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PURPOSE  

This report is Amendment No. 2 to the Drainage Master Plan (DMP) for the Mirehaven 

Master Planned Community, Bohannan Huston Inc., November 2013, which was prepared 

for Pulte Homes of New Mexico.  The DMP provided master drainage analysis to support 

the future backbone drainage infrastructure for the proposed development that will consist of 

approximately 950 single family residential lots on approximately 285 acres.  The DMP was 

approved by the City of Albuquerque on December 4, 2013, with Amendment No. 1 being 

approved on April 9, 2014.  Since that approval, there have been ongoing discussions with 

the project owner, Pulte Homes of New Mexico; as a result, the design concept for the 

Mirehaven Arroyo Improvements has been modified.  These modifications include replacing 

all vertical wall sections, vertical wall drop structures and sloped wire-tied riprap with sloped 

1:1.5 shotcrete.  This Amendment provides the updated analysis for the Mirehaven Arroyo 

Improvements and replaces some of the Subsections of Section VI of the approved DMP.  

All other sections of the DMP remain the same and are not restated here.   

VI. PROPOSED MIREHAVEN ARROYO IMPROVEMENTS  

The improvements that are proposed for the Mirehaven Arroyo are planned to be 

constructed from the existing crossing structure at Tierra Pintada west to the property 

boundary of the Petroglyph National Monument.  The proposed improvements include: a 

training dike immediately downstream of (and outside of) the Petroglyph National Monument 

property boundary; channel improvements with a trapezoidal section; shotcrete drop 

structures with shotcrete aprons on the downstream end; a crossing structure at the 

proposed future roadway; buried shotcrete scour protection; and a COA maintenance road 

with three access locations along the north side of the channel along with maintenance 

access at both sides of the training dike.  The proposed channel will be a composite 

trapezoidal channel with the side slopes of the channel being constructed of shotcrete and 

the bottom of the channel being earthen.  A HEC-RAS model was created for the proposed 

improvements to aid in the design of the proposed channel, scour protection, crossing 

structure and drop structures.  This model uses Manning’s “n” values of 0.018, 0.035, and 

0.045, corresponding to shotcrete, natural channel, and gravel mulch portions of the 

channel.  HEC-RAS model outputs, select cross sections, figure showing HEC-RAS sections 

in plan view and a profile showing existing ground (based on the previous design described 

in Addendum No. 1), interim ground and proposed ground are included in Appendix A.
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A. PROPOSED CHANNEL 

The proposed channel will convey flows from the existing Mirehaven Arroyo upstream 

of the project location and developed flows from the proposed development of the 

Watershed subdivision.  The maximum flowrate in the channel is 1,500 cfs, which occurs at 

the inlet to the existing culvert crossing structure at Tierra Pintada Drive and is the design 

flowrate for the entire reach of the proposed improvements.  The design flowrate is taken 

from the West I-40 DMP that was updated in 2011. 

The channel will be an earthen trapezoidal channel that begins at Tierra Pintada and 

extends west approximately 3,000 ft upstream to the proposed training dike and will have a 

downstream slope of 0.7 percent.  This slope was selected based on the equilibrium slope 

analysis discussed in the approved DMP.  The channel bottom width varies from 25 ft at 

Tierra Pintada (the width of the existing section at Tierra Pintada), to 66 ft approximately 200 

ft upstream of that crossing.  From there, the channel bottom width varies between 64 ft and 

115 ft upstream to the proposed future roadway crossing where the channel bottom width is 

reduced to 46 ft.  Upstream of the future roadway crossing, the channel bottom width varies 

between 61 ft and 88 ft upstream to the training dike.  The bottom of the channel will be 

designed with a 2 percent cross slope from the banks to the center of the channel.  See 

Exhibit 1 for a plan view of the proposed improvements. 

The channel improvements are designed to include freeboard above the 100-yr 

WSEL.  The channel depth is designed to contain the water surface elevation in the channel 

as well as superelevation as discussed in the section below.  The channel section has also 

been designed with a gravel mulch lined section to extend from the top of the channel depth 

at a slope of 3:1 (horizontal to vertical) vertically 2 ft to account for freeboard.  Freeboard 

was calculated per Section 22.3.C.4 of the COA DPM (see Appendix A).  Exhibit 2 shows a 

portion of the plan view and details of the proposed channel. 

1. EQUILIBRIUM SLOPE ANALYSIS 

The equilibrium slope was established previously with the original DMP and is 

discussed in that report.  

2. SUPERELEVATION ANALYSIS  

A superelevation analysis was conducted to determine amount of rise in the water 

surface along the proposed channel wall along the outside of each channel curve to 

determine the minimum depth for the proposed channel section.  The analysis utilized the 
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methods and equations in Section 22.3.C.3.a.2 of the COA DPM for superelevation for 

trapezoidal channels under subcritical flow conditions.  This requires inputs of velocity, 

depth of flow (values taken from HEC-RAS model), bank slope, channel bottom width, 

radius of the channel curve (determined using AutoCAD), and the gravity constant of 32.2 

ft/s2.   

