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1.0 PROJECT DESCRIPTION

The Hayden Road Stonndrain is part of the Pima Road drainage improvements associated with

the Scottsdale Desert Greenbelt Project. Pentacore Arizona, as a subconsultant to Stantech
Engineering, has been contracted to design the stonndrain system for the City of Scottsdale (City)
and the Flood Control District of Maricopa County (FCD). This report describes the design

approach, parameters and performance characteristics of the Hayden Road Stonndrain. The
stonndrain serves as the principal outlet structure for the Pima Freeway Detention Basin located
north of the Arizona Department of Transportation (ADOT) proposed Outer Loop Pima Freeway
(Route 101). The stonndrain is approximately 6,100 feet in length with an alignment parallel to
Hayden Road from the Pima Freeway Basin (Station 72+00) to the outlet discharge at the U.S.
Bureau of Reclamation (USBR) regional retention facilities located at the Tournament Players Club
Golf Course (TPC) near the southeast corner of the intersection of Hayden Road and Bell Road
(Station 11 +00). Stantech is responsible for the design of the stonndrain from the Pima Freeway
Basin to the end of the ADOT freeway right-of-way (Station 63 +00), approximately 900 linear feet.
Pentacore is responsible for the design of the downstream portion of the stonndrain from the ADOT
right-of-way to the outlet at the TPC, approximately 5,200 linear feet, and the outlet structure.
Figure 1 depicts the overall horizontal alignment of the stormdrain and the site layout. Preliminary
plan and profile construction drawings are provided in Appendix A.

1.1 Principal Design Criteria

Since the stonndrain serves as the principal outlet for the Pima Freeway Basin, the
downstream design by Pentacore is greatly dependent upon the perfonnance parameters
established by Stantech for the basin. As such, Stantech has prescribed that the basin outlet
perfonn under inlet control conditions which was used to establish the stage-storage-discharge
relationship for the design of the basin. Using dual 108-inch diameter concrete culverts, Stantech
calculated the peak discharge rate from the basin to be 2,150 cfs based on nomographs from the
Federal Highway Administration (FHWA) 1. The design of the stonndrain must therefore meet
two principal criteria 1) convey a design discharge rate of 2,150 cfs, and 2) convey the design
discharge rate under non-pressurized conditions at station 63 +00 to ensure that inlet control
conditions are maintained at the freeway basin outlet.

1.2 Other Design Criteria

A number of alternative materials have been considered during the course of design for the
Hayden Road Stormdrain in an effort to minimize the overall cost of the system. Materials which
have been considered include reinforced concrete pipe (RCP), non-reinforced, cast-in-place
concrete pipe (CIP) and cast-in-place concrete arch structures. Other materials may prove to be
feasible alternatives, but are beyond the scope for this study. Each of the materials considered

have both advantages and disadvantages associated with their use. RCP offers a proven history of
structural performance, but at a substantial cost increase to the other materials. The structural

performance of CIP, while not as efficient as RCP, has been documented by others for this
project to be suitable for stormdrain applications given several limiting design constraints. CIP

still represents a potentially significant cost savings to RCP. CIP concrete arches offer improved
structural characteristics over CIP and a potential cost discount compared to RCP, but CIP arch
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is a fairly recent construction material alternative and has a relatively limited performance

history compared to RCP and CIP. Given these conditions, Pentacore was directed by the City to
design a composite stormdrain system consisting of CIP and RCP, where crp is used to the

greatest extent possible, and where RCP is used whenever field and hydraulic conditions prohibit

the use of CIP.

The design constraints which exist for the use of CIP have been established based on design

specifications described by the American Concrete Institute, hydraulic studies conducted by other
experts for the Pima Road drainage system and general conversations with reviewers of this

project throughout the preliminary design phase. A design standard established by ACI indicates
that the static pressure within CIP should not exceed 15 feet above the springline of the pipe.

Similarly, a hydraulic study performed by others to analyze transient flow conditions within a
stormdrain indicates that certain circumstances of transient flow could result in damage to CIP

pipe. Therefore, CIP is used within the Hayden Road Stormdrain system where the hydraulic
grade line does not exceed 15 feet above the springline of the pipe. Additionally, open-grated,

large diameter (5-foot) manholes are provided at a spacing along the course of the stormdrain
where CIP is used so that the maximum energy grade difference between manholes is less than
15 feet of head. The large diameter manholes will provide a pressure release throughout the
stormdrain system to alleviate the adverse conditions that may occur as a result of transient flow

as described within the hydraulic studies conducted by others.

1.3 Other Design Issues

The advantages of cast-in-place materials rely greatly upon the field conditions for
construction of the culverts and the insitu soil characteristics. A geotechnical study conducted by
others for the Pima Road drainage system indicates that while not prohibitive, the field conditions
may be less than optimal for the construction of CIP. The soils tend to be moderately cemented

at the depths proposed for the stormdrain which increases the difficulty of excavation.
Furthermore, the soils report also indicates that pockets of non-cohesive soil material may be
encountered which would affect the trench stability associated with CIP installation. These
conditions may impact the economic advantages of cast-in-place materials. Likewise, these soil

issues may impact the suitability of use of other alternative materials, as well.

There has been an expressed concern during preliminary design meetings regarding the

tolerability of CIP with respect to high flow velocities. There are a number of design standards

which indicate that CIP is permissible for flow velocities up to 40 fpS.2 On the basis of velocity,

CIP has been prescribed wherever the peak flow velocity is less than 40 fps. If there is concern

with the use of CIP for high velocity areas, concrete strength and aggregate hardness may be
increased to alleviate some concern.

As discussed during preliminary design meetings, it is recommended that potential

Contractors for the construction of the project satisfy for themselves the suitability of alternative

materials for the construction of the stormdrain given the field conditions of the site and the

hydraulic parameters established for this design. Extensive investigation for the suitability of

alternative pipe materials exceeded the scope of this project and was not considered beyond the
extent described herein.
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2.0 ALIGNMENT AND PROFILE

The alignment for the storrndrain is shown on the plan and profile drawings in Appendix A. The

alignment has been established to minimize impacts to existing facilities and utilities located in

Hayden Road and at the TPC. The alignment control for this project is based on City of Scottsdale

datum. Three benchmarks in the project vicinity are used as the basis for horizontal control: 1) a

COS aluminum cap at the intersection of Hayden and Bell Roads (N 960454.311, E 702638.803); 2)
a GLO brass cap at the east JA of section 35, T4N, R4E (N 963263.096, E 702640.828); and 3) a

COS brass cap at the north corner of section 2, T3N, R4E (N 960421.063, E 705279.746). The

vertical control benchmark for the project is the COS aluminum brass cap (El. 1542.865) located at
the intersection of Hayden and Bell Roads.

Utilities have been located using the City's utility quarter section maps, design plans for other

projects in the area, and field review. In several cases, there is conflicting information between the

City's data and the design drawings with regard to the description and location of the existing
utilities. The plan and profile drawings represent the best estimate for the location of the existing
utilities.

