City of Albuquerque

P.0.BOX 1293 ALBUQUERQUE, NEW MEXICO 87103

November 14, 2003

Bradley T. Dixon, PE
Bohannan Huston, Inc
7500 Jefferson NE
Albuquerque, NM 87109

Re: Ventana Ranch West Subdivision Drainage Management Plan

Engineer’s Stamp dated 10-10-03, (B8/D1)

Dear Mr. Dixon,

Based upon the information provided in your submittal dated 10-10-03, the above
referenced plan is approved as a Master Plan for the above referenced planned
community. Tract 6A should be designed to drain through Tract 6B and connect to Pinon
Point 6 at the already approved point. I do not want a storm drain diagonal across Tract
Y-1A-1A-5. This can be addressed at subdivision of that Tract. AMAFCA approval of
the maintenance of the pond in their easement will be required.

Tract-specific drainage reports will be required for each subsequent subdivision.

4 BL

radley L. Binghélm, PE
Sr. Engineer, Planning Dept.
Building and Development Services

If you have any questions, you can contact me at 924-3986.

Singerely,

C: Lynn Mazur, AMAFCA
file
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[, Bradley T. Dixon, hereby certify that | am a Registered Professional Engineer, registered in the state
of New Mexico, and that the following report was prepared under my direction and is true and correct to

the best of my knowledge and belief.
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m TELEPHONE (505) 884-2215 FAX (505) 884-0214
November 6, 2003
Mr. Bradley T. Dixon, P.E.
Bohannan Huston, Inc.
7500 Jefferson St. NE, Courtyard [
Albuquerque, New Mexico 87109
Re:  Ventana Ranch West Subdivision Drainage Management Plan, ZAP B-8

Dear Brad:

AMAFCA has reviewed the referenced report and approves the drainage concept. Please
send future subdivision plans to AMAFCA for review.

If you have any questions, please call me at 884-2215.

Sincerely,
AMAFCA

Lynn M. Mazur, P.E.
Development Review Engineer

Cc:  Brad Bingham, COA Hydrology
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EXECUTIVE SUMMARY

The following report presents the Drainage Management Plan for the Ventana Ranch West
subdivision. The Ventana Ranch West subdivision is located directly west of the first phase of the
Ventana Ranch subdivision, south of the West Branch of the Calabacillas Arroyo, and north of Paseo
del Norte. The Drainage Management Plan (DMP) has evaluated drainage pattems, peak flow rates,
and drainage infrastructure requirements for the Ventana Ranch West development. The analysis
provides 100-yr, 24-hour storm event flow rates, the 2-year, 24-hour storage requirement for the linear
detention pond, and preliminary sizing and layout for required drainage structures.

The Ventana Ranch West DMP is an extension of the Las Ventanas DMP and Piedras
Marcadas DMP which were prepared, approved, and implemented starting in 1996. The proposed
drainage infrastructure further develops the drainage planning developed in the Las Ventanas DMP,
the Design Analysis Report for Ventana Ranch Subdivision Drainage Facilities (Bohannan Huston Inc.,
October 1995) and its four addenda, utilizing existing drainage infrastructure built in the Ventana Ranch
subdivision.

The Drainage Management Plan recommends grading the proposed development to match
existing drainage patterns and match existing drainage facility capacities where feasible. The Drainage
Management Plan recommends directing developed runoff from a small area within Basin 318 into
Basin 319, toward the North Branch Channel of the Piedras Marcadas Arroyo, in order to reduce
discharges across collector streets and the underground storm drainage infrastructure required by such
crossings. The North Branch Channel has adequate additional capacity to accept these flows. The
remainder of Basin 318 will continue to be collected and conveyed by an existing 36" storm sewer |
through the Briar Ridge Subdivision within Ventana Ranch, which ultimately discharges into the same
channel at Las Ventanas Loop.

Upon further review of the basins originally identified within the Piedras Marcadas DMP, which
were referenced within the Las Ventanas DMP, this Drainage Management Plan determines that within
Basin 501, an undeveloped piece of land west of Ventana Ranch West (Basin 501A) actually is
collected within an existing shallow playa, which discharges upon overflow north toward the West
Branch of the Calabacillas Arroyo.

