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I. INTRODUCTION
------------------------

The City of Scottsdale has contracted Cella Barr Associates (CRA) to
provide engineering services for the design of a storm sewer system and
road improvements on McDowell Road from 64th Street to Indian Bend Wash.
This report is Part 2 of a two part study documenting the hydrology,
conceptual design and hydraulic design computations used to develop the
final storm drainage system.

The purpose of this report is to document the hydraulic calculations anrl
procedures used to determine the catch basin and storm drain pipe sizes.
Design discharges used have been obtained form "Part 1 - Hydrology and
Concept Design Report" and refined in producing the final design, and
construction drawings entitled, "McDowell Road - Storm Drain Plans, 64th
Street to Indian Bend Wash," dated April 1986. Reference should thus be
made to both reports and the final construction drawings.
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II. FINAL DRAINAGE DESIGN
=====================

The storm drainage collection and conveyance systems for McDowell Road
have been designed to handle the 100-year storm as specified in the eSA
design contract and the City of Scottsdale drainage manual, Section 3-501
"Design Procedures and Criteria - Section 3-Design of Facilities to Manage
StorJT1Water Runoff." Applicable sections from the manual are reproduced as
foll ows:

Major Collector, Minor Arterial and Major Arterial
(McDowell Road, Scottsdale Road, 68th Street and Miller Road)

Street flow width limited to maintain a 12-foot dry lane in both
directions during a lOO-year storm.
Retain lOO-y~ar storm runoff within the public right-of-way to a
depth not to exceed 8 inches above the gutter line.

Local Residential, Local Collector, Local Industrial, Local Commercial,
and Minor Collector
(All other streets)

a. Street flow width shall not exceed 12 feet in 2-year storm.
b. Retain lOO-year storm in public right-of-way to exceed 8 inches

in depth above gutter line.

The net effect of these criteria is that all runoff resulting from the
100-year storm that contributes to McDowell Road is conveyed east along
McDowell Road either within the street cross-section or the storm drain
pipe. At major intersections, where crown warping prevents the
continuation of a valley gutter, a sag point is created and all stormwater
is picked up at this point to a maximum depth of 8 inches.

Utilization of the major storm drainage system, as designed, has been
maximized by allowing pressure flow throughout the majority of the
system. The hydraulic grade line (HGL) is indicated on the final plan set
and the hydraulic computatinns are sUMmarized in this report.

• (i) PIPE SIZING

•

.1

•

Hydraulic grade line computations presented in this report are based upon
the Bernoulli equation. Friction losses are computed based upon the
Manning equation and un assigned pipe roughness factors (Table 1). Minor
losses for such things as junction structures manholes, bends, angles and
transitions are also factored into the computations. Methods used for the
determination of minor losses have been based upon equations detailed in
the Los Angeles County Flood Control District-Hydraulic Manual (Appendix
1).

The proposed storm drainage system west of Scottsdale Road outlets to an
existing 60-inch storm drain within-Scottsdale Road (Sta. 74+03). A
manhole junction structure has been designed to interconnect the two
systems while minimizing head losses. The existing storm drainage system,
termed here as the Scottsdale Road Outfall (Appendix II), was analyzed

2
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(Table 2) in order to determine the starting hydraulic grade line for the
proposed McDowell Road system. Hydraulic Grade Line (HGL) computations
for the wes t McDowell Road sys tern a re presented in Table 3. In the
analysis of the Scottsdale Road Outfall, it is assumed that the inflow
from the existing downstream catch basins is negligible as a result of the
differing times of concentrations for the various drainage areas.

The storm drainage system east of Scottsdale Road outlets directly to the
Indian Bend Wash. It is assumed that, due to the vastly differing times
of concentrations, Indian Bend Wash will not be flowing to its design
capacity, when the storm drain system is functional, and thus will not
present an outlet control to the storm drain HGL. The soffit of the
outlet pipe thus acts as the starting hydraulic grade line control (Tables
4&5) •

A special grate inlet has been designed to intercept most of the drainage
contributing to Miller Road at Almeria Road (Appendix III) and convey it
south to McDowell Road, through a 48" lateral line, where connection is
made through a special junction structure to the proposed McDowell Road
storm drain system. The HGL for the McDowell Road system at the junction
structure (Sta. 100+34 Table 4) acts as the starting control for the HGL
along the Miller Road lateral.

The upstream end of the east storm drain project is at Scottsdale Road.
Here a 60 inch storm pipe is designed to be stubbed out for future
connection from another Scottsdale Road storm drainage system to the
north.

