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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). 
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SITE INFORMATION 

Site Name / Address  Four Corners Power Plant / 691 CR‐6100, 

Fruitland, NM  85416 

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

Phoenix, AZ  85004 

CCR Unit  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 
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§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 



    6 

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 II 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 
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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). 
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§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 and run‐off controls for CCR landfills 

(c)(1) Content of the plan. The owner or operator 

must prepare initial and periodic run‐on and run‐

off control system plans for the CCR unit 

according to the timeframes specified in 

paragraphs (c)(3) and (4) of this section.  These 

plans must document how the run‐on and run‐off 

control systems have been designed and 

constructed to meet the applicable requirements 

of this section. Each plan must be supported by 

appropriate 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. 
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(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. 
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§257.81 (d) Run‐on and run‐off controls for CCR landfills 

(d) The owner or operator of the CCR unit must 

comply with the recordkeeping requirements 

specified in §257.105(g), the notification 

requirements specified in §257.106(g), and the 

internet requirements specified in §257.107(g). 

The owner or operator acknowledges and will 

comply with this requirement. 
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APPENDIX 3 – DFADA SITE 4 STORM WATER RUN‐ON CONTROLS – CALCULATION PACKAGE 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





P:\Projects\Arizona_Public_Service\60522489_FCC06752-DFADA 4\400-Technical\433-Calculations\Stormwater Diversion Channel 
Design\DFADA 4 Calc\DFADA Site 4 - Channel Hydraulics_rev2.docx 

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 

 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. 

 Determine the required height of the DFADA Site 4 landfill expansion storm water 

diversion berm. 

 Determine the hydraulic characteristics of the storm water diversion channel and drop 

structure. 

Design Basis and Assumptions 

 AECOM utilized the New Mexico State and Transportation Department (NMSHTD) 

“Drainage Manual Volume 1, Hydrology” dated December 1995 as the guide for the 

analysis (Reference 2). 

 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. 

 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 
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slope of 4:1) is assumed to drain south to the channel upon the closure of the DFADA 

Site 4 landfill expansion. 

 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: 

 Area for the drainage basins  

 Drainage length of longest flow path  

 Infiltration losses (SCS Curve Number) 

 Time of concentration  

 Lag time of concentration 

 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 Volume 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 (Tc) and Lag Time 

The Tc has been developed based on the flow paths for the assumed closure conditions of the 

FCPP drainage areas. The Tc was calculated using two different methods based on the type of 

flow along the flow path. The Tc 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 Tc. If the calculated Tc was less than 10 minutes, a minimum 

Tc of 10 minutes was assumed per NMSHTD Drainage Manual. 

The lag time was calculated based on the Tc using the formula below. 

	݃ܽܮ ௖ܶ 	ൌ 0.6 ௖ܶ	 

The Tc 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 Tc 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 jump 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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Results 

Hydrology 

The drainage delineation of the sub-basins is shown in Figure 1. Based on the hydrologic 

analysis the peak discharge at the downstream end of basin K3-C was calculated to be 308 cfs. 

This was used for the design of the channel. 

FLO-2D 

Figure 2 shows the maximum flow depth for the proposed condition model. The maximum flow 

depths along the berm were 6.1 feet at Location 1; 1.5 feet at Location 2; 2.9 feet at Location 3. 

Figure 3 shows the maximum velocity for the proposed condition model. Figure 4 shows the 

channel bed slope profile with the maximum water surface elevation. 

Hydraulic Jump and HEC-RAS 

The HEC-RAS profile for channel is attached. The maximum channel depth is 2.75 feet except 

at the hydraulic jump location. The channel depth is 3.8 feet at the jump location. Based on the 

sensitivity analysis on the minimum length to place the weir, a weir height of 1.5 feet is 

proposed at a length of 24 feet downstream measured from the outfall channel slope transition. 

Scour Depth Calculation 

The scour depth calculation is attached. A minimum scour depth of three (3) feet was assumed 

for the whole channel segment downstream of the drop structure. 

The hydraulic jump calculation, HEC-RAS results and FlowMaster® calculations are attached.  
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0.101 0.125 0.141 0.171 0.205 0.025 0.025 0.025 0.025 0.068 0.165 0.207 0.252 0.284 0.109 0.157 0.231 0.264 0.307 0.354 0.396 0.433 0.464 0.507 0.329 0.204 0.202 0.333 0.457 0.549 0.562 0.201 0.268 0.306 0.329 0.346 0.352 0.353 0.025 0.026 0.032 0.028 0.025 0.025 0.001

0.127 0.025 0.025 0.025 0.025 0.027 0.061 0.089 0.165 0.207 0.009 0.025 0.025 0.025 0.025 0.046 0.216 0.243 0.264 0.306 0.356 0.397 0.433 0.461 0.065 0.101 0.123 0.203 0.254 0.335 0.391 0.437 0.486 0.255 0.078 0.068 0.231 0.267 0.296 0.315 0.328 0.337 0.025 0.025 0.025 0.025 0.025 0.025 0.016 0.001

0.001 0.025 0.025 0.025 0.066 0.086 0.002 0.025 0.025 0.037 0.055 0.107 0.173 0.223 0.245 0.262 0.025 0.025 0.025 0.025 0.037 0.065 0.123 0.204 0.241 0.284 0.331 0.371 0.412 0.207 0.059 0.216 0.241 0.265 0.288 0.306 0.317 0.321 0.018 0.007 0.005 0.006 0.001

0.001 0.023 0.025 0.025 0.036 0.063 0.078 0.002 0.025 0.029 0.044 0.025 0.025 0.026 0.062 0.158 0.233 0.291 0.147 0.053 0.053 0.222 0.241 0.264 0.299 0.314 0.317

0.0960.1290.4170.5910.3950.2030.1520.1520.1510.1490.1490.1480.148

0.0210.0320.0470.0610.0710.0830.1890.3730.5070.5780.5450.4410.0910.0690.0620.0570.0520.0450.0370.0270.0010.4330.7470.4480.659
0.0260.0250.013

0.1490.1480.1480.1470.1460.146

0.0430.0560.0680.1880.3740.7581.7392.1082.1072.1072.1032.0972.0892.0892.0872.0832.0822.0822.0732.0491.8731.1831.0160.1480.1470.1470.1460.1450.1440.144

0.0710.4512.0942.0952.0942.0942.0972.0962.1842.3532.4822.5472.545

0.439

2.5462.5442.5452.5432.5372.2362.5552.722
2.613

0.1470.1460.1450.1440.1430.1420.142

0.0130.0970.8522.0912.0922.0933.5494.0884.0894.0874.0844.0854.0844.0814.0764.0724.5725.0785.5946.0620.1450.1440.1420.1410.1390.139

0.0250.1651.0862.0862.0882.0882.0892.1682.6474.0864.0874.0874.0884.0884.0864.0844.0824.0794.0754.5645.0695.5566.133
0.022

0.1420.1380.1360.136

0.0150.0250.0851.0822.0812.0852.0882.0892.6783.8264.0874.0874.0884.0874.0864.1874.3314.4914.6174.6564.6354.0684.5635.0695.0726.0770.1360.1340.1320.132

0.0140.0250.0420.4441.0772.0762.0812.0862.2473.5064.0864.0874.0874.0894.0864.3185.5586.0816.0826.0836.0816.0786.0796.0736.0716.0820.1320.1310.1280.128

0.0010.0020.0250.0250.0270.0690.1330.2010.6250.5521.0252.0812.0862.4573.7064.0874.0884.0884.0894.2295.1796.0836.0866.0866.0876.0846.0846.0840.1270.122

0.0250.0250.0250.0350.0480.0660.2010.2180.3640.5040.8930.9422.0442.0712.0852.0854.0854.0894.0875.6896.0926.0886.0926.0930.108

0.0130.0250.0250.0250.1860.2010.2050.5090.7040.5950.6381.0850.8650.8471.9322.0272.0782.0853.1843.9964.0864.0874.0895.0916.0926.0916.0936.1060.108

0.0210.0290.0620.0720.222

0.001

0.5280.8710.5580.6231.0160.7281.0681.2011.0760.7311.4431.9432.0612.0812.2863.5074.0174.0874.0886.0916.108

0.2010.1010.0360.1720.0880.0350.1570.2030.4940.7510.9120.5750.7951.2141.1580.8831.0481.2131.1740.8591.3141.8152.0122.0852.2673.5484.0184.089

0.2010.5050.5180.1370.4210.2380.5040.5070.4640.6130.9630.8830.8791.0351.4411.0561.0821.2771.2610.9180.7691.0121.1020.9980.7670.5120.3991.3571.9052.0922.433

1.3881.0841.2581.1210.8531.3051.2140.9180.8521.3971.3430.9620.9641.0041.0261.4211.3721.0320.8921.0961.1781.0520.7220.5190.5290.5950.3460.3360.923

1.2910.8991.1821.5181.4931.3451.6581.6661.5371.3930.8651.0651.0440.7281.1710.7440.5070.5880.7010.6850.5780.2530.0520.0250.001

0.4820.5190.6140.5930.6770.9380.9830.6680.9321.0150.9960.9670.9920.7480.6310.7430.3580.2020.3080.0570.0580.5030.2330.0410.025

0.0031.1010.5860.5180.2190.0680.2070.0750.0250.0250.0250.0130.0250.0250.0010.025

0.0261.1430.3870.2750.1080.0310.0260.0250.0250.003

0.0250.1060.0280.0250.025

0.22 0.2760.2630.2390.1960.1450.0850.0420.0290.0250.3130.2910.2630.2370.2180.1750.1330.1010.0750.0420.0250.0040.0020.0550.0440.0340.0260.0250.0250.004

0.04
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Figure 2
Maximum Flow Depth
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feet ®Notes:

Additional flow depth figues are attached 
to show flow depth values at location 1, 2 and 3 from FLO-2D.
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DFADA4
Proposed Condition

Figure 3
Maximum Flow Velocity
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Contour

Sub-basin K3-C 

Channel

Berm

Flow Velocity at Cell
Feet / Second

0.0 - 0.5

0.5 - 1.0

1.0 - 2.0

2.0 - 4.0

4.0 - 6.0

6.0 - 8.0

8.0 - 10.0

10.0 - 12.0

12.0 - 14.0

14.0 - 16.0

16.0 - 18.0

Channel Inlet

Flow Direction

18.0 - 21.0

Velocity = 7.3 ft/s

Drop Structure

Velocity = 7.5 ft/s
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Hydrology 
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Lag/Tc Calculation  
  



Square 
Feet 
(SF)

Acres
(Ac)

Square 
Miles
(SM)

Inlet 
Elevation
(msl. ft.)