These inputs were entered into a spreadsheet that calculated the superelevation at 

representative cross sections from the HEC-RAS model.  The calculated superelevation was 

then added to the depth of flow to determine the maximum height of the water surface and 

ultimately the channel depth.  The analysis indicates that the maximum depth of 3 ft will be 

required for the channel except at the outlet of the training dike, drop structures and 

crossing locations where the wall elevations are determined by water surface elevation (plus 

freeboard and superelevation) as dictated by the upstream and downstream channel 

features and geometry.  Calculations for this analysis are included in Appendix A. 

B. SHOTCRETE DROP STRUCTURES 

Drop structures are required for the proposed channel described above to control the 

grade in the channel and maintain the channel design slope of 0.7 percent.  The Mirehaven 

Arroyo in its existing condition has an approximate slope of 2.2 percent giving a change in 

slope of 1.5 percent from the existing slope to the proposed channel slope.  With the 

proposed channel and proposed training dike being approximately 3,400 ft upstream (in 

combined length), this gives a change in grade from the existing arroyo to the proposed 

channel of 51 ft. 

Each proposed drop structure is designed to be a sloped shotcrete drop structure at a 

slope of 1.5:1 (horizontal to vertical); there will be 3-3 ft drops, 2-6 ft drops, 4-4 ft drops and 

2-5 ft drops for a total of 11 structures that will be needed to establish channel longitudinal 

slope of 0.7 percent.  For maintenance access, the drop structures will also include a slope 

paving access ramp that matches the channel section from the top of the drop structure to 

the downstream channel invert at a slope of 6:1 (horizontal to vertical), with side slopes that 

tie to the channel bottom at a 1.5:1 (horizontal to vertical) from the outside edge of the 

access ramp.  The drop structures will also include shotcrete protection upstream and 

downstream of each structure.  At all structures, the shotcrete protection will extend 

horizontally upstream 4.5 ft and will be toed down to the scour depth while the downstream 

protection will vary in length from 29 ft to 40 ft.  This downstream protection length is based 

on drop structure dimension calculations discussed in the section below.  A summary of the 
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drop structure dimensions is included in Table 1 below.  See Exhibit 3 for plan and sections 

for proposed drop structures. 

Table 1:  Drop Structure Dimensions 

Drop 
Structure 
Location 

Crest 
Width 

(ft) 

Drop 
Height 

(ft) 

Required 
Length of 
Drop (ft) 

Design 
Length of 
Drop (ft) 

Sta. 40+23 61 4 32.8 33.0 
Sta. 38+71 61 4 32.8 33.0 
Sta.  36+85 61 6 38.4 39.0 
Sta. 32+33 64 4 32.2 33.0 
Sta. 28+98 68 3 28.3 29.0 
Sta. 28+18 68 4 31.9 32.0 
Sta. 23+22 46 5 39.4 40.0 
Sta. 21+20 69 3 28.2 29.0 
Sta.18+98 70 5 34.0 35.0 
Sta.  13+73 66 6 37.7 38.0 
Sta. 12+75 55 3 30.6 31.0 

1. DROP STRUCTURE DIMENSION ANALYSIS 

To determine the length of the drop structures, a drop structure dimension analysis 

was performed for each drop structure.  This analysis uses the equations for drop structure 

lengths in the document Open Channel Flow, Henderson, 1966, and requires input of crest 

width (varies from 55 ft to 70 ft), design flow rate (1,500 cfs), critical depth (determined from 

HEC-RAS) and height of vertical drop (varies from 3 ft to 6 ft). 

The analysis indicates that for the 3 ft drop structures the required length of protection 

downstream of the structure ranges from 29 ft to 31 ft.  This variation in length is due to the 

variation in the crest widths.  Drop structures with smaller crest widths require longer lengths 

of the structure.  The required length of protection downstream for the 6 ft drops ranges from 

38 ft to 39 ft.  For the 4 ft and 5 ft drop structures, the required length of protection 

downstream ranges 32 ft and 40 ft.  Calculations for this analysis are included in Appendix 

B. 

C. TRAINING DIKE 

The training dike will convey flows from the existing Mirehaven Arroyo into the 

proposed Mirehaven Channel Improvements.  The training dike is designed to be a 4 ft high 

earthen embankment with side slopes of 6:1 (horizontal to vertical) on the north side and 4:1 

(horizontal) on the south side that extends upstream to ensure that all flow is directed into 
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the proposed channel.  This earthen section will also include shotcrete protection at a slope 

of 1.5:1 (horizontal to vertical) from the 100-yr WSEL to the scour depth.  The north 

embankment will tie to the north proposed channel wall and extend approximately 190 ft 

north and west to the property boundary with the Petroglyph National Monument.  The south 

embankment will tie the south proposed channel wall and will extend approximately 460 ft 

upstream in a south westerly direction.   

D. FUTURE ROADWAY CROSSING STRUCTURE 

As discussed previously in the DMP, a proposed future roadway crossing structure will 

be located at the intersection of the proposed roadway and the proposed channel.  Due to 

phasing of the community, the channel improvements will be constructed before this 

crossing.  Therefore, the details of the crossing structure have not been determined, and it is 

not included in this analysis.  The future crossing structure will be evaluated and designed 

such that it does not adversely impact the hydraulics of the channel and provides adequate 

freeboard.   

