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. INTRODUCTION

The Albuquerque Metropolitan .
Arroyo Flood Control Authority 71" -
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detailed information and update Figure 1: Zone Atlas B-11-Z
for current proposed systems.

Lyon’s Boulevard storm drain is being studied to accommodate 100, design runoff
from future Westside development and to alleviate a portion of the volumetrc runoff
which drains to the Piedras Marcadas Dam. This report analyzes the project imits
topography subsurface geotechnical conditions, and provides conceptual design of a
proposed 90-inch storm drain that will extend approximately 2450 ft Upstream, at
intersection of Paradise Boulevard/Lyon Boulevard Intersection, the storm drain system
will provide a junction manhole with a 60-inch diameter stub-out to the south and a 72-
inch diameter stub-out to the west. A temporary cattle guard inlet is proposed on the
west stub-out to capture Paradise Boulevard flows. These proposed improvements will
allow the elimination of the existing rock channel located south of Paradise Boulevard.
A detailed basalt profile, which includes depths to the top and (where applicable) the
bottom of basalt, at 100-foot intervals was determined and is illustrated in Exhibit B.
Conceptual design for storm water quality treatment measures are included near the
connection to the existing 72-inch storm drain, located immediately north of Lyon
Boulevard/Irving Boulevard Intersection.

Il. SITE DESCRIPTION
The storm drain corridor is approximately 2450-ft, within apparent 100-ft Right-of-Way
measured from existing fence to fence. The project corridor is intersected by three
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residential streets, in order from north to south, which are; Alder Drive NW, Fordham
Drive NW, and Essex Drive NW (See Exhibit A). Approximately 1360-ft south of Irving
Boulevard, a sharp vertical crest curve divides the topographic slope to drain north and
south.

Downstream, the 90-inch diameter storm drain ties into an existing 72-inch storm drain,
which out falls to the Calabacillas Arroyo. Main line laterals and curb inlets, located
immediately adjacent to the intersection of Alder Drive NW and Essex Drive NW, are
proposed to capture upstream runoff.

4
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lll. BASALT PROFILE

AMEC Earth and Environmental, Inc. conducted a subsurface field investigation along
the proposed Lyon Boulevard storm drain alignment. Twenty-six (26) exploration
borings were drilled along the proposed alignment, on approximately 100-foot centers to
depths ranging from 8-feet to 25-feet below existing grade utilizing an Ingersoli-Rand air
rotary drill rig.

Initial basalt bores were plotted on a plan & profile. The AMAFCA-WCEA team
reviewed the approximate top and bottom of basalt profile on Friday, July 30, 2004. At
the conclusion of the basalt review, the team determined to conduct additional top of
basalt exploration using a case of 590 Super M Backhoe. Fieldwork was completed
between August 9 10, 2004 Top of basalt exploration was limited to the 15-foot
backhoe excavation depth. The top of basalt grades was surveyed at 10-foot centers
Field information supplements the AMEC geotechnical study.

A copy of the completed Basalt exploration report is presented in Appendix A. Exhibit D
superimposes the Basalt profile with the proposed 90-inch storm drain profile. In
general, south of Irving Boulevard, the storm drain lies immediately below or near the
bottom of the Basalt profile. As the storm drain extends north of Irving Boulevard the
system is situated within the basalt profile. The former condition presents a more
complex construction project because the installation of pipe is exposed to cantilevered
rock, which presents difficulty with backfilling requirements.

Lyon Boulevard Storm Drain Project
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IV. HYDROLOGY

The basic hydrology for this report was provided by AMAFCA. Hydrologic model was
previously completed as part of the Piedras Marcadas Watershed and Lyon Boulevard
Storm Drainage Management Plan, dated July 29, 2003, by Bohannan Huston Inc
(hereinafter Reference 1).

An AHYMO summary report (taken from Appendix A, Reference 1) is included in
Appendix B. Appendix D, includes a copy of Plate 1, Exhibit 1 Drainage Basin Map
Unser Blvd.(Lyon Blvd.)/Paradise Blvd. Storm Drain April 2000 and a copy of Exhibit
6, Option #4 storm drain, which summarize storm drain flows Peak flows were
captured at those locations, recommend in Exhibit 6.

Plate 1, Exhibit 1, peak flows were extracted and summarized in Exhibit C, in this report.
Exhibit C illustrates the contributing watershed for the proposed Lyon Boulevard Storm
Drain, which is discussed in greater detail in Reference 1, Section Il. The total peak
flow conveyed to the existing 72-inch storm drain and discharged into the Calabacillas
Arroyo is 760 ft%/s.

Lyon Boulevard Storm Drain Project
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V. HYDRAULICS

a. STREET CAPACITIES

This report evaluates area drain inlets at the intersections of Irving Boulevard, Alder
Drive NW, Essex Dnve NW, and Paradise Boulevard, upstream (west) of Lyon
Boulevard to convey existing flows to the Lyon storm drain. A half street section
capacity of Lyon Boulevard is also analyzed based on future 2 to 4 lane roadway
conversion and anticipated roadway typical.

Street hydraulic analysis 1s based on the DPM, Section 22.3, subsection E. Existing
Street capacities are analyzed approximately 100 feet upstream of each respective
intersection and recommendations for inlet locations are provided The following street
hydraulic design criteria 1s employed:

a. Manning’s roughness coefficient is 0.017

b. Conjugate and/or sequent depth in the 100ycar design event may not exceed
0.2 feet above curb height and shall be contained within the street Right-of-
Way.

c. The product of the depth times the velocity may not exceed 6.5 in any
location in any street in the 10year design storm.

