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ITI.

OBJECTIVE

The objective of this investigation is to study the hydraulic
conditions associated with joining the proposed Arizona Canal
Diversion Channel for Reaches 3 and 4 with the existing SRP
Arizona Canal. The combining of the AC/ACDC will result in an
irrigation/storm water channel.

See Exhibit I which shows Reach 3 located between 19th Avenue and
12th Street: and Reach 4 is located between 12th and 40th Streets.

HYPOTHESIS

The proposed U.S. Army Corps of Engineers Arizona Canal Diversion
Channel (ACDC) can be utilized to convey and distribute SRP
irrigation water in addition to the intended use as a storm water
interceptor channel.

DISCUSSION
A. Arizona Canal Diversion Channel

The Arizona Canal Diversion Channel (ACDC), as proposed and
presently designed by the U.S. Army Corps of Engineers is a
flood control and abatement device. The ACDC is identified as
a rectangular concrete lined channel with definite geometric,
hydraulic and topographic characteristics which enable it to
perform the intended purpose of intercepting, collecting,
conveying and discharging the storm water runoff traversing
southwesterly across the Salt River Valley during and after
each storm event.

1. Interception: In order to enable the ACDC to best perform the
intended function, the U.S. Army Corps of Engineers (C.O.E.)
has designed this channel below the existing ground elevation
throughout the length of the project, to allow for the direct
discharge of storm water sheet flows to enter the channel.
Exhibit I of this report shows the Arizona Canal alignment.
In general the ACDC is located immediately north of the
Arizona Canal and in some areas encroaches the existing SRP
Arizona Canal.

2. Collection and Conveyance: The desirable performance of this
device is to intercept the storm water flows along the
northerly wall and convey those flows to the Agua Fria River
in a safe manner without flooding adjacent properties.




Arizona Canal (AC)

The existing Arizona Canal is an open surface arterial raw
water transmission and distribution conduit. At present the
AC transmits water to two potable water treatment plants,
water for irrigation purposes and other beneficial uses along
the Northern portion of the Salt River Valley. SRP estimates
this canal to have a maximum operating capacity of 700 cfs.
More specifically the canal distributes water to approximately
30 lateral connections which are shown on Exhibit I. The SRP
operates four radial gates located at 19th Avenue, 7th Street,
16th Street and 32nd Street. The gates raise the water
surface in the canal to approximately one foot above adjacent
existing ground elevation throughout the length of the canal,
and thereby provide the necessary elevation head to deliver
by gravity irrigation water to the land south of the canal.
The size, roughness, and shape of the canal is tailored to
achieve an efficient high water surface in this canal.

A freeboard of approximately three feet is provided above the
operational high water elevation throughout the canal length,
on both banks. Service roads along both sides of the canal
are approximately twenty feet wide.

The existing radial gates are operated by remote control and
can maintain surface levels through and around the gate
structures to within one-tenth of a foot accuracy.
Deliveries from the main canal to the different laterals are
manually controlled by gates which are operated by the local
zanjero at the check or turnout structures.

AC/ACDC Joint Operation:

Since the water surface profile for the ACDC is considerably
lower in elevation than the adjacent ground elevation and the
AC surface profile is above the existing adjacent ground
elevation, it can be seen that the operational requirements of
a Storm Water Interceptor Canal and an Irrigation Water
Transmission Canal are not readily compatible.

While a free and unimpeded hydraulic section is required for
optimal performance for the ACDC, multiple gate control
structures will be necessary for the successful operation of
the AC requirements at strategic points along the alignment.




IV. METHOD OF ANALYSIS

In approaching the problem, HNTB performed the following
procedure:

1. Performed the necessary Field Survey by running a separate
Bench Mark (BM) Level Circuit to correlate National Geodetic
Service BM Elevations used by the U.S. Army Corps of Engineers
with the SRP BM Datum. This work established the vertical
relationship between the existing irrigation canal (AC)
operational characteristics and the proposed Storm Water
Channel (ACDC).

2. Visited the SRP Master Control Station which operates the
valley wide canal system to became aware of the operational
requirements of the Arizona Canal.

3. Detemmined from the U.S. Army Corps of Engineers study that
the maximum storm water flows at 19th Avenue, 7th Street, 1l6th
Street and 32nd Street are 13,000, 12,600, 8,700, and 7,900
cfs respectively.

4. Prepared a computer model utilizing the data from the U.S.
Army Corps of Engineers Final Design Memorandum for the ACDC.