Outlet 
Elevation
(msl. ft.)

Length
(ft.)

Average
Slope
(ft./ft.)

Average
Slope
(%)

Velocity
(ft/s)

Time of Concentration
Upland Method

(minutes)
H8 6158395 141.38 0.221 5398 5268 6181 0.0210 2.10 1.5 70.91
J5‐A 1336871 30.69 0.048 ‐ ‐ ‐ ‐ ‐ ‐ 0.00
J5‐B 335789 7.71 0.012 5384 5236 1141 0.1297 12.97 3.7 5.19
J5‐C 342166 7.86 0.012 5284 5242 300 0.1400 14.00 3.8 1.31
J5‐D 289972 6.66 0.010 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 898151 20.62 0.032 5394 5234 1145 0.1397 13.97 3.8 5.02
K3‐A 1082271 24.85 0.039 5392 5230 1963 0.0825 8.25 2.9 11.24
K3‐B1 275929 6.33 0.010 5296 5210 356 0.2416 24.16 5.0 1.18
K3‐B2 436574 10.02 0.016 5185 5182 130 0.0231 2.31 1.5 1.42
K3‐C 1064136 24.43 0.038 5287 5200 372 0.23387 23.39 4.9 1.25
Notes:

1. Velocity ‐ Based on Figure 3‐10 from NMSHTD Drainage Manual Volume 1 Hydrology December 1995. Analysis considers the ground surface as nearly bare (NB).
2. Time of Concentration has been developed by the NMSHTD Drainage Manual for Upland Flow Method.
3. 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
4. The final slope for certain areas were assumed based on the final closure plan.

Area

Basin

Upland Method
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Channel Tc Calculation and Total Lag Time

Basin
Iteration 
Number Area Area

Channel Inlet 
Elevation 

Channel 
Outlet 

Elevation
Channel 
Length

Channel 
Slope (S) Q100 Qvelocity

Manning's n 
value Velocity Tc(channel) Tc(upland)  Tc(total)

Curve number 
(CN)

Precipitation 
(P)

Direct Runoff 
(Qd)

Runoff 
Volume (Qv)

Unit Peak 
Discharge 

(qu)

Design 
Frequency 

Dicharge (Qp)

Percent 
Difference 
Q100 vs Qp

Greater than 
10%, perform 
next Iteration Final Tc Lag Time

(acre) (sq mile) (ft) (ft) (feet) (ft/ft) (cfs) (cfs) (ft/s) (min) (min) (min) (inch) (inch) (ac-ft) (cfs/ac-in) (cfs) % (min) (hour)
H8 - - - - - - - - - - - 0 70.91 70.91 - - - - - - - - 70.91 0.71

J5-A ITR 1 30.69 0.048 5398 5293 2544 0.0413 217 145 0.050 7.11 5.96 0.00 10.00 90 2.37 1.42 3.62 1.88 81.48 90.96% Next Iteration - -
J5-A ITR 2 30.69 0.048 2544 0.0413 81 54 0.050 4.89 8.67 0.00 10.00 90 2.37 1.42 3.62 1.88 81.48 0.00% Stop Iteration 10.00 0.10
J5-B ITR 1 7.71 0.012 - - 249 0.0025 117 78 0.050 2.28 1.82 5.19 10.00 90 2.37 1.42 0.91 1.88 20.47 140.35% Next Iteration - -
J5-B ITR 2 7.71 0.012 249 0.0025 20 14 0.050 1.28 3.24 5.19 10.00 90 2.37 1.42 0.91 1.88 20.47 0.00% Stop Iteration 10.00 0.10
J5-C - 7.86 0.012 - - - - - - 0.00 1.31 10.00 - - - - - - - - 10.00 0.10
J5-D ITR 1 6.66 0.010 - - 579 0.0025 109 73 0.050 2.28 4.23 0.26 10.00 90 2.37 1.42 0.79 1.88 17.67 144.33% Next Iteration - -
J5-D ITR 2 6.66 0.010 579 0.0025 18 12 0.050 1.25 7.72 0.26 10.00 90 2.37 1.42 0.79 1.88 17.67 0.00% Stop Iteration 10.00 0.10
J5-E - - - - - - - - - - - 0.00 6.80 10.00 - - - - - - - - 10.00 0.10
J5-F ITR 1 20.62 0.032 - - 904 0.0025 182 121 0.050 2.63 5.73 5.02 10.74 90 2.37 1.42 2.43 1.81 52.72 110.08% Next Iteration - -
J5-F ITR 2 20.62 0.032 904 0.0025 53 35 0.050 1.81 8.32 5.02 13.34 90 2.37 1.42 2.43 1.61 46.87 11.75% Next Iteration - -
J5-F ITR 3 20.62 0.032 904 0.0025 47 31 0.050 1.74 8.66 5.02 13.67 90 2.37 1.42 2.43 1.58 46.22 1.39% Stop Iteration 13.67 0.14
K3-A ITR 1 24.85 0.039 - - 575 0.0025 198 132 0.050 2.66 3.60 11.24 14.84 90 2.37 1.42 2.93 1.51 53.15 115.25% Next Iteration - -
K3-A ITR 2 24.85 0.039 575 0.0025 53 35 0.050 3.90 2.46 11.24 13.70 90 2.37 1.42 2.93 1.58 55.65 -4.58% Stop Iteration 13.70 0.14

K3-B1 ITR 1 6.33 0.010 5210 5154 431 0.1299 107 71 0.050 2.66 2.70 1.18 10.00 90 2.37 1.42 0.75 1.88 16.82 145.62% Next Iteration - -
K3-B1 ITR 2 6.33 0.010 431 0.1299 17 11 0.050 3.72 1.93 1.18 10.00 90 2.37 1.42 0.75 1.88 16.82 0.00% Stop Iteration 10.00 0.10
K3-B2 ITR 1 10.02 0.016 5219 5153 827 0.0798 131 88 0.050 2.66 5.18 1.42 10.00 90 2.37 1.42 1.18 1.88 26.61 132.64% Next Iteration - -
K3-B2 ITR 2 10.02 0.016 827 0.0798 27 18 0.050 3.72 3.71 1.42 10.00 90 2.37 1.42 1.18 1.88 26.61 0.00% Stop Iteration 10.00 0.10
K3-C ITR 1 24.43 0.038 5200 5190 1092 0.0092 196 131 0.033 4.24 4.29 1.75 10.00 90 2.37 1.42 2.88 1.88 64.86 100.63% Next Iteration - -
K3-C ITR 2 24.43 0.038 5200 5190 1092 0.0092 65 43 0.033 2.97 6.13 1.75 10.00 90 2.37 1.42 2.88 1.88 64.86 0.00% Stop Iteration 10.00 0.10

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 {Q100 = 8.53x10

2*A0.45}
2. For the SCS iterative procedure, the flow rate to compute channel flow velocity is Qvelocity = (2/3)*Q100

3. Channel section was developed using AutoCAD Civil3D and Bentley's Flowmaster Software (Flowmaster)
4. Each iteration of Qvelocity is placed into Flowmaster to obtain the value for Velocity to update the calculations.
5. Time of Concentration (Tc) Tc = (Length/Velocity)(1/60) for a value in minutes
6. The Combined Tc  will be set at a minimum of 10 minutes (As per NMSHTD Hydrology Manual)
7. Second Iteration use the Qp calculated value to perform the analysis.
8. 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

8)/800(
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HEC-1 Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1*****************************************                                                   
***************************************
 *                                       *                                                   *                                     
*
 *   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     
*
 *               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    
*
 *            VERSION 4.1                *                                                   *          609 SECOND STREET          
*
 *                                       *                                                   *       DAVIS, CALIFORNIA 95616       
*
 *  RUN DATE   14NOV17  TIME  17:20:37   *                                                   *           (916) 756-1104            
*
 *                                       *                                                   *                                     
*
 *****************************************                                                   
***************************************

                                                 X     X  XXXXXXX   XXXXX           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  XXXXXXX   XXXXX          XXX

            THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

            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.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

              1           ID         *************************************                                  
              2           ID         *       ARIZONA PUBLIC SERVICE      *                                  
              3           ID         *     FOUR CORNERS FLY ASH PONDS    *                                  
              4           ID         *   JOB NO.                         *                                  
              5           ID         *************************************                                  
              6           ID                                                                                
              7           ID          DEVELOP THE RUNOFF HYDROGRAPH FOR THE CLOSURE DRAINAGE CONDITIONS     
              8           ID          DFADA 3A - OFFSITE CHANNEL                                            
              9           ID          SUB-BASINS DRAINS TO THE PROPERTY BOUNDARY                            
             10           ID          THE RAINFALL HYETOGRAPH IS FOR THE 100-YEAR, 24-HOUR STORM DERIVED    
             11           ID              USING THE SCS UNIT HYDROGRAPH METHOD                              
             12           ID                                                                                
             13           ID          CATCHMENT AREAS ARE MEASURED FROM THE USGS TOPOGRAPHIC QUAD AND AVAILA
             14           ID          SURVEY DATA FOR THE SITE FROM APS                                     
             15           ID          LAG TIMES HAVE BEEN ESTIMATED AS BEING 60 PERCENT OF THE TIME OF CONCE
             16           ID             AS CALCULATED USING THE OVERLAND and CHANNEL METHOD                
             17           ID                                                                                
             18           ID          MINIMUM LAG TIME OF CONCENTRATION IS SET AT 0.10 HOURS (10-MINUTE Tc) 
             19           ID                                                                                
             20           ID          RUNOFF CURVE NUMBER IS ASSUMED BASED ON HYDROLOGIC SOIL GROUP AND SITE
             21           ID          CONDITIONS                                                            
             22           ID                                                                                
             23           ID          THIS FILE MODELS THE CLOSURE CONDITIONS AND DETENTION BASINS WAS DEVEL
             24           ID       DURING THE MASTER DRAINAGE PLAN FOR BASIN H-A8 (URS PROJECT#23446438)   
             25           ID                                                                                
             26           ID     FILENAME: 100YR24HR-DFADA3A-OFFSITE.TXT                                    
                          *DIAGRAM                                                                        
             27           IT       5 01JAN00       0     300                                                
             28           IO       3                                                                        
                          *                                                                               