Irving Boulevard

Irving Boulevard is a collector road,
approximately 42’-0” wide (measured Face-
to-Face of Curb at west leg). As-built
record drawings, dated February 1995,
prepared by Community  Sciences ,
Corporation provide details and inlet
capacity for the existing cattle guard at
Irving Boulevard/Lyon Boulevard
Intersection (see Figure 2). The modified
cattle guard has an existing capacity, Q1o =
418.6 ft%s. (Refer to Appendix D, Sheet

20A of 23).
Figure 2: Standing east looking west along Irving

The existing upstream watersheds Boulevard/Lyon Boulevard Intersection.

discharging peak flow to the modified cattle guard include: Basin 101, Basin 105, Basin
105.1, Basin 107, Basin 108, and Basin 108.1. Installation of the proposed storm drain
system, will intercept peak runoff upstream of each roadway intersection throughout the
project corridor. A storm drain will be sized and stubbed out along Irving Boulevard
immediately west of Lyon Boulevard, to allow for future extension. Basin 101, Basin

10
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105, and Basin 105.1, located upstream of Irving Boulevard/Lyon Boulevard
Intersection, may be captured by combination curb inlets along Irving Boulevard and
tied to the Lyon Boulevard Storm Drain.

In the interim condition, the existing modified cattle guard inlet may be left in place and
no installation of curb inlets are required upstream of the Intersection.

Alder Drive NW

Alder Drive NW is a local residential street, approximately 31’-0 wide (measured Face-
to-Face of Curb). Street longitudinal slope is approximately 2.61° and has no crown
The existing street capacity has been determined to be 218.3 ft¥/s. The existing
upstream watershed is subdivided into three sub-basins; Basin 107, Basin 108 and
Basin 108.1. The total watershed area is approximately 0.088 mi®>. However, only a
portion of the entire watershed runoff may be logically intercepted along Alder Drive.
Therefore, a storm drain will be sized and stubbed out along Alder Drive, immediately
west of Lyon Boulevard, to allow for future extension. Basin 108 and approximately 1/3
of Basin 108.1, located immediately upstream of Alder Drive/Lyon Boulevard
Intersection, may be captured by combination curb inlets along Alder Drive and tied to
the Lyon Boulevard Storm Drain. This peak discharge rate is Qipo=3179ft s Ina
100year Storm event, Alder Drive NW may flow to a depth H = 0.21 ft.

Essex Drive NW

Essex Drive NW is a local residential street, approximately 33’-0' wide (measured Face-
to-Face of Curb). Street longitudinal slope is apprommatelx 1° and has no crown The
existing street capacity has been determined to be 144.1 ft°/s The upstream watershed
is identified as BASIN 312.1, and has a peak discharge rate, Qo0 = 3256 ft s Ina
100year Storm event, Essex Drive NW may flow to a depth H 0 27 ft.

Paradise Boulevard NW

Paradise Boulevard NW is a minor arterial street approximately 45'-0" wide (measured
Face-to-Face of Curb). Presently, Paradise Boulevard is a half street section, with
future lanes to be added along the south nght-of-way. Street longitudinal slope is
approximately 1.17°% and has no crown The existing street capacity has been
determined to be 258 ft%s. The upstream watershed is comprised of sub-basins 312,
313N, 314, 314.1, and 316 (see Exhibit ‘C’). The total water shed area is approximately
0.439 mi? and has a peak flow rate, Qoo = 403 02 ft*/s. Future expansion of Paradise
Boulevard drainage system will capture and convey flow via underground storm drain.
In a 100year Storm event, the existing Paradise Boulevard will over top the curb.

Lyon Boulevard Storm Drain Project



I ON
&COMPANY
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Lyon Boulevard is a Major Arterial road, approximately 36’-0" wide (measured Face-to-
Face of Curb). The roadway topography is divided by a crest vertical curve, located

approximately midway along the project corridor.

Existing street capacities of the

current half-street section were analyzed for both the segments north and south of the
crest vertical curve. The north segment slopes towards Irving Boulevard at an average
grade of 1.13%. The existing half-street capacity is Q100 = 27.23 ft*/s.

The south segment is further subdivided into
two smaller basins. The segment between
Essex Drive NW and the crest vertical curve

is a low point in the roadway, which
ultimately ponds water, therefore the
existing street inundation area is not

determined. The segment between Essex
Drive NW and Paradise Boulevard slopes in
a southerly direction at an average grade of
0.29%. The existing half-street capacity is
Q10 = 12.86 ft¥/s.

b. CuB INLET ANALYSIS

City standard catch basins “Type A, C, and
Cattle Guard” single and combination inlets
are analyzed within this report. The curb
opening type inlets are preferred; because
debris accumulation and offset lost capacity
due to grate clogging is limited.

“Type A” basins are recommended along
Essex Drive NW and Alder Drive NW,
because a battery of inlets will be required
within these street segments. A minimum of
25’ between curb transitions is required for
compliance with the City’s DPM.

Alder Drive NW
Installation of combination curb inlets along
Alder Drive NW is recommended because

Alder Drive NW  T-intersects Lyon
Boulevard, a Major Arterial roadway.
Transportation safety, primarily friction

factors associated with breaking distance

12
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Figure 3: Alder Drive Drainage Improvements
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Figure 4: Essex Drive Drainage Improvements
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and intersection sight distance, merit capturing surface runoff, minimizing depth of street
flows, and maintaining optimal driving lane conditions.

A recommendation to crown Alder Drive and install 1 single Type ‘A’ inlet upstream
followed by 3-double Type ‘C’ inlets on each side of Alder Dnive NW is illustrated in
Figure 3. Proposed street capacities and inlet capacity computations are provided In
Appendix C.

Essex Drive NW

This report recommends installation of combination curb inlets along Essex Drive NW
because Essex Drive NW T-intersects Lyon Boulevard, a Major Arterial roadway.
Transportation safety, primarily friction factors associated with breaking distance and
intersection sight distance, merit capturing surface runoff, minimizing depth of street
flows, and maintaining optimal driving lane conditions.

A recommendation to crown Essex Drive and install 1 single Type ‘A’ inlet upstream
followed by 3-double Type ‘C’ inlets on each side of Essex Drive NW as illustrated in
Figure 4. Proposed street capacities and inlet capacity computations are provided in
Appendix C.