•

•

•

•

•
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2.1 Horizontal Alignment

The upstream horizontal alignment for the storrndrain is governed by the location of the Pima

Freeway Basin Outlet designed by Stantech. Downstream, the City directed Pentacore to locate
the outlet as near to Hayden Road as possible while minimizing the impact to existing facilities.

The remainder of the stormdrain alignment is routed within the right-of-way for Hayden Road
where the alignment shown on the plans was selected to route the 30-foot trench width (at culvert
springline) to the outlet while minimizing the impact to existing facilities. While the horizontal
alignment has been selected to minimize impacts to existing utilities, the top width of the trench
will be considerably wider than 30 feet without shoring due to the depth of the storrndrain. This
will impact existing utilities and many will need to be protected in place during construction.

Bends in the alignment to avoid conflicts were designed with large radii so that RCP could be

substituted throughout the system without altering the alignment. If RCP is the selected pipe

material, the stormdrain can be constructed to the alignment shown on the plans within the

allowable tolerance for pipe joint deflection. Gradual bends also have minimal impact to the

hydraulic performance of the stormdrain.

2.2 Vertical Alignment

The vertical alignment of the storrndrain was selected to avoid utility conflicts, ensure inlet

control parameters within the upstream portion of the storrndrain, and to minimize the depth of

the storrndrain for cost efficiency. The vertical alignment begins at station 63 +00 at an invert

elevation of 1583.15 which was established by Stantech. The outlet into the existing channel at

the TPC has an invert elevation of 1521.0. The remainder of the stormdrain is designed to meet

the project goals described while providing a minimum 4-foot cover below existing grade.

A 66-inch diameter water main located at the intersection of Hayden Road and Union Hills

Drive presents the most significant impact to the profile alignment of the stormdrain. The optimal

crossing of the water line was determined to be at Union Hills Drive. While the depth of
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excavation is substantial, approximately 30 feet, this depth of excavation would be approximately

the same regardless of the crossing point chosen. The selected alignment was chosen because it
avoids other potential utility conflicts. The stormdrain is sloped at a 4-percent grade to dip below
the 66-inch water line. The steep slope is used to minimize the amount of excavation and reduce
project costs. Once past the water line, the stormdrain is sloped at a 0.75-percent grade to return
to a 4-foot cover depth.

3.0 HYDRAULICS
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The hydraulic conditions for the Hayden Road Stormdrain are described herein for the design
flowrate, 2,150 cfs. Plan and profile drawings provided in Appendix A display the hydraulic grade
line (HGL) and the energy grade line (EGL) for the design discharge flow rate. The hydraulic
characteristics for the stormdrain were obtained from a model using the program StorrnCAD

(Version 1.0) which is a commercially developed program by Haestad for sto,rmdrain analysis. The
results of the StormCAD model were verified with hand calculations for backwater analysis using a
spreadsheet to facilitate the calculations.

3.1 Roughness Coefficients and Alternative Materials

The hydraulic analysis was conducted using a consistent value of 0.015 for the Manning's
roughness n-value. This value was used to analyze both RCP and CIP pipe and is based on the
assumption that the flow is clean and relatively free of sediment. The use of a consistent
roughness value permits the interchangeable use of the two pipe materials throughout the
stormdrain system without affecting the hydraulic characteristics of the system.

Typical roughness values for RCP range between 0.011 and 0.015 as documented in the
design manual for FCD3

. The value of 0.015 represents a conservative approach in terms of
sizing RCP for adequate conveyance capacity.

The Manning's roughness value for CIP typically ranges between 0.012 and 0.018, although
not described by either design manual for the City4 or FCD. The range in value for CIP is much
greater than that for RCP due to the field construction procedure of the pipe and the degree of
irregularity that is associated with this material. The value of 0.012 is obtained from the Lynch
Manuals construction handbook for CIP while 0.018 is describe by other standard hydraulic
references. A roughness value of 0.015 is considered to be reasonable for clean flow to account
for pipe degradation as well as surface and cross-sectional irregularities.

3.2 Headloss Coefficients

The predominant cause of headloss within the stormdrain system. is expected to occur at bends
in the system. Loss coefficients were estimated using standard references for pipe losses,,6,7. A

table of standard loss coefficients is provided in Appendix B. An expansion loss coefficient of
0.16 is used at station 22+82 where the stormdrain expands from a dual 108-inch diameter
culvert section to a dual 120-inch diameter culvert section. An exit loss coefficient of 1.0 is used
for the discharge outlet. A loss coefficient of 0.08 is used for gradual, pipe deflection bend losses
that occur regularly throughout the stormdrain system. Headlosses at manholes were considered

to be insignificant because the manholes, located at the crown of the pipe, do not significantly

PENTACORE ARIZONA
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impede the flow within the large diameter pipe. The system has no other facilities that are

believed to cause a significant headloss.

An entrance headloss was not considered because this design is developed for the downstream

section of the entire Hayden Road Stormdrain. At the upstream beginning for this design, station

63 +00, normal flow conditions were assumed for the analysis as the flow is already fully
integrated into the stormdrain system at this location.

3.3 Hydraulic parameters

As previously stated, the hydraulic parameters are established for a design flow rate of 2,150

cfs in a dual culvert stormdrain system. The design assumes that the flow is evenly distributed
between the two culverts, or that each culvert conveys a design flow rate of 1,075 cfs. Stantech
has designed the upstream portion of the stormdrain such that dual lO8-inch diameter RCP

culverts, at a slope of 0.0095 feet/feet convey the design discharge to station 63 +00. At station
63+00, the culvert invert elevation is 1583.15. For normal flow conditions, the flow is
supercritical where the flow depth is 7.54 feet resulting in a HGL elevation of 1590.69 and an

EGL elevation of 1596.23.

The hydraulic performance of the Hayden Road Stormdrain was analyzed for two

downstream conditions; with downstream impoundment and without downstream impoundment.
A condition with downstream impoundment may occur because the stormdrain is designed to
outlet into the USBR retention facility which was designed to have a lOO-year water surface
elevation of 1531.0. This elevation coincides with the top of the culvert and will create a
condition of impoundment. It is likely, however, that the timing between the high water elevation
in the USBR and the peak discharge rate from the stormdrain will not coincide, in which case,

there will be no downstream impoundment. Critical depth is used at the stormdrain outlet to
evaluate the hydraulic conditions for the stormdrain without downstream impoundment.

