGE (HEC-1}) * " U.S. ARMY CORPS OF ENGINEERS
*
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER
*
i VERSION 4.1 * . 609 SECOND STREET
*
* . . DAVIS, CALIFORNIA 95616
*
* RUN DATE 07MAR14 TIME 12:58:44 * . (916) 756-1104
* .
* * "
*
IRk R kR kR Rk kR A F KRR R F IR A ARk R A I KRRk Ik
Eh kAR KRR F AR R R ERRNR AR KT R Ak hoh Ik xhw
X X XXXXXXX KXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXOOXXX KXXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECIDB, AND HECI1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE ID...-we Xia aw il r AT 3 el L R Biaanans T g L R L 10

1 D ok k kR Rk kR A Ak ok kR Rk Rk

2 D * ARIZONA PUBLIC SERVICE *

3 D * FOUR CORNERS FLY ASH PONDS *

4 D * JOB NO. *

5 1D Kkkkh ko kR Rk h Rk kAR AR R R ARk A R IRk hh

6 1D

o 1D DEVELOP THE RUNOFF HYDROGRAPH FOR THE CLOSURE DRAINAGE CONDITIONS

8 iD DFRDA 3R - OFFSITE CHANNEL

9 D SUB-BASINS DRAINS TO THE PROPERTY BOUNDARY

10 D THE RAINFALL HYETOGRAPH IS FOR THE 100-YEAR, 24-HOUR STORM DERIVED
11 ID USING THE SCS UNIT HYDROGRAPH METHOD
12 ip

13 D CATCHMENT AREAS ARE MEASURED FROM THE USGS TOPOGRAPHIC QUAD AND AVAILA
14 ID SURVEY DATA FOR THE SITE FROM APS
15 D LAG TIMES HAVE BEEN ESTIMATED AS BEING 60 PERCENT OF THE TIME OF CONCE
16 D AS CALCULATED USING THE OVERLAND and CHANNEL METHOD

17 ip

18 D MINIMUM LAG TIME OF CONCENTRATION IS SET AT 0.10 HOURS (10-MINUTE Tc)
19 D
20 D RUNOFF CURVE NUMBER IS ASSUMED BASED ON HYDROLOGIC SOIL GROUP AND SITE
21 ip CONDITIONS

22 D
23 D THIS FILE MODELS THE CLOSURE CONDITIONS AND DETENTION BASINS WAS DEVEL
24 D DURING THE MASTER DRAINAGE PLAN FOR BASIN H-A8 (URS PROJECT#23446438)
25 Ip

26 D FILENAME: 100YR24HR-DFADA3A-OFFSITE,TXT

*DIAGRAM
27 iT 5 01JANOO o 300
28 10 3
*

29 KK H8

30 KM AREA EAST OF LAI

31 BA 0.221
32 LS 0 20 ]
33 UD 0.71

34 KM NMDOT DISTRIBUTION

35 PB 0 2.37 4]
36 PI .0000 .0013 .0013 .0013 .0013 .0013 -0013 .0013 .0013 .0013
37 PI .0013 .0013 .0012 .0012 .0012 L0012 .0012 .0012 L0012 .0012
38 PI .0012 .0012 .0012 .0012 .0012 .0012 .0012 .0012 .0012 .0012
39 PI L0012 L0012 L0012 .0012 .0012 L0012 L0012 .0025 .0025 .0025
40 PI .0025 .0025 .0025 -0025 .0025 .0025 .0025 .0025 .0025 .0050
41 PI .0050 .0050 .0050 .0050 .0050 .0033 ,0033 .0033 -0033 .0033

42 PI .0033 .0100 .0100 .0100 -0100 .0100 .0100 .0533 .0533 .0533



43
44
45

47
48
49
50

52

76
77
78
79
a0

81
82
83

84
85
86
87
88

69
90
91
92
93

LINE

94
95
96

97
98
99
100
101

102
103
104

105

.3267
.0100
.0033
.0025
.0013
.0013
.0012
.0012
. 0025
.0025

.0025
.0025
.0025
.0025
.0025
.0025
.0025
.0025
. 0025
.0025
.0025
.0025
.0000

.3267
.0100
.0050
-0025
.0013
.0012
.0012
.0012
.0025
.0025

.0025
.0025
.0025
.0025
. 0025
.0025
.0025
.0025
.0025
.0025
-0025
-0025
.0000

.3267
.0100
. 0050
.0025
.0013
.0012
.0012
L0012
.0025
.0025

.0025
-0025
.0025
.0025
.0025
.0025
-0025
.0025
.0025
.0025
.0025
. 0025
.0000

.1133 .1133
.0100 .0100
.0050 .0050
.0025 .0025
-0013 .0013
.0012 .0012
-0012 L0012
L0012 .0012

.0025 .0025
.0025 .0025
HEC-1 INPUT

....... L P |
-0025 .0025
.0025 .0025

-0025 .0025

.0025 .002s
.0025 .0025
.0025 .0025
.0025 . 0025
.0025 .0025
.0025 .0025
.0025 .0025
.0025 .0025
.0025 .0025

.0000 .0000

L1133
.0033
.0050
. 0025
.0013
.0012
.0012
.0025
.0025
.0025

.0025
.0025
.0025
.0025
-0025
.0025
.0025
.0025
.0025
. 0025
.0025
. 0025
.0000

G kAR AR A KA AR RN NI N IR AR R TR R IR AT kRN I kT HHFEAK

* DETENTION BASIN FOR 2 AC BASIN WITH 50 CFS DISCHARGE BEFORE

KK
Ko
KM
KM
KM
RS
sv
SE
5Q
SE

BAS-HS8
1

2

Storage Basin
4 Feet Deep With 1-foot Freeboard

3
1
o]
0
0

[¢]

:1 Side Slope

STOR
1.72
1

10

ol

-1
3.52
2

27

2

5.40 7.35
3 4
50 77
3 4

with 1-Foot Freeboard

P T LR R R e A T Lty

*
KK
KM
BA
LS

uD
*

KK
KM
HC
+*

KK
KM
BA
LS
uD
+*

KK
KM
BA
LS
UD
*

D

*EEER

£8#7

LS

J5-A

AREA ALONG HAUL ROAD

0.048
0
0.10

CPJ5A

30

COMBINES SUBBASINS J5-A & H8

2

J5-B

AREA AFTER THE HAULROAD AND NE OF DFADA 2

0.012
0
0.10

Js5-C

90

0

SIDESLOPE DFADA 2

0.011
0
0.10

CPJ5B

90

HEC-1 INPUT

COMBINES CPJAS AND SUBBASINS J5-B & J5-C

3

J5-D

SIDESLOPE DFADA 2 BREA AND MAIN CHANNEL

0.011
0
0.10

CPJ5D

90

0

COMBINES CPJSB AND SUBBASINS J5-D

2

J5-E

.0533
.0033
.0050
.0025
.0013
.0012
.0012
.0025

-0025

L0025
.0025
.0025
.0025
.0025
. 0025
.0025
.0025
.0025
.0025
-0025
-0025
.0000

.0533 -0533
-0033 .0033
.0025 .0025
.0025 .0025
.0013 .0013
.0012 .0012
.0012 .0012
.0025 .0025
.0025 .0025
.0025 .0025
....... Boveresid
.0025 .0025
.0025 .0025
.0025 -0025
.0025 .0025
.0025 .0025
.0025 .0025
-0025 .0025
.0025 .0025
.0025 .0025
.0025 0025
.0025 .0025
.0025 .0025
.0000 .0000
OVERFLOW
....... B.vvveva®

.0100
.0033
.0025
.0013
.0013
.0012
.0012
.0025
.0025
.0025

.0025
.0025
.0025
.0025
-0025
.0025
.0025
-0025
.0025
.0025
.0025
.0000
.o000

PAGE 2

PAGE

3



106 KM NORTHEAST AREA OF MAIN CHANNEL

107 BA  0.043
108 LS 0 90 0
109 up  0.10
*
110 KK CPJSE
111 KM COMBINES CPJ5D AND SUBBASINS J5-E
112 HC 2
*
113 KK J5-F
114 KM SIDESLOPE DFADA 2 AND EAST AREA OF DFADA 2
115 BA  0.033
116 L8 0 90 0
117 up  0.14
*
118 KK  CPJSF
119 KM COMBINES CPJ5D AND SUBBASINS J5-F
120 HC 2
*
121 KK K3-A
122 KM AREA WEST OF THE SOUTH END OF THE CHANNEL
123 BA 0.036
124 LS 0 90 0
125 D 0.14
*
126 KK  CPK3A
127 M COMBINES CBJSF AND SUBBASINS K3-A
128 HC 2
*
HEC-1 INPUT PAGE 4
LINE ID& R Liariica B : R Lo R (A [ N 9ennns 10
129 KK K3-B
130 KM SOUTH AREA OF DFADA 1 AND DFADA 2
131 BA 0.035
132 LS 0 90 0
133 up  0.11
*
*
134 b4
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
29 H8
v
v
66 BAS-H8
76 . J5-A
81 CPJSA. i ss s
84 : J5-B
89 . . Js-C
94 OIS Bz s s 56 @ wasatsiomsiniainis o
97 } J5-D
102 fo1-N 15 S
105 ; J5-E
110 CPJSE. uiisivaiisss
113 . J5-F

118 CPISF. suuvessnra



121

126

129

(*%%)

K3-A

K3-B

RUNOFF ALSO COMPUTED AT THIS LOCATION



OPERATION

HYDROGRAPH

ROUTED TO

HYDROGRAPH

2 COMBINED

HYDROGRAPH

HYDROGRAPH

3 COMBINED

HYDROGRAPH

2 COMBINED

HYDROGRAPH

2 COMBINED

HYDROGRAPH

2 COMBINED

HYDROGRAPH

2 COMBINED

HYDROGRAPH

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

STATION

H8

BAS-HB

J5-a

CPJSA

J5-B

J5-C

CPJ5B

J5-D

CPJSD

J5-E

CPJSE

J5-F

CPJ5F

K3-A

CPK3A

K3-B

*%* NORMAL END OF HEC-1 ***

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PERK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
FLOW PEAK AREA
6 ~-HOUR 24-HOUR 72-HOUR
119, 6.83 26. 8. 8. .22
60. 7.50 24 8 a. 22
62, 6.08 6. 2. 2. .05
62. 6.08 29, 10. 10. .27
15, 6.08 1. 0. 0. .01
14, 6.08 1. 0. 0. .01
92. 6.08 32, 11. 10 .29
14. 6.08 L 0. 0. .01
106. 6.08 33. 11, 11. .30
55; 6.08 Ss 2. 2, .04
162. 6.08 38. 13. 12. .35
40. 6.17 4, 1. 1. .03
200. 6.17 42. 14. 14. .38
44. 6.17 4. 15 1. .04
244. 6.17 46. 15. 15. .42
45, 6.17 4. 1. 1. .04

MAXIMUM
STAGE

TIME OF.
MAX STAGE



Temporary Retention Basin
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3.3.1.4 TiME OF CONCENTRATION

Time of Concentration is defined as the time required for runoff 1o travel from the
hydraulically most distant part of the walershed to the point of interest. Time of
concentration is one of the most important drainage basin characteristics needed to calculate
the peak rate of runoff. An accurate estimate of a watershed's time of concentration is crucial
to every type of hydrologic modeling.

The method used to calculate time of concentration must be consistent with the method of
hydrologic analysis selected for design. Designers working on NMSHTD projects must use
the time of concentration methods specified in this section for each hydrologic method.
Mixing of methods is not allowed on NMSHTD projects. Table 36 defines the correct time
of concentration method to be used for each hydrologic method.

Within each watershed the designer must locate the primary watercourse. This is the
watercourse that extends from the bottom of the watershed or drainage structure to the most
hydraulically remote point in the watershed. Most designers begin at the bottom of the
watershed and work their way upstream until the longest watercourse has been found. At the
top of the watershed a defined watercourse may not exisl. In these areas overland flow will
be the dominant flow type. As the runoff proceeds downstream, overland flows will naturally
begin to coalesce, gradually concentrating together. Shallow concentrated flow often has
enough force to shape small gullies in erosive soils. Gullies eventually gather together until a
defined stream channel is formed. The water course is now large enough to be identified on
a quadrangle topographic map.

Sections along the primary watercourse should be identified which are hydraulically similar.
Time of concentration is estimated for each section of the watercourse. Time of
concentration in any given watershed is simply the sum of flow travel times within
hydraulically similar reaches along the longest watercourse. Time of concentration is
determined from measured reach lengths and estimated average reach velocities. The basic
equation for time of concentration is:

(3-17)

~

L1

LZ L3
+ 2 %, — | —
v, W v, 60

o

]—:::

</~

where

= Time of concentration, minutes

= Average flow velocity in the uppermost reach of the watercourse, ft./sec.

= Length of the uppermost reach of the watercourse, ft.

2 Vs . = Average flow velocities in subsequent reaches progressing downstream,
ft./sec.

L, L,, ... = Lengths of subsequent reaches progressing downstream, ft.
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RURAL CONDITIONS
d

l 1

Drainage Area Drainage Area

] less than
|
L

greater than
5 5q.mi. 5 sq.mi.
I
- l l !
Pavqmcnt Offsite Ungaged Gaged*
UAEe Watersheds Stream Stream
NPDES Sites
L l L l
l l 18 {
l L l l
USGS ®
Rational Simplified ® Regional GaUS%Sa ta
Method Peak Flow Regression g”
Equations **
l )
! l
l L
USGS Statewide @ ,
Small Basin Hgmt @ h
Regression ?\/Irct)}%rilp
Equations etho

* Only gage data from USGS gages will be allowed for use on NMSHTD Projects.

