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RECOMMENDATION SUMMARY

Of the three alternates studied, it is recommended to

select Alternate Three for final design and plans. Alternate

Three utilizes 745' wide storage basins

borrow for embankment required for this project. A 48" R.C.P.

culvert under Southern Pacific Railroad :..3 two-78" R.C.P.

culverts under Litchfi.ld Road are also recommended to connect

the storage basins to provide for a continuous flow through

the basins.

and provides sufficient
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II. INTRODUCTION

The firm of Dibble and Associates Consulting Engineers
was retained on September, 1974, by ths Division of Highways,
Department of Transportation, to design and prepare the con-

struction plans for the Ehrenbérg—Phoenix Highway, Section

‘Bullard Avenue-Dysart Road, Frdject No. I-IG-10-2(37)C. As a

part of this contract, the "Drainage Design Concept Develop-
ment Report" was submitted in May, 1975.

The conceot report was approved with instructions to
design the offsite storm water drainage system by providing
storage basins and an underground storm drain system with the
outlet at the junction of Van Buren and the Agua Fria River.
Specifically, the instructions were to design the basins for
a SU-year BTOLN wWilil CONTiNUOUS LiOW irom :né westerly bDegin-
nings of the basins to the outlet pipe and to provide‘bozrow
requirements for the project. Further, in designing tha out~-
let pipe, an analysis must be conducted to détermine the opti-
mum size of the outlet pire. The analysis compares the costs
of various outlet pipe sizes provided for various storage
basins.

Consequently, three separate alternates were studiad
and analyzed and are presented for your consideration and
approval, ‘

Alternate One is 600' wide and 8,150' long and is
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11, INTRODUCTION (continued)

the size storage basin based on drainage requirements using

a 60" outfall pipe that can be accommodate® between two cross
utility lipes at Van Buren Street (sce Appendix VI-B-12) and
10th Street (see Appendix VI-B-13).

Alternate Two®is based on borrow requirements for the

freeway embankment and is 160' wider and 1' deeper than Alter-

nate One.

Alternate Three is shown on the plans provided in
Appendix VI-B and is based on borrow requirements for the frée-

way embankment and is 145' wider than Alternate One.
The analysis of the alternates is ba;ed on the hyédrol-

ogic Design for Hichway Drainage in Arizona" distributed in

199 Mho hedeaetdan . = 5
TTTT 4 ms=sests Cunivims TO TRE criteria of the Hydrol-

ogic and Hydraulic Training Session” held in October, 1972
2ll drainage computations are for 50-year storm recurrence
interval.

DISCUSSION

A. Hydrology
1. Drainage Areas

The entire watershed north of the frecway con-
gists of three drainage areas as approximately delinéated on
the drainage area map provided in Appendix VI-A.

2. Type of Flow

The existing terrain is primarily flat farmland
with few scattered residential buildings. As a result, most
of the storm water flows south to the freeway project as over-
land sheet flow, with a small amount concentrated in waste
ditches along the crossroads and fields. The Roosevelt Irri-
gation District canal which crosses the watershed acts as a
barrier but it 1s assumed tnat the canal wi Lreak during a
50-year storm gnd overland flow will continue south to the
freeway. When the area is developed, most of the runoff will
concentrate in collector streets and man-made swales and the
rest will be carried in Litchfield Park Properties proposed
two-year storm sewer system.

3. Land Use
a. Existing
At the present, most of the waternhed con-

sists of flat cultivated land.
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III. DISCUSSION (continued)

b. Projected
Projected land use is planned by Litchfield

Park Properties for three broad categories, “commercial, resi-
dential and parks”, as shown on the drainage area map. Although
the timing of these developments is uncertain, the hydrologic
computations for this project are based on the projected land
USe.

4. SCS Curve Number and Rational "C" Values

SCS Curve No. 90 is based on projected land use;
Rational "C" 0.59 is based on weighted projected land use.

5. Precipitation Values

6 hour p = 2.8 inches

24 ouz p - 3.3 iuchca.
6. Soil Groups

c.

III. DISCUSSION (continued)

B. Hydraulics

Three alternates for the storage basins and corres-

ponding outlet storm drains are design based on the hydrology

and concepts developed and approved by the Arizona Department

of Transportation in the "Drainage Design Concept Development
Report". The plans provided in Appendix VI-B are for Alternate
Three and may be used for Alternate One or Two with minor
revisions.

The hydraulic analysis of the flood routing through
the basins for each alternate is accomplished by using the
Soil Conservation computer program "TR20". TR20 accomplishes
two tasks. First, TR20 develops synthetic outflow hydrographs
from each sub-waterched and comhines them to form the total
inflow hydrograph into the basins. Second, TR2( performs the
flood rbuting through the various outlet pipes'investigated.

