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BRIDGE SCOUR INVESTIGATION AND
DESIGN OF CORRECTIVE MEASURES

Work Order No. 80407
Maricopa County Department of Transportation

FINAL REPORT

Structure Number 8584
Tuthill Road Bridge over the Gila River

Introduction

Maricopa County Department of Transportation (MCDOT) has completed an initial scour
investigation of all Maricopa County bridges. Of the bridges studied, ten scour critical bridges
are being considered for countermeasure design. The Baker team is investigating and
performing the final design required to retrofit five of these bridges. Existing data/reports were
reviewed, site investigations made, countermeasure alternative reports developed, and PS&E
packages will be completed for each structure.

Bridge Location and Description

The bridge is a 15 simple span ASHTO l-girder type. The bridge length is 1770 feet long. The
piers and abutments are hammer-head shafts supported by a pile cap on driven steel piles. The
bridge was built in 1981 under Maricopa County Project Work Order No. 07100. The bridge is
located about 24 miles west of downtown Phoenix at the Tuthill Road crossing of the Gila River.

Report Review

Parsons Brinckerhoft (PB) evaluated this bridge for scour risk under a previous contract with
MCDOT. PB’s report, completed in February 1997, has been reviewed and the following
comments are made.

1. Page 19: The contraction scour is the same for both Q100 and Q500. Should there be a
difference?

2. Page 22: There is some discussion of reliance on the existing bank protection. The grouted
riprap had damage during the 1993 flood, and should not be relied upon for future floods.

Michael Baker Jr., inc. -1- Tuthill Road Bridge over the Gila River
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3.

The report was silent on the new repair work at the south abutment, although the work was
completed before the consultant filed the report.

The Hydrology in the PB report was based on the older values for Q100 and Q500 in the Gila
River. The work at the Roosevelt Dam has been completed for some time and the new
values, based on a completed dam, need to be used. The lower revised discharges are
effective now and have been posted in the federal register.

The analysis in the PB report shows that the bridge is scour critical for both the 100- and the
500-year floods at the South Abutment. The South Abutment failed in stability evaluation,
however, the stability calculations did not take into account the protection system constructed
on the South Abutment as a result of the 1993 flooding.

Site Inspection

The site inspection was made on June 24, 1997 with the following present: Bob Davies, John
Misik, Anthony Pisano, and Richard Bruesch of Baker; Ken Ricker of Ricker, Atkinson, McBee
& Associates, Mark Larson of Larson & Company; and Tom Sonnemann of MCDOT.

Observations from the site visit and subsequent report review:

1.

There is a section of grouted riprap remaining at the south abutment. This should be replaced
since any slumping of the wire-tied riprap directly under it would leave a gap for erosion and
undercutting to occur. The grouted riprap failed during the 1993 flood, a flow well below the

Q500~

The newer south spur dike, built by the County after the 1993 flood, should be evaluated for
length and effectiveness in view of the bend erosion at the south bank and for the Qs flow.

The area over the new wire-tied floor at the south end of the bridge is depressed creating a
pond. There is a small flow through many ponds on the south bank.

The water table is likely to be high and nearly at the free water pond surface.
The effects of long term degradation needs to be determined. The 1993 flow, the first major
flood since construction of the bridge, caused about 8 feet of degradation at the south end of

the bridge and in some braided channels in the middle of the bridge.

There are no visible gravel mining activities in the area around the bridge site or immediately
downstream. The degradation caused by the 1993 flow may be a natural process.

Additional hydraulic modeling is warranted, considering the magnitude of the
countermeasures needed to overcome the scour-related deficiencies of the bridge.
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8. The Tuthill Road bridge is located within the wide floodplain of the Gila River.  This

10.

I1.

12.

13.

14.

15.

segment of the Gila River supports a small permanent flow in the low flow channel near the
south bank. Sources of this water include irrigation return flow and effluent from the 91%
Avenue Wastewater Treatment Plant. The permanent water supports a vital riparian
community of vegtation and wildlife.