** The NMSHTD may require designers to provide a supplementary Unit Hydrograph calculation

for comparison purposes.

Figure 3-1

Methodology Selection

Flow Chart
Rural Conditions
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3 HYDROLOGY
3.1 NMSHTD APPROACH TO HYDROLOGIC ANALYSIS

The New Mexico State Highway and Transportation Department must provide transportation
facilities which are reasonably safe for the public. A safe roadway environment includes
properly designed drainage structures. The NMSHTD must design drainage structures to meet
minimum design standards, and must do so within certain budgetary constraints. Current
minimum design standards for drainage facilities can be found in the document “Drainage
Design Criteria for NMSHTD Projects.” This document is available from the NMSHTD
Drainage Section, in Santa Fe.

The NMSHTD also recognizes that the effort associated with the design and analysis of
drainage structures must be commensurate with the importance of the transportation facility.
Small culverts on low volume roads in remote areas normally do not require an exhaustive
analysis, For this reason, the NMSHTD has established a hierarchy of drainage analysis
methods to ensure that appropriate design methods are used.

It is the goal of the NMSHTD Drainage Section to standardize the hydrologic analysis
methods used on NMSHTD projects, requiring the use of standard methods which have a
demonstrated performance record in this state. Many hydrologic analysis methods have been
used in New Mexico with widely varying results. Some of these methods do not work well
in this state, or perhaps are valid only for a particular region of New Mexico. Furthermore,
within each hydrologic analysis method there is some range of judgement or interpretation.
By standardizing hydrologic analysis methods, a significant amount of confusion and debate
will be removed from drainage analyses performed on NMSHTD projects.. Guidelines for the
use of NMSHTD approved hydrologic analysis methods are provided in this manual, along
with visual aides to promote consistency in the selection of curve numbers.

3.2  SELECTION OF A HYDROLOGIC METHOD

The NMSHTD Drainage Section has established certain hydrologic analysis methods to be
used on NMSHTD projects. Methods are selected based on drainage area size, and whether
or not the highway facility is located in an Urban or Rural area. In general, NMSHTD
personnel and consultants to the NMSHTD are required to use the hydrologic methods
specified below. The NMSHTD Drainage Section may allow other hydrologic analysis
methods to be used, depending on project specific circumstances. Contact the Drainage
Section and obtain approval before using a method other than those specified below.

Figures 3-1 and 3-2 are used o select the appropriate hydrologic method for a particular
drainage structure. When two or three methods are applicable, the order of preference is
shown by a small symbol, @. In areas where a local govemment agency has a drainage
policy which mandates a specific hydrologic analysis method, that hydrologic analysis method
shall be used on NMSHTD projects. For example, the AHYMO model using the COMPUTE
NMHYD routine is approved for use in Albuguerque, but not in Roswell. When a particular
drainage basin is borderline between two size categories, the more detailed analysis method

shall be used. At the discretion of the designer, the Unit Hydrograph Method can be
substituted for the Simplified Peak Flow method.

DECEMBER 1995 NMSHTD DRAINAGE MANUAL PAGE NUMBER 3-1



3.3.1.2.2 RAINFALL IN THE SIMPLIFIED PEAK FLOW METHOD

The Simplified Peak Flow method uses the 24—hour total depth of precipitation for the design
frequency event. Obtain the 24-hour rainfall depth directly from the appropriate Figure in
APPENDIX E. For NMSHTD projects, there is no reduction factor applied to 2—year, 5-year,
and 10-year rainfall depths. This represents a slight departure from the original SCS method
(SCS, 1985) adding a small measure of safety for frequent return period events,

The time distribution of rainfall is built into the Simplified Peak Flow method. This
statewide rainfall distribution varies from 45% to over 85% of the 24—hour rainfall occurring
in the peak hour of the storm as the Time of Concentration varies from 10 hours to 0.1 hours
respectively.

3.3.1.2.3 RAINFALL IN THE SCS UNIT HYDROGRAPH METHOD

Proper application of this method requires use of a 24-hour rainfall event with the peak
precipitation rate occurring at 6 hours. Rainfall data for the SCS Unit Hydrograph method
consists of 24—hour point precipitation depths and a rainfall distribution. Point precipitation
depths for the design return period may be obtained directly from the Figures in APPENDIX E.

For NMSHTD projects the rainfall distribution used with the SCS Unit Hydrograph method is
called the Modified NOAA-SCS rainfall distribution. This Modified NOAA-SCS rainfall
distribution is a combination of the peak rainfall intensity defined by NOAA, with an SCS
Type Il-a storm rearrangement. NOAA 6-hour and 24-hour point precipitation values are
used to compute rainfall intensities throughout the hypothetical storm. These rainfall
intensities are used to construct a depth—duration—frequency curve. Incremental rainfall
depths are then reordered around the storm peak at 6 hours to create the Type II-a
distribution.

The Modified NOAA-SCS rainfall distribution adjusts the peak hour rainfall intensity for
each location in New Mexico. Peak hour point precipitation ranges from about 55% to
almost 80%, depending on location. The original SCS method used a Type II-a distribution,
where “‘a” represents the ratio of the 1-hour point precipitation to the 24-hour point
precipitation, in percent. The SCS used a map (1973) to define areas of New Mexico where
different rainfall distributions should be used. A Type 1I-60, Type 1I-65, Type 11-70 or a
Type 11-75 distribution were defined for different physiographic regions of New Mexico. The
procedure given in this manual results in a similar range of rainfall distributions which are
less generalized. A comparison of the Modified NOAA-SCS rainfall distribution with “a”
values from the original SCS map (1973) shows similar values in most locations around the
state (Heggen, 1995, unpublished).

A manual method of computing the Modified NOAA-~SCS rainfall distribution is described
below. The NMSHTD Drainage Section has developed a spreadsheet to compute the
Modified NOAA-SCS rainfall distribution (NMRAIN.WX4), given the 6-hour and 24-hour
point precipitation values from Figures E-1 through E-12, or the current NOAA Atlas.
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Manual Rainfall Distribution Procedure:

Step 1

Compute the S-minute through 24-hour depths as described in SECTION 3.3.1.2.1 for the
desired return frequency event. Enter the depth values in the rainfall DDF worksheet. Use
linear interpolation to find the rainfall depths associated with the time increments listed in
column 2 of Figure 3-6.

Step 2

Enter the interpolated depth values in column 3 of the Worksheet. Subtract successive depth
values (row 2 minus row 1, row 3 minus row 2, efc.) to obtain the incremental depth values

(column 4).

Step 3

Copy incremental depth values from column 4 to column 7 of the worksheet. The first value
in column 4 is copied to the cell in column 7 adjacent to the “rearranged n” value of 1 found
in column 6, the second value in column 4 goes next to “rearranged n”’ value of 2, etc.

Step 4

The first value in column 8 will be the same as the first value in column 7. Thereafter,
values in column 8 increase by the amount shown in column 7. Beginning at the top of the
sheet, add each incremental depth value in column 7 to the previous cumulative depth in
column 8 to obtain the new value of cumulative depth for column 8.

Column 8 now contains the rainfall distribution corresponding to the hyetograph time steps
shown in column 5.
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The Modified NOAA-SCS
Rainfall Distribution Worksheet

)| 2 3 4 5 6 7 8
Time Cumulative " Incremental Hyetograph Incremental | Cumulative
(duration) Depth Depth time period Rearranged Depth Depth

n (hrs) (inches) (inches) (hrs) n (inches) (inches) |

0 0 0.0 [N 0 - 1.0 19

] 25 1.0-20 17 -

2 50 2.0 - 30 B '

3 75 3.0-40 13

4 1.0 40-45 Il

5 1.25 45-5.0 9

6 1.50 50 -5.25 7

7 1.75 5.25 - 5.50 S

8 2.0 5.50 - 5.75 3

9 2.5 575-6.0 1

10 3.0 6.0 -6.25 2

11 3.5 6.25 — 6.50 4

12 4.0 6.50 — 6.75 6

13 5.0 675 -17.0 8

14 6.0 7.0 -17.5 10

15 7.0 7.5-8.0 12

16 8.0 8.0-90 14

17 9.0 9.0 - 10.0 16

18 10.0 10.0 - 11.0 18

19 11.0 11.0 - 12.0 20

20 12.0 12.0 - 14.0 21

21 14.0 14.0 - 16.0 22

22 16.0 16.0 — 18.0 23

23 18.0 18.0 - 20.0 24

24 20.0 20.0 - 22.0 25

25 22.0 22.0-24.0 26

26 24.0

Figure 3-6
_ , The Modified

Project Location: NOAA-SCS
N Rainfall
Computed by: Checked by: Dvlvs(::;(bslll]:::
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3.3.1.3 RAINFALL LOSSES AND RUNOFF CURVE NUMBERS

Runoff curve numbers are used to quantify rainfall losses such as infiltration, interception and
depression storage. Curve numbers are required input for the SCS rainfall runoff models used
in this manual: Simplified Peak Flow and SCS Unit Hydrograph methods. In practice, curve
numbers range from about 40 to 100, with larger curve numbers representing more runoff.
Factors such as land use, ground cover type, hydrologic condition and hydrologic soil group
are used to select a curve number.

Methods for selecting a runoff curve number and for making areal adjustments are described
below. When carefully followed, these methods will yield a curve number which represents
the runoff response of the watershed for the assumed watershed conditions. It is very
important that the designer consider what changes will occur in the watershed during the year.
The NMSHTD cannot design for anticipated changes in development. However, the designer
should account for seasonal variations in vegetation and ground cover. The condition of the
watershed may vary dramatically from the date of field reconnaissance to the annual season
of largest historic runoff. This problem is most evident in cultivated agricultural areas where
1) the land is planted in row crops that are short or tall depending on plant type and growing
season, or 2) the crop has been harvested and the ground is plowed or fallow, or 3) the crop
type may be changed from year to year. The designer must exercise engineering
Jjudgement to determine the appropriate runoff curve number for a particular drainage
basin or sub-basin.

3.3.1.3.1 CurRvE NUMBER SELECTION

Primary factors used in the selection of a curve number are described below. The designer
must evaluate the watershed in terms of these factors to select an appropriate curve number.
Tabulated curve number values are provided in this manual and may also be found in several
SCS publications (SCS, 1986). A graphic method for selecting curve numbers in rural areas
is provided in Figure 3-8. As an additional resource, photographs of different land uses and
ground cover types are provided in APPENDIX A.

Land Use — categorizes the land into several broad categories of usage, including rangeland,
agricultural and urban. Land use is further subdivided by ground cover type and hydrologic
condition. Particularly for agricultural land use, the land treatment can be a major
consideration (i.e. terracing, crop rotation, etc.). In areas of human activity, compaction of
natural soils may change the runoff response. For urban areas the density of development,
type of landscaping, treatment of idle land and network of drainage conveyances should all be
considered.

Ground Cover Type and Cover Density — describes the type of vegetation in the watershed.
Arid rangeland areas may have weeds, grasses, sagebrush, desert shrubs, etc. Areas of greater
rainfall may have pifion—juniper, continuous grasses, deciduous or coniferous woods, etc.
Agricultural lands may be in pasture, in crops, fallow, etc. In urban areas the ground cover
type is closely related with the land use. The percentage of impervious area is the most
tmportant factor in urban areas. Figure 3-9 provides a method for adjusting curve numbers
to reflect the percent impervious area. Designers should assume that all of the impervious
area is “connected.” In rural and agricultural areas the ground cover density has a big effect
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on the runoff response of the watershed. For these areas the designer must estimate ground
cover type and density at the time of year when large runoff events are most likely to occur.
Figure 3-7 shows how to estimate ground cover density.

Hydrologic Condition — a *poor” hydrologic condition indicates impaired infiltration and
therefore increased runoff. A “good” hydrologic condition indicates factors which encourage
infiltration. For agricultural lands the hydrologic condition is a combination of factors
including percent ground cover, canopy of vegetation, amount of year—round cover, percent of
residue cover on the ground, grazing usage, and degree of roughness. For arid and semi-arid
lands the percent ground cover determines the hydrologic condition.

Hydrologic Soil Group — categorizes the surface and subsurface soils in terms of their ability
to absorb water. Sandy soils tend to fall into group “A,” whereas clay soils and rock
outcrops are usually in the “D” group. “A” soils are relatively permeable whereas “D’" soils
are not. SCS Soil Surveys include aerial photograph maps of soil series, and for each series a
hydrologic soil group has been assigned. SCS Soil Surveys are available by county for the
majority of New Mexico. Most of the soil surveys were performed through aerial photo
interpretation of large areas and detailed field inspections at selected locations. In watershed
areas where excavation or extensive reworking of the surface soils has occurred, the designer
should use field inspections to confirm the hydrologic soil group of the present surface soils.

