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SUMMARY : T Oy
The design computations, comstruction drawings and specifications are complete.x~T§§ 9

drawings and specifications are being submitted to Water and Power Resource Service
for inclusion in their contract for the Granite Reef Aqueduct Reach 5B, Changes to
meet their format and specifications are anticipated. A joint review and approval
of the final drawings and specificaﬁions will be required.

The job consists- of approximately 11.8 miles of earth embankment, a principal spill-
way comnslsting of a standard open top riser in the reservoir, a 48-inch diameter
reinforced concrete pipe comduit, and a SAF outlet as an energy dissipator. The
emergency spillway is a 150-foot wide reinforced concrete chute with baffle blocks
and will discharge into the aqueduct.
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DESCRIPTION OF JOB:

BASIS FOR DESIGN:

In addition to SCS standards and criteria, the following references were used as a
basis for design:

. ac National Cooperative Highway Research Program Report 108, Tentative
Design Procedure for Riprap-Lined Channels, High Research Board, National
Research Council, National Academy of Sciences - National Academy of
Engineering, 1970.

748 Civil Engineering Handbook, Leonard Church Urquhart, Fourth Edition, McGraw-—
Hill Book Company, Inc., 1962.

i I Handbook of Hydraulics, Horace Williams King, Fourth Fdition, McCGraw-Hill
Book Company, Inec., 1954, 5th Editienm, 1963.

4. Simplified Design of Reinforced Concrete, Second Edition, Harry Parker, M.S.,
John Wiley & Soms, Inc., 1962 & Third Edition, 1968.

s Design of Small Dams, United States Department of Interior, Bureau of
Reclamation, lst and 2nd ed, 1960, 1973.

6. Reinforced Conecrete Design Handbook, Working Stress Method, Third Edition,
1965, American Concrete Institute, Publicatiom Sp-3.

v £ Earth Manual, U.S. Department of the Interior, Bureau of Reclamation, United
States Govermment Printing Office, Washington, D.C., 2nd ed 1974.

8. Seepage, Drainage and Flow Nets, Harry R. Cedergren, John Wiley & Somns, Inc.,
New York 1967.

9. ""Use of Riprap for Bank Protection” Hydraulic Engineering Circular No. 11
June 1967, U.S. Dept. of Tramsportation FHA BPR.




10. "ICES-Lease ~-1", R69-22 Soils Mechanics Publéeation No. 235 MIT April 1969.

11. Design Manual Concrete Pipe, Americam Concrete Pipe Assoclation, lst ed
February 1970.

12. Steel Pipe Design and Installation, American Water Works Asen. Manual of
Water Supply Practices, AWWA No. 11, 1964.

FOUNDATION AND EMBANKMENT DESIGN:

The recommended foundation treatment deviates from the geology report and the pre-
liminary design in that pre-wetting will be relied upon to prevent major fracturing
from foundation collapse rather than removal and reconsolidation of loose material.
A cutoff trench will be excavated to explore the foundation for buried channels mot
covered by an adequate natural blamket. Exposed buried channels will be cut off
where possible. In locations where cutoff appears improbable, foundation drainage
is provided. The embankment design for Reach 1 relies on the coarseness of the
material to resist cracking and routing during placement to prevent piping. Reach 2
is provided with anm embankment drain. A three-foot thick blanket will be provided
where upstream borrow operations expose clean gravel or sands.

‘The foundation of Reach 1 will be prewet to a minimum depth of twelve feet. Consoli-

dation of the foundation is expected to occur during comstruction as a result of the
prewetting and construction operations. The foundation will be stripped to a depth
of one foot to permit inspection for umsuitable materials. Observed unsuitable
material will be removed. A natural blanket thickness of five feet is required over
channels of clean sand or gravel to prevent uplift at the downstream toe. The
cutoff tremch will be excavated to a minimum depth of five feet to check the blanket
thickness. If continuous subsurface channels exist at this depth, the cutoff will
be extended to cut these channels of £. The log of drill holes shows two locations
where apparent chanmels exist beyojd the limits of the hole. Toe draine were de-
gigned for these locations. If the extensions of the cutoff trench are unable to
reach the limits of the channel, then the comtract should be modified to provide a
toe drain at that locatiom. : )

Embankment dracking is not anticipated in Reach 1. Dams in Maricopa County con-
structed of similar materials have not exhibited desiccation or movement eracks.
An embankment draim will not be used in this reach. The materials will be routed
in a manner to construet an impervious and stable fill. No settlement is expected.