The land surrounding the bridge is in use for agriculture and open space. There is some
recreational use of the river by fishermen, waterfowl hunters, and birders.

Vegetation in the vicinity of the bridge includes willows, cattails, bulrushes, salt cedar, and
dense grasses surrounding the permanent water, and stands of willow, cottonwood, and salt
cedar in other portions of the river channel. Several small willows and cottonwoods are
growing dircetly under the bridge near piers.

The low flow channel with its surface water provides habitat for a wide variety of water and
land birds, bullfrogs, carp, bluegill, and tilapia, and most probably, several mammal species
such as coyote, beaver, muskrat, and cottontail rabbit. Many of the birds inhabiting the area
are riparian obligates; that is they are entirely dependent on the presence of surface water and
the vegetation it supports. Among these species are snowy egret, green heron, song sparrow,
common yellowthroat, least bittern, and double-crested cormorant. An unusually large (+200
nesting pairs) population of cliff swallows uses the bridge to support its mud nests. In
addition to these breeding season species, several species of migratory waterfow! use the area
in the winter.

Special note should be made of the potential for Yuma clapper rails in this vicinity. This
federally listed species has been found nesting in numerous locations along the Gila River.
The habitat near the bridge may be suitable for this species. What’s more, the dense willow
habitat for the Southwest willow flycatcher, another federally-listed species.

The south side of the channel received scour protection several years ago. (This is the
location of the low-flow channel and its permanent water.) A rock-filled wire mat was
placed under the first three piers at a depth of 20°-3” and approximately 85 on either side of
the centerline. The current concept for scour protection of the rest of the bridge would be to
extend this mat across the rest of the river channel. As with all study bridges, any
construction may be limited to periods when higher flows are not likely. Material to be
excavated consists of fines, gravels, and cobbles with a low organic content. The willows
and cottonwoods growing directly under the bridge would be lost to construction.

The river bed contains sandy silt-silty sand, silty sand with clay lenses, sand and gravel, and
silty sands with various amounts of gravel. These soils are generally loose at the surface,
medium dense to dense below and typically extend to a depth approximately 30 below grade
(elevation 840 feet). Below these depths, the soils are composed of clayey sand with some
gravel.

The following parameters may be used in the design of the corrective measures. The existing
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subsurface data is sufficient for design of these measures.

Cut Slopes*:

Dry Soils 1 2 H: 1V
Submerged 3H:1V
e Dewatering will affect cut slopes in that dewatering from sumps within the

excavation may require flatter slopes. Dewatering using external well-points may
result in steeper slopes.

Fill Slopes:

Site soils 2H: 1V or flatter with slope protection.

16.

17.

18.

The following guidelines should be used for spur dike foundation preparation and fill
placement. The area directly below and 5 feet either side of the spur dike or bank protection
should be medium dense granular soils. Therefore, all sandy silt or loose silty fine sands
should be removed from this area and recompacted. All fill dikes or banks should be placed
and compacted at moisture contents in the range of 3 percent above to 3 percent below
optimum and to densities of at least 95 percent of the ASTM D698 maximum dry density.

Material reuse considerations. The excavated material will probably be silty sands with
various amounts of gravel. These materials may be used as the primary constituent of soil
cement. The soil cement will probably require about 11 percent cement. The deeper sand,
gravel and cobble deposit could be used to make cement stabilized alluvium. These deeper
soils, if properly graded and sorted by screening, could be used to make roller compacted
concrete by employing a batch plant. Once the scour protection is installed, the excavated
material may be used as cover to bring the area back to design channel grades. The existing
channel material may be used to construct spur dike and bank protection. However, material
to be used as rip-rap, wire mesh covered bank protection and fill for gabions is not available
on-site.