Paradise Boulevard NW rraLL R aox

The Piedras Marcadas Watershed and Lyon rara - cimc au

Storm Drain DMP identifies the need for future =

underground storm drain extension, west of  rarsoise BLvD, N ¥ AL
Paradise Boulevard/Lyon Boulevard

Intersection. This report recommends

installation of a temporary cattle guard inlet
within the west leg of the Intersection, in the

interim condition. Installation of the cattle guard S5 R sy
inlet will maximize captured surface flows, until J

Paradise Boulevard Storm drain can be camme o

designed and constructed.  Figure 5 shows

location of future inlet. soae a3

Figure 5: Location of cattle guard inlet

Lyon Boulevard NW

Local Right-of-Way drainage within Lyon Boulevard is topographically divided by crest
vertical curve, as discussed in the previous section. The north roadway segment is
comprised of approximately 2/3 of Basin 108.1, which translates to a peak discharge of
Qoo = 17.06 ft¥s. Assuming a future four-lane roadway section, the peak flow
conveyed by half-street is 8.53 ft¥/s. Therefore, a single type ‘C’ inlet preceded by a
type ‘A’ inlet, south of Irving Boulevard/Lyon Boulevard intersection, is recommended.

13
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The south roadway segment is has a similar peak discharge of Qi = 1706 ft s
However, the vertical profile south of the crest vertical curve has a low point between
the crest vertical curve and Essex Drive NW. A type ‘C’ inlet is recommended at the low
point location for nuisance flows. South of Essex Drive NW the approximate peak flow
conveyed by the roadway is 2/3(8.53 ft/s), or 5.69 ft*/s. Therefore, single type A Inlet
north of Paradise Boulevard/Lyon Boulevard intersection, is recommended.

c. STORM DRAIN HYDRAULIC ANALYSIS

Hydraflow Sewers by Intelisolve 2003, Version 10 0 was used to perform a hydrauli

grade line analysis. Hydraflow uses the energy-based Standard Step method when
computing the hydraulic profile. This methodology is an iterative procedure that applies
Bernoulli's energy equation between the downstream and upstream ends of each line in
the system. Manning's equation is used to determine head losses due to pipe friction
The greatest benefit to using this method is that a solution can always be found
regardless of the flow regime. This method makes no assumptions as to the depth of
flow and is only accepted when the energy equation has balanced.

The main storm drain alignment originates at the intersection of Paradise
Boulevard/Lyon Boulevard Intersection, provides two future stub-outs (east and west)
and extends north, past the Intersection of Irving Boulevard/Lyon Boulevard and
connects to an existing 72-inch RCP. The contributing watershed is illustrated in Exhibit
C. The storm drain may be constructed on the eastern half of the existing Lyon
Boulevard Right-of-Way, away from existing driving lanes, vehicular traffic, and
pedestrians.

The Lyon Boulevard Storm Drain invert elevations are pnmarly constrained by sub-
basins 311 N 311 S, and 8, located south of the project Illustrated on Exhibit C. The
Piedras Marcadas Watershed and Lyon Boulevard Storm Drainage Management Plan
constrains peak discharge to Qiq0 = 212 ft%s. Following a meeting on Tuesday August
10, 2004 with Tierra West Engineer Vincent Carrica, P.E 1t was confirmed that a 60" &
storm drain stub-out is required south of Paradise Boulevard/Lyon Boulevard
Intersection In order to accommodate Qq90 =212 ft s. Tierra West's 60" & storm drain
is presently designed at a pipe grade S = 0.37°, and ties into an invert elevation of
5320.00, at the south end of the Lyon Boulevard Storm Drain (see Exhibit D and
Appendix E Conceptual Design”).

A 72" & storm drain stub-out is recommended west of Paradi e Boulevard Lyon
Boulevard Intersection, to accommodate future Paradise Boulevard storm drain.
Underground storm drain is sized to convey approximately Qg0 = 404 ft*/s. Hydraulic
analysis is provided in Appendix C.

14
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Junction Losses

The Classical Method I1s used to predict minor losses at pipe entrances exits, bends
and junctions. The head loss Is the product of the minor loss coefficient, K, and the
difference between the upstream and down tream velocity heads:

hL =K ' V22'V12
29

Where h_ is head loss due to minor losses (ft) K 1s the minor loss coefficient, V is the
velocity of flow (ft/s), and g is the gravitational acceleration constant (32 2 ft/s).

Locations where Tee manholes are used In conjunction with bends, the pipe node are
modeled as a bend. This situation occurs iImmediately south of Irving Boulevard/Lyon
Boulevard Intersection where the 90-inch storm drain steers around the existing traffic
signals and cattle guard. The bend loss coefficient, K,
may be computed as:

&

K=0.25 6/90 =0.25(16.3 /90 )°°=0.106

The manhole junction losses, where the 90-inch storm s e s

drain has an incoming 48-inch line, within the bj.%-%-%. %-c‘aa )

Intersection of Irving Boulevard/Lyon Boulevard, is a

special case of pressure flow. If A; = Ay; at incoming  Figure 6: COA DPM Section 22
junction line is at # = 90, then the junction loss Page 22-99, Pressure f w Junction

. . . Losses
coefficient (k) may be computed by the following
equation shown in Figure 6;
h; = ((17.29ft/s)%/2g) - ((17.16ft/s)%/2g) — 0  0.06ft
= Table 4 4 Values of K, for Determining Loss of Head Due to Sudden
Contraction Losses Contraction From the Formuia H, = K4(V,%/2g) 7
The mlnor IOSS Coefﬂcient for the d5/d, Ratio of Larger Pipe to Smaller Pipe V = Velocty n Smaller Pipe
. 3 y Vi V, n Meters Per Second (feet per second)

contraction from 90" to 72 diameter ., o oo 12 s e 30 36 45 s0 s0 120

pipe, north of Irving Boulevard depends @0 30 @0 (50) (12) (15 @ (30 (40)
11 03 04 04 04 ) 04 04 04 04 04 (15} 05 06

on the relative abruptness of the 2 o v w o o o o o 6w o w0 ¥

1 17 17 17 17 17 17 17 8 18 18 18 18 20

transition, flow velocity, and pipe 16 2 2,22, 2 2 2 2 % 2 25 2 2
18 03 34 3 M W ¥ 3B By R 2 N B A

diameters. Table 414, American lron 20 38 38 a7 37 3 37 % 6 I 34 3B 3N 20
33 3 39 3\ ¥ 3 3 33 3,

agd Stegl Instjtute Modern Sevyer Design 22 0 0 # % W W N N N %y w
4" Edition, is ‘used to estimate th_e S o - S A S A S
sudden contraction losses employed in 0 & @ @ 4 4 % L w B o000 %

the model. A contraction coefficient, Kt= =% # 4 % 4 & & 4 4 5 4 4 3
0.1225 eference: Amehrlcan Iron & Steel Institute, Modern
. ' Sewer Design, 4™ Edition, 1999.
15
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Water Quality Structure

