Final Design Report

Lafayette Interceptor Drain
and Outlet Design

FCD Project No. 2010 C030
COP Project No. ST83110068

Prepared for:

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, Arizona 85009

Project No. 2006C027

Prepared in Cooperation with:

The City of Phoenix
Street Transportation Department ( 9
200 W. Washington ; 1
Phoenix, AZ 85003 ;
Prepared by:
¢
O\ oLssoN

ASSOCIATES

7250 North 16" Street
Phoenix, Arizona 85020

March 2012
Revised June 2012
Revised August 2012 EXPIRES 3/31/2015




Final Design Report

Lafayette Interceptor Drain
and Outlet Design

FCD Project No. 2010 C030
COP Project No. ST83110068

Prepared for:
Flood Control District of Maricopa County

2801 West Durango Street
Phoenix, Arizona 85009
Project No. 2006C027

Prepared in Cooperation with:

The City of Phoenix
Street Transportation Department (
200 W. Washington

Phoenix, AZ 85003

Prepared by:
Y\ OLSSON

ASSOCIATES

7250 North 16" Street
Phoenix, Arizona 85020

March 2012
Revised June 2012
Revised August 2012 EXPIRES 3/31/ 2015




Final Design Report Lafayette Interceptor Drain & Outlet Design

TABLE OF CONTENTS

EXECUTIVE SUMMARY ...onviiiinnniiinsssniccsssnnecssssnecsssssesssssssessssssssssssssssssssnns ES-1
1.0  INTRODUCTION......ccvceerurruecruncnnes . 1
O T 1 ¥ 50 T T DT 1

1.2 Project LOCAION sisuimsimommimosssssissisn e esuestssassessssessessssss sss s sss s ass srsssasums e messsasssssissssasssss 1

1.3 Project BaCKEroUNd s sussusssssssssmsssssrsamssormsmetsesasssssesssanssionsssvsssssssaasississ st tasssranssssssesuossessarss 1

1.4 EXiSting CONditiONS.......ccoeiiiiiiiiiiiiiii ittt easens 4

1.5 DESI@N CIIEITIA .ttt e ettt .

1.5.1  Basis 0f HYAIOIOZY ..ccoviriiriiiiiiiiiiiiiciiiiciicciiccie e 7

2.0 HYDROLOGY AND HYDRAULICS. ............ 8
2.1  Trunk Line Hydrology ........cccooiiiiiiiiiic 8

2.2 Proposed East Lafayette Collector SyStem ..........ccoooiviiiiiiiiiiiinie 12

2.3 Collection System Hydrology ........ccocuvveriiiiiiiiiiiiiiiiiiiiie i 15

2.4 StormiDrain HYAAUIICS......c.occnrereerssnsessenmsnss sarsssassnsso 555065 G866 560 5558003 Soaaasmmassossns susauestos 16

241 “TrunkLine Hydraulics ... msmenanmvmmenmmm s assmmssm ks as o s s 16

242 Tnlet DeSIgu . wsssnsrsistasrveimms wessasmymese e s s s T e 17

3.0 SURFACE IMPROVEMENTS....... s - 19
3.1 - Existitig Roadway (CONUIMIONS,: scsemsesmstimsssamsmsseosmsrussssisessssss s sissvessvosasensersesmonseessasass 19

3.1.1 Existing Roadway Cross SIOPES.........ccccoiiiiiiiiiiiiiiiiiiiiiicec e 19

3.1.2  Existing Sidewalk and Curb & Gutter Inventory ............ccocooiiiiiiiiiiie 19

3.1.3  Existing RIght-0f-Way .....cccooeiiiiiiiiiiiiiiiiiiicic s 22

3.2,  Surface IMPIOVEIMEIT ..o iisounesssossonnrsiossssneassssnssios S5 s5a8ss0aintos AT v s anivabva s s et 23

3.2.1. " : Selected ANEMAMIVE.. .. . o oo haedy 25

322 American with: Disabilities A€t iaumissmmmsmnsamannmssmempsensestimosyims 25

3.2.3 Office Complex Parking Lot Regrading .........ccveesumssseesnsssesssnissssssassassansssssssnsssns 25

4.0 ADDITIONAL CAPACITY EVALUATION 26
4.1 Trunk Line HYdrOlOZY .....cccoeviiiiiiiiiiiiiiiiiiiiiiicie e 26

4.2 Collection SyStem SIZINE ......c.coiiiiiiiiiiiiiiiiiii it 27

4.3 Trunk Line SIZINE ..oeoviiiiiiiiiiiiiieeeec e 30

4.4  Summary of Collection System and Trunk Line UpSizing ..........ccoceviviiiniiiiiiiiinniienn 30

4.4 Inlet Structure at the EXisting Basin......cccceoiiiiiiiiiiiiiiiiiiiiiiiic e 33

45.1 * Design ProCeAUTIE ....... oumseenes inessiss coess s irsnsss s bossaes g famssisss] 5o sseskems sn s assassasinsss 33

5.0 FLOODPLAIN ANALYSIS..uuiiiitiviiiiiiiicnsnninncssneecsssnsecsssssseesssssssessssasssssssassssssssassssssass 37
5.1 100-Year Regional Hydrology ssasssmmasamssmommssmmamsvesmmevemsmmmssisssnasssssssa sovasussns svass 37
@\OLSSON i March 2012

ASSOCIATES



Final Design Report Lafayette Interceptor Drain & Outlet Design

5.2 HEC-RAS Model along the Arizona Canal ...........ccccocuiiiiiiiiiiiiiiii 39

5.3 SUITHTIATY vttt ettt ettt ettt ettt eue et e b et e e ae e e e s s s e ae s e e s e e ae e beeasess e b e e ssessess s esbess e e s e s ensbenns 39

6.0 SURVEY iaaeiaeasasasassshasotonssasssessenbussnsnisssasssese 41
6.1  Topographic MaPPINE......ccceriiruiriiiinieiiniieie ittt et 41

6.2 " IDAMUIIL. .05 iu i s essn s aannssiensnasdanssnssssbnnnnsansssnnssion mansss 5o ks ia oA EeT S FUATR RIS S SO EAS AT SRS Ao 42

7.0 UTILITIES..... .43
7.1 - City of Phoenix Waterlines i ssssssssmscimmuesimmsimmmvrsssnssrassronsssmmmmesmsssesssssssssssomssasss 44

T 1.1 ATCAIA DIIIVE ..o 45

7.1.2  Lafayette Boulevard..........cccccocooiiiiiiiiiiiiii e 45

7.1.3  Camelback ROAd .......oooiiiiiiiiiiiiiiiiicceceiccic e 45

7.2 City Oof Phoenix SEeWer LINES........cccuueriiiiiiiiiiiiiiiiiiiii e 46

T3 SOUTHWESTIGAS TiNESL...c.ceeeeemseesasnnsisnsaneosnasnsnssssnsnansantsssiatssssss s Faiss sssss s sismssammssvs sassvasassnss 47

7.3.1 87 High Pressure Gas LIN€.........ccccooviiiiiiiiiiiiiiiiiei e 47

7.3.2 27 and 47 (Gas LINES s v svesmssessssmsvosnnmsssosmsssnsessses s sosssnsssssssssosinsssns sanesassnassasnsss 48

7.3.3 | Gas ServiCe LUINGS: . i i roviess sostsissvsoins sonissssssssse somssssstessusesssmams 540 s dsse5 a4 581 s dssssnts 48

74 - SRP Irrigation Facilitiess v smnamssmmnssmmsbmmsmsiss sisvesssomsoasssas sy ram hsvsusssisvenose 48

Tih 1l  Lateral 4.7 .oussssssmsusosssssssssossonsssosssisssssorsasesseistsssssnsiessssvass s visis swonsosssosswsverannnsveses 48

7.5  SRP POWET FACIITES....cuiiiiiieiiiieeiie ettt s 49

7.6 Cox Communications FaCIlItIes ........ccceevieiiiiiiiiiiiiniiiiii i 49

7.7 QWESEFACTIES .. vveeiiieeeie ettt e e et 50

7.8 FIDEr OPUC LINES tuveeuiiiiieiiieiieit ettt e e 50

8.0 STORM DRAIN ALIGNMENT ....cuuuiiiccrsssssssssnssseccssssssssseesscssssssassasssscsssssssssssscccsssasssse 51
8.1  Utilities IMPACL:. .v..usouss ssssssssstssssrssnssossesssssssasssisesvasssmismiessssss s soesvs somisauesvnssnsss svseisesmuaesades 51

9.0 CONSTRUCTABILITY..ccccoeeurrerrnneccens 53
0.1 ATCAAIA DITIVE ..eeiiiiiiie et e e e e e 53

9.2 Lafayette Boulevard........ccccooiiiiiiiiiiiiiiicciie e 54

10.0 SUMMARY AND RECOMMENDATIONS......ccccvveerueecrnercenees 55
11.0 REFERENCES 58
OX\OLSSON i March 2012

ASSOCIATES




Final Design Report Lafayette Interceptor Drain & Outlet Design

LIST OF FIGURES
Figure 1.1 — Project Vicinity Map ... 2
Figure 1.2 —Project LoGATIEN WA «.umssssssssssmomssnssnnm s s m s s s iisisis s sy sanes 3
Figute 1.3 — Alterngtive 2 IprOVEIHENLS iumesismsmmmssamiossseomssmm s iemem s iss s eensaspersismyeiss 5
Figure 1.4 — FIRM Map ....ccooiiiiiiii i 6
Figure 2.1 —Revised HEC-] SCHEMELIE ssvmsusmmminimemssisomsms s m s s s ansessys s 10
Fignre 2.2 =Upidated 10-veur Bage Model .o smsmbssosdss 11
Figure 2.3 — Proposed Future East Lafayctte ColleCtor SYSIEIM ... ccusie s msssussssssnssssassassnssansnssasss 13
Figure 2.4 — Hydrology Summary with Future East Lafayette Collector System.............c.co........ 14
Figure 3.1 — Existing Surface Conditions ...........ccocooiiiiiiiiiiii 21
Figuira 3.2 —Rell Cuitly LOBEHGNS 1orumuaamnmmmirmssmmssismin s sissesesss s st sabessmss 24
Figure 4.1 = Interim Condition 10-Year Collection SYSIEINL ..cmiwmsesesvasssssmpmmemmasssssussssssserisrsssens 28
Figure 4.2 — Ultimate Condition 10-Year Collection SySt€m ............ccocoviiiiiiiiininiiiiiiciee 29
Figure 4.3 — Interim Condition 10-Year Trunkling SYStem...susussnssssssesessusasassensenssnssvasnsssssusrsrases 31
Figure 4.4 —Ultimate Condition 10-Year Plus Trunkline System................ccccooonininiiiniiinnnnns 32
Figure 4.5 — Proposed Inlet Structure at EXiSHNG BASIN ..o cemsmmmn e musamasssrsasssssusssessssmesssssomsin 36
Figire 5.1 = 100-year HyAOIOZT MaD wesismmmmmsmimsmnismssrmsssssiesmasmmmsismierssess oo 38
LIST OF TABLES
Table 2.1 —Peak 10-year DisScharge SUIDIIATY .......cnmsenesssnsnssssinssinsssnssis sasssasssnsssmaisssinsssussameassensssoss 9
Table 2.2 — Summary of Trunk Line FIOWS........ccccoooiiiiiiiiiii 18
Table 4.1 — Flow vs. Water Surface Elevation Rating Table for OCCC-Phase 1 Storm Drain ....34
Table 6.1 ~ Tapographic Mappifig [HIOIMANGN st massonssssss s 41
Table 7.1 — Utility Contact Information ............ccccoiiiiiiiiiiiii e 43
Teble 7.2 — Uty MaPPINg StOUECES. .cumuessinsnusnsontsmnnmnrss snsreis snanse nso b 564056586 5455506555 4448 5459435 4550584 44
PLATES

Plate 1 — Collection Hydrology Drainage Map

ON\ OLSSON iii March 2012

ASSOCIATES



Final Design Report Lafayette Interceptor Drain & Outlet Design

APPENDICES

Appendix A — Cost Estimates
Appendix B — Technical Memos
Appendix C — HEC-1 Outputs
Appendix D — Surface Improvement Alternatives
Appendix E — Hydraulics Supporting Documents
e Section E-1 :HEC-RAS Outputs
e Section E-2: Trunk Line Hydraulics (Storm CAD)
e Section E-3: Collection System Hydraulics (FlowMaster)
e Section E-4: Drop Inlet Structure Calculation
e Section E-5: Structural Analysis of Hydraulic Structures
Appendix F — Utility and Pothole Data
Appendix G — Geotechnical Investigation Report

Appendix H — Survey Data

ON\OLSSON iv

ASSOCIATES

March 2012




Final Design Report Lafayette Interceptor Drain & Outlet Design

Executive Summary

The Arcadia Area Drainage Project is a flood control project by the Flood Control District of
Maricopa County, in partnership with the City of Phoenix, to mitigate flooding to homes and
structures upstream of the Arizona Canal within the Arcadia area watershed. A drainage study
was performed in 1995 to evaluate drainage improvement alternatives, and the Arcadia Area

Drainage Report Final Recommendations Report was prepared in 1997.

This report selected Alternative 2 (Figure 1.3) as the preferred alternative which proposed a 10-
year storm drain system along Arcadia Drive, Lafayette Boulevard, Camelback Road, and 44th
Street. The total design flow for the 10 year event for this option was 681 cfs and crosses the
Arizona Canal at Arcadia Drive and flows south through the recently improved Old Cross Cut

Canal.

The Old Cross Cut Canal (OCCC) Project was designed in 2010 and the construction was
completed in April 2011. During the design phase of the OCCC project the storm drain crossing
under the canal was increased from 96” as proposed in the pre-design plan to 1027, This, along
with final hydraulics, increased the capacity of the pipe at the canal crossing from 681 cfs to 990

cfs.

Project Hydrology:

Trunkline Hydrology

The original predesign hydrology was based on the 10-year event, and is shown on Figure 1.3.

This was developed in HEC-1 and results in a flow across the Arizona Canal of 681 cfs.

The project hydrology has been based on the capacity of the downstream outfall of 990 cfs and is
shown on Figure 2.4. This hydrology is referred to as the 10-year plus event. No HEC-1 model

has been developed for this, and the 10-year flows were simply increased a uniform percentage.
Collection Hydrology

Collection hydrology was developed using the 10-year HEC-1 model, and designating splits and

flow paths based on field investigation. This is shown on Plate 1.

Flow to the catch basins, east of 46" Street, will be reduced once the ultimate storm drain system

is constructed upstream, as shown in Figure 2.1. Therefore, these catch basins are considered

Qﬁ\.OLSSON ES-1 March 2012
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. sufficient since they will be oversized in the ultimate condition. The design flows for the catch

basins west of 46" Street were upsized to accommodate a 10-year plus design event as shown in

Figure 4.1.

Project Hydraulics:

Trunk Line Hydraulics

The Trunk Line Hydraulics were designed using Bentley’s StormCAD computer program. The
hydraulic grade line from Old Cross Cut Canal project was used as the tailwater for the model,
and hydraulic losses for bends and junctions were calculated based on the methodology from
Flood Control District of Maricopa County’s (FCDMC) Hydraulics Drainage Design Manual.
This table is included in Section E-2 of Appendix E.

Inlet Hydraulics

Designing inlets to capture offsite flows is fundamentally different than collecting onsite flows as
a part of roadway design because the much higher offsite Q are not contained within the roadway
. cross section. Catch basins have been placed based on engineering judgement, and each catch
basin’s capture has been calculated based on a flow depth to the top of curb. Total catch basin
capacity is more than required at each location to account for uncertainties. These calculations

are included in Section E-3 of Appendix E.

ES-2 March 2012
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1.0

INTRODUCTION

1.1 Purpose
The purpose of this Design Report is to document the design decisions and future

construction of the Arcadia Area Drainage Project regional storm drain system to mitigate

flooding for the area north of the Arizona Canal within the Arcadia area watershed

1.2 Project Location

The Arcadia area watershed is located within the metropolitan Phoenix area, and
encompasses Sections 16 through 21 of Township 2N, Range 4E of the Gila and Salt
River Base Line and Meridian, Maricopa County. Figure 1.1 shows the Project Vicinity
Map and Figure 1.2 is a Proposed Project Location Map showing the overall Arcadia

drainage project area.

1.3 Project Background

The Arcadia Area Drainage Project is a flood control project by the Flood Control District
of Maricopa County, in partnership with the City of Phoenix, to mitigate flooding to

homes and structures upstream of the Arizona Canal within the Arcadia area watershed.

A drainage study was performed in 1995 to evaluate drainage improvement alternatives,
and the Arcadia Area Drainage Report Final Recommendations Report was prepared in
1997. This report evaluated five final alternatives to provide flood protection to homes
and structures north of the Arizona Canal within the Arcadia area watershed. The first
three alternatives provided for a 10-year level of flood protection, while the fourth and
fifth alternatives provided for a 100-year level of flood protection. The opinion of
probable construction cost in the report estimated the 10-year systems from $2.7M to
$10.3M, while the 100-year systems were estimated between $36M and $45M.
Consequently, Alternative 2 with an estimated cost of $10M was selected as the preferred

alternative.