Groundwater levels within the Gila River are controlled by various dams on the Salt and Gila
River Systems. However, downstream from these facilities, additional water is discharged
from the City of Phoenix wastewater treatment plant and by irrigation tail water. The depth
of groundwater in the area is directly related to all these facilities. During and for some time
after heavy rains or flows in the river, groundwater will be near the surface. Typically, the
groundwater conditions are high, and dewatering of the excavation will be required. Due to
the clean, sandy nature of soils and the relatively large size of the excavation, dewatering by
internal sump may not be possible, especially if groundwater levels are near the surface. An
external well point or large diameter well system may be required. The design of the
dewatering system should be accomplished by an experienced dewatering firm. The
discharge from the dewatering may have to meet some water quality standards.
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19. Due to the sandy nature of the near-surface soils, access to the site may require track
equipment or the use of gravel or cement to stabilize the surface materials so that rubber-tired
vehicles can readily service the construction activities.

Hydrology and Hydraulics

The 100- and 500-year discharges (245,000 and 350,000 cfs) used in the PB report were the
effective regulatory discharges based on conditions prior to the raising of Roosevelt Dam. The
Water Control Manual Modified Roosevelt Dam Salt and Gila Rivers, Arizona is now final and
new hydrology has been released by the USACOE. The new discharges at Tuthill Rd. for the
100- and 500-year flows are 227,000 and 285,000 cfs. MCDOT has approved the use of the new
regulatory discharges.

Baker is performing a Flood Insurance Restudy of Salt and Gila Rivers from SR85 to Granite
Reef Dam for the Flood Control District of Maricopa County. The study is nearing completion.
Excerpts from the technical data notebook for this study are included below.

Split Flow:

The are breaks in the northern floodplain boundary just upstream of the Tuthill Road Bridge.
The breaks occur at cross section 190.05 and at 189.77 (See topo sheets included in Appendix A
for cross-section locations) and are approximately 720 and 250 feet long respectively. In these
locations, the floodwater spills over the canal. It does not seem reasonable to assume that the
water surface elevation on the landward side of the canal will be the same as the water surface
elevation in the floodplain. The depth of flow over the canal is less than 2 foot for the 100-year
storm. Based on the weir equation using a coefficient of 2.6, the spill at this location would be
900 cfs maximum. This spill is only 0.4% of the total flow in the Gila River (227,000 cfs) at this
location. This amount of flow will spill over the canal and flow to the west along the canal. As
the discharge increases above this amount, the weir length will lengthen, the head will rise and
flow in the north overbank will spread out.

There would be no measurable effect on the water surface elevations in the Gila River if this
discharge was removed from the total flow. Since it is conservative not to subtract this split flow
from the flow in the river, a standard split flow type of approach was not taken. The floodplain
delineation did not account for this difference in flow.

The critical flow for use in the scour analysis is normally the lesser of the 500-year flood and the
flow that just reaches the low chord elevation of the bridge. This bridge has an approach road
north that is overtopped at a much smaller discharge than either the 500-year flood or the low
chord elevation discharge. The overtopping discharge controls for this bridge and is used for this
scour evaluation.

Hydraulic and Scour Analysis

Table 1 summarizes the total revised scour predicted at each pier and abutment for the 100-year
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and Qovertopping flood event. Scour computations are included in Appendix A.

Table 1 —~ Scour Results (100-year)

100 — Year Flood Existing | South Abutment | Pier North Abutment
Conditions (feet) (feet) (feet)

Degradation 0 0 0

Bend Scour 18.7 0 0

Local Scour 19.5 224 22.2

Contraction Scour 8.1 8.1 8.1

Total Scour 46.3 30.5 30.3

Remaining Pile Depth 24.7 40.5 40.7

** This depth assumes a minimum pile tip elevation of 788" as shown in the bridge plans and a

plan bed elevation of 859’.

Note: Bend scour is included at the South Abutment even though there is a wire-tied system in

place. The existing spur dike is inadequate.

As discussed above the evaluation discharge for this bridge is the overtopping discharge which is
about equal to the 100-year discharge. The 500-year is used as the evaluation criteria since the
low points in the north bank protection upstream could easily be closed at some future time.