3.4 Hydraulic Modeling Results and System Characteristics

The hydraulic analysis for the Hayden Road Stormdrain was conducted using the StormCAD
program as well as hand calculations based on a backwater analysis. The results from both

approaches are presented in Appendix B. The hand calculations are considered to be more
accurate than the results of the StormCAD model because of limitations with the program that

were confirmed with Haestad. The StormCAD program is not capable of handling transitions

between supercritical and subcritical flow regimes. To account for hydraulic jumps that may

occur in the stormdrain system, the StormCAD program estimates the upstream water surface

elevation to be at the critical flow depth. The backwater analysis is interrupted at this occurrence

and the flow depth is re-established to the critical flow depth where the program resumes the
backwater analysis for the next reach of calculations. The error will continue to propagate

through the system for the remainder of the calculations. The StormCAD modeling approach

affects the analysis of the Hayden Road Stormdrain because the upper reaches of the stormdrain

are established with supercritical slopes to ensure inlet control conditions persist at the Pima

Freeway Basin.
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Secondly, the StormCAD program is not capable of accurately accounting for minor bend

losses that occur regularly throughout the Hayden Road stormdrain system. The StormCAD

program is only capable of handling minor head losses due to bends at junctions, but that is not

representative of this system. Rather than junctions, bends occur gradually through a length of

the culverts, and therefore, the headloss should be more appropriately applied to the energy slope

for that length. Albeit, the differences which arise because of this circumstance and the resulting
impacts to the calculated EGL are slight.

The hand calculations establish the upstream flow depth by balancing the energy using the

supercritical flow regime. The supercritical flow depth more accurately models the upstream

flow depth for these unstable occurrences. The results from the hand calculations can also be
used to estimate the energy that is lost due to the hydraulic jump. For these reasons, the hand

calculations are believed to be a more accurate account of the stormdrain performance where the

HGL and EGL results from this analysis are shown on the plan and profile sheets.

A summary table of hydraulic data is provided to compare the results between the StormCAD

model and hand calculations. The results from the StormCAD model overestimate the elevation
of the EGL in the upstream reaches of the stormdrain because the program falsely assumes
critical depth for a supercritical flow regime. The results from the hand calculation for the
condition with downstream impoundment consistently yields the greatest EGL elevation
throughout the stormdrain except in the upstream reaches where supercritical flow persists and

the StormCAD model estimates a greater EGL elevation. The effect of downstream
impoundment to the hydraulic characteristics of the stormdrain is minimal where the EGL
between the two conditions, with and without downstream impoundment, is less than I-foot
throughout the system. The results from the hand calculation for the condition with downstream

impoundment represents the conservative condition for the stormdrain.

SUMMARY AND COMMENTS

•

•

•

This 30-percent report and accompanying plans represent a preliminary design condition based
on the best available information at this time. The hydraulic parameters and layout alignment of the

Hayden Road Stormdrain is subject to change, particularly given that the Pima Freeway Basin is
currently under design. Changes to the basin design may have an impact to the stormdrain

depending upon the nature of the revisions.

5.0
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~ HOR I ZONT Al CONTROL PO I NT
N COR SEC 1 T3N R.E
COS 8C HUSH IN ~OIAN

N • 960.21.063
E • 705279. H6

PROJECT BENCH NARKS:

NOTES:

1. MoL COORDiNATES AIlE GROUND COORDINATES
BASED ON MONUMENT DATA AS PROVIDED BY
THE CITY or SCOTTSOMoE.

2. ALL I,lONlNENT AT ION DISTURBED DURING
CONSTRUCTION WILL BE RE -EST ASLISHED BY
THE CONTRACTOR IN ACCORDANCE WITH I,lAG
REOUIREMENTS.
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I !---i LIN( DIRECTION OIST.ANCE •

I
CURVE LEH,GTH DELTA RAO.IUS Ll N6S'26'23"W 112.6S III
C, 371.2S '6'51"0" '215.00 L2 N51'.2'OO"W 192.00 •
C2 269 ••6 '2'06'33" '215.00 L3 N51,.,'57"W 120.00
C3 '5S ••6 07'01"5" '275,00 L. N29'I,'57-w 120.00 !
C. .OS.36 06'0"01" 3860.00 L5 N17'56'57"W 160.00 I ,

I C5 '33 •• S 0I'3,'H" 5000.00 L6 HQO'59'H-w 90.'. /
C6 '33.1S 0"31'33" 5000.00 L7 NI3'06'20-W 230.OS

~
C7 '.5.5906'32'33" 1275.00 LS N05'59'05-W 11.32
CS '''.9606'30'52" 1215.00 L9 HQO'O,'56-E 3••• H I

---- -- LID NOl'29·5,-w'66.72
L11 HQO' 0' ••2"E 1060.50 J
L12 N06'30'52-W 156.52 J

\

I L13 HQO'OO'OO"E 927 ••5 I
I /

. J
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., // ! '",. I' -- ",-I.._.L,...1 ....J,-J.( I .' ~TA.63+OO
,,/ .",1 r--"'·· I " II .1- 965253,33

/
'i 1 :11 --I .. r--1-·' ,-_. --) t= · Ea 702678.87'
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Unit Quon.

c.u Ito 'tIC*8C 0A1'S
IVOIC TClU OG

263-1100
1-800-STAKE -IT
tOuf1JCI(~CClI.*f"o

REMOVAL NOTES:
Description

NOT FOR CONSTRUCTION

.-

r~ PENTAC
----
-==-~..= Civ~[n9ineerin9'Construction A1'
---- Land Surveying . Planning . /JoDi-

2255 No. 44th St.. SUITE 255 Phoenix. AZ 85008
TELEPHONE (602) 681-9272 FAX (602) 681-9339

CD INSTALL (21 120· RCP'S
(SEE DETAIL B - SHEET 15)

QD REMOVE AND REPLACE EXISTING
CONCRETE SIDEWALK AS SHOWN

QD REMOVE EXISTING PATH
WITHIN THE LIMITS SHOWN

CD CONSTRUCT REINFORCED CONCRETE
WING WALL. SEE DETAIL SHEET 15

® RE INFORCED CONCRETE HEADWALL
SEE DETAIL SHEET 15

® RIPRAP BASIN ENERGY DISSIPATOR
SEE DETAIL SHEET 15

~ CONSTRUCT ENERGY DISSIPATOR APRON
PER DETAIL SHEET 15

~ REGRADE SLOPE AS SHOWN
~ RESEED DISTURBED SLOPE WITH

VEGETATIVE SEED MIX

o CONSTRUCTION NOTES:

o

SC.Al.E

HORlzl ·=20)h~~---J~~~~~---+:::::':-L-
vERT. 1 ~=5

1514

1522

1546

1550

.....

1518

. _--I!~ i -l__.~O~AT~Eru_J:;:;.:,:=",_"",:,,:,,:-:-:-_---:;;::;-:::;::;::;;;-;::;::;:-:~~BY~
,- .~ EI<e><EER TRANSPORTATION

DEPARTMENT

.. TRANSPORT ATlON

t;, · PLANNING1510 ~.

,- - 3939 CIVIC CENTER SL VO.
__+---+-_-1- SCOTTSDALE. ARIZONA 852~

, 1506'I-:P::::RO:-:;JE~CT;-:T;:';'ITL:-;-E--SC-O""'T-T-S-DAL-E-D"':E:":S:":E":"RT':""::":G:":"R='E:':EN":"S;:';E:":U":';';;":"'-=

~ HAYDEN ROAD STORM DR~N

12-+<l0

X1520.< ,.. •

X1520.25

CONTROL

11+00

_____~ DRAiNAGE
~. EASEt.I€NT

. ----------
~

10-+<l09-+<l08-+<l0

~\ ~
\ \

. \ ---l--- --
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Unit Quon.