1 Bohannan  Huston-
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The plan also includes the construction of a linear detention pond between Ventana Ranch West
and the West Branch of the Calabacillas Arroyo (in coordination with AMAFCA) to provide erosion
protection against frequent smaller storm events. The pond will provide storage volume for the
developed conditions 2-year, 24-hour rainfall runoff for its contributing drainage area and will drain

within a 96-hour period. In addition, this pond will be designed to store sediment carried by the runoff.

) Bohiannan  Huston.-




I INTRODUCTION

The Ventana Ranch West Drainage Management Plan (DMP) is intended to provide a
comprehensive analysis of the developed hydrologic conditions for Ventana Ranch West. The
following report evaluates the hydrology and hydraulics for the drainage infrastructure associated with
the development of Ventana Ranch West. The DMP includes the review of previous drainage studies
conducted for the Ventana Ranch Subdivision, including the Las Ventanas Drainage Management Plan
(Bohannan Huston Inc., July 1995), the Design Analysis Report for Ventana Ranch Subdivision
Drainage Facilities (Bohannan Huston Inc., October 1995), and its four addendums, as well as the
Piedras Marcadas DMP (Molzen-Corbin, May 1993).

The Ventana Ranch West DMP evaluates portions of two major drainage basins, the Piedras
Marcadas Arroyo and the West Branch of the Calabacillas Arroyo, as they impact the drainage
infrastructure required for the Ventana Ranch West Subdivision. These drainage basins were
subdivided into smaller basins corresponding with the conceptual layouts for Ventana Ranch West.
The smaller drainage basins or sub-basins were individually evaluated for drainage patterns, times of
concentration, and contributing drainage areas. The analysis, results, and recommendations comprise
the Drainage Management Plan for the development of the property.

I PROJECT DESCRIPTION
A. Location

The Ventana Ranch West subdivision is located within the Albuquerque City limits in
Bernalillo County, directly west of the Ventana Ranch Subdivision (Figure1). Ventana Ranch West
occupies an area of approximately 290 acres, or approximately 0.45 square miles. The subdivision
is bordered by Irving Boulevard and the West Branch of the Calabacillas Arroyo to the north, Paseo
del Norte to the south, and Del Oeste Boulevard to the west.

Bohannan Huston-
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B.  Site Characteristics
1. Topographic Features

The terrain associated with the Ventana Ranch West subdivision contains mild slopes
of 1% to 3% grade sloping downward from west to east, and a maximum elevation difference
of approximately 100 feet. The existing vegetation consists of native brush and a few
sporadic juniper trees. Two underground high pressure gas pipelines traverse diagonally

across the Ventana Ranch West subdivision within an existing 50-foot easement.

2. Soils and Subsurface

According to the Soil Conservation mapping, the existing soil types consist of
Bluepoint loamy fine sand, Madurez loamy fine sand and Madurez-Wink, and Alameda sandy

loam. The corresponding hydrologic soil group classifications are A, B, and C, respectively.

The subsurface conditions contain underlying basalt bedrock in the southern area of
the planned Ventana Ranch West subdivision. The basalt rock layer ranges from surface
level to soil covered depths of greater than 20 feet. Areas identified as containing basalt rock

will significantly affect the planning for the subdivision.
3. Site Grading

The grading within Ventana Ranch West will follow the existing drainage patterns for
the majority of the development. Figure 2 shows a partial mass grading concept that has
been prepared for Ventana Ranch West. An overall grading plan for Ventana Ranch West is
presently being prepared and will be submitted to the City for rough grading approval in the
near future. In areas of shallow rock or basalt, additional fill material will be utilized to provide
sufficient cover for required utilities and infrastructure. The final detailed subdivision grading
plans will be developed in phases as each subdivision is developed, with appropriate
drainage and erosion protection facilities.