Table 2 — Scour Results (500-year)

Q500 — Year Flood | South Abutment Pier North Abutment
Existing Conditions

Degradation 0 0 0

Bend Scour 20.4 0 0

Local Scour 22.6 23.9 25.6

Contraction Scour 6.8 6.8 6.8

Total Scour 49.8 30.7 324

Remaining Pile Depth | 21.2 40.3 38.6

Michael Baker Jr., Inc.
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** This depth assumes a minimum pile tip elevation of 788’ as shown in the bridge plans and a
plan bed elevation of 859,

Note: Bend scour is included at the South Abutment even though there is a wire-tied system in
place. The existing spur dike is inadequate.

Long-Term Scour

Baker concurs with the PB results for long-term scour assessment. There are no control points
such as grade control structures, dams, or bedrock nearby to readily facilitate evaluating the
equilibrium/stable slope conditions. A detailed sediment transport study to accurately assess
long-term scour is beyond the scope of this contract. Based on review of the available data such
as topography mapping, bridge inspection cross-sections, field surveys, and field investigation no
long-term scour is anticipated.

Presently there is a breach in Gillespie Dam which has changed the geomorphology of the river
for several miles upstream. It has degraded the channel. This degradation will continue as
flooding events occur. The existing degraded channel stretches for several miles upstream of the
dam. Tuthill Bridge is still several miles upstream of where the degraded channel ends. When
and if the dam will be reconstructed is uncertain.

Since Tuthill Road Bridge is built on a bend significant flow events tend to scour the south bank
area. Flow accelerates on the outside of the bend. Over time these scoured areas tend to aggrade
back to the pre-scour condition. The bend scour is assessed in the scour evaluation.

Bridge Deficiencies

As discussed previously the 500-year flood is included. Tables 1 & 2 show the remaining pile
depth for both the 100-year and 500-year floods, respectively. The South Abutment and the first
three spans to the north are now protected by a wire tied riprap system which will limit the
calculated scour to maximum scour elevation of 853 feet. The lack of an adequate spur dike on
the South Abutment makes it very vulnerable to scour. The grouted riprap protection at the
existing top half of the South Abutment is inadequate. The interface between the wire-tied
system and grouted riprap to the top of the abutment is vulnerable. Erosion at the interface and
cracking in the grouted riprap section is present. In a significant event, the grouted riprap section
will likely fail. The North Abutment also has a poor scour protection with a similar grouted
riprap section facing.

The new scour analyses performed with the hydrology from the Water Control Manual Modified
Roosevelt Dam Salt and Gila Rivers, Arizona show that the scour decreases in the 100 & 500-
year flood condition for the abutments and piers. The pier scour decreases from 46.0° calculated
by PB to 31.1” shown in Tablel (worst case is the 100 year flood). Therefore the remaining pile
depth increases from 25.0’ to 39.9°. The increase in remaining pile depth, however, does not
appear to warrant changing the conclusion that the pier foundations are scour critical. The
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applied vertical load per pile calculated by PB is 212 kip. Per the pile capacity design chart (see
Appendix B) used by PB, the capacity of an HP 12X53 pile with 39.9” of embedment depth is
approximately 215 kip. Because the science of scour analysis is not exact, this resulting change
in capacity is considered to be inadequate to justify not constructing the pier protection system.

Scour Countermeasure Alternatives

There are two countermeasure alternatives proposed for the protection of the piers and abutments
at this structure. Both of the alternatives integrate existing wire-tied riprap protection system
constructed previously. Also, both proposed alternatives have two common items on the South
Abutment — a new wire-tied spur dike extension and removing and replacing existing grouted
riprap section with wire-tied riprap slope protection.

Both alternatives also include transverse (deflector) dikes used to train the flow of the Gila River
back into the main channel. Recent migration of the river to the south, if left unchecked, will
eventually migrate far enough to wash out the approach roadway and erode the protection at the
South Abutment from behind. Stabilizing the channel may be beyond the scope of this project.

Alternative No. 1- Wire Tied Riprap

This alternative requires the construction of a wire-tied riprap section for pier protection similar
to the existing section previously constructed for the south side of the bridge. The new pier
protection will tie into the existing system on the south and then tie into the new wire-tied spur
dike on the north (see below).