BY

TRANSPORT ATlON
DEPARTMENT

TRANSPORTAliON
PLANNING

3939 CIVIC CENTER BLVD.
SCOTTSDALE, ARIZONA 8525'

263-1100

1-800-STAKE -IT
lOJf1JO(~COMfTl

Civil Engineering' Construction Ad'~

land Surveying • Plonning • ADA C :,u,\"'S

PENTAC
A R I Z 0

o

SCOTTSDALE DESERT GREENBELT
HAYDEN ROAD STOR~ DR~N

REMOVAL NOTES:
Descrip tion

NOT FOR CONSTRUCTION

--------
2255 No. 44th St., SUITE 255 Phoenix, AZ 85008

TELEPHONE (602) 681-9272 FAX (602) 681-9339

-------~~--------~----------._--_.----

o

E:NGNEE:R

DATE

/

J. PROJECT TITLET1..59_6-

'SCAlE 80 NO. SHT. 4

;

l..L.J /; ..t-------~--"'::'"_:_----.L_=~~-~
l..L.J / 0 CONSTRUCTION NOTES:
V')/

,
l.L.i,
Z\--J

::r:: ..
u.
f-'

~f

"OO1Z1 "=2l,h~'f7i':-~~~T.::::~~---t---
17+{)0 VERT.l "=5' PR'I;~CT5001.000 4 or 15

---

J.(A.'rO
fly R

O.

/

10 0 10 20
t;;; L;;; !

,
/

,I

16+{)0

LIt.tITS OF
CONSTRUCTION

15+{)014 +{)O13+{)012+{)0

CD INSTALL (2) 120" RCP'S
1 (SEE DETAIL B - SHEET 151

~ INSTALL (21 t.tANHOLES
~ PER t.tAG STD DTL 521

CD PROTECT IN PLACE ALL EXISTING UTILITIES
EXCEPT AS OTHERWISE NOTED

CD REt.tOvE AND REPLACE EXISTING
CONCRETE SIDEwALK

~ CONSTRUCT CONCRETE PIPE COLLAR
PER t.tAD STD DTL 505

@ INSTALL (21 120" RCP 22"2· BENDS

j @ INSTALL (21 120" RCP II".· BENDS

.....
/@REt.tOVEANDREPLACEEXISTINGPAVEt.E:NT •
.' t.tATCH EXISTING

; ;

1-...:........:-.....:....-::....-.---:--..,......---,,.---r---:~~~-.--;-----:---.-_.L....-:-'-;---~;-...w.rl:;;.l..-f.......:-I-!.....:....r..,-..:.:...I~"T-..:,.::,....I-<'----·--t-T-I,----i.....:..-.--j1r--r--r-r--r-'-rl-T-,--;--'-j @ ~~xt A~~T~~Pk~T~T~MST I NG CONCRE TE

-+-+-+--l- 1_-+-_+- --+--t--l--+-+-t--l-+--+--+-+--t,--I@INSTALL(2 1 120 N CI PP
11550 (SEE DETAIL - A SHEET 15)

,+-!--+--+- --r-j=±::-t::--±=-t--t--t--t--r-j--r--r--r-t-~~~~=ct--t--+--l-
I 1546
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Unit Quon.

O
C'U ... _ ....

1tt0flC YOU oc

263-1100

l-BOO-STAKE -IT
tCIUfSlQ[~CQMn

REMOVAL NOTES:
Descriptiono

1534

1530

15?6

10 a 1020----

l;; '-' j

-4"C-.:::::::::-,..··-

."
~.

.'.'

HAYDEN ROAD CENTER LINE

'- "- ~._-----~-

66 "R
-=------

--8"$

17+00

•
I

•

•

I-,~ - I I , , , , , , , , , , " I I I !

• I, ~,~-+-' , '~_L i ' , I ' r i~ll 1- Fr$' ,..i ,J'2J",~ CjP; ''''','fii I: I I '

I !!! I I 1 Ii! I -I 0=2150 CFS I I. i
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Unit Quon.

TRANSPORT ATiON
PLANNING

TRANSPORT ATiON
DEPARTMENT

26.3-1100

HOO-ST AKE-IT
tCutSClC~.CCUI'I"

PENTAC
A R I Z 0

.. ~. - .
-4 ~Q..

I 3939 CIVIC CENTER BLVD.
SCOTTSDALE. ARIZONA 8525'

o
FOR CONS TRUCTION

REMOVAL NOTES:

SCOTTSDALE DESERT GREENBELT
HAYDEN ROAD STOR~ DR~N

Descrip tion

CONSTRUCTION NOTES:

CONSTRUCT CONCRETE PIPE COLLAR
AS PER DETAIL "C" ON PAGE 15

RE~OVE AND REPLACE EXIST ING PAVE~ENT.
~ATCH EXISTING
INSTALL 108" x 120" CIPP TRANSITION

INSLALL (2) lOS" CIPP
(SEE DETAIL - A SHEET 15)

INSTALL (21 120" RCP'S
(SEE DETAIL A - SHEET 15)

2255 No. 44th S\., SUITE 255 Phoenix, AZ 85008
TELEPHONE (602) 681-9272 FAX (602) 681-9339

-..-.....--
..-..::...~--------------------._--_.------------

o

o

GD INSTALL (2) ~ANHOLES

~. I
,0
o

. :t_
l"-
N

27+{)O

,-,.-

o

- - ---~~. _._...._=:;:

23+{)O

/

~- ...~- ... - --

: ~., v '.
4"G----

,.

,..---- - -_.-

---._-

~~--~~~~-~~~~~~~~-

22+{)0

PER ~AG STD DTL 521
CD PROTECT IN PLACE ALL EXISTING UTILITIES

---. '" _.., ;::c EXCEPT OTHERW ISE NOTED

~~:,:::::~~.~.-~.. ~:::;~_.~_.~.~~==~-~-~~ ~_:: :
L-=21:>9 .41:>' - "', ~

~ ;~:~~~~~~- ~-~~----~~ •:-----........._...~-------- / .,@
---------~-=~~==~~!()~~.~~ ..

.. I !
• <!7+{)0

..--+--+-+----!--+-+----!r-----j---t-- -=1 4 • 1
I

-

,-----'----------12"W-W---______ ~

,------------::..:-----8 "$----':;~:;::;1•. ;,,;:.j.,.~=:I:
:~-.-<.O_-:N.

