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Design Flood

The design 100-year flood for Centennial Wash Siphon has a peak dis-
charge of 7,345 ft3/s, occurring on the 13th hour from the beginning
of the design storm.- The routed outflow from Tiger Detention Basin,
1,140 ft3/s, js-additional to that flow and enters Centennial Wash
immedfate]y above the siphon crossing. The design flood is the
combination of the routed 100-year outflow from Narrows Dam and the
runoff from the intervening drainage between Narrows Dam and the siphon

crossing.

Prior Study

A prior study, prepared by the E&R Center in 1966, recommended~a 100-year
design value of 19,000 ft3/s. This study was for 258 square miles of
drainage area below Narrows Dam. The major portion of the study area, |
166 square miles, will be controlled by Tiger Detention Basin. It was
assumed that storage behind Narrows Dam and upper basin storage
developments of the Bureau of Land Management would control flood events

including a 100-year flood.

The upstream storage development, constructed in 1956, consists of
seven major dikes plus several smaller spreader dikes. Dike No. 7,
the upstream structure, was constructed to 3410 acre feet capacity
and was designed to contain a 50-year flood. The other six dikes had

lesser capacities.




Failure of Upstream Dams

In July 1975, the entire upper basin storage system fai]ed during a
local thunderstorm and the resulting runoff filled the reservoir
behind Narrows Dam, some 31 miles downstream, causing the spillway to

discharge.

The reservoir behind Dike No. 7 was about half full at the time of
failure, and the sudden release of water destroyed the six downstream
dikes. Precipitation estimates for the storm are 1.78 inches at

Aguilla gage, 6.00 inches at Wenden, .and 3.00 inches at Urea Farm.

Failure of Dike No. 7 occurred at several locations, and subsidence is
jndicated as the major contributing cause. The area has experienced

68 feet of water table decline since the project construction.

Future effects of the upstream storage system are not incorporated

in this study, since failure remains potential. The system is scheduled
for repair and reconstruction but future water table decline and
resultant subsidence are probable due to accelerated agricultural

development.

Drainage Area

Total drainage above the siphon crossing is 835 square miles, exclusive
of the drainage above Tiger Detention Basin. The drainage is divided
by Narrows Dam into upper and lower basins. Ravines in the mountainous
boundaries of the basins become a network of braided channels in

the higher alluvial fans. The channels progressively diminish in the

alluvial fans, indicating sheet runoff for significant flood events.




The watershed above Narrows Dam, containing about 745 square miles,
heads in the Date Creek Mountains in the northeast and the Vulture
Mountains in the southeast. The basin is bounded to the north, south,
and‘west by the Harcuvar Mountains, Harquahala Mountains, and Granite
Wash Mountains, respectively. The mean effective slope of the stream
channel is 19 feet per mile. Centroid of the drainage is about 30 miles

above Narrows Dam.

The basin below Narrows Dam contains about 90 square miles exclusive

of the drainage above Tiger Detention Basin. The basin heads in the
Harquahala Mountains to the north and in the Little Harquahala

Mountains to the northwest and is bounded to the east by Tiger Detention
Basin and the south by the proposed siphon crossing. Mean effective
slope of the stream channel 1is 26 feet per mile. The centroid of the

area is about eight miles above the siphon crossing.

Runoff curve numbers were assigned according to the surface geology

by visual inspection of the drainage areas. These are summarized

as follows:




Percent of Area-

Upper Lower Runoff
Material Basin Basin Curve No.
Qs, sand, silt and gravel 36.0 '38.0 50
Cropland 6.0 4.0 35
QTs, sand, silt, gravel, and 34.0 31.0 65
Conglomerate
Gn, Granite Gneiss 13.0 9.0 95
Mgr E- Granite and related intru- 4.5 3.5 85
Lgr sive crystalline rocks
gr, Granite and related crystalline 2.5 - 88
rocks
Ms, Shale, sandstone, conglomerate, and 0.5 - 90
limestone, locally metamorphosed
PMu, Shale, limestone, quartzite and - 11.0 95
sandstone
Sch, Schist 1.0 3.0 85
KTv, Kofa Volcanics 1.5 - 88
Ka, Andesite 0.5 (118 98
Qb, Basalt 0.5 - 90
Weighted Runoff Curve Number 64 66







gn
gr
Ka
Kr
Ki

Ktv
Mgr
Ms

Ps
Qs
QTs
Qb
Sch

Explanation

Granite gneiss
Granite and related crystalline rocks
Andesite |
Rhyolite
Dikes and plugs
Rhyolitic to andesitic in composition
Kofa volcanics
Granite and related crystalline intrusive rocks
Shale, sandstone, conglomerate, and limestone,
1oca1}y metamorphosed
Limestone, shale, sandstone, and quartzite
Sand, silt, and gravel
Sand, silt, gravel, and conglomerate
Basalt

Schist




Lag Time

Lag time was estimated to be 11.5 hours for the area above Narrows Dam

and 4.1 hours for the area below Narrows Dam using the relationship:

0.38
Lg = 24 n (LXLEa)
X

Upper Lower

Basin Basin
n, Channel friction, Manning 0.05 0.05
L, Channel length to headwaters, miles 55 16
Lca, Channel length to centroid, miles = - 30 8
S, Channel slope, ft/mile i 19 26
Lg, Lag time, hours 11.5 4.1