The foundation treatment used in Reach 1 will also be used in Beach 2. It is not
expected that toe drains will be required in this reach since the log of borings

and test pits has not shown deep channels within this reach. Howevaer, the materials
are much more susceptible to collapse than those in Reach 1. Pre-wetting to a depth
of 12 feet, as required, will permit the collapse-prene material to settle with a
mininum of fracturing.

An embankment drain, as provided in Reach 2, will prevent failure from the mechanism
of cracking., One and one-half feet of overfill is provided to allow for foundationm
settlement after comstruction. An additiomal 1.3 feet of fill is added gradually
from the emergemcy spillway to the west end of the dam to allow for movement of the
freeboard hydrograph flows to the emergency spillway. $ :
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EMERGENCY SPILLWAY DESIGHN:

The centerline location of the emergency spillway has been adjusted to take méximum
advantage of the known location of the rock. The entlre invert of the exit channel
will be on sound rock. The rock beneath the structure will be graded to prevent
differential settlement and since no settlement is anticipated no special joint
treatment was provided where the structure foundation changes from rock to earth.

The Washington computer program from T.R. 50 was used to design the chute sidewalls,
aprons, and paving slabs. Methods from National Engineering Handbook Sectionm 11
were used for the structural design of the headwall, headwall extension, inlet side
walds, and wingwall.

PRINCIPAL SPILLWAY DESICGN:

A standard open riser inlet is being used. In respomse to the recommendation of a
covered top riser in Supplement No. 1 to Design Report, dated Jume 8, 1979, the open
top is considered safe because of 1ts 1solated location. The only reason a covered
top was ever considered in the work plam was to protect it from falling rocks. The
rocky hillside is not close enough to be a problem.

A 48-inch diameter reinforced concrete pipe is being used for the principal spillway
with no increase im dam height.

Since the outlet elevation is well below any prior geologic investigation, another
test pit was dug near the SAF. The soil log is in the appendix. When these soils
are compared to the design riprap gradation, no bedding 1s required.

MISCELLANEQUS APPURTENANCE DESIGH:

Two gated outlets are provided in accordance with the work plan. The ramp road
crossing has been eliminated, but access ramps have been provided for maintmeance.
Fencing will be installed in accordance with the EIS. Provisions for livestock and
wildlife to reach water and cross the dam have been made. Chain link protective
fence will be provided at the principal and emergency spillways.

The Drain Outlet is located at the lowest part of the impoundment area other than
the principal spillway. It consists of a slide gate to a 24-inch dimmeter rein-
forced concrete pressure pipe which carries water under the CAP Aqueduct to a sub-
merged pipe outlet basin. The basin is sized according to Greg Cunningham's 1964
writeup. It has adequate storage below the pipe invert for the average annual sedi-
ment yield at that part of the dam. The riprap is much more extemsive than Cunning-
ham's writeup calls for. A short outlet chamnel guides flows from the basin to a
natural channel adequate to carry the design peak runoff.

The New Tank OQutlet consists of a slide gate to a 24-inch diameter reinforced con-
crete pipe to the left side of the CAP Aqueduct. A 24-inch diameter steel pipe
carries water from there to a standard impact basin. A short outlet chanmel drains
toward New Tank Reservoir to maintain livestock water at that location. The New
Tank Watershed is relatively flat and high within our reservoir, so a small collee-
tion system will be comstructed upstream from the dam. The steel pipe will be 0.375
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inches thick with a coal tar-epoxy coating where buried and a polyvinyl chloride
paint where exposed over the aqueduct. It will be supported at the eenter of the

"“ aqueduct by a 12-inch dismeter concrete column similar to other agueduct crossings
constructed by the Water and Power Resource Service.
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Of the several methods available to effectively compensate for this
zettlement, the first may be considered, although the second is
favored at ihis time. Prewetting the foundation to ten feet and adding
% surcharge would effectively concolidate the weak soil strata in
this interval if a key trench similar to that recommended for Reach 1

were also installed on Reach 2. However, the more favored method of
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application solution is coincidental with visual inspection of the
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many backhoe test pits and test trenches.