I- r-7 ..::.....~~~~H-=A~YD~EN ROAD CENTER L" 66"R

~ : FO -----*~-- ..::i.
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INSL AL L (2 I 108· CIPP
(SEE DETAIL - A SHEET lSI

INSTALL <21 120· RCP'S
(SEE OETAIL A - SHEET 15)

GD INSTALL (21 MANHOLES
PER MAG STO OTL 521

CD PROTECT IN PLACE ALL EXISTING UTILITIES
EXCEPT OTHERWISE NOTED

~ CONSTRUCT CONCRETE PIPE COLLAR
AS PER DETAIL "e" ON PAGE 15

@ REMOVE AND REPLACE EXIST ING PAVEMENT.
MATCH EXISTING

~ INSTALL 108" x 120· CIPP TRANSITION

@

©

HOfl,zl H =2 T /1 /

27+00 V["Tol"=5'ID.jE:~Y JASo8I>LT JP"UCT5001.00071 6 OF1526+0025+{)O24+0022+00 23+{)0

-----------------------------
--------------~--------------

-------
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Unit Quon.

PENTACORE
ARIZONA

REMOVAL NOTES:
Description

--==- ~~~En~;~:~~~..C~~~~':,~li~n ~B~~~~t:~~
2255 No. 44th St., SUITE 255 Phoenix, AZ 85008

TELEPHONE (602) 681'9272 FAX (602) 681·9339
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I ~ 3 , \ CONTR.OL..LI,NE\:r ~ ;;:~ "."".j.~.~".. -J @ ~~~T~i~ g~ ~~~H~~~S
I - - I-- r-- ~ ~---~,- - --'-'-.--I,r---.. -I- -..,.-"--__---2-r-:2- " --+-.----:::I:@)PROTECTINPLACEALLEXISTINGUTILITIES..... :I> 1- ~1-~_6G.,RW-,.,.... --··-·,---'.2-----\------c---+-6f)'Aw- r"l >.,.~..,.. U~ EXCEPT AS OTHERWISE NOTED
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<2;2 1U0 '" ".. ',/,." , . (SEE DETAIL - A SHEET 15>
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•• • • • • • • • • •
for City OfScollsdale Scottsdale Desert Greenbelt

Hayden Road Stormdrain
Analysis Summary

9//8198

Station Static Head (ft) Hydraulic Grade Elevation Energy Grade Elevation

Hand Hand * Hand Hand * Hand Hand *
StormCAD

with impound wlo impound
StormCAD

with impound wlo impound
StormCAD

with impound wlo impound

11+45 10.00 10.00 7.88 1,531.0 1,531.0 1,528.9 1,533.9 1,533.9 1,533.0

12+65 10.38 11.66 11.03 1,531.7 1,533.0 1,532.3 1,534.6 1,535.9 1,535.2

13+85 1148 13.32 12.69 1,533.1 1,534.9 1,534.3 1,536.0 1,537.8 1,537.2

15+45 12.71 13.60 12.97 1,534.7 1,535.6 1,535.0 1,537.6 1,538.5 1,537.9

19+22 11.57 12.92 12.30 1,536.8 1,538.2 1,537.6 1,539.7 1,541.1 1,540.5

20+13 11.53 12.65 12.02 1,537.6 1,538.7 1,538.1 1,540.5 1,541.6 1,541.0

22+82 10.74 12.33 11.70 1,539.1 1,540.7 1,540.0 1,542.0 1,543.6 1,543.0

22+82 \0.52 9.89 \,539.9 \,539.2 \,544.3 1,543.7

25+12 \2.89 10.53 9.90 1,544.5 1,542.1 1,541.5 1,548.9 1,546.6 1,545.9

26+70 12.92 11.27 10.64 1,546.1 1,5444 1,543.8 1,550.5 1,548.8 1,548.2

26+82 13.28 11.27 10.64 1,546.5 1,544.5 1,543.9 1,551.0 1,548.9 1,548.3

30+87 13.34 12.04 11.41 \,550.5 1,549.2 1,548.6 1,555.0 1,553.6 1,553.0

34+32 13.74 \2.09 11.46 1,554.3 1,552.6 1,552.0 \,558.7 \,557.0 \,5564

35+65 13.77 \2.83 12.20 1,555.6 1,554.6 \,554.0 1,560.0 1,559.1 1,5584

37+32 \4.\5 12.85 12.22 \,557.6 1,556.3 \,555.7 \,562.0 \,560.7 1,560.1

38+65 14.17 13.58 12.95 1,558.9 1,558.3 1,557.7 1,563.3 1,562.7 1,562.1

48+82 16.95 16.00 15.37 1,569.3 1,568.3 1,567.7 1,573.7 1,572.8 1,572.1

49+22 17.25 16.19 15.57 1,569.7 1,568.6 1,568.0 1,574.1 1,573.1 1,5724

49+25 17.14 16.09 1546 1,569.7 1,568.7 1,568.0 1,574.2 1,573.1 1,572.5

50+71 12.76 1241 11.78 1,571.2 1,570.8 1,570.2 1,575.6 1,575.2 1,574.6

52+28 7.93** 540 540 1,572.6 1,570.1 1,570.1 1,577.7 \,5814 1,5814

53+73 7.93** 5.66 5.66 1,5784· \,576.\ \,576.\ \,583.5 \,586.2 \,586.2

55+00 7.93** 7.54 7.54 \,583.5 \,583.\ 1,583.\ 1,588.6 \,588.6 1,588.6

63+00 7.93** 7.54 7.54 \ ,591.1 1,590.7 \,590.7 1,596.2 \,596.2 1,596.2

* Critical pipe flow depth used at station 11 +45
** Critical Depth assumed by StormCAD

TABLE 1 PENTACORE ARIZONA - 5009.0001 dir: \.\'Iormdrain.xls



•• • • • • • • • • •
for City of Scottsdale Scottsdale Desert Greenbelt

Hayden Road Stormdrain
StormCAD Output

9/18/98

Pipe Static Energy Average
Station Diameter Invert Head HGL EGL Slope Length Velocity Flow

(in) (Elev) (ft) (Elev) (Elev) (ft/ft) (ft) (fps) (cfs)

63+00 108 1,583.15 7.93 1,591.08 1,596.18 0.0095 800 18.1 2,150
55+00 108 1,575.55 7.93 1,583.48 1,588.58 0.0396 127 17.8 2,150
53+73 108 1,570.46 7.93 1,578.39 1,583.49 0.0399 145 18.1 2,150
52+28 108 1,564.67 7.93 1,572.60 1,577.70 0.0112 157 17.5 2,150
50+71 108 1,558.39 12.76 1,571.15 1,575.59 0.0099 146 16.9 2,150
49+25 108 1,552.57 17.14 1,569.71 1,574.15 0.0099 3 16.9 2,150
49+22 108 1,552.43 17.25 1,569.68 1,574.12 0.0099 40 16.9 2,150
48+82 108 1,552.33 16.95 1,569.28 1,573.72 0.0099 1,017 16.9 2,150
38+65 108 1,544.72 14.17 1,558.89 1,563.33 0.0099 133 16.9 2,150
37+32 108 1,543.43 14.15 1,557.58 1,562.02 0.0099 167 16.9 2,150
35+65 108 1,541.81 13.77 1,555.58 1,560.01 0.0099 133 16.9 2,150
34+32 108 1,540.52 13.74 1,554.26 1,558.70 0.0099 345 16.9 2,150
30+87 108 1,537.17 13.34 1,550.51 1,554.95 0.0099 405 16.9 2,150
26+82 108 1,533.24 13.28 1,546.52 1,550.95 0.0099 12 16.9 2,150