E. SCOUR PROTECTION 

To protect the proposed improvements from local scour, shotcrete will be used along 

the channel and training dike.  Throughout the channel and at the training dike, this scour 

protection is designed to be buried shotcrete, which is 7 inches thick, from the toe of the 

slope to the calculated scour depth at a slope of 1.5:1 (horizontal to vertical).  The overall 

shotcrete protection will be from the 100-year water surface elevation and extend downward 

to provide local scour protection.  A summary of the depth of this scour protection is 

included in Table 2 below.  A discussion of the analysis of this scour depth is included in the 

following section. 

Table 2:  Scour Depth 

Location 
Design Scour 

Depth (ft) 

Training Dike 3 

Sta. 40+23 to Sta. 13+20 3 

Sta. 13+20 to Sta. 12+20 4 
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1. SCOUR DEPTH ANALYSIS 

To determine the scour depths to be used in the design of the Mirehaven Arroyo 

Improvements, a scour depth analysis was conducted.  The scour depth analysis uses 

equation 3.89 of the Sediment and Erosion Design Guide, prepared by Resource 

Consultants & Engineers, Inc. dated November 1994, and calculates the scour depth along 

a flood wall when flow is parallel to the wall.  This equation requires inputs of depth of flow 

and the Froude number at locations along the wall.  These inputs were determined from the 

HEC-RAS model that was run in a mixed flow regime.  This flow regime was selected due to 

the fact that the scour depth increases during supercritical flow.   

The HEC-RAS outputs were then used to create a spreadsheet to calculate the depth 

of scour at each HEC-RAS cross section.  The results of this analysis are summarized in the 

table above.  Calculations and references for this analysis are included in Appendix B. 

F. MAINTENANCE/PEDESTRIAN ACCESS 

The design of the Mirehaven Arroyo Improvements also includes a 20 ft wide City of 

Albuquerque maintenance road.  This maintenance road will be located on the north side of 

the channel and will have a cross slope of 2 percent away from the proposed top of the 

channel.  See Exhibit 2 for typical maintenance road section.  The design will include five 

access ramps at or near the locations of the previously approved design.  Two access 

locations will be located just downstream and upstream of the proposed future roadway 

crossing; two will be located at the training dike allowing access to both the north and south 

sides of the channel and one at the existing Tierra Pintada Crossing on the north side.  

These locations are shown on Exhibit 1.  Each access ramp will consist of a shotcrete ramp 

with a minimum width of 12 ft and a maximum slope of 6:1 (horizontal to vertical).   

G. INTERIM CONDITIONS 

The interim conditions were established previously with the original DMP and 

Amendment 1 and are discussed in those reports.  The design changes discussed in this 

report are predominantly to the channel improvements which are within the drainage 

easement.  Any grading changes outside the easement will be minor and will not change the 

overall interim conditions.  The grading will tie to other City projects (Project No. 650381 and 

650383). 
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 HEC-RAS Flow Results Table  A.3-A.10 

 HEC-RAS Cross-sections at Select Locations  A.11-A.17 

 Superelevation Calculations  A.18 

 Drop Structure Dimensions Calculations  A.19-A.21 

 Scour Depth Calculations  A.21-A.27 

 Freeboard Calculations  A.28-A.34 

 HEC-RAS Profile at Tierra Pintada Crossing  A.35 
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Mirehaven Arroyo @ Watershed Subdivision
"Sediment and Erosion Design Guide", Resource Consultants & Engineers, Inc., Nov. 1994
prepared for Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA)
pages 3-88 to 3-90

Scour along a flood wall when the flow is parallel to the wall

Ys = Y*(0.73+0.14*3.14*Fr^2)

where, Ys = Scour Depth
Y = Depth
Fr = Froude Number

Input from HEC-RAS model. Updated by JDE on 01/10/2015 for proposed Mirehaven Arroyo Improvements
HEC-RAS Plans Are Located Here: P:\20130375\WR\Calculations\Programs\HEC-RAS\FinalDesign\FinalDesign.prj  

Indicates location of Drops Channel will be protected by Shotcrete to End of Drop Structure.
Indicates location of Crossing Structure where channel will be protected from end of upstream Drop to Crossing Structure

River Station Min. Channel W.S. Elev 
Y= Average 

Depth Fr Ys Ys
(Mixed) (Mixed) (Mixed) (Mixed) (Design)

4535 5362.56 5365.54 1.89 1.17 2.52 2.52
4460 5360.96 5363.97 1.75 1.23 2.44 2.44
4410 5360.15 5362.37 1.59 1.42 2.57 2.57
4360 5359.03 5361.13 1.48 1.33 2.23 2.23
4310 5358.05 5361.02 1.81 0.65 1.66 1.66
4260 5357.7 5360.95 2.34 0.44 1.91 1.91
4210 5357.35 5360.87 2.53 0.39 2.02 2.02

4153.776 5356.95 5360.64 2.82 0.44 2.30 2.30
4122.257 5356.73 5360.45 2.93 0.49 2.45 2.45
4086.582 5356.48 5360.14 2.94 0.6 2.61 2.61
4053.607 5356.25 5359.72 2.85 0.73 2.75 2.75
4023.759 5356.04 5358.96 2.46 0.98 2.83 2.83
4016.758 5352.41 5354.35 1.64 2.52 5.78 5.78