             29           KK    H8                                                                          
             30           KM   AREA EAST OF LAI                                                             
             31           BA   0.221                                                                        
             32           LS       0      90       0                                                        
             33           UD    0.71                                                                        
             34           KM     NMDOT DISTRIBUTION                                                         
             35           PB     0      2.37       0                                                        
             36           PI   .0000   .0013   .0013   .0013   .0013   .0013   .0013   .0013   .0013   .0013
             37           PI   .0013   .0013   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012
             38           PI   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012
             39           PI   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0025   .0025   .0025

1



             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           PI   .3267   .3267   .3267   .1133   .1133   .1133   .0533   .0533   .0533   .0100
             44           PI   .0100   .0100   .0100   .0100   .0100   .0033   .0033   .0033   .0033   .0033
             45           PI   .0033   .0050   .0050   .0050   .0050   .0050   .0050   .0025   .0025   .0025
             46           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0013
             47           PI   .0013   .0013   .0013   .0013   .0013   .0013   .0013   .0013   .0013   .0013
             48           PI   .0013   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012
             49           PI   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012   .0012
             50           PI   .0012   .0012   .0012   .0012   .0012   .0025   .0025   .0025   .0025   .0025
             51           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             52           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
1                                                       HEC-1 INPUT                                             PAGE  2

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

             53           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             54           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             55           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             56           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             57           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             58           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             59           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             60           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             61           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             62           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             63           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025
             64           PI   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0025   .0000
             65           PI   .0000   .0000   .0000   .0000   .0000   .0000   .0000   .0000   .0000   .0000
                          *                                                                               
                          * ***********************************************                               
                          * DETENTION BASIN FOR 2 AC BASIN WITH 50 CFS DISCHARGE BEFORE OVERFLOW          

             66           KK  BAS-H8                                                                        
             67           KO       1       2                                                                
             68           KM        Storage Basin                                                           
             69           KM  4 Feet Deep With 1-foot Freeboard                                            
             70           KM       3:1 Side Slope with 1-Foot Freeboard                                     
             71           RS       1    STOR      -1                                                        
             72           SV       0    1.72    3.52    5.40    7.35                                        
             73           SE       0       1       2       3       4                                        
             74           SQ       0      10      27      50      77                                        
             75           SE       0       1       2       3       4                                        
                          * ***********************************************                               
                          *                                                                               

             76           KK   J5-A                                                                         
             77           KM   AREA ALONG HAUL ROAD                                                         
             78           BA   0.048                                                                        
             79           LS       0      90       0                                                        
             80           UD    0.10                                                                        
                          *                                                                               

             81           KK   CPJ5A                                                                        
             82           KM     COMBINES SUBBASINS J5-A & H8                                               
             83           HC       2                                                                        
                          *                                                                               

             84           KK   J5-B                                                                         
             85           KM   AREA AFTER THE HAULROAD AND NE OF DFADA 2                                    
             86           BA   0.012                                                                        
             87           LS       0      90       0                                                        
             88           UD    0.10                                                                        
                          *                                                                               

             89           KK   J5-C                                                                         
             90           KM   SIDESLOPE DFADA 2                                                            
             91           BA   0.012                                                                        
             92           LS       0      90       0                                                        
             93           UD    0.10                                                                        
                          *                                                                               
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           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

             94           KK   CPJ5B                                                                        
             95           KM     COMBINES CPJA5 AND SUBBASINS J5-B & J5-C                                   
             96           HC       3                                                                        
                          *                                                                               

             97           KK   J5-D                                                                         
             98           KM   SIDESLOPE DFADA 2 AREA AND MAIN CHANNEL                                      
             99           BA   0.010                                                                        
            100           LS       0      90       0                                                        
            101           UD    0.10                                                                        
                          *                                                                               

2



            102           KK   CPJ5D                                                                        
            103           KM     COMBINES CPJ5B AND SUBBASINS J5-D                                          
            104           HC       2                                                                        
                          *                                                                               

            105           KK   J5-E                                                                         
            106           KM   NORTHEAST AREA OF MAIN CHANNEL                                               
            107           BA   0.043                                                                        
            108           LS       0      90       0                                                        
            109           UD    0.10                                                                        
                          *                                                                               

            110           KK   CPJ5E                                                                        
            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   0.032                                                                        
            116           LS       0      90       0                                                        
            117           UD    0.14                                                                        
                          *                                                                               

            118           KK   CPJ5F                                                                        
            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   0.039                                                                        
            124           LS       0      90       0                                                        
            125           UD    0.14                                                                        
                          *                                                                               

            126           KK   K3-B1                                                                        
            127           KM   SOUTH AREA OF DFADA 1 AND DFADA 2                                            
            128           BA   0.010                                                                        
            129           LS       0      90       0                                                        
            130           UD    0.10                                                                        
                          *                                                                               
1                                                       HEC-1 INPUT                                             PAGE  4

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

            131           KK   CPK3A                                                                        
            132           KM     COMBINES CPJ5F AND SUBBASINS K3-A AND SUBBASINS K3-B1                      
            133           HC       3                                                                        
                          *                                                                               

            134           KK   K3-C                                                                         
            135           KM   Below CPK3A and DOWNSTREAM OF CHANNEL                                        
            136           BA   0.038                                                                        
            137           LS       0      90       0                                                        
            138           UD    0.10                                                                        
                          *                                                                               

            139           KK   CPK3B                                                                        
            140           KO       1       2     0.0       1      21                                        
            141           KM     COMBINES CPK3A AND SUBBASINS K3-C                                          
            142           HC       2                                                                        
                          *                                                                               

            143           KK   K3-B2                                                                        
            144           KM   SOUTH AREA OF DFADA 1 AND DFADA 2                                            
            145           BA   0.016                                                                        
            146           LS       0      90       0                                                        
            147           UD    0.10                                                                        
                          *                                                                               
                          *                                                                               
            148           ZZ                                                                                
1
                 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 
                 .           .
                 .           .

3



    81       CPJ5A............
                 .
                 .
    84           .       J5-B 
                 .           .
                 .           .
    89           .           .       J5-C 
                 .           .           .
                 .           .           .
    94       CPJ5B........................
                 .
                 .
    97           .       J5-D 
                 .           .
                 .           .
   102       CPJ5D............
                 .
                 .
   105           .       J5-E 
                 .           .
                 .           .
   110       CPJ5E............
                 .
                 .
   113           .       J5-F 
                 .           .
                 .           .
   118       CPJ5F............
                 .
                 .
   121           .       K3-A 
                 .           .
                 .           .
   126           .           .       K3-B1
                 .           .           .
                 .           .           .
   131       CPK3A........................
                 .
                 .
   134           .       K3-C 
                 .           .
                 .           .
   139       CPK3B............
                 .
                 .
   143           .       K3-B2

4



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

                                       PEAK   TIME OF     AVERAGE FLOW FOR MAXIMUM PERIOD      BASIN     MAXIMUM     TIME OF
          OPERATION       STATION      FLOW     PEAK                                            AREA      STAGE     MAX STAGE
+                                                          6-HOUR     24-HOUR     72-HOUR

          HYDROGRAPH AT
+                            H8         119.    6.83          26.          8.          8.        .22

          ROUTED TO
+                          BAS-H8        60.    7.50          24.          8.          8.        .22
+                                                                                                           3.36        7.50

          HYDROGRAPH AT
+                           J5-A         62.    6.08           6.          2.          2.        .05

          2 COMBINED AT
+                           CPJ5A        62.    6.08          29.         10.         10.        .27

          HYDROGRAPH AT
+                           J5-B         15.    6.08           1.          0.          0.        .01

          HYDROGRAPH AT
+                           J5-C         15.    6.08           1.          0.          0.        .01

          3 COMBINED AT
+                           CPJ5B        93.    6.08          32.         11.         10.        .29

          HYDROGRAPH AT
+                           J5-D         13.    6.08           1.          0.          0.        .01

          2 COMBINED AT
+                           CPJ5D       106.    6.08          33.         11.         11.        .30

          HYDROGRAPH AT
+                           J5-E         55.    6.08           5.          2.          2.        .04

          2 COMBINED AT
+                           CPJ5E       162.    6.08          38.         13.         12.        .35

          HYDROGRAPH AT
+                           J5-F         39.    6.17           4.          1.          1.        .03

          2 COMBINED AT
+                           CPJ5F       199.    6.17          42.         14.         14.        .38

          HYDROGRAPH AT
+                           K3-A         48.    6.17           5.          1.          1.        .04

          HYDROGRAPH AT
+                           K3-B1        13.    6.08           1.          0.          0.        .01

          3 COMBINED AT
+                           CPK3A       260.    6.17          48.         16.         15.        .43

          HYDROGRAPH AT
+                           K3-C         49.    6.08           4.          1.          1.        .04

          2 COMBINED AT
+                           CPK3B       308.    6.17          52.         17.         17.        .46

          HYDROGRAPH AT
+                           K3-B2        21.    6.08           2.          1.          1.        .02

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

1
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FLO-2D  
Inflow Hydrograph   



Time FLO‐2d Time FLO‐2d Time FLO‐2d Time FLO‐2d Time FLO‐2d Time FLO‐2d Time FLO‐2d
4grids 4grids 4grids 4grids 4grids 4grids 4grids