Unit Hydrograph

A one-hour unit hydrograph was prepared for each drainage using the,
Paradise Valley dimensionless graph (Table 1.). The unit hydrograph

values for the upper and lower basins are presented in Tables 2 and 3a

Design Storm

A general type 6-hour storm was used for each drainage. 100-year point
precipitation, obtained from Precipitation Charts for Arizona, Weather
Bureau, 1967, was found to be 3.36 inches at Narrows Dam and 3.35 inches
at siphon crossing, the low points of the upper and Tower basins. An
orographic quﬁgg§§w9fﬁgng:jnph‘per 1000 feet was applied resulting in

weighféd values of 3.42 and 3.39 inches. The point precipitation was

reduced to area precipitation and distributed in hourly increments

as fo]]ows:-




Upper Lower
Basin Basin
Point Precipitation, inches 3.42 3.39
Drainage Area, sq. mi. 745 30
Area Reduction Factor 0.67 0.90
Area Precipitation, inches 2.29 3.05
Hourly Distribution, Hr. %
1 11 0.25 0.34
2 s &5 0.57 0.76
3 40 0.92 1.22
4 70 1.60 2.14
5 88 2.02 2.68
. ' 6 100 2.29 3.05
Runoff Computation
- _ _ (P-0.285)"
Excess precipitation was calculated from the relationship: Q = P+0.85

where
Q is total runoff in inches
P is total precipitation in inches
S is potential infiltration calculated as
(1000 < Runoff Curve No.)- 10. S was found to be 5.62 inches and 5.15

inches for the upper and lower basins. Incremental runoff was calculated

each basin as follows:




Ee Upper Basin Lower Basin
p Q q P Q q
1 0.25 0.00 0.00 0.34 0.00 0.00
2 0.57 0.00 0.00 0.76 0.00 0.00
3 0.92 0.00 0.00 1.22 0.01 0.01
4 1.60 ° 0.04 0.04 2.14 0.20 0.19
5 2,02 0.12 0.08 2.68 0.40 0.20
6 2.29 0.20 0.08 3.05 0.57 0.17

Incremental precipitation excess, q, was applied to the unit hydrographs
for the respective basins to obtain storm runoff. Results are presented
in Tables 4 and 5. Peak values found were 6,376 ft3/s on the 11th

. hour for the upper basin and 5,074 ft3/s on the 7th hour for the lower

basin.

Flood Routing

The 100-year flood for the upper basin was routed through Narrows Dam y
using the Puls method. Routing began with the reservoir filled to
spillway level. An outflow table was developed from the combined dis-
charges for the drop inlet, orifice, main spillway and emergency spill-
way using one-half foot increments. A new area curve for the reservoir
was drawn, reflecting reservoir sedimentation equivalent to approximately
one-half the original capacity. Available capacity was calculated from
the new area curve and the results incorporated into the storage-outflow
values for the routing study as shown in Table 6. The flood routing is

presented in Table 7. Combined discharge of Narrows Dam and runoff of

the Tower basin are presented in Table 8.
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Fne / f 7[r'am /4 Coper Con 716’”/)/&/ Aa.sm

/00 - year /oo

TIME UNIT HYDROGRAPH PRECIPITATION EXCESS DISCHARGE
HOUR CFS/INCH o INCHES CFS
1.00 1348,00 0.000 0.00
2.00 5729.00 0.000 0.00
3.00 11795.00 0.000 _ 0.00
4,00 19546.00 . 040 53.92
5.00 26286.,00 _ , 080 : 337,00
6.00 31173.00 . 080 . 1037.96
7.00 326R9,00 0.000Q 2183,76
8.00 31678.00 0.000 3558.72
9,00 23982.00 0.000 4913,48
10.00 26960.00 0.000 54504 ,28
11.00 24770.00 . 0,000 6376,08
12.00 ° 22746.00 0.000 6308,64
13.00 21063,00 0.00Q 5931.20
14.00 19378.00 0.000 5466,16
15,00 17693.00 0.000 5048,32
16.00 16513,00 0.000 4643,96
17.00 15165,00 0.00Q 4280,00
18,00 13986.00 0.000 3943.00
19.00 12975.00___ 0.000Q 3626,20
20.00 11795.00 0.000 ] 3343,08
2100 10784,00____ 0.000 .3093,68.
22.00 9942,00 0.000 , 2651.08
23.00 8931.00 0.000 2628,68
24,00 7920.00 0,000 2412.96
25.00 7246,00 0.000Q 2204,00
26400 6572.,00 0.000 : 2015.32
27.00 5868,00_ 0,000 1826,64
28.00 5392.00 0.000 1637,92
29.00 4718.00. 0.000 1476416
30.00 4213,00 0.000 1341.36
31.00 3376.00__ Q0.000 1213.28
32.00 3370.00 0.000 1091.92
33.00______3033.00 0,000 - 977,32
34,00 2696,00 0.000 869,52
35.00 2191.00 0,000 781,92
36.00 1854 ,00 0.000 701.00
37.00 1517.00 04000 620,086
/ 38,00 1180.00 0.000 545.96
39.00 543,00 0.000 _465.12
40.00 674,00 0.000 384,28
41.00 337,00 0.000 316,88
42.00 169,60 . 0.000 249,48
43,00 169.00 0.000 188,80