26+70 108 1,533.13 12.92 1,546.05 1,550.49 0.0099 158 16.9 2,150

25+12 108 1,531.60 12.89 1,544.49 1,548.93 0.0099 230 16.9 2,150

22+82 108 1,528.34 10.74 1,539.08 1,541.99 0.0056 269 13.7 2,150
20+13 120 1,526.04 11.53 1,537.57 1,540.48 0.0056 91 13.7 2,150

19+22 120 1,525.26 11.57 1,536.83 1,539.74 0.0056 377 13.7 2,150
15+45 120 1,522.00 12.71 1,534.71 1,537.62 0.0056 160 13.7 2,150

13+85 120 1,521.60 11.48 1,533.08 1,535.99 0.0056 120 13.7 2,150

12+65 120 1,521.30 10.38 1,531.68 1,534.59 0.0056 120 13.7 2,150

11 +45 120 1,521.00 10.00 1,531.00 1,533.91 0.0018 0 13.7 2,150

TABLE 2 PENTACORE ARIZONA - 5009.0001 dir: Islormdrain.xls



• • • • • • • • • •
lur City of Scousdalc Scottsdale Desert Greenbelt

Hayden Road Stormdrain
Hand Calculations - with downstream impoundment

Subcritical How - Station bcgin downstrcllm

91/8/')8

Culvert Description "o.~
u;

i.,
:>:::

.~..
>

(cfs) (in) (ft) (rad) (sf) (ft) (ft) (fps)

•
(ft) (ft) (Nft) (fps) (Nft) (ft) (ft)

Outlet

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

11+45

12+65

13+85

15+45

19+22

20+13

22+82

1521.00

1521.30

1521.60

1522.00

1525.26

1526.04

1528.34

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.25

0.00

0.08

0.00

0.08

0.00
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1075

1075

1075

1075

1075

1075

120 0.013

120 0.013

120 0.013

120 0.015

120 0.015

120 0.015

"10.00

..

1531.00

1532.96

1534.92

1535.60

1538.18

1538.69

1540.67

0.00 3.14

0.25 3.14

0.25 3.14

0.00 3.14

0.08 3.14

0.00 3.14

0.08 3.14

78.54

78.54

78.54

78.54

78.54

78.54

78.54

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

2.91

2.91

2.91

2.91

2.91

2.91

2.91

120

120

160

377

90

269

0.0025

0.0025

0.0025

0.0086

0.0087

0.0085

13.69

13.69

13.69

13.69

13.69

13.69

0.01028

0.01028

0.00422

0.00624

0.00562

0.00648

1.23

1.23

0.68

2.35

0.51

1.75

0.73

0.73

0.00

0.23

0.00

0.23

1533.91

1535.87

1537.83

1538.51

1541.09

1541.60

1543.58

Pipe

Upstream Junction 22+82 1529.34 0.00 0.00 0.16

1075 108 0.015

1539.86 0.16 3.14 63.62 28.27 2.25 16.9 4.43

o 100.0000 15.29 0.00562 0.00

0.71 1544.29

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

25+12

26+70

26+82

30+87

34+32

1531.60

1533.13

1533.24

1537.17

1540.52

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.08

0.00

0.00

0.00

0.00

0.00

0.00

1075

1075

1075

1075

1075

1075

108 0.015

108 0.015

108 0.015

108 0.015

108 0.Q\5

108 0.015

1542.12

1544.40

1544.51

1549.21

1552.61

0.00 3.14

0.08 3.14

0.00 3.14

0.08 3.14

0.00 3.14

63.62

63.62

63.62

63.62

63.62

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

4.43

4.43

4.43

4.43

4.43

230

158

II

405

344

133

0.0098

0.0097

0.0097

0.0097

0.0097

0.0097

16.90

16.90

16.90

16.90

16.90

16.90

0.00986

0.01210

0.00986

0.01074

0.00986

0.01252

2.27

1.92

0.11

4.35

3.40

1.67

0.00

0.35

0.00

0.35

0.00

1546.56

1548.83

1548.94

1553.65

1557.04

Upstream Junction

Pipe

35+65 1541.81 0.00 0.08 0.00

1075 108 0.015

1554.64 0.08 3.14 63.62 28.27 2.25 16.9 4.43

167 0.0097 16.90 0.00986 1.64

0.35 1559.07

Upstream Junction

Pipe

Upstream Junction

37+32

38+65

1543.43

1544.72

0.00

0.00

0.00

0.08

0.00

0.00

1075 108 0.015

1556.28

1558.30

0.00 3.14

0.08 3.14

63.62

63.62

28.27 2.25 16.9

28.27 2.25 16.9

4.43

4.43

133 0.0097 16.90 0.01252 1.67

0.00

0.35

1560.71

1562.74

TABLE 3 PENTACORE ARIZONA - Proj." Numb.r dir: l{tormtlrain.rls



e. e • • • e e e • • •
for City of Scollsdale Scottsdale Desert Greenbelt

Hayden Road Stormdrain
Hand Calculations - with downstream impoundment

Subcritical Flow - Station begin dO\lllstream

9/11V98

Culvert Description •'1£..
o.,

'I£.

"i
Ii:

(cfs)

Ql ~
~~

is

(in) (ft) (rad) (sf) (ft)

.~
a;
>

(ft) (fps)

.~ ~
o "a; :x:
>
(ft) (ft)

" "",'"
is:~

(ftlft) (fps) (ftlft) (ft) (ft)

Upstream Junction

Pipe

38-K;5 1544.72 0.00 0.08 0.00

1075 108 0.015

1558.30 0.08 3.14 63.62 28.27 2.25 16.9 4.43

1017 0.0075 16.90 0.00986 10.03

0.35 1562.74

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

48+82

49+22

49+25

50+71

51+84

52+28

53+73

55+00

63+00

1552.33

1552.43

1552.57

1558.39

1562.92

1564.67

1570.46

1575.55

1583.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1075

1075

1075

1075

1075

1075

1075

1075

108 0.013

108 0.015

108 0.Q15

108 0.015

108 0.015

108 0.015

108 0.015

108 0.015

II 1568.33

1568.63

1568.66

1570.80

1571.92

1570.07

1576.12

1583.09

1590.69

0.00 3.14

0.00 3.14

0.00 3.14

0.08 3.14

0.00 3.14

000 1.77

0.08 1.83

0.00 2.31

0.00 2.31

63.62

63.62

63.62

63.62

63.62

39.88

42.15

56.91

56.91

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

15.96 2.50 27.0

16.49 2.56 25.5

20.81 2.73 18.9

20.81 2.73 18.9

4.43

4.43

4.43

4.43

4.43

11.28

10.10

5.54

5.54

40

146

113

44

145

127

800

0.0025

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0095

16.90

16.90

16.90

16.90

21.93

26.23

22.20

18.89

0.00741

0.00986

0.01230

0.00986

0.00986

0.02804

0.01894

0.00950

0.30

0.03

1.79

1.12

0.43

4.06

2.41

7.60

0.00

0.00

0.00

0.35

0.00

0.00

0.81

0.00

0.00

1572.76

1573.06

1573.09

1575.24

1576.35

1581.36

1586.22

1588.63

1596.23

TABLE 3 PENTACORE ARIZONA - Project Number dir:\fwmIlJrain.rls



• • • • • • • • • • •
fur City or Scou.sdale Scottsdale Desert Greenbelt

Hayden Road Stormdrain
Hand Calculations - without downstream impoundment

9//819S

Subcritical Flow - Station bcgin downstrcam

Culvert Description
~
o
.~

.n

...
E

;:.:::