3970 5351.67 5353.52 1.49 2.21 4.29 4.29
3920 5351.32 5354.75 2.92 0.74 2.83 2.83

3871.282 5350.98 5353.9 2.46 0.98 2.83 2.83
3865.282 5347.21 5349.49 1.75 2.32 5.42 5.42
3846.415 5346.86 5348.48 1.29 2.77 5.30 5.30

3820 5346.66 5348.94 1.89 1.52 3.30 3.30
3770 5346.31 5349.71 2.89 0.75 2.82 2.82
3720 5345.96 5349.37 2.9 0.74 2.82 2.82

3685.282 5345.72 5348.64 2.46 0.98 2.83 2.83
3676.157 5340.32 5342.28 1.63 2.89 7.18 7.18
3648.004 5339.53 5341.05 1.23 3.09 6.06 6.06

3620 5339.3 5341.54 1.86 1.63 3.53 3.53
3570 5338.97 5342.09 2.65 0.94 2.96 2.96
3520 5338.57 5341.51 2.48 0.97 2.84 2.84
3470 5338.09 5341.21 2.48 0.82 2.54 2.54
3420 5337.61 5341.13 2.79 0.63 2.52 2.52
3370 5337.25 5340.95 2.93 0.57 2.56 2.56
3320 5337.01 5340.63 2.87 0.64 2.61 2.61

P:\20130375\WR\Calculations\Misc Calcs\Channel\Design Report Calcs\Final Design\Scour.xlsx
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3270 5336.76 5340.2 2.91 0.7 2.75 2.75
3233.282 5336.52 5339.37 2.4 0.98 2.77 2.77
3227.282 5332.93 5334.91 1.62 2.49 5.60 5.60
3208.59 5332.38 5333.89 1.22 2.9 5.40 5.40

3170 5332.04 5334.46 2.01 1.31 2.98 2.98
3120 5331.68 5334.52 2.39 0.98 2.75 2.75
3070 5331.16 5334.19 2.51 0.74 2.44 2.44
3020 5330.72 5334.1 2.8 0.56 2.43 2.43
2970 5330.39 5333.95 2.97 0.52 2.52 2.52
2920 5330.17 5333.51 2.81 0.65 2.57 2.57

2898.282 5329.98 5332.75 2.31 0.98 2.66 2.66
2894.282 5327.58 5329.57 1.3 2.46 4.41 4.41
2880.837 5327.08 5328.66 1.3 2.55 4.67 4.67
2855.037 5326.82 5329.2 1.97 1.33 2.97 2.97
2818.282 5326.44 5329.31 2.42 0.98 2.79 2.79
2813.282 5322.86 5324.94 1.67 2.43 5.56 5.56
2794.821 5322.51 5324.05 1.27 2.81 5.34 5.34

2770 5322.25 5324.43 1.79 1.6 3.32 3.32
2720 5321.79 5325.11 2.79 0.68 2.60 2.60
2670 5321.35 5325.08 3.14 0.51 2.65 2.65
2620 5320.93 5325.06 3.48 0.4 2.79 2.79
2570 5320.36 5325.06 3.69 0.31 2.85 2.85
2520 5320.05 5325.01 3.9 0.29 2.99 2.99
2470 5320.15 5324.63 3.71 0.48 3.08 3.08
2420 5319.97 5323.74 3.21 0.78 3.20 3.20
2370 5319.62 5323.22 3.07 0.85 3.22 3.22

2322.282 5319.17 5322.5 2.84 0.96 3.22 3.22
2314.185 5314.61 5317.23 2.08 2.38 6.70 6.70
2290.505 5313.89 5315.3 1.05 3.57 6.65 6.65

2220 5313.1 5316.68 2.84 0.55 2.45 2.45
2170 5312.78 5316.54 2.98 0.51 2.52 2.52

2120.282 5312.68 5315.44 2.3 0.98 2.65 2.65
2115.282 5309.82 5311.82 1.57 2.33 4.89 4.89
2101.362 5309.51 5311.1 1.23 2.67 4.75 4.75

2070 5309.22 5311.53 1.81 1.35 2.77 2.77
2020 5308.7 5312.12 2.71 0.62 2.44 2.44
1970 5308.42 5311.91 2.78 0.61 2.48 2.48
1920 5308.2 5311.26 2.56 0.79 2.57 2.57

1898.282 5307.96 5310.7 2.28 0.98 2.63 2.63
1891.051 5303.45 5305.24 1.44 2.84 6.16 6.16
1868.36 5303 5304.4 1.15 2.97 5.30 5.30

1820 5302.5 5304.92 1.98 1.2 2.70 2.70
1770 5302.03 5304.58 2.05 0.99 2.38 2.38
1720 5301.5 5304.2 2.07 0.82 2.12 2.12
1670 5300.95 5304.08 2.4 0.58 2.11 2.11
1620 5300.52 5304.01 2.7 0.45 2.21 2.21
1570 5300.17 5303.93 2.93 0.39 2.33 2.33
1520 5299.92 5303.83 3.07 0.39 2.45 2.45
1470 5299.78 5303.64 3.06 0.45 2.51 2.51
1420 5299.71 5303.08 2.85 0.67 2.64 2.64