O\ OLSSON
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Figure 1.2: Proposed Project Location Map

The preferred alternative proposed a 10-year storm drain system along Arcadia Drive,
Lafayette Boulevard, Camelback Road, and 44th Street. The layout of the preferred
Alternative 2 is shown in Figure 1.3. This figure shows that a total of 681 cfs for the 10-
year event is collected at the concentration point at Arcadia Drive north of the Arizona
Canal. This flow would be conveyed under the Arizona Canal in a 96” pipe and outlet

into the Old Cross Cut drainage system north of Indian School Road.

The Old Cross Cut Canal Improvements Project was designed in 2010 as the first phase of
the regional flood control project to replace the Old Cross Cut earthen ditch and to install
the storm drain segment from Indian School Road to the Arizona Canal. Construction of
this project was completed in April 2011. The earthen ditch was replaced with a 120~
cast-in-place pipe to accommodate irrigation water discharge from the Arizona Canal up
to 1,000 cfs. The size of the pipe crossing under the canal was increased from 96 as
proposed in the pre-design plan to 102”. It was determined that upsizing this pipe would

be cost effective and constructible. This increased the capacity of the pipe at the canal

OA\ oOLSSON 3 March 2012
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crossing from 681 cfs to 990 cfs. The opportunities to use this additional capacity will be

discussed in Section 4.0 of this report.

14 Existing Conditions

Stormwater from the Arcadia area drainage watershed sheet flows in a predominantly
southerly and southwesterly direction, originating from the Camelback Mountains and
continuing south until it reaches the Arizona Canal. There is little drainage infrastructure
within the watershed and as stormwater flows to the south, it creates ponding and
localized flooding even during annual events. Additionally, the canal, being elevated
several feet above existing ground, ponds water against the upstream bank, and flooding to
homes and structures occurs within the ponded areas upstream of the canal during large

storm events.

Properties inside this flood area are within FEMA’s Zone “A” floodplain designation,
which corresponds to the 100-year floodplains that are determined by approximate
. methods with no base flood elevations or depths. Approximately 280 homes are located
inside this Zone “A” floodplain. Areas north of the Zone “A” designation are designated
shaded Zone “X”, which corresponds to areas outside the 100-year floodplains or areas of
100-year sheet flow flooding where average depths are less than 1 foot. A FIRM map

showing the existing floodplain of the project area is provided in Figure 1.4.

4 March 2012
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1.5 Design Criteria

The basis of design for this project is the Arcadia Area Drainage Project, Final
Recommendations Report (Huitt-Zollars, 1997) and the Final Design Report Old Cross
Cut Canal Improvements Arizona Canal to Indian School Road (Olsson Associates, 2010).
The Final Recommendations Report specified a 10-year design flow of 681 through a 96”
pipe across the Arizona Canal. The Old Cross Cut Canal Improvements Final Design

Report provided for a 102” pipe across the canal with a design capacity of 990 cfs.

The drainage facilities and improvements proposed for this project is located within the
City of Phoenix and will be designed to meet the standards and guidelines set forth in the
City of Phoenix’s Storm Water Policies and Standards, unless otherwise noted. These
criteria are supplemented with design standards and procedures established in the
FCDMC’s Drainage Design Manual, Volume 1 (Hydrology), and Volume 2 (Hydraulics).

The following summarizes the design criteria for the project:

e The storm drain north of the Arizona Canal will be designed for the 10-year flow.
However, the storm drain system has been design to also accommodate a 10-year plus
storm. The upsizing is discussed in Section 4.0.

« Surface improvements required for the collection of runoff will be designed in
accordance with the City of Phoenix roadway design standards, including ADA design
requirements. This evaluation is discussed in Section 3.0.

e The minimum velocity in the storm drain pipe will be 5 ft/sec and the maximum
velocity will be 15 ft/sec. Please note that the 102” pipe will have a velocity of 17.45
ft/s at the design discharge of 990 cfs. For the 10-year or less event, the pipe velocity
will be less than 15 ft/s. The District has indicated that this condition is acceptable.
Please refer Appendix B for supporting documents.

1.5.1 Basis of Hydrology

The basis of hydrology for this project is the hydrology analysis that was performed for
the selected Alternative 2 proposed improvements as documented in the Final
Recommendations Report. This hydrology will be reviewed and updated as part of the

pre-design evaluation. This hydrology evaluation is detailed in Section 2.0.
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2.0

HYDROLOGY AND HYDRAULICS

2.1 Trunk Line Hvdrology

The HEC-1 model for the selected Alternative 2 improvements from the Final

Recommendations Report was used as the basis for the trunk line hydrology (file
ALT2.DAT). This model determined the 10-year peak discharges for the sub-basins that
contribute runoff within the Arcadia area watershed, and routed flows to be collected into
the proposed Alternative 2 improvements to determine the size of the trunk line. This
model showed a total of 681 cfs in the storm drain at the location north of the Arizona

Canal (see Figure 3 for the proposed Alternative 2 improvements with 10-year flows).

The Alternative 2 HEC-1 model was reviewed to verify the parameters used in the model.
A modification was made to sub-basin 38. The original model shows most of the runoff
flowing to the south, with 16 cfs breaking to the west. Based on topographic data and
field observations, sub-basin 38 was divided into 2 sub-basins, 38A and 38B, with runoff

in sub-basin 38A flowing south and runoff in sub-basin 38B flowing west.

A new 10-year base model called LID10a.dat was created with this revision. The revised
HEC-1 schematic is shown in Figure 2.1. This model reduces the flow going into the
storm drain on Camelback Road and increases the flow going into the storm drain on
Lafayette Boulevard. This revision did not change the proposed pipe size on Lafayette
Boulevard, since the pre-design plan shows the 84" pipe not flowing full. The originally
proposed 42” pipe on Camelback Road was able to be reduced to 36”. The total flow at
the Arizona Canal increases negligibly from 681 cfs to 686 cfs. Table 2.1 provides a
summary of the hydrology results, and output from the revised 10-year base HEC-1 model

is included in Appendix C. Figure 2.2 shows the revised 10-year base model system.

A technical memorandum summarizing the trunk line hydrology evaluation was submitted
to the District on January 13, 2011, and was subsequently approved. A copy of the

technical memorandum is provided in Appendix B.
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Table 2.1
Peak 10-year Discharge Summary
10-yr Peak Flow
% i i LID10a
Sub-Basin Pr;;l;))zﬂ*gn Updated Base

Model
1 31 31
2 22 22
3 18 18
4 25 25
5 15 15
6 81 81
7 61 61
8 14 14
9 21 21
10 31 31
11 64 64
12 77 77
13 89 89
14 39 39
15 45 45
16 100 100
17 25 25
18 18 18
19 21 21
20 45 45
21 101 101
22 23 23
23 18 18
24 20 20
25 19 19
26 12 12
27 17 17
28 21 21
29 14 14
30 18 18
31 13 13
32 16 16
33 22 22
34 41 41
35 67 67
36 37 37
37 13 13
38 127 NA
38A NA 64
38B NA 74
39 61 61
40 46 46
41 55 55
42 125 125

TOTAL 1,728 1,739

*Ref. 6
9 March 2012
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2.2 Proposed East Lafayette Collector System

The original Alternative 2 improvements do not collect stormwater runoff in the area
south of Camelback Road and east of Arcadia Drive, even with the East Camelback
System in place. An opportunity to provide flood protection to homes and structures in
this area was evaluated. The result of this evaluation is a future 10-year system called the

East Lafayette Collector System.

The alignment of the East Lafayette Collector System begins on Lafayette Boulevard near
58th Street and continues west to connect at the junction structure at Lafayette Boulevard
and Arcadia Drive. An alignment variation of this option would be to turn south at 50th
Street, then west under the existing detention basin and connecting to the junction
structure at Arcadia Drive north of the Arizona Canal. With the understanding that
Arcadia Drive cannot remain open during construction, the continuous route with
connection at Lafayette Boulevard and Arcadia Drive is the preferred alignment to
minimize impacts to residence along 50" Street. The layout of the proposed East

. Lafayette Collector System is shown in Figure 2.3.

The base HEC-1 model was modified to add the proposed East Lafayette Collector System
in the file called LID10b.dat. The 10-year peak discharge from sub-basins 13, 14, 18, 19,
23, 24, 27, 28, and 29 were diverted into the proposed East Lafayette Collector System
and routed into the 102" pipe north of the Arizona Canal. The HEC-1 model indicates the
East Lafayette Collector System will collect a total of 112 cfs. This increases the total
flow at the concentration point north of the Arizona canal from 686 cfs to 798 cfs.

Figure 2.4 shows the hydrology results with the East Lafayette Collector System in place.

A preliminary cost estimate was prepared for the East Lafayette Collector System.
Construction of this system is estimated to be $2.6 to $2.7 million. Design cost is
estimated to be $275,000, which brings the total cost of this future project to be

approximately $3.0 million.

12 March 2012
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While the East Lafayette Collector System is a future storm drain project that can be
designed and constructed in the future as funding becomes available, a stubout for the

future connection will be designed and constructed as part of this project.

2.3 Collection System Hydrology

The collection system hydrology was performed to determine the specific locations where
flows can be collected and the peak discharge at each collection point. Typically the
regional hydrology is refined into smaller sub-drainage areas, and the peak discharge is
computed using the Rational Method. The times of concentration from the Rational
Method is usually shorter than the time from the HEC-1 method, resulting in a higher
rainfall intensity and, consequently, a higher peak discharge than the HEC-1 method. On

average, the peak discharge from the Rational Method is about 1.3 times the HEC-1 value.

A limitation of the Rational Method is that it cannot perform flow diversions that are
available in the HEC-1 program. For example, in the HEC-1 model, flow was diverted
from each sub-basin that had irrigated lots. This operation cannot be performed with the
Rational Method. The runoff coefficient would have to be adjusted, using best
engineering judgment. As an example, a few sample Rational calculations were
performed for sub-basins 37, 38A, 38B, 39, 40, and 41 using the DDMS software. These
were delineated as sub-basins K through R. The total peak discharge for these sub-basins
using HEC-1 is 313 cfs, while the Rational Method (without ‘C” value adjustment) is over
3 times higher at 979 cfs. Using the Rational Method for the collection system hydrology
would result in the collection system being overdesigned. In lieu of the Rational Method,

the following procedures were developed to perform the collection system hydrology.

The peak discharge without diversion of each sub-basin from the HEC-1 results was used
as the starting point. Next, the sub-basins were divided into smaller drainage areas,
typically for flow splits that occur where two streets intersect. This was performed using
ground survey data, GIS topo, and field observations. Flow splits were determined by
cutting cross sections and computing the capacity of the section. If no defined sections are
present at the split location, the flow distribution was determined by the magnitude of the

slope in each direction. For example, if the slope to the south is 1.5% and the slope the
15 March 2012
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west is 0.5%, then the flow distribution would be 75% to the south and 25% to the west.
Plate 1 shows the result of the collection system hydrology including the collection
location and discharge value

A technical memorandum summarizing the collection system hydrology evaluation was
submitted to the District on March 1, 2011, and was subsequently approved. A copy of
the technical memorandum is provided in Appendix B.

2.4 Storm Drain Hydraulics

The inlet hydraulics were designed according to the standards and requirements specified
in the FCDMC’s Hydraulics Drainage Design Manual and the City of Phoenix’s Storm
Water Policies and Standards manual. The major design criteria used for the storm drain

design include the following:

e The minimum velocity in the storm drain pipe will be 5 ft/sec and the maximum
velocity will be 15 ft/sec for the design event. A discussion on maximum allowable
pipe velocities will be provided as a separate memo.

* The hydraulic grade line (HGL) will be at least 1 foot below the ground or rim
. elevation for any catch basins and manholes for the 10-yr event.

* The dry lane and spread criteria are not applicable and will not be met because these
criteria are for the 2-year event and the proposed system will be designed for the 10-
year event.

2.4.1 Trunk Line Hydraulics

The base 10-year flow for the trunk line is 686 cfs, as discussed in Section 2.1 of this
report. However, because the pipe size at the Arizona Canal crossing was increased from
96 to 1027, the capacity of the storm drain system increased from 686 cfs to 990 cfs at
this location. The Project Team discussed options to utilize this additional capacity (see
Section 4.0 for a detailed discussion of the additional capacity evaluation). Consequently,
the trunk line hydrology was increased by 10% and the trunk line was designed for the

increased flows. This design for the additional 10% capacity is called the “10 plus

system”. Table 2.2 provides a summary of the flows used in the trunk line design.

The trunk line hydraulics were designed using the Bentley’s StormCAD computer
program. The hydraulic grade line elevation of 1240.30 was used from the Old Cross Cut

. Canal project as the tailwater for the model, and hydraulic losses for bends and junctions
16 March 2012
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were calculated based on the methodology from the Hydraulics Drainage Design Manual.
Models were created for the interim and ultimate build-out conditions. The StormCAD
outputs and the headloss calculation table are provided in Section E-2 Trunk Line

Hydraulics of Appendix E.

2.4.2 Inlet Design

Curb opening catch basins based on the City of Phoenix Standard Detail P-1569 are
proposed to capture the offsite flows at the collection locations discussed in the collection
system hydrology section. A clogging factor of 20% was used for the curb opening inlets
on grade and in sump conditions. For the catch basins on North Village Drive north of
Camelback Road, the clogging factor was increased to 40% to account for street parking.
A clogging factor of 50% was used for the grated area drain proposed at the drainage
swale. A special catch basin will be designed for the bermed areas along the north side of

Lafayette Boulevard between Launfal Avenue and 45th Street.

The catch basins were sized using Bentley’s FlowMaster computer program. The
longitudinal slope and cross slope design parameters were determined from the ground
survey data. Outputs from FlowMaster for each inlet are provided in Section E-3

Collection System Hydraulics of Appendix E.
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Table 2.2
Summary of Trunk Line Flows
Node ID* Location Station Design
Flow (cfs)
MH 19 (44" Street) 44" St 239+18.68 78
DI (Village Drive) N Village Dr 515+90.00 100
MH-14 N Village Dr 510+38.04 146
Camelback Road - JS Camelback Rd 506+40.36 196
DI (Lafayette Blvd) Lafayette Blvd 59+43.34 257
MH 8 (46" Street) 46" St 72+37.22 285
MH 4 (Dromedary Road) Dromedary Rd 91+40.38 289
MH 2 Arcadia Dr 22+57.00 473
DS 3 (ARCADIA DR) Arcadia Dr 19+97.44 762
JS1 (Flow East of Lafayette) Arcadia Dr 19+73.09 865
DS 1 Arcadia Dr 9+95.77 990

*Node ID from StormCAD model, See Appendix E.2
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3.0

SURFACE IMPROVEMENTS

The existing surface conditions along Lafayette Boulevard within the project limits are
discontinuous and do not adequately contain stormwater flows within the roadway prism.
Due to the scalloped nature of the existing roadway, developing a storm drain collection
system that adequately captures the design stormwater flows without providing any
surface improvements is not possible. To establish the extent of the improvements
necessary to provide an adequate collection system, the existing roadway conditions were

researched and cataloged.

3.1 Existing Roadway Conditions

Lafayette Boulevard is a two-lane collector roadway with a posted speed limit of 35 mph.
The existing roadway cross section consists of one travel lane and one bike lane in each
direction. The roadway width varies from approximately 36 feet to 46 feet. The wider

area currently provides some on-street parking.

3.1.1 Existing Roadway Cross Slopes

The existing roadway cross slope along Lafayette Boulevard varies throughout the project
limits. From 44th Street to South 46th Street the roadway is normal crown, except for a
small portion between 45th Street and North 46th Street where the roadway slopes entirely
to the north. From South 46th Street to Launfal Avenue, the roadway transitions from a
southerly-draining cross slope to a northerly-draining cross slope, and then ultimately to a
normal crown section. From Launfal Avenue to Arcadia Drive, the roadway slopes almost
entirely to the south with a few areas being almost completely flat. There is an existing
irrigation ditch located along the south side of Lafayette Boulevard from Launfal Road to
Dromedary Drive. Throughout this section of Lafayette, the roadway slopes entirely to
the south into the existing irrigation ditch. Figure 3.1 provides a graphical representation

of the existing pavement slopes throughout the project limits.