Antecedent Moisture Condition (AMC) — describes the amount of moisture in the soil at the
lime rainfall begins. Antecedent moisture is categorized into three conditions: dry (1),
average (11) and wet (III). Tables 3—-1 through 3—4 list curve number values for various land
use categories and average AMC. The assumption of AMC = II is valid for design watershed
conditions on NMSHTD projects. For arid lands, an AMC of II may appear conservative, but
represents conditions which could reasonably occur in conjunction with the design rainfall
event. Occasionally a different AMC may be considered on a specific project. When
required, the curve number for an average AMC may be adjusted as shown in Table 3-5.
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BRUSH & WOODY

—CANOPY COV'ER—]

|

|

' |

- © O ke

—— FLAT SPREAD DENSITY
——— RECONNAISSANCE DENSITY
———BASAL OR GROUND LEVEL =
DENSITY

IYPES OF COVER DENSITIES FOR GRASSES, WEEDS, AND BRUSH,
USE BASAL DENSITIES FOR DESIGN

10% 20% 30% 40% 50% 3
D__ Q %q@
. OJI"9 O

100%

STANDARD METHOD OF MEASURING GROUND COVER DENSITY

Figure 3-7
Estimating Ground Cover Density
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Desert Brush: Brush-weed and grass
mixtures with brush the predominant
element. Some typical plants are —
Mesquite, Creosote, Yuccas, Sagebrush,
Saltbush, etc. This area is typical of lower
elevations of desert and semi—desert areas.

Herbaceous: Grass—weed—brush mixtures

with brush the minor element. Some
typical plants are — Grama, Tobosa, Broom
Snakeweed, Sagebrush, Saltbush, Mesquite,
Yucca, etc. This area is typical of lower
elevations of desert and semi—desert areas.

Mountain Brush: Mountain brush mixtures
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of Oak, Mountain Mohagany, Apache
Plume, Rabbit Brush, Skunk Brush, Sumac,
Cliff Rose, Snowberry, etc. Mountain
Brush is typical of intermediate elevations
and generally higher annual rainfall than
Desert Brush and herbaceous areas.

Juniper — Grass: These areas are mixed

with varying amounts of juniper, pifion,
grass, and cholla cover, or may be
predominantly of one species. Grass cover
is generally heavier than desert grasses due
to higher annual precipitation. Juniper —
Grass is typical of mountain slopes and
plateaus of intermediate elevations.

Ponderosa Pine: These are forest lands
typical of higher elevations where the
principal cover is timber.

Figure 3-8
Hydrologic Soil - Cover Complexes
and Associated Curve Numbers

Adapted from SCS, Chapter 2 for NM, 1985
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Table 3-1 — Runoff Curve Numbers for Arid and Semiarid Rangelands'
Source: USDA SCS, TR-55, 1986

Curve Numbers for

Cover Description Hydrologic Soil Group —

Hydrologic

Cover Type Condition? A' B C D
Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85

Oak-aspen—mountain brush mixture of oak Poor
brush, Fair 66 74 79
aspen, mountain mahogany, bitter brush, maple, Good 48 57 63
and other brush. 30 41 48
Pifion, juniper, or both; grass understory. Poor 75 85 89
Fair 58 73 80
Good 4] 61 71
Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86
palo verde, mesquite, and cactus. Good 49 68 79 84

! Average runoff condition.

2 Poor:  <30% ground cover (litter, grass, and brush overstory).
Fair: 30 to 70% ground cover.
Good: >70% ground cover.

3 Curve numbers for group A have been developed only for desert shrub.
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Tabte 3-2 — Runoff Curve Numbers for Cultivated Agricultural Lands'
' Source: USDA SCS, TR-55, 1986

Curve Numbers for

Cogei Deseription Hydrologic Soil Group —

Hydrologic

Cover Type Treatment? Condition® A B C D
Fallow Bare soil — 77 86 91 94
Crop Residue Cover (CR) Poor 76 8 90 93

Good 74 83 88 90

Row crops  Straight Row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90

Good 64 75 82 85

Contoured (C) Poor 70 79 84 88

Good 65 75 82 86

C +CR Poor 69 78 83 87

Good 64 74 8| 85

Contoured & Terraced (C&T) Poor 66 74 80 82

Good 62 71 78 81

C&T + CR Poor 65 73 719 8l

Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR + CR Poor 64 75 83 86

Good 60 72 80 84

(& Poor 63 74 82 85

Good 61 73 8l 84

C + CR Poor 62 73 81 84

Good 60 72 8 83

C&T Poor 61 7279 82

Good 59 70 78 8]

C&T + CR Poor 60 71 78 8l

Good 58 69 77 80

Close— SR Poor 66 77 85 89
seeded or Good 58 72 8l 85
broadcast C Poor 64 75 83 85
legumes or Good .55 69 78 83
rotation C&T Poor 63 73 80 83
meadow Good S5t 67 76 80

! Average runoff condition.
% Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.

) Hydrologic condition is based on combination of factors that affect infiltration and runoff, including (a)
density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of grass or
close-seeded legumes in rotations, (d) percent of residue cover on the land surface (good = 20%), and (€)
degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Table 3-3 — Runoff Curve Numbers for Other Agricultural Lands'
Source: USDA SCS, TR-55, 1986

Curve Numbers for

Coyerbesciiption Hydrologic Soil Group —

Hydrologic

Cover Type Condition A B C D
Pasture, grassland, or range—continuous forage Poor 68 79 86 89
for grazing.? Fair 49 69 79 84
Good 39 61 74 80
Meadow—continuous grass, protected from — 30 58 71 78

grazing and generally mowed for hay.
Brush—weed—grass mixture with brush Poor 48 67 77 83
the major element.? Fair 35 56 70 77
Good 30 48 65 73
Woods—prass combination (orchard or Poor 57 73 82 86
tree farm).’ Fair 43 65 76 82
Good 32 58 72 79
Woods. Poor 45 66 77 83
Fair 36 60 73 79
Good 30 55 70 77
Farmsteads—buildings, lanes, driveways, and - 59 74 82 86

surrounding Jots.

! Average runoff condition.

% Poor: <50% ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: >75% ground cover and lightly or only occasionally grazed.

3 Poor: <50% ground cover.
Fair: 50 to 75% ground cover.
Good: >75% ground cover.

“ Actual curve number is less than 30; use CN = 30 for runoff computations.

5 CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other
combinations of conditions may be computed from the CN’s for woods and pasture.

8 Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair:  Woods are grazed but not burned, and some forest litter covers the soil.
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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Table 3-4 — Runoff Curve Numbers Urban Areas'
Source: USDA SCS, TR-55, 1986

Curve Numbers for

ioxey Description Hydrologic Soil Group —

Average Percent
Cover Type and Hydrologic Condition Impervious Area> A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.)’:

Poor condition (grass cover < 50%) . ............. 68 79 86 89
Fair condition (grass cover 50% to 75%) .......... 49 69 79 84
Good condition (grass cover > 75%) . ............ 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc. (excluding -
rightof-way) ......... .. .. ... .. ... .. ... .. 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding

right—of-way) . ... ... .. ... ... ... . ... .. .. 98 98 98 98
Paved; open ditches (including right-of-way) . . . . .. 83 89 92 93
Gravel (including right~-of—way) . .......... .. .. 76 8 89 91
Dirt (including right—of-way) .. ... ... ........ . 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only)* . . .. 63 77 85 88

Artificial desert landscaping (impervious weed barrier,
desert shrub with 1— 1o 2-inch sand or gravel mulch

and basin borders) . ......... . ..., . ... ... .. 9% 96 96 96
Urban districts:

Commercial and business . . ... ..... ... .. .. ... . 85 80 92 94 95

Industrial . ... ... .. ... 72 Bl 88 91 93
Residential districts by average lot size:

178 acre or less (town houses) . ... .............. 65 77 85 90 92

Wdacte ... ... .. ... .. 38 61 75 83 87

3acre ... . 30 57 72 81 86

V2acre ... ... . . ..., ... R 25 54 70 80 85

lacre .. ... ... ... 20 51 68 79 84

2ACTES . . o 12 46 65 77 82

Developing urban areas
Newly graded areas (pervious areas only, no vegetation)® 77 8 91 94

Vacant lands (CN's are determined using cover types
similar to those in Table 3-3).

! Average runoff condition,

2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions
are as follows: impervious areas are directly connected to the drainage system, impervious areas have a
CN of 98, and pervious areas are considered equivalent to open space in good hydrologic condition. CN’s
for other combinations of conditions may be computed using Figure 3.9.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other
combinations of open space cover type.

4 Composite CN’s for natural desert landscaping should be computed using Figure 3.9 based on the
impervious area percentage (CN = 98) and the pervious area CN. The pervious area CN’s are assumed
equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be
computed using Figure 3.9, based on the degree of development (impervious area percentage) and the
CN’s for the newly graded pervious areas.
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Table 3-5 — Conversion from Average Antecedent Moisture Conditions
to Dry and Wet Conditions
Source: USDA SCS, TR-55, 1986

CN for Average Conditions Corresponding CN's for
Dry Wet

100 100 100
95 87 98
90 78 96
85 70 94
80 63 91
75 57 88
70 S 85
65 45 82
60 40 78
55 35 74
50 3] 70
45 26 65
40 22 60
35 18 55
30 15 50
25 12 43
LS 6 30
5 2 13
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with Connected and Unconnected
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3.3.1.3.2 CURVE NUMBER WEIGHTING

When hydrologic conditions are consistent throughout the watershed, then use of a single
curve number is appropriate. For watersheds where curve numbers vary by 10 or less, an
area weighted curve number is sufficient. When curve numbers vary dramatically within the
watcrshed, the designer should consider subdividing the watershed into different drainage
sub-basins. An alternative to subdividing a highly variable drainage basin is to use a Runoff
weighted curve number. Examples of each curve number weighting procedure are shown
below.

Area Weighted Curve Number

40% of the drainage basin is characterized by CN = 65
60% of the drainage basin is characterized by CN = 73

the area weighted cn = (A0) (65) + (60) (73) _ 69.8 use CN = 70
1.00

Runoff Weighted Curve Number

40% of the drainage basin is characterized by CN = 88
60% of the drainage basin is characterized by CN = 72

Assume a design rainfall event of 2.0 inches.

Use Figure 3-16 (o estimate

1.0 inches of direct runoff from the CN = 88 land
and 0.3 inches of direct runoff from the CN = 72 land
the average runoff is calculated as

(.40) (1.0) + (.60) (.03)

= 0.58 inches average direct runoff
1.00

Use Figure 3-16 to find a
runoff weighted curve number of CN = 80

Comparison of Methods

Recall that by the area weighted method we would have obtained a CN = 78.

The difference in this example is approximately 0.1 inches of direct runoff. This difference
becomes particularly important for small rainfall amounts where lower CN values may not
predict any runoff. In the example above a curve number difference of 2 resulted in a

0.58 — 0.50 _
50

.16

the runoff weighted curve number predicts a 16% increase in runoff.

Use the criteria described above to select the best weighting method.
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3.3.1.4 TiME OF CONCENTRATION

Time of Concentration is defined as the time required for runoff to travel from the
hydraulically most distant part of the watershed to the point of interest. Time of
concentration is one of the most important drainage basin characteristics needed to calculate
the peak rate of runoff. An accurate estimate of a watershed's time of concentration is crucial
to every type of hydrologic modeling.

The method used to calculate time of concentration must be consistent with the method of
hydrologic analysis selected for design. Designers working on NMSHTD projects must use
the time of concentration methods specified in this section for each hydrologic method.
Mixing of methods is not allowed on NMSHTD projects. Table 3—6 defines the correct time
of concentration method to be used for each hydrologic method.

Within each watershed the designer must locate the primary watercourse. This is the
watercourse that extends from the bottom of the watershed or drainage structure to the most
hydraulically remote point in the watershed. Most designers begin at the bottom of the
watershed and work their way upstream until the longest watercourse has been found. At the
top of the watershed a defined watercourse may not exist. In these areas overland flow will
be the domunant flow type. As the runoff proceeds downstream, overland flows will naturally
begin to coalesce, gradually concentrating together. Shallow concentrated flow often has
enough force to shape small gullies in erosive soils. Gullies eventually gather together until a
defined stream channel is formed. The water course is now large enough to be identified on
a quadrangle topographic map.

Sections along the primary watercourse should be identified which are hydraulically similar.
Time of concentration is estimated for each section of the watercourse. Time of
concentration in any given watershed is simply the sum of flow (ravel times within
hydraulically similar reaches along the longest watercourse. Time of concentration is
determined from measured reach lengths and estimated average reach velocities. The basic
equation for time of concentration is:

3-17
o LSS A DY .
A A AR
where
T, = Time of concentration, minutes
Vi = Average flow velocity in the uppermost reach of the watercourse, ft./sec.
L = Length of the uppermost reach of the watercourse, ft.
V,. Vi, ... = Average flow velocities in subsequent reaches progressing downstream,
ft./sec.
L,, Ly, ... = Lengths of subsequent reaches progressing downstream, ft.
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Table 3-6
Time of Concentration Method Selection Chart
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3.3.1.4.1 THE UPLAND METHOD

The Upland Method is used to estimate travel times for overland flow and shallow
concentrated flow conditions. Originally developed by the SCS, the upland method is limited
to use in watersheds less than 2000 acres in size, or to the upper reaches of larger watersheds.
For NMSHTD projects the Upland Method may be used for computing the time of
concentration when using the Rational Method or the Simplified Peak Flow method on an
un—gullied watershed.