1373.282 5299.32 5302.13 2.35 0.98 2.71 2.71
1365.281 5294.63 5296.56 1.51 2.77 6.20 6.20
1342.651 5294.24 5295.98 1.38 2.32 4.27 4.27

1320 5294.07 5296.46 1.97 1.32 2.95 2.95
1275.282 5293.45 5296.43 2.55 1.03 3.05 3.05
1270.281 5291.1 5296.81 4.57 0.4 3.66 3.66
1260.172 5290.94 5296.81 4.95 0.38 3.93 3.93

1220 5290.74 5296.08 4.27 0.62 3.84 3.84
1181.535 5290.5 5295.62 4.06 0.81 4.14 4.14

1170 5289.91 5295.91 4.68 0.61 4.18 4.18
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1120 5287.37 5296.3 6.62 0.3 5.09 5.09
1106.63 5286.68 5296.33 7.07 0.26 5.37 5.37

P:\20130375\WR\Calculations\Misc Calcs\Channel\Design Report Calcs\Final Design\Scour.xlsx
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Mirehaven Arroyo
Freeboard Calcualtions

Reference: "City of Albuquerque, DPM" (pg. 22-130)

Freeboard can be determined by 

Maximum Required Freeboard (ft)=  1.71

River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

4535 Final_Mixed 1501 5362.56 5365.54 2.98 8.73 1.55

4535 Final_Sub 1501 5362.56 5365.82 3.26 7.52 1.54

4460 Final_Mixed 1501 5360.96 5363.97 3.01 9.16 1.56

4460 Final_Sub 1501 5360.96 5364.27 3.31 7.75 1.55

4410 Final_Mixed 1501 5360.15 5362.37 2.22 10.31 1.53

4410 Final_Sub 1501 5360.15 5362.82 2.67 8.01 1.52

4360 Final_Mixed 1501 5359.03 5361.13 2.1 9.27 1.51

4360 Final_Sub 1501 5359.03 5361.45 2.42 7.61 1.51

4310 Final_Mixed 1501 5358.05 5361.02 2.97 4.76 1.48

4310 Final_Sub 1501 5358.05 5361.02 2.97 4.76 1.48

4260 Final_Mixed 1501 5357.7 5360.95 3.25 3.85 1.47

4260 Final_Sub 1501 5357.7 5360.95 3.25 3.85 1.47

4210 Final_Mixed 1501 5357.35 5360.87 3.52 3.56 1.47

4210 Final_Sub 1501 5357.35 5360.87 3.52 3.56 1.47

4153.776 Final_Mixed 1501 5356.95 5360.64 3.69 4.29 1.49

4153.776 Final_Sub 1501 5356.95 5360.64 3.69 4.29 1.49

4122.257 Final_Mixed 1501 5356.73 5360.45 3.72 4.92 1.51

4122.257 Final_Sub 1501 5356.73 5360.45 3.72 4.92 1.51

4086.582 Final_Mixed 1501 5356.48 5360.14 3.66 5.98 1.53

4086.582 Final_Sub 1501 5356.48 5360.14 3.66 5.98 1.53

4053.607 Final_Mixed 1501 5356.25 5359.72 3.47 7.13 1.54

4053.607 Final_Sub 1501 5356.25 5359.72 3.47 7.13 1.54

ሻݐሺ݂݀ݎܾܽ݁݁ݎܨ ൌ 0.7ሺ2  .025ܸ݀ଵ/ଷ)
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