Along the northern boundary of the subdivision, a linear detention pond will be
constructed to minimize impacts on the West Branch Calabacillas Arroyo from frequent storm

events. The pond will be constructed to contain the developed conditions 2-year 24-hour

Bohannan Huston.-
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storage volume for its contributing drainage area as well as sediment carried by storm runoff.
This volume will be discharged into the West Branch Calabacillas Arroyo at the minimum rate
possible to drain within 96 hours. The pond’s volume will be created through a combination
of excavation and berming. Erosion will be controlled downstream of the primary and
emergency spillways for the pond to protect the integrity of the pond and its outlet works.

M.  HYDROLOGIC ANALYSIS
A. Methodology

The analyses described herein were performed in accordance with the City of Albugquerque
Development Process Manual, Chapter 22, 1997 (DPM). The 1997 version of AHYMO was utilized
to model the developed conditions within Ventana Ranch West.

1. Base Information

The information utilized for the DMP consisted of aerial contours maps from the
Piedras Marcadas DMP, existing and proposed development layouts for the Ventana Ranch
Subdivision, the proposed layout for Ventana Ranch West, existing FEMA maps, and digital
topographic mapping for the property, prepared by BHI, for detailed analysis and evaluation

of existing and developed conditions.
2. Precipitation

The hydrologic analysis used the 100 year 24-hour storm event for determination of
rainfall depths. The rainfall values used in the AHYMO model were the same as the values

used in the Las Ventanas DMP. These values are;

Rain One (1-hour, 100-year) 1.84 inches
Rain six (6-hour, 100-year) 2.20 inches
Rain Day (24-hour, 100-year) 2.66 inches

3. Drainage Area

The drainage basins were delineated utilizing digital terrain models (DTM) with 2-foot

contours. Two major watersheds identified in the Las Ventanas DMP impact Ventana Ranch

: Bohannan  Huston-




West. The previously established basins within these watersheds were divided into sub-
basins to more accurately evaluate the proposed developed conditions for Ventana Ranch
West with respect to drainage patterns and land treatment types. These basins are
illustrated in Figure 3.

4. Time of Concentration

The time of concentration (T¢), for each drainage basin was calculated in accordance
with the procedures defined in the DPM. The DTM's were utilized to determine average
slopes, flow paths, and drainage distances with respect to conceptual layouts. The AHYMO
model uses the parameter time to peak (Tp), which is equal to 2/3 Te. The minimum T
allowable is 12 minutes, which corresponds to T value of 8 minutes, or 0.133 hours. These

values are shown in Appendix B.
5. Treatment Types

The AHYMO model uses land treatment types to describe land usage and projected
infiltration. The four land treatment types A, B, C, and D are further defined in the City of
Albuquerque DPM. The land treatment types range by percentage of impervious area with

Type A as the most pervious and Type D as the most impervious.

Land use was determined utilizing the conceptual development layouts, projected
housing densities, and procedures detailed in the DPM. The conceptual development
layouts provide project housing densities, residential drainage areas, and paved drainage
areas. Each sub-basin was assigned a percentage of each land treatment type based on the
housing density. The DPM procedures determine the percentage of land treatment type D
given a specific housing density. The remaining land use is equally divided between type B
and type C. The land treatment types and weighted percentages are shown in Table 1 as

follows:

: Bohannan  Huston.




Table 1 Ventana Ranch West Land Treatment Types

Sub-Basin Percentage Treatment Type
Type A Type B Type C Type D

Basin 319A,B,C, D 7.0 14.0 20.0 59.0
Basin 501A 98.0 0.0 2.0 0.0
Tract 1 0.0 20.8 20.8 58.5
Tract 2A 0.0 19.0 19.0 62.0
Tract 2, 2B 0.0 22.0 22.0 56.0
Tract 3 0.0 24.9 24.9 50.2
Tract 4 0.0 23.1 231 53.8
Tract 5 0.0 22.7 22.7 54.6
Tract 6 0.0 23.0 23.0 54.0
Tract 7 0.0 21.8 21.8 56.4
Tract 8 0.0 25.3 25.3 49.4
Tract 9 0.0 21.9 219 56.2
Tract 10 0.0 22.3 22.3 55.5
Tract 11 0.0 22.8 22.8 54.5
Tract 12 0.0 22.1 22.1 55.8
Tract 13 0.0 22.3 22.3 55.4
Tract 14 0.0 24.9 24.9 50.3
All Streets 0.0 19.0 19.0 62.0

6.  Sediment Bulking

Sediment bulking factors are applied to the clean water flows in order to account for
the increase in runoff due to sediment transport. A sediment bulking factor of 2.5% was used

in the developed conditions AHYMO model. This factor was also used in the Las Ventanas
DMP.