HR CFS HR CFS HR CFS HR CFS HR CFS HR CFS HR CFS
0.00 0 3.67 0 7.33 16.5 11.00 2.5 14.67 2 18.33 2 22.00 2
0.08 0 3.75 0 7.42 16.5 11.08 2.5 14.75 2 18.42 2 22.08 2
0.17 0 3.83 0 7.50 16.25 11.17 2.5 14.83 2 18.50 2 22.17 2
0.25 0 3.92 0 7.58 16 11.25 2.5 14.92 2 18.58 2 22.25 2
0.33 0 4.00 0 7.67 16 11.33 2.25 15.00 2 18.67 2 22.33 2
0.42 0 4.08 0 7.75 15.75 11.42 2.25 15.08 2 18.75 2 22.42 2
0.50 0 4.17 0 7.83 15.5 11.50 2.25 15.17 2 18.83 2 22.50 2
0.58 0 4.25 0 7.92 15 11.58 2.25 15.25 2 18.92 2 22.58 2
0.67 0 4.33 0 8.00 14.25 11.67 2.25 15.33 2 19.00 2 22.67 2
0.75 0 4.42 0 8.08 13.75 11.75 2 15.42 2 19.08 2 22.75 2
0.83 0 4.50 0 8.17 13 11.83 2 15.50 2 19.17 2 22.83 2
0.92 0 4.58 0 8.25 12 11.92 2 15.58 2 19.25 2 22.92 2
1.00 0 4.67 0 8.33 11.25 12.00 2 15.67 2 19.33 2 23.00 2
1.08 0 4.75 0 8.42 10.75 12.08 2 15.75 2 19.42 2 23.08 2
1.17 0 4.83 0 8.50 10 12.17 2 15.83 2 19.50 2 23.17 2
1.25 0 4.92 0 8.58 9.5 12.25 2.25 15.92 2 19.58 2 23.25 2
1.33 0 5.00 0 8.67 9 12.33 2.25 16.00 2 19.67 2 23.33 2
1.42 0 5.08 0 8.75 8.5 12.42 2.25 16.08 2 19.75 2 23.42 2
1.50 0 5.17 0 8.83 8.25 12.50 2.25 16.17 2 19.83 2 23.50 2
1.58 0 5.25 0 8.92 7.75 12.58 2.25 16.25 2 19.92 2 23.58 2
1.67 0 5.33 0 9.00 7.5 12.67 2.25 16.33 2 20.00 2 23.67 2
1.75 0 5.42 0 9.08 7.25 12.75 2.25 16.42 2 20.08 2 23.75 2
1.83 0 5.50 0 9.17 6.75 12.83 2.25 16.50 2 20.17 2 23.83 2
1.92 0 5.58 0 9.25 6.25 12.92 2.25 16.58 2 20.25 2 23.92 2
2.00 0 5.67 0 9.33 6 13.00 2.25 16.67 2 20.33 2 24.00 2
2.08 0 5.75 0.5 9.42 5.5 13.08 2 16.75 2 20.42 2
2.17 0 5.83 1.75 9.50 5.25 13.17 2 16.83 2 20.50 2
2.25 0 5.92 15.25 9.58 5 13.25 2 16.92 2 20.58 2
2.33 0 6.00 44.5 9.67 4.75 13.33 2 17.00 2 20.67 2
2.42 0 6.08 73.75 9.75 4.75 13.42 2 17.08 2 20.75 2
2.50 0 6.17 77 9.83 4.5 13.50 2 17.17 2 20.83 2
2.58 0 6.25 59.5 9.92 4.25 13.58 2 17.25 2 20.92 2
2.67 0 6.33 50 10.00 4 13.67 2 17.33 2 21.00 2
2.75 0 6.42 41.5 10.08 4 13.75 2 17.42 2 21.08 2
2.83 0 6.50 31.75 10.17 3.75 13.83 2 17.50 2 21.17 2
2.92 0 6.58 27.5 10.25 3.5 13.92 2 17.58 2 21.25 2
3.00 0 6.67 22.75 10.33 3.25 14.00 2 17.67 2 21.33 2
3.08 0 6.75 16.75 10.42 3.25 14.08 2 17.75 2 21.42 2
3.17 0 6.83 14.5 10.50 3 14.17 2 17.83 2 21.50 2
3.25 0 6.92 14.5 10.58 3 14.25 2 17.92 2 21.58 2
3.33 0 7.00 15.5 10.67 3 14.33 2 18.00 2 21.67 2
3.42 0 7.08 16.5 10.75 2.75 14.42 2 18.08 2 21.75 2
3.50 0 7.17 16.75 10.83 2.75 14.50 2 18.17 2 21.83 2
3.58 0 7.25 16.5 10.92 2.75 14.58 2 18.25 2 21.92 2
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FLO-2D FIGURES  



Location 1

Channel Inlet
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2.404

2.505

2.505
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2.319 2.404 2.505

2.404 2.505

2.505 2.505 2.505

2.4042.319

2.319

2.251

2.319

0.2

0.10.1

0.1

0.1
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2.44
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0.04
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4.87

4.53

2.09

4.068

2.0942.0942.0972.0962.1842.3532.4822.5472.5452.546

0.923

2.433 2.092 1.905 1.357

4.089 4.018 3.548 2.267 2.085 2.012

6.108 6.091 4.088 4.087 4.017 3.507 2.286 2.081

6.106 6.093 6.091 6.092 5.091 4.089 4.087 4.086 3.996 3.184 2.085

6.093 6.092 6.088 6.092 5.689 4.087 4.089 4.085 2.085

6.084 6.084 6.084 6.087 6.086 6.086 6.083 5.179 4.229 4.089 4.088 4.088 4.087 3.706 2.457

6.082 6.071 6.073 6.079 6.078 6.081 6.083 6.082 6.081 5.558 4.318 4.086 4.089 4.087 4.087 4.086 3.506 2.247

6.077 5.072 5.069 4.563

2.544

4.635 4.656 4.617 4.491 4.331 4.187 4.086 4.087 4.088 4.087 4.087 3.826 2.678 2.089

0.022
6.133 5.556 5.069 4.564 4.075 4.079 4.082 4.084 4.086 4.088 4.088 4.087 4.087 4.086 2.647 2.168 2.089

6.062 5.594 5.078 4.572 4.072 4.076 4.081 4.084 4.085 4.084 4.087 4.089 4.088 3.549 2.093

2.613 2.722 2.555 2.236 2.537 2.543 2.545

0.399

2.095

2.092

2.088

2.088

2.086

2.086

2.085

2.078

2.061

1.815

0.336

2.111 2.112 0.7581.7392.1082.1072.1072.1032.0972.0892.0892.0872.0832.0822.0822.0732.0491.8731.1831.016 0.374
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Location 2

Location 3

Drop Structure Inlet

Channel Inlet

1.14

2.892.89

1.14

1.14

1.14

2.89 2.89

2.251

1.849 2.017 2.191 2.251 2.319

1.255 1.409 2.017 2.121 2.191 2.251 2.319

1.185 1.143 1.194 1.409 1.849 2.017 2.121 2.121 2.191 2.251

1.371 1.272 1.272 1.215 1.226 1.143 1.194 1.255 1.409 1.849 1.849 2.017

1.371 1.272 1.272 1.215 1.226 1.185 1.143 1.194 1.255 1.255 1.409

1.432 1.371 1.371 1.272 1.272 1.215 1.226 1.185 1.185 1.143 1.194

2.634 1.432 1.371 1.371 1.371 1.272 1.272 1.215 1.226

2.863 2.634 1.432 1.432 1.432

2.863 2.634 2.634 2.634

2.863 2.863 2.863

2.863 2.863

2.1912.121

2.881 2.881

2.319

2.319

2.404

2.404

0.3

0.1

0.30.5

0.1

0.39

0.14

0.291.19

1.85

0.23

0.23

0.31

0.08 0.350.06

0.1

0.326

0.1310.2150.0920.2550.482

0.013 0.025 0.026

0.203 0.395

0.082 0.188 0.507 0.414

0.122 0.146 0.291 0.258 0.432 0.452

1.204 0.443 0.202 0.399 0.306 0.216 0.235 0.459 0.433 0.256 0.366

3.198 3.196 1.709 1.201 1.202 1.204 0.828 0.201 0.368 0.506 0.417 0.331 0.466 0.296 0.156

3.196 2.656 1.388 1.199 1.201 1.203 1.202 1.193 0.433

0.508

0.531 0.415 0.324 0.069

0.134
1.472 1.286 1.197 1.199 1.201 1.203 1.201 1.195 0.428 0.309 0.459 0.516 0.478 0.212 0.201 0.302 0.072

1.186 1.194 1.197 1.199 1.201 1.202 1.203 0.204 0.323 0.434

0.112 0.483 0.1620.1460.0560.5040.999 0.4590.4170.2680.2010.0730.0690.0381.185

0.38

0.659

0.007

0.025

0.026

0.056

0.087

0.223

0.591
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Location 2

Location 3

Drop Structure Inlet

Channel Inlet

2.852.852.85

2.85

2.85

2.892.89

2.892.89

1.14

1.14

1.14

1.14

2.191 2.251 2.319 2.404

1.255 1.409 2.017 2.121 2.191 2.251 2.319 2.319

1.185 1.194 1.409 1.849 2.017 2.121 2.121 2.191 2.251

1.371 1.272 1.272 1.215 1.226 1.143 1.194 1.409 1.849 1.849 2.017

1.371 1.272 1.272 1.215 1.226 1.185 1.143 1.194 1.255 1.255 1.409

1.432 1.371 1.371 1.272 1.272 1.215 1.226 1.185 1.185 1.143 1.194

2.634 1.432 1.371 1.371 1.371 1.272 1.272 1.215 1.226

2.863 2.634 1.432 1.432 1.432

2.863 2.634 2.634 2.634

2.863 2.863 2.863

2.863 2.863

2.881 2.881

2.861 2.881 2.881 2.861

2.855 2.861 2.864 2.864 2.864

2.855 2.861 2.861 2.861

2.846 2.855 2.855 2.855

2.836

2.835 2.836 2.846 2.846

2.833 2.836 2.836 2.836

2.822 2.833 2.835 2.835

2.822 2.833 2.833 2.833

2.822 2.822 2.822

2.823 2.822 2.822 2.823

2.0171.849

1.143

1.255

2.8142.8232.8232.814

2.121 2.4042.2512.191

0.30.5

0.3

0.02

0.050.02

0.240.03

0.31

0.350.060.08

0.291.19

1.85

0.23

0.31

0.380.39

0.23

0.112

0.119

0.112

0.306 0.216 0.235 0.459 0.433 0.256 0.366 0.087

3.198 3.196 1.709 1.201 1.202 1.204 0.828 0.201 0.368 0.506 0.417 0.331 0.466 0.296 0.156 0.056