44,00 0.00 0.000 134,84



11 JUN 76 PAGE,
Table ¥ (cont) i e L i £
TIME UNIT HYDROGRAPH  PRECIPITATION EXCESS DISCHARGE
HOUR  CFS/INCH . 'INCHES . ___ CFS
46,00 0.00 0.000 47.24
47.00 0.00 0.000 27.04
48,00 0.00 0.000 13.52 _
49,00 0.00 0.000 0.00
50.00 0.00 0.000 0.00
51.00 0.00 0.000 0.00
52.00 0.00 0.000 0.00
53.00 0.00 0,000 0.00
54.00 _0.00 — 0.000 0.00
55,00 0.00 0.000 0.00
56.00 0.00 0.000 ~0.00
57.00 0.900 0.000 0.00
58,00 0.00 0.000 0.00
59.00 0.00 0.000 0.00
6£0.00 0.00_ 0.000 0.00 _
61.00 0.00 0.000 0.00
62.00 0.00 0.000 0,00
63.00 0.00 0.000 0.00
66,00 0.00 0.000 0.00
65.00 0.00 0,000 0.00
66,00 0.00 0.000 0,00
67.00 0.00 0.000 0.00
68,00 0.00 0.000 0,00 _
69,00 0.00 0.000 0.00
70.00 0.00 0.0060 0.00
71.00 0.00 0.000 0.00
72.00 0.00 0.000 0.00
73.00 0.00 0.000 0.00
74.00 0.00__ 0.000 0.00 __
75.60 0.00 0.000 0.00
76.00 0.00 0.000 0.00
77.00 0.00 0.000 0.00
78.00 0.00 0,000 0.00
79.00 0.00 0.000 0.00
80.00 0.00 0.000 0.00
81.00 0.00 0.000 0.00
£2.00 0.00 0.000 0.00
83.00 0.00 0.000 0.00
84,00 . 0.00 0.000 0.00 __
85.00 0.00 0.000 0.00
86.00 _ 0.00 . __ 0.000 0.00 .
87.00 0.00 0.000 0.00
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5. _ .
T Buno fif S Lower Condennie/ Basia T

,.“,/Oa-tyfdﬁjﬁéoaﬂ o

TIME UNIT HYDROGRAPH PRECIPITATION EXCESS DISCHARGE
HOUR __ CFS/INCH e ___INCHES __CFS
1,00 2946,00 0.000 0,00
2.00 8628,00 0.000 0.00
3.00 10049.00 _ .008 23.57
4,00 8049,00 .188 622.87
5.00 6524.,00 L2064 2303.43
6.00 $314.00 .169 4211,58
7.00 4261.00 0.000 5073.53
6.00 3420,00 0.000 4609.30
9,00 2631.00 0.000 3724.30
10.00 2052.00 0.000 3015.05
11,00 1526.,00 . 0,000 2431.32
12.00° 1157.00 . 0,000 1928.84
13.00 842,00 0.000 1512.69
14.00 526,00 0.000 1159.40
15.00 263,00 0,000 : 882,35
16.00 1.05.00 0.000 656,43
17,00 0,00 0,000 468,29
18.00 0.00 0.000 295.88
15.00 0.00 0,000 162.28
20.00 0.00 _ 0,000 65.87
21.00 0.00 : 0,000 17.75 _
22.00 0.00 0,000 0.00
23,00 0.00 0,000 : 0,00 __
24,00 0.00 0.000 0.00
25.00 0.00 0.000 0.00
26.00 0.00 0,000 , 0.00
27.00. . 0,00 0,000 0.00 __ __
28.00 0.00 0.000 0.00
29.00____ . 0,00 14 0,000 _0.00 __
30,00 0.00 0,000 0.00
31.00 Q.00 0.000Q 0.00
TOTAL 58293,00 .569 33168.73
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ELEVATION AREA CAPACITY STOGRAGE HEAD OUTFLOW S - 0/2 S + 0/2

(FEET) (ACRES) (ACRE-FEET) (CFS-HRS) (FEET) (CFS) s ~an
246,00 160. 875, 10588, 0.0 586, 10265, 10881.
246,50 172, 958, 11592, 0.0 837, 11173, 12010,
247,00 184, 1047 12669, 0.0 1284, 12027. 13311,
247,50 195. 1141, 13800, 0.0 1979, 12817. 14796,
243.00 209. 1242, 15028. 0.0 2876. 13590, 16466,
2463450 2¢5. _13%)e 16367, __ 0.0 3927, 143864, 18311.
249.00 240. 1467, 17751. 0.0 5108, 15197, 20305,
246,50 257. 1591, 19251.__ 0.0 6408, 16067, 22455,
250,00 273, 1724, 20860, 0.0 7816, 16952, 24768,
250.50 291 1865, 22567, 0.0 9323. 17505, 27278,
251.00 309. 2015, 24382, 0.0 10924, 18920, 29844,
251.50 331, 2175, 26318, 0.0 12611, 200)2. 32623,
252.00 360. 2348, 28411, 0.0 14382, 21220, 35602
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TIME INF.LOW S - 0/2 S + 0/2 STCRAGE STORAGE OUTFLOW WeS. ELEVATION .
(HRS) (CFS=HRS) 3 ___(CFS=HRS) (AF) (CFS) (FT) ~

g e e e m e e m e — e e e e e e mm—— e e — e e e e e ——————————————————————— cemm e ————————— —eecccece——- /75