The following steps were performed:

a. Modeled the ACDC hydrologic data provided by the Corps of
Engineers using the TR-20 program.

b. From the TR-20 program the Hydrograph for the 100 year
storm was established.

c. Ran a HEC I Model to determine the maximum water surface
elevation for the 100 year storm. Within the HEC I
Program the time to release irrigation water and replenish
it with storm water for Reaches 3 and 4 was evaluated.

V. FINDINGS

1. The minimum time required to empty Reaches 3 and 4 of the AC
prior to a storm is 2.07 hours.

2. The time to peak for the 100 year storm is 2.02 hours. This
makes the assumption that upstream 1irrigation flows are
temminated. See Appendix "A" Calculations.

3. The total volume of irrigation water contained in the AC is
approximately 1,070 acre-feet.

4. The total volume of storm water for the 100 year storm 1is
approximately 3900 acre-feet.

-3 -




VI.

Contrary to an original assumption that partial depletion of
the combined Channel could be accomplished to save irrigation
water, it is now known that the channel gates should be opened
completely at the start of the 100 year storm. That would
allow barely enough time for the stored irrigation water to
empty in time to allow the channel to carry the storm peak.
See Exhibit II - Composite Irrigation/Storm Water Hydrograph.

RESULTS OF ANALYSIS

If a joint-use canal is desired, the following adjustments to the
ACDC design would be necessary:

1

Raise the Channel walls throughout Reaches 3 and 4
approximately five to ten feet in order to provide the
elevation and freeboard necessary to operate in the irrigation
mode.

Provide a storm water collection system at various points
along the North wall of the Channel to collect and accept the
storm water runoff that would have entered the ACDC as
designed by the Corps of Engineers.

Install irrigation laterals along the South side of the
Channel to serve the SRP custamers from the upper reach where
the Hydraulic Grade Line (HGL) is much higher. See Exhibit I,
shaded areas which demonstrate in profile those portions of
the reach that will not readily serve SRP customers because
the HGL for the combined channel is lower than the existing
SRP operational HGL. This is due to discharging only 700 cfs
out of a channel which has a much greater carrying capacity.

Install new significantly larger radial gate structures at the
approximate locations of the present structures. The addition
of intemmediate gates 1located bhetween the present gate
structures could be used to maintain a customer service HGL
and possibly eliminate the need for new parallel irrigation
laterals identified in Item 3. The disadvantage of this
corrective measure is the introduction of more gate structures
to maintain and increased potential for malfunction during
major storm events.




Install an early storm water warning system. Such a system
could consist of a structure with electronic level control
equipment set to activate via telemetry or radio control the
radial gates to open and begin lowering the channel so as to
provide the necessary channel capacity to accomodate the
pending stormwater volumes. The structures could be located
in the major upstream washes.

As a backup measure, a high water alarm could be placed at
each gate structure in the event there is a malfunction in the
early warning system. We believe SRP already utilizes this
system in the present canal operation system.

Make Major Channel Connections Up and Down Stream at Cudia
City Wash and 19th Avenue. See Exhibits III and IV.
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ALTERNATIVE "A"

DESCRIPTION: ILease underground right-of-way to Maricopa County Flood
Control District (MCFCD) to build ACDC tunnel under the
SRP Arizona Canal right-of-way.

ADVANTAGES

o SRP Customer Service probably not interrupted.
o Minimize right-of-way requirements of ACDC.

o SRP could possibly gain revenue by leasing underground
right-of-way.

o MCFCD could save substantial money by switching to tunnel.

o) [east cost alternative.

DISADVANTAGES

o Continued maintenance of open channel for SRP.

o Possible canal disruption from tunneling ground loss.
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ALTERNATIVE "B"
DESCRIPTION: SRP — Build a pipe conduit in lieu of Arizona Canal.

Then lease underground right-of-way to MCFCD - for
underground tunnel.

ADVANTAGES
o Eliminates maintenance of open channel and gates.
O SRP customer's service not interrupted.

o Possible Additional revenue to SRP from MCFCD for lease of
underground right-of-way.

o MCFCD could save substantially by switch to tunnel.
o SRP could lease surface right-of-way for park, etc.

Safety enhanced.