In performing the first task TR20 simulates each
sub-waterzhed. This is accomplished by inputting the drainage
area, time of concentration, Scslpurve numser, storm percipi-
tation and rainfall distribution. The outflow hydrographs
from each area are added together assuming no time lag between
the individual basins and form the total inflow hydrograph
into the storage basins. The individual hydrographs and com-

bined hydrographs are shown in the Appendix VI-D for the 1,
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2, 3, 6, 12 and 24 hour 50-yea.: frequency storm.

In performing the second task TR20 takes the total
hydrograph and routes it through the storage basin and the
following outlet pipes: 36", 42", 48", 54", 60", 66" and 72".
(Assumed Manning's n = ,014). The program uses the "Storage
Indication Method". This method uses the relationships of
stage vs. storage in the basins and stage vs. discharge through
the ocutlet pipve, to pecrform the flood routing through the
storage basins. The stage vs. storage relationships are de-
veloped by using the ADOT computer program "ASHES®" and the

stage vs. discharge relationships are developed by usingAthe

Bureatu of Public Roads procedures as outlined in BPR Circular

in The work cheookte for thic wolabism-nio

PoeePooa s
- e emcalhSiar \wuaved

L Somputa-
tion sheets), the curves for stage vs. storage and stage vs.
discharge and the flood routing results are provided in
Appendices VI-E, F, and G.
1. 2lternate One (Size Storage Basin
based only on drainage requirement)
a. Storage Basin
The basic size of the stcrage basin iz 600°

wide and 8,150' long. The above basin provides a capacity of
773 acre-feet which is sufficient to handle the peak flow from

a 12-hour duration stnrm which controls the size of the basins.

e e e o g e T

{continued)

The storage basin size and outlet storm drain size are based

only on the drainage need and do not take into consideration

the borrow required for freeway embankment.

The entrance of storm water into the basins
from the north is controlled by a channel and/or ditch and
dyke and concrete ;pillways to prevent slope erosion. Two
alternates are presented for your consideration and selection.

Alternate A utilizes 10' x 1.5' channel with
2:1 slopes using plain riprap for slope protection.

Alternate B utilizes 18' x 1.5' grader type
ditch with 10:1 back slopes. See detail of triangrlar channel,
dyke and concrete spillway in Appendix VI-J.6.

Tie cust of both alternates is anout the
same. Alternate B isvrecommended because of flatter slopes.

A minimum of 20-feet is provided for an
access road between the storage basin and the I-10 Freeway
embankment. This access road is within the standard right
way for the project to minimize the right of way takan for
basins. A buffer zone of 300' is provided along the right of
way of Litchfield Rcad and the storage basin mlopes. All 50°'
right of way for the Southern Pacific Railroad is.clnar of the
basins. A buffer zone of 10' is provided at the westerly and

easterly ends of the storage basins.
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III. DISCUSSION (continued)

b. Outlet Storm Drain

Varicus outlet storm drain pipes are analyzed.
As shown on the tabulated results of flood routing in Appendix
VI-G, only the 60" pipe provide the storm capacity in the basins
required for a 50-year storm. The flowline elevation of the
outlet pipe is controlled by the high water elevation in the -

Ag'a Fria River at Van Buren and is estimated to be about 9570.5!

‘/
by the Army Corps of Engineers This sets the criteria for the\ o

- \7
bottom elevation of the storage basin and the entrance elevationb\\okﬁi\
o
of the storm drain. {\ h

4
% ;\@

The profile of the storm drain is controlled ¥

0
W)
by two 10" sanitary sewer lines in Van Buren. The storm drain \}

CrogseR nndar a @aniéary cowcs St Slallses 55+ aud vvesr a
sanitary sewer line at Station The location of the out-
let of the storm drain at Agua Pria River is selected away from
the low flow area of the river. The cover requirement over

the pipe in Van Buren also controls the location of the outlet.

A small amount cf channel cleanout in the river is necessary
at the outlet.