(ii) CATCH BASIN SIZING

Catch basins utilized in the final design are from M.A.G. standard details
except where necessary to specify specials or alternate designs. Catch
basin sizing is based upon the methods described in Section 3-502 of the
City of Scottsdale drainage design manual. Street flooding has been
limited to the criteria as defined in Table 7, whenever possible.
Flooding to a depth of 8 inches does occur in some sag points.

Drainage areas used in the final design conform in general to those shown
in Figure 2: "Part 1 - Hydrology and Concept Design Report." Additional
intermediate areas were determined where necessary. The computed inflow
from each catch basin was used to refine the major storm drain system
capacity and to develop the final HGL presented. Catch basin sizes are
summarized in Tables 8-11 and in Appendix III.

(iii) CONNECTOR PIPE SIZING

Catch basin connector pipes have been sized based upon the equation:

H = (1.5 + 185n2L) V2
d4/3 29

3
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(See TABLE 1)

... The allowable head loss is based upon the final computed hydraulic grade
line elevation at the connector pipe location and a depth in the catch
basin 0.5 feet below the gutter lip. Computations based upon this
equation are summarized in Tables 8-11 and in Appendix IV.
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III. SUMMARY
=======

Cella Barr Associates has conducted a hydrologic investigation and
prepared concept plans for a storm drainage system extending from the
Indian Bend Wash to 64th Street. The results are documented in "Part I 
Hydrology &Concept Design Report," and were used to refine and develop
the final design and construction drawings, as documented herein "Part II
- Hydraulic Design Report."

The completion and construction of Project S 5504 will result in a storm
drainage system capable of handling stormwater runoff in a manner
consistent with the design objectives and satisfying the City of
Scottsdale's drainage design guidelines. The designed system utilizes
existirg drainage facilities where possible, and provides for future
expansion of the system along Scottsdale Road as future needs and budgets
arise.

5
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TABLE 7 - TYPICAL STREET CROSS-SECTION

McDowell Road

~~

I /2 I : ~OJ4----'m:tJ(.~<=td.

Z -'Iv rculIo(f

r
o.4I( ; ~

L-.- _~1.~ -----L !-~-IJ
i Idf.!:J bl~ I

100- 'Iv eurdr

•

•

•

ALLOWABLE DISCHARGE (CFS)*
lOO-YEAR 2-YEAR•

•

•

STREET SLOPE

0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
0.010
0.011
0.012

8.3
11.8
14.5
16.6
18.6
20.5
22.1
23.6
25.0
26.3
27.6
28.3

1.3
1.8
2~3

2.6
2.7
3.2
3.5
3.7
3.9
4.2
4.3
4.5

•
* Allowable discharges are based upon a 1/2 street flow capacity with
maximum flow spread per the City of Scottsdale drainage criteria (see
Section II)

•

•
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•

•
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B-1 General Hydraulic Criteria

Closed conduit sections (pipe. box,or arch sections) shall be designed
as flowing full, whenever possible, and may be al lowed to flow under
pressure except when the fo] lowing conditions exist:

a. In some areas of high debris potential, there is a possibility of
stoppage occurring in drains. In situations where de~ris may be
expected, the District's Hydraulic Divisi~n shall be consulted for
a det~rmination of the appropriate bulking factor.

b. In certain situations open channel sections upstream of the
proposed closed conduit may be adversely affected by back
pressure.

If the proposed conduit is to be designed for pressure conditions, the
hydraulic grade line shall be positioned sufficiently below the surface
of the street to efficiently intercept catch basin flows. HOwever, in
those reaches where no surface flow wi 11 be intercepted, a hydraulic
grade line which encroaches on or is sl ightly higher than the ground or
street surface wi 11 be acceptable. Reference is made to subsection
B-4.2 for requirements for pressure manholes.

B-2 Water Surface Profile Calculations

B-2.1 Determination of Controlling Water Surface Elevation

A conduit to be designed for pressure conditions may discharge into
one of the fol lowing:

a. A body of water such as a reservoir or the ocean.

b. A natural watercourse or ravine.

c. An open channel, either improved or unimproved.

d. Another closed conduit.

Hyd. /'Ian.



•

•

•

•

•

•

•

•

•

•

•

Page B-2

B-2.l Determination of Controlling Water Surface Elevation continued.

The controlling water surface elevation at the point of discharge
is commonly referred to as the control and, for pressure flow, is
generally located at the downstream end of the conduit. If flow
becomes unsealed, the control may be at the first gradebreak
upstream of the point where unsealing occurs or, under certain
conditions, may be farther upstream.