At the very top of the watershed, sheet flow is the predominant flow regime. The overland
flow lines in Figure 3.10 may be used to estimate the velocity of sheet flow. Overland flow
continues until the volume of water creates a shallow concentrated flow regime. In erosive
soil formations with limited ground cover, the length of overland flow may be so short as to
be negligible. Given the slope of the land and some knowledge of the ground cover
conditions, Figure 3.10 may be used to estimate the velocity of shallow concentrated flow.
For NMSHTD projects, shallow concentrated flow is assumed to occur from the end of
overland flow to the bottom of a watershed where there is little or no gullying (10% or less).
Where gullying is evident in the majority of the watercourse (by field inspection, or by a blue
line on the USGS quadrangle topographic map), time of concentration should be computed by
the Kirpich Method for the entire watershed. When the Simplified Peak Flow method is
being used for NMSHTD projects, the Upland Method may be used for the un—gullied
portion of the watercourse, in combination with the Kirpich Formula for the gullied
sections of the watercourse.
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use the overland flow velocity given for 0.5 percent,

Note: For watercourses with slopes less than 0.5 percent,

except for shallow concentrated flow where a flatter

slope may be considered.

Moditied from SCS. NEH-4, 1972
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3.3.1.4.2 TimME OF CONCENTRATION BY THE KIRPICH FORMULA

This method is used to calculate time of concentration in gullied watersheds when using the
Rational Method or the Simplified Peak Flow Method. The Kirpich Formula should be used
when gullying is evident in more than 10% of the primary watercourse. Gullying can be
assumed if a blue line appears on the watercourse shown on the USGS quadrangle
topographic map. The Kirpich Formula is given as:

T, =0.0078 L7 §7% (3-18)
where
T, = time of concentration, in minutes
L = length from drainage to outlet along the primary drainage path, in feet
S = average slope of the primary drainage path, in ft./ft.

The Kirpich Formula should generally be used for the entire drainage basin. The exception 1o
this rule occurs when the Simplified Peak Flow Method is being used on NMSHTD projects
and the watercourse has a mixture of gullied and un-gullied sections. In these situations,
mixing of time of concentration methods is allowed. The Upland Method is used for the
ungullied portion of the primary watercourse, and the Kirpich Formula is used for the gullied
portion of the watercourse. The two times of concentration are added together to obtain the
total time of concentration of the watershed. Typically the Kirpich Formula is only used for
that portion of the watercourse shown in blue on the quadrangle topo map. Mixing of time
of concentration methods is only allowed with the Simplified Peak Flow Method for
NMSHTD projects.

3.3.1.4.3 THE STREAM HYDRAULIC METHOD

The stream hydraulic method is used when calculating peak flows by the Unit Hydrograph
Method in a watercourse where a defined stream channel is evident (blue line, solid or
broken, on a quadrangle topo map). The designer must measure or estimate the hydraulic
properties of the stream channel, and must divide the total watercourse into channel reaches
which are hydraulically similar. Field reconnaissance measurements of the stream channel are
best, however sometimes direct measurements are not possible. The designer must determine
the slope, channel cross section and an appropriate hydraulic roughness coefficient for each
channel reach. Average slope is often determined from the topographic mapping of the
watershed. Channel cross section should be measured in the field whenever possible.
Roughness coefficients of the waterway should be based on actual observations of the
walercourse or of nearby watercourses which are believed to be similar and which are more
accessible.

Time of Concentration by the stream hydraulic method is simply the travel time in the stream
channel. Channel flow velocities can be estimated from normal depth calculations for the
watercourse. In addition to the average flow velocity, designers should compute the Froude
Number of the flow. If the Froude number of the flow exceeds a value of 1.3, then the
designer should verify that supercritical flow conditions can actually be sustained. For most
earth lined channels the velocity calculation should be recomputed using a larger effective
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3.3.3 SIMPLIFIED PEAK FLOW METHOD

The Simplified Peak Flow method estimates the peak rate of runoff and runoff volume from
small to medium size watersheds. This method was developed by the Soil Conservation
Service and revised by that agency for use in New Mexico (“Peak Rates of Discharge for
Small Watersheds,” Chapter 2, SCS, 1985). Infiltration and other losses are estimated using
the SCS Curve Number (CN) methodology. Inpul parameters are consistent with those used
in the SCS Unit Hydrograph method. The Simplified Peak Flow method is limited for
NMSHTD use to single basins less than 5 square miles in area, and should not be used when
T. exceeds 8.0 hours. This method may be used on NMSHTD projects for those conditions
identified in SECTION 3.2 of this manual. This method should not be used for watersheds
with perennial stream flow.

The original Chapter 2 method (SCS,- 1973) included unit peak discharge curves for different
rainfall distributions, varying from 45% to 85% of the rainfall occurring in the peak hour.
After analysis of stream gage data, the 1985 update included only one peak discharge curve,
representing a variable rainfall distribution depending on the Time of Concentration of the
watershed. Therefore, a separate estimate of rainfall distribution is not required to use this
method. The analysis of gage data also showed that the method overestimated peak flows at
elevations above 7500 ft. Drainage structures above this elevation should be evaluated by the
unit hydrograph or USGS regression equation methods.

3.3.3.1 APPLICATION

Step 1 — Gather Input Data

4 Establish the appropriate Design Frequency Flood(s) for analysis
4 Estimate the drainage area, A, in acres (SECTION 3.3.1.1)
4 Compute the Time of Concentration, T, in hours (SECTION 3.3.1.4)

¢ Dectermine the appropriate runoff Curve Number, CN, for the drainage basin
(SECcTION 3.3.1.3)

¢ Obtain the 24-hour rainfall depth, P,,, for the appropriate design frequency, from
APPENDIX E
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Step 2 Determine the unit peak discharge, g,. for the watershed. The unit peak discharge
can be read from Figure 3-18, given the time of concentration, or calculated directly by the
following equation:

[ | fog (T + 03 |- log (T - 03]'3 (3=22)
g, = 0.543 1770812 10 10
where
q, = unit peak discharge from the watershed, in cfs/ac—in
T, = time of concentration, in hours
0]z () - 03 |- fog (7) - 03]
Note: for T, > 0.5 hours, the last term of the equation, 10 0 , is equal to 1.0

Step 3

Calculate the direct runoff from the watershed. The direct runoff is expressed as an average
depth of water over the entire watershed, in inches. The direct runoff may be read from
Figure 3-17 using the 24-hour rainfall depth P,, in inches, and the runoff curve number, CN.
The runoff depth may also be calculated from the following equation:

[P - (200/CNy + 2f B2
P, + (800/CN) - 8

Q,-

where
Q, = average runoff depth for the entire watershed, in inches

Step 4

Compute the peak discharge from the watershed by the following equation:

Qp:A.Qd.qu (3_24)
where
Q, = peak discharge, in cfs
A = drainage area, in acres
Step 5

Compute the runoff volume, if required. The runoff volume is obtained by the equation:

0, A (3-25)
12

Q,

where
Q, = runoft volume from the watershed, in ac—ft

PAGE NUMBER 3-50 NMSHTD DRAINAGE MANUAL DEeCEMBER 1995



- 2
- 2
%X
A
%
59
- >
£
06, "
w
i 5
Op 2
— Od. o
i % z
r
foe n o
-
" -
- 2 % - Z
N % <
—_ x J‘,’ (i
F 2 53 %
g Ec: (o)
Lo b F "
x
- |
| _(J a
ki s N
-
b -« ‘E
ca
et it Z g _
w
’_
b ¢
~ x
1 | | i i | | | 1 | -
o M~ 0 < M ~N o
S3IHONI NI (D) 440NNY 1D03yIa
Figure 3-17

Adapted from SCS. NEH-4, 1964

Estimating Direct Runoff
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Unit Peak Discharge
for the Simplified Peak Flow Method

Adapted from SCS, Chapter 2 for NM, 1985
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Step 6

Estimate Transmission Losses, if required. For watersheds less than 1.0 square miles in size
there i1s no reduction factor applied. Where base flow is observed or known to occur,
transmission Josses should not be included. For large watersheds with sand or gravel bed
channels, transmission losses may need to be considered. To compute transmission losses,
follow the procedure in the SCS document NEH-4, Chapter 19, Transmission Losses, 1983.
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DFADA Site 3 Project
Stormwater Channel Hydraulic Analysis
Four Corners Power Plant
Arizona Public Service Co.

Fruitland, New Mexico

Problem Statement

The objective of this calculation package was to determine the hydraulic properties associated with
the geometry of the Stormwater Diversion channel included in the DFADA Site 3 design. Generally,
stormwater flows resulting from the 100-year, 24-hour storm event have been routed around the
north side of the existing DFADA Site 2 and then around the north side of the future site of DFADA
Site 4 (as shown in Figure 1). Hydraulic calculations were also prepared to determine superelevation
of stormwater flows at Channel Segments 1 and 2 of the Stormwater Diversion Channel (curve C2
and C5 on Figure 1). In addition, the scour depth was calculated for the Stormwater Diversion
Channel. The Stormwater Diversion Channel has a constant bottom slope of 0.25 percent and the
flow is subcritical throughout its entirety; therefore, the channel will not experience any hydraulic
jumps. Finally, a temporary retention basin (located immediately upstream of the stormwater
diversion channel) was sized to retain the 100-Year, 24-Hour storm event.

Deliverables
¢ Channel dimensions.

* Superelevation at curve C2 in Channel Segments 1 and at curve C5 at Channel Segment 2
(shown in Figure 1).

e Scour depth of the channel.
e Temporary retention basin sizing.

Channel Design

The Stormwater Diversion Channel consists of three (3) distinct channel segments (see Figure 1),
which have been listed in the order from beginning to end of the channel as follows:

e Segment 1: The beginning of the Stormwater Diversion Channel, this channel segment
consists of a trapezoid channel with a 1.5:1 (H:V) cut slope serving as the left bank, a 15-foot
bottom width, and a 3:1 (H:V) slope serving as the right bank. Segment 1 has a bed slope of
0.25 percent, and has been armored with 6-inch Ds riprap on the right bank.



e Segment 2: A trapezoid channel with the 1.5:1 (H:V) cut slope serving as the left bank, a 20-
foot bottom width, and a 3:1 (H:V) slope serving as the right bank. Segment 2 has a bed
slope of 0.25 percent, and has been armored with 6-inch Ds riprap on the right bank.

¢ Segment 3: A trapezoid channel with the 1.5:1 (H:V) cut slope serving as the left bank, a 20-
foot bottom width, and a 3:1 (H:V) slope serving as the right bank. Segment 3 has a bed
slope of 0.25 percent, and has been armored with 6-inch Ds riprap on the right bank.

The channel design parameters that were used to determine the channel bottom width and flow depth
are presented in Table 1.

Table 1 - Channel Design Parameters

Channel Bed | y ' Side Slope | Right Side Slope
Channel Segment Slope
Yo H:V H:V
0.25 1.5:1 3:1
0.25 1.5:1 3:1
0.25 1.5:1 31

Manning’s Roughness Coefficient

Manning’s roughness coefficients (n-values) were selected from the materials library within the
Bentley’s Flowmaster ® program. A Manning’s roughness coefficient of 0.069 was used for riprap
material with a mean particle diameter (Dso) of six (6) inches. Only the right bank of the channel will
be riprap protected; a Manning’s roughness coefficient of 0.020 was used for unprotected, smooth
soil (channel bottom and left bank). A summary of the Manning’s roughness coefficients are
presented in Table 2.

Table 2 - Manning’s Roughness Coefficients

SC:;::;: Channel Lining Material n-value
1 Riprap D5y = 6 inches 0.069

2 Riprap Ds, = 6 inches 0.069

3 Riprap Ds = 6 inches 0.069
All None — Smooth Soil 0.020

Peak Discharge

The peak discharges used for the hydraulic analysis are based on the 100-Y ear, 24-Hour storm event,
which were calculated and presented in the 100-Year, 24-Hour Hydrology Calculation Package. The
peak discharges used for the hydraulic analysis are shown in Table 3.



Table 3 - Peak Discharge Summary Table

Channel Segment | Cumulative Peak Discharge at Channel Outlet
(cfs)
106

200
244

Results — Channel Dimensions

The bottom width and flow depths associated with each segment of the Stormwater Diversion
Channel were calculated using the normal depth computations in Bentley’s Flowmaster® software.
The results are presented in Table 4 below.

Table 4 - Channel Bottom Width and
Flow Depth Summary Table

Channel Segment | Bottom Width (ft) Fl‘“;f]t))ep“‘
15 2.06
20 2.52
20 2.86

Superelevation Analysis

The superelevation height was calculated for curve C2 in Channel Segments 1 and for curve C5 at
Channel Segment 2 (see Figure 1). The superelevation calculation was prepared in accordance with
the Hydraulic Design of Flood Control Channels, U.S. Army Corps of Engineers, EM-1110-2-1601,
July 1991.

Results — Superelevation

The calculated superelevation at curve C2 in Segment 1 of the Stormwater Diversion Channel was
calculated to be 0.01 feet. The flow depth within Segment 1 was calculated to be 2.06 feet; therefore,
an additional 0.01 feet added to account for the superelevation results in a total flow depth 0f 2.07
feet. With the total depth of the channel being 4.0 feet, the available freeboard in the channel at
curve C2 is approximately 1.93 feet.

The calculated superelevation at C5 in Segment 2 of the Stormwater Diversion Channel was
calculated to be 0.02 feet. The flow depth within Segment 2 was calculated to be 2.52 feet; therefore,
an additional 0.02 feet added to account for the superelevation results in a total flow depth of 2.54



feet. With the total depth of the channel being 4.0 feet, the available freeboard in the channel at
curve C5 is approximately 1.46 feet.