Advantages

(1) Provides the size storage basin based
on drainage requirements only.
The outlet flowline elevation is above
the Agua Pria River high water for a

50-year storm,

(3) Reguired right of way purchase is the
least of the three alternates.
(4) Drains the basin in the shortest time.
(5) Minimum self-cleansing velocity is
provided.
Disadvantages
Does not provide sufficient borrow
for the roadway embankment.
Storage capacity is sufficient cnly
for a 60" out_2t pipe.
Costs the most of the three alternates.
Alternate Tws (Based on borrow required for
freeway embankmeui and roguiree a hasin 1.00'
wider'and 1' deeper than Alternate.One)
a. Storage Basin
‘The essential features of Alternate Two are
identical to Alternate One except that it is 100' wider and 1'
deeper. The basin capacity of 1,068 acrae-feet is sufficient for
any lizabof outlet pipe from 36" to 72".
b. Outlet Storm Drain

A cost ve. draining time relationship is
astablished for Alternate Two and is shown graphically in Appen-
"
dix VI-H. The optimum pipe sizes from this relationship are 48

to 60". The 48" pipe is recommended to keep the draining time

-10-




5 % o DISCUSSION (continued)

within the range of 10 Eo 15 days.
The storm drain profile is similar to
Alternate Three. -

Advantages

(1) Provides sufficient borrow required
for freeway embankment.

(2) 'Storage capacity is sufficient for
any size outlet pipe (36" or larger).
Costs the least of the three alternates.
Reruired right of way purchase is less
than Alternate Three but more than
Alternate One.

Disadvantages

(68 Thé outlet flowline elevztion of the
pipe and basins is below the Agua Fria
highwater for a 50-ear storm.
Self-cleansing velocity at 1/4 full is
less than the required minimum of 2 fps.

(3) Maintenance costs would be higher than
other alternates.

Alternate Three (Based on borrow required for
freeway embankment and requires a basin 145'

wider thar. Alternate One)

III. DISCUSSION (continued)

a. Storage Basin
The alignment and gvade of the recommended

Alternate Three are shown on the plans provided in Appendix
VI-B.

‘The essential features of Alternate Three
are identical to Alternate One except that it iz 145' wider.
The basin capacity of 1,020 acre-feet is sufficient for any
size pipe from 36" to 72".

b. Outlet Storm Drain

The cost vs. draining time rzlationship
for Alternate Three is nearly identical to that of Alternate

Two. The optimum pipe sizes are 48" to 60". The 48" pipe is

Lecumnucuasa.
; Advantages

(1) Provideé sufficient borrow required
for freeway embankment.

(2) Storage capacity is sufficient Iox
any size outlet pipe (36" or larger).

(3) Cost is less thaﬁ Alternate One but
more than Alternate Two.
The outlet elevation is above the Agua
Pria River high water for a 50-year
storm.
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III. DISCUSSION {continued)

(5) The minimum self-cleansing velocity is

proviced.

pisadvantages
(1) The required right.of way purchase is

the largest of the three alternates.

III.

DISCUSSION (continued)

C. Comparisons of the Three Alternaies

Feature

1. Essential Features:

Alternate 1

TABLE A

Alternate 2

Alternate 3

Right of way required (acres)

Nominal basin width (£t)
Nominal basin length (ft)
Highwater elevation (minimum
freeboard = 1.3')

Storage capacity (acre-feet)

Rmoff for 24-hour storm
(acre-feet)

Available excavation (c.y.)
Cutlet pipe data:

a.

Recammended pipe size
Manning's "n" value
wutiet fiowline elevaiidi
50-year storm highwater

elevation at Van Buren
and the Agua Fria River

Minimm pipe grade (%)
Average pipe grade (%)
Pipe length

Velocity € 1/2 full (cfs)

Velocity @ 1/4 full (cfs)

Tima to empty basins
(days)

Bstimated cost/1.f. of
pipe (dollars)

110

500
8,150
983.5'

773

345
1,859,000

80"
.014

Q‘I‘\ gt

870.5"

.0624
.0323

5,600
3.9

2.7

70

128

700
8,150

982.5"
1,068

945
2,450,000

48"

.014
aga &t

970.5'

.0451
.0769

5,600
2.5

1.8

14

55

136

745
8,150

982.1'
1,020

945 4
2,409,000

48"
.014
97%0.5"

970.5'

.0624
.0923

5,600"
3.0

2.1

12

S5
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DISCUSSION (continued)

2.

Item

Excavation ang Borrow Requirement:

TABLE B

Alternate ] Alterna tema
C.Y. x 103 C.Y. X §§32 iy 103

E::§vatﬂulavailable fram
basins.
Less 15% strinkage

Total excava i
e tion available

Total SUIPIUSIOI defiCh!Ey ()
in

b;'lbgemrp}us ;: deficiency ()

C.Y. X 103

1,859 2,450

2,409
=_279 -_368 - 361

———

1,580 2,082

=2,008 =2,008

(428)

Cost Comparison:

i
-2k

Right of way @ $5,000/acre
60" Pipe @ $70/1.f.

48" Pipe @ $55/1.f, .
Excavation @ $o. 75/c.y.