3.1.2 Existing Sidewalk and Curb & Gutter Inventory
As a part of this project, a sidewalk and curb & gutter inventory was conducted to

determine the limits and conditions of existing improvements throughout the project

O\ OLSSON
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limits. All curb & gutter and sidewalks throughout the corriddor were found to be in good
condition and do not currently require reconditioning. The following areas were found to

have existing sidewalk and have been depicted in Figure 3.1:

* North side of Lafayette Blvd from 44th Street to east of Calle Feliz
* South side of Lafayette Blvd from Ave Del Puente to just west of North 46th Street
* South side of Lafayette Blvd from 46th Place to 47th Street

*  West side of Arcadia Drive from Lafayette Boulevard to the Arizona Canal

Various types of curb and gutter were found throughout the project limits including roll
curb and vertical curb & gutter. The following areas along Lafayette Boulevard were

found to have existing curb and have been depicted in Figure 3.1:

» North side of Lafayette Boulevard from 44th Street to just east of Calle Feliz — vertical
C&G, H=6"

* North side of Lafayette Boulevard from east of Calle Feliz to Dromedary — roll curb,

® Hed™

e South side of Lafayette Boulevard from Ave Del Puente to 46th Place - roll curb,
H=4”

e South side of Lafayette Boulevard from 46th Place to 47th Street - vertical C&G,
H=6”

From research and discussions with the City of Phoenix management staff, it was
identified that the local community has historically been opposed to continuous sidewalks
being installed within the Arcadia corridor. However, based on the first public meeting
held on March 15th, 2011, there is some new interest to install continuous sidewalks along
Lafayette Boulevard. The City is in discussions to form a committee to further investigate

the possibility of installing continuous sidewalks in the future.

March 2012
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Figure 3.1: Existing Surface Conditions
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3.1.3 Existing Right-of-Way
The existing right-of-way within the project limits varies from 66 feet to 80 feet and is

asymmetric about the existing roadway. The various right-of-way widths are as follows:

e From 44th Street to west of Calle Feliz — 66-ft

* From west of Calle Feliz to west of 45th Street — 73-ft
e From west of 45th Street to 45th Street — 80-ft

e From 45th Street to North 46th Street — 73-ft

* From North 46th Street to South 46th Street — 80-ft

* From South 46th Street to 46th Place — 76-ft

e From 46th Place to Launfal Avenue — 73-ft

* From Launfal Avenue to Arcadia Drive — 66-ft

* Arcadia Drive south of Lafayette Boulevard — 73-ft

* Arcadia Drive north of Lafayette Boulevard — 86-ft

‘ In various places throughout the project limits, the existing right-of-way is currently being
utilized by homeowners for use as additional parking and/or landscaping. Some
improvements within the right-of-way include decorative walls and pilasters, pavers,
mailboxes, trees, and landscape irrigation. While conversations with homeowners indicate
they realize these improvements are within City right-of-way, any significant impacts in

these locations may be undesirable from a public standpoint.
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3.2 Surface Improvement

The main purpose of the surface improvements portion of this project is to contain and

convey drainage into the proposed storm drain system.

3.2.1 Selected Alternative

To mitigate the storm water flows, a new 6-inch roll curb will be installed per Figure 3.3
and Sheet 2 of 4 in Appendix D. Rolled curb is traversable so City of Phoenix standard
driveways are not necessary for property access. Due to the height differential caused by
the addition of the curb, the existing driveways adjacent to the curb installation have been
re-profiled and will require the purchase of TCE’s to complete the construction. A 1-foot
bench behind the curb with a 4:1 slope down to existing ground will be constructed to
ensure the stability of the curb. Where ever the new rolled curb is installed the adjacent
roadway will be removed and replaced to the crown line of the road. In areas where no
rolled curb is being installed, the removal limits will be dependent on the needs of the
storm drain installation. Where feasible, the existing high points and low points of the
existing edge of pavement were retained in the proposed rolled curb profile. In areas
where low points were found to be in close proximity to each other, one of the low points
was removed and the curb was profiled to one low point to improve the functionality of

the collection system.

Due to the addition of roll curb, driveway reconstruction, and fill slopes, some existing

appurtenances would need to be removed or relocated as follows:

» 3 existing water valves to be adjusted
» | existing water meters to be relocated

« 1 existing telephone pullbox to be relocated

This design integrates well into the existing corridor as much of the existing curb within
the project limits is roll curb. Additionally, should the local community decide that they
would like to install sidewalk at some point in the future, this could be easily
accomplished. Access to properties is relatively unchanged and City of Phoenix standard
driveways are not necessary. In addition, impacts to existing private landscaping within

the right-of-way are minimized.
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PN

Existing Curb & Gutter

e Existing Roll Curb
e Existing Sidewalk

New Roll Cur‘b

Figure 3.2: Roll Curb Locations
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3.2.2 American with Disabilities Act

Due to funding constraints associated with this project, surface improvements in the
vicinity of radius returns, driveways and intersections have been avoided to eliminate the
need for reconstructing existing facilities that would not directly benefit the proposed
stormwater collection system. Wherever possible, a 10-foot buffer between the proposed
surface improvements and the existing surface improvements has been utilized. This
buffer was established based on discussions with and documentation provided by the City
of Phoenix. For this reason the surface improvements will be structured to maximize the
collection system only. Consideration has not been given to installing ADA

improvements consistently throughout the project limits.

3.2.3 Office Complex Parking Lot Regrading

The existing office complex south of Camelback Road along the storm drain trunk line
alignment will be substantially impacted by the installation of the storm drain. In result,
new catch basin inlets will be installed to capture flows from the office complex. Curb
openings to allow drainage to the proposed storm drain inlets and replacement of the
parking lot pavement, curbs, walls, landscaping, utilities, and trash enclosure have been
provided in the plans.

In addition to the replacement of existing features, consideration was given to the grading
of the existing parking lot. The existing parking lot was constructed as an inverted crown
along the length of the storm drain installation alignment. Since the storm drain
installation will have a substantial impact on the inverted crown section, the reconstruction
of the parking lot will remove the entire inverted crown section. The final revised grading
of the parking lot will allow storm water flows to drain to the west side of the parking lot

then to the south for the majority of the reconstruction area.
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4.0

ADDITIONAL CAPACITY EVALUATION

The Old Cross Cut Canal Improvements Project constructed the first phase of the Arcadia
area regional flood control project and will provide the outfall for this project. During the
design of that phase, the decision was made by the project team to upsize of the pipe
crossing the Arizona Canal from a 96 to a 102" because of the minimal additional cost.
The bigger pipe size allows approximately 990 cfs to be conveyed under the canal in an
extreme event, which is 304 cfs more than the designed 10-year flow of 686 cfs. Utilizing

this additional capacity is discussed in the following sections.
Utilizing this capacity can be placed into two distinct groupings:

e Increasing the collection system and trunk line pipe size to collect more
stormwater than the 10-year event

e Constructing an inlet structure at the existing basin at the northeast corner of
Arcadia Drive and the Arizona Canal to collect water that ponds along the

upstream bank of the canal.

4.1 Trunk Line Hydrology

Separate hydrology for the trunk line and for the collection system has been developed

and was discussed in detail in Section 2.0 of this report. When the Alternative 2 storm
drain system is completely constructed (ultimate condition), the total 10-year flow in the
trunk line at the Arizona Canal crossing is 686 cfs. If the East Lafayette Interceptor Drain
is added as a project in the future, an additional 112 cfs will be added to the trunk line,

which will bring the 10-year flow in the pipe at the canal crossing to 798 cfs.

During the interim condition, with only the Lafayette Interceptor Drain in place, the
10-year flow in the trunk line is 311 cfs for the catchment area directly associated with the
Lafayette trunk line. An additional 61 cfs from areas north of Camelback Road (sub-
basins 30 and 38A) also get into the Lafayette trunk line during the interim condition.

Therefore, the total 10-year flow in the trunk line during the interim condition is 372 cfs.

OAoLssoN
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4.2 Collection System Sizing

The collection system hydrology is typically about 1.3 times the trunk line hydrology due
to differences in the time of concentrations. The collection system has been sized to
collect the flows as shown in Figure 4.1. The total flow collected is approximately
462 cfs. This provides for a 10-year collection system for the interim condition including
the areas north of Camelback Road. However, when the storm drains along Camelback
Road and Arcadia Drive north of Lafayette Boulevard are constructed in the future
(ultimate condition), these systems will cut off approximately 122 cfs that was intercepted
by the Lafayette Interceptor Drain east of 46"™ Street during the interim condition. This
scenario is illustrated in Figure 4.2, which shows the 10-year collection hydrology for the

Lafayette Interceptor Drain in the ultimate condition.

Figure 4.2 shows that in the ultimate condition, the 10-year collection hydrology for the
Lafayette Interceptor Drain is less than the interim condition collection hydrology, 340 cfs
in the ultimate condition vs. 462 cfs in the interim condition. The collection system for
the Lafayette Interceptor Drain east of 46" Street has 122 cfs of extra capacity in the
ultimate condition. Therefore, the Lafayette Interceptor Drain collection facilities east of
46™ Street do not need to be upsized to create a 10-year plus system in the ultimate

condition.

Additionally, at 46™ Street, while the 10-year hydrology indicates that 48 cfs will
concentrate at 46" Street, the collection system has been sized for 56 cfs. This is due to
the physical constraints including a breakout to the west and the existing speed hump.
Therefore, the collection system along 46" will not need to be upsized to create a 10-year

plus system in the ultimate condition.

For the collection system west of 46" Street, there are no planned improvements upstream
of the Lafayette collection system that will cut off flows in the future. Therefore, the
collection system west of 46" Street could be upsized to allow an additional 10% capture,
creating an ultimate collection system for this entire project that will accommodate the

10-plus year event. Upsizing this portion of the system will provide benefit since flooding
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west of 44" Street is one of the main drivers of this project. This additional capture will
provide additional benefit to that area. Figure 4.2 shows the collection system hydrology

in the ultimate condition with the collection system west of 46" Street upsized by 10%.

4.3 Trunk Line Sizing

The trunk line has been evaluated to determine what would be required to provide the

additional 10% increase in capacity within the trunk line. The base 10-yr trunk line flows
are shown in Figure 4.3. The upsized system design flows are shown in Figure 4.4. The
result of the Trunkline analysis shows hydraulic grade line (HGL) at least 1-foot below the
gutter and rim elevation at any catch basin and manhole location respectively. While all
criteria will be met for the 10-year design storm, the system is also designed to function
for the 10-year plus system. Please refer to Section E-2 Trunk Line Hydraulics of

Appendix E for outputs from StormCAD model.

44  Summary of Collection System and Trunk Line Upsizing

. The base 10-year system from Arcadia to the west will cost approximately $23,000/cfs.
Upsizing this storm drain system will cost approximately $10,000/cfs. Additionally, this
increased capacity will primarily cut off flows concentrating at the intersection of
Camelback Road and 44" Street. This will primarily provide benefit to the area west of

44"™ Street where significant flooding currently occurs.
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4.5 Inlet Structure at the Existing Basin

A very cost effective way to ensure that as much of the storm drain capacity is utilized is
to collect water at the existing basin at the northeast corner of the Arcadia Drive and the

Arizona Canal.

The basin is owned and maintained by the Arcadia Estates Homeowner’s Association, and
designed to function as a detention basin for runoff from the development. However,
water from upstream areas to the north and east of the development also finds its way into
the basin. Water from the watershed originates from Camelback Mountain, then flows
from north to south due to the topography. Water is conveyed within the north-south
roadways to the Arizona Canal, where it ponds against the upstream side of the elevated
north bank. While the topography in the east-west direction is very flat, the runoff tends
to move from east to west along the upstream side of the canal during events that do not

overtop the canal.

The HEC-1 model indicates a peak flow of 205 cfs for the 10-year event at the existing
basin location. This value assumes the East Camelback System is in place for the ultimate
condition. During the interim condition with just the Lafayette Interceptor Drain in place,

the HEC-1 model indicates a 10-year flow of 528 cfs concentrates at the basin location.

A drop inlet structure is proposed at the basin location to collect the water that currently
concentrates there and convey it into the OCCC system. The inlet structure will be
designed for 304 cfs, additional capacity due to upsize of the trunk line at the Arizona
Canal crossing. Please refer to Section 4.0 Additional Capacity Evaluation for increased
capacity of the trunk line system. A 66-inch concrete pipe is design to convey 304 cfs
from the drop inlet structure into the OCCC system. Please refer to sheet 71 for detail of

drop inlet structure and conveyance pipe.
4.5.1 Design Procedure

The design of the drop inlet structure was done in a way to ensure that flow through the

inlet structure does not surcharge the storm drain system, reducing its capacity. This was
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necessary because the downstream trunk line only has an additional capacity of 304 cfs

after storm drain flows are considered.

The flow breakout location and elevation of the retention basin was determined. Flow

from the basin breaks out at an elevation of 1253.80 ft from the southwest corner of the

basin.

A rating curve for the downstream storm drain (OCCC-Phase 1) was developed and is

included in Table 4.1 below.

Table 4.1
Flow vs. Water Surface Elevation Rating Table for OCCC-Phase 1 Storm Drain
Discharge (cfs) Water Surface Elevation (ft)
700 1234.99
‘ 800 1236.84
900 1238.65
990 1240.30
1100 1242.63
1200 1244.94
1300 1247.42

The starting water surface elevation within the storm drain is 1240.30. Design criteria is
to pass no more than 304 cfs at breakout, which will result in a water surface elevation on

the drop inlet of 1253.80.

A 4.3-ft diameter orifice is designed at the drop inlet structure to limit the amount of flow

from the basin. The elevation of the orifice is set such that it can convey maximum 304

cfs at the flow breakout elevation (1253.80) and does not influence the headwater

. (1244.00) of the 66-inch conveyance pipe that drains 304 cfs from the drop inlet into the
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OCCC system. The headwater for the 66-inch conveyance pipe was determined based on
back water calculations from the trunk line to the drop inlet structure. The calculation
considers the tailwater elevation at 1240.30 ft (from OCCC-Phase 1 model) and head
losses at the junction, bend, pipe, and inlet. Please refer Figure 4.5 for the drop inlet
location in Arcadia Drive, and Section E-4 and Section E-5 in Appendix E for the

hydraulic calculations and structural analysis of drop inlet structures respectively.
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5.0

FLOODPLAIN ANALYSIS

The Flood Insurance Rate Map (FIRM) shown in Figure 1.4 indicates that a 100-year
floodplain designated as Zone “A” exists along the north side of the Arizona Canal within
the Arcadia area watershed. The floodplain results from water ponding against the
elevated north canal banks with drainage system to drain stormwater during the 100-year

events.

The scope of the Lafayette Interceptor Drain and Outlet Design project includes revising
the existing 100-year regional hydrology (HEC-1 model) for the Arcadia area to determine
if the proposed regional drainage system (Alternative 2 from the Arcadia Area Drainage
Project Final Recommendations Report) would reduce the floodplain along the north side
of the Arizona Canal enough to warrant a FEMA standard Letter of Map Revision

(LOMR) process for flood map.

5.1 100-Year Regional Hydrology

The initial approach to perform the LOMR evaluation was to use the 100-year regional
hydrology from the Phoenix Metro Area ADMP and divert out the flow from the proposed
drainage system to model the 100-year peak discharge with project-in-place. A review of
that report indicates that the Phoenix Metro Area ADMP does not cover the area north of

the Arizona Canal.

A 100-year model with project-in-place was created from the updated Alternative 2 base
model by replacing the precipitation data with the 100-year, 6-hour rainfall depth. No
changes were made to the sub-basin, diversion, or routing parameters. While it is
understood that this does not provide a true 100-year model, it is assumed that the model
will provide a reasonable approximation of the 100-year peak discharge. The 100-year
HEC-1 model is provided in Appendix C. Figure 5.1 shows the Hydrology Map with 100-

year, 6-hour peak discharges that concentrate along the Arizona Canal.
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5.2 HEC-RAS Model along the Arizona Canal

A HEC-2 model was prepared as part of the Arcadia Area Drainage Project to determine
the storage-discharge relationship of the north canal bank area. This model (OCCC.DAT)
was imported into HEC-RAS and the flow data of the model was updated with the 100-
year, 6-hour peak discharges that were determined from the 100-year model with project-
in-place that was created as discussed in Section 5.1. No changes were made to the
manning’s roughness, contraction and expansion coefficient, ineffective flow area, or
channel reach length parameters. The output from the HEC-RAS model is provided in

Section E-1 of Appendix E.

The modeling reach extends from 64th street to 37th Place and covers a sufficient area
north of the Arizona Canal to evaluate the storage capacity at the 100-year peak discharge.
Outputs from the HEC-RAS model show that the area north of the Arizona Canal between
east of 56th Street to 64th Street has the capacity to contain the 100-year, 6-hour peak
discharge. However, the area north of the Arizona Canal between west of 56th Street to
37th Place does not have the capacity to contain the 100-year peak discharge and flow
overtops the canal. This is shown in the HEC-RAS model between river station 99327 to
river station 84000. The overtopping occurs because the 100-year peak discharge
increases as ponded water along the north canal bank slowly migrates westerly and

combines with runoff from the north.

The overtopping with project-in-place indicates that ponding still occurs to the top of
canal bank elevation on the north side of the Arizona Canal. Since the top of canal bank
elevation does not change, the existing floodplain on the north side of the Arizona Canal
remains the same. The proposed storm drain system will only reduce the amount of
overtopping that occurs over the canal. It does not reduce the amount of ponding on the

upstream side of the canal. Therefore, the floodplain is not reduced

5.3 Summary

The proposed regional drainage system as presented in the Arcadia Area Drainage Project
Final Recommendations Report is a 10-year storm drain system. While this system will

reduce the amount of flooding for the more frequent storms up to 10-year event, it will not
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reduce the 100-year floodplain limit of the existing Special Flood Hazard Area (SFHA) on
the north side of the Arizona Canal. Therefore, a FEMA Letter of Map Revision (LOMR)

i1s not warranted.
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6.0 Survey

6.1 Topographic Mapping

The source of topographic mapping for the project is based on several 1-ft and 2-ft contour
provided by the Flood Control District of Maricopa County (FCDMC) in conjunction with

the aerial map. Table below summarizes the topographic mapping information.