4023.759 Final_Mixed 1501 5356.04 5358.96 2.92 8.97 1.55

4023.759 Final_Sub 1501 5356.04 5358.96 2.92 8.97 1.55

4016.758 Final_Mixed 1501 5352.41 5354.35 1.94 18.7 1.61

4016.758 Final_Sub 1501 5352.41 5355.75 3.34 9.12 1.58

3970 Final_Mixed 1501 5351.67 5353.52 1.85 15.6 1.57

3970 Final_Sub 1501 5351.67 5355.08 3.41 7.47 1.55

3920 Final_Mixed 1501 5351.32 5354.75 3.43 7.4 1.55

3920 Final_Sub 1501 5351.32 5354.75 3.43 7.4 1.55

3871.282 Final_Mixed 1501 5350.98 5353.9 2.92 8.98 1.55

3871.282 Final_Sub 1501 5350.98 5353.9 2.92 8.98 1.55

3865.282 Final_Mixed 1501 5347.21 5349.49 2.28 17.91 1.64

3865.282 Final_Sub 1501 5347.21 5350.88 3.67 9.12 1.60

3846.415 Final_Mixed 1501 5346.86 5348.48 1.62 18.09 1.57

3846.415 Final_Sub 1501 5346.86 5350.26 3.4 7.39 1.55

3820 Final_Mixed 1501 5346.66 5348.94 2.28 12.07 1.56

3820 Final_Sub 1501 5346.66 5350.05 3.39 7.5 1.55

3770 Final_Mixed 1501 5346.31 5349.71 3.4 7.49 1.55

3770 Final_Sub 1501 5346.31 5349.71 3.4 7.49 1.55

3720 Final_Mixed 1501 5345.96 5349.37 3.41 7.44 1.55

3720 Final_Sub 1501 5345.96 5349.37 3.41 7.44 1.55

3685.282 Final_Mixed 1501 5345.72 5348.64 2.92 8.97 1.55

3685.282 Final_Sub 1501 5345.72 5348.64 2.92 8.97 1.55

3676.157 Final_Mixed 1501 5340.32 5342.28 1.96 20.96 1.64

3676.157 Final_Sub 1501 5340.32 5344 3.68 10.01 1.61

3648.004 Final_Mixed 1501 5339.53 5341.05 1.52 19.72 1.57

3648.004 Final_Sub 1501 5339.53 5343.17 3.64 6.96 1.55

3620 Final_Mixed 1501 5339.3 5341.54 2.24 12.92 1.57

3620 Final_Sub 1501 5339.3 5342.96 3.66 7.21 1.55

3570 Final_Mixed 1501 5338.97 5342.09 3.12 8.96 1.56

3570 Final_Sub 1501 5338.97 5342.09 3.12 8.96 1.56
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

3520 Final_Mixed 1501 5338.57 5341.51 2.94 8.98 1.55

3520 Final_Sub 1501 5338.57 5341.51 2.94 8.98 1.55

3470 Final_Mixed 1501 5338.09 5341.21 3.12 7.78 1.54

3470 Final_Sub 1501 5338.09 5341.21 3.12 7.78 1.54

3420 Final_Mixed 1501 5337.61 5341.13 3.52 6.03 1.52

3420 Final_Sub 1501 5337.61 5341.13 3.52 6.03 1.52

3370 Final_Mixed 1501 5337.25 5340.95 3.7 5.85 1.53

3370 Final_Sub 1501 5337.25 5340.95 3.7 5.85 1.53

3320 Final_Mixed 1501 5337.01 5340.63 3.62 6.24 1.53

3320 Final_Sub 1501 5337.01 5340.63 3.62 6.24 1.53

3270 Final_Mixed 1501 5336.76 5340.2 3.44 6.9 1.54

3270 Final_Sub 1501 5336.76 5340.2 3.44 6.9 1.54

3233.282 Final_Mixed 1501 5336.52 5339.37 2.85 8.86 1.55

3233.282 Final_Sub 1501 5336.52 5339.37 2.85 8.86 1.55

3227.282 Final_Mixed 1501 5332.93 5334.91 1.98 18.41 1.61

3227.282 Final_Sub 1501 5332.93 5336.33 3.4 9 1.58

3208.59 Final_Mixed 1501 5332.38 5333.89 1.51 18.43 1.56

3208.59 Final_Sub 1501 5332.38 5335.65 3.27 7.36 1.54

3170 Final_Mixed 1501 5332.04 5334.46 2.42 10.78 1.55

3170 Final_Sub 1501 5332.04 5335.39 3.35 7.33 1.54

3120 Final_Mixed 1501 5331.68 5334.52 2.84 8.83 1.55

3120 Final_Sub 1501 5331.68 5334.52 2.84 8.83 1.55

3070 Final_Mixed 1501 5331.16 5334.19 3.03 6.78 1.52

3070 Final_Sub 1501 5331.16 5334.19 3.03 6.78 1.52

3020 Final_Mixed 1501 5330.72 5334.1 3.38 5.49 1.51

3020 Final_Sub 1501 5330.72 5334.1 3.38 5.49 1.51

2970 Final_Mixed 1501 5330.39 5333.95 3.56 5.22 1.51

2970 Final_Sub 1501 5330.39 5333.95 3.56 5.22 1.51

2920 Final_Mixed 1501 5330.17 5333.51 3.34 6.4 1.52
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

2920 Final_Sub 1501 5330.17 5333.51 3.34 6.4 1.52

2898.282 Final_Mixed 1501 5329.98 5332.75 2.77 8.69 1.54

2898.282 Final_Sub 1501 5329.98 5332.75 2.77 8.69 1.54

2894.282 Final_Mixed 1501 5327.58 5329.57 1.99 16.15 1.59

2894.282 Final_Sub 1501 5327.58 5330.65 3.07 8.81 1.56

2880.837 Final_Mixed 1501 5327.08 5328.66 1.58 16.55 1.55