33
0 10295, 10881, 10588, 875. 80, 246,00 86
1038,
1 10646, 11333. 10989, 908, 686, 246,40
2184, . * -
2 11711, 12830. 12271. 1014, 1119. 247.13
3559, e . ; o e . - e
3 13036. 15270. 14153, 1170. 2234, 247,78
4913, . . =) -~ .
4 14228. 17949, 16089, 1330. 3721 248,80
5904, i .
5 15126. 20132, 17629, 1457. S006. 249,41
6376. ~ e R el e P
6 15670, 21502. 18586, 1536. 5832. 245.56
6309, e . o . A e
7 15859, 21979, 18919, 1564, 6120, 249,78
5931, =
8 15784, 21790, 18787, 1553. 6006, 249,69
5466, e o S T W Y o - RN,
9 15571, 21250, 18410, 1522. 5680. 249,44
5048, S ol . . O o Ee
10 15321, 20619, 17970, 1485, 5298, 249.15
4644, i :
11 15058. 19965, 17511. 1447 4907, 249,33
4280, e, e oI — g _ :
12 14803, 19338, "17070. 1411, 4536, 249.02
3943, e T oy . ool
13 14561, 18746, 16653, 1376. 4185, 248,72 !
3626 . ——— -
14 14330, 18187, 16259, 1344, 3857. 248,93
; 3343. e , e o WL “ -t
15 14110, 17673, 15891, 1313. 3564, 248,65
3094, H . B L —r | Wyl

16 13907. 17204, 15555, 1286. 3296, 248,40
2651 .

17 13716, 16758, 15237, 1259. 3042, 248,16
2629. . o . [ i » L

18 13534, 16345, 14939, 1235. 2811. 248,43
2413, LI el ol e ey

19 13350. 15947, 14648, 1211. 2597. 248,19
2204 nl

20 13168. 15554, 14361, 1187. 2386, 247,95
2015 EL = e -

21 12996, 15183, 14089, 1164, 2187 247.73
1627 = e . . AT

22 ’ 12829. 14823, 13826, 1143, 1594, 247,52
1638,

23 12642, 14467, 13555, 1120. 1825. 247,78
1476, o
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-CENTENNIAL WASH SIPHON CROSSING
BACKWATER STUDY

MAY 1976

Charlie A. Maish
Louis Y. Ehrlich



Backwater Profiles

Water surface elevations for the 100-year flood were computed for
seven cross sections of Centennial Wash at intervals of 500 feet
beginning wifh statidn 0+00 being located at station 3544 of Inter-
state Highway 10. Cross sections were obtained from 1:2400 scale
topography and a channel friction (Manning) of 0.045 was used

throughout.

The beginning water surface elevation for the 100-year flood at
station 0+00 is estimated to be 1387.05 feet. Highway I-10 which
crosses Centennial Wash at about 50° right skew from the direction
of flow provides the control for the beginning water surface. In
addition, outflow from Tiger Detention Basin, 1140 ft3/s, will enter

Centennial Wash about station 17+30.

Trial backwater computations were made, accounting for known inflows
and outflows. From the trial computations, the beginning water
surface elevation for station 0+00 and the following flow apportion-
ments were established:

Station Increment, ft3/s Q, ft3/s

100-year Flood above I-10 station 3460 7,345

22 each CMPA ' -616




Ve

Station

30+00

25+00

20+00

15+00

10+00

5+00

0+00

Increment, ft3/s

I-10 station 3515+60
2 each CMPA
I-10 station 3522+00

.3 each CMPA

I-10 station 3528+40
2 each CMPA

Outflow of Tiger Detention Basin
I-10 station 3534+80
3 each CMPA

I1-10 station 3541+20
2 each CMPA

I-10 station 3547+60
1 each CMPA

I-10 station 3544

1 each CMPA

10 each Triple Box Culverts

Discharge below I-10 station 3605

q, fti/s

6,729
-56
6,673
-84
6,589
1,140
-56
1,673
-84
4589
-56
75533
-28
7,505
-28
7,477
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'__CFNTENNTIC*WlSH'BKCKWBTEW—ZZ—SIPHUN“CPOSSTNG—KT—CENTENNIAL WASH™
PEACH 4 =~ CENTRAL ARIZONA PRQJECT =-- MAY 1976 . 3 '

STATION 0 + 0 ENGLISH SYSTEM 'ASSUMED ELEV. 0.00 THALWEG ELEV. 1382.2 THALWEG SLOPE 0.0000

THIS IS A CONTROL SECTION -COMPUTATION LINE NOT REQD

LENGTH OF CONVEYANCE HYDRAULIC ROUGHNESS CONVEYANCE
— CENTROID AREAS TOP™WIDTHS RADTT COEFFITIENTS FACTORS VECOCTITIES DISCHARGES
0 10287 335K8 : 350 =2 04500 701272 P ) 7505
—SUM-OR AVG — _ — I0nz2a7 3468 : 701272 o713 7505
THTS SECTTOR HAS T ROUGHNESS SEGHMENT OR bthtNlT.' [ SEGMENT OR SEGMENTS USED FOR THIS DISCHARGE
THIS SECTION IS AN INITIAL CONTPOL -+FLOW IS SUB-CRITICAL - COMPUTED SLOPE = 200011 WeSe ELEV,= 1387.05
STATION 0 NUMBER OF "ROUGHNESS ECEVATION OF LLEVWTIUN“UF——;——_——TNCREMENTAL
' SEGMENTS IN SECTION SEDIMENT DELTA . OBSERVED PROFILE DISCHARGE
1 0,0 i 0.0 ' 0.
NUMBER OF COORDINATE PAIRS = 13 '

—OPTION-PARAME TERSOF—ZEROTINDTCATE A—REDUNDANCY

—RIGHT-MOST———ROUGHNESS— REACH LENGTH
COORDINATE COEFFCIENT OF CENTROID
6760, -e045 0.