Table 6.1 — Topographic Mapping Information

Project FCD Project Name Flight Contour | Vertical | Horizontal
ID Contract # Date Interval Datum Datum
6600 FCD 94-21 | Arcadia Area DIS 11-13-94 2-ft NGVD 29 NAD 27
6601 FCD 94-21 | Arcadia Area DIS 11-13-94 1-ft NGVD 29 NAD 27

1024 FCD 95-46 | Papago Regional Flood | 11-08-96 2-ft NAVD 88 | NAD 83
Control Project

1071 N/A Scottsdale Mapping 09-01-93 I-ft | NAVD 88 | NAD 83
1062 | FCD 97-14 | Metro ADMS 05-15-98 2ft | NGVD29 | NADS3
8000 | FCD 90-19 | Arizona Canal 08-23-91 2ft | NGVD29 | NAD27

Diversion ADMS

This project will use this mapping as the base for offsite areas adjacent to the project, and
will use supplement survey to update the project corridor along, Lafayette Boulevard,
Arcadia Drive, North Village Drive, Camelback Road, and 44" Street. Additional ground
survey for storm drain laterals was performed as a part of this project at several major and
minor arterial streets north of Lafayette Boulevard. The survey scope of work includes
verification of the right-of-way limits with finished floor elevations for the first row of

building along Lafayette Boulevard.
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6.2  Datum

The Horizontal Data for this survey is tied into the Maricopa County Department of
Transportation Geodetic Densification and Cadastral Survey (GDACS) network control.
This system is based on the NAD 1983 Horizontal Datum. The Horizontal Data is
provided in the Arizona State Plane Coordinates (Central Zone) and converted to ground

using a factor of 1.00016.

To be consistent with the design from the Old Cross Cut Canal Improvement Project, the
design for this project use the vertical data tied into the City of Phoenix Datum. This

system is based on the National Geodetic Vertical Datum of 1929 (NGVD 29).

Survey data are provided in Appendix H.
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7.0  UTILITIES

This section discusses the existing utilities within the project area and the design

constraints that impact the design of the proposed storm drain.

Initial identification of utilities within the project area was provided by Bluestake through
a design request. The utilities identified within the project area include: water, sewer,
storm drain, traffic signals, irrigation, cable TV, telephone, fiber optics, gas, and
underground and overhead power. The name and contact for each utility are provided in

Table 6.1 below.

Table 7.1 — Utility Contact Information

Company Utility Number Contact
Arcadia Water Company Irrigation 480.945.4621 John Richardson
AT&T (TCG) Fiber Optic 480.844.5806 Zack Freeman

CBS Outdoor

Underground Power

602.477.3094

Colleen McCarthy

Signals

City of Phoenix Traffic

Traffic Signals, Junction
Boxes, Fiber

602.256.3409

Zeke Rios

City of Phoenix Water
Services Department

Water, Sewer, Reclaimed
Water

602.261.8229

Jami Erickson

Cox Communications

Cable TV, Fiber

623.328.4349

John Rowe

Qwest Local

Coaxial, Fiber

602.630.5474

Eric Hitchcock

SRP

Irrigation & Construction
License

602.236.5227

Bob Gooch

Power Distribution

602. 236.0886

Jason Hughes

Power Transmission

602.236.4882

Wayne Darby

Southwest Gas

Gas

480.730.3843

Howard Warren

OA\ OLSSON
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Verizon (MCI/MES) Fiber 909.421.3316 Dan Garden
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An initial utility base map was created using as-built maps, quarter section maps, facility
maps obtained from the City of Phoenix and utility companies, Blue Stake markings, and

field verification. Table 6.2 summarizes the sources used for the utility mapping.

Table 7.2 - Utility Mapping Sources

Source
Utility Owner Utility Facility Qualrter As-Built Blue Survey/
Maps Section Maps Stal.<e F|el.d
Maps Markings | Verif.
City of Phoenix Water X X X X
Sewer X X X
Storm Drain X X
Traffic Signal X X X
Southwest Gas Gas X X X
SRP Irrigation X X
Power X X
o Cab!e TV, Fiber X X
Optic
Telephone,

‘ Qest Fiber Optic A X
CBS Outdoor Power X X
AT&T / TCG Fiber Optic X X X
Verizon / MFS / MCI Fiber Optic X X X

A pothole list is being prepared and potholes will be performed at the storm drain
crossings to identify potential conflicts. The existing utilities are shown in the preliminary
plans which are provided with this report. The following sections discuss the major

utilities within the project area.

7.1 City of Phoenix Waterlines

There are water distribution and transmission lines within the project area that will cross
or be in close proximity to the proposed drainage improvements. These water facilities
are owned and operated by the City of Phoenix Water Services Department, and review,
approval and coordination with them are required for any relocation design. The

following describes the waterlines along the storm drain reaches.
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7.1.1 Arcadia Drive

An 8-inch waterline runs approximately 8 feet east of the roadway centerline along
Arcadia Drive. The 8-inch pipe will cross the proposed storm drain on the south side near
the tie-in and then will parallel the storm drain to the east. The pipe crosses the proposed
storm drain again at Lafayette and switches to the west side of the roadway. Additionally,
there are 6-inch waterlines along Calle Redonda, Calle Ventura, and Calle Tuberia that
will cross the proposed storm drain to connect to the 8 waterline. The storm drain is deep
in this location and would not be in conflict with the existing waterlines, but potholes are
proposed to verify their location and depth. The waterlines at the crossing locations

should be supported during construction.

7.1.2 Lafayette Boulevard

There are two waterlines that run along Lafayette that will run parallel to the proposed
storm drain. The 4-inch pipe is approximately 8 feet north of the Lafayette centerline and
the 8-inch pipe is approximately 21 feet north of centerline. The 8-inch waterline crosses
the proposed storm drain at Launfal Avenue and switches to the south side approximately
18 feet south of centerline. The 8-inch waterline runs at 18 feet south of centerline until
47" Place, then moves to about 26 feet south of centerline west of 47" Place. The new
storm drain is proposed at 12 feet south of centerline which may require approximately
450 feet of the 8-inch waterline to be relocated between Launfal Avenue and 47" Place.
Waterlines along the north-south streets also cross the proposed storm drain at various
locations to connect to the pipes on Lafayette. Potholes are proposed at the crossing

locations to verify the location and depth of each waterline.

There are numerous water service lines that serve the homes on the north and south sides
of Lafayette Boulevard. It is assumed that these service lines are relatively shallow and
would not be in conflict with the proposed storm drain. No potholes are proposed for the

water service lines. Protection of the service lines should be provided during construction.

7.1.3 Camelback Road
The proposed storm drain will cross Camelback Road to pick up runoff from the northeast

area of Camelback Road and 44" Street. There are four waterlines along Camelback Road
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that will impact the proposed storm drain. Two of the pipes are 4-inch/8-inch and 12-inch
distribution lines, while the other two are 16-inch and 20-inch water transmission lines.
The 4-inch/8-inch pipe is approximately 17 feet/24 feet south of the Camelback centerline.
The 127 waterline is approximately 36 feet north of centerline. The 16” transmission is
located approximately 9 feet north of centerline, and the 20” transmission is

approximately 39 feet south of centerline.

As-built plans were obtained for the 16-inch and 20-inch water transmission lines. The
plans show that the 16-inch pipe has approximately 7.5 feet of cover at the crossing with
the proposed storm drain, while the 20-inch pipe is approximately 9 feet deep at the storm
drain crossing location. The as-builts also indicate the water pipe to be pre-stressed
cylindrical concrete pipe (PCCP). Preliminary design of the storm drain profile shows
that the storm drain pipe is approximately 8 feet deep at the crossing with the transmission
pipes, which would place the transmission pipes and proposed storm drain in conflict.
While the water transmission lines can be relocated, solutions to avoid relocation should
‘ be explored before relocating the transmission pipes. Relocating the water transmission
pipes would require coordination with the City of Phoenix Water Services Department. A
shutdown request will have to be submitted and scheduled with the Water Services
Department. These are accepted on a first come, first serve basis, so advanced planning
will be required for the transmission relocation. Based on experience from a previous
project, no transmission main shutdowns are permitted from April 15 to October 15.
Since the elevation of the 102” storm drain pipe at the tie-in is approximately 10 feet
deeper than originally shown in the pre-design plans, there is some flexibility to provide |

the clearance needed to get under the water transmission pipes.

7.2 City of Phoenix Sewer Lines

While there are sewer lines within the project area, most of the pipes run are located in the
alleys and do not impact the proposed storm drain construction. There is an 8-inch sewer
line along Arcadia Drive from the Arizona Canal to Lafayette Boulevard that may be
impacted based on the alignment of the proposed storm drain. If it is determined

necessary to protect the historical dirt canal on the east side of Arcadia Drive at all cost,
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then the storm drain alignment would need to be moved further to the west. This would

require approximately 1,000 feet of the 8-inch sewer line to be relocated.

There are no sewer lines along Lafayette Boulevard west of Arcadia Drive. However,
there are north-south sewer lines that cross the proposed storm drain at Dromedary Road,
46" Street, and at the utility easement near 44" Street. The quarter section maps show the
sewer to be 7.5 to 9.0 feet deep, which is above the proposed storm drain pipe. There are
sewer manholes at the middle of Lafayette at these crossings. The manhole at the 46™
Street crossing will be within the construction zone of the storm drain and will need to be
relocated. The sewer pipe at the other locations will need to be supported during

construction.

7.3 Southwest Gas Lines

Southwest Gas has numerous gas facilities along the project corridor, including regular
and high pressure gas lines and gas monitoring stations. The gas lines range in size from
2” to 8” and include a steel high pressure 8” line. Southwest Gas facilities are typically in
by permit and would have to be relocated at their expense if they are in conflict with the

proposed drainage improvements.

7.3.1 8 High Pressure Gas Line

The 8 high pressure gas line runs on the west side of the canal bridge deck on Arcadia
Drive, then crosses the roadway to approximately 5 feet east of the Arcadia centerline
after the bridge. At Lafayette Boulevard, the gas line turns west and runs along the north
side of Lafayette approximately 25 feet north of the road centerline. The high pressure gas
line continues west along Lafayette to 44"™ Street, where it turns north and continues up

44"™ Street approximately 18 feet east of centerline.

Due to the danger and risk of working near a high pressure gas line, the storm drain will
be designed to provide a safe clearance to the 8-inch high pressure gas line to minimize
the risk of an accident during excavation for the storm drain. There will be several

locations where the proposed storm drain will cross under the 8-inch high pressure gas
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line. The gas line should be supported at these crossing locations per Southwest Gas

requirements, and care and caution should be exercised when working near the gas line.

7.3.2 2” and 4” Gas Lines

A 27 steel gas line runs along Arcadia Drive approximately 17 feet west of centerline.
The 27 gas line also runs along the south side of Lafayette Boulevard approximately 13 to
26 feet from the south right-of-way line. The trenching for the storm drain pipe will most
likely impact the 2” gas line and require it to be relocated along Arcadia Drive and
Lafayette Boulevard. The 2” PE gas line along the east side of North Village Drive may

also need to be relocated.

A 47 steel gas line runs along Camelback Road approximately 18 feet from the south
right-of-way line. The gas line should be supported and protected in place at the crossing

location with the proposed storm drain during construction.

7.3.3 Gas Service Lines

‘ Gas services for the homes along Lafayette Boulevard are provided at the front of the
homes. Therefore, the proposed storm drain pipe will cross these gas service lines on
Lafayette. The location of the gas service lines are approximated from the facility maps,
and their exact locations will be located during construction. Since gas service lines are
typically shallow (below 3 feet), it is assumed there will be no vertical conflict between
the gas service lines and proposed storm drain. The gas service lines should be supported

and protected in place at the crossing locations with the storm drain during construction.

7.4  SRP Irrigation Facilities

SRP owns, operates, and maintains a number of irrigation facilities throughout the project
area, including the Arizona Canal, open ditches, underground irrigation pipes, and

structures for delivery and disposal of irrigation water.

7.4.1 Lateral 4.7
Lateral 4.7 is the main irrigation reach within the project area, and runs westward as an

open ditch along the south side of Lafayette Boulevard beginning at 56" Street. At
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Arcadia Drive, an irrigation structure splits the flow to the south and west. The south and
east open ditch segments of the lateral are considered historic, and reasonable efforts must
be made to protect these historic portions of the canal during construction, such as
dewatering of the ditch before and during construction to reduce the risk of trench failure.
The segment of the lateral west of Arcadia Drive is mostly piped underground, with a
small section of approximately 430 feet that is open ditch that is not considered historic.
The proposed storm drain will cross under the 307 irrigation pipe at Arcadia Drive.
Depending on the material of the irrigation pipe, it could either be supported during

construction (if reinforced concrete pipe) or replaced with RCP (if cast-in-place pipe) .

7.5 SRP Power Facilities

SRP has overhead and underground power facilities within the project area. Caution
should be exercised when working near the power facilities. Overhead power lines run
along the west side of Arcadia Drive and the south side of Lafayette Boulevard. An effort
will be made to locate the proposed storm drain at a safe distance from the overhead
power lines. However, the extent of trenching for the storm drain may require the poles to

be braced during construction.

Underground power conduits are present within the project corridor to provide power for
street lights, traffic signals, and numerous other electrical facilities. Based on available
documents and information, the power conduits are typically behind curb and gutter, and
there does not appear to be any power duct banks within the roadway prism. There are
several locations where the proposed storm drain pipe will be crossing under the power
conduits. At these crossing locations, the power conduits should be supported and
protected in place, and caution should be exercised when excavating near the power

conduits.

7.6 Cox Communications Facilities

Cox Communications has overhead and underground communications, fiber optic, and
cable TV facilities within the project area. The overhead Cox cables generally run under
the SRP overhead power cables on the SRP power poles along the west side of Arcadia

Drive and south side of Lafayette Boulevard. Underground Cox cables come off of the
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poles at various locations to provide service. The underground Cox conduits are generally
located behind the sidewalk and not within the roadway. There are several locations
where the proposed storm drain pipe cross under the Cox conduits, which should be

supported and protected in place.

7.7 Qwest Facilities

The mapping of Qwest facilities were determined mostly from survey of telephone
manholes, Blue Stake markings, and field verification, since the buried facility maps
obtained from Qwest were mostly illegible and difficult to read. Therefore, some of the

Qwest facilities shown are the best approximation based on available information.

The available information indicates that there is a Qwest duct bank along the north side of
Lafayette Boulevard. The duct bank alignment shifts between the gutter line and behind
the back of curb. Potholes will be performed to verify the location of the Qwest duct
bank. If the potholes indicate the duct bank is indeed at the assumed location of the gutter
. line or behind back of curb, they will need to be relocated. If it is determined that the duct
bank cannot be relocated due to cost or physical constraint of the duct bank, a special
catch basin may need to be designed to accommodate the duct bank. This will be

evaluated as pothole data is complete and the storm drain design progresses further.

7.8 Fiber Optic Lines

A major fiber optic duct bank runs along the west side of 44™ Street, approximately 38

feet west of the roadway centerline. The duct bank is shared by several providers
including Verizon (formerly MCI), Nextlink, MFS, and TCG. The fiber duct bank turns
west at Camelback Road and continues to the west. The TCG fiber line also continues
north along the west side of 44" Street, then changes to the east side approximately 420

feet north of Camelback Road. If the storm drain alignment is placed along 44"™ Street, the

TCG fiber line should be verified to determine potential conflict. Otherwise, there does

not appear to be any conflict with the fiber optic duct bank.
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8.0

STORM DRAIN ALIGNMENT

A preliminary alignment of the storm drain trunk line has been laid out, which is shown in
the preliminary plans provided with this report. The location of the trunk line alignment

was largely based on the goal to minimize impacts to existing utilities.

8.1 Utilities Impact

As discussed in Section 6.0, there are numerous utilities within the project corridor.
Along Arcadia Drive there is a 2-inch gas line and 8-inch sewer line on the west side, and
an 8’ waterline and 8" high-pressure gas line on the east side. Since it has been
determined by the project team that Arcadia Drive cannot remain open during
construction, placing the trunk line down the middle of the roadway provides the best
clearance between the sewer line and the high-pressure gas line (approximately 6’ from
storm drain outside wall to sewer line and approximately 8" from storm drain outside wall
to the high-pressure gas line.  The 2-inch gas line will need to be relocated due to the 2°

separation between it and the storm drain pipe.