These excavations have shown that an average 6 3/4 feet of the
foundation is weak and should be removed and recompacted to provide
adequate foundation for the embankment. Actual foundation excavation
may vary between L.5 and 8.0 feet as shown by short dashed lines on

the Plan and Profile sheets at the test pit locations.

d pRreumnmy GeEDLEG!IC WESTIEAT U,
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Compaction.at optimum moisture should produce maximum dry density,
and oversize material will not be a factor on this reach as only a
trace will be encountered. Foundation settlement should occur

proportionately as fast as the load is applied, leaving a stable

embankment at ccmpletion of construction.
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According to the test pit logs, firm and competent material was
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encountered at an average depth of 6 3/4', and ranged between 4.5

and 8.0' (moderately tc sirongly cemented and hard to very hard to

excavate). These~soils are~generdbr=dry{slightly.lesswknan—3+5%
| 27L&

;
; 4: Gﬁ::skéf 1C stﬂ)ﬂf}T?(?WQTTWES 3
| N@ (ReBewt 12

The average depth of foundation excavation is 7.0 feet, but this
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varies from a maximum of 15. 5 feet at Station 322425 to a minimum of 0.5 feet

in one of the caliche bottomed washes at Station 25 40

There does not
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appear to be any suitable material in the foundation capable of providing a
base for cutoff. It is recommended that if a flow net study shows the
then a partial cutoff should

foundation excavation line to not be deep emnough,

be installed below the foundation excavation line deep enough to carry the

phreatic line out downstream of the toe of dam.
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dé&llzﬁpé. Overall there may be more SM material present along Reach II

than any other soil type. Relatively thick sequences of SM were found at

683+00 6£92+50 L73+00 T73+09
. Stations 382+50 (o -25.0"), 372+50 (0-23.0'), 392+so (15.0'-33.0") 492+00
2+30 an3F2D 7/2+00
(20.5' -37.5"), 452+oo (0-16.5"), 402+50 (4.3'-20.0"), 353+00 (20.0'-35.0")
L5300

and 412+50 (9.0'-22.5'). 1In addition, closely related soils SM-ML, SM-SC

and SP-SM are fairly common. Significant thickness of SM-SC is found at
~03+00 $53+00 653+00

N

Stations 462+00 (15.8'-32.5'), 482+00 (30.0' -40.0') and 412+50 (27.5'-36.5").

SP-SM soils were generally loose and weakly cemented, comprising 11 feet

573+00
out of the top 20.5 feet of material at Station 492+00, and a 7.5 feet thick
33+006
buried channel at Station 432+00 (6.5'-14.0"'). SM-ML soils are most commonly

4L 03+019
top soils, and are known to be as much as 8.0 feet thick (Station 462+00).
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Buried channels of sand could pose an unforeseen threat to the

credibility of the foundation excavation line. The only surface wash that

633450
. was excavated across to explore this possibility (TP-79 at Station 432+00)

found 3.5 feet of alluvial sand in its filled but well outlined surface channel.
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What was unexpected was the 7.5 feet of buried channel sands in the 6.5 feet
to 14.0 feet interval. Although this was not anticipated, it now appears

that there is good potential for finding buried channel sands all along the reach
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‘ LOG OF TEST PIT OR AUGER HOLE
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samples taken where indicated by circled numbers. ‘Trench walls caved considcrably to 21 or 3' but stood neuvly
vertically below. Considerable weak caliche cementing in bottom 2t to 3'. Above is a generalized dingran &