WCEA has reviewed the project for location and type of water quality structure. It is our
recommendation that the treatment for water quality be sized to accommodate the first
0.25 inches of runoff from the contributing drainage basins. We will look at both
commercial and WCEA designed off line structures to provide treatment. If desired a
small constructed wetland may be tied with a water quality manhole to provide
additional treatment for fecal coliform along with floatable and sediment removal. These
facilities should be located within the AMAFCA properties; possibly between the
Calabacillas Arroyo and Irving Boulevard. The Water Quality Structure could also
provide additional capacity if the flows are pulled off at the location were the 90-inch
pipe intersects with the smaller 72-inch line.

16
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Vil. SUMMARY & RECOMMENDATIONS

The storm drain vertical alignment grade proposed, balances the depth of storm drain
north of Paradise Boulevard/Lyon Boulevard Intersection, while maintaining the
hydraulic grade line below the future roadway grade.

The conceptual level cost estimate prepared, is itemized, based on design topographic
survey and recent bid tabs unit prices. The approximate cost for construction is $4.55
Million (which excludes NMGRT). This cost is comparable to those cost originally
prepared in the Piedras Marcadas study. The increase in cost from $3.337 M (Piedras
Marcadas study) and $4.55 M is due to the rock excavation cost considered in this
report. The previous study did not consider rock excavation cost. Reader is advised
that excavation cost is based on a limited study of the existing basalt profile; rock
excavation quantities may increase based on a more detailed basalt study.

If unit pricing is to be used for rock excavation, then this report recommends that a more
detailed study of the existing basalt profile, prior to preliminary design, be completed.
Sub-surface utility engineering for 3-D mapping of utilities, material, and location is also
recommended to minimize utility conflicts and disruptions during construction.
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Engineering Design Report

Viil. REFERENCES

1. American Iron and Steel Institute, Modern Sewer Design, 3" Edition, 1995.

2. Bohannan Huston, Inc., Piedras Marcadas Watershed and Lyon Boulevard Storm
Drain Drainage Management Plan, July 29, 2003.

3. City of Albuquerque, Development Process Manual, Volume Il — Design Criteria,
2003 Revision.

4. Haestad Durrans, Stormwater Conveyance Modeling and Design, 1% Edition, 2003.
5. HydraFlow Storm Sewers 2003, User’'s Manual, Version 10.0.

6. Wilson & Company, Inc., E&A, Paseo Del Norte Drainage Report, Golf Course to
Kimmick Drive, August 16, 2004.
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Cross Section
Cross Section for Rectangular Channel

Project Description

Worksheet Alder Drive NW (Ex. Car
Flow Element Rectangular Channe
Method Manning’s Formula
Solve For Discharge

Section Data

Mannings Coeffic 0.017

Slope 026087 f/ft
Depth 0.67 ft
Bottom Width 31.00 ft
Discharge 218.27 cfs
_6k
31.00 ft
v\
H:1
NTS
Project Engineer Mario Juarez-Infante, PE
t:\...\x4218037\eng\flowmastenalder drive.fm2 Wilson & Co.

FlowMaster v6.1 [614k]
08/19/04 05:15:59 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755 1666 Page 1 of 1



Cross Section
Cross Section for Rectangular Channel

Project Description

Worksheet Alder Drive NW Ex Flow
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coeffic 0.017

Slope 026087 f/ft
Depth 021 ft
Bottom Width 31.00 ft
Discharge 31.79 cfs
o2}t
31.00 ft
Vi B
H:1
NTS
Project Engineer: Mario Juarez-Infante, PE
t:\...\x4218037\eng\flowmastenalder drive.fm2 Wilson & Co.

FlowMaster v6 1 [614k]

08/19/04 05:18:06 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



Cross Section
Cross Section for Rectangular Channel

Project Description

Worksheet Essex Drive NW (Ex Ca
Flow Element Rectangular Channe
Method Manning's Formula
Solve For Discharge

Section Data

Mannings Coeffic 0.017

Slope 010000 ft/ft
Depth 0.67 ft
Bottom Width 33.00 ft
Discharge 144.10 cfs

33.00 ft

Project Engineer: Mario Juarez-infante, PE
t:\...\x4218037\eng\flowmastenessex drive.fm2 Wilson & Co. FlowMaster v6.1 [614k]

08/19/04 05:21:29 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



Cross Section
Cross Section for Rectangular Channel

Project Description

Worksheet Essex Drive NW (Ex Flov
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coeffic 0.017

Slope 010000 f/ft
Depth 0.27 ft
Bottom Width 33.00 ft
Discharge 32.56 cfs

3300 ft

Project Engineer: Mario Juarez Infante, PE
t:\...\x4218037\eng\flowmaster\essex drive.fm2 Wilson & Co. FlowMaster v6.1 [614k]

08/18/04 05:20:10 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



Cross Section
Cross Section for Rectangular Channel

Project Description

Worksheet Paradise Boulevard NW (Ex. (
Flow Element Rectangular Channel

Method Manning’s Formula

Solve For Discharge

Section Data

Mannings Coeffic 0.017

Slope 017000 ft/ft
Depth 0.67 ft
Bottom Width 45.00 ft
Discharge 258.00 cfs

O A7 ft
45.00 ft

Project Engineer: Mario Juarez-Infante, PE
t:\...\eng\flowmaster\paradise boulevard nw.fm2 Wilson & Co. FlowMaster v6.1 [614Kk]

08/19/04 05:23:40 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



Project Description

Existing Lyon Blvd. Half-Street Section (North of Crest)
Cross Section for Gutter Section

Worksheet North Lyon Boulevard Half Street
Type Gutter Section

Solve For Discharge

Section Data

Slope 012994 ft/ft

Discharge 27.23 cfs

Gutter Width 1.50 ft

Gutter Cross Sloj 025000
Road Cross Slop 015000
Spread 29.00
Mannings Coeffic 0.017

8:38

0+00

fi/ft
fi/ft

0+05

t:\...\x4218037\eng\flowmastenilyonblvd71904.fm2

08/17/04 04:46:40 AM

® Haestad Methods, Inc.