Along Lafayette Boulevard, most of the utilities are on the north side of the roadway,
including the 8-inch high pressure gas line, 4-inch and 8-inch waterlines, and telephone
duct bank. The south side has the 2-inch gas line and the 8-inch waterline. Since at least
one lane of travel must be provided on Lafayette Boulevard during construction, the trunk
line must be placed on one side of the roadway and not down the middle. Since the south
side has fewer utilities, it was determined that placing the trunk line on the south side of
Lafayette would impact the fewest utilities. Only the 2-inch gas line and a short segment

of 8-inch waterline will need to be relocated.

The original alignment of the Lafayette Interceptor Drain as shown in the pre-design plans
is along 44" Street up to Colter Street. Construction would have to go through the
intersection of 44" Street and Camelback Road, which are major arterials with high
volumes of traffic.  There would be major traffic impacts at this intersection.

Additionally, the original alignment would impact the median island on Lafayette, the gas
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lines and monitoring station at the southeast corner of 44™ Street and Camelback Road,

and the water transmission lines along Camelback Road.

During the Value Engineering (VE) meeting held on March 7 and 8, an alternate
alignment to avoid the intersection was suggested and further evaluated. This alternate
alignment would take the trunk line up the water and sewer easement between 44™ and
45" streets and up along North Village Drive to Colter Street. This alignment would
avoid the intersection, the median island, and the gas conflicts. The crossing of the water
transmission lines still occurs with this alternate storm drain alignment, but the profile of
the transmission lines is shallower at this location, making it easier for the storm drain
pipe to go under the transmission lines. Therefore, the alignment up the utility easement

and North Village Drive is the preferred alignment across Camelback Road.

North Village Drive is designated a private roadway. The right-of-way quarter section
map shows a public utility easement is present for water and sewer utilities. The plats for
‘ the Village at Camelback Mountain development shows there is a drainage easement for
the east loop of North Village Drive. Research is being performed to determine if there is
a drainage easement present in the western loop of North Village Drive where the

proposed storm drain will be located.
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9.0

CONSTRUCTABILITY

Construction of a large diameter storm drain system on Arcadia Drive and Lafayette
Boulevard will be challenging. Besides the traffic impacts to the residents living in close
proximity to the construction, there are other constructability issues and design constraints

to be considered.

9.1  Arcadia Drive

Arcadia Drive is a local two-lane roadway with an average width of approximately
28 feet. The entire roadway width will be required for the construction of the proposed
102" pipe—16 feet for the trench width and 12 feet for the construction equipment.
Access will have to be provided off of Arcadia Drive for residents living on Calle

Redonda, Calle Ventura, and Calle Tuberia.

In addition to the tight work area available, the construction on Arcadia Drive will have to
consider the historical features along the east side of the roadway, namely the open dirt
ditch and the large eucalyptus trees. The open dirt ditch on the east side of Arcadia Drive
is a historical canal that is being managed and maintained by SRP for the Bureau of
Reclamation. This lateral is actively used for the delivery and disposal of irrigation water.
Dewatering of the ditch is recommended before and during construction of the storm drain

to minimize the risk of trench failure.

SRP has indicated that dewatering of the ditch is allowed. The most preferred time for
construction of the storm drain is during the dry-up period, which is a 4-week period
between early January and early February, when the dirt ditch will be completely dry. The
next preferred time for construction would be during the winter months, when irrigation
delivery takes place every three weeks. Irrigation delivery at any other time would be
every two weeks. Bypass pumping with a redundant system and a manned person 24/7

are required for the dewatering operation.

The possibility of impacting the historical dirt ditch was considered and discussed with
SRP. Reasonable precaution will be made to protect the ditch during construction,

including dewatering it before and during construction. A question was posed to SRP of
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what would be the consequence if in the remote chance that a sand lens is encountered
during excavation and the trench collapses and damages the historical dirt ditch. SRP
indicated that a precedence has been set at a historical ditch on Central Avenue that was
damaged and repaired. SRP forces would have to do the repairs and a lot of paperwork

would need to be filled out.

The large eucalyptus trees that line the canal are also considered historic and will have to
be protected during construction. An arborist is recommended to evaluate the root system

of the trees during design and construction to determine potential impacts.

9.2  Lafayette Boulevard
The pavement width on Lafayette Boulevard is between 36 to 46 feet with the addition of

bike lanes on both sides. This wider pavement width will allow at least one lane to remain
open during construction. A flagman is recommended to control traffic along the

construction zone. Plating of the trench will not be possible due to the wide trench width.

. Access to driveways on the south side of Lafayette will not be possible during the actual
construction in front of the driveway. Coordination with the homeowners will be required

to minimize impact and access of the driveway to the homeowners.
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10.0 SUMMARY AND RECOMMENDATIONS

The base project of this project is a 10-year storm drain system along Arcadia Drive from
the Arizona Canal to Lafayette Boulevard, along Lafayette Boulevard from Arcadia Drive
to west of Calle Feliz, through the office complex from Lafayette Boulevard to Camelback
Road, and along North Village Drive from Camelback Road to 44™ Street. Design

opportunities and constraints for this project were evaluated and are summarized below.

e The trunk line hydrology was updated for the entire Alternative 2 drainage system and
shows that 686 cfs is the 10-year peak discharge at the concentration point at Arcadia
Drive just north of the Arizona Canal. The 10-year peak discharge for this project

(Lafayette Interceptor Drain and Outlet Design) is 358 cfs.

e The collection system hydrology was performed to determine the locations where
runoff will be collected and how much water will be collected at each location. The

collection system will be designed to collect a total of 462 cfs for the base project.

e The size of the pipe crossing the Arizona Canal was upsized to 102” in the Old Cross
Cut Canal Improvements Project. This increased the capacity at the canal crossing to
990 cfs and provided an opportunity to collect an additional 304 cfs of runoff in the

Arcadia area.

e Options to collect the additional 304 cfs of capacity include the future East Lafayette
Collector System, an inlet structure at the existing retention basin at the Arcadia
Estates development, and increasing the collection system capacity. It is
recommended that a combination of the inlet structure and an increase in the collection
system capacity be provided. The inlet structure should be designed to collect the
entire 304 cfs and the collection system capacity should be increased by 10%. This
combination would provide additional flood protection to the area southwest of
Arcadia Drive and Lafayette Boulevard, and would also increase the level of flood
protection to a higher than a 10-year event. An evaluation will be performed to

determine if the collection system capacity increase will require the trunk line to be
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upsized. A stubout for connection to the future East Lafayette Collector System is also

recommended as part of this project.

e Rolled curb along the south side of Lafayette Boulevard is the recommended surface
improvement alternative to collect and convey stormwater. This alternative is cost
effective, blends better with the character of the Arcadia area, and minimizes driveway

and right-of-way impacts.

e The floodplain analysis indicates that the proposed storm drain improvements will not
reduce the 100-year Zone “A” floodplain. This is because the floodplain is based on
the top of canal elevation, and while the proposed 10-year system will reduce the
amount of water that overtops the canal, the amount of ponding that occurs upstream

of the canal remains the same.

e There are numerous existing utilities along the project corridor to consider during the

storm drain design. The preliminary trunk line alignment was located to minimize

. utility impacts, including avoiding the intersection of 44" Street and Camelback Road
to minimize traffic and utility impacts at the intersection. The recommended trunk

line alignment across Camelback Road is along the water and sewer easement corridor

between 44™ and 45" streets and up along the western loop of North Village Drive.

e The preliminary trunk line alignment locates the 102” along Arcadia Drive down the
center of the roadway to avoid relocating the 8” sewer line on the west side of the
roadway. It has been determined that Arcadia Drive is not wide enough to provide
access during construction and will have to be closed. Local access for residents
living on Calle Redonda, Calle Ventura, and Calle Tuberia will need to be provided.

On Lafayette Boulevard, the trunk line alignment was located on the south side of the

street to minimize utility impacts. Two-way traffic cannot be provided along the
Lafayette reach and a flagman is recommended to provide one-way access at a time

through the construction zone.
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e The open dirt ditch and large eucalyptus trees along the east side of Arcadia Drive are
considered and reasonable efforts must be taken to protect them during construction.
Dewatering of the ditch is recommended before and during construction to minimize
the risk of trench failure. A licensed arborist is recommended to evaluate the impact

of the construction on the root system of the eucalyptus trees.
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Plate 1

Collection Hydrology Drainage Map
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Appendix A

Cost Estimates



LAFAYETTE INTERCEPTOR DRAIN AND OUTLET DESIGN
FCD PROJECT NO. 2010 C030

. ENGINEER'S OPINION OF PROBABLE COST
s & Total =
Item No. Item Description Unit " Unit Cost Total Cost
Quantity

105-1__|Partnering ALLOWANCE LS 1 7,500.00 7,500.00
105-2 |Unforeseen Utility Relocation ALLOWANCE LS 1 50,000.00 50,000.00
105-3 [SRP 24" RGRCP_lrrigation Pipe Replacement LF 6| 150.00 900.00
105-4 |SRP 30" RGRCP _lrrigation Pipe Replacement LF 16 160.00 2,560.00
105-5 |Southwest Gas 8" HP Gas Pipe Support EACH 8 2,500.00 20,000.00
105-6__ |CenturyLink Duct Bank Support EACH 6 2,500.00 15,000.00
107-1__|[AZPDES/SWPPP Permits LS 1 20,000.00 20,000.00
107-2__|Public Information and Notification ALLOWANCE LS 1 75,000.00 75,000.00
107-3 _|Project Signs ALLOWANCE LS 1 7.500.00 7.500.00
202-1__[Mobilization LS 1 225,000.00 225,000.00
215-1__ |Earthwork for Basin Grading CcY 210 25.00 5,250.00
215-2 _[Overexcavation ALLOWANCE CcY 5,000 15.00 75,000.00 \
220-1 |[Plain Riprap (d50= 6") cY 14 60.00 840.00 1
336-1__[Permanent Pavement Replacement - Structural Sect. No. 1 (7" AC over 6" ABC) SY 1,517 85.00 128,945.00
336-2 [Permanent Pavement Replacement - Structural Sect. No. 2 (4" AC over 6" ABC) SY 13,104 65.00 851,760.00
336-3 |Permanent Pavement Replacement - Structural Sect. No. 3 (5" AC over 6" ABC) SY 2,087 70.00 146,090.00
336-4 |Permanent Pavement Replacement - Structural Sect. No. 5 (2" AC) SY 1,633 40.00 65,320.00
336-5 _|Permanent Pavement Replacement - Structural Sect. No. 6 (6" Concrete) SY 110 90.00 9.900.00
336-6 _[Permanent Pavement Replacement ALLOWANCE SY 1,700 85.00 144,500.00
336-7 _|Decorative Pavement, Replace in Kind SF 354 8.00 2,832.00
336-8 [Decorative Pavement, Salvage and Replace SF 1,102 10.00 11,020.00
336-9 [Decorative Pavement Replacement ALLOWANCE SF 500 10.00 5,000.00
340-1 _|Concrete Curb and Gutter (MAG Det. 220-1, Type ‘A", H=6") LF 833 18.00 14,994.00
340-2 |Concrete Roll Curb and Gutter (Detail, Dwg No. C-10.10) LF 1,755 15.00 26,325.00
340-3 |Single Curb (MAG Det. 222, Type ‘A', H=6") LF 1 10.00 160.00
340-4 _[Concrete Valley Gutter (MAG Det. 240) SF 51 8.00 4,128.00
340-5 |Concrete Sidewalk (COP Det. P-1230) SF 66 10.00 6,620.00
340-6 [Concrete Driveway Entrance (COP Det. P-1255-1, 9" Thick) SF 436, 15.00 6,540.00
340-7 _|Concrete Driveway (Detail, Dwg. C-10.10) SF 1,565 15.00 23,475.00
345-1 _[Adjust Valve Box & Cover (COP Det. P-1270) EACH 6 300.00 1,800.00
345-2 _|Adjust Manhole (COP Det. P-1422) EACH 3 400.00 1,200.00
350-1 [Remove Existing Pavement Sy 245 7.00 1,715.00
350-2 _|Remove Existing Sidewalk SF 3,385 5.00 16,925.00
350-3 [Remove Existing Concrete Pavement SF 1,926 4.00 7,704.00
350-4 [Remove Existing Decorative Pavement SF 354 5.00 1,770.00
350-5 |Remove Existing Single Curb LF 585 6.00 3,510.00
350-6 |Remove Existing Concrete Curb and Gutter LF 1,479 7.00 10,353.00
350-7__|Remove Existing 4" ACP Waterline LF 4,116 20.00 82,320.00
350-8 |Remove Existing 6" ACP Waterline LF 268 25.00 6,700.00
350-9 [Remove Existing 8" ACP Waterline LF 1,150 30.00 34,500.00
350-10 |Remove Existing 12" ACP Waterline LF 81 40.00 3,240.00
350-11_|Remove Existing 6" Sewer Pipe LF 20 25.00 500.00
350-12 |Remove Existing 8" Sewer Pipe LF 414 30.00 12,420.00
350-13 |Remove Existing 12" Storm Drain Pipe LF 92, 40.00 3,680.00
350-14 |Remove Existing 18" Storm Drain Pipe LF 19, 50.00 950.00
350-15 |Remove Existing 24" Storm Drain Pipe LF 15 60.00 900.00
350-16 isting 24" Irrigation Pipe LF 6 60.00 360.00
350-17 isting 30" Irrigation Pipe LF 16 75.00 1,200.00
350-18 Existing 36" Squash Pipe LF 98 20.00 1,960.00
350-19 |Remove Existing Fence LF 44 75.00 3,300.00
350-20 |Remove Existing Screen Wall LF 293 50.00 14,650.00
350-21 |Remove Existing Site Wall LF 76 50.00 3,800.00
350-22 |Remove Existing Catch Basin EACH 1 1,500.00 1,500.00
350-23 |Remove Existing Scupper EACH 2] 750.00 1,500.00
350-24 |Remove Existing Water Valve, Box and Cover EACH 17 250.00 4,250.00
350-25 |Remove Existing Sewer Manhole EACH 3 1,200.00 3,600.00
350-26 |Salvage and Reconstruct Existing Private Sign EACH 3 150.00 450.00
350-27 |Remove and Salvage Existing Gate EACH 1 500.00 500.00
350-28 |Remove Existing Tree Well EACH 1 750.00 750.00
350-29 |Remove Existing Bollards EACH 2 300.00 600.00
350-30 |Remove and Salvage Existing Fire Hydrant to COP EACH 1 500.00 500.00
350-31 |Remove and Salvage Existing Traffic Sign to COP EACH 1 200.00 200.00
350-32 |Remove Existing 102" Pipe Plug EACH 1 2,500.00 2,500.00
350-33 |Abandon Existing Sewer Manhole EACH 1 1,500.00 1,500.00
350-34 |Removal and Disposal of Inert Material ALLOWANCE TON 50 250.00 12,500.00
350-35 |Removal and Disposal of Non-Inert Material ALLOWANCE TON 10 500.00 5,000.00
351-1 _|New Tree Well, Match Existing EACH 1 500.00 500.00
351-2 |New Speed Hump, Replace in Kind EACH 3 400.00 1,200.00
361-1 _|Microseal Coat SY 35,612 500]8% 178,060.00
401-1 | Traffic Control LS 1 300,000.00 | $ 300,000.00
405-1 _[Survey Marker (MAG Detail 120, Type 'A’) EACH 1 500.00 500.00
405-2 _[Survey Marker (MAG Detail 120, Type 'B') EACH 27 400.00 10,800.00
420-1 |New 8' High Iron Fence (Detail, Dwgs. D-2.02 & D-2.03) LF 78 120.00 9,360.00
420-2 [New 10' Wide Doulbe Iron Gate (Detail, Dwg. D-2.02) EACH 1 1,500.00 1,500.00
420-3 |Salvaged Gate, Replace in Kind EACH 1 250.00 250.00
430-1 |Landscape and Irrigation Replacement LS 1 15,000.00 15,000.00
505-1 |Catch Basin (COP Det. P-1569-1, Type M-1, L=6") EACH 3 4,000.00 12,000.00
505-2 _|Catch Basin (COP Det. P-1569-1, Type M-2, L1=17", L2=10') EACH 1 4.600.00 4,600.00
505-3 _[Catch Basin (COP Det. P-1569-1, Type M-2, L1=17', L2=17") EACH 13 5,000.00 65,000.00
505-4 _[Catch Basin (COP Det. P-1569-2, Type M-1, L=3") EACH 9 5,700.00 51,300.00
505-5 _[Catch Basin (COP Det. P-1569-2, Type M-1, L=6") EACH 4 6,200.00 24,800.00
505-6 _[Catch Basin (COP Det. P-1569-2, Type M-1, L=10") EACH 2|8 6.700.00 13,400.00
505-7 _|Catch Basin (COP Det. P-1569-2, Type M-1, L=17') EACH 118 6,850.00 6.850.00
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Item No. Item Description Unit Tola! Unit Cost Total Cost
Quantity
505-8 |Catch Basin (COP Det. P-1569-2, Type M-2, L1=10', L2=10") EACH 2 7,000.00 14,000.00
505-9 |Catch Basin (COP Det. P-1569-2, Type M-2, L1=17", L2=10") EACH 1 7.500.00 7.500.00
505-10 [Catch Basin (COP Det. P-1569-2, Type M-2, L1=17", L2=17") EACH 3 8.000.00 24,000.00
505-11 |Catch Basin (Structure 7, Modified COP P-1569-1 for V>8', Type M-1, L=3") EACH 1 5,000.00 5,000.00
505-12 [Catch Basin (Structure 7, Modified COP P-1569-1 for V>8', Type M-2, L1=10', L2=10") EACH 1 8.500.00 8,500.00
505-13 [Catch Basin (Structure 7, Modified COP P-1569-1 for V>8', Type M-2, L1=17', L2=17") EACH 3 10,000.00 30,000.00
505-14 [Catch Basin (Structure 8, Modified COP P-1569-1 with Overflow) EACH 2 4,000.00 8,000.00
505-15 [Catch Basin (Structure 9, Type M-1, L=3') EACH 2 3,700.00 7,400.00
505-16 |Catch Basin (Structure 9, Type M-1, L=6") EACH 3 4,200.00 12,600.00
505-17 |Catch Basin (Structure 9, Type M-1, L=10") EACH 1 4,500.00 4,500.00
505-18 [Catch Basin (Structure 9, Type M-1, L=17") EACH 1 5,000.00 5,000.00
505-19 [Catch Basin (Structure 9, Type M-2, L1=10", L2=10") EACH 4 7,500.00 30,000.00
505-20 |Catch Basin (Structure 9, Type M-2, L1=17", L2=17') EACH 5| 8,500.00 42,500.00
505-21 _[Catch Basin (MAG Det. 535) EACH 4 4,000.00 16,000.00
505-22 [Catch Basin, Double Grate (MAG Det. 537) EACH 1 5,000.00 5,000.00
505-23 |Structure No. 1, Drop Structure EACH 1 35,000.00 35,000.00
505-24 _[Structure No. 2, Drop Inlet, 66" Pipe EACH 1 30,000.00 30,000.00
505-25 [Structure No. 3, Drop Structure EACH 1 25,000.00 25,000.00
505-26 _[Structure No. 4, Drop Inlet, 36" Pipe EACH 1 15,000.00 15,000.00
505-27__|Structure No. 5, Junction Structure EACH 1 20,000.00 20,000.00
505-28 [Structure No. 6, Drop Inlet, 36" Pipe and Squash Pipes EACH 1 20,000.00 20,000.00
505-29 [Concrete Pad (Detail, Dwg. D-2.06) cY 7 250.00 1,750.00
510-1 _|New Screen Wall, Replace in Kind LF 293 50.00 14,650.00
510-2 _|New Site Wall, Replace in Kind LE 76 50.00 [ $ 3,800.00
515-1 |Bollard, 6" Dia., MAG Det. 140, Type | EACH 2 150.00 | $ 300.00
520-1 _|Safety Rail (COP Det. P-1173) LF 29 50.00 1,450.00
601-1 |CLSM ALLOWANCE CcY 2,500 50.00 125,000.00
610-1 |4" Class 350 Ductile Iron Water Pipe & Fittings, Restrained LF 174 50.00 8,700.00
610-2 [6" Class 350 Ductile Iron Water Pipe & Fittings, Restrained LF 277 55.00 15,235.00
610-3 [8" Class 350 Ductile Iron Water Pipe & Fittings, Restrained LE 1,262 60.00 75,720.00
610-4 [12" Class 350 Ductile Iron Water Pipe & Fittings, Restrained LF 81 75.00 6,075.00
610-5 [4" Water Valve, Box and Cover (COP Det. P-1391) EACH 1 500.00 500.00
610-6 |6" Water Valve, Box and Cover (COP Det. P-1391) EACH 3 600.00 1,800.00
610-7 _[8" Water Valve, Box and Cover (COP Det. P-1391) EACH 3 750.00 2,250.00
610-8 |COP Furnished Fire Hydrant Assembly (COP Det. P-1360) EACH 1 800.00 800.00
610-9 |New Water Service Connection (COP Det. P-1342) EACH 27 1,000.00 27,000.00
610-10 [New Water Plug with 2" Corp. Stop (COP Det. P-1343) EACH 23 750.00 17,250.00
610-11_[8"x4" Tapping Sleeve and Valve per COP Det. P-1391 EACH 2 1,200.00 2,400.00
610-12_[8"x6" Tapping Sleeve and Valve per COP Det. P-1391 EACH 3 1,500.00 4.500.00
615-1 |6" VCP Sewer Pipe LF 20 40.00 800.00
615-2 |8" VCP Sewer Pipe LF 323 50.00 16,150.00
615-3 |8" DIP Sewer Pipe LF 159 60.00 9,540.00
615-4 _|Sewer Manhole (COP Det. P-1430) EACH 6 7,500.00 | $ 45,000.00
615-5 |Pipe Plug (MAG Det. 427), 8" Sewer Pipe EACH 41 % 500.00 | $ 2,000.00
615-6 |Temporary Sewer Bypass LS 1% 7,500.00 7,500.00
618-1 [12-Inch Storm Drain Pipe LF 38 90.00 3,420.00
618-2 |18-Inch Storm Drain Pipe LF 1,091 125.00 136,375.00
618-3 |24-Inch Storm Drain Pipe LF 812 150.00 121,800.00
618-4 _[30-Inch Storm Drain Pipe LF 177 160.00 28,320.00
618-5 [36-Inch Storm Drain Pipe LF 605 175.00 105,875.00
618-6 [42-Inch Storm Drain Pipe LF 118 200.00 23,600.00
618-7 _[48-Inch Storm Drain Pipe LF 589 225.00 132,525.00
618-8 |54-Inch Storm Drain Pipe LF 482 275.00 132,550.00
618-9 |60-Inch Storm Drain Pipe LF 464 300.00 139,200.00
618-10 [66-Inch Storm Drain Pipe LF 414 325.00 134,550.00
618-11_[72-Inch Storm Drain Pipe LF 723 350.00 253,050.00
618-12 [78-Inch Storm Drain Pipe LF 264 400.00 105,600.00
618-13 [84-Inch Storm Drain Pipe LF 4,395 450.00 1,977,750.00
618-14 [102-Inch Storm Drain Pipe LF 999 650.00 649,350.00
618-15 [36" Equivalent CMP Squash Pipe LE 98 80.00 7.840.00
618-16 [Pipe Plug, 12" Pipe (MAG Det. 427) EACH 1 750.00 750.00
618-17 _[Pipe Plug, 18" Pipe (MAG Det. 427) EACH 2 1,000.00 2,000.00
618-18 [Pipe Plug, 24" Pipe (MAG Det. 427) EACH 5 1,250.00 6,250.00
618-19_|Pipe Plug, 30" Pipe (MAG Det. 427) EACH 1 1,500.00 1,500.00
618-20 [Pipe Plug, 36" Pipe (MAG Det. 427) EACH 1 1,750.00 1,750.00
618-21 |Pipe Plug, 48" Pipe (MAG Det. 427) EACH 4 2,000.00 | $ 8,000.00
618-22 |Pipe Plug, 78" Pipe (MAG Det. 427) EACH 1 3,500.00 | $ 3,500.00
618-23 [102" x 48" 55° Wye EACH 19 5,000.00 | $ 5,000.00
618-24 [84"x42" 58.5° Wye EACH 18 4,000.00 | $ 4,000.00
618-25 [72"x48" 47° Wye EACH 19 3,500.00 | $ 3,500.00
625-1 Storm Drain Manhole Base (48" and Smaller Pipe) (COP Det. P-1520 ) with Manhole
Shaft (MAG Det. 522) EACH 7[$ 7.500.00 [ $ 52,500.00
6252 Storm Drain Manhole Shaft (51" and Larger Pipe) (COP Det. P-1560) with Manhole Shaft
(MAG Det. 522) EACH 18| $ 8,000.00 [ $ 144,000.00
TOTAL $ 7,837,811.00