B. Developed Conditions

As described above under existing conditions, Ventana Ranch West is impacted by two
watersheds comprised of four drainage areas. These drainage areas are illustrated in Figure 3,
and identified as Basin 319, Basin 318, Basin 501, and Basin 502. These drainage basins are sub-
basins to the Piedras Marcadas Arroyo and the West Branch of the Calabacillas Arroyo. Figure 4

Bohiannan  Huston.
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ilustrates the developed conditions drainage basins within the Ventana Ranch West subdivision.
The Ventana Ranch Subdivision DMP previously identified these drainage basins and constructed
facilities to accommodate the developed storm water flows from Ventana Ranch West. The
Ventana Ranch West DMP has modeled and developed a drainage plan to match the existing
downstream storm water facilities in the Ventana Ranch Subdivision. The developed conditions
AHYMO model developed herein, which is based upon the Drainage Management Plan, Figure 5,
verifies that the proposed discharge rates to the existing facilities within Las Ventanas will be equal
to or less than the original design discharge rates for those specific facilities. Refer to Appendix B

for model results for developed conditions.
1. North Branch Piedras Marcadas System

The drainage basins within the Piedras Marcadas system consist of Basin 319, Basin
318, and Basin 501. These basins were previously identified in the Las Ventanas DMP.
Stormwater flows from Basins 319, 318, and 501 are collected in Tributary A and Tributary B
of the North Branch Piedras Marcadas Channel. The Tributary A channel is located in the
Ventana Ranch Subdivision and collects stormwater flows from Basin 318 and Basin 501
with two separate storm drain pipes sized in the Las Ventanas DMP and verified within this
drainage plan.

Basin 319 is the largest area contributing upstream flow to the Piedras Marcadas
North Channel. Flows from Basin 319 are collected in the Tributary B Channel which
extends west from the Ventana Ranch Subdivision into Ventana Ranch West, terminating at
the boundary of Tracts 2A and 2 (See Figure 4). Basin 319 contains of a large quantity of
undeveloped land directly west of the property boundary for Ventana Ranch West. This
undeveloped land was divided into basins 319A, 319B, 319C, and 319D.  These basins
were modeled for developed conditions to ensure properly sized drainage infrastructure is in
place for future development and to utilize the existing outfalls within Ventana Ranch. The

remainder of Basin 319 consists of Tracts 1, 2, 2A, and 3 and Streets 7 and 8.

Developed stormwater flows from Basin 318 are limited to Tract 4B. The conceptual
development plan, which has been prepared to respect existing topography, coordinate local

and collector street alignments, with drainage patterns and existing downstream drainage

: ) =
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capacities, dictates that the majority of the area within the original Basin 318 will be directed
into Basin 319, toward the North Branch Channel of the Piedras Marcadas Arroyo. The
remaining stormwater flows will be collected into an existing 36" storm drain that conveys
flows through the Briar Ridge Subdivision within Ventana Ranch, and ultimately discharges
into the Piedras Marcadas North Channel at Las Ventanas Loop.