The required minimum freeboard for the Stormwater Diversion Channel is 1 foot. Based on the
results of the calculations, the superelevated channel flow will be below the desired maximum flow
depth of 3 feet.

Scour Depth Analysis

The scour depth was calculated for each channel segment. The scour depth calculation was prepared
in accordance with the Standards Manual for Drainage Design and Floodplain Management in
Tucson, Arizona, City of Tucson, December 1989 (Revised July, 1998). The scour contributing to the
total scour within the Stormwater Diversion Channel are general scour, anti-dune trough depth, bend
scour, and low flow thalweg depth. The total calculated scour was then multiplied by 1.3 for the
design scour depth. A minimum scour depth of three (3) feet was assumed for each channel segment.
The scour depth was calculated to be 1.4 feet, 1.6 feet, and 1.6 feet for Channel Segments 1, 2, and 3
respectively. The minimum scour depth of three (3) feet was applied to all channel segments.

Temporary Retention Basin Sizing

The temporary retention basin is designed for retention of the 100-Year, 24-Hour storm event. The
volume of water calculated for this storm event is 4.53 acre-feet. The total capacity of the retention
basin is 5.82 acre-feet, at a water surface elevation of 5,242 feet. The capacity of the basin at
elevation 5,241 feet (to account for a 1-foot freeboard) is 5.04 acre-feet, conservatively exceeding
the required capacity of 4.53 acre-feet.
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Attachment 1

Channel Design Calculation Worksheets



Worksheet for Channel_1-Trap-Mix 15'-d50=6"

Project Description

Friction Method Manning Formula
Solve For Normal Depth

Input Data

Channel Slope 0.00250 fyit
Discharge 106.00 ft¥/s

Section Definitions

Statjon {1} Elevalion ()
0+00 5.00
0+15 0.00
0+30 0.00
0+38 5.00

Roughness Segment Definitions

Stait Statlom EndingStation Raughness Casfintent

(0+00, 5.00) (0+15, 0.00) 0.069
(0+15, 0.00) (0+30, 0.00) 0.020
(0+30, 0.00) (0+38, 5.00) 0.020

Options

Gurrent Roughness vveighted Pavlovskii's Method

Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 2.06
Elevation Range 0.00to 5.00 ft

Flow Area 40.63 f2
Wetted Perimeter 2540 ft
Hydraulic Radius 1.60 ft
Top Width 2447 ft
Normal Depth - 206 ft

Bentley Systems, Inc. Haestad Methods SdBstitieCERteMaster V8i (SELECTseries 1) [08.11.01.03]
3/27/2014 3:28:18 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel_1-Trap-Mix 15'-d50=6"

Results

Critical Depth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flow Type Subcritical

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

1.09
0.02320
261
0.1
2.16
0.36

0.00
477.00

0.00

1.19
Infinity
Infinity

2.06

1.09

0.00250
0.02320

ft/ft
ftls

ft/s
ft/s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods SdhetitieyCEintetMaster V8i (SELECTseries 1) [08.11.01.03]

3/27/2014 3:28:18 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Channel 2-Trap-Mix 20'-d50=6"

Project Description

Friction Method
Solve For

Input Data

Channel Slope
Discharge

Section Definitions

Manning Formula
Normal Depth

0.00250 fi/ft
200.00 ft¥s

Station (it) Elevation (ft)
0+00 5.00
0+15 0.00
0+35 0.00
0+43 5.00
Roughness Segment Definitions
Start Station Ending Station
(0+00, 5.00) (0+15, 0.00)
(0+15, 0.00) (0+35, 0.00)
(0+35, 0.00) (0+43, 5.00)
Options
Current Roughness weighted Pavlovskii's Method
Method
Open Channel Weighting Method Pavlovskii's Method
Closed Channel Weighting Method Pavlovskii's Method
Results
Normal Depth 2.52
Eievation Range 0.00 to 5.00 ft
Flow Area 65.11 ft2
Wetted Perimeter 32.74 ft
Hydraulic Radius 1.99 f#
Top Width 31.61 ft
Normal Depth 252 ft

Roughness Coefficient

0.069
0.020
0.020

Bentley Systems, Inc. Haestad Methods SdhetitieyCElteVMaster V8i (SELECTseries 1) [08.11.01.03]
3/27/2014 3:30:30 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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Worksheet for Channel_2-Trap-Mix 20°-d50=6"

Results

Critical Depth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flow Type Subcritical

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

1.38
0.02061
3.07
0.15
2.67
0.38

0.00
477.00

0.00

1.19
Infinity
Infinity

2.52

1.38

0.00250
0.02061

ft/s
ft/'s

ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods SdBetitieyCEteMaster V8i (SELECTseries 1) [08.11.01.03]

3/27/2014 3:30:30 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Channel_3-Trap-Mix 20°-d50=6"

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Discharge

Section Definitions

Manning Formula
Normal Depth

0.00250 fuft
24400 ftYs

Station (ft) Elevation (ft)
0+00 5.00
0+15 0.00
0+35 0.00
0+43 5.00
Roughness Segment Definitions
Start Station Ending Station
(0+00, 5.00) (0+15, 0.00)
(0+15, 0.00) (0+35, 0.00)
(0+35, 0.00) (0+43, 5.00)

Optiens

Current Roughness Weighted
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Normal Depth
Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth

Pavlovskii's Method
Pavlovskii's Method
Pavlovskii's Method

2.86
0.00 to 5.00 ft
76.13
34.46
2.21
33.17
2.86

S 2 2 2

Roughness Coefficient

0.069
0.020
0.020

Bentley Systems, Inc. Haestad Methods SdstitieCERtelaster V8i (SELECTseries 1) [08.11.01.03]
3/27/2014 3:33:36 PM 27 Slemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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Worksheet for Channel_3-Trap-Mix 20°-d50=6"

Results

Critical Depth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flow Type Subcritical

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

1.56
0.02105
3.21
0.16
3.02
0.37

0.00
477.00

0.00

1.19
Infinity
Infinity

2.86

1.56

0.00250
0.02105

ft
ft/ft
ft/s

Bentley Systems, Inc. Haestad Methods SdhstitieyCEldeiMaster V8i (SELECTseries 1) [08.11.01.03]

3/27/2014 3:33:36 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Attachment 2

Superelevation Calculations
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(3) Most channels (including concrete-lined chan-
nels) with appreciable velocity are hydraulically rough.
Plates 4 and 5 are furnished as an aid for determining
friction coefficients from equivalent roughness. Irrigation
and power canals generally fall in the transition zone
shown in Plate 3.

(4) Table 2-1, extracted from HDC sheets 631 to
631-2, provides acceptable equivalent roughness values
for straight, concrete-lined channels.

(5) See Chapter 3 for friction coefficients for riprap.

(6) Values of k for natural river channels usually
fall between 0.1 and 3.0 ft (see Table 8-1 of Chow

Table 2-1
Acceptable Equivalent
Roughness Values

Design Problem k,ft
Discharge Capacity ' 0.007
Maximum Velocity 0.002
Proximity to Critical
Depth'

Tranquil Flow 0.002

Rapid Flow 0.007
Note:

1. To prevent undesirable undulating waves, ratios of flow depth
to critical depth between 0.9 and 1.1 should be avoided where
economically feasible.

1959). These values will normally be much larger than
the spherical diameters of the bed materials to account for
boundary irregularities and sand waves. When friction
coefficients can be determined from experienced flow
information, k values should then be computed using the
relations described in Equation 2-6. The k values s0
determined apply to the surfaces wetted by the experi-
enced flows. Additional wetted surfaces at higher stages
should be assigned assumed k values and an effective
roughness coefficient computed by the method outlined in
Appendix C if the increased wetted surfaces are estimated
to be appreciably smoother or rougher. Values of k for
natural channels may also be estimated from Figures 8
and 9 of Chow (1959) if experimental data are not
available.
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d. Flow classification. There are several different
types of flow classification. Those treated in this para-
graph assume that the channel has a uniform cross-
sectional rigid boundary. The concepts of tranquil and
rapid flows are discussed in (1) below. The applicability
of the newer concepts of steady rapid flow and pulsating
rapid flow to design problems are treated in (2) below.
All of these concepts are considered from the viewpoint
of uniform flow where the water-surface slope and energy
grade line are parallel to the bottom slope. Flow classifi-
cation of nonuniform flow in channels of uniform solid
boundaries or prismatic channels is discussed in 3)
below. The design approaches to flow in nonprismatic
channels are treated in other portions of this manual.

(1) Tranquil and rapid flows.

(a) The distinction between tranquil flow and rapid
flow involves critical depth. The concept of specific
energy H, can be used to define critical depth. Specific
energy is defined by

H=d+oa (2-8)
e 2g
where
d = depth

Ol = energy correction factor
V?2g = velocity head

Plate 6 shows a specific energy graph for a discharge q
of 100 cubic feet per second (cfs) (two-dimensional
flows). Each unit discharge has its own critical depth:

2 (2-9)

The development of this equation is given by pp 8-8 and
8-9 of Brater and King (1976). It may be noted that the
critical depth occurs when the specific energy is at a
minimum. Flow at a depth less than critical (d < d,) will
have velocities greater than critical (V > V), and the flow
is described as rapid. Conversely, when d > d, and V
<V, , the flow is tranquil.



EM 1110-2-1601
1 Jul 91

(b) 1t may be noted in Plate 6 that in the proximity
of critical depth, a relatively large change of depth may
occur with a very small variation of specific energy.
Flow in this region is unstable and excessive wave action
or undulations of the water surface may occur.
Experiments by the US Army Engineer District (USAED),
Los Angeles (1949), on a rectangular channel established
criteria to avoid such instability, as follows:

Tranquil flow: d > 1.1d, or F <0.86
Rapid flow: d <0.9d, or F > 1.13

where F is the flow Froude number. The Los Angeles
District model indicated prototype waves of appreciable
height occur in the unstable range. However, there may
be special cases where it would be more economical to
provide sufficient wall height to confine the waves rather
than modify the bottom slope.

(c) Flow conditions resulting with Froude numbers
near 1.0 have been studied by Boussinesq and Fawer.
The results of their studies pertaining to wave height with
unstable flow have been summarized by Jaeger (1957,
pp 127-131), including an expression for approximating
the wave height. The subject is treated in more detail in
paragraph 4-3d below. Determination of the critical depth
instability region involves the proper selection of high and
low resistance coefficients. This is demonstrated by the
example shown in Plate 6 in which the depths are taken
as nommal depths and the hydraulic radii are equal to
depths. Using the suggested equivalent roughness design
values of k = 0.007 ft and k = 0.002 ft , bottom slope
values of S, =0.00179 and S, = 0.00143 , respectively,
are required at critical depth. For the criteria to avoid the
region of instability (0.9d, < d < 1.1d,), use of the smaller
k value for tranquil flow with the bottom slope adjusted
so that d > 1.1d, will obviate increased wall heights for
wave action. For rapid flow, use of the larger k value
with the bottom slope adjusted so that d < 0.9d, will
obviate increased wall heights should the actual surface be
smoother. Thus, the importance of equivalent roughness
and slope relative to stable flow is emphasized. These
stability criteria should be observed in both uniform and
nonuniform flow design.

(2) Pulsating rapid flow. Another type of flow
instability occurs at Froude numbers substantially greater
than 1. This type of flow is characterized by the
formation of slugs particularly noticeable on steep slopes
with shallow flow depth. A Manning’s n for pulsating
rapid flow can be computed from

24

176
0.0463R™ _ 4 04 ~ log, ;

§

(2-10)
n

The limiting Froude number F, for use in this equation
was derived by Escoffier and Boyd (1962) and is given
by

F g

= , (2-11)
Vg 07 (1 + 20

where & , the flow function, is given by

- 9
g bS/Z

where Q is the total discharge and ( , the depth-width
ratio, is given by

==a'
¢=3

where b is the bottom width.

Plate 7 shows the curves for a rectangular channel and
trapezoidal channels with side slopes Z of 1, 2, and 3.

(3) Varied flow profiles. The flow profiles discussed
herein relate to prismatic channels or uniform cross sec-
tion of boundary. A complete classification includes
bottom slopes that are horizontal, less than critical, equal
to critical, greater than critical, and adverse. However,
the problems commonly encountered in design are mild
slopes that are less than critical slope and steep slopes
that are greater than critical slope. The three types of
profiles in each of these two classes are illustrated in
HDC 010-1. Chow (1959) gives a well-documented
discussion of all classes of varied flow profiles. It should
be noted that tranquil-flow profiles are computed proceed-
ing upstream and rapid-flow profiles downstream. Flow
profiles computed in the wrong direction result in diver-
gences from the cormrect profile. Varied-flow computa-
tions used for general design should not pass through
critical depth. Design procedures fall into two basic cate-
gories: uniform and nonuniform or varied flow. Many
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determinations of losses difficult. Model tests should be
considered for important rapid-flow transitions.

2-5. Flow in Curved Channels
a. General.

(1) The so-called centrifugal force caused by flow
around a curve results in a rise in the water surface on the
outside wall and a depression of the surface along the
inside wall. This phenomenon is called superelevation,
In addition, curved channels tend to create secondary
flows (helicoidal motion) that may persist for many chan-
nel widths downstream. The shifling of the maximum
velocity from the channel center line may cause a disturb-
ing influence downstream. The latter two phenomena
could lead to serious local scour and deposition or poor
performance of a downstream structure. There may also
be a tendency toward separation near the inner wall, espe-
cially for very sharp bends. Because of the complicated
nature of curvilinear flow, the amount of channel align-
ment curvature should be kept to a minimum consistent
with other design requirements.