0+10

0+15 0+20

Wiilson & Co.
37 Brookside Road Waterbury, CT 06708 USA

0+25

Project Engineer: Viera Kascak-Lydick

(203) 755-1666

FlowMaster v6.1 [614Kk]
Page 1 of 1



Existing Lyon Blvd. Half-Steet Section (South of Crest)
Cross Section for Gutter Section

Project Description

Worksheet South Lyon Boulevard Half Stree:
Type Gutter Section
Solve For Discharge

Section Data

Slope 002899
Discharge 12.86
Gutter Width 1.50

Road Cross Slop 015000
Spread 29.00
Mannings Coeffic 0.017

fi/ft
cfs
ft
Gutter Cross Sloj 025000 ft/ft
fi/ft
ft

8:38¢ e ———
0+00 0+05 0+10 0+15 0+20 0+25 0+30

Project Engineer: Viera Kascak-Lydick
t:\...\x4218037\eng\flowmastenlyonbivd7 1904.fm2 Wilson & Co. FlowMaster v6.1 [614k]
08/17/04 04:45:36 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



GUTTER CONVEYANCE CAPACITY

Project - L on Boulevard Storm Drain Pro ect
Inlet ID = Alder Drive NW

Top of Curb or W -t

Allowable Depth

y
d

[

Street Geometr In ut
Design Discharge in the Gutter

Gutter Width (Cannot Be Less Than Any Grate Width

Gutter Depression, if Composite Gutter
Street Transverse Slope

Street Longitudinat Slope

Manning’s Roughness

Gutter Conve ance Geom t

Gutter Cross Slope

Water Spread Width

Water Depth without Gutter Depress on
Water Depth with a Gutter Depressi n

Sx

Gutter Conveyance Calculations by HEC-22 Method

Spread for Side Flow on the Street (T - W)

Tx

Discharge out ide the Gutter Section W, carned in Section T,

Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7)

Discharge within the Gutter Section W
Total Flow Rate by HEC-22 Method

Equivalent Street Transverse Slope
Flow Area

Flow Vel city

Vg*d product

Alder NW, Street Hy

NOTE: V,*d product should be less than 6.0 for minor event and less than 8.0 for major event

Street
Crown

6.5 cfs

2.00 ft

4.3 inches

0.0100 fi/ft

0.0260 f/ft

0.017

= 0.1871 ft/ft

14.6 ft
1.8 inches
6.0 inches

12.6 ft

2.1 cfs

0.67

4.4 cfs
6.5 cfs

0.1290 fi/ft

1.4 sqft

4.6 fps

2.3 ftls

8 18 2004, 4:32 PM



COMBINATION INLET ON A GRADE

Project L on Boulevard Storm Drain Pro ect
Inlet ID Alder Drive NW

wp L Wp
= .-
- »< »<
/ Flow Direction
Qllfer ;'; Seal
dp S~

Desi niInformaion In ut
Type of Grate Type = Bar P-1-7/8
Length of a Single Unit Grate Lo= 6.67 ft
Width of a Unit Grate (cannot be grea er tha W from Street Hy) W = 2.00 ft
Clogging Factor for a Single Unit Grate (typica value — 0 5) C,-G= 0.50
Clogging Factor for a Single Un t Curb Opening (typ! al vaue -0 1) C,-C= 0.10
Local Depress on, if any (not part of upstream Compos te Gutter) Qjocal = 2.8 inches
Total Number of Units n the Comb aton Inet No = 1

r t Anal sis Calculated
Design Dlscharge on the Street (from Street Hy) Q, = 6.5 cifs
Water Depth for Design Condit on Y - 8.8 nches
Total Length of In et Grate & Curb Opening L= 6.67 ft
Ratio of Grate Flow to Design Flow E, E,= 0.67
Flow Velocty Vs (from Street Hy) V= 4.56 fps
Spash-over Ve ocity V : Check Against Flow Ve ocity V V is: greater than Vs
Under No-Clogging Condition
Interception Rate of Gutter F ow Ry = 1.00
Interception Rate of Side Flow Rx (from St eet Hy) Ry = 0.88
Interception Capacity Q= 6.2 cfs
Under Clogging Condition
Clogging Coefficient for Multiple-urit Grate Inlet Coef = 1.00
Clogging Factor for Multiple-unit Grate Inlet Clog = 0.50
Effective (unclogged) Length of Multiple-unit Grate In et = 3.34 ft
Interception Rate of Side Flow Rx (from Street Hy) R, = 0.59
Actual Interception Capacity Q,= 5.6 cfs
Carry-Over Flow = Q,-Q, (to be applied to curb opening) Q= 0.9 cfs
Cur O nin Anal is Calculated
Equ valent Slope S, (based on grate carry-over) S.= 0.2080 ft/ft
Required Length Ly to Have 100° Interception Ly= 5.65 ft
Clogging Coefficient Coef = 100
Clogging Factor for Multiple-unit Curb Opening Inlet Clog = 0.10
Effective (Unclogged) Length = 5.65
Under No-Clogging Condition
Effective Length of Curb Opening Inlet (must be< Ly) L= 5.65 ft
Interception Capacity Q= 0.4 cfs
Under Clogging Condition
Actual Interception Capacity Q,= 0.4 cfs
Carry-Over Flow = Q.,,-Q, = Qp = 0.5 cfs
Capture Percentage = Q,/Q, = C% = 92.3 %