DISADVANTAGES

o Additional cost to SRP (may pass on to MCFCD).

l o
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ALTERNATIVE "C"

DESCRIPTION: Install SRP pipe conduit in lieu of Arizona Canal. Lease
remaining right-of-way to MCFCD for ACDC canal as
designed:

ADVANTAGES

o Slight ACDC redesign required.

o Safety, operational ease enhanced.

DISADVANTAGES

o ACDC remains open.

o) Maximum cost.




VIII.

CLOSING STATEMENT

The main purpose of this investigation was to determine if the
hypothesis "Can the ACDC be fit to function as an irrigation
canal," is valid or not.

1.

2.

Based on our findings it is our opinion that the ACDC can be
fit to function as an irrigation facility after extensive
adaptation and redesign. It is also important to note that
in the course of the analytical process other alternatives
were encountered which merit further investigation and are
shown in Chapter VII. Such other alternatives may prove to
be more desirable to SRP and to others.

The work performed as reported in this investigation
addresses the theoretical worst case senario of the 100 year
storm event. As a result, the gate structures would need to
be opened completely at the onset of the pending storm.
Further study will be necessary to evaluate the specifics of
partial channel drawdown and the impacts of lesser storm
events such as the 2, 5, 10, 25 and 50 year storms. Also,
further study should be conducted to evaluate the
constructability, costs, operation, maintenance, safety and
environmental impacts of this basic concept described in
this report as well as the other alternatives before a final
decision is made.
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EXHIBITS

JOINT CHANNEL (PLAN & PROFILE)

COMPOSITE IRRIGATION/STORM WATER HYDROGRAPH

III. CONCEPTUAL TRANSITION AT CUDIA CITY WASH (PLAN & PROFILE)

Iv.

CONCEPTUAL TRANSITION AT 19TH AVENUE (PLAN & PROFILE)
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HYDROGRAPH AT STATION 1

***********************************************************************************************************************************
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12 RS STORAGE ROUTING
NSETFS 1 NUMBER 0OF SUBREACHES
ITYF ELEV TYFE OF INITIAL CONDITION
REVRIC 12.31 INITIAL CONDITION
X 0.00 WORKING R AND D COEFFICIENT
14 SA AREA 45.9
15 SE ELEVATION 18.81
14 S0 DISCHARGE 0. 24935.
17 SE ELEVATION 12.81 29.77
* ¥
COMPUTED STORAGE-ELEVATION DATA
STORAGE 0.00
ELEVATION 12.61
COMPUTED STORAGE-QUTFLOW-ELEVATION DATA
STORAGE Z87.86 1141.16
OUTFLOW 0.00 Z4934.94
ELEVATION 18.281 29.77

FRE KR AR E R R AR R R RRERR R NE LR RN R R R R R T HE R R R R R HRE AR ERE R RN RN RN R RE R LR RRE XX HERHEERERRERRE KA FEXRRRHRRXRERRR R XN XN

HYDROGRAFH AT STATION 2

R R R R R R R R R R R R R R T R R R R I S R R e SR AL R R R R R RS R R RS R R R R b
* *

DA MON HRMN ORD OQUTFLOW STORAGE STAGE * DA MON HRMN ORD OQUTFLOW ESTORAGE STAGE % DA MON HRMN ORD OQUTFLOW STORAGE STAGE
* *
1 0000 1 0. 287.9 1.8 ¥ 1 0415 13 4730. 451.4 z20.9 * 1 0830 35 3. 233.0 1.8
1 0018 z 427. 20z.5 19.0 * 1 0430 19 3927 . 4zz.2 20.5 * 1 0845 36 £y 287.9 18.8
1 0020 3 1z08. 3z9.2 19.3 + 1 0445 20 3221. —398.1 20.2 ¥ 1 0200 27 1. z287.9 1g.8
1 0045 4 2456 371.9 19.9 * 1 0500 Z1 ZZE0. 365.9 19.8 ¥ 1 0915 38 0. z287.9 18.8
1 0100 5 418 430.1 Z0.&6 1 051% 22 1319. 332.0 19.4 ¢ 1 0730 39 0. z237.9 1e.8
1 01186 ) LZE 50Z.8 21.6 % 1 08530 23 T84, 314.8 19.2 # 1 0945 40 0. Z87.9 12.8
1 0120 7 4 57T&6.9 Zz.5 % 1 0545 Z4 437 . 304.5 19.0 ¢ 1 1000 41 0. 287.9 18.8
1 0145 g 10385, 642.2 23.4 % 1 0600 Z5 314. 298.6 16.9 ¥ 1 1016 4z 0. 287.9 1.8
1 0z200 9 11793, 691.4 Z4.0 * 1 0615  Z6 2lz. 295.1 18.9 * 1 1020 43 0 287.9 18.8