3.196 2.656 1.388 1.199 1.201 1.203 1.202 1.193 0.433 0.326 0.531 0.415 0.324 0.069 0.026

1.472 1.286 1.197 1.199 1.201 1.203 1.201 1.195 0.428 0.309 0.459 0.516 0.478 0.212 0.201 0.302 0.072 0.025

1.186 1.194 1.197 1.199 1.201 1.202 1.203 0.204 0.323 0.434 0.482 0.508 0.255 0.092 0.215 0.131 0.007

1.185 0.999 0.038 0.069 0.073 0.201 0.268 0.417 0.459 0.483 0.504 0.056 0.146 0.162

0.006 0.025 0.025 0.031 0.079 0.136 0.203 0.228 0.266 0.358 0.399 0.443 0.473 0.046 0.042 0.125

0.012 0.074 0.166 0.213 0.273 0.316 0.359 0.391 0.025 0.025 0.025 0.041 0.083 0.089

0.008 0.025 0.025 0.049 0.066 0.071 0.072

0.025 0.033 0.064 0.069

0.025 0.031

0.3990.2020.4431.204

0.2230.4520.4320.2580.2910.1460.122

0.4140.5070.1880.082

0.5910.3950.203

0.659

0.1

0.1

0.1

0.1

0.1

0.1

0.09

0.14

0.134

0.098

0.098

0.098

0.098

0.096

0.094

0.088
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FIGURE 4 - FLO-2D CHANNEL PROFILE
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HEC-RAS  Plan: L=30   River: Spillway   Reach: 1    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Max Chl Dpth

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft)