Borrow for freeway embankmen
e $1.75/c.y. t

Qulverts under Litchfi
and Railroad cnmshxneh!hmﬂ
TOTAL*

Savings Over Alternate One

Alternate 1 Alternate 2 Alternate 3

$ 550,000 s 640,000 § 680,000
392,000 -

- 308,000 308,000
1,394,000 1,838,000 1,807,000

880, 000

258,000 81,000 80,000

$2,875,000

$3,474,000 **$2,867,000
$ 607,000

DRAINAGE STRUCTURES UNDER THE RAILROAD AND LITCHFIELD
RO:.AD CROSSINGS .

In order to provide a continuous flow through the stor-
age basins, a preliminary design of the drainage structurcs
under the Southern Pacific Railroad and Litchfield Poad cross-
ings is submitted for .your consideration. The inpu: data and
hydraulics of the soluticn are contained in Appendix VI-I.

A 48" pipe culvert is recommended uﬂder tha railroad
since there is ample storage capacity available in Basin No. 3
to store all the storm water generated by a 50-year storm from
24 hour duration. By allow...g the high water to rise to an
elevation of 986 in Basin No. 3, 320 acre-feet storage capacity
is estimated which i: also the inflow runoff from Area No. 3.
Therefore, 48" pipe is adequate and compatible with the 48"
outfall pipe.

To establish the peak discharge for the structure under
Litchfield Road, no inflow from Basin No. 3 to Basinu No. 2 is
assumed. Furthermore, the storm water in Basin No. 2 iz allowed
to rise to the design highwate; elevation of 983,5. From the
hydrograph of Area No. 2 the peak discharge is established for
each duration of 1-24 hour storm after the bagin has filled to
its allowable capacity. From these graphs 2 maximum peak of
700 cfs is established for a duration of 3=hour storm. By using
this peak discharge, two-78" culverts are recommandad to route

this required flow through the structure under Litchfield Road.

~16-
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SUMMARY AND RECOMMENDATIONS

Alteznate One can be éliminated because it does not

provide sufficient borrow for the project. Additionall,, it
is the mo;t expenr.ive alternate.

Alternace Two and Three each provide sufficient stor-
age capacity for ony size storm drain over 36". The only
limiting factor is the time required to empty the basins. A
48" pipe which will empty the basins in about 12 to 14 days
is recommended. Moreover, either Alternate Two or Three pro-
vides sufficient borrow for freeway embankment. The essential
difference between Alternates Two and Three is that the former
provides the bottom elevation of the storage basins below the
Agua Fria River high water and does not have sufficient self-
cleansing velocity in the outlet pipe, while the latter re-
quires about eight acres more of right of way purchase. The
cost of additional right of way of eight acres if insignificant
to the maintenance problems associated with having the bottom
elevation of storage basins below the Agua Fria River high water
and the unacceptabie self-cleansing velocity in the storm drain.
Therefore,\Alternate Three)is recommende@ for further develop-

ment of design and plans. ——

Additionally, pipe culverts are recommended for the

drainage structures at the railroad and Litchfield crossings.

APPENDIX




ARIZONA hiGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

SCS METHOD: PART II

Future
LOCATION DATA:
nighway_EArenbara- Fhoenix

County_Mari(aoa

Location il = I ad Y|

Station 640 { Flow £rom Korth @

Project No. 7.1‘/5./0-2/.:7)
Name of Stream

DESIGN DATA: i
" Design Frequency 0@z @mmercial =]
Drainage Area 2.4
Drainage Length
Elevation
Top of Drainage area

7.

At Structure SN (4 ? M. 12
% Aot presentatii

2
Drainage Area Slope 0
Vegetative Cover Type —
Vegetative Cover Density
Soil Group [4
Precipitation .
P = 6 hour = 8
B = 2 b = 3.3

DESIGN COMPUTATION:

184 Rsidertial m

years
square miles
feet

feet
{eet

4

0827 for 300,
* 0437 for 4700,
029% fer 300

inches
inches

Curve Number

Time of Concentration

Peak Design Discharge
Qp = 484AQ -

?=[08Z*050)+ (/.eoz/m )]+ 2.t6= 0.59
90
z.} hours

D+ 6t T B

2

Storm Point Areal Areal
Duration Precipitation Reduction Precipitation

Direct

Peak Dwad Bmi¥!
Runoff Discharge Acre-Fect

1 hour 23 2>

1.26

431 M3

2w 2. Z'sz _

LY5

s !/) 1

3 hour 253 253

L9

6 hour 280 zs

1.80

tz Bour 305 202

205

- ¥

Computed vy:_ £, M. ¥clson

Ang Do® 0

ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

SCS METHOD: PART II

=
LOCATION DATA: future
Highway_Fhrenbzra- Pheenix

county Maricopa

Location_ ZAul/rrd dv2- At k2

Project No, j-J5~/0-2(37)