Two general types of controls are possible for a conduit on a
mild slope, which is a physical requirement for pressure flow
in discharging conduits.

a. Control elevation above the soffit elevation. In such
situations the control shall conform to the fol lowing
criteria:

(I) In the case of a conduit discharging into a reservoir,
the control shall be the reservoir water surface
elevation.

(2) In the case of a conduit discharging into an open channel,
the control shall be the design water surface elevation
of the channe 1 •

(3) In the case of a conduit discharging into another conduit,
the control shall be the highest hydraul ic grade line
elevation of the outlet conduit immediately upstream or
downstream of the confluence.

(4) In the case of a conduit discharging into tbe ocean, the
control shall be approved by the District prior to
preparation of hydraul ic calculations.

b. Control elevation at or below the soffit elevation. The
control shall be the soffit elevation at the point of
discharge. This condition may occur in anyone of the four
situations described on page B-1.

Hydraul ic grade line elevations to be used as controls for
projects in many cases may be obtained from the District's Design
Division. Exceptions to the above pol icy must be approved by the
District.

Hyd. Man
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Page B- 3

B-2.2 Instructions for Hydraul ic Calculations

Most procedures for calculating hydraulic grade line profi les are
based on the Bernoull i equation. This equation can be expressed
as follows:

•
in which o

So
L
Sf

'V
h .ml nor

E Vertical distance from invert to H.G.L.
• Invert slope
= Horizontal projected length of condui t
= Average friction slope between Sections
D Average velocity (Q/A)
• Minor head losses

and 2

•

•

•

•

Minor losses have been included in the Bernoulli equation because
of their importance in calculating hydraulic grade I ine profiles
and are assumed to be uniformly distributed in the above figure.

Hyd. Man.
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Page B-4

B-2.2 Instructions for Hydraulic Calculations continued .

When specific energy (E) is substituted for the quantity V2/2g + D
in the above equation and the result rearranged,

The above is a simpl ification of a more complex equation and is
convenient for locating the approximate point where pressure
flow may become unsealed.

The format in use at the District for calculating hydraulic grade
line profiles is shown on Chart No. B-OI. For use in expediting
such calculations a computer program is available. (See page B-16.)

B-2.3 Head Losses

B-2.3.1 Friction Loss

Friction losses for closed conduits carrying storm water,
including pump station discharge 1ines, shall be calculatec
from the Manning equation or a derivation thereof. The
Manning equation is commonly expressed as follows:

in which Q = Discharge, in c. f. s.
n a: Roughness coeff i c i en t
A • Area of wa ter normal to flow in ft. 2

• R z Hydraul ic radius
Sf = Fr i c t ion slope

When rearranged into a more useful form,

•

• in which

.
A

.0
Hyd. Man. K=

t7



• Page e-5

6-2.3.1 Friction Loss continued.

•
The loss of head due to friction throughout the length of
reach (L)is calculated by:

•

•

The va 1ue of K is dependen t upon on 1y two factors: the
geometrical s~ape of the flow crosS seccion as expressed
by the quantity AR213, an he icient (n).
The values of n shown in Chart No. F-04 & F-OS 11 be

used.

Values of K corresponding to
reinforced concrete pipe and
concrete box sizes are shown

CHARTS NOT
INCLUDED IN

REPORT

•
6-2.3.2 Transition Loss

Transition losses shall be calculated from the equations s;,own
below. These equations are applicable when no change in Q
occurs and where the horizontal angle of divergence or
convergence (6) between two sections does not exceed 5 0 45'.

•

I~2 _J12J
n-; =./ L2;- 2.9

Oirection
•

For velocities which increase in the direction of flow
(V2 > VI)'

•

•

•

•

For velocities which decrease in the direction of flow

(V2 < VI)'

Hyd. i'\an.
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a-2.3.2 Transition loss continued.

Deviations from the above criteria must be approved by the
District. When such situations occur, the angle of divergence
or convergence (9) may be greater than 5°45 1

• However, when
e is increased beyond 10°, the above equations wil I give results
for ht that are too small and the values for ht derived from the
preceeding formulas should be increased by multiplying ht by the
fall owi n9:

•

For
For
For
For

• •I0 < e < 15 Mu 1tip 1y ht
15:<8<20: Multiply ht
20 < 8<25 Multiply hte> 25 0 Mu 1tip 1y h t by 5

by 2
by 3
by 4

8-2.3.3 Junction Loss

•

•

In general, junction losses shall be calculated by equating
pressure plus momentum through the confluences under
consideration. This can be done by using either the
District's P + Mmethod or the City of Los Angeles '
Thompson equation, both of which are shown in Section F.
Both methods are appl icable in all cases for pressure
flow and wi 11 give the same results.