1 796     PF 1 308.00 5191.59 5193.45 5193.43 5194.24 0.005267 7.40 44.80 28.34 0.96 1.85

1 795.909* PF 1 308.00 5191.54 5193.40 5193.38 5194.18 0.005253 7.39 44.84 28.35 0.96 1.85

1 795.818* PF 1 308.00 5191.49 5193.34 5193.33 5194.13 0.005317 7.42 44.66 28.32 0.96 1.85

1 795.727* PF 1 308.00 5191.43 5193.29 5193.27 5194.07 0.005238 7.38 44.88 28.35 0.96 1.86

1 795.636* PF 1 308.00 5191.38 5193.23 5193.22 5194.02 0.005292 7.41 44.73 28.33 0.96 1.85

1 795.545* PF 1 308.00 5191.32 5193.18 5193.16 5193.96 0.005214 7.37 44.95 28.36 0.95 1.86

1 795.454* PF 1 308.00 5191.27 5193.12 5193.11 5193.91 0.005277 7.40 44.77 28.34 0.96 1.85

1 795.363* PF 1 308.00 5191.22 5193.07 5193.06 5193.86 0.005352 7.43 44.57 28.30 0.96 1.85

1 795.272* PF 1 308.00 5191.16 5193.01 5193.00 5193.80 0.005277 7.40 44.77 28.34 0.96 1.85

1 795.181* PF 1 308.00 5191.11 5192.96 5192.95 5193.75 0.005342 7.43 44.59 28.31 0.96 1.85

1 795.090* PF 1 308.00 5191.05 5192.90 5192.89 5193.69 0.005347 7.43 44.58 28.31 0.96 1.85

1 795     PF 1 308.00 5191.00 5192.84 5192.84 5193.64 0.005444 7.47 44.32 28.26 0.97 1.84

1 794.944* PF 1 308.00 5190.53 5191.86 5192.37 5193.53 0.017088 10.66 30.51 25.97 1.63 1.33

1 794.888* PF 1 308.00 5190.07 5191.24 5191.91 5193.44 0.026217 12.17 26.58 25.28 1.98 1.17

1 794.833* PF 1 308.00 5189.60 5190.68 5191.44 5193.33 0.035558 13.37 24.11 24.84 2.27 1.08

1 794.777* PF 1 308.00 5189.13 5190.14 5190.97 5193.21 0.044941 14.37 22.37 24.52 2.53 1.00

1 794.722* PF 1 308.00 5188.67 5189.62 5190.51 5193.08 0.054239 15.22 21.07 24.28 2.75 0.95

1 794.666* PF 1 308.00 5188.20 5189.11 5190.04 5192.93 0.063729 15.99 20.02 24.09 2.96 0.91

1 794.611* PF 1 308.00 5187.73 5188.60 5189.57 5192.77 0.073155 16.68 19.16 23.93 3.15 0.87

1 794.555* PF 1 308.00 5187.27 5188.11 5189.11 5192.59 0.081952 17.27 18.49 23.80 3.31 0.84

1 794.5*  PF 1 308.00 5186.80 5187.62 5188.64 5192.39 0.090837 17.82 17.90 23.69 3.47 0.82

1 794.444* PF 1 308.00 5186.33 5187.13 5188.17 5192.17 0.099520 18.33 17.39 23.59 3.62 0.80

1 794.388* PF 1 308.00 5185.87 5186.65 5187.71 5191.94 0.107430 18.76 16.98 23.51 3.74 0.78

1 794.333* PF 1 308.00 5185.40 5186.16 5187.24 5191.70 0.115403 19.18 16.60 23.44 3.87 0.76

1 794.277* PF 1 308.00 5184.93 5185.68 5186.77 5191.44 0.123323 19.57 16.25 23.37 3.98 0.75

1 794.222* PF 1 308.00 5184.47 5185.21 5186.31 5191.18 0.130463 19.91 15.97 23.32 4.09 0.74

1 794.166* PF 1 308.00 5184.00 5184.73 5185.84 5190.89 0.137508 20.23 15.71 23.27 4.18 0.73

1 794.111* PF 1 308.00 5183.53 5184.25 5185.37 5190.60 0.144372 20.54 15.47 23.22 4.28 0.72

1 794.055* PF 1 308.00 5183.07 5183.78 5184.91 5190.30 0.150609 20.80 15.27 23.18 4.36 0.71

1 794     PF 1 308.00 5182.60 5186.42 5184.44 5186.56 0.000380 3.22 109.21 37.19 0.29 3.82

1 793.986* PF 1 308.00 5182.60 5186.42 5186.56 0.000380 3.22 109.17 37.18 0.29 3.82

1 793.973* PF 1 308.00 5182.60 5186.42 5186.56 0.000380 3.22 109.14 37.18 0.29 3.82

1 793.96* PF 1 308.00 5182.60 5186.42 5186.56 0.000381 3.22 109.10 37.17 0.29 3.82

1 793.946* PF 1 308.00 5182.59 5186.42 5186.56 0.000377 3.21 109.48 37.22 0.29 3.83

1 793.933* PF 1 308.00 5182.59 5186.42 5186.55 0.000377 3.21 109.44 37.22 0.29 3.83

1 793.92* PF 1 308.00 5182.59 5186.41 5186.55 0.000378 3.21 109.39 37.21 0.29 3.82

1 793.906* PF 1 308.00 5182.59 5186.41 5186.55 0.000378 3.21 109.35 37.20 0.29 3.82

1 793.893* PF 1 308.00 5182.59 5186.41 5186.55 0.000379 3.21 109.32 37.20 0.29 3.82

1 793.88* PF 1 308.00 5182.59 5186.41 5186.55 0.000379 3.21 109.28 37.20 0.29 3.82

1 793.866* PF 1 308.00 5182.59 5186.41 5186.55 0.000379 3.21 109.24 37.19 0.29 3.82

1 793.853* PF 1 308.00 5182.59 5186.41 5186.55 0.000380 3.22 109.19 37.18 0.29 3.82

1 793.84* PF 1 308.00 5182.58 5186.41 5186.55 0.000376 3.21 109.54 37.23 0.29 3.83

1 793.826* PF 1 308.00 5182.58 5186.41 5186.55 0.000377 3.21 109.50 37.22 0.29 3.83

1 793.813* PF 1 308.00 5182.58 5186.41 5186.55 0.000377 3.21 109.46 37.22 0.29 3.83

1 793.8   PF 1 308.00 5182.58 5186.41 5184.42 5186.54 0.000378 3.21 109.41 37.21 0.29 3.82

1 793.79  Inl Struct

1 793.78  PF 1 308.00 5182.58 5185.33 5185.64 0.001273 4.73 72.06 32.38 0.50 2.75

1 793.702* PF 1 308.00 5182.58 5185.33 5185.64 0.001278 4.74 71.95 32.37 0.50 2.75

1 793.624* PF 1 308.00 5182.58 5185.33 5185.64 0.001284 4.74 71.84 32.35 0.50 2.74

1 793.546* PF 1 308.00 5182.57 5185.32 5185.64 0.001270 4.73 72.11 32.39 0.50 2.75

1 793.468* PF 1 308.00 5182.57 5185.32 5185.63 0.001276 4.74 72.00 32.37 0.50 2.75

1 793.39* PF 1 308.00 5182.57 5185.32 5185.63 0.001282 4.74 71.89 32.36 0.50 2.75

1 793.312* PF 1 308.00 5182.57 5185.31 5185.63 0.001288 4.75 71.76 32.34 0.51 2.74

1 793.234* PF 1 308.00 5182.57 5185.31 5185.63 0.001295 4.76 71.64 32.32 0.51 2.74

1 793.156* PF 1 308.00 5182.56 5185.31 5185.62 0.001282 4.74 71.89 32.36 0.50 2.75

1 793.078* PF 1 308.00 5182.56 5185.30 5185.62 0.001288 4.75 71.76 32.34 0.51 2.74

1 793     PF 1 308.00 5182.56 5185.20 5185.59 0.002489 5.20 68.49 31.88 0.56 2.64

1 726.75* PF 1 308.00 5182.40 5185.03 5185.43 0.002514 5.21 68.25 31.85 0.57 2.63

1 660.5*  PF 1 308.00 5182.23 5184.87 5185.26 0.002497 5.20 68.41 31.87 0.56 2.64

1 594.25* PF 1 308.00 5182.06 5184.71 5185.09 0.002475 5.19 68.63 31.90 0.56 2.64

1 528     PF 1 308.00 5181.90 5184.54 5184.93 0.002491 5.20 68.47 31.88 0.56 2.64

1 462.*   PF 1 308.00 5181.73 5184.38 5184.77 0.002466 5.18 68.70 31.91 0.56 2.65

1 396.*   PF 1 308.00 5181.57 5184.21 5184.60 0.002484 5.19 68.53 31.89 0.56 2.64

1 330.*   PF 1 308.00 5181.41 5184.04 5184.44 0.002511 5.21 68.28 31.85 0.57 2.63

1 264     PF 1 308.00 5181.24 5183.88 5184.27 0.002493 5.20 68.45 31.88 0.56 2.64

1 199.*   PF 1 308.00 5181.08 5183.72 5184.11 0.002504 5.20 68.35 31.86 0.56 2.64

1 134.*   PF 1 308.00 5180.92 5183.55 5183.95 0.002519 5.21 68.21 31.84 0.57 2.63

1 69.*    PF 1 308.00 5180.75 5183.39 5183.78 0.002493 5.20 68.45 31.88 0.56 2.64

1 4       PF 1 308.00 5180.59 5183.23 5182.45 5183.62 0.002501 5.20 68.38 31.87 0.56 2.64
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HEC-RAS  Plan: L=20   River: Spillway   Reach: 1    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Max Chl Dpth

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft)

1 796     PF 1 308.00 5191.59 5193.45 5193.43 5194.24 0.005267 7.40 44.80 28.34 0.96 1.85

1 795.909* PF 1 308.00 5191.54 5193.40 5193.38 5194.18 0.005253 7.39 44.84 28.35 0.96 1.85

1 795.818* PF 1 308.00 5191.49 5193.34 5193.33 5194.13 0.005317 7.42 44.66 28.32 0.96 1.85

1 795.727* PF 1 308.00 5191.43 5193.29 5193.27 5194.07 0.005238 7.38 44.88 28.35 0.96 1.86

1 795.636* PF 1 308.00 5191.38 5193.23 5193.22 5194.02 0.005292 7.41 44.73 28.33 0.96 1.85

1 795.545* PF 1 308.00 5191.32 5193.18 5193.16 5193.96 0.005214 7.37 44.95 28.36 0.95 1.86

1 795.454* PF 1 308.00 5191.27 5193.12 5193.11 5193.91 0.005277 7.40 44.77 28.34 0.96 1.85

1 795.363* PF 1 308.00 5191.22 5193.07 5193.06 5193.86 0.005352 7.43 44.57 28.30 0.96 1.85

1 795.272* PF 1 308.00 5191.16 5193.01 5193.00 5193.80 0.005277 7.40 44.77 28.34 0.96 1.85

1 795.181* PF 1 308.00 5191.11 5192.96 5192.95 5193.75 0.005342 7.43 44.59 28.31 0.96 1.85

1 795.090* PF 1 308.00 5191.05 5192.90 5192.89 5193.69 0.005347 7.43 44.58 28.31 0.96 1.85

1 795     PF 1 308.00 5191.00 5192.84 5192.84 5193.64 0.005444 7.47 44.32 28.26 0.97 1.84

1 794.944* PF 1 308.00 5190.53 5191.86 5192.37 5193.53 0.017088 10.66 30.51 25.97 1.63 1.33

1 794.888* PF 1 308.00 5190.07 5191.24 5191.91 5193.44 0.026217 12.17 26.58 25.28 1.98 1.17

1 794.833* PF 1 308.00 5189.60 5190.68 5191.44 5193.33 0.035558 13.37 24.11 24.84 2.27 1.08

1 794.777* PF 1 308.00 5189.13 5190.14 5190.97 5193.21 0.044941 14.37 22.37 24.52 2.53 1.00

1 794.722* PF 1 308.00 5188.67 5189.62 5190.51 5193.08 0.054239 15.22 21.07 24.28 2.75 0.95

1 794.666* PF 1 308.00 5188.20 5189.11 5190.04 5192.93 0.063729 15.99 20.02 24.09 2.96 0.91

1 794.611* PF 1 308.00 5187.73 5188.60 5189.57 5192.77 0.073155 16.68 19.16 23.93 3.15 0.87

1 794.555* PF 1 308.00 5187.27 5188.11 5189.11 5192.59 0.081952 17.27 18.49 23.80 3.31 0.84

1 794.5*  PF 1 308.00 5186.80 5187.62 5188.64 5192.39 0.090837 17.82 17.90 23.69 3.47 0.82

1 794.444* PF 1 308.00 5186.33 5187.13 5188.17 5192.17 0.099520 18.33 17.39 23.59 3.62 0.80

1 794.388* PF 1 308.00 5185.87 5186.65 5187.71 5191.94 0.107430 18.76 16.98 23.51 3.74 0.78

1 794.333* PF 1 308.00 5185.40 5186.16 5187.24 5191.70 0.115403 19.18 16.60 23.44 3.87 0.76

1 794.277* PF 1 308.00 5184.93 5185.68 5186.77 5191.44 0.123323 19.57 16.25 23.37 3.98 0.75

1 794.222* PF 1 308.00 5184.47 5185.21 5186.31 5191.18 0.130463 19.91 15.97 23.32 4.09 0.74

1 794.166* PF 1 308.00 5184.00 5184.73 5185.84 5190.89 0.137508 20.23 15.71 23.27 4.18 0.73

1 794.111* PF 1 308.00 5183.53 5184.25 5185.37 5190.60 0.144372 20.54 15.47 23.22 4.28 0.72

1 794.055* PF 1 308.00 5183.07 5183.78 5184.91 5190.30 0.150609 20.80 15.27 23.18 4.36 0.71

1 794     PF 1 308.00 5182.60 5186.41 5184.44 5186.55 0.000382 3.22 108.99 37.16 0.29 3.81

1 793.98* PF 1 308.00 5182.60 5186.41 5186.55 0.000382 3.22 108.95 37.16 0.29 3.81

1 793.96* PF 1 308.00 5182.60 5186.41 5186.55 0.000383 3.22 108.92 37.15 0.29 3.81

1 793.94* PF 1 308.00 5182.59 5186.41 5186.55 0.000379 3.21 109.30 37.20 0.29 3.82

1 793.92* PF 1 308.00 5182.59 5186.41 5186.55 0.000379 3.21 109.26 37.19 0.29 3.82

1 793.9*  PF 1 308.00 5182.59 5186.41 5186.55 0.000380 3.22 109.21 37.19 0.29 3.82

1 793.88* PF 1 308.00 5182.59 5186.41 5186.55 0.000380 3.22 109.17 37.18 0.29 3.82

1 793.86* PF 1 308.00 5182.59 5186.41 5186.55 0.000380 3.22 109.14 37.18 0.29 3.82

1 793.84* PF 1 308.00 5182.58 5186.41 5186.55 0.000377 3.21 109.50 37.22 0.29 3.83

1 793.82* PF 1 308.00 5182.58 5186.41 5186.55 0.000377 3.21 109.46 37.22 0.29 3.83

1 793.8   PF 1 308.00 5182.58 5186.41 5184.42 5186.54 0.000378 3.21 109.41 37.21 0.29 3.82

1 793.79  Inl Struct

1 793.78  PF 1 308.00 5182.58 5185.33 5185.64 0.001273 4.73 72.06 32.38 0.50 2.75

1 793.702* PF 1 308.00 5182.58 5185.33 5185.64 0.001278 4.74 71.95 32.37 0.50 2.75

1 793.624* PF 1 308.00 5182.58 5185.33 5185.64 0.001284 4.74 71.84 32.35 0.50 2.74

1 793.546* PF 1 308.00 5182.57 5185.32 5185.64 0.001270 4.73 72.11 32.39 0.50 2.75

1 793.468* PF 1 308.00 5182.57 5185.32 5185.63 0.001276 4.74 72.00 32.37 0.50 2.75

1 793.39* PF 1 308.00 5182.57 5185.32 5185.63 0.001282 4.74 71.89 32.36 0.50 2.75

1 793.312* PF 1 308.00 5182.57 5185.31 5185.63 0.001288 4.75 71.76 32.34 0.51 2.74

1 793.234* PF 1 308.00 5182.57 5185.31 5185.63 0.001295 4.76 71.64 32.32 0.51 2.74

1 793.156* PF 1 308.00 5182.56 5185.31 5185.62 0.001282 4.74 71.89 32.36 0.50 2.75

1 793.078* PF 1 308.00 5182.56 5185.30 5185.62 0.001288 4.75 71.76 32.34 0.51 2.74

1 793     PF 1 308.00 5182.56 5185.20 5185.59 0.002489 5.20 68.49 31.88 0.56 2.64

1 726.75* PF 1 308.00 5182.40 5185.03 5185.43 0.002514 5.21 68.25 31.85 0.57 2.63

1 660.5*  PF 1 308.00 5182.23 5184.87 5185.26 0.002497 5.20 68.41 31.87 0.56 2.64

1 594.25* PF 1 308.00 5182.06 5184.71 5185.09 0.002475 5.19 68.63 31.90 0.56 2.64

1 528     PF 1 308.00 5181.90 5184.54 5184.93 0.002491 5.20 68.47 31.88 0.56 2.64

1 462.*   PF 1 308.00 5181.73 5184.38 5184.77 0.002466 5.18 68.70 31.91 0.56 2.65

1 396.*   PF 1 308.00 5181.57 5184.21 5184.60 0.002484 5.19 68.53 31.89 0.56 2.64

1 330.*   PF 1 308.00 5181.41 5184.04 5184.44 0.002511 5.21 68.28 31.85 0.57 2.63

1 264     PF 1 308.00 5181.24 5183.88 5184.27 0.002493 5.20 68.45 31.88 0.56 2.64

1 199.*   PF 1 308.00 5181.08 5183.72 5184.11 0.002504 5.20 68.35 31.86 0.56 2.64

1 134.*   PF 1 308.00 5180.92 5183.55 5183.95 0.002519 5.21 68.21 31.84 0.57 2.63

1 69.*    PF 1 308.00 5180.75 5183.39 5183.78 0.002493 5.20 68.45 31.88 0.56 2.64

1 4       PF 1 308.00 5180.59 5183.23 5182.45 5183.62 0.002501 5.20 68.38 31.87 0.56 2.64



0 200 400 600 800 1000
5180

5182

5184

5186

5188

5190

5192

5194

5196

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

Main Channel Distance (ft)

E
le

va
tio

n 
(f

t)

Legend

EG  PF 1

WS  PF 1

Crit  PF 1

Ground

69
.*

...