1 10 1Z530. ICIIE S | Q&Z0 14 9 18.9 * 1 1045 44 0. 18.3
1 11 1Z874, 3+ 1 0448 106. =} 12.2 * 1 1100 485 0. 18.8
1 12 120473, 1 % 1 Q700 745 4 18.2 % 1 1115 44 Q. 18.8
1 13 11083, 7 % 1 0715 a & 18.2 » 1 1130 47 0. 18.8
1 14 789 1+ 1 0720 32 9 12.8 * 1 1145 42 0. 13.8
1 ] 15 2284, 5 % 1 12 . o 12.2 * 1 1200 49 0. 1g.8
1 0245 14 TOZ5. 9 % 1 10 z 12.¢ * 1 1215 50 0. 13.8
1 0400 17 5206 * 1 G4 5. 3.0 12.2 %
* *

***********************************************************************************************************************************

PEAE FLOW TIME MAXIMUM AVERAGE FLOW
(CF3) (HR) &-HR Z4-HR
12671. £.50 (CF3S) 5890. 2901 3
(INCHES) z.780 2.795 T8
(AC-FT) z9z1. 2937 93
PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) &-HR Z4-HR TZ-HR
T18&. z2.50 489, 2ar. 387.
FPEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) &-HR Z4-HR 7Z-HR
24.34 z2.50 Z1.40 Z0.0% 20.03
CUMULATIVE AREA = 19.70 8Q MI




STATION Z
(I) INFLOW, (1) QUTFLOW
0. Z000. 4000. &000. 2000. 10000. 12000. 14000. 6 B8 0. 0 0. 0.
(5) STORAGE
0. 0. 0. 0. 0. 0. Z00. 400 £00. €00. (o 3 0. 0
DAHRMN FER
10000 R e il R R L L emmmmmmmmm mmmmmmm o mmmm—m o .
10015 Z 0 I i 5 2 o
100320 3 u} . I = 3 .
10045 4. a I S. e
10100 B 0 5 1 S ~ . .
10115 &, <0 " A S 5 -
101320 T A 0 L. . S 5 B
10145 8. ul . I S “ o
10200 9 Q. S S " . .
102158 10 ‘ " 0 I o S . .
10230 11. & « . s R . s I o0a & & m s 5 . S & oo 5 oo o 5 . .
10245 $Z I u] S - .
10200 13. R I u] ’ 2 . -
103158 14. I B u 8 . "
10330  15. : 0 . S 5 .
10245 14, " I a 5 S " . .
10400 17. 0. . g . . .
10415 1&. " 1 a] . . S . #
10420 12. I S ” v
10445 Z0. I (] “ S . .
10500 Z1.1. e -l 5 & & & e e S we @ o S o e e W ob G i % & @ & W w = a s s =
10515 I u] . S N ) .
105320 . I 0 i S . . -
10545 24 .10 . S = . .
10400 25.1I0 . s S v .
106185 Z&10 ¥ 8 & “ 3
10630 2710 . . S . . :
104645 Ze810 . S . B 5 .
10700 291 S . . " . .
10715 . S . .
10745 i 5 L2 .
10200 . S 5 . 5 .
10815 . . S . = .
102320 381 . S . . . .
10845 3241 . 8 i . )
10900 ST1 . S . .
10915 381 : . S . . .
10930 391 S . . .
10945 401 . G S . . . . .
11000 411 . . . . . . " o ot . 2 IS @ o w e ¢ . al el [ S e ol el e
11015 421 . . S H . B
11020 431 : . S . . . : .
11045 441 . . S . . . e
11100 4581 o =92 . . . -
11115 441 S . .
11130 471 S “ ® . .
11145 481 . . S = . 2 . :
11200 491 S % - .
11215 BOI—---mmmmm  mm e e e e e m e e e e e o mmmmmmm ———m—— - = =G -- e — R R B ettt .