the north wall of the test trench.
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REMARKS: gamples taken where indicated by circled numbers. Trench walls caved to 2 or 31 put stood verticelly below.
Considcrable caliche and weak cementing below 2-3', Above is a gencralized diagram of the north vall of the
test trench.
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e Sample taken where indicated by circled number. Trench walls caved to 2'_und stood vertically below. Above ey

is a generalized diagram

of the north wall of the test trench.
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Table 14-3. Laboratory time equivalents for various construction time periods
(vased on laboratory specimen thickness of 1.0 inch)
Construction Time, tp
g?iﬁigiga Two Months Four Months Six Months Eight Months Ten Months Twelve Months
Stratum, He | ¢, | J%, T by | N, £ 9t e o V1, s T
(£t.) (min.) (min.) (min. ) (min. ) (min.) (min.)
2 18.75 .32 | 37.50 6.12 | 56.25 7:50 | 75.00 8.66 | 93.75 9.68 | 112.5 10.62
4 L.69 |. 2.16 9.38 3,06 | 14.06 3,75 | 18.75 L.32 | 23.44 4.83 28.12 5. 5L
6 2.08 1.44 b.17 2.04 6.25 2.50 8.33 2.88 | 10.42 3.23 12,50 3.54
8 1.17 1.08 2.34 1.53 3,52 1.86 4.69 2,16 5.86 2.42 7.03 | 2.66
10 0.75 0.87 1.50 1,22 2.25 1.50 3,00 1.73 3.75 1.94 4.50 2.12
12 0.52 0.72 1.04 1.02 1.56 1.25 2.00 144 2,60 1.0l 3.12 L.70:
14 0.38 0.62 0.76 0.86 1.15 1,67 1563 1.2l 1.91 1.38 2:30 % 52
16 0,29 | 0.54 0.58 0.76 | 0.88 0.94 1.17 1.05 1.46 121 176 152
18 0.23 0.48 0.46 0.68 0.69 0.83 0.92 0.96 1.16 1.07 1.39 1.18
20 0.19 0.43 0.3%8 0.61 0.56 0.75 975 0.87 0.94 0.97 1.12 1.06
22 0.15 0.39 0.31 0.56 0.46 0.58 0.62 0.78 .77 0.88 0.9 0.96
24 0.13 0.36 0.26 0.51 0.39 0.62 0.52 0.72 0.65 0.81 0.78 0.88
26 0.11 0.33 0.22 0.47 0.33 0.58 0.4k 0.66 0.55 0.7T4 0.66 0.82
28 0.10 | 0.32 | 0.19 | O.44% | 0,28 | 0.54 | 0.38 | 0.62 | 0.48 | 0.69 0.57 | 0.76
30 0.08 0.29 0.17 0.41 0.25 0.50 0.33% 0.58 0.42 0.65 0.50 0.7L
32 0.07 0.27 0.15 0.38 0.22 D17 0.29 0.54 0.37 0.6L 0.44 0.66
3l 0.06 0.25 0.13% 0.36 0.19 0.4k 0.26 0.51 0.32 0.57 0.39 0.62
36 0.06 0.2k 0.12 0.34 0.17 | 0.h2 0.23 0.48 0.29 0.5k 0.35 0.59
38 0.05 0.23% 0.10 0.32 0.16 0.40 0.21 0.46 0.26 0.51 0.31 0.56
Lo 0.05 0.22 0.09 0.30 0.1h4 0.37 0.19 0.43 0.23 0.48 0.28 0.53
Notes 1. For laboratory two-way drainege and field one-way drainage (Case 2;, use table values.
2. For laboratory two-way drainage and field two-way drainage (Case 1), use 4 times table values.
3. TFor laboratory one-way drainage and field two-way drainage (Case 3g, use 16 times table values.
4. For laboratory one-way drainage and field one-way drainage (Case 4), use 4 times table values.
5. For laboratory specimen thickness

thickness in

inches)2.

/

other than 1.0 inch, multiply table values by (specimen

Jue 2P

9 F22L
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