F1\Projects\010-2312 0A_Submittals\PS&E Submittal\Quantity & Cost Estimate\Lafayette Cost Estimate.xlsx
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TECHNICAL MEMORANDUM

Date: May 11, 2011

To: Bobbie Ohler, Project Manager

From: Jeff Ford, P.E.

Project: Lafayette Interceptor Drain and Outlet Design

Project No.: 2010C030 (OA Project 010-2312)

RE: MAXIMUM ALLOWABLE VELOCITIES IN STORM DRAIN PIPE

Introduction

The purpose of this memorandum is to present a random sampling of maximum allowable
velocity requirements for storm drains in selected municipalities and agencies across the United
States. These standards are then compared to current Flood Control District of Maricopa
County standards to determine if the District's 15 cfs design standard should be reevaluated.

Background

The district has established 3 feet per second (fps) and 15 fps as the minimum and maximum
pipe culvert velocities as specified in Section 5.3.2 of the Hydraulic Drainage Design Manual.

Pipe Velocity Criteria of Other Municipalities

This section summarizes the pipe culvert velocity criteria from a random sampling of
municipalities and agencies throughout the United States.

Arizona Department of Transportation

No Explicit Criteria for Maximum Velocity

City and County of Denver

9.3 Hydraulic Design

“The maximum velocity in all storm sewers shall be 18 ft/sec. The minimum velocity shall be
3 ft/sec at half-full or full-conduit flow conditions.”

Storm Drainage Design and Technical Criteria, City and County of Denver, January 2006.



City of Dallas
3.8 Hydraulic Design

“The maximum hydraulic gradient shall not produce a velocity that exceeds 15 feet per
second (fps). Table 3.8 shows the desirable velocities for most storm drainage design.
Storm drains shall be designed to have a minimum mean velocity flowing full at 2.5 fps.”

Table 3.8 Desirable Velocity in Storm Drains
Description Maximum Desirable Velocity
Culverts (All types) 15 fps
Storm Drains (Inlet laterals) No Limit
Storm Drains (Collectors) 15 fps
Storm Drains (Mains) 12 fps

iISWM Criteria Manual for Site Development and Construction, North Central Texas Council of
Governments, December 2003.

State of Georgia

4.2.8.3 Design Criteria
“The maximum hydraulic gradient should not produce a velocity that exceeds 15 ft/s.”

Georgia Stormwater Management Manual Volume 2 (Technical Handbook), Georgia
Stormwater Management, August 2001.

City of Houston

9.05-C-2. Velocity Considerations

b. Minimum velocities should not be less than 3 feet per second with the pipe flowing
full, under design conditions.

c. Minimum velocities should not exceed 8 feet per second without use of energy
dissipation downstream.

d. Maximum velocities should not exceed 12 feet per second.

Infrastructure Design Manual, Chapter 9, City of Houston Department of Public Works &
Engineering, July 2009.

City of Kansas City, MO

5600.5 Velocity Within the System
“The velocity within the system shall be between 3 and 20 feet per second.”

Public Works Design Criteria & Construction Specifications, City of Kansas City, MO, October
2006.



City of Lincoln, NE

3.5.2 Design Criteria

The standard recommended maximum and minimum slopes for storm drains shall conform
to the following criteria:

1. The maximum hydraulic gradient shall not produce a velocity that exceeds 20 feet per
second.

Stormwater/Floodplain Procedures and Requirements, City of Lincoln, NE, May 2004.

Tennessee Department of Transportation

7.03.4.3 MINIMUM AND MAXIMUM VELOCITY

“Slopes that incur uniform flow velocities in excess of 12 feet per second should be avoided
due to the potential for abrasion.”

Design Division Drainage Manual, Tennessee Department of Transportation, January 2010.

Summary

The District's current standard for maximum allowable velocity in storm drain pipe (15 fps) falls
well within a random sampling of other municipalities and agencies standards and requirements.

Agency/Municipality Maximum Velocity (fps)
Kansas City, city 20
Lincoln, city 20
Denver, city/county 18
Georgia, state 15
FCDMC 15
Dallas, city 12
Houston, city 12
Tennessee, DOT 12
Arizona, DOT No Explicit Criteria




OLSSON

ASSOCIATES

TECHNICAL MEMORANDUM

Date: Jan 13, 2011

To: Bobbie Ohler, Project Manager

From: Duc V. Dao, P.E.

Project: Lafayette Interceptor Drain and Outlet Design

Arcadia Drive to 44" Street
Project No:  2010C030 (OA Project 010-2312)

RE: TRUNKLINE HYDROLOGY AND ALTERNATIVES EVALUATION

Introduction

This purpose of this memorandum is to review and update the trunk line hydrology for the trunk
line design, and to evaluate alternatives to maximize the capacityof the storm drain at the
Arizona Canal crossing.

Background

The Arcadia Area Drainage Improvement project is a regional drainage system proposed by the
Flood Control District of Maricopa County, in partnership with the City of Phoenix, to mitigate
flooding to homes and structures upstream of the Arizona Canal within the Arcadia area
watershed. A pre-design study was performed in 1995, and a Final Recommendations Report
was prepared in 1997. This report recommended Alternative 2 from the list of proposed
alternatives. A copy of the recommended Alternative 2 is shown in Figure 1.

The recommended alternative proposes a 10-year storm drain system along Arcadia Drive,
Lafayette Boulevard, and Camelback Road to collect and convey stormwater from the Arcadia
area. This alternative collects a total of 681 cfs into the storm drain at the Arizona Canal
crossing.

During final design of the first phase of regional project (Old Cross Cut Canal Improvements),
the pipe across the Arizona Canal was upsized to 102", which increased the capacity of the
storm drain from 681 cfs to 990 cfs. As part of the pre-design for this project (Lafayette
Interceptor Drain and Outlet Design), an evaluation will be performed to determine alternatives
to get more flow into the storm drain system to maximize its capacity.




LAFAYETTE INTERCEPTOR DRAIN AND OUTLET DESIGN January 2011
TRUNKLINE HYDROLOGY AND ALTERNATIVES EVALUATION

Trunk Line Hydrology

The Alternative 2 HEC-1 model from the Recommendations Report was used as the basis for
the trunk line hydrology (file ALT2.DAT). Olsson Associates has reviewed the model and sub-
basin parameters and find that, with the exception of sub-basin 38, the sub-basin parameters
are acceptable. The model shows most of the runoff flows to the south, with 16 cfs breaking to
the west. Based on topographic data and field observations, Olsson believes that sub-basin 38
should be divided into 2 sub-basins, 38A and 38B, with runoff in sub-basin 38A flowing south
and runoff in sub-basin 38B flowing west.

A new base model called LID10a.dat was created with this revision. The revised HEC-1
schematic is shown in Figure 2. This model reduces the flow going into the storm drain on
Camelback Road and increases the flow going into the storm drain on Lafayette Boulevard.
This did not change the proposed pipe size on Lafayette Boulevard, since the pre-design plan
shows the 84” pipe not flowing full. The proposed 42” pipe on Camelback Road was able to be
reduced to 36”. The total flow at the Arizona Canal increases negibly from 681 cfs to 686 cfs.
Table 1 provides a summary of the hydrology results, and the HEC-1 model is included in the
Appendix. Figure 3A shows the revised base model system.

Alternatives Evaluation

Olsson Associates proposes an “East” Lafayette storm drain system to utilize the capacity of
the Arcadia storm drain system. This future storm drain system would run along Lafayette
Boulevard from 56" Street to 50" Street, then down 50" Street and under the existing retention
basin north of the Arizona Canal. The storm drain would provide flood protection to homes
south of Camelback Road and east of Arcadia Drive, which Alternative 2 in the pre-design does
not.

The base model was modified to add the proposed “East” Lafayette storm drain system in the
file called LID10b.dat. This system collects an additional 112 cfs from the area bounded by
Camelback Road, Arcadia Drive, Lafayette Boulevard, and Jokake Road. The total flow north
of the Arizona Canal increases from 686 cfs to 798 cfs. The proposed “East” Lafayette storm
drain system is shown in Figure 3B.

Another alternative to utilize the extra capacity of the Arcadia storm drain system is to take the
125 cfs from the proposed “East” Camelback Road system. The pre-design plans show the
storm drain flowing east, then down 64" Street, and outletting into the Indian Bend Wash
system. This is probably due to the high point located west of Jokake Road. Depending on
who owns and maintains the Indian Bend Wash system, coordination with the City of Scottsdale
may be required to construct this sytem.

The tie-in elevation to the 102” pipe north of the Arizona Canal is almost 10 feet lower than the
elevation shown in the pre-design profile. It is thus possible to take the “East” Camelback Road
system west and connect it with the future “Central” Camelback Road system, which connects
to the Arcadia Drive system and outlets into the Old Cross Cut Canal system. However,
excavation depths along Camelback Road could reach well over 40°, which could present a
constructablity problem. Therefore, it is recommended that the “East” Camelback Road system
remain as proposed in the pre-design report.

Page 2
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TRUNKLINE HYDROLOGY AND ALTERNATIVES EVALUATION

Another alternative that was evaluated is to extend laterals from Lafayette Boulevard south to
the canal. Laterals were evaluated at 46" Street, 47" Street, and 56" Street. However, the
storm drain profile would be going against the steep 1.2% grade and does not work at any of
the evaluated locations. An east-west lateral at Calle Redonda connecting to the trunk line on
Arcadia Drive was also evaluated. The lateral on Calle Redonda does work, and picks up a
maximum of 22 cfs from sub-basin 33. The benefit of picking up an additional 22 cfs versus
impacting homeowners along this small residential street was considered, and this lateral is not
recommended.