Basin 501 contains the largest area of development relative to the original basins. The
projected housing densities with the Ventana Ranch West subdivision are approximately 5
houses per acre. Upon further review of that portion of the basin west of Del Oeste
Boulevard, it is apparent that flows in Basin 501A, west of Del Oeste Boulevard, actually
collect in a shallow playa, which upon overflow discharge to the north into the West Branch of
the Calabacillas. Therefore, under existing conditions, this off-site sub-basin does not impact
Ventana Ranch West. The remainder of Basin 501 consists of Tracts 2B, 4A, 5, 8B, 9, 9A,
11A, 12, 13, and 14 and Streets 1-6. All the stormwater flows from these tracts are collected
in a single storm drain system, which discharges into an existing 66” storm drain with the
Ventana Ranch Subdivision. The stormwater flows carried within the 66" storm drain

discharge to Piedras Marcadas North Channel Tributary A.

Per Final Addendum No. 4 for the Design Analysis Report for Ventana Ranch
Subdivision Drainage Facilities (Bohannan Huston Inc., July 3, 2000), Basin 502 discharges
into an existing 36" storm drain, which continues through Ventana Ranch as the West Branch
Calabacillas Storm Drain Diversion. Ultimately, this storm drain discharges into the Las
Ventanas Dam. For Ventana Ranch West, Basin 502 consists of Basins 6A, 6B, 7A and 8C
and Street 9.

2. The West Branch of the Calabacillas Arroyo

The northwesterly portion of Ventana Ranch West is located within the watershed of
the West Branch of the Calabacillas Arroyo. Per coordination with AMAFCA, a detention
pond will be constructed to collect developed conditions stormwater flow from the area that
historically drained to the arroyo and discharge it to the arroyo at a controlled rate in order to
minimize erosion in the arroyo due to frequent storm events. The pond will store the rainfall

from the 2-year, 24-hour storm, as well as sediment carried by this runoff, and release the

— v Bohannan  Huston.
=
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accumulated stormwater over a 98-hour time period. The developed drainage areas within
Ventana Ranch West contributing to the linear pond include Tracts 7, 8A, 10, and 11B and
Street 10 as shown in Figure 4. Figures 6 and 7 show a grading concept for the detention
pond and details for its emergency spillway. The emergency spillway will consist of a
stabilized weir with capacity for the 10-year, 24-hour peak discharge. The crest of this weir
will be at the water surface elevation for the 2-year, 24-hour rainfall runoff and one foot below
the remainder of the berm for the pond. Please note that the grading concept may be revised
based upon the final grading design for Tract 10.

As illustrated in the table below, all projected peak discharges from Ventana Ranch
West are less than or essentially equal to the design flow rates for the existing drainage
structures within Ventana Ranch. The peak discharge for Basin 501 is projected to be 4 cfs
higher than was estimated in the Las Ventanas DMP. However, considering the precision of
hydrologic modeling, these two flow rates are essentially equal.

Table 2 AHYMO Mode! Results

Basin Las Ventanas Las Ventanas Ventana Ventana
Analysis Drainage Area Flow Rate Ranch West Ranch West
Paint Drainage Area Flow Rate
Basin 319 572 5q. mi. 959 cfs 520 sg. mi. 944 cfs
Basin 318 043 sg. mi. 96 cfs 019 sq. mi. 39 cfs
Basin 501 273 sq. mi. 432 cfs 210 sq. mi. 436 cfs
Basin 502 .034 sg. mi. 76 cfs .039 sq. mi. 68 cfs

3.  Basin601

A small piece of land along the southern boundary of Ventana Ranch West lies within
the Basin 601, as identified in the Las Ventanas DMP. Flows from this sub-basin will be
conveyed through existing streets within the Vista Casitas subdivision in Ventana Ranch and

collected by existing storm drains to the Piedras Marcadas Arroyo.

o Bohiannan  Huston.



4. Prudent Line for the West Branch of the Calabacillas Arroyo

As discussed above, Ventana Ranch West is bounded on the north by the West
Branch of the Calabacillas Arroyo. The draft prudent line for the arroyo was developed in
1999 by Mussetter Engineering and is shown on Figure 5. Per the conceptual land use plan
for Ventana Ranch West, no residential units will be placed within the prudent line; however,
as Figure 2 shows, the fill slope for Tract 7 may extend beyond this boundary. [f this is the
case, the fill slope will be stabilized as high as the 100-year water surface elevation for the

arroyo, with a toe-in depth equal to the long-term degradation for the arroyo plus local scour.