X COORDINATES 2790.0 2840.0 2885.0 2%05.0 300040 345040 3800.0 4000.0 4600.0 4750.0
—Y-CCORDINATES——1386,0——"1388:0—1386.0 138430 1382:2 1382¢2 138235 1382:9—1383+7 1384350

—X—COORDINATES——580070——628050 676050
Y COORDINATES 1386.,0 1387.0 1388,0




—CENTENNTAU WASH BACKWATER == SIPHON CTROSSING AT CENTENNIAL WASH

REACH 4 - CENTRAL ARIZONA PROJECT -~ MAY 1976

STATION S ¢« 0 ENGLISH SYSTEM " - ASSUMED ELEV. 0.00 THALWEG ELEV., 1383,3 THALWEG SLOPE 20022
- COMPUTATION LINE HF]1 = .06 HV1 = ' .01 AVG OVERBANK REACHES - (NO OVERBANK SEGMENTS ARE INDICATED)
LENGTH OF CONVEYANCE - HYDRAUL!C ROUGHNESS CONVEYANCE
—CENTROID AREAS TOP—WIDTHS RADTI COEFFICIENTS FACTORS VELOCITIES—DISCHARGES
500 RSS2 3422 v 25 =, 04500520218 + 88 1533
—SUM-OR-AVG R552" “—3422— 520218 .88 7933
-——¥HTS-SEC¥1ON—HAS—_T—ROUGHNESS‘SFGMENT*OR—SEGMEN157'“T“SEGMENT—OR*SEGMENYS*USED’FOR*THiS'ﬁISCHARGE
COMPUTATION LINE HFZ2= «10 HVZ2= .01 SF=  ,00016 TOTAL HEAD= «08 CRIT., FLOW= 76689 W.,S. ELEV.= 1387.13
STATIUN DUU, NOUMBER OF RUUGHNEDSS tCEVATIUN UFr tECEVATIUN UF INCQENENTN. '
SEGMENTS IN SECTION SEDIMENT DELTA OBSERVED PROFILE DISCHARGE
1 : 0.0 0,0 . 28,
NUMBER OF COORDINATE PAIRS = 14
‘—_UVTTUN—PAWETERS‘UF’?EPO‘TNUI;ETETREUUNUANCY
RIGHT MOST ————ROUGHNESS  ~ REACH LENGTH
COORDINATE . COEFFCIENT OF CENTROID
6350. -.065 500.
X COORDINATES 2415,0 2460.0 2505.0 2525.0 2535.0 2750.0 3800.,0 4200.0 4400.,0 4850,0
Y COORDINATES— —1388,0 1388.2 1388.0 138620 138450 1383,8 1383.3 13843570 138373138573
X COOUORDTNATES 5200.0 5300.0 S400,0 6350.0

Y COORDINATES 1386.0 1386.1 1386.0 1388.0




- s ams s et s, ey T T T Cumy
)

CENTENNTAU WASH BACKWATER == SIPHON CTROSSING AT CENTENNTAL WASH

REACH &4 = CENTRAL ARIZONA PROJECT == MAY 1976

STATION 10 s« 0 ENGLISH SYSTEMW ASSUMED ELEV. 0.00  THALWEG ELEVe 1384.1 THALWEG SLOPE 0016
COMPUTATION LINE  HF1 = W1 MVl = .01 AVG OVERBANK REACHES = (NO OVERBANK SEGMENTS ARE INDICATED)
LENGTH OF CONVEYANCE HYDRAULIC ROUGHNESS CONVEYANCE
—CENTROTO————AREAS————TOP—W[DTHS——RADTT—COEFFTCIENTS FACTORS VELOCITIES—DISCHARGES
500 —6964- 3474 270 2504500 165737 1509 7561
—SUM—OR-AVG— 6964 —3476 365737 1509 ' 7561
——FHI5—SECTHON-HAS—I—ROUGHNE S5~ SEGMENT— 0R—SEGMENTST—1—SEGMENT—OR—SEGMENTS ‘USEN—FOR-THIS—DISCHARGE
COMPUTATION LINE HF2= .21 HV2= .02 SF= .00032 TOTAL HEAD= .16 CRIT. FLOW= 55934 W.S. ELEV.= 1387.29
STATITUN 1000, NUFMBER OF ROUOUGRHNESS ECEVATIUN OF ECFVATION OF . INCREMENTAL
‘ SEGMENTS IN SECTION  SEDIMENT DELTA  OBSERVED PROFILE  DISCHARGE
1 Ty 0.0 0.0 56,
NUMBER OF COORDINATF PAIRS = . 22

UPTTON PARAMETERS OF ZERO™ TNDICATE A REDUNDANCY

| ——RIGHT MOST——ROUGHNFSS——REACH LENGTH

COORDINATE COEFFCIENT OF CENTROID
6540, -045 500

X COORDINATES 2020,0 2055.0 2120.0 2170.0 = 2230.0 2530.0 3100.0 3550.0 3850.0 4150.0

~— Y COORDINATFS 1350.0 1390.0 138850 1387.0 1388.0 138551 138451 13848 138%.% 1384,7
T X COUPDIRATES — 4950.0 5040.0 S5T20.0 5160,.0 5220.0 5260.0 5290.0 535050 S600.0 $5900.0
Y COORDINATES 13R6.0 1386.2 138640 1385,7 1385.9 1385.7 1386.0 1386,8 1386.6 1388.0