(2) The required amount of superelevation is usually
,small for the channel size and curvature commonly used
'in the design of tranquil-flow channels. The main
problem in channels designed for rapid flow is standing
waves generated in simple curves. These waves not only
affect the curved flow region but exist over long distances
downstream. The total rise in water surface for rapid
flow has been found experimentally to be about twice that
for tranquil flow.

(3) Generally, the most economical design for rapid
flow in a curved channel results when wave effects are re-
duced as much as practical and wall heights are kept to a
minimum. Channel design for rapid flow usually involves
low rates of channel curvature, the use of spiral transi-
tions with circular curves, and consideration of invert
banking.

b. Superelevation. The equation for the transverse
water-surface slope around a curve can be obtained by
balancing outward centrifugal and gravitational forces
(Woodward and Posey 1941). If concentric flow is
assumed where the mean velocity occurs around the
curve, the following equation is obtained

ap=cY¥W (2-31)
gr

where

Ay =rise in water surface between a
theoretical level water surface at
the center line and outside water-
surface elevation (superelevation)

C = coefficient (see Table 2-4)
V =mean channel velocity

W = channel width at elevation of
center-line water surface

g = acceleration of gravity

r =radius of channel center-line
curvature

Use of the coefficient C in Equation 2-31 allows compu-
tation of the total rise in water surface due fo
superelevation and standing waves for the conditions
listed in Table 2-4. If the total rise in water surface
(superelevation plus surface disturbances) is less than
0.5 ft, the normally determined channel freeboard (para-
graph 2-6 below) should be adequate. No special
treatment such as increased wall heights or invert banking
and spiral transitions is required.

Table 2-4
Superelevation Formula Coefficients

Channel
Flow Type Cross Section  Type of Curve Value of C
Tranquil  Rectangular Simple Circular 0.5
Tranquil  Trapezoidal Simple Circular 0.5
Rapid Rectangular Simple Circular 1.0
Rapid Trapezoidal Simple Circular 1.0

Rapid Rectangular
Rapid Tapezoidal
Rapid Rectangular

Spiral Transitions 0.5
Spiral Transitions 1.0
Spiral Banked 0.5

(1) Tranquil flow. The amount of superelevation in
tranquil flow around curves is small for the normal chan-
nel size and curvature used in design. No special treat-
ment of curves such as spirals or banking is usually
necessary. Increasing the wall height on the outside of the
curve to contain the superelevation is usually the most
economical remedial measure. Wall heights should be
increased by Ay over the full length of curvature. Wall
heights on the inside of the channel curve should be held



to the straight channel height because of wave action on
the inside of curves.

(2) Rapid flow. The disturbances caused by rapid
flow in simple curves not only affect the flow in the
curve, but persist for many channel widths downstream.
The cross waves generated at the beginning of a simple
curve may be reinforced by other cross waves generated
farther downstream. This could happen at the end of the
curve or within another curve, provided the upstream and
downstream waves are in phase. Wall heights should be
increased by the amount of superelevation, not only in the
simple curve, but for a considerable distance downstream.
A detailed analysis of standing waves in simple curves is
given in Ippen (1950). Rapid-flow conditions are
improved in curves by the provision of spiral transition
curves with or without a banked invert, by dividing walls
to reduce the channel width, or by invert sills located in
the curve. Both the dividing wall and sill treatments
require structures in the flow; these structures create
debris problems and, therefore, are not generally used.

(a) Spiral transition curves. For channels in which
surface disturbances need to be minimized, spiral transi-
tion curves should be used. The gradual increase in wall
deflection angles of these curves results in minimum wave
heights. Two spiral curves are provided, one upstream
and one downstream of the central circular curve. The
minimum length of spirals for unbanked curves should be
determined by (see Douma, p 392, in Ippen and Dawson
1951)

L =18 W

(2-32)
Ver

where y is the straight channel flow depth.

(b) Spiral-banked curves. For rectangular channels,
the invert should be banked by rotating the .bottom in
fransverse sections about the channel center line. Spirals
are used upstream and downstream of the central curve
with the banking being accomplished gradually over the
length of the spiral. The maximum amount of banking or
difference between inside and outside invert elevations in
the circular curve is equal to twice the superelevation
given by Equation 2-31. The invert along the inside wall
is depressed by Ay below the center-line clevation and
the invert along the outside wall is raised by a like
amount. Wall heights are usually designed to be equal on
both sides of the banked curves and no allowance needs
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to be made for superelevation around the curve, The
minimum length of spiral should be 30 times the amount
of superelevation (Ay) (USAED, Los Angeles, 1950).

L, = 30y (2-33)

The detailed design of spiral curves is given in
Appendix D. A computer program for superelevation and
curve layout is included. Banked inverts are not used in
trapezoidal channels because of design complexities and
because it is more economical to provide additional free-
board for the moderate amount of superelevation that
usually occurs in this type of channel,

¢.  Limiting curvature. Laboratory experiments and
field experience have demonstrated that the helicoidal
flow, velocity distribution distortion, and separation
around curves can be minimized by properly proportion-
ing channel curvature. Woodward (1920) recommends
that the curve radius be greater than 2.5 times the channel
width. From experiments by Shukry (1950) the radius of
curvature should be equal to or greater than 3.0 times the
channel width to minimize helicoidal flow.

(1) Tranquil flow. For design purposes a ratio of
radius to width of 3 or greater is suggested for tranquil
flow.

(2) Rapid flow. Large waves are generated by rapid
flow in simple curves. Therefore a much smaller rate of
change of curvature is required than for tranquil flow. A
1969 study by USAED, Los Angeles (1972), of as-built
structures shows that curves with spiral transitions, with

or without banked inverts, have been constructed with
radii not less than

(2-34)

where

Tmin = Minimum radius of channel curve
center line

V = average channel velocity
W= channel width at water surface

y = flow depth

213
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The amount of superelevation required for spiral-banked
curves (b above) is given by

(2-35)

However, this study indicates that the maximum allowable
superelevation compatible with Equation 2-34 is

2Ay = W tan 10 = 0.18W (2-36)

or

Ay = 0.09W

d Bend loss. There has been no complete, 8ys-
tematic study of head losses in channel bends. Data by
Shukry (1950), Raju (1937), and Bagnold (1960) suggest
that the increased resistance loss over and above that
attributable to an equivalent straight channel is very small
for values of /W > 3.0 . For very sinuous channels, it
may be necessary to increase friction losses used in de-
sign. Based on tests in the Tiger Creek Flume, Scobey
(1933) recommended that Manning’s n be increased by
0.001 for each 20 deg of curvature per 100 ft of channel,
up to a maximum increase of about 0.003. The small in-
crease in resistance due to curvature found by Scobey was
substantiated by the USBR field tests (Tilp and Scrivner
1964) for /W > 4 . Recent experiments have indicated
that the channel bend loss is also a function of Froude
number (Rouse 1965). According to experiments by
Hayat (Rouse 1965), the free surface waves produced by
flow in a bend can cause an increase in resistance.

2-6. Special Considerations
a. Freeboard.

(1) The freeboard of a channel is the vertical dis-
tance measured from the design water surface to the top
of the channel wall or levee. Freeboard is provided to
ensure that the desired degree of protection will not be
reduced by unaccounted factors. These might include
erratic hydrologic phenomena; future development of
urban areas; unforeseen embankment settlement; the accu-
mulation of silt, trash, and debris; aquatic or other growth

2-14

in the channels; and variation of resistance or other coeffi-
cients from those assumed in design.

(2) Local regions where water- surface elevations are
difficult to determine may require special consideration.
Some examples are locations in or near channel curves,
hydraulic jumps, bridge piers, transitions and drop
structures, major junctions, and local storm inflow struc-
tures. As these regions are subject to wave-action
uncertainties in water-surface computations and possible
overtopping of walls, especially for rapid flow, conserva-
tive freeboard allowances should be used. The backwater
effect at bridge piers may be especially critical if debris
accumulation is a problem.

(3) The amount of freeboard cannot be fixed by a
single, widely applicable formula. It depends in large part
on the size and shape of channel, type of channel lining,
consequences of damage resulting from overtopping, and
velocity and depth of flow. The following approximate
freeboard allowances are generally considered to be satis-
factory: 2 ft in rectangular cross sections and 2.5 fi in
trapezoidal sections for concrete-lined channels; 2.5 ft for
riprap channels; and 3 ft for earth levees. The freeboard
for riprap and earth channels may be reduced somewhat
because of the reduced hazard when the top of the riprap
or earth channels is below natural ground levels, It is
usually economical to vary concrete wall heights by 0.5-ft
increments to facilitate reuse of forms on rectangular
channels and trapezoidal sections constructed by -channel
pavers.

(4) Freeboard allowances should be checked by
computations or model tests to determine the additional
discharge that could be confined within the freeboard
allowance. If necessary, adjustments in freeboard should
be made along either or both banks to ensure that the
freeboard allowance provides the same degree of protec-
tion against overtopping along the channel.

b. Sediment transport. Flood control channels with
tranquil flow usually have protected banks but unprotected
inverts. In addition to reasons of economy, it is some-
times desirable to use the channel streambed to percolate
water into underground aquifers (USAED, Los Angeles,
1963). The design of a channel with unprotected inverts
and protected banks requires the determination of the
depth of the bank protection below the invert in regions
where bed scour may occur. Levee heights may depend
on the amount of sediment that may deposit in the chan-
nel. The design of such channels requires estimates of
sediment transport to predict channel conditions under
given flow and sediment characteristics. The subject of
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DFADA Site 3
Depth of Scour
Stormwater Diversion Channel

Channel Inpuls Flow Master Qutput Additional Scour Inputs
Peak Flow, | Channei Radius of | Regional Depth of | Top Width, | Froude # Average Energy Fiow Area, | Hydraulic | Discharge
Q Slope, S Curve, R, Channel Flow, Y e T Velocity, Vi,| Slope, S, A Depth, Y}, Per Unit
Location Widlh, q
cfs ft/ft ft ft fl ft/s ft/ft ft ft cfs/fl
Channel 1 106 0.0025 250 No 2.06 2447 0.36 261 0.0025 40.63 1.66 5.37
Channel 2 200 0.0025 250 No 2.52 31.61 0.38 3.07 0.0025 6511 2.06 7.74
Channel 3 244 0.0025 250 No 2.86 33.17 0.37 3.21 0.0025 76.13 2.30 9.17
Scour Calculations
Location Zys Z, 7, Zy Zls Z Selected Z;
ft ft ft ft ft ft ft
Channel 1 0.00 0.09 0.00 1.00 0.00 1.4 3.0
Channel 2 0.00 0.13 0.10 1.00 0.00 1.6 3.0
Channei 3 0.00 0.14 0.13 1.00 0.00 1.6 3.0
Depth of Scour
Reference: City of Tucson, City of Tucson Standards Manual for Drainage Design and Floodplain Management, December 1989 (Revised July 1998)

2, =13 ( 2y + 052, + Ziy + Zpg + 2 )

Where:

Z= Design Scour

Z,, = General Scour

2= Anti-Dune Trough Depth
Z,.= Local Scour

Z,,= Bend Scour

Zi; = Low Flow Thalweg

General Scour: Zeller Equation (1981)

Ref to Pg. 6.09, of COT Manual

Zge = Yrma{ (0.0885V,, (Y, )(S,"%) -1)

Where:

Y max = Maximum Depth of Flow (Water Surface Elevation - Minimum Channel Elevation)
V,,, = Average Velocily of Flow

Yy, = Hydraulic Depth = A/T

S, = Energy Slope (or Channel Slope for uniform-flow conditions)

Anti-Dune Trough Depth:

Ref to Pg. 6.09, of COT Manual

Z,=0.0137V,?

Where:

V,, = Average Velocity of Flow

Anti-Dune Trough cannol exceed one-half of lhe depth of flow

Bend Scour:

Refer to Pg. 6.11 of COT Manual

Z, ={(0.0685Y Vi N(Ys” *}(S:"*IN2.1(T/AR ) 2-1)

Where:

Y max = Maximum Depth of Flow (Water Surface Elevation - Minimum Channel Elevation}
V,, = Average Velocity of Flow

Yy, = Hydraulic Depth = A/T

S, = Energy Slope (or Channel Slope for uniform-flow conditions)

T = Channel Top Width of Water Surface

R, = Centerline Radius of Curve

Low Flow Thalweg:

Ref to Pg. 6.09, of COT Manual

Zy = 0 if the ration of the flow widlh lo the flow depth is less than 1.15 times the 100-year velocity
Z,, = 2-t for Regional Watercourses (Qq, 22000 cfs)

Zy = 1L for others

Local Scour: N/A
Ref to Pg. 6,13, of COT Manual

Local scour occurs whenever lhere is an abrubt change in the direction of flow, such as obstructions and drops.
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Depth\Scour Depth.xlsx




S RBEEEFE R ERERRFEE

[slalelelalelels]

&
@

Dapth of Scour
Haforanco:

2,513 (24 + 052, + 2, 4 Zou + Zn)

Wihere:

Z= Design Scour

2oy = Gonaral Scour

Z, = Anti-Duna Trough Deplh
&, = Local Scour

24, = Band Scour

Za = Low Flow Thalweg

Gonaral Scour: Zeller Equation {1981}

Ral fo Pg. 6.09, of COT Manual

230 = Yonad (0.0885V,e” WY (8,7 1)

Wihate!