IV.  HYDRAULIC ANALYSIS

The following hydraulic analysis was used to develop the infrastructure sizing required to convey
the 100-year, 24-hour stormwater flows projected from the hydrologic analysis. The Ventana Ranch
West subdivision infrastructure requirements consist of a grouted basalt channel, a concrete box
culvert, and RCP storm drains varying form 36" to 66”. The grouted basalt channel, Tributary B,
collects all stormwater flow from Basin 319 and conveys it into the Piedras Marcadas North Channel.
The preliminary sizing of drainage structures was determined using Manning’s equation for open
channel flow and pipes. The drainage structures’ locations and preliminary sizes are illustrated in
Figure 5. Refer to Appendix D for hydraulic analyses. The structures’ sizes and layouts will be further
refined during the design of the initial phases of the subdivision.

Bohannan Huston-
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Table 3 Hydraulic Analysis Results

I Pipe Location _Pipe Size Slope Project peak Flow Pipe Capacity
Tract 3 36" 1.0% 44 cfs 67cfs
Tract 4B 36" 1.0% 39cfs 67 cfs
Tract 4A 36" 1.0% 33 cfs 67 cfs
Street 1 48" 1.0% 130 cfs 144 cfs

Ereet 2A 54" 1.0% 196 cfs 197 cfs
Street 2B 60" 0.75% 216 cfs 226 cfs
Street 6 66" 1.0% 259 cfs 336 cfs
Basin 501 66" 1.75% 436 cfs 444 cfs
Tract 1 36" 1.5% 25 cfs 82 cfs
Tract 7 48" 0.75% 59 cfs 124 cfs
Tract 12 36" 1.25% 64 cfs 75 cfs
Tract 2B 36" 1.0% 13 cfs 67 cis
Tract 6 36" 1.5% 68 cfs 82 cfs
Tract11B 36" 1.0% 34 cfs 67 cfs

V. DRAINAGE FACILITY MAINTENANCE

The drainage facilities proposed for the Ventana Ranch West development, which require
maintenance, consist of the proposed storm drain system, the lined open channel and the linear
detention pond. The components of the storm system to be located within City of Albuguerque right-of-
way or easement, will be owned, operated, and maintained by the City. The maintenance
responsibilities for the linear detention pond are still being negotiated with AMAFCA, along with
easements or right-of-way issues for the draft prudent line area of the West Branch of the Calabacillas
Arroyo. The open channel will be maintained by AMAFCA

V. CONCLUSIONS AND RECOMMENDATIONS

Based on the analyses described herein, ihe stormwater hydrology and hydraulics for the
Ventana Ranch West subdivision remain consistent with the analyses performed in the original Las
Ventanas DMP. The only change to the Las Ventanas DMP is that a small portion of Basin 501 (Basin

Bohannan  Huston-
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501A), as previously defined within the Piedras Marcadas DMP, was found to discharge into the West
Branch of the Calabacilias Arroyo and does not impact Ventana Ranch West.  All modeled flow rates
at the boundary between Ventana Ranch West and Las Ventanas were equal to or less than the

projected flows rates previously modeled in the Las Ventanas DMP.

This DMP establishes preliminary locations, sizes, and alignments for the hydraulic structures
including major storm sewers, channels and the detention pond associated with Ventana Ranch West.
The design of extensions and connections to these facilities, which include storm sewer inlets, laterals,
and other drainage structures and appurtenances, will be further developed with the design of
individual parcels within the Master Planned community. The final design will be presented in a Final
Drainage Report for each phase of the development.

i Bohannan  Huston-
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APPENDIX C

HYDROLOGIC ANALYSIS



Analyzer Report

Drainage Structure Analyzer
Pipe Hydraulic Analysis

Date: Thursday,

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

da/p

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

October 09,

2003 02:58:17 PM

Circular
RC C76-A
0.013000
Manning

1
36.00 x 3.

25.2

.500%

0000

25.2

.500%

0.38
81.7

10.18

36.00 x 3.