Alder NW, Combo-G 8/18/2004, 4:.32 PM



GUTTER CONVEYANCE CAPACITY

Project = L on Boulevard Storm Drain Pro ect
Inlet ID = Essex Drive NW

Top of Curb or T, gtrfv?:\
Allowable Depth
y /
d S«
Lo

tr tG omet in ut
Design Discharge in the Gutter Q.= 4.9 cfs
Gutter Width (Cannot Be Less Than Any Grate Width W 2.00 ft
Gutter Depression, if Composite Gutter a=s 4.3 inches
Street Transverse Slope S, = 0.0100 fv/t
Street Longitudinal Slope S = 0.0100 ft/ft
Manning's Roughness n= 0.017
Gutter Conve ance Geometr
Gutter Cross Siope S = 0.1871 ft/ft
Water Spread Width T= 16.5 ft
Water Depth without Gutter Depression y= 2.0 inches
Water Depth with a Gutter Depression d= 6.2 inches
Gutter Conveyance Caicuiations by HEC-22 Method
Spread for Side Flow on the Street (T - W) Ty= 145 #
Discharge outside the Gutter Section W, carried in Section T, Q= 1.9 cfs
Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) Eo= 0.61
Discharge within the Gutter Section W Q,= 3.0 cfs
Total Flow Rate by HEC-22 Method Qr = 4.9 cfs
Equivalent Stre  Transverse Slope Se= 0.1174 /it
Flow Area A= 1.7 sq ft
Fiow Vel city Vg = 2.8 fps
V,*d product AL 1.5 ft's

Essex NW, Street Hy

NOTE: V,*d product should be less than 6.0 for minor event and less than 8.0 for major event.

8182004 4:32 PM



COMBINATION INLET ON A GRADE

Project L on Boulevard Storm Drain Pro ect
Inlet ID Essex Drive NW

Wp
Wp - L— O
<-----"" »<
/ Flow Direction
Qlfer ;,; R
dp S~

Desl niInformation In ut
Type of Grate Type = BarP-1-7/8
Length of a Single Unit Grate = 6.67 ft
Width of a Unit Grate (cannot be greater than W from Street Hy) W = 2.00 ft
Clogging Factor for a Single Unit Grate (typica value — 0 5) C-G= 0.50
Clogging Factor for a Single Unit Curb Opening (typica vaue - 0 1) Cc-C= 0.10
Local Depression, f any (not parnt of upstream Composite Gutter) 8jocal = 2.8 inches
Total Number of Un ts in the Combinat on Inlet No= 1

rt Anal i Calculated
Design Discharge on the Street (from Street Hy) Q, = 4.9 cfs
Water Depth for Design Condition Ys= 9.0 inches
Total Length of Inlet Grate & Curb Opening = 6.67 ft
Ratio of Grate Flow to Design Flow E, E,= 0.61
Flow Velocity Vs (from Street Hy) V= 2.84 fps
Spash-over Velocity V : Check Against F ow Ve ocity V V is: greaterthan Vs
Under No-Clogging Condition
Interception Rate of Gutter Flow R - 1.00
Interception Rate of Side Flow Rx (from Street Hy) R, - 0.94
Interception Capacity Q= 4.8 cfs
Under Clogging Conditlon
Clogging Coeffic ent for Multip e-un t Grate Inlet Coef = 1.00
Clogging Factor for Multiple-un t Grate In et Clog = 0.50
Effective (unclogged) Length of Mutp e-unt Grate n et = 3.34 ft
Interception Rate of Side Flow Rx from Street Hy R, = 0.75
Actual Interception Capacity Q, = 4.4 cfs
Carry-Over Flow = Q,-Q, (to be applied to curb opening) [o 0.5 cfs
CurbO nin Anal sis Calcul ted
Equivalent Slope S, (based on grate carry over) Se = 0.1868 ft/ft
Required Length L to Have 100 | tercepton Ly= 3.49 ft
Clogging Coeffic ent Coef = 1.00
Clogging Factor for Multiple-un t Curb Open ng Inlet Clog = 0.10
Effective (Unclogged) Length = 3.49 ft
Under No-Clogging Condition
Effect ve Length of Curb Opening Inlet (must be < Lt) L= 3.49 ft
Interception Capacity = 0.2 cfs
Under Clogging Condition
Actual Interception Capacity Q, = 0.2 cfs
Carry-Over Flow = Q.,,-Q, = Q,= 0.3 cfs
Capture Percentage = Q,/Q, = C% = 93.9 %

Essex NW, Combo-G 8 18 2004 4:33 PM
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DESIGN MEMORANDUM
Pael Au ust 6, 2004

TO: Reviewer
FROM: Mario Juarez-Infante, PE, WCEA
RE: Lyon Boulevard Storm Drain Project — Cattle Guard Inlet Capacity
Given:
L =45’ (width of roadway measure face to face of curb

Normal depth = 0.67 ft (assumes street is running full)

Find:
Inlet Capacity, Q

Soln:

Capacity of the inlet operates as a weir to a depth up to 0.39 ft (American Iron And Steel Institute,
Modern Sewer Design, 3" Edition, 1995). The quantity intercepted is expressed by the following:

Q=3.0LD'

Where Q = rate of discharge into the grate opening (ft /s)
L = perimeter length of the grate, disregarding bar and neglecting the 1de against the curb (ft)
D depth of the water in the grate (ft)

Q =30x45ft 039ft) =3288ft/s

When the depth exceeds 0.4 ft, the inlet begins to operate as an orifice and 1t d1 charge 1 expressed by
the following:

Q=30AD
Where Q - rate of discharge into the grate opening (ft /s)
A = opening of the grate (ft*)
D = depth of the water in the grate (ft)
Q =3.0x(45ftx3ft)x (0.67ft)" =331.5ft)/s Controls, . Qcupueuy = 3315 13 s

A portion of Paradise Boulevard will require regarding and paving to accommodate inlet installation and
allow for a sump condition sensitive to vehicular traffic

2600 American Road SE, Suite 100, Rio Rancho, NM 88012 PHONE 505/898-8021 FAX 505/898-8501



-

€002 SIoMBS WI0IS MOYBIPAH

"MO} |IN} UO paseq S| UONOaS Ui MO)) JO BwiL | (Jymn) 280 v (0821 +awniaul) /91221 = Atsueul :SIION