X COORDINATES 6520,0 6540,0
T Y CUORDINATES 1389.T 139473




| —CENTENNTAL WASR BACKWATER™=="SIPHON "CROSSING AT CENTENNTAL WASH
REACH 4 = CENTRAL ARIZONA PROJECT =~ MAY 1976

STATION 15 ¢+ 0 ENGLISH SYSTEM ASSUMED ELEV. 0,00 THALWEG ELEVe — 13R5.9 THALWEG SLOPE «0036
COMPUTATION LINE HF1 = .22 HVl = «02 AVG OVERBANK REACHES = (NO OVERBANK,SEGMENTS ARE INDICATED)
LENGTH OF CONVEYANCE HYDRAULIC ROUGHNESS CONVEYANCE
-——GEN*Refﬁ—————-—AREﬁS“"————TOP~wlOTHS“—-——‘ﬂﬂDTr—-———COEFFIC!ENTS FACTORS—VELOCITIES—DISCHARGES
500 4094 3304 2 ~:04500‘—“"‘“’"155902 1.85 7589
——-SUN‘OR‘AVG—————~—-'609k-'————""*330# 155982 1.85 7589
—FHS—SECTION-HAS—1—ROUGHNESS-SEGMENT- 0R~SEGMENT3———T~SEGMEN1~0R"SEGNENTS USED--FOR—THIS—DISCHARGE
COMPUTATION LINE HF2= 1.18 Hv2- +05 SF= .00140 TOTAL HEAD= .68 CRIT. FLOW= 25851 WeSe ELEV.= 1387.97
STETION 1500 NUMBEROF ROUGHNESS ECEVATION u; cczvn{iuw OFf INCREMENTAT
SEGMENTS IN SECTION SEDIMENT DELTA OBSERVED PROFILE DISCHARGE,
1 : 0.0 ; 0.0 84,
NUMBER OF COORDINATF PAIRS = 19 ' : ' N

UPTIUN PARAMETERS OF ZERO TNDITATE A REUUNUANLY

T RIGHT MOST—— ROUGHNESS — REACH LENGTH™

COORDINATE COEFFCIENT OF CENTROID
5880 . ’ -,045 : 500
X COORDINATFS 1660,0 1710.0 1720.0 1800.0 2000.0 2100.0 - 2430,0 2730.0 3350.0 3680,0
—Y COORDIMNATFES 139133 1390.0 13881 138850 13882 138850 138733 138650 138539 1386.0
X COOROINATES 3960.0 020,70 04050 06050 760050 500050550050 586030 $8803°0

Y COORDINATES 1386,2 1386,0 1385.9 1386,.0 1387,2 1387,.8 1388,0 1388,4 139444

A
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—CENTENNTAL WASH BACKWATER == SIPHON TROSSING AT CENTENNTAU WASH - . : .
REACH & = CENTRAL ARIZONA PROJECT == MAY 1976 ’ : j
STATION 20 ¢« 0 ENGLISH SYSTEM ASSUMED ELEV. 0.00 THALWEG FLEV. . 13B87.4 THALWEG SLOPE «0030
COMPUTATION LINE HF)] = +«85 HV1 = «04 AVG OVERBANK REACHES = (NO OVERBANK SEGMENTS ARE INOICATED).
LFENGTH OF CONVEYANCE 'HYDﬁAULIC ROUGHNESS CONVEYANCE
CENTROTID RREAS TOP—WIDTHS——RADIT—COEFFITCIENTS —FACTORS VECOCITIES —  DISCHARGES
500~ 3091 32ﬁh 9 =.04500 ) 98544 ——2.08 6421
—SUM-OR-AVG—————"3091" """ "~3260 ~98544 2308 6421
-—-¥HTS—SECftON“ﬁbS’*ﬂ‘ROUGHNESS‘SEGMENT‘OR“SEGMENTST’—T_SEGMENT"OR“SEGMENYS"USEO“FORfTHTS“OiSCHARGE
2 COMPUTATION LINE HF2= 2.12 Hve= 407 SF= ,00297 YOTAL HEAD= 1,47 CRIT, FLOW= 17078 WeSe ELEV,= 1389.44

.

) STATION 2000, NUFMBFER OF ROUGHNESS ECEVATIUN OF TLEVATIONTOF TNCREMENTAT
J SEGMENTS IN SECTION SEDIMENT DELTA 08SERVED PROFILE DISCHARGE
1 ’ 0.0 0.0 - ~1084,

NUMBER OF COORDINATE PAIRS = 24
UPTION PAREKNETERS OF ZERO INDICATE A REDUNDARNTY

—RIGHT MOST — ROUGHNFSS —  REBCH LENGTH

COOPDINATE COEFFCIENT OF CFNTROID
6060. '.OAS 5000
X COORDINATES 1270.0 1320.,0 1420.0 1590.0 2000.0 2270.0 2290.0 2310.,0 2320.0 2600.0
T Y COORDINATES 1393.5 139050 1387.9 1390.0 139174 1390,0 138850 13877% 138850 1389.0
X TCOORUINATES 282050 2960, 0 3070.0 3250.0 3450,.0 3650.0 393050 Z050.0 T 100.0 Z600.0
Y COORDIMATES 13R88.0 1388.3 13R88.0 1387.6 1385,.0 1388.2 1387.9 1388.1 1387.9 1389.2
X COORDINATES 5260,0: 5600.,0 6040,0 6060.0