The “East” Lafayette storm drain system appears to be the most feasible alternative that also
provides additional flooding protection. This could be a future system that the District may
consider. While the system could be built at a future date, constructing a stubout for the
system should be done as part of this project if the District feels this could be a viable future
project. To offset the cost of this system, the proposed 10-year system on Camelback Road
and Arcadia Drive north of Lafayette Boulevard could be downsized to a 2-year system. A
HEC-1 model was created to show what this alternative would look like. This is shown in
Figure 3C. A relative cost comparison of the base system, “East” Lafayette system, and base
and “East” Lafayette system with the 2-year system in place is provided in Table 2.

Recommendation

To utilize the available capacity of the 102" pipe in the Arcadia storm drain system, it is
recommended that the “East” Lafayette storm drain be considered as a future drainage project.
This system would provide additional flooding protection to homes and structures in the area
bounded by Arcadia Drive, Lafayette Boulevard, Jokake Road, and the Arizona Canal. This
project could be funded partly by downsizing the storm drain system on Camelback Road and
Arcadia Drive north of Lafayette Boulevard.

Please feel free to contact me at (480) 333-4314 or email me ddao@osconsulting.com if you
have any questions or concerns.
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LAFAYETTE INTERCEPTOR DRAIN AND OUTLET

ARCADIA DRIVE TO 44TH STREET
FCD PROJECT NO. 2010C030

TABLE 1
HYDROLOGY SUMMARY
. LID10a
Sub-Basin | _ o'f;‘:‘;::':'iﬁw Base Model 2};?22::'(?:” Q2/Q10
10-yr Peak Flow

7 31 31 7 0.55
2 22 22 4 0.18
3 18 18 5 0.28
4 25 25 5 0.20

5 15 15 3 0.20

6 81 81 36 0.44

7 61 61 16 0.26
8 14 14 3 0.21
9 21 21 5 0.04
10 31 31 6 0.19
11 64 64 24 0.38
12 77 77 15 0.19
13 89 89 14 0.16
14 39 39 10 0.26
15 45 45 9 0.20
16 700 700 38 0.38
17 25 25 3 0.04
18 18 18 5 0.8
19 21 21 5 0.04
20 45 5 10 0.02
21 101 101 39 0.39
22 23 23 7 0.30
23 18 18 5 0.28
24 20 20 5 0.5
25 19 19 5 0.6
26 12 12 5 0.42
27 17 17 5 0.29
28 21 o1 6 0.29
29 14 14 7 0.09
30 18 18 7 0.02
31 13 13 5 0.38
32 16 16 4 0.5
33 22 22 7 0.32
34 a1 a1 12 0.34
35 67 67 28 0.42
36 37 37 17 0.46
37 13 13 i 0.08
38 127 NA NA NA
38A NA 64 26 0.41
38B NA 74 24 0.32
39 61 61 28 0.46
40 46 46 9 0.20
41 55 55 11 0.20
42 125 125 32 0.26

TOTAL 1,728 1,739 527

F:\Projects\010-2312\Documents\Reports\30% Pre-Design\Hydro Summary.xlsx
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LAFAYETTE INTERCEPTOR DRAIN AND OUTLET
ARCADIA DRIVE TO 44TH STREET
FCD PROJECT NO. 2010C030

TABLE 2
PRE-DESIGN COST ESTIMATE
Quantity Cost
Item No. Item Description Unit Unit Cost Base Lafaasettte Base w/ 2+ E;/stz-I.ID Base East Base w/ East LID w/
Y yr SD o Lafayette SD [  2-yr SD 2-yr SD
SD SD
618-1 24" RGRCP LF $ 150 753 $ 112,950
618-2 30" RGRCP LF $ 175 1,420 $ 248,500
618-3 36" RGRCP LF g 200 753 1,230 S 150,600 $ 246,000
618-4 42" RGRCP LF g 225 2,607 1,860 2,351 $ 586575|% 418,500 | § 528,975
618-5 48" RGRCP LF g 250 4,014 4,052 b - $ 1,003,500 ($ 1,013,000
618-6 54" RGRCP LF $ 300 1,230 $ 369,000
618-7 60" RGRCP LF b 350 1,860 $ 651,000
618-8 72" RGRCP LF b 400 2,174 2,174 4,0141$ 869,600 $ 869,600 | $ 1,605,600
618-9 78" RGRCP LF b 450 5,216 $ 2,347,200
618-10  [84" RGRCP LF $ 500 2,819 2,819 $ 1,409,500 $ 1,409,500
618-11 _ [90" RGRCP LF $ 550 941 $ 517,550
618-12  [96" RGRCP LF $ 650 941 $ 611,650
618-13  [102" RGRCP LF $ 725
TOTAL 15,740 5,874 15,740 5874(|$ 6,344,125 | $ 1,422,000 | $ 4,946,075 | $ 2,256,600
21,614 21,614 $ 7,766,125 | $ 7,202,675
Difference|| $ 563,450.00
| | | | | I

F:\Projects\010-2312\Documents\Reports\30% Pre-Design\Pre-Design Cost Est.xlsx 1/12/2011
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Y\ OLSSON

ASSOCIATES

TECHNICAL MEMORANDUM

Date: March 1, 2011

To: Bobbie Ohler, Project Manager

From: Duc V. Dao, P.E.

Project: Lafayette Interceptor Drain and Outlet Design

Arcadia Drive to 44" Street
Project No:  2010C030 (OA Project 010-2312)

RE: COLLECTION SYSTEM HYDROLOGY

Introduction
The purpose of this memorandum is to document the methodology, procedure, and
assumptions used in the collections system hydrology and to summarize the peak discharges to

be used in the design of the collection system.

Background

The overal Arcadia Area Drainage Improvement Project proposes to construct a 10-Xear storm
drain system along Arcadia Drive, Lafayette Boulevard, Camelback Road, and 44" Street to
mitigate flooding to homes and structures upstream of the Arizona Canal within the Arcadia
area watershed. This project is a joint partnership between the Flood Control District of
Maricopa County and the City of Phoenix.

This phase will construct the segments along Arcadia Drive from the Arizona Canal to Lafayette
Boulevard, along Lafayette Boulevard from Arcadia Drive to 44" Street, and along 44" Street
from Lafayette Boulevard to Colter Street. The earlier phase constructed the system to the
south including the Arizona Canal crossing. The earlier also upsized the pipe at the canal
crossing to increase the capacity of the system from 681 cfs to 990 cfs just north of the canal.

Trunk Line Hydrology

Olsson Associates reviewed and updated the regional hydrology used for the trunk line design.
The revised HEC-1 model indicated a slight increase in the total discharge at the canal, from
681 cfs to 686 cfs. A technical memorandum was submitted to the District on January 13,
2011, and the trunk line hydrology was consequently approved by the District.
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COLLECTION SYSTEM HYDROLOGY

Collection System Hydroloqy

The collection system hydrology is a separate evaluation after the trunk line hydrology to
determine the specific locations where flows can be collected and the peak discharge at each
collection point. Typically the regional hydrology is refined into smaller sub-drainage areas, and
the peak discharge is computed using the Rational Method. The times of concentration from
the Rational Method is usually shorter than the time from the HEC-1 method, resulting in a
higher rainfall intensity and, consequently, a higher peak discharge than the HEC-1 method.
On average, the peak discharge from the Rational Method is about 1.3 times the HEC-1 value.

A limitation of the Rational Method is that it cannot perform flow diversions that is available in
the HEC-1 program. For example, in the base HEC-1 model, flow was diverted from each sub-
basin that had irrigated lots. This operation cannot be performed with the Rational Method.
The runoff coefficient would have to be adjusted, using best engineering judgment. As an
example, a few sample Rational calculations were performed for sub-basins 37, 38A, 38B, 39,
40, and 41 using the DDMS software. These were delineated as sub-basins K through R. The
total peak discharge for these sub-basins using HEC-1 is 313 cfs, while the Rational Method
(without ‘C’ value adjustment) is over 3 times higher at 979 cfs. Using the Rational Method for
the collection system hydrology would result in the collection system being overdesigned. In
lieu of the Rational Method, the following procedures were developed to perform the collection
system hydrology.

The peak discharge without diversion of each sub-basin from the HEC-1 results was used as
the starting point. Next, the sub-basins were divided into smaller drainage areas, typically for
flow splits that occur where two streets intersect. This was performed using ground survey
data, GIS topo, and field observations. Flow splits were determined by cutting cross sections
and computing the capacity of the section. If no defined sections are present at the split
location, the flow distribution was determined by the magnitude of the slope in each direction.
For example, if the slope to the south is 1.5% and the slope the west is 0.5%, then the flow
distribution would be 75% to the south and 25% to the west. Plate 1 shows the result of the
collection system hydrology including the collection location and discharge value.

Summary

The collection system hydrology is a refinement of the trunk line hydrology to determine the
collection locations and discharges. Flow splits were determined using capacity analysis where
a conveyance section exists, or by evaluating the magnitude of the slope in each flow direction.
Using the above methodology, the total 10-year collection system discharge is 462 cfs. In
comparison, the total discharge from the HEC-1 program for the same drainage area is 358 cfs.
The collection system total discharge is approximately 1.29 times the total trunk line peak flow.
This is in line with the general rule of thumb for collection system hydrology.

Please feel free to contact me at (480) 333-4314 or email me ddao@oaconsulting.com if you
have any questions or concerns.




LAFAYETTE INTERCEPTOR DRAIN AND OUTLET DESIGN March 2011
COLLECTION SYSTEM HYDROLOGY

PLATE 1
COLLECTION SYSTEM HYDROLOGY MAP



TS
AR NS
\ ¢ \‘\’\f\ R

LEGEND
32 ‘SUB-BASIN BOUNDARY AND 10
————— 'SUB-DRAINAGE AREA BOUNDARY
o FLOW PATH, SLOPE. AND DISTRIBUTION PERCENT

B CROSS SECTION LOCATION

@ 10-YR PEAK DISCHARGE

—ﬁ 4 FLOW SPUIT

SO Gursmmmoie: smomsuc: v ,
>L FLOW COMBINE b

s

I:‘ —
[NO. REVISION BY | DATE

LAFAYETTE INTERCEPTOR DRAIN
AND OUTLET DESIGN
PCN 625.02.30

30%  [orawn_|
PRELIMINARY [CHECKED
NOT FOR [T
CONSTRUCTION OA M,
150 0 150 300 O!.‘S‘iqﬂl TEEET
Scolo in Fool DRAWING NO. PLATE 1 [SHEET OF|
CTION SYSTEM HYDROLOG!




LAFAYETTE INTERCEPTOR DRAIN AND OUTLET DESIGN March 2011
COLLECTION SYSTEM HYDROLOGY

APPENDIX




LAFAYETTE INTERCEPTOR DRAIN AND OUTLET DESIGN March 2011
COLLECTION SYSTEM HYDROLOGY

COMPARISON OF HEC-1 AND
RATIONAL METHOD PEAK DISCHARGES



Sub- | 10-yr Peak
Basin ID | Discharge

17 25.0
18 18.0
19 21.0
20 45.0
2 101.0
2 3.0
23 18.0
2 20.0
25 19.0
2 12.0
27 17.0
28 21.0
29 14.0
30 18.0
31 13.0
32 16.0
33 220
34 41.0
35 67.0
36 37.0
37 13.0
384 64.0
388 74.0
39 61.0
40 46.0
a 55.0
2 125.0

HEC-1 DRAINAGE MAP




Sub- | 10-yr Peak
Basin ID | Discharge

A 61.1
B 29.1
C 4.6
D 4.0
E-1 40.9
E-2 16.4
E-3 30.1
E-4 5.7
F 83
G 46.0
G-1 20.0
G-2 292
G-3 28.0
H 25.4

| 7.5
K 166.5
L 82.3
M 73.8
N 90.5
(o] 140.9
P 70.9
Q 195.0
Z-1 255.3
Z-2 115.0
Z-3 67.7

RATIONAL METHOD DRAINAGE MAP




Flood Control District of Maricopa County
Drainage Design Management System

SUB BASINS
Page 1 Project Reference: ARCADIA 3/3/2011
ID Sub Basin Data Sub Basin Hydrology Summary
Area Length USGE DSGE Slope Kb 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(acres) (ft) (ft/mi)
Major Basin ID: 01
A 21.4 2,430 1,294.00 1,263.30 66.7 0.032 Q (cfs) 324 49.3 61.1 84.6 101.5 116.2
C 0.67 0.67 0.67 0.74 0.77 0.78
CA (ac) 14.34 14.34 14.34 15.84 16.48 16.69
Tc (min) 15 13 12 11 10 10
i (in/hr) 2.26 3.44 4.26 5.34 6.16 6.96
B 13.3 1,210 1,280.00 1,264.90 65.9 0.033 Q (cfs) 17.9 245 29.1 38.9 48.1 55.5
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 6.38 6.38 6.38 7.05 7.7 7.98
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.80 3.84 4.56 5.52 6.24 6.96
C 2.1 518 1,265.40 1,264.00 14.3 0.038 Q (cfs) 2.6 3.8 4.6 6.1 7.6 8.8
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 1.01 1.01 1.01 1.1 1.22 1.26
Tc (min) 12 10 10 10 10 10
i (in/hr) 2.61 3.81 4.56 5.52 6.24 6.96
D 1.8 291 1,265.50 1,265.10 7.3 0.038 Q (cfs) 24 34 4.0 5.4 6.6 7.7
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 0.88 0.88 0.88 0.97 1.06 1.10
Tc (min) 11 10 10 10 10 10
i (in/hr) 2.73 3.84 4.56 5.52 6.24 6.96
E-1 19.4 1,465 1,293.00 1,282.80 36.8 0.032 Q (cfs) 221 33.2 40.9 56.3 70.2 81.0
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 9.31 9.31 9.31 10.28 11.25 11.64
Tc (min) 14 12 11 10 10 10
i (in/hr) 2.37 3.57 4.39 5.48 6.24 6.96
E-2 10.5 1,123 1,277.00 1,276.00 4.7 0.034 Q (cfs) 8.1 12.9 16.4 23.3 29.8 35.4
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 5.04 5.04 5.04 5.57 6.09 6.30

* Non default value

(stSubBasRat.rpt)




Flood Control District of Maricopa County
Drainage Design Management System

SUB BASINS
Page 2 Project Reference: ARCADIA 3/3/2011
ID Sub Basin Data Sub Basin Hydrology Summary
Area Length USGE DSGE Slope Kb 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(acres) (ft) (ft/mi)
Major Basin ID: 01
Tc (min) 28 23 21 19 18 17
i (in/hr) 1.61 2.56 3.25 4.18 4.89 5.62
E-3 14.9 1,460 1,272.00 1,264.20 28.2 0.033 Q (cfs) 16.0 24.2 30.1 41.7 52.7 62.0
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 7147 717 717 7.92 8.67 8.96
Tc (min) 16 14 12 11 11 10
i (in/hr) 2.23 3.38 4.20 5.27 6.08 6.92
E-4 2.6 870 1,280.00 1,264.20 95.9 0.037 Q (cfs) 3.5 4.8 5.7 7.6 9.4 10.9
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 1.25 1.25 1.25 1.38 1.51 1.56
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.82 3.84 4.56 5.52 6.24 6.96
F 6.0 1,132 1,265.60 1,264.90 3.3 0.035 Q (cfs) 41 6.5 8.3 12.0 15.5 18.6
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 2.87 2.87 2.87 3.17 3.47 3.59
Tc (min) 33 28 26 23 22 21
i (in/hr) 1.44 2.25 2.90 3.79 4.47 5.17
G 21.0 1,611 1,305.10 1,285.70 63.6 0.032 Q (cfs) 26.1 38.1 46.0 61.5 76.1 87.8
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 10.09 10.09 10.09 11.14 12.19 12.61
Tc (min) 12 10 10 10 10 10
i (in/hr) 2.59 3.78 4.56 5.52 6.24 6.96
G-1 9.1 1,242 1,306.20 1,285.70 87.1 0.034 Q (cfs) 12.4 16.8 20.0 26.7 33.1 38.1
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 4.38 4.38 4.38 4.84 5.30 5.48
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.82 3.84 4.56 5.52 6.24 6.96

* Non default value

(stSubBasRat.rpt)