N0 | 21’2 | 09°12eS | 2L'eees 000| 000 | 000
§'/G9 | Scte| ve cL 09°L2eS | eL'62ES (IR 014 000 | 0000 ( 000
o'v0¥ | 62'¥1 | 160 ¢L | 080 | 06'EEES | OL¥EES [vL'evES |O'vOY | 000 00| OO 000{ 000 | 000 | 000 0’88 | €100 HW L 8
D [ 1ee | 69°LIES | 00°02ES 000 | 0000 000
L'0ev| eS'6| 0E0 06 61'G2ES | 05°LeesS 0919 000 | 0000 | 000
0919 | v6'El | $¥9°0 06 | 96 | 61'82ES | PI'EEES |62ChES (0CLe | 000 00| 260 0L'0| 000 | 000 | 000 | 00LL| €ELOO HW 9 L
N0 | S8°)L | ¥8'SIES| 69°LIES 000 | 000 | 000
gler| v5'6| 0E0 06 YE'ECES | 61°GCES 0°6e9 00°0 | 000 | 000
0'Ge9 | LEFL | 890 06 | 12V | pE'ECES | S5°L2ES |98°EPES | 00°6L | 000 00| L0 c0'L| 000} 000 | 000 0OSI9]| €ELOO HW S 9
1) | 6’ | SECIES | VB'SIES 000 | 000 ( 000
L9 | eS| 040 06 GB'6LES | YE'ECES 0°6E9 000 | 000 ( 000
0'GE9 | €2'SL | IS0 06 | ¥S°C | €961ES | L1'22ES (vL'IvES| 000 | 000 00| 850 v4'L| 0000 | 000 | 000 | 000G | €100 HW 14 S
) | e¥'6 | c6'C0ES| SECIES 000 | 0000 ( 000
L'8ELL | 8BL'GC | 02'C 06 Sr'OLES | SB'6LES 0°L¥9 000 | 000 ( 000
0°L¥9 | 62°SL | L¥'L 06 | €89 | ISCIES | ¥B'BLES | 08'2CCES | 00CL | 000 00| 6t0 c¢eec| 000 | 000 | 000 | 062k | €ELOO HN € 14
1D [ 6L | LO'LOES | 26'20ES 000 | 0000 | 000
'SSel | ev'8e | L9C 06 1G'80€S | 2V OLES 0'8S. 000 | 000 | 000
0'8GL| 9L°LL | 86°0 06 | 040 | 9E'LIES | 907CIES | LELIES(Q'LEE | 0070 00| L00 082 000 | 000 | 000 | S'LL| ELOO HW 4 €
D | 199 | Ov'¥62S | LO'LOES 000 | 000| 000
c'lcl| 19S2 | 062 clL 0t'00€S | LO°LOES 0°'8SL 000 | 000 | 000
0'8GL| 1892 | g€ cL | &L | I810ES | 21L'60ES|SO9LES| 000 | 000 00}t vIL0 /82| 0000 | 000 000 | 0822| €LOC HW 8 4
JD [ §5°¢ | 99'162S | 02'v6eS 00°0| 000 | 000
L'leL | 0S°'se | 062 (A 69°2.62S | 02'00ES 0'8GL 00°'0 | 000 { 000
aurppsuasuyl | 0'8SL| 1892 | L2 ¢l | 28'¢ | S9°/L62S| L¥'00ES ([0S HIES| 000 000 00| SO0 ¢0’€| 000 | 000 | 00O 088 €L0°0 HA | pu3 8
uopduasapaur | (sp) [ (sp)| (%) | (u)| (W) W) ) W | (sp) (uup [ (uw) | (upw) (o8) | (08) | (W)
vo | 1|01 | jusw
dep 19A |edois | sziIs| 1jeq umog dn [0 wng | -qns |-a40u]
"v081.80 Juswubyy :foid UaAUj JO AB)T moy 1088 60 =€9
1e101 ul S0 =20
sJk 0oL :Aouanbaig Moj4 jin4 adid | ueds umous) Jo Adj3 Moy} | suod 20 =19 anns
AdJ® o vo ()] jo | jo anjen| Jo | aun| ON
¥002-81-80 :aled jenjoy I9H | 9siH DH Jo As|3 WU | ppy | oL | uayy | swyL | awiy ealy abeujeig ueq | -u |edhL [ oL | aun

| abed

Moday 10a-14




€002 SI1oMBS LLIOIS MOjJRIpAH

"MOJ} ([N} UO PESE( SI UOKIBS Ul MO} JO dIL | (Jy/ur) 28°0 v (08'LL +awn eu)) / 91°/21 = Asuaiu] :S31ON

10 1 002 | 00°G0ES | 00°L0€ES 000 | 000 | 0OC
L'e0e | L1'9L | 002 514 0060€S | 00°LLES 0191 000 | 000 | 000
0'l9L | 18%CL| 92’} 8h | 92°L | 00CIES | 9C'ELES [ LELLES [ 0'19) 000 00| €10 00°0f 000 | 000 | 000 | O00L| €ELOO HWN | puz 8
uopdisosep aul | (sp) | (s} | (%) (| W W) W W) | (sp) (yu) | (uu) | (upw) (oe) | (o) | (W)
vo | 1101 |juaw
des 1A |edois | 9zis | Hed umoq dn (o) wng | -qng |-a40u)
s'pieaajnog Bujal) :foid H9AU) JO A3|3 moy} es 60 =¢€2
|eloL ut g0 =20
siA 0oL :Aouanbaig Mol4 |Ind | adid | ueds umoi?) Jo Ad|3 Moy | suod 20 =19 anJs
AdjR o vo )] j0 | jo anjea| jo | aufl | oON
. ¥002-81-80 -9leQ lenldy IOH | °osid TOH 10 A9)3 18Uy PpPY | ejoL | usju] | awyl | swil ealy abeujeig ua -u adAL oL | su

| abeq *

uoday 10a-14




oA~ -

= vt o \"'Ln“ e " , - I/ R - o
— - ot ’ ‘ é‘ ‘:}' - - 9’,“.\M \ &}; - v l’(z‘cr‘: ‘u.
| Ty - ‘ 1S
. ;fr PR ‘gq‘ - 4 l : & ? N » \,‘
~ \g‘ N o . ‘\\:\\:\ {\«ﬁ, J ‘. '] . . i [ =
- . vl'-' . ins; NCTAN ‘L - z - ) - - -\ T g§:: ] amy
' ' ':!“ - v v f REMF! N f‘~!§1¢.~- ,l"‘-‘ .
. - B P s : . ‘-fgki- IR < by Y
L - - 1., ° ﬂ N . * % . ° Y ﬁ"'\/ R
w » u o & O L ¢
i w8 [ R S A
- ', sl ¢ } £ . § o _ D ..
- ; > ; . [ “\ ¢
. g