..
i
Ii:

(cf,) (in) (Il) (rad) (sl) (Il) (Il) (fps)
.,

(Il) (1\) (Nil) (fps)

I

(Nil) (Il) (Il)

Outlet

Pipe

11+45 1521.00 0.00 0.00 0.00

1075 120 0.013

U8 1528.88 0.00 2.19 66.43 21.86 3.04 16.2 4.07

120 0.0025 14.94 0.01302 1.56

1532.95

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

12+65

13+85

15+45

19+22

20+13

22+82

1521.30

1521.60

1522.00

1525.26

1526.04

1528.34

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.25

0.00

0.08

0.00

0.08

000

0.00

0.00

0.00

0.00

0.00

1075

1075

1075

1075

1075

120 0.013

120 0.013

120 0.015

120 0.015

120 0.015

.'

1532.33

1534.29

1534.97

1537.56

1538.06

1540.04

0.25 3.14

0.25 3.14

0.00 3.14

0.08 3.14

0.00 3.14

0.08 3.14

78.54

78.54

78.54

78.54

78.54

78.54

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

31.42 2.50 13.7

2.91

2.91

2.91

2.91

2.91

2.91

120

160

377

90

269

0.0025

0.0025

0.0086

0.0087

0.0085

13.69

13.69

13.69

13.69

13.69

0.01028

0.00422

0.00624

0.00562

0.00648

1.23

0.68

235

0.51

1.75

0.73

0.73

0.00

0.23

0.00

0.23

1535.24

1537.20

1537.88

1540.46

1540.97

1542.95

Pipe

Upstream Junction 22+82 1529.34 0.00 0.00 0.16

1075 108 0.015

. :" 1539.23 0.16 3.14 63.62 28.27 2.25 16.9 4.43

o 100.0000 15.29 0.00562 0.00

0.71 1543.66

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

25+12

26+70

1531.60

1533.13

0.00

0.00

0.00

0.08

0.00

0.00

1075

1075

1075

108 0.015

108 0.Q\5

108 0.015

1541.49

1543.77

0.00 3.14

0.08 3.14

63.62

63.62

28.27 2.25 16.9

28.27 2.25 16.9

4.43

4.43

230

158

11

0.0098

0.0097

0.0097

16.90

16.90

16.90

0.00986

0.01210

0.00986

2.27

1.92

0.11

0.00

0.35

1545.93

1548.20

Upstream Junction

Pipe

26+82 1533.24 000 0.00 0.00

1075 108 0.015

1543.88 0.00 3.14 63.62 28.27 2.25 16.9 4.43

405 0.0097 16.90 0.01074 4.35

0.00 1548.31

Upstream Junction

Pipe

30+87 1537.17 0.00 0.08 0.00

1075 108 0.015

1548.58 0.08 3.14 63.62 28.27 2.25 16.9 4.43

344 0.0097 16.90 0.00986 3.40

0.35 1553.02

Upstream Junction

Pipe

34+32 1540.52 0.00 0.00 0.00

1075 108 0.015

1551.98 0.00 3.14 63.62 28.27 2.25 16.9 4.43

133 0.0097 16.90 0.01252 1.67

0.00 1556.41

Upstream Junction

Pipe

35+65 1541.81 0.00 0.08 0.00

1075 108 0.015

1554.01 0.08 3.14 63.62 28.27 2.25 16.9 4.43

167 0.0097 16.90 0.00986 1.64

035 1558.44

Upstream Junction

Pipe

Upstream Junction

37+32

38+65

1543.43

1544.72

0.00

0.00

0.00

0.08

0.00

0.00

1075 108 0.015

1555.65

1557.67

0.00 3.14 63.62

0.08 3.14 63.62

28.27 2.25 16.9

28.27 2.25 16.9

4.43

4.43

133 0.0097 16.90 0.01252 1.67

0.00

0.35

1560.08

1562.11

TABLE 4 PENTACORE ARIZONA - Projea Numb... dir.lftomlliroin.xl.r



• • • • • • • • • • •
for CilY of Scottsdale

Culvert Description

Scottsdale Desert Greenbelt
Hayden Road Stormdrain

Hand Calculations - without downstream impoundment

Subcriticall'low - Station begin downstream

91UVYIJ

(cfs) (in) (ft) (rad) (sf) (ft) (ft) (fps) (ft) (ft) (Nfl) (fps)

I

(Nfl) (fl) (ft)

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

Pipe

38+<;5

48+82

49+22

49+25

1544.72

1552.33

1552.43

1552.57

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1075

1075

1075

1075

108 0.015

108 0.013

108 0.015

108 0.015

1557.67

1567.70

1568.00

1568.03

0.08 3.14

0.00 3.14

0.00 3.14

0.00 3.14

63.62

63.62

63.62

63.62

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

28.27 2.25 16.9

4.43

4.43

4.43

4.43

1017

40

146

0.0075

0.0025

0.0400

0.0400

16.90

16.90

16.90

16.90

0.00986

0.00741

0.00986

0.01230

10.03

0.30

0.03

1.79

0.35

0.00

0.00

0.00

1562.11

1572.13

1572.43

1572.46

Upstream Junction

Pipe

50+71 1558.39 0.00 0.08 0.00

1075 108 0.015

1570.18 0.08 3.14 63.62 28.27 2.25 16.9 4.43

92 0.0400 16.90 0.00986 0.91

0.35 1574.61

Upstream Junction

Pipe

51+<;4 1562.09 0.00 0.00 0.00

1075 108 0.015

1571.09 0.00 3.14 63.62 28.27 2.25 16.9 4.43

65 0.0400 21.93 0.00986 0.64

0.00 1575.52

Upstream Junction

Pipe

52+28 1564.67 0.00 0.00 0.00

1075 108 0.015

1570.07 0.00 1.77 39.88 15.96 2.50 270 11.28

145 0.0400 26.23 0.02804 4.06

0.00 1581.36

Upstream Junction

Pipe

Upstream Junction

Pipe

Upstream Junction

53+73

55+00

63+00

1570.46

1575.55

1583.15

0.00

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.00

1075

1075

108 0.015

108 0.015

1576.12

1583.09

1590.69

0.08 1.83

0.00 2.31

0.00 2.31

42.15

56.91

56.91

16.49 2.56 25.5

20.81 2.73 18.9

20.81 2.73 18.9

10.10

5.54

5.54

127

800

0.0400

0.0095

22.20

18.89

0.01894

0.00950

2.41

7.60

0.81

0.00

0.00

1586.22

1588.63

1596.23

TABLE 4 PENTACORE ARIZONA - Project Number dir.t,'(ormdraln.:r/J



•

•

•

•

•

•

•

* from reference #1

these losses. the culvert should be curved

or have bends not exceeding 15-degrees

~t intervals of not less than SO feet

(15m). (30) Under these conditions.

bend losses can normally be ignored.