RUNOFF SUMMARY
FLOW IN CUEIC FEET FER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

FEAK TIME OF AVERAGE FLOW FOR MAXIMUM FERIOD EASIN MAXIMUM TIME OF
OFERATION STATION FLOW PEAK A&-HOUR Z4-HOUR 7TZ2-HOUR AREA STAGE MAX STAGE
HYDROGRAFH AT 1 13400. .00 §5910. 2901. 2901. 12.70
ROUTED TO 2 12571. 2.50 5390. 2901. Z201. 19.70 24.34 2.50

*¥¥ NORMAL END OF HEC-1 *¥x



EUMMARY TAELE 1

ALT STORM ID DA RAIN AMC DELTA-T TZERD PRECIP PRECIP PEAK-T PEAK- PEAK - RUNOFF CEM
50-MI. TELE HRS ., HRS . IN. DURATTION CFS TIME ELEV IN.
1 1 1 192.70 1 < 0.08 0.00 4,81 1.00 13400, &4 2.0Z 0.00 Z.96 90,39




(ECUTIVE CONTROL
{HECUTIVE CONTROL CARD
STARTING TIME=
ALTERNATE NO.

CARD 170

15

OFERATTON
OPERATION
RAIN DEPTH=
STORM NO. =

MATN
FROM
RAIN DURATION=

INCREM,
caMpuT,
4.81
1

A
no

8]

0.00

1

TIME INCREMENT=
ECTN/STRUCT

{10
o=

FA

w

0.06
i/ 0
RAIN

TO
TABLE NO.=

HEECTN/STRUCT
i

3/ Q

1.00 SOIL CONDIVIONS=

JEROUTINE RUNOFF CRNOSS SECTION 1
AREA= 19.70 INFUT RUNODFF CURVE= 2Z.& TIME OF CONCENTRATION= Z.91

FEAK T

IMES

0z

FEAK DIZCHARGES
13400, ¢ :

e
Lo

TZERD

DISCHG

50 DISCHG 10
00 DISCHG 28
« 50 DISCHG

o

[

R | I N NP I VU A ANl i e

DISCHG
DISCHG
DISCHG
DISCHG
DISCHG

SO 00 00~~~ O
o

0,04

D.0A

TOTAL WATER, IN INCHES ON DRAINAGE AREA= YED5

ENDCMP

FEAE

ELEVATIONS
(RUNDFF)

AREA

“a

11049
7776

10792
T433.
4817.
3215.
2149,
1427.

NN I S O RS I A

o AN I R A S ]
Lol I IS BT b

941.5
&3 4282
4 420, ¢
2 230.2
2 1
1 1

1 S e O o

S oMM N RN O
[N A Nele]

— s O3 P00 o

0.

L T A S R




----- T.R. 0 --====---= INPUT LISTING -----

JOB TR-Z0 FULLFRINT SUMMARY 10
TATIE - 001 AREA'S ONE AND TWO IHR. 100YR. SYORM FOR SRFE/ACDC FROJ., 20
RATNEFL 1 O.0zZ7a 50
0.0000 0.2 O.53761 0O.3854 £ 40

0. 0. 8068 ), 50

0 O.a377

0 0. 759

Qg 0.21

O.27
L

&0
70

20

OO 0D D0 D0 0D D0 LW

0.90182

ol (DR “ 20
o ) Ouwidn O.9%10 100

(.2

& AR 1.0000 1.0000 110
Y ENDTEL 120
& RUNOFF 1 001 1 19,700 S LEBYA 100 1 4 1 1 150

ENDATA 160
7 INCREM & 0.0800 170

-~

COMPUTY 7 001 03 O.0000 4.5100 1.0000 ol E0d 120

ENDCHMF 1 190
ENDJOE 2 F00



SUMMARY TAELE =

DISCHARGE,CFS
01 nz na 04 (nls] Q& [nlrg (nR=} o o1

ASEC/STRUC NO. 1

ALTERNATE 1 1340066 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q

ENDJOE CARD ENCOUNTERED. END OF JOE.




APPENDIX "B"

LIST OF REFERENCES

(o) Corps of Engineers Design Memorandum No. 12.

o SRP Field Books — Arizona Canal Asbuilts.

o HNTB Field Surveys to Correlate NGS BM Datum and SRP BM Datum.
o Open Channel Hydraulics by Chow, McGraw-Hill.

o U.S. Army Corps of Engineers, HEC I Hydraulic Program.

Design of Small Canal Structures, U.S. Department of the Interior,
Bureau of Reclamation, 1983.

o Handbook of Hydraulics, King & Brater, McGraw Hill.
o "Hydraulics"; Daugherty, R.L. — Wiley & Sons.

o Soils Conservation Service (SCS) TR-20 Hydrology Program.
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