(
R 2

i A St o
: RPE P | T s
' N . ! :'}., ,){ s¥y e e
& L ‘. . k \’} : AP h ,T-\A' e
’ t %“-».\ . "3 R -
. . ) i et e L A
& ) & & Voo 3 - wph e NG

~
“«
4
7
, o
&
,
4
v
i
P
k!
¢ K3
~s -

e
L4
A
A&
v
%
7
g_/
4|
-
oy
»”
f::‘|
=
P
‘Aﬂ_—

) 4 - A L O > T k3
N - % . o e N reaes, 2oesily, Ve
J s\‘f\ ~* 1] . \ :_. -~ - r &&,‘i‘i ) -_l R '|
o 5\ \‘\\O‘ B T T (( F - o
S - e N e ey
e AUCELTEEUPENR NP 'l S O SN
- ‘ e tp ° _ ); . Vo '\i . ﬂ‘l"\. :
Loy, el B VLT A
e L~ X ™ N g }, - - N =‘§" =
A N N : 15 \ =3"
) f - LORRNAN S ﬁ"ﬁ S
L A .—’*"1"\\ : N v
i e, \‘ - .\ -_"')(“\' )ﬁ_n . -¥ P \ : .
] .- x CA e N -
(“ R . T o . -
By - - .\ - ’ S N
.“). \.«’ i ',.‘ A.é F |
- . . -(2' ey
S . - f/‘/ﬁ»}%}u : (o N
5 D, v
LSy e N AE 'u{: . .
S‘ (.";'\\“\ =, ™~ 7\ B ‘?’ f )C" sl . :
O R IPINL i r\i“f‘[ﬁ \ \ |
‘i:l?', \53\\\&\" . \Jt B - ) . ), o i -
h B o \\‘ -\. .. s_ é - ' - rw 4 . . 4 ¥ w‘.
oW g T TR,
s SR AFER . AL
:’\‘\ ‘\!),' f\‘k\,‘ — . :: ’ ot '.— :\ & |3 \ﬁ—-‘\\ - ( RO ( « . 'J\ N I" ‘I~
S RN N T AT NS CN
COURTEGE e ey Baye
S N\ Lk o ';X\\ o a z A f"» . N LYY 4
e L O Bl ’ !
‘,‘,-&i\"\ =3 \__' e K e M 3 o
& \?’ - Y “‘G\l‘zg A N ' P % ‘ /
B T N NN L 3
4. RN S . U ﬁ )
o . 2 =L TR T N : . . ] 3
cee B SELCh K N e gyt (1D
e g5 R e e : ! Lo -
x"aj" | Ak Mi_ - gt 5w N - \ y ‘-‘

L
2

R '
SRS
“-, “HEE

=
&
AIPY !
RAIN
. (&'K
<k o B
. "Em.
s ¥

P2
e

SR B e, =3 KU T A 7 :
” A T L R N NI -~ B cs;‘ P T :
hit12] el s MRS NI | PR ) [N - B V- R 1S L
ST TRE e g B ..EL.H " 6 S WU : s TS
458

L4
. v N
S, I % [ \'6 i T " -
W © - ; ) LATR e P e Wy g Tt
S BaEg o Ve S W a8 wEma, A .)f‘_ _
s s PN L O R g ST g SRS
L < T o 7»::’ “\‘6\“ R ) \wsa..;-‘,&'; "aﬁ . N : .
= - - y Rt | . & B = [ v
PR S M R E - R A WRRIRE R o A P S U
E- el ST i NS P2 B W e I =09 A, v
BY=ETEE L, SR o GEMGE S oS RIS m oo LY Y & .
W ey R s aoy ™ NEgwe 4, OHR v/ . .
R ale s SENEEARATRY T & ¢ _LDBY N o » -
%énix}"{: DR R T T L A ré’f - ~
- > o - B mm - ,g.-..q.’-‘ P S pax,
“o e BN el ERT C TERI TN S AR
o uElEy g'..vﬁl" B St B e whan gy r;./.f:! e d W
(224 N CRY L Wy apn L o yPnal Pet g RN & e NS
’_QQ“L 12 D) ..al:.: ’ A R 5 ) 5&1;6_.:& g ,‘-uv."_q T L
Tl N U . 23
[ -9 f‘«‘\'v NE AV ’w‘.ﬁ@‘ ~ \a « 4
Plagt AN DTN IR B TR A -
Beiot TR 1 13 B o) ’
B0 2 | LA i IS N v »
B yfv. et ..\/:{.,_ L 1¥3 .
R§ ). mss Red =, o
SN eame ShM = * % T X
s T Rl MR & > A, NN
' \ § - Tl | fJ Q».‘h': ug“' J}"’“l‘b ) LL’ r . \‘i
S PR <t NI . AP PR A ) dn AN

002!

mm >
= C Z >
O - > W
5% -~ >
L om 3 o
> >i> 2 |n %] %U) O m )]
AN N I zg%% % \1% o % - o >
n @ I Q o
o|u|olo )%EQE C M CZ)§ < > 8 9
oldlona 2l 53— < = - = D
alolololz ol 2G| m > 3 o O R T
—< o~ [ 3
D) =)
2 & g >
>
- &
o
P

AYYANNOE NISYd 3LYON 730 03Svd
oove

AYVANNOG NISYd V3HY ONIGNNOHINS