If helldwater and rIow considerations

arc critical. accurate hydraulic analysis

of bend losses may be required. Bend

losses arc a function of the velocity

h~d in the culvert "b:lrrel. To c:llcul:lte

bend loues, use the following equ:ltion.

(21)

H b is added to thc other outlct losses

in equation (1). Bend loss coefficients

(KJ are found in v:lrious references.

(24, 31, 3':) Reference (32) suggests the

coeCCicients in Table 6 Cor bend losses

in conduits flowing full.

The broken back culvert shown in Figure

VI-3 has four possi ble con trol sections:

the inlet. the outlet. and the two bends.

The upstream bend may act as a control

section, with the flow passing through

critical depth just upstre:J.m of the bend.

In this case, the upstream section of

the culvert operates in outlet control

and the downstream section oper:1tcs in

inlet cootrol. Outlet control calculation

procedures can be applied to the upstream

barrel, assuming critical depth at th::

bend. 10 obtain a headwater elevation.

This elevation is then compared with the

inlet and outlet control headwater eleva

tions for the overall culvert. These

headwaters are determined using the design

procedures of Chapter III. The controlling

flow condition produces the highest bead

water elevation. Control at the lower

bend is very unlikely and that possible

control section can be ignored except

for the bend loue! in outlet control.

Broken-back culverts can also be analyzed

in detail using standard backwater and

dr:lwdown calculation methods. (31)

4. Junctions. Flow from two or more

separate culverts or storm sewers may be

combined at a junction into a single

culvert barrel. For example, a tribu

tary and a main stream intersecting. at a

roadw:ly crossing can be accommod;3ted by

a culvert junction. (figure VI-S) A

drainage pipe collecting runofl from the

overlying roadway surface and discharging

into a culvert barrel is an example of a

storm sewer Icul vert junction.

Loss of head may be important in the

hyduulic design of a culvert containing

a junction. Attention should be given

to streamlining the junction to minimize

turbulence and head loss. Also, timing

of pC;3k flows from the two branches should

•

•

•

••

'.--..--.

Table 6 Loss coefficients for beads.

Radius of Bend Angle of Bend. degrees

EQuivalent Diameter 90· 4S· 22.5·

1 0.50 0.37 0.25

2 .30 .22 .15

4 .2S .19 .12

6 .15 .11 .0&

8 .15 .II .08

III



•

•
* feam eefeeence #1

<

TABLE 12 - ENTRANCE LOSS COEFFICIENTS

•

•

•

•

•

o.t1,t Co.l,ol, Fon ., ::'~I:.FOT;:r head lou

Type of Strycture and Design of Entrance

Pipe, Conerete

Projecting from fill, socket end (groove~nd)

Projecting from fill, SQ. cut end
Headwall or headwall and wingwalls

Socket end of pipe (groove-end)
SQuare-edge
Rounded (radius - 1/12D) .

Mitered to conform to fill slope
-End-Section conforming to fill slope
Beveled edges. 33.7° or 45° bevels
Side-or slope-tapered inlet

Pipe. or Pjpe-Arch, Corrvg:lted Metal

Projecting from fill (no h~dwall)

Headwall or headwall and wingwalls sQu:lTe~dge .
Mitered to conform to fill slope, paved or unpaved slope

-End-Section conforming to fill slope
Beveled edge:. 33.7° or 45° bevels
Side-or slope-tapered inlet

BoX. Rein forced Concrete

Coeffjcieot Is,

0.2
0.5

0.2
0.5
0.2
0.7
0.5
0,2
0.2

0.9
0.5
0.7
0.5
0.2
0.2

•

•

Headwall ·p:uallel to embankment (00 wing walls)
Square-edged on 3 edges
Rounded on 3 edges to radius of 1/12 barrel

dimension, or beveled edges on 3 sides
Winawalls at 300 to 75° to barrel

Square-edged at crown ,
Crown edle rounded to radius of 1/12 barrel

dimension, or beveled top edge
VUllwtll at 100 to 25° to barrel

Square-edged at crown . .
Wiogwalls parallel (exrension of sides)

Square-edaed at crown .
Side-or slope-tapered inlet ..

0.5

0.2

0.4

0.2

0.5

0.7
0.2

•

•

~ote: ~nd Section conforming to fill slope: made of either metal or coneute.
are the sections commonly available from manufacturers. From limited hydrau
lic tests they are equivalent in ,peration to a headw111 in both inkt and
OU1I~l control. Some end "ectie is. incorpor1ting I clOttd. ta~r 1n their
aesrgn have a superior hydraulic performance. These"li't"t"er sections C1n be

179



(36)

(2)

(5)

and

(19)

(36)

(2)

(36)

(2)

K

K,
0.50

0.12

0.03

KE

(J = 180°

100

0_92
072

042

016

Kc
(J = 180°

050

0.49

042

0.32

0.18

0.10

Kb = OJ5

0.19

0.16

0.21

0.28

032

K, = 02

K, = 11

0.13

011

006

0_03

Kc
(J = 60°

0.08

008

0.07

0.06

0.05

0.04

K. = 100
K. = 5_0

K. = 0.2

K. = 5.6

K, = 2.2

rid

With

1

2

4

6

8
10

rid

00

01

>0.2

0,/0)

0.0

020

0.40

0.60

0.80

vanes

vanes

0,/0,

0.0

020

040

0.60

0.80

0.90

Without

, r

Sketch

I

\ "~-L--+V_dL-

~
--\
r \

'! I

/),
V,

~

/),

~)
D, 8

~

Globe valve-wide open

Angle valve-wide open

Gate valve-wide open

Gate valve - half open

Return bend

Tee

slfalght-throllgh 1101\"

side-outlet now

90° dbow

45° elbow

< -

TABLE 10.2 LOSS COEF:I,:IENTS F_OR VARIOU~ TRA..NSITIONS AND }'IT;[I

Additional
Data

90° smooth

bend

90° miter bend

Expansion

hL = Kryi;2g

h L = K c Vi/2g

Pipe entrance

COlltr3etion

Description

Threaded

pipe

fittings K, = O.~

K, = 18

K, = 0.9

K,= 04
--------------------------------

feom eefeeence #6
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