¥ max = Maximum Deplh of Flow {Waler Surface Elev
V... = Average Velocily of Flow

¥\, = Hydraulic Depth = A/T

5, = Energy Slope (or Channel Slope for uniform-flo

Anti-Dune Trough Dapth:

Fof fo Pg. 6.09. of COT Manuat

2z, = 00137y,

Wheta:

Ve = Average Veloclty of Flow

Anti-Duna Trough cannol exceed one-hall of the dep

Band Scour:

Rala (o Pg. 6,11 of COT Manual

Zia =((0.0685Y eV *M(Ys” HSe” N2 A(T/AR,) 24
W haro

¥ oege * Maximum Depth of Flow (Waler Surface Elev
V.. = Average Velocity of Flow

= Hydraulic Depth = AT

5, = Energy Slope (or Channel Siope for uniform-flo
T = Channal Top Width of Waler Surface

ft, = Cenlerline Radius of Curve

Low Flow Thalweg:
af 10 Pg. 6.09, of COT Manual
Za = 0 if Lhe ralion of the flow widlh to the flow deplt

P:A\WRES\Arizona_Public_Service\23446460_APS_DFADA__ 3 Phase Il_Design\s_0_T

zlzRlefslels [ejslale|sRlzlsislsle]slolz i)

24 = 2-1t for Regional Walercourses (Q49 22000 cfs
£ = 1-fL for others.

Cily of Tucson, Cily of Tucson Slandards Manual for Drainage Design and Floodptain Managemer

A | [ 3 L o I E F 1 ] | H [ + T o T[] v f ™
| 1 |DFADA Site 3
| 2 |Depth of Scour
|_3 |Stormwater Diversion Channel
e
5 Channal Inputs Flow Mastor Output Additional Scour lngpul
Peak Flow, Q Channel Slops, S Radius of Curve, R, Regional Channel Depth of FIow, Yma, Top Widlh, T Froude # Average | Energy | Flow
Velocily, | Slope, | Area,
Location Ve S. A
cls wh it h 1§ fi/s [V [
Chariod 1 106 5 250 ~iF{BB»2000,"Yos" e “NoT) 2.00 2847 [ 2481 =CH 4061
Charusd 2 250 AF{BO 2000 "Yas"," 562 31.61 L. 307 L 68
Charnel 3 ﬁ 0 006 Eﬂ er;nanazmu “You", N;]j FED) IJG 17 037 |3.2I =10 Iru 13
Scour Calculations
Location [ P F7 7in FA Saleclod 2,
s L] e L TR n [ n
[=AB =IF[FE* ({0 TBRS 180 B)/{(LE70 4; -1)=0 FA7{I0 (B0 13? I8"2>0.5F8. 0 5°FB.0.013718YY | =IF{08=0,0.IF({{0 OGBS FA'I80. BL 8" 4" J8%0. 3)1*((2 1{GB/A/DE}0 31.1)<0, O, {{0.0685"FB 180 SMLAMD 4870, 3]}'{;? PIGEADED, F}:Iu} FROUNOURT 3EIE0 5 CI6+E 16 D16+F 16) 1 [2IF(G16>3,616,3]
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V1. EROSION AND SEDIMENTATION

degradation changes occurring throughout the river, and to establish the new channel
configuration for the next time step.

This methodology has been successfully applied to a number of practical
engineering problems. It provides a feasible and relatively cost-effective approach to
design problems in alluvial rivers.

6.5.3 Dynamic Mathematical Modeling

Dynamic mathematical modeling of water and sediment routing is the next level of
sophistication and complexity in determining alluvial-channel changes. It involves
unsteady, non-uniform flow routing for determining the hydraulic conditions to be used
to calculate sediment transport, aggradation, and degradation.

Unsteady, non-uniform flow routing solves equations governing the motion of
water in open channels, These equations are mathematical descriptions of the physical
phenomena. The two basic principles for water routing are continuity and momentum.
Continuity states that water coming into a reach is either stored in the reach or
passes downstream without gaining or losing water.

The momentum principle balances the forces and accelerations acting on flowing
water. Generally, the continuity and momentum equations, along with a resistance to
flow equation involving Manning’s n or. Chezy’s C, are solved numerically in finite-
difference form. The results are the hydraulic variables of velocity, depth, and width
for unsteady, non-uniform flow. These are then used to route sediment. Sediment
movement is controlled by the shear forces acting on the bed, transport capacity of
the flow, and both availability and supply. Equations used in these calculations are
described in most sedimentation textbooks. To compute aggradation and degradation,
the sediment-continuity equation is used.

While dynamic mathematical modeling can give excellent results, it is very
complex. Fortunately, it is not often required to solve many of the more
straightforward, practical problems that designers will usually encounter within the
Tucson area. In fact, most aggradation and degradation problems can be solved to an
acceptable degree of accuracy by the several methods previously described within this
chapter of the Manual.

6.6 Depth of Scour

Scour, or lowering of a channel bed (excluding long-term aggradation/
degradation), can be caused by discontinuity in the sediment-transport capacity of the
flow during a runoff event (general scour);, the formation of anti-dunes in the channel
bed during a runoff event;, transverse currents within the flow through a bend (bend
scour) during a runoff event; local disturbances, such as abutments or bridge piers,
during a runoff event; and the formation of a low-flow channel thalweg. The design
depth of scour (excluding long-term aggradation/degradation, which must be added for
toe-down design) is the sum of all these individual scour components, and can be
expressed by:
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Zy=13(Zy+1/2Z, + Z)y+ Zy, + Zi) (6.3)
Where:
zZ, = Design scour depth, excluding long-term aggradation/degradation,
in feet;
ng = General scour depth, in feet;

N
I

Anti-dune trough depth, in feet;

Z, = Local scour depth, in feet;

Z,, =  Bend scour depth, in feet;

Zig = Low-flow thalweg depth, in feet; and,

1.3 Factor of safety to account for nonuniform flow distribution.

1

The various equations for depth of scour which are to follow were developed
strictly for use in conjunction with sand-bed channels in which the bed material is
erodible to the depth specified by the applicable equations. However, this situation
does not always exist in channels located within the City of Tucson. In some areas of
the city, the channel has degraded to a point where the exposed bed is no longer
composed of strictly unconsolidated alluvial material, but rather of consolidated hard-
pan or caliche. Channel beds composed of this type of material are not freely
erodible, and thus the scour equations which follow may not strictly apply. Should
such conditions be encountered, a geotechnical investigation should be submitted by an
Arizona Registered Professional Civil Engineer to justify the use of a lesser scour
depth than would be determined from the use of Equation 6.3.

6.6.1 General Scour

As previously discussed in Section 6.5 of this Manual, the depth of general scour
is best estimated by performing a detailed sediment-transport analysis using the bed
grain-size distribution, hydraulic conditions, sediment-transport capacity at different
stages throughout the flow event, changes in bed levels throughout the event, and the
sediment supply into the reach being studied. An analysis to this level of detail is
beyond the scope of this Manual. However, there are several computer models
commercially avajlable to aid in making an estimate of general scour. Unfortunately,
these models are very sensitive to input, and the results are best interpreted by
someone with extensive experience in the field of sediment transport. A detailed
discussion of sediment-transport analysis for computing general scour can be found in
"Engineering Analysis of Fluvial Systems” (Simons, Li & Associates, 1982), and "Arizona
Department of Water Resources Design Manual for Engineering Analysis of Fluvial
Systems” (Simons, Li & Associates, 1983).

General scour on regional watercourses should be estimated by undertaking a
detailed sediment-transport study, as described above, when and where it is feasible to
do so. However, such a study is not wusually practical on smaller watercourses.
Therefore, as an alternative to the above, on watercourses other than regional
watercourses, the following equation (Zeller, 1981) should be used to predict general
scour;
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0.0685V>°
Z gy = Yonax —oios -1 (6.4)
h Ye
Where:
Zy = General scour depth, in feet;
Vin = Average velocity of flow, in feet per second;
Yoax =  Maximum depth of flow, in feet;
Y, = Hydraulic depth of flow, in feet; and,
S, = Energy slope (or bed slope for uniform-flow conditions), in feet
per foot.
NOTE: Should Z., become negative, assume that the general-scour com-
ponent is equal to zero (i.e., Z, = 0).
6.6.2 Anti-Dune Trough Depth

Anti-dunes are bed forms, in the shape of dunes, which move in an upstream
rather than a downstream direction within the channel; hence the term "anti-dunes.”
They form as trains of waves that build up from a plane bed and a plane water
surface. Anti-dunes can form either during transitional flow, between subcritical and
supercritical flow, or during supercritical flow. The wave length is proportional to the
velocity of flow. The corresponding surface waves, which are in phase with the anti-
dunes, tend to break like surf when the waves reach a height approximately equal to
0.14 times the wave length. A relationship between average channel velocity, V., and
anti-dune trough depth, Z,, can therefore be developed (Simons, Li & Associates, 1932).
This relationship is:

1 2av2,

= 3 0.14)

% = 0.0137V2 (6.5)

a

A restriction on the above equation is that the anti-dune trough depth can never
exceed one-half the depth of flow. Therefore, if the computed depth of Z, obtained
by using Equation 6.5 exceeds one-half of the depth of flow, the anti-dune trough
depth should then be taken as equal to one-half the depth of flow. Figure 6.2 shows a
definition sketch for anti-dune trough depth.

6.6.3 Low-Flow Thalweg

A low-flow thalweg is a small channel which forms within the bed of the main
channel, and in which low discharges are carried. Low-flow thalwegs form when the
width/depth ratio of the main channel is large. Rather than flow in a very wide,
shallow state, low flows will develop a low-flow channel thalweg below the average
channel bed elevation in order to provide more efficient conveyance of these
discharges.
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CREST OF ANTI-DUNE WAVE ORIGINAL WATERSURFACE
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FIGURE 6.2
DEFINITION SKETCH FOR ANTI-DUNE TROUGH DEPTH
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When the ratio of the flow width to the flow depth of a channel is greater than
1.15 times the average velocity of flow for the 100-year discharge, a low-flow thalweg
must be included in all scour calculations. When the flow width or flow depth exceeds
the top width and bank heights of the chanmel, use the top width and flow depth at
bank-full conditions, instead of the actual flow width and flow depth. Presently, there
is no known methodology for predicting low-flow thalweg depth. However, observation
of channels in the Tucson area has revealed that low-flow thalwegs are normally one
to two feet deep. Therefore, if a low-flow thalweg is predicted to be present, it
should be assumed to be at least two feet deep within regional watercourses, and at
least one foot deep within all other watercourses, unless field observations dictate
otherwise.

6.6.4 Bend Scour

Bend scour normally occurs along the outside of bends, and is caused by spiral,
transverse currents which form within the flow as the water moves around the bend,
Presently, there is no single procedure which will consistently and accurately predict
bend scour over a wide range of hydraulic conditions. However, the following
relationship has been developed by Zeller (1981) for estimating bend scour in sand-bed
channels based upon the assumption of the maintenance of constant stream power
within the channel bend:

0.0685Y,,, VoF sin¥(a/2) ]
Z =— |\ -1 (6.6)
= Yg"1 52‘3 [ cos &
Where:
Zyy = Bend-scour component of total scour depth, in feet;
=0 when r /T > 10.0, or a < 17.8°
= computed value when 0.5 < r /T < 10.0, or 17.8° < a < 60°
= computed value at a = 60° when r /T < 0.5, or a > 60°
Vian = Average velocity of flow immediately upstream of bend, in feet per
second;
Y oax = Maximum depth of flow immediately upstream of bend, in feet;
Y, = Hydraulic depth of flow immediately upstream of bend, in feet;
S, = Energy slope immediately upstream of bend (or bed slope for

uniform-flow conditions), in feet per foot; and,

a = Angle formed by the projection of the channel centerline from the
point of curvature to a point which meets a line tangent to the
outer bank of the channel, in degrees (see Figure 6.3).

NOTE: Mathematically, it can be shown that, for a simple circular curve, the
following relationship exists between o and the ratio of the centerline radius of
curvature, r,, to channel top width, T.

i
n

cos &
= T, (6.7)
T 4 sin"(a/2)
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CHANNEL
CENTERLINE

CENTER OF
CURVATURE

PT = Downstream point of tangency to the centerline radius of curvature,
PC = Upstredm point of curvature at the centerline radius of curvature.

FIGURE 6.3
ILLUSTRATION OF TERMINOLOGY FOR BEND-SCOUR CALCULATIONS
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Where:
= Radius of curvature along centerline of channel, in feet; and,

r(.‘.
T = Channel top width, in feet,

If the bend deviates significantly from a simple circular curve, the curve should
be divided into a series of circular curves, and the bend scour computed for each
segment should be based upon the angle a applicable to that segment.

Equation 6.6 can be applied to obtain an approximation of the scour depth that
can be expected in a bend during a specific water discharge. The impact that other
simultaneously occurring phenomena such as sand waves, local scour, long-term
degradation, etc., might have upon bend scour is not known for certain, given the
present state of the art. Therefore, in order that the maximum scour in a bend not be
underestimated, it is recommended that bend scour be considered as an independent
channel adjustment that should be added to those adjustments computed for long-term
degradation, general scour, and sand-wave troughs.