Name of Stream

Station_6750+ (Flow #m Morth @

DESIGN DA TA:
Design Freque~cy = 50

years

Draimnzzc Ao
S 0.6l Gmmercial 197

squar: miles

Trainage Length

feet

Elevation 1.26 Bsidental

Top of Drainage area

feet

At Structure

Drainage Area Slope

feet
% Not Representative

Vepetative Cover Type

107, 4or 5300°

Vegetative Cover Density

Soil Group

% 0219 fr 13200’

Precipitation
P =6 hour =

inches

_D- '_)A hre =

( I
iicuce

DESIGN COMPUTATION:

Curve Number

Z=[@61x0.80) (/%xasoﬂ-:—;ﬂ = 059
2

Time of Concentration z.3

hours

Peak Design Discharge
Qp = 484AQ -
D+.6Tc e

F]

Storm Point Areal Areal

. Direct
Duration Precipitation Reduction Precipitation  Runoff

Peuk Oirect &m# e
Diecharge Acre-Fed

1 hour 2.3 23

VAC)

240 143

2 hour 2. ‘/Z 2.42

1.45

bib 152

3 hour 2.53

1.56

6 hour 28

L.80

‘! hour ‘4()5

205

Uhowr 23

Computed by: FE M Nelson

BED B 18
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ARIZONA HIGHWAY DEPARTMENT = M e b ! T
BRIDGE DIVISION .:t: \A‘h Tt *‘1‘ SEE i - L THTH
e ],i ~ n IJJ.I-n ! _}__1 — o 1
©7DROLOGIC DESIGN DATA SHEET B 2l : :
SCS METHOD: PART II : : -
Future - = : t o
LOCATION DATA: . . ' % SEEE 7
Highway_Enrenngri= Phoennt County Maricopa _ - T - I — It
Location Fuliant s i akiad J¥%i _ L ] 2 e T
Project No. T-Tie—iU-Z(37) Station G001 (Flow from /Vdfﬂ]) T : 7 o 2gm) 1T
Name of Stream 58l J - + !
2 T ot
DESIGN DATA: A —d ] T r
Design Frequency /.00 Commerciof - g’, years i : : YEu - I i i CHCF
Drainage Area . square miles 1 1 - S T
Drainage Length 22z Ees:den#ml 20, 020 feet e o 1 “ 111 i I WE
Elevation ~+— - i ENES i !
Top of Drainage arca 1065 feet - {—— nE; i g
At Structure ; 235 feet i + i m |
Drainage Area Slope Q.47 % L \T - - = @
Vegetative Cover Type o a0 = ¥ iz ] f
Vegetative Cover Density — % 30 ! § T - 1=— ﬂ 1 T
Soil Group ¢ g ] ; 7 l‘ : 11 - : I T
Preczipitation t T H A ] ; = amm
P = 6 hour = 2.8 inches 1 Gt E % . - ! N B R F 1
P = 24 hour = 2.2 imchee a i = R ! It i HJ‘_ 0 o .'—‘ -
o " . s : L] RN (RS A7 | 1 T & { i 1
. - ‘ >4 { 4 \ i 1 =
DESIGN COMPUTATION: E=[C100% 0.80)+ (z.225 0.50)]=-3.2220.59 ~ o1 - i\ 1 . T H
Curve Number 0 e 8 | ] - B
Time of Concentration L5 hours o =+ ] ! =
Peak Design Discharge 3 e ] ; ; e
Qp = 484AQ - ) — { ) : = m
S 1Bl s e 7 r :
2 i 3 4 t
_ 3 f = ] b=~ : ,
Storm Point Areal Areal Direct  Peak Drect Bino¥ 3 ¢ 7%11 \ ! "‘{r - -
Duration Precipitation Reduction ° Precipitation Runoff Discharge Acre-feet - 1 ! T - =
5 5 ol el I
. ] + : = =
L hour z.3 = 2.3 126 134 233 EESEEEEsEERe Ii ] 1. :
- 1 TQ I‘_ 11 vl &9
2hour 242 - 242 145 1036 » HE 14 E
1T - -
3 hour 2.53 = 2.53 1.56 942 H 1
6 hour z8 = 2.8 135 LeR i g pee
12.hour 3,05 - 395 205 45 i
24 hour a3 = 22 z.24 '
Computed by:_F M. Nelson Date nuary, (976
anp bw 1he8
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