2880.837 Final_Sub 1501 5327.08 5330.33 3.25 7.08 1.53

2855.037 Final_Mixed 1501 5326.82 5329.2 2.38 10.83 1.55

2855.037 Final_Sub 1501 5326.82 5330.02 3.2 7.61 1.54

2818.282 Final_Mixed 1501 5326.44 5329.31 2.87 8.88 1.55

2818.282 Final_Sub 1501 5326.44 5329.31 2.87 8.88 1.55

2813.282 Final_Mixed 1501 5322.86 5324.94 2.08 18.29 1.62

2813.282 Final_Sub 1501 5322.86 5326.37 3.51 9.05 1.59

2794.821 Final_Mixed 1501 5322.51 5324.05 1.54 18.22 1.56

2794.821 Final_Sub 1501 5322.51 5325.65 3.14 7.87 1.54

2770 Final_Mixed 1501 5322.25 5324.43 2.18 12.39 1.56

2770 Final_Sub 1501 5322.25 5325.16 2.91 8.77 1.55

2720 Final_Mixed 1501 5321.79 5325.11 3.32 6.64 1.53

2720 Final_Sub 1501 5321.79 5325.11 3.32 6.64 1.53

2670 Final_Mixed 1501 5321.35 5325.08 3.73 5.24 1.51

2670 Final_Sub 1501 5321.35 5325.08 3.73 5.24 1.51

2620 Final_Mixed 1501 5320.93 5325.06 4.13 4.31 1.50

2620 Final_Sub 1501 5320.93 5325.06 4.13 4.31 1.50

2570 Final_Mixed 1501 5320.36 5325.06 4.7 3.65 1.50

2570 Final_Sub 1501 5320.36 5325.06 4.7 3.65 1.50

2520 Final_Mixed 1501 5320.05 5325.01 4.96 3.54 1.50

2520 Final_Sub 1501 5320.05 5325.01 4.96 3.54 1.50

2470 Final_Mixed 1501 5320.15 5324.63 4.48 5.47 1.54

2470 Final_Sub 1501 5320.15 5324.63 4.48 5.47 1.54
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

2420 Final_Mixed 1501 5319.97 5323.74 3.77 8.33 1.58

2420 Final_Sub 1501 5319.97 5323.74 3.77 8.33 1.58

2370 Final_Mixed 1501 5319.62 5323.22 3.6 8.81 1.59

2370 Final_Sub 1501 5319.62 5323.22 3.6 8.81 1.59

2322.282 Final_Mixed 1501 5319.17 5322.5 3.33 9.61 1.59

2322.282 Final_Sub 1501 5319.17 5322.5 3.33 9.61 1.59

2314.185 Final_Mixed 1501 5314.61 5317.23 2.62 20.25 1.71

2314.185 Final_Sub 1501 5314.61 5318.9 4.29 9.79 1.64

2290.505 Final_Mixed 1501 5313.89 5315.3 1.41 20.91 1.57

2290.505 Final_Sub 1501 5313.89 5316.7 2.81 8.65 1.54

2220 Final_Mixed 1501 5313.1 5316.68 3.58 5.56 1.52

2220 Final_Sub 1501 5313.1 5316.68 3.58 5.56 1.52

2170 Final_Mixed 1501 5312.78 5316.54 3.76 5.3 1.52

2170 Final_Sub 1501 5312.78 5316.54 3.76 5.3 1.52

2120.282 Final_Mixed 1501 5312.68 5315.44 2.76 8.67 1.54

2120.282 Final_Sub 1501 5312.68 5315.44 2.76 8.67 1.54

2115.282 Final_Mixed 1501 5309.82 5311.82 2 16.9 1.60

2115.282 Final_Sub 1501 5309.82 5312.98 3.16 8.8 1.56

2101.362 Final_Mixed 1501 5309.51 5311.1 1.59 17.01 1.56

2101.362 Final_Sub 1501 5309.51 5312.43 2.92 8.03 1.54

2070 Final_Mixed 1501 5309.22 5311.53 2.31 10.39 1.54

2070 Final_Sub 1501 5309.22 5312.22 3 7.47 1.53

2020 Final_Mixed 1501 5308.7 5312.12 3.42 6.07 1.52

2020 Final_Sub 1501 5308.7 5312.12 3.42 6.07 1.52

1970 Final_Mixed 1501 5308.42 5311.91 3.49 5.8 1.52

1970 Final_Sub 1501 5308.42 5311.91 3.49 5.8 1.52

1920 Final_Mixed 1501 5308.2 5311.26 3.06 7.34 1.53

1920 Final_Sub 1501 5308.2 5311.26 3.06 7.34 1.53

1898.282 Final_Mixed 1501 5307.96 5310.7 2.74 8.65 1.54

1898.282 Final_Sub 1501 5307.96 5310.7 2.74 8.65 1.54
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

1891.051 Final_Mixed 1501 5303.45 5305.24 1.79 19.76 1.61

1891.051 Final_Sub 1501 5303.45 5306.9 3.45 8.79 1.58

1868.36 Final_Mixed 1501 5303 5304.4 1.4 18.24 1.55

1868.36 Final_Sub 1501 5303 5305.94 2.94 7.64 1.53

1820 Final_Mixed 1501 5302.5 5304.92 2.42 9.72 1.54

1820 Final_Sub 1501 5302.5 5305.19 2.69 8.55 1.53

1770 Final_Mixed 1501 5302.03 5304.58 2.55 8.15 1.52

1770 Final_Sub 1501 5302.03 5304.58 2.55 8.15 1.52

1720 Final_Mixed 1501 5301.5 5304.2 2.7 6.74 1.51

1720 Final_Sub 1501 5301.5 5304.2 2.7 6.74 1.51

1670 Final_Mixed 1501 5300.95 5304.08 3.13 5.17 1.49

1670 Final_Sub 1501 5300.95 5304.08 3.13 5.17 1.49