1.14
1.62
0000

cfs

cfs

cfs
ft/s
ft
ft



Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/D

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

OCutput Results
Flow Rate
Slope

d/D

Capacity
Velocity

Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

43 .6

1.000%

36.00 x 3.0000

43.6

1.000%

0.59

66.7

10.06

1.77

2.15

36.00 x 3.0000

Circular

RC C76-A
0.013000
Manning

32.6

1.000%

36.00 x 3.0000

32.6

1.000%

0.49

66.7

9.39

1l.48

1.85

36.00 x 3.0000

cfs

cfs

cfs

cts
ft/s
ft
ft



Shape Circular
Material RC C76-A
Roughness 0.013000
Method Manning
Flow Rate 38.9 cfs
Slope 1.000%
Size (W x T): 36.00 x 3.0000

Output Results

Flow Rate 38.9 cfs
Slope 1.000%

d/D 0.55
Capacity 66.7 cfs
Velocity 9.80 ft/s
Depth 1.65 ft
Critical Depth 2.03 ft
Size (W x T): 36.00 x 3.0000
Tract 2B

Shape Circular
Material RC C76-A
Roughness 0.013000
Method Manning
Flow Rate 13.4 cfs
Slope 1.000%
Size (W x T): 36.00 x 3.0000

Output Results

Flow Rate 13.4 cfs
Slope 1.000%

d/p 0.30
Capacity 66.7 cfs
Velocity 7.39 ft/s
Depth 0.91 ft
Critical Depth 1.16 ft

Size (W x T): 36.00 x 3.0000



Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/D

Capacity
Velocity

Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

64 .1

1.250%

36.00 x 3.0000

64.1

1.250%

0.71

74.6

11.86

2.14

2.57

36.00 x 3.0000

cfs

cfs

cfs
ft/s

ft

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/D

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

130.1

1.000%

48.00 x 4.0000

130.1

1.000%

0.75

143.6

12.95

2.98

3.41

48.00 x 4.0000

cfs

cfs

cfs
ft/s
ft
ft



Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/p

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

195.9

1.000%

54.00 x 4.5000

195.9

1.000%

0.82

196.6

14.10

3.67

4.00

54.00 x 4.5000

cfs

cfs

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

da/D

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

216.0

0.750%

60.00 x 5.0000

216.0

0.750%

0.78

225.5

13.08

3.92

4.17

60.00 x 5.0000

cfs

cfs

cfs
ft/s
ft
ft



Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

4a/D

Capacity
Velocity

Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

259.2

1.000%

66.00 x 5.5000

259.2

1.000%

0.66

335.8

15.60

3.63

4.48

66.00 x 5.5000

cfs

cfs

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/D

Capacity
Velocity
Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

436.0

1.750%

66.00 x 5.5000

436.0

1.750%

0.80

444 .2

21.32

4.42

5.27

66.00 x 5.5000

cfs

cfs



Tract 6

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/b

Capacity
Velocity

Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

68.0

1.500%

36.00 x 3.0000

68.0

1.500%

0.70

81.7

12.93

2.09

2.63

36.00 x 3.0000

cfs

cfs

cfs
ft/s

ft

Shape
Material
Roughness
Method

Flow Rate
Slope

Size (W x T):

Output Results
Flow Rate
Slope

d/D

Capacity
Velocity

Depth

Critical Depth
Size (W x T):

Circular

RC C76-A
0.013000
Manning

58.8

0.750%

48.00 x 4.0000

58.8

0.750%

0.48

124 .4

9.76

1.94

2.30

48.00 x 4.0000

cfs

cfs

cfs
ft/s

ft



Tract 11B

Shape Circular
Material RC C76-A
Roughness 0.013000
Method Manning
Flow Rate 34.0 cfs
Slope 1.000%
Size (W x T): 36.00 x 3.0000

Output Results

Flow Rate 34.0 cfs
Slope 1.000%

d/D 0.51
Capacity 66.7 cfs
Velocity 9.48 ft/s
Depth 1.52 ft
Critical Depth 1.89 ft

Size (W x T): 36.00 x 3.0000