The existing grouted riprap spur dike on the north side of the bridge will be removed and
replaced with wire-tied riprap on 2:1 slopes and a horizontal wire-tied riprap apron at the toe of
the slope. The existing section of grouted riprap on the South Spur Dike will be replaced with
wire-tied riprap. Additionally, the existing wire-tied protection on the spur dike will be extended
to wrap around the South Abutment until it terminates perpendicular to the bridge. The two
deflector dikes will be constructed similar to the new North Spur Dike with wire-tied riprap on
2:1 slopes and a horizontal wire-tied riprap apron at the toe of the slope. The horizontal aprons
on both the North Spur Dike and deflector dikes are designed per the commonly used standard of
horizontal length equal to 1.5 to 2 times the scour depth minus cover. One major advantage of
the wire-tied system is that it can be placed in a limited amount of standing water.

The estimated cost for this alternative is $9,675,000.

Alternative No. 2 - Soil Cement

This alternative is the same concept as Alternative 1, except that a soil cement layer is used in
place of the wire-tied riprap for pier protection and dike slopes. The pier protection consists of a
4’ thick horizontal layer of soil cement with soil cement on 2:1 slopes on both sides. The top of
the horizontal layer is set to the same elevation as the wire-tied system in Alternative #1. This
will require some of the pier pile caps to be embedded in the soil cement. The new pier
protection will tie into the bottom of the existing wire-tied riprap system on the south and then
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tie into the new spur dike on the north (see below).

The existing grouted riprap spur dike on the north side of the bridge will be removed and
replaced with soil cement on 1:1 slopes and a horizontal wire-tied riprap apron at the toe of the
slope. The two deflector dikes will be constructed similar to the new North Spur Dike with soil
cement on 1:1 slopes and a horizontal wire-tied riprap apron at the toe of the slope. The
horizontal aprons on both the North Spur Dike and deflector dikes are designed per the
commonly used standard of horizontal equal to 1.5 to 2 times the scour depth minus cover.

The estimated cost for this alternative is $8,800,000.

Recommended Alternative

Alternative No. 1 is the recommended alternative. Because of the high water table and
permanent flow through parts of the channel, soil cement layers may be difficult to construct and
a more complete dewatering effort will be required verses the wire-tied construction. Also, the
new wire-tied system will better match the existing wire-tied riprap. Although Alternative No. 2
is less expensive, fewer problems during construction are anticipated using the wire-tied system
over the soil cement.
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APPENDIX A

Hydraulics and Scour Calculations

Michael Baker Jr., Inc.
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FLOOD CONTROL DISTRICT
: OF MARICOPA COUNTY
7L FLOOD DELINEATIOQ TUDY OF

SALT -
F.C.D. CONTRACT NO. 90-59 & 92-0l
LEGEND .
100-YR FLOODPLAIN BOUNDARY
FLOODWAY BOUNDARY - -

HYDRAULIC BASE LINE 12,0 13,0
WITH RIVER MILE —f————— b

STATION 200+00 —— — e ——

CROSS SECTION @%@

ELEVATION REFERENCE MARK EAM3 X

BASE FLOOD ELEVATIONS A2 o~
ZONE DESIGNATIONS ZONE AE
CORPORATE LIMITS Corporate Limits

N
555. Oog

& 5.!0_000
BENCH MARK LOCATION BM 144 A
APPROXIMATE SECTION CORNER

GUTTER ZONE et e -

ELEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE BASED ON NATIONAL
GEODETIC VERTICAL DATUM OF 1929
10, * ELEY 6T DESCRIPTION/LOCATION

36 917.0T A BC in a HH in the intersection of
i Efiiot Rd. and Rainbow Valley Rd. This point is the NE
corner of Sec, 17, T1 S, R 2 W of the GASRBAM,
Maricopa County, Arizona. (LOCATED ON SHEET 1T