For the special case of pressure flow with Al = Az and
friction neglected,

•

• Oir~ct/on
• •or !'Iow
~ Y/

lI22 VIZ 243 ~2

• hj=2g- 29 - Az
!2.. Co~ e
29

•

•
J

Hyd. Man.



j

•

•

•

•

•

•

•

•

•

•

Page B-7

6-2.3.4 Manhole Loss

Manhole losses shall be calculated from the equation shown
below and shall be used only for District Manhole Nos. 1 and 2.
Where a change in pipe size and/or chanQe in Q. occurs, no
additional head 10s5 need be calculated for the manhole. It
is considered to be included in the transition and or junction

loss.

S-2.3.5 Send Loss

6end losses shall be calculated from the fol lowing equations:
.'

in which

where /:::; = Central angle of bend in degrees

~ may be evaluated graphically from Chart No. 6-10 for values
of ~ not exceed i ng '90 degrees.

Send losses should be included for all closed conduits, those
flowing partially full as well as those flowing full.

Hyd. Man.
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Page a-8

a-2.3.6 Angle Point Loss

Angle point losses shal I be calculated from the fol lowing
equa t i on:

;'0 pI. =.0033 8 [~; ]

in which e = Deflection angle in degrees, not to exceed
6° without prior approval from the District.

8-3 Spec i a 1 Cases

B-).l Transition From Large to Small Conduit

As a general rule, storm drains shall be designed with sizes
increasing in the downstream direction. However, when studies
indicate it may be advisable to decrease the size of a
downstream section, the conduit may be decreased in size in
accordance with the following limitations:

a. For slopes of .0025 (.25 percent) or less, only conduits
75 inches and greater may be decreased. A reduction is
I imited to a maximum of 6 inches.

b. For slo~es of more than .0025, only conduits 33 inches
and qreater may be decr~ased. Each reduction is I imited to
a maximum of 3 inches for pipe 48 inches in diameter or
smaller, and to a maximum of 6 inches for pipe larger than
48 inches in diameter. Reductions exceeding the aoove criteria
must have District approval.

In any case the reduction in size must result in a more
economical system.

Where conduits are to be decreased in size due to a change in
grade, the criteria for locating the transition shall be as
shown on Chart No. 8-20. A design that doesn't follow this
criteria must have District approval.

Hyd. Man.
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The City of los Angeles

Thompson Equation

The Thompson E~uation for junctions is described by the fol lowing:

•

•
where L1 y :0: Difference in hydrau J i c gradient for the two ei1d

sections, in feet.
Aavg Average a rea, In fee t 2 = 1/6 (AI + 4Am + AZ) or.• for pract i ca I use, l/Z (AI + AZ)

!\n :0: /'lean area of flow, in reet Z.

•

.'
•

••

• 0

The above equation is appl icable only to prismoidal and circular conduits
or channels. The friction force may be considered negl igible or can be
calculated and taken into account.

For details of the above method, refer to Office Standard No. 115,
Hydraulic Analysis of Junct'ions, 1968 edition, Storm Drain Design
Division, Bureau of Engineering, City of Los Angeles:

Hyd ...... 3r, .
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APPENDIX II:
Scottsdale Road Outfall Drain
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APPENDIX IV:
Connector Pipe Calculations
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5062 North 19th Avenue
Phoenix, Arizona 85015
(602) 242-2999

• tM CELLA BARR
ASSOCIATES

CELLA BARR ASSOCIATES

Project Name: McDowell Road Date Prepared: Apri 1 28, 1986

• Storm Sewer Date Revised: July 10, 1986
Project No. 40785-01-32 Engineer: BHH
WP Code: BHH-38 Owner/Developer: Scottsdale

CONSTRUCTION QUANTITIES

• ITEM DESCRI PTION UNIT UNIT PRICE QUANTITY AMOUNT

Pipe:

I. 66" Pipe L. F. 135.00 1,856 250,560.00

• 2. 60" Pipe L. F. 120.00 1,327 159,240.00
3. 54" Pipe L. F. 115.00 569 65,435.00
4. 48" Pipe L.F. 85.00 1,383 117,555.00
5. 42" Pipe L. F. 70.00 419 33,520.00
6. 36" Pipe L. F. 70.00 420 29,400.00
7. 33" Pipe L. F. 65.00 430 27,950.00