Flood Control District of Maricopa County
Drainage Design Management System
SUB BASINS
Page 3 Project Reference: ARCADIA 3/3/2011
ID Sub Basin Data Sub Basin Hydrology Summary
Area Length USGE DSGE Slope Kb 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(acres) (ft) (ft/mi)
Major Basin ID: 01
G-2 13.4 1,563 1,314.00 1,290.00 81.1 0.033 Q (cfs) 17.3 24.6 29.2 39.1 48.3 55.7
o] 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 6.41 6.41 6.41 7.08 7.74 8.01
Tc (min) 11 10 10 10 10 10
i (in/hr) 2.70 3.84 4.56 5.52 6.24 6.96
G-3 12.8 1,214 1,285.70 1,265.50 87.9 0.033 Q (cfs) 17.3 23.6 28.0 37.5 46.4 53.5
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 6.15 6.15 6.15 6.79 7.44 7.69
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.82 3.84 4.56 5.52 6.24 6.96
H 11.6 1,173 1,280.30 1,266.20 63.5 0.033 Q (cfs) 15.6 21.4 25.4 33.9 41.9 48.4
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 5.56 5.56 5.56 6.14 6.72 6.95
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.80 3.84 4.56 §5.52 6.24 6.96
| 3.9 640 1,266.70 1,265.80 7.4 0.036 Q (cfs) 4.0 6.0 7.5 10.5 13.3 15.7
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 1.85 1.85 1.85 2.05 2.24 2.32
Tc (min) 17 15 13 12 12 11
i (in/hr) 217 3.26 4.07 5.13 5.95 6.77
K 79.2 2,863 1,338.00 1,278.00 110.7 0.033 Q (cfs) 89.7 135.4 166.5 234.0 291.6 336.2
C 0.48 0.48 0.48 0.54 0.59 0.61
CA (ac) 38.02 38.02 38.02 42.77 46.73 48.31
Tc (min) 14 12 11 10 10 10
i (in/hr) 2.36 3.56 4.38 5.47 6.24 6.96
L. 42.0 3,480 1,360.00 1,270.00 136.6 0.060 Q (cfs) 42.9 66.0 82.3 116.2 146.6 173.1
(o] 0.54 0.54 0.54 0.60 0.65 0.67
CA (ac) 22.68 22.68 22.68 25.20 27.30 28.14

* Non default value

(stSubBasRat.rpt)




Flood Control District of Maricopa County
Drainage Design Management System

SUB BASINS
Page 4 Project Reference: ARCADIA 3/3/2011
ID Sub Basin Data Sub Basin Hydrology Summary
Area Length USGE DSGE Slope Kb 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(acres) (ft) (ft/mi)
Major Basin ID: 01
Tc (min) 22 19 17 16 15 14
i (in/hr) 1.89 2.91 3.63 4.61 5.37 6.15
M 20.1 1,945 1,288.00 1,263.30 67.1 0.032 Q (cfs) 40.4 60.2 73.8 101.0 117.9 132.9
C 0.82 0.82 0.82 0.91 0.94 0.95
CA (ac) 16.48 16.48 16.48 18.29 18.89 19.10
Tc (min) 13 11 1 10 10 10
i (in/hr) 2.45 3.65 4.48 5.52 6.24 6.96
N 32.0 3,840 1,380.00 1,271.00 149.9 0.031 Q (cfs) 48.5 73.2 90.5 125.1 155.8 180.4
C 0.65 0.65 0.65 0.72 0.78 0.81
CA (ac) 20.80 20.80 20.80 23.04 24.96 25.92
Tc (min) 15 12 11 11 10 10
i (in/hr) 2.33 3.52 4.35 5.43 6.24 6.96
(@) 64.4 3,140 1,410.00 1,286.00 208.5 0.029 Q (cfs) 84.4 118.7 140.9 188.4 233.1 268.9
o} 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 30.91 30.91 30.91 34.13 37.35 38.64
Tc (min) 11 10 10 10 10 10
i (in/hr) 2.73 3.84 4.56 5.52 6.24 6.96
P 37.0 1,580 1,385.00 1,310.90 247.6 0.030 Q (cfs) 43.8 59.7 70.9 94.0 115.4 136.5
C 0.42 0.42 0.42 0.46 0.50 0.53
CA (ac) 15.54 15.54 15.54 17.02 18.50 19.61
Tc (min) 10 10 10 10 10 10
i (in/hr) 2.82 3.84 4.56 5.52 6.24 6.96
Q 91.0 3,000 1,590.00 1,325.00 466.4 0.057 Q (cfs) 111.2 162.5 195.0 261.2 318.0 373.7
C 0.47 0.47 0.47 0.52 0.56 0.59
CA (ac) 42.77 42.77 42.77 47.32 50.96 53.69
Tc (min) 12 10 10 10 10 10
i (in/hr) 2.60 3.80 4.56 5.52 6.24 6.96

* Non default value

(stSubBasRat.rpt)



Flood Control District of Maricopa County
Drainage Design Management System

SUB BASINS
Page 5 Project Reference: ARCADIA 3/3/2011
ID Sub Basin Data Sub Basin Hydrology Summary
Area Length USGE DSGE Slope Kb 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(acres) (ft) (ft/mi)
Major Basin ID: 01
Z-1 131.0 3,766 1,321.60 1,267.70 75.6 0.027 Q (cfs) 135.2 204.4 255.3 355.5 450.6 530.6
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 62.88 62.88 62.88 69.43 75.98 78.60
Tc (min) 17 15 13 12 12 11
i (in‘hr) 2.15 3.25 4.06 5.12 5.93 6.75
Z-2 48.0 3,276 1,316.10 1,267.30 78.7 0.029 Q (cfs) 61.2 92.4 115.0 1569.7 199.1 236.0
C 0.58 0.58 0.58 0.64 0.69 0.72
CA (ac) 27.84 27.84 27.84 30.72 33.12 34.56
Tc (min) 16 14 13 12 11 11
i (in/hr) 2.20 3.32 4.13 5.20 6.01 6.83
Z-3 35.0 2,065 1,265.00 1,251.50 34.5 0.030 Q (cfs) 36.0 54.1 67.7 94.6 120.0 141.3
C 0.48 0.48 0.48 0.53 0.58 0.60
CA (ac) 16.80 16.80 16.80 18.55 20.30 21.00
Tc (min) 17 15 14 12 12 11
i (in/hr) 2.14 3.22 4.03 5.10 5.91 6.73
R 70.0 2,580 1,576.00 1,352.00 458.4 0.089 Q (cfs) 84.1 127.8 157.6 219.6 275.2 321.6
C 0.52 0.52 0.52 0.58 0.63 0.66
CA (ac) 36.40 36.40 36.40 40.60 44.10 46.20
Tc (min) 15 13 12 11 10 10
i (in/hr) 2.31 3.51 4.33 5.41 6.24 6.96

* Non default value

(stSubBasRat.rpt)
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FLOW SPLIT AND CAPACITY CALCULATIONS



Worksheet for XS-CMBK-01 (Camelback & Camelhead - East XS)

Friction Method Manning Formula

Solve For Discharge

Channel Slope 0.02000  ft/ft
Normal Depth 7.80 in
Section Definitions

0+00.00 1303.50
0+10.00 1303.46
0+12.45 1303.25
0+16.02 1303.27
0+17.90 1303.10
0+22.28 1303.00
0+24.74 1302.81
0+37.59 1303.18
0+47.36 1303.46
0+57.35 1304.00

Roughness Segment Definitions

(0+00.00, 1303.50) (0+22.28, 1303.00) 0.030
(0+22.28, 1303.00) (0+47.36, 1303.46) 0.016
(0+47.36, 1303.46) (0+57.35, 1304.00) 0.030

current Kougnhness vveightea Pavlovskii's Method
Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Discharge 54.59 ft¥/s

Bentley Systems, Inc. Haestad Methods SolBtatidyeFkewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 2:59:54 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2




Worksheet for XS-CMBK-01 (Camelback & Camelhead - East XS)

Results

Elevation Range

1302.81 to 1304.00 ft

Flow Area 11.99 ft?
Wetted Perimeter 37.39 ft
Hydraulic Radius 3.85 in
Top Width 37.36 ft
Normal Depth 7.80 in
Critical Depth 0.75 ft
Critical Slope 0.00982 ft/ft
Velocity 455 ftls
Velocity Head 0.32 ft
Specific Energy 0.97 ft
Froude Number 1.42

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 in
Length 0.00 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.00 in
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 7.80 in
Critical Depth 0.75 ft
Channel Slope 0.02000 ft/ft
Critical Slope 0.00982 ft/ft

Bentley Systems, Inc. Haestad Methods SolBtati€yeiimwMaster V8i (SELECTseries 1) [08.11.01.03]

3/2/2011 2:59:54 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for XS-CMBK-02 (Camelback & Camelhead - West XS)

Friction Method Manning Formula
Solve For Discharge

Channel Slope 0.02000 ft/ft
Normal Depth 7.80 in

Section Definitions

0+00.00 1303.50

0+10.00 1303.46

0+12.45 1303.25

0+16.02 1303.27

0+17.90 1303.10

0+21.19 1303.01

0+22.28 1303.00

0+24.74 1302.81

0+37.59 1303.18

0+47.35 1303.46

0+57.35 1304.00

Roughness Segment Definitions

(0+00.00, 1303.50) (0+21.19, 1303.01) 0.030
(0+21.19, 1303.01) (0+47.35, 1303.46) 0.016
(0+47.35, 1303.46) (0+57.35, 1304.00) 0.030

current Koughness vveighted Pavlovskii's Method
Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Bentley Systems, Inc. Haestad Methods SolBtatidyeFkewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 3:00:19 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2




Worksheet for XS-CMBK-02 (Camelback & Camelhead - West XS)

Results

Discharge 55.97 ft¥s
Elevation Range 1302.81 to 1304.00 ft

Flow Area 12.02 ft?
Wetted Perimeter 37.38 ft
Hydraulic Radius 3.86 in
Top Width 37.35 ft
Normal Depth 7.80 in
Critical Depth 0.75 ft
Critical Slope 0.00938 ft/ft
Velocity 4.65 ft/s
Velocity Head 0.34 ft
Specific Energy 0.99 ft
Froude Number 1.45

Flow Type Superecritical

GVF Input Data

Downstream Depth 0.00 in
Length 0.00 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.00 in
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 7.80 in
Critical Depth 0.75 ft
Channel Slope 0.02000  ft/ft
Critical Slope 0.00938  ft/ft

Bentley Systems, Inc. Haestad Methods SolBtati€yefiewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 3:00:19 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for XS-CMBK-03 (Camelback & 46th St)

Friction Method Manning Formula

Solve For Discharge

Channel Slope 0.01980  ft/ft
Normal Depth 6.00 in

Section Definitions

0+00.00 1298.60
0+06.00 1298.50
0+06.05 1298.00
0+25.00 1298.38
0+25.05 1298.88
0+30.50 1299.00

Roughness Segment Definitions

(0+00.00, 1298.60) (0+06.00, 1298.50) 0.030

(0+06.00, 1298.50) (0+25.05, 1298.88) 0.016

(0+25.05, 1298.88) (0+30.50, 1299.00) 0.030
current Kougnness vveigniea Pavlovskii's Method

Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Discharge 34.54 ft¥s
Elevation Range 1298.00 to 1299.00 ft

Flow Area 5.89 ft?
Wetted Perimeter 19.58 ft
Hydraulic Radius 3.61 in

Bentley Systems, Inc. Haestad Methods SolBtatid3efkewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 3:00:47 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2




Worksheet for XS-CMBK-03 (Camelback & 46th St)

Top Width 19.01 ft
Normal Depth 6.00 in
Critical Depth 0.67 ft
Critical Slope 0.00532 ft/ft
Velocity 5.87 ft/s
Velocity Head 0.53 ft
Specific Energy 1.03 ft
Froude Number 1.86

Flow Type Superecritical

Downstream Depth 0.00 in
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 in
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity ~ ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 6.00 in
Critical Depth 0.67 ft
Channel Slope 0.01980 ft/ft
Critical Slope 0.00532  ft/ft

Bentley Systems, Inc. Haestad Methods SolBtatidyeFiewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 3:00:47 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for XS-CMBK-04 (Camelback & 45th St)

Friction Method Manning Formula

Solve For Discharge

Channel Slope 0.00900  ft/ft
Normal Depth 8.40 in

Section Definitions

0+90.00 100.26
0+95.00 100.13
1+00.00 100.00
1+00.50 100.00
1+00.51 99.50
1+35.51 100.20
1+70.51 99.50
1+70.52 100.00
1+71.02 100.00
1+76.02 100.13
1+81.02 100.26

Roughness Segment Definitions

(0+90.00, 100.26) (1+00.00, 100.00) 0.030
(1+00.00, 100.00) (1+71.02, 100.00) 0.016
(1+71.02, 100.00) (1+81.02, 100.26) 0.030

current Kougnness vveignted
Method Pavlovskii's Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Bentley Systems, Inc. Haestad Methods SolBtatideFkewMaster V8i (SELECTseries 1) [08.11.01.03]
3/2/2011 3:01:10 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2




Discharge

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

Velocity Head
Specific Energy
Froude Number

Flow Type

Worksheet for XS-CMBK-04 (Camelback & 45th St)

65.86
99.50 to 100.26 ft

26.25
87.40
3.60
86.40
8.40
0.65
0.01431
2.51
0.10
0.80
0.80

Subcritical

ft’/s

Downstream Depth

Length
Number Of Steps

0.00
0.00

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.00

0.00
Infinity
Infinity

8.40

0.65

0.00900
0.01431

3/2/2011 3:01:10 PM
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Worksheet for PROF-CMLHD-01 (Profile along Camelhead Rd)

Friction Method Manning Formula

Solve For Discharge

Channel Slope 0.01000  ft/ft
Normal Depth 3.48 in
Section Definitions

0+00.00 1310.30
0+00.20 1310.29
0+03.17 1310.15
0+06.14 1310.00
0+80.02 1310.00
0+88.03 1310.19
0+92.56 1310.29
1+09.50 1310.48
1+422.94 1310.59

Roughness Segment Definitions

(0+00.00, 1310.30) (1+22.94, 1310.59) 0.016

current Koughness vveighted Pavlovskii's Method
Method

Open Channel Weighting Method Pavlovskii's Method
Closed Channel Weighting Method Pavlovskii's Method

Discharge 91.13 ft¥/s
Elevation Range 1310.00 to 1310.59 ft

Flow Area 24.06 ft?
Wetted Perimeter 92.37 ft
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Worksheet for PROF-CMLHD-01 (Profile along Camelhead Rd)

Hydraulic Radius 3.13 in
Top Width 92.36 ft
Normal Depth 3.48 in
Critical Depth 0.35 ft
Critical Slope 0.00557  ft/ft
Velocity 3.79 ft/s
Velocity Head 0.22
Specific Energy 0.51 ft
Froude Number 1.31

Flow Type Supercritical

SRR e L R R
Downstream Depth 0.00 in
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 in
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 3.48 in
Critical Depth 0.35 ft
Channel Slope 0.01000 ft/ft
Critical Slope 0.00557  ft/ft
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Worksheet for XS-ARC-01 - (NEC Arcadia & Lafayette)

Friction Method Manning Formula

Solve For Discharge

Channel Slope 0.01600  ft/ft
Normal Depth 14.52 in

Section Definitions

0+11.25 1267.25
0+33.82 1267.07
0+57.13 1266.97
0+63.41 1267.00
0+74.11 1267.09
0+79.57 1266.79
0+90.38 1266.13
0+91.03 1266.07
0+91.62 1266.01
0+91.97 1266.25
0+92.35 1266.48
0+94.35 1266.51
0+96.30 1266.52
0+96.36 1269.26
0+99.42 1269.68

Roughness Segment Definitions

(0+11.25, 1267.25) (0+74.11, 1267.09) 0.030
(0+74.11, 1267.09) (0+96.30, 1266.52) 0.016
(0+96.30, 1266.52) (0+99.42, 1269.68) 0.030

current Kougnness vveignted Pavlovskii's Method
Method
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Worksheet for XS-ARC-01 - (NEC Arcadia & Lafayette)

Open Channel Weighting Method Pavlovskii's Method
Closed Channel Weighting Method Pavlovskii's Method

Discharge 74.42  ft¥s
Elevation Range 1266.01 to 1269.68 ft

Flow Area 2413 ft?
Wetted Perimeter 82.16 ft
Hydraulic Radius 3.52 in
Top Width 81.30 ft
Normal Depth 14.52 in
Critical Depth 1.21 ft
Critical Slope 0.01606  ft/ft
Velocity 3.08 fi/s
Velocity Head 0.15 ft
Specific Energy 1.36 ft
Froude Number 1.00

Flow Type Subcritical

Downstream Depth 0.00 in
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 in
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 14.52 in
Critical Depth 1.21 ft
Channel Slope 0.01600 ft/ft
Critical Slope 0.01606  ft/ft
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Worksheet for XS-DROM-01 (Dromedary Rd N. of Lafayette)

Friction Method Manning Formula
Solve For Discharge

Channel Slope 0.01640 ft/ft
Normal Depth 8.04 in

Section Definitions

0+09.63 1266.41
0+18.23 1266.33
0+19.10 1266.02
0+19.93 1266.02
0+33.14 1266.32
0+48.09 1265.82
0+48.51 1265.74
0+48.81 1265.74
0+50.09 1266.10
0+50.18 1266.10
0+56.95 1266.63

Roughness Segment Definitions

(0+09.63, 1266.41) (0+18.23, 1266.33) 0.030

(0+18.23, 1266.33) (0+50.09, 1266.10) 0.016

(0+50.09, 1266.10) (0+56.95, 1266.63) 0.030
current Kougnhness vveigntea Pavlovskii's Method

Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method
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Discharge
Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
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