The longitudinal extent of the bend-scour component is as difficult to quantify as
the wvertical extent, Rozovskii (1961) developed an expression for predicting the
distance from the end of a bend at which the secondary currents will have decayed to
a negligible magnitude. This relationship, in a simplified form, can be expressed as:

T & °—fy1'" (6.8)

Where:
x = Distance from the end of channel curvature (point of tangency,
PT) to the downstream point at which secondary currents have
dissipated, in feet;

= Manning’s roughness coefficient; i

Acceleration due to gravity, 32.2 ft/sec”; and,

N Depth of flow (to be conservative, use maximum depth of flow,
exclusive of scour, within the bend), in feet.

Y X
n

Equation 6.8 should be used for determining the distance downstream of a curve
that secondary currents will continue to be effective in producing bend scour. As a
conservative estimate of the longitudinal extent of bend scour, both through and
downstream of the curve, it would be advisable to consider bend scour as commencing
at the upstream point of curvature (PC), and extending a distance x (computed with
Equation 6.8) beyond the downstream point of tangency (PT).

6.6.5 Local Scour
Local scour occurs whenever there is an abrupt change in the direction of flow.

Abrupt changes in flow direction can be caused by obstructions to flow, such as bridge
piers or abrupt contractions at bridge abutments.
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1 inch =100 ft.

PAWRES\Arizona_Public_Service\23446460_APS_DFADA__3_Phase_II_Design\5_0_Technical\5_2_CADD\Calculations\EARTHWORKS.dwg, 4/22/2014 11:18:33 AM

STAGE STORAGE TABLE
AVG END AVG END AVG END
AREA DEPTH | INC.VOL. | TOTALVOL. | TOTAL VOL.
ELEV (sq. ft.) (ft) (cu. ft.) (cu. ft.) (acre-ft.)
5,230.00 11,731.35 N/A N/A 0.00 N/A
5,231.00 12,879.06 1.00 12305.20 12305.20 0.28
5,232.00 14,059.02 1.00 13469.04 25774.24 0.59
5,233.00 15,329.39 1.00 14694.21 40468.45 0.93
5,234.00 16,699.04 1.00 16014.22 56482.66 1.30
5,235.00 18,075.65 1.00 17387.35 73870.01 1.70
5,236.00 19,992.88 1.00 19034.27 92904.28 213
5,237.00 21,783.23 1.00 20888.05 113792.33 2.61
5,238.00 23,769.87 1.00 22776.55 136568.88 3.14
5,239.00 25,888.08 1.00 24828.98 161397.86 3.71
5,240.00 28,911.93 1.00 27400.00 188797.86 4.33
5,241.00 32,384.09 1.00 30648.01 219445.87 5.04
5,242.00 36,107.87 1.00 34245.98 253691.85 5.82
GRAPHIC SCALE
100 0 100 2(|)O
( IN FEET
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AZCOM

CALCULATION COVER PAGE
BASIC INFORMATION
Project Job No. TTP No. (ifreq'd) | Total pages includes attachments
DFADA - Site 4 60522489 Pagetof
Client Department/Discipline Calculation No.
Arizona Public Service Civil
Subject / Title
Storm Water Run-On Controls
Calculation - s . Technical Peer Confirmation Req'd
Rev. No. Originator Discipline Reviewer Reviewer (if req'd) Y/N

First Issue 'Pl'll-_l__lrumurugan Bose, Marc Mcintosh, PE
Calculation Objective:

e Update the site hydrology associated with the DFADA Site 4 Landfill Expansion.

¢ Determine the extents and height of the diversion berm.

¢ Determine the channel drop structure weir wall height and stilling basin length.

e Determine the outfall channel dimensions and depth.

e Determine the scour depth for the outfall channel.
Calculation Methodology and data to be confirmed:
See Attached Write-Up.
References / Inputs/ Field Data:
See Attached Write-Up.
Conclusions including confirmations to be obtained:
See Attached Write-Up.
This calculation is complete:

Project Manager 7-13.20Q
¥ Signature / Date
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DFADA Site 4 Landfill Expansion
Storm Water Run-On Controls Calculation Package
FCPP, Fruitland, NM

Problem Statement

The objective of this calculation package is to update the hydrology associated with the
DFADA Site 4 landfill expansion storm water run-on controls and determine the storm water
run-on hydraulic characteristics (flow depth and velocity) associated with the proposed DFADA
Site 4 landfill expansion storm water diversion and channel resulting from the 100-year, 24-
hour storm event. The FLO-2D® software was used to determine the height of the diversion
berm along the channel. HEC-RAS was used to determine the channel hydraulics, drop
structure and apron downstream of the channel. This calculation package was developed based
on the Four Corners Power Plant (FCPP) storm water control design prepared as part of the
DFADA Site 3 project (Reference 1).

Deliverables

e Update the existing hydrology, developed as part of the Master Drainage Plan and
DFADA 3 design, to include the sub-basin area southeast of DFADA Site 4 landfill
expansion (sub-basin ID K3-C, K3-B1, and B5-B). The updates were based on the
closure plans. See Figure 1 attached.

e Determine the required height of the DFADA Site 4 landfill expansion storm water
diversion berm.

e Determine the hydraulic characteristics of the storm water diversion channel and drop
structure.

Design Basis and Assumptions

e AECOM utilized the New Mexico State and Transportation Department (NMSHTD)
“Drainage Manual VVolume 1, Hydrology” dated December 1995 as the guide for the
analysis (Reference 2).

e The area east of the Lined Ash Impoundment (LAI) is assumed to be a tributary
drainage basin to the storm water diversion channel upon closure of the LAI. This area
has been included in this calculation and identified in the Master Drainage Report and
DFADA 3 storm water control design.

e The calculation assumes a closure condition for the DFADA Site 4 landfill expansion.
The drainage area north of the proposed channel (associated with a conceptual closure

P:\Projects\Arizona_Public_Service\60522489_FCCO06752-DFADA 4\400-Technical\433-Calculations\Stormwater Diversion Channel
Design\DFADA 4 Calc\DFADA Site 4 - Channel Hydraulics_rev2.docx



slope of 4:1) is assumed to drain south to the channel upon the closure of the DFADA
Site 4 landfill expansion.

e AECOM utilized topographic data provided by APS to delineate drainage basins, locate
flow paths, and estimate slopes.

o Source: Aerial Mapping Company, April 2014,

o Horizontal Datum: New Mexico State Plane Coordinate (Transverse Mercator
Grid System) West Zone N.A.D. 1983

o Vertical Datum: N.A.V.D. 88

Methodology: Hydrology

HEC-1 Model

The HEC-1 program has been developed by the United States Army Corps of Engineers
(USACE) Hydrologic Engineering Center (HEC) to perform rainfall runoff computations.
AECOM followed the USACE HEC-1 manual to verify the proper inputs were placed into the
program along with obtaining the rainfall data from the National Oceanic and Atmospheric
Administration (NOAA) at the FCPP site. Input parameters for the program to perform the
analysis include:

e Area for the drainage basins

e Drainage length of longest flow path

e Infiltration losses (SCS Curve Number)

e Time of concentration

e Lag time of concentration

e Selected storm event rainfall data (100-year, 24-hour storm)

Time interval for the analysis (5-minute time step)

The methodology to determine the inputs of the HEC-1 model are discussed in the following
sections. The results of the HEC-1 model are included in the Attachments. Figure 1 shows the
drainage boundary map.
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Drainage Basins, Drainage Lengths, Slopes and Infiltration Losses (SCS Curve Number)

The drainage basin associated with the DFADA Site 4 landfill expansion was delineated based
on the conceptual closure condition for DFADA Site 4. Drainage basins were developed by
reviewing topographic data at the FCPP as shown in Figure 1. Sub-basins J5-C, J5-D and J5-F
were modified slightly to account for the DFADA Site 4 Closure plans.

The flow paths were developed by reviewing the topographic data for each drainage basin. The
corresponding drainage lengths and elevations for the high point and low point of the flow paths
were used to calculate the slope of the flow path. The drainage lengths and slopes of sub-basins
K3-C, K3-B and J3-C were based on the proposed channel design. The drainage lengths and
slopes were separated into overland flow sections and channel flow sections.

The infiltration losses used for this project were developed by assuming Poor Desert Shrub in
Hydrologic Soil Group D from “Table 3-1 - Runoff Curve Numbers for Arid and Semiarid
Rangelands” in NMSHTD Drainage Manual VVolume 1, 1995, page 3-23. Table 3-1 suggests a
SCS Curve Number of 88 for native desert soil type; however the SCS Curve Number was
increased to 90 to account for disturbed areas within the drainage basins.

Time of Concentration (T.) and Lag Time

The T, has been developed based on the flow paths for the assumed closure conditions of the
FCPP drainage areas. The T, was calculated using two different methods based on the type of
flow along the flow path. The T, was calculated using the Upland Flow method for flow paths
that had sheet flow characteristics with no defined channels. For flow paths with defined
channel sections the Stream Hydraulic method was used as per Table 3-6 of NMSHTD
Drainage Manual Volume 1, 1995. Drainage basin(s) which had both sheet flow and
channelized flow used a combination of both the Upland Flow method and the Stream
Hydraulic method to calculate the T.. If the calculated T, was less than 10 minutes, a minimum
T. of 10 minutes was assumed per NMSHTD Drainage Manual.

The lag time was calculated based on the T, using the formula below.
Lag T, = 0.6T,
The T and lag time calculations for the drainage basins are attached.

The Bentley® FlowMaster® V8i (SELECTseries 1) software was used to calculate the channel
velocity associated with the T, calculation. A 20-foot wide trapezoidal channel (consistent with
the DFADA 3 channel section) was assumed on the south edge of Sub-Basin K3-C. The channel
will have a 3:1 horizontal:vertical (H:V) side slope on the right bank facing downstream and
1.5:1 H:V side slope on the left side facing downstream.
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Methodology: Hydraulics

FLO-2D® Model

The FLO-2D® storm water modeling software (Reference 5) was used to analyze the height of
the berm along the channel associated with the DFADA Site 4 landfill expansion. The results of
the updated HEC-1 model estimated that peak discharge at end of sub-basin K3-C was
calculated to be 308 cubic feet per second (cfs) for the 100-year, 24-hour storm, which was used
to extend the channel south along Sub-Basin K3-C as shown in Figure 2.

The FLO-2D® Model is based on the following elements listed below.

A 10-foot x 10-foot grid element

Elevation surface were based on the existing topography expect the channel section
A 4-foot deep channel

Inflow hydrograph from HEC-1 model, was divided into 4 and spread across 4 grid
element to avoid concentrated flows at one location. The inflow location was
selected further upstream of channel for flow stability purposes.

Manning’s coefficients of 0.035 was used to represent natural desert rangeland. A
composite n-value of 0.032 was assumed along the channel.

The levee option in FLO-2D® was used to determine the proposed berm height on
the north side of the channel.

HEC-RAS Model

The US Army Corp Engineers HEC-RAS model (Reference 4) was used to analyze the
hydraulics of the channel and drop structure. The channel has the following properties:

Trapezoidal channel with a 1.5:1 (H:V) cut slope serving as the left bank, a 20-foot
bottom width, and a 3:1 (H:V) slope serving as the right bank. The channel segment
upstream of the drop structure has a bed slope of 0.54 percent, and the channel segment
downstream of the drop structure has a bed slope of 0.25 percent.

The channel is lined with soil cement approaching the drop structure on the upstream
side.

The drop structure is lined with soil cement as well.

The channel is assumed to be lined with riprap lining on right bank area with mean
particle diameter (D50) of six (6) inches. The riprap extends on the right channel bottom
to 7.5 feet based on the riprap scour toe protection calculation and scour depth
calculations. The rip rap lining starts approximately 45 feet downstream of the outlet of
the drop structure.
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Outlet Weir Design and Apron Design

A hydraulic jump is anticipated to occur along the channel when the hydraulic grade transitions
from a supercritical to subcritical flow regime. Therefore, a concrete outlet weir was
incorporated into the design to prevent the hydraulic jJump from moving downstream.

The hydraulic jump and weir analysis is based on guidance from the Hydraulic Design of
Energy Dissipators for Culverts and Channels, Hydraulic Engineering Circular Number 14,
Third Edition, Federal Highway Administration (FHWA) Publication No. FHWA-NHI-06-086,
July 2006 referred as HEC- 14 (Reference 3).

The weir heights and hydraulic jump lengths were evaluated using equations presented in the
HEC-14 manual and attached in Hydraulic Jump Calculation. The drop structure slope was
assumed to be 4:1 H:V. A sensitivity analysis was performed using HEC-RAS and the
FlowMaster® software to calculate the jump length that would achieve the minimum length
while providing a stable flow condition as the flow transitions from the weir to the downstream
portion of the outfall channel.

Scour Depth Analysis

The scour depth was calculated for the channel segment downstream of the drop structure at the
bend. The scour depth is assumed to highest at the channel bend. The scour depth calculation
was prepared in accordance with the Standards Manual for Drainage Design and Floodplain
Management in Tucson, Arizona, City of Tucson, December 1989 (Revised July, 1998). The
scour contributing to the total scour within the Stormwater Diversion Channel is general scour,
anti-dune trough depth, bend scour, and low flow thalweg depth. The total calculated scour was
then multiplied by 1.3 for the design scour depth. A minimum scour depth of three (3) feet was
assumed for the whole channel segment downstream of the drop structure.
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