1620 Final_Mixed 1501 5300.52 5304.01 3.49 4.34 1.49

1620 Final_Sub 1501 5300.52 5304.01 3.49 4.34 1.49

1570 Final_Mixed 1501 5300.17 5303.93 3.76 3.96 1.49

1570 Final_Sub 1501 5300.17 5303.93 3.76 3.96 1.49

1520 Final_Mixed 1501 5299.92 5303.83 3.91 4.05 1.49

1520 Final_Sub 1501 5299.92 5303.83 3.91 4.05 1.49

1470 Final_Mixed 1501 5299.78 5303.64 3.86 4.55 1.50

1470 Final_Sub 1501 5299.78 5303.64 3.86 4.55 1.50

1420 Final_Mixed 1501 5299.71 5303.08 3.37 6.57 1.53

1420 Final_Sub 1501 5299.71 5303.08 3.37 6.57 1.53

1373.282 Final_Mixed 1501 5299.32 5302.13 2.81 8.77 1.54

1373.282 Final_Sub 1501 5299.32 5302.13 2.81 8.77 1.54

1365.281 Final_Mixed 1501 5294.63 5296.56 1.93 19.77 1.62

1365.281 Final_Sub 1501 5294.63 5298.28 3.65 8.6 1.58

1342.651 Final_Mixed 1501 5294.24 5295.98 1.74 15.67 1.56

1342.651 Final_Sub 1501 5294.24 5297.47 3.23 7.4 1.54

1320 Final_Mixed 1501 5294.07 5296.46 2.39 10.74 1.55
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River Sta Plan Q Total Min Ch El W.S. Elev Depth Vel Chnl

Required 

Freeboard

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

1320 Final_Sub 1501 5294.07 5297.14 3.07 7.94 1.54

1275.282 Final_Mixed 1501 5293.45 5296.43 2.98 9.7 1.57

1275.282 Final_Sub 1501 5293.45 5296.51 3.06 9.42 1.57

1270.281 Final_Mixed 1501 5291.1 5296.81 5.71 5.11 1.57

1270.281 Final_Sub 1501 5291.1 5296.81 5.71 5.11 1.57

1260.172 Final_Mixed 1501 5290.94 5296.81 5.87 5.1 1.57

1260.172 Final_Sub 1501 5290.94 5296.81 5.87 5.1 1.57

1220 Final_Mixed 1501 5290.74 5296.08 5.34 7.95 1.65

1220 Final_Sub 1501 5290.74 5296.08 5.34 7.95 1.65

1181.535 Final_Mixed 1501 5290.5 5295.62 5.12 9.25 1.68

1181.535 Final_Sub 1501 5290.5 5295.62 5.12 9.25 1.68

1170 Final_Mixed 1501 5289.91 5295.91 6 7.51 1.66

1170 Final_Sub 1501 5289.91 5295.91 6 7.51 1.66

1120 Final_Mixed 1501 5287.37 5296.3 8.93 4.36 1.63

1120 Final_Sub 1501 5287.37 5296.3 8.93 4.36 1.63

1106.63 Final_Mixed 1501 5286.68 5296.33 9.65 3.91 1.62

1106.63 Final_Sub 1501 5286.68 5296.33 9.65 3.91 1.62
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Plan: Final_N_.018    Stream    Reach  RS: 1003.396   Culv Group:  Culvert #1   Profile: 100-yr Dev

 Q Culv Group (cfs) 1501.00  Culv Full Len (ft)  

 # Barrels  3  Culv Vel US (ft/s) 13.68 

 Q Barrel (cfs) 500.33  Culv Vel DS (ft/s) 15.20 

 E.G. US. (ft) 5296.58  Culv Inv El Up (ft) 5286.43 

 W.S. US. (ft) 5296.33  Culv Inv El Dn (ft) 5285.43 

 E.G. DS (ft) 5290.35  Culv Frctn Ls (ft) 0.87 

 W.S. DS (ft) 5288.84  Culv Exit Loss (ft) 3.91 

 Delta EG (ft) 6.23  Culv Entr Loss (ft) 1.45 

 Delta WS (ft) 7.49  Q Weir (cfs)  

 E.G. IC (ft) 5296.54  Weir Sta Lft (ft)  

 E.G. OC (ft) 5296.58  Weir Sta Rgt (ft)  

Culvert Control  Outlet  Weir Submerg   

 Culv WS Inlet (ft) 5292.22  Weir Max Depth (ft)  

 Culv WS Outlet (ft) 5290.66  Weir Avg Depth (ft)  

 Culv Nml Depth (ft) 5.09  Weir Flow Area (sq ft)  

 Culv Crt Depth (ft) 5.79  Min El Weir Flow (ft) 5297.72 
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EXHIBITS 

EXHIBIT 1: MIREHAVEN ARROYO 
IMPROVEMENTS PLAN 

EXHIBIT 2: TYPICAL CHANNEL PLAN AND 
SECTION 

EXHIBIT 3: TYPICAL GRADE CONTROL 
STRUCTURE 

EXHIBIT 4: TYPICAL TRAINING DIKE PLAN AND 
SECTIONS 

  



 

  

EXHIBIT 1 

MIREHAVEN ARROYO IMPROVEMENTS PLAN 
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EXHIBIT 2 

TYPICAL CHANNEL PLAN AND SECTION 
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EXHIBIT 3 

TYPICAL GRADE CONTROL STRUCTURE 
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EXHIBIT 4 

TYPICAL TRAINING DIKE PLAN AND SECTIONS 
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