Y COORDINATES 138973 1390,0 1390,0 1396, 7
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—CENTENNTALWASH BACKWATER™ <=~ SIPHON CROSSING AT CENTENNTAU WASH

REACH 4 = CENTRAL ARIZONA PROJECT == MAY 1976

STATION 25 ¢+ 0 ENGLISH SYSTEM ASSUMED ELEV. 0.00 THALWEG ELEV. - 1389.6 THALWEG SLOPE « 0044

COMPUTATION LINE HF1 = 2.97 HV1 = «09 AVG OVERBANK REACHES = (NO OVERBANK SEGMENTS ARE INDICATED)

LENGTH OF CONVEYANCE HYDRAULIC ROUGHNESS CONVEYANCE -
—eEMTROIO———AREAS———TOP— WIDTHS“-—-——ﬂﬂDrT“—-”—CQEFFitIENYS"“'F&CTORS“‘*‘“VELOCT*!ES‘—“‘DTSCﬁantb

500— 3933 3353 12 =;04500—-———144459 1593 7589

—SUYM-OR—AVG 3933- ¢ 3353 - 144459 1.93 7589
——*HiS-SEC*%ON-HAS—-r—ﬂOUGHNESS—SEGMENT"OR—SEGMENTs——-T—SEOMENT—OQ—SEGMENTs—USED FOR—THIS DISCHARGE

COMPUTATION LINE HF2= 1.38 HVZ- 406 SF= L,00435 TOTAL HEAD= 2.21 CRIT, FLOW= 2#161 WeSe ELEV,= 1391.65
—STETION 25005 " NUMBER OF"ROUGHNESS ECEVATTONTOF ECEVATIONOF INCREMENTAL

SEGMENTS IN SECTION SEDIMENT DELTA OBSERVED PROFILE DISCHARGE
1 0.0 0.0 . 84,
NUMBER OF COORDINATE PAIRS = 20

—_UPTTUN—PIRKMETEWS-UF“ZFRU_TNDTCITE—K'REDUNUANLY

RIGHT MOST————ROUGHNESS— REACH LENGTH

COORDINATE COEFFCIENT OF CENTROID
6510, -.045 500
X COORDINATES 870,.,0 900.0 940,0 1370.0 200040 2270.0 2360.0 2610.0 . 296040 3400.0
Y COORDINATES 1394.9 1394.9 139250 13520 136373 139270 139050 139154 139050 1389.6
X COORDINATES 3560,0 422050 4T730.0 5350.0 5750.0 59500 6050350 620050 649050 651050

Y COORDINATES 1390.0 1390.0 1391.0 1391.0 1391.9 1391.8 1392.0 1392.5 1392.0 1398.7




T CENTENNTAU WASH BACKWATER™ =< 'STPHON CROSSING AT CENTENNTAL WASH

- REACH 4 = CENTRAL ARIZONA PROJECT == MAY 1976
STATION 30 ¢« 0 FENGLISH SYSTEM ASSUMED ELEV., 0,00 THALWEG ELEV. 1392.0  THALWEG SLOPE «0048
COMPUTATION LINE  HF] = 1.37 HV1 = .06 AVG OVEKBANK REACHES = (NO OVERBANK SEGMENTS ARE INDICATED)
LENGTH OF CONVEYANCE HYDRAULIC ROUGHNESS CONVEYANCE
CENTROID AREAS TOP~WIDTHS RADTI —  COEFFICIENTS —  FACTORS —— VECOCITIES DISCHARGES
500 3189 - 3577 <9 TEL045007 797550 2.37 —1561
——SUM—OR-AVG 3189————— =3577 : 97550 2.37 7561
—FHIS—SECTION—MAS—1-ROYGHNE SS—SEGMENT- OR-SEGMENTST 1 SEGMENT—ORSEGMENTS~USEO—FOR-THIS DISCHARGE
. COMPUTATION LINE HF2= 3,00 Hv2= <09 SF=  ,00437 TOTAL HEAD= 2,17 CRIT. FLOW= 17081 W.Se ELEV,.= 1393.82
_ STATTON 3000 NWUMBER™OF ROUGHRNESS . ECEVATION OF ECEVATION OF - TNCREMENTAC
] SEGMENTS IN SECTION SEDIMENT DELTA ORSERVED PROFILE DISCHARGE
1 0.0 0.0 56,
" MUMBER OF COORDINATE PAIRS = 24 ' i
TTTUPTIUN PARAMETERS OF ZERD INDICATE A REDUNDANCY
)
TTRIGHT MOST —ROUGHNESS™ REACH LENGTH
- COOFDINATE ' COEFFCIENT OF CENTROID
6920, -.045 500.
' X COORDINATES 470,0 520.0 600.0 700.0 870.0 1050,0 1380.0 2000.0 2100.0 2390.0
. T Y CUORDINATES 1397.9 139620 1394,5 139470 1359450 139433 T39430 1395.8 139630 139450
~ X COORDIRNATES 2620.0 2460,0  — 308BU.OC 3300.0 4100.0 4160.0 420050 4720.0 ST0050 5450.0
Y COORDINATES 1392.4 1393,5 1392.8 1392.4 1392.4 1392.0 1392.8 1393.2 1393,0 1393,1

X COORDINATES 6100,0 6800.0 6900.0 . 6920.0

~ Y CUOORDIMATES 13940 135950 1395.72 1201.8




CENTENNIAL WASH SIPHON CROSSING
CHANNEL SCOUR STUDY

. July 1976

Charlie A. Maish
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The Granite Reef Aqueduct will cross under Centennial Wash in a

21-foot siphon, 5495.5 feet in overall length.