13
4.

*.
..

19
9.

*

26
4

33
0.

*

39
6.

*

46
2.

*

52
8

59
4.

25
*

66
0.

5*

72
6.

75
*

79
3

79
3.

62
4*

79
3.

9*
79

4.
16

6*
79

4.
61

1*

79
5.

09
0*

79
5.

27
2*

79
5.

45
4*

79
5.

63
6*

79
5.

81
8*

79
6

Spillway 1



0 10 20 30 40
5191

5192

5193

5194

5195

5196

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 796    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Crit PF 1

Ground

Bank Sta

.022 .022 .022

0 10 20 30 40
5191

5192

5193

5194

5195

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 795    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Crit PF 1

Ground

Bank Sta

.022 .022 .022

0 10 20 30 40
5182

5183

5184

5185

5186

5187

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 794    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Crit PF 1

Ground

Bank Sta

.022 .022 .022

0 10 20 30 40
5182

5183

5184

5185

5186

5187

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 793.8    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Crit PF 1

Ground

Bank Sta

.022 .022 .022



0 10 20 30 40
5182

5183

5184

5185

5186

5187

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 793.79   IS    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Ground

Bank Sta

.022 .022 .022

0 10 20 30 40
5182

5183

5184

5185

5186

5187

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 793.78    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Ground

Bank Sta

.022 .022 .022

0 10 20 30 40
5182

5183

5184

5185

5186

5187

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 793    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Ground

Bank Sta

.02 .02 .069

0 10 20 30 40
5181

5182

5183

5184

5185

5186

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 528    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Ground

Bank Sta

.02 .02 .069



0 10 20 30 40
5181

5182

5183

5184

5185

5186

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 264    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Ground

Bank Sta

.02 .02 .069

0 10 20 30 40
5180

5181

5182

5183

5184

5185

Channel&Drop Struct Design       Plan: Hydraulic Jump L=20    11/16/2017 

   RS = 4    

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

EG PF 1

WS PF 1

Crit PF 1

Ground

Bank Sta

.02 .02 .069



P:\Projects\Arizona_Public_Service\60522489_FCC06752-DFADA 4\400-Technical\433-Calculations\Stormwater Diversion Channel 
Design\DFADA 4 Calc\DFADA Site 4 - Channel Hydraulics_rev2.docx 

Hydraulic Jump Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FCPP DFADA 4 Channel
Hydraulic Jump: 25%

47
48
49
50
51
52
53
54
55
56
57
58
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60
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65
66
67
68
69
70
71
83
84
85
86
87
88
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91
92
93
94

95

96
97

A B C D E F G H I
Hydraulic Jump and Outlet Weir Calc
From Hydraulic Design of Engergy Dissipators for Culverts and Channel ( HEC-14) 006
Y1 = 0.58 ft upstream normal depth for drop
Ydn = 2.24 ft downstream normal depth basin
Q = 308 cfs flow through the drop
g = 32.2 ft/s2
A1 = 12.45 ft2 area of flow through the drop
A2 = 56.02 ft2 area of flow in next section
z = 1.5 ft sideslope H:1
b = 20 ft bottom width of channel

2) Calculate sequant height of jump.
Equation 

Y2 = 4.54 ft OK height of jump

3) Another check on sequant height of jump.
*Use Fig. FHWA VI-23

V= 24.74 ft/s
Fr1 = top width = 22.63 ft

ym = 0.55 ft  = flow area / top width
Fr1 = 5.88

**Value found by use of Goal Seek
Therefore the Conjugate depth Y2 = 4.5 ft

4) Calculate length of jump.

Lw  = 5*Y2
Lj = 22.71 ft = jump length

Therefore: Min. Length of jump = 22.7 ft
Total Length of Apron = 24.0 ft

Weir Height (hw)

1.78 ft

 Therefore assume 1.5 feet weir height

mgy

V

  







 181

2

1
2

1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.25000 ft/ft

Discharge 308.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 4.00

0+06 0.00

0+26 0.00

0+38 4.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 4.00) (0+38, 4.00) 0.020

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.58 ft

Elevation Range 0.00 to 4.00 ft

Flow Area 12.45 ft²

Wetted Perimeter 22.90 ft

Hydraulic Radius 0.54 ft

Top Width 22.63 ft

Normal Depth 0.58 ft

Critical Depth 1.81 ft

Critical Slope 0.00524 ft/ft

Worksheet for  Hydraulic Jump_Upstream_Rev1

11/16/2017 4:20:04 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity 24.74 ft/s

Velocity Head 9.51 ft

Specific Energy 10.10 ft

Froude Number 5.88

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.58 ft

Critical Depth 1.81 ft

Channel Slope 0.25000 ft/ft

Critical Slope 0.00524 ft/ft

Worksheet for  Hydraulic Jump_Upstream_Rev1

11/16/2017 4:20:04 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00250 ft/ft

Discharge 308.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 4.00

0+06 0.00

0+26 0.00

0+38 4.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 4.00) (0+38, 4.00) 0.020

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 2.24 ft

Elevation Range 0.00 to 4.00 ft

Flow Area 56.02 ft²

Wetted Perimeter 31.11 ft

Hydraulic Radius 1.80 ft

Top Width 30.07 ft

Normal Depth 2.24 ft

Critical Depth 1.81 ft

Critical Slope 0.00524 ft/ft

Worksheet for  Hydraulic Jump_Downstream REv1

11/16/2017 4:19:26 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity 5.50 ft/s

Velocity Head 0.47 ft

Specific Energy 2.71 ft

Froude Number 0.71

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.24 ft

Critical Depth 1.81 ft

Channel Slope 0.00250 ft/ft

Critical Slope 0.00524 ft/ft

Worksheet for  Hydraulic Jump_Downstream REv1

11/16/2017 4:19:26 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Scour Depth Calculations  



DFADA Site 4
Depth of Scour
Stormwater Diversion Channel

Location

Peak Flow, 
Q

Channel 
Slope, S

Radius of 
Curve, Rc

Regional 
Channel

Depth of 
Flow, Ymax

Top Width, 
T

Froude # Average 
Velocity, Vm

Energy 
Slope, Se

Flow Area, 
A

Hydraulic 
Depth, Yh

Discharge 
Per Unit 
Width, q

cfs ft/ft ft ft ft  ft/s ft/ft ft2 ft cfs/ft
Channel Curve C8 308 0.0025 200 No 2.64 31.88 0.56 5.20 0.0025 68.49 2.15 11.87

Note: Used HEC-RAS Results From Cross Section 793

Location Zgs Za Zbs Zlft Zls Zt Selected Zt

ft ft ft ft ft ft ft
Channel Curve C8 0.37 0.37 0.31 1.00 0.00 2.5 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)

Zt = 1.3 ( Zgs + 0.5Za + Zls + Zbs + Zlft )

Where:
Zt= Design Scour
Zgs = General Scour
Za = Anti-Dune Trough Depth
Zls = Local Scour
Zbs = Bend Scour
Zlft = Low Flow Thalweg

General Scour: Zeller Equation (1981)
Ref to Pg. 6.09, of COT Manual
Zgs = Ymax( (0.0685Vm

0.8)/(Yh
0.4)(Se

0.3) -1)

Where:
Ymax = Maximum Depth of Flow (Water Surface Elevation  -  Minimum Channel Elevation)

Vm = Average Velocity of Flow

Yh = Hydraulic Depth = A/T

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

Anti-Dune Trough Depth:
Ref to Pg. 6.09, of COT Manual
Za = 0.0137Vm

2

Where:
Vm = Average Velocity of Flow

Anti-Dune Trough cannot exceed one-half of the depth of flow

Bend Scour:
Refer to Pg. 6.11 of COT Manual
Zbs =((0.0685YmaxVm

0.8)/(Yh
0.4)(Se

0.3))(2.1(T/4Rc)
0.2-1)

Where:
Ymax = Maximum Depth of Flow (Water Surface Elevation  -  Minimum Channel Elevation)

Vm = Average Velocity of Flow

Yh = Hydraulic Depth = A/T

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

T = Channel Top Width of Water Surface
Rc = Centerline Radius of Curve

Low Flow Thalweg:
Ref to Pg. 6.09, of COT Manual
Zlft = 0 if the ration of the flow width to the flow depth is less than 1.15 times the 100-year velocity

Zlft = 2-ft for Regional Watercourses (Q 100 >2000 cfs)

Zlft = 1-ft for others

Local Scour: N/A
Ref to Pg. 6.13, of COT Manual
Local scour occurs whenever there is an abrubt change in the direction of flow, such as obstructions and drops.