• 8. 27" Pipe L. F. 70.00 330 21,450.00
9. 27" R.G.R.C.P. L.F. 70.00 56 3,920.00

10. 24" R.G.R.C.P. L. F. 65.00 407 28,490.00
II. 18" R.G.R.C.P. L. F. 60.00 259 16,835.00
12. 15" R.G.R.C.P. L. F. 55.00 709 42,540.00
13. 12" R.G.R.C.P. L. F. 34 1,870.00

• Catch Basins:

14. C.B. (M.A.G. 530) "A" EA. 1,500.00 1 1,500.00
15. C.B. (M.A.G. 531) "B" EA. 1,500.00 1 1,500.00
16. LB. (M.A.G. 532) "C" EA. 1,650.00 3 4,950.00

• 17. C.B. (M.A.G. 533-1)"0"
L = 3' EA. 1,500.00 1 1,500.00

18. C.B. (M.A.G. 533-1) "0"
L = 6' EA. 1,750.00 2 3,500.00

19. C.B. (M.A.G. 533-1) "0"
L = 10' EA. 1,950.00 10 19,500.00

• 20. C.B. (M.A.G. 533-1) "0"
L = 17' EA. 2,250.00 6 13,500.00

2I. C.B. (M.A.G. 535) "F" EA. 1,250.00 1 1,250.00
22. C.B. (C.O.P. P-1568) "L" EA. 1,650.00 2 3,300.00

•

•
Offices In Tucson and Phoenix, Arizona
rnglneering , Planning' SUNeying , Lanascape Architecture' Hydrology
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(MITEM DESCRT PTION UNIT UNIT PRJ CE QUANTITY AMOUNT

•
Manholes (bases, shafts, covers &connections):

23. M.H. (C.O. P. P-1560)
& (M.A.G. 420 &424) EA. 3,000.00 1 3,000.00

• 24. M.H. (M.A.G. 520,
420 &424) EA. 2,850.00 6 17,100.00

25. M.H. (M.A.G. 521,
522 &524) EA. 2,600.00 3 7,800.00

26. M.H. (M.A.G. 521,
420 &424) EA. 2,600.00 2 5,200.00

• Pavement (sawcut, removal &replacement):

27. !1a in~Deta il "E"
Sht. 0-20 S.Y. 25.00 4,665 116,625.00

28. Connectors S.Y. 25.00 758 18,950.00

• 29. Driveway Crossings (Match
Existing Pvmt. Sec. S.Y. 20.00 67 1,340.00

30. Remove, regrade &
,rep1acement S.Y. 30.00 145 4,350.00

31. Sidewalk removal &

• replacement S.F. 27.00 114 3,080.00
32. Remove &replace cone.

sw, apron, C &G L.S. 15.00 1 1,500.00

Miscellaneous:

• 33. 66" Pipe Collar
(M.A.G. 505) EA. 500.00 1 500.00

34. 60" Pipe Collar
(M.A.G. 505) EA. 450.00 1 450.00

35. 48" Pipe Collar
(M.A.G. 505) EA. 400.00 1 400.00

• 36. 24" Pipe Collar
(M.A.G. 505) EA. 350.00 2 700.00

37. 18" Pipe Collar
(M.A.G. 505) EA. 300.00 3 900.00

38. IS" Pipe Collar
(M.A.G. 505) EA. 250.00 7 1,750.00

• 39. Manhole junction
structure EA. 7,500.00 2 15,000.00

40. Junction structure EA. 1,200.00 2 24,000.00
41. Pipe replacement &

encasement L.S. 1 8,000.00
42. Pipe realignment L.S. 1 10,500.00

• 43. Inlet structure EA. 1 23,000.00

•



•

(MITEM OESCRI PTION UNIT UNIT PRICE QUANTITY AMOUNT•
44. Outlet retaining headwall L.S. 1 12,000.00
45. Grouted riprap S.Y. 35.00 110 3,850.00
46. Concrete slab L.S. 1 500.00

• 47. Sawcut, remove conc. slab L.S. 1 300.00
48. Conc. outlet channel L. S. 1 500.00
49. 4~ thick crushed aggregate S.Y. 15.00 7.5 115.00
50. Gunite slope protection S.Y. 25.00 40 1,000.00
51. Remove 60~ R.G.R.C.P. ,

backfill &compact L.S. 1 825.00

• 52. Remove exist. C.B. L.S. 1 750.00
53. Traffic Control L. S. 400/day 6 mo. Job 52,000.00

TOTAL: $1,163,650.00
=====================
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