On the basis of the estimates made in this study, it is recom-
mended that 4.0 feet of vertical scour be considered at the

proposed siphon crossing.

Data
Eleven auger holes were located a]ohg the siphon alignment.

. Field Togs and gradations are included with the supporting data.
Gradations results indicate that the bed material is primarily

composed of sands and fines with varying amounts of gravel.

The material size generally increases with depth.




Auger Hole Depth' MeaﬂmSize Weighted Mean Size
(ft) (mm.) (mm.)
AP-101 0.0-10.0 0.55 0.55
AP-102 0.0- 9.0 0.67 0.67
9.0-16.0 5.36*
AP-103 i 0.0- 6.0 0.78** 0.78
6.0-15.0 4.61*
AP-104 0.0- 7.0 0.45** 0.45
AP-105 0.0- 6.0 0.60** 0.60
6.0-14.0 5.33%
| AP-106 0.0-13.0 0.48 0.48
; AP-107 0.0-17.0 1.88 1.88
‘ ' AP-108 0.0-13.0 099 0.99
AP-109 0.0-14.0 2,317 2.37
AP-110 0.0-10.0 1.56 1.56
AP-111 0.0-12.0 2.22 2.22
*Omitted

Average weighted mean size = 1.14 mm.

**fiverage weighted mean size = 0.61 mm.

Hydraulic data was obtained from a previous computed backwater
study for a 100-year design flood using the "Water Surface
Computer Program". Cross sections for this study began at
15+00, because previous sections were influenced by highway

. presence. Pertinent data is as follows:




SECTIONS
15+00 20+00 25+00 30+09 Ave.
Discharge (cfs) 7589 6421 7589 7561 7290
Channel width (ft) 3304 3260 3353 3577 3374
Area (ftz) 4094 3091 3933 3189 3577
Average depth (ft) 1.2 0.9 1.2 0.9 1.05
Water surface elev. (ft) 1387.97 1389.44 1391.65 1393.82 1390.72
Thalweg elev. (ft) 1385.90 1387.40 1389.60 1392.00 1388.73
Mannings "N" .045 .045 .045 .045 .045
Velocity (ft/sec) 1.85 2.08 1.93 2.37 2.06




Scour

The recommended minimum cover for Centennial Wash Siphon is

4.0 feet. This value was influenced by Centennial Wash being
an aggrading vegetated flat channel affected by upstream agri-
culture development and some storage effects which have reduced

peaks below those which have occurred in natural state.

Depth of scour was estimated using Lacey's method, the Navajo
Indian Irrigation Project Scour Study and by incorporating
Blench's equation with the Navajo Indian Irrigation Project
Study. Lacey's method resulted in a scour depth of 6.2 feet.
This was computed using data for material to 7.0 feet depth.
This result is not considered directly applicable since condi-
tions found in Centennial Wash are substantially different from
the relatively uniform canals which were used in the develop-
ment of Lacey's theory. The Navajo Indian Irrigation Project
Study was used since it took into account the important influ-
ence of sediment load in arroyos, which are similar in nature
to Centennial Wash. Empirical curves for scour derived in the
Study resulted in an average depth of 3.4 feet. The applicabi-
1ity of Blench's regime equations to sand bed arroyos which

can potentially move very large quantites of sediment is also
questionable. To compensate for this a unit discharge was also
found using curves from the Navajo Indian Irrigation Project

Study and used in Blench's equation to obtain a scour depth of

4.9 feet.




The backwater study indicated the flow of water would not reach
the abutment at the outlet of Centennial Wash Siphon. Scour
recommended for the outflow from Tiger Detention Basin at the
beginning of Reach 5A was 6 feet, measured from the lowest ele-

vation in Centennia1 Wash.

Degradation Timited by armoring was considered but was found to
be ineffective since there is insufficient material larger than

7.5 millimeter, the size necessary for armor at the computed

velocity in Centennial Wash at the Siphon Crossing.




( Lacey
' dy = 0.61 mm.
Q = 7290 cfs ,
f=1.76 (dm)?1 = 1.37
D= 0.47 (/) = 8.2
d = 0.75 D = 6.2

| Navajo Indian Irrigation Project

Scour from empirical curve for mean depth = 3.6

Scour from empirical curve for unit discharge = 3.1

Application of Navajo Indian Irrigation Project with

® Blench
Bed slope = .0044

K=4.4
W = 360
Q = 7290
q = 20.25

dm = 0.61 mm. = .002 ft.

Fig = 125 ]
D=q3 /Fp’ = 6.5

dg = 0.75D =4.9




( Lacey
! dy = 0.61 mm.
Q = 7290 cfs i
f=1.76 (dm)'?1 = 1.37
D =0.47 (/F)° = 8.2
d = 0.75 D = 6.2

Navajo Indian Irrigation Project

Scour from empirical curve for mean depth = 3.6

Scour from empirical curve for unit discharge = 3.1

Application of Navajo Indian Irrigation Project with

® Blench
Bed slope = .0044

K=4.4
W = 360
Q = 7290
q = 20.25

dm = 0.61 mm. = .002 ft.

Fho = 15 4
D=q3 /Fp =6.5

dg =0.75D = 4.9
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