Additional Scour Inputs

Scour Calculations

Channel Inputs HEC-RAS Output

P:\Projects\Arizona_Public_Service\60522489_FCC06752-DFADA 4\400-Technical\433-Calculations\Stormwater Diversion Channel Design\DFADA 4 Calc\Scour Depth_Revised.xlsx
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APPENDIX 4 – DRY FLY ASH DISPOSAL AREA PHASE II ASH DISPOSAL FACILITY FOUR CORNERS 
POWER PLANT DRAINAGE REPORT  

 

   









































































































     

 
 

APPENDIX 5 – INCREASED STORM WATER RUNOFF FROM SITE 3  
 
 

   



















     

 
 

APPENDIX 6 – STORM WATER RUN‐OFF AND LEACHATE COLLECTION POND SIZING –CALCULATION 
PACKAGE 
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DFADA Site 4 Landfill Expansion 
Storm Water Run-Off and 

Leachate Collection Pond Sizing Calculation 
FCPP, Fruitland, NM 

Problem Statement: 

The objective of this calculation package is to determine the required storage volume of the 

leachate collection pond associated with the DFADA Site 4 landfill expansion. The leachate 

collection pond storage volume was calculated based on the storm water run-off generated by 

the 25-year, 24-hour storm event.  

Required Deliverables: 

Ø Calculations for the retention volume associated with the 25-year, 24-hour storm event. 

Ø Leachate collection pond sizing calculation. 

Design Criteria/Assumptions: 

The following assumptions were made for the calculation package: 

Ø All offsite storm water, with the exception of minor storm water run-on from the 

adjacent DFADA Site 4 landfill expansion access road, is captured in the existing and 

proposed storm water diversion channels, which direct storm water to the natural 

drainage south of DFADA Site 4. 

Ø Storm water collected within the DFADA Site 4 landfill expansion reports to the 

leachate collection pond via the leak collection and removal system (LCRS). 

Methodology: 

The hydrologic analysis for the disposal area site was computed using the Simplified Peak Flow 

Method based on the New Mexico State Highway and Transportation Department Drainage 
Manual, Hydrology (NMSHTD Drainage Manual) (1995). This methodology can be used to 

estimate peak discharges and run-off volumes for small, uniform drainage areas that are less 

than 5 square miles in size. The total existing or developed drainage basin for this proposed 

expansion project is less than 1 square mile.  

 

The proposed DFADA Site 4 landfill expansion area was used to calculate the length of the 

flow path. The upper and lower elevations used in the model are based on the current existing 

grade topography. The slope and length flow path were then used to calculation the runoff 

volume.   
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Results: 
 
The leachate collection pond storage volume required to contain the 25-year, 24-hour design 

storm event for the DFADA Site 4 landfill expansion was calculated to be 6.68 ac-ft. Based on a 

leachate collection pond bottom area of 40,000 square feet (100 feet x 400 feet), a pond depth of 

6.5 feet provides 6.989 ac-ft of storage, which is sufficient to contain the 25-year, 24-hour storm 

event. 

 

References: 

New Mexico State Highway and Transportation Department Drainage Manual, Hydrology 
(NMSHTD Drainage Manual) (1995)



   

 

     
 

CALCULATIONS 



1

2

3

4

A B C D E F G H I J K L M N O P Q

Peak Discharge and Retention Volume Calculations: 25‐year, 24‐hour storm event

Sub-basin Area (sq ft) Area (acre) Area (sq mile) L (feet) Upper Elevation Lower Elevation

Slope of 
Longest 

Flow Path
Time of 

Concentration
Applied Time of 
Concentration

Curve 
number Precipitation

Direct 
runoff

Runoff 
Volume Log Tc

unit peak 
discharge

Design 
frequency 
Dicharge

(ft) (ft) S (ft/ft) Tc (min) Tc (min) CN P (inch) Qd (inch) Qv (ac-ft)
qu (cfs/ac-

in) Qp (cfs)

DFADA 4 1,866,463        42.85 0.07 2507 5240 5156 0.03 12 12 100 1.87 1.87 6.68 -0.70 1.71 136.74



1

2

3

4

A B C D E F G

Peak Discharg

Sub-basin Area (sq ft) Area (acre) Area (sq mile) L (feet) Upper Elevation Lower Elevation

(ft) (ft)

DFADA 4
1866462.9752 =B4/43560 =B4/27878400 2507 5240 5156



1

2

3

4

H I J K L

Slope of Longest Flow Path Time of Concentration Applied Time of Concentration Curve number Precipitation

S (ft/ft) Tc (min) Tc (min) CN P (inch)

=(F4-G4)/E4 =0.0078*E4^0.77*H4^-0.385 =IF(I4<10,10,I4) 100 1.87



1

2

3

4

M N O

Direct runoff Runoff Volume Log Tc

Qd (inch) Qv (ac-ft)

=((L4-(200/K4)+2)^2)/(L4+(800/K4)-8) =(M4*C4)/12 =LOG(J4/60)



1

2

3

4

P Q

unit peak discharge Design frequency Dicharge

qu (cfs/ac-in) Qp (cfs)

=0.543*((J4/60)^-0.812)*(10^-(((ABS(O4+0.3)-O4-0.3)^1.5)/10)) =C4*M4*P4



Pond Sizing

Bottom Dimensions Side slopes

Length 400 ft 2 :1 H:V

Width 100 ft Bottom El.

Area  40000 sf 5146 feet

Depth Top area (sf) Vol. (cf) Vol. (ac‐ft) Elevation

1 42016 41008 0.941 5147.0

1.5 43036 62277 1.430 5147.5

2 44064 84064 1.930 5148.0

2.5 45100 106375 2.442 5148.5

3 46144 129216 2.966 5149.0

3.5 47196 152593 3.503 5149.5

4 48256 176512 4.052 5150.0

4.5 49324 200979 4.614 5150.5

5 50400 226000 5.188 5151.0

5.5 51484 251581 5.776 5151.5

6 52576 277728 6.376 5152.0

6.5 53676 304447 6.989 5152.5

7 54784 331744 7.616 5153.0

7.5 55900 359625 8.256 5153.5

8 57024 388096 8.909 5154.0

8.5 58156 417163 9.577 5154.5

9 59296 446832 10.258 5155.0

9.5 60444 477109 10.953 5155.5

10 61600 508000 11.662 5156.0

P:\Projects\Arizona_Public_Service\60522489_FCC06752‐DFADA 4\400‐Technical\433‐Calculations\Stormwater Runoff Calculation\Pond sizing.xlsxPond 

sizing.xlsx



Pond Sizing Formulas

Bottom D Side slopes

Length 400 ft 2 :1 H:V

Width 100 ft Bottom El.

Area  =+B2*B3 sf 5146 feet

Depth Top area (sf) Vol. (cf) Vol. (ac‐ft) Elevation

1 =($B$2+(2*$D$2*A7))*($B$3+(2*$D$2*A7)) =((B7+$B$4)/2)*A7 =C7/43560 =$D$4+A7

1.5 =($B$2+(2*$D$2*A8))*($B$3+(2*$D$2*A8)) =((B8+$B$4)/2)*A8 =C8/43560 =$D$4+A8

2 =($B$2+(2*$D$2*A9))*($B$3+(2*$D$2*A9)) =((B9+$B$4)/2)*A9 =C9/43560 =$D$4+A9

2.5 =($B$2+(2*$D$2*A10))*($B$3+(2*$D$2*A10)) =((B10+$B$4)/2)*A10 =C10/43560 =$D$4+A10

3 =($B$2+(2*$D$2*A11))*($B$3+(2*$D$2*A11)) =((B11+$B$4)/2)*A11 =C11/43560 =$D$4+A11

3.5 =($B$2+(2*$D$2*A12))*($B$3+(2*$D$2*A12)) =((B12+$B$4)/2)*A12 =C12/43560 =$D$4+A12

4 =($B$2+(2*$D$2*A13))*($B$3+(2*$D$2*A13)) =((B13+$B$4)/2)*A13 =C13/43560 =$D$4+A13

4.5 =($B$2+(2*$D$2*A14))*($B$3+(2*$D$2*A14)) =((B14+$B$4)/2)*A14 =C14/43560 =$D$4+A14

5 =($B$2+(2*$D$2*A15))*($B$3+(2*$D$2*A15)) =((B15+$B$4)/2)*A15 =C15/43560 =$D$4+A15

5.5 =($B$2+(2*$D$2*A16))*($B$3+(2*$D$2*A16)) =((B16+$B$4)/2)*A16 =C16/43560 =$D$4+A16

6 =($B$2+(2*$D$2*A17))*($B$3+(2*$D$2*A17)) =((B17+$B$4)/2)*A17 =C17/43560 =$D$4+A17

6.5 =($B$2+(2*$D$2*A18))*($B$3+(2*$D$2*A18)) =((B18+$B$4)/2)*A18 =C18/43560 =$D$4+A18

7 =($B$2+(2*$D$2*A19))*($B$3+(2*$D$2*A19)) =((B19+$B$4)/2)*A19 =C19/43560 =$D$4+A19

7.5 =($B$2+(2*$D$2*A20))*($B$3+(2*$D$2*A20)) =((B20+$B$4)/2)*A20 =C20/43560 =$D$4+A20

8 =($B$2+(2*$D$2*A21))*($B$3+(2*$D$2*A21)) =((B21+$B$4)/2)*A21 =C21/43560 =$D$4+A21

8.5 =($B$2+(2*$D$2*A22))*($B$3+(2*$D$2*A22)) =((B22+$B$4)/2)*A22 =C22/43560 =$D$4+A22

9 =($B$2+(2*$D$2*A23))*($B$3+(2*$D$2*A23)) =((B23+$B$4)/2)*A23 =C23/43560 =$D$4+A23

9.5 =($B$2+(2*$D$2*A24))*($B$3+(2*$D$2*A24)) =((B24+$B$4)/2)*A24 =C24/43560 =$D$4+A24

10 =($B$2+(2*$D$2*A25))*($B$3+(2*$D$2*A25)) =((B25+$B$4)/2)*A25 =C25/43560 =$D$4+A25

P:\Projects\Arizona_Public_Service\60522489_FCC06752‐DFADA 4\400‐Technical\433‐Calculations\Stormwater Runoff Calculation\Pond sizing.xlsxPond sizing.xlsx
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