37 887.63 An ADOT BC in the center of en
Ircigation structure headwsl, epproximately 36 feet
southerly of the centerline of SR 85, and 25 feet

easterly of the centerliing of Perryvile Rd. This
7L point is located in the proximifg of the SE corner of
Sec. 33, T1 N, R 2 W of the GASRB&
Arizona. (LOCATED ON SHEET 18A)
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GENERAL NOTES
1. ALL AREAS DESIGNATED AS ZONE X, ARE SHADED ZONE X.
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NAVD 88 IS +1.804ft.
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SCOUR VARIABLES & ouTPUT

Contraction Scour

Input Data

Results

Pier Scour

Input Data

Results

Abutment Scour

Input Data

Restilts

Average Depth (ft):
Approach Velocity (ft/s):
Br Average Depth (ft):
BR Opening Flow (cfs):
BR Top WD (ft):

Grain Size D50 (ft):
Approach Flow (cfs):
Approach Top WD (ft):
K1 Coefficient:

Scour Depth Ys (ft):
Critical Velocity (ft/s):
Equation:

All piers have the same scour depth

Pier Shape:

Pier Width (ft):

Grain Size D50 (ft):
Depth Upstream (ft):
Velocity Upstream (ft/s):
K1 Nose Shape:

Pier Angle:

Pier Length (ft):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D9O (ft):

K4 Armouring Coef:

Set K1 value to 1.0 because angle > 5 degrees

Scour Depth Ys (ft):
Froude #:
Equation:

Station at Toe (ft):

Toe Sta at appr (ft):
Abutment Length (ft):
Depth at Toe (ft):

K1 Shape Coef:

Degree of Skew (degrees).
K2 Skew Coef:

Projected Length L' (ft):
Avg Depth Obstructed Ya (ft):
Flow Obstructed Qe (cfs):
Area Obstructed Ae (sq ft):

Scour Depth Ys (ft):

Tt sCour
TUTSUR\ T

Left Channel

0.91 14.96

0.15 4.27
17.15

24.53 226975.50
1755.41

0.0164 0.0164

1771.94 225228.05

3.15 2305.44

0.590 0.590
8.14
4.38
Clear

Round nose

8.00

0.01640

19.93

7.60

1.00

16.00

33.00

1.55

1.10

0.10000

1.00

22.37

0.30

CSU equation

Left Right
19130.00 20841.00
19150.00 20840.00
904.00 654.00
17.19 11.77
0.55 - Spill-through abutment
16.00 164.00
0.80 1.08
249.18 180.27
12.39 9.08
11534.00 23045.00
11822.00 9865.00
19.52 22,22

Queo
———

Right

3.92
1.03

0.0164

7302.73
0.590



Qe/Ae = Ve:
Froude #:
Equation:

Combined Scour Depths

Pier Scour + Contraction Scour (ft):

Left abutment scour + contraction scour (ft):

Right abutment scour + contraction scour (ft):

0.05
Froehlich

Channel:

27.66
30.36

0.98 2.34
0.14
Froehlich

30.51



Qlco
HYopAuLlc  OUTRUT FroM HECRAS
@ FIRST <Ross ~COETion JUST UPSTREAM ©OF BRIDGE

Profile: PF#1

o

0.025 0.025
0.00 0.00 0.00
179.00| 33346.65
179.00| 33346.65| 32195.56
171.96| 226828.05
205.77 2030.88 6807.64
0.96 6.80
0.87/ 16.42
9689.0 12780640.0
205.97 2036.50
0.02 0.32
or (Ib/fts) 0.02 2.19
é (acre-ftp09.74| 37274.82| 11090.05
) 437.66 4073.02 1940.32
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Qoo
FLow DISTRIgUTIe N OUTPRUT FRoMm MECRAS
® FIRST CResS-SECTioN JTusT URSTRERM OF BRIDGE.

Plan: Mainw M4 FW River: RIVER-1 Reach:Reach-1 Riv Sta: 188.1 Profile: PF#1

1.82 3.15 7.28] |
11958, 110.14]  99.31 0.05 111 1.09!
5055  65.72]  99.38 0.02 0.66 0.77
494584] 115085 13599 218 8.50| 4.30
15760.69, 2303.86] 13555 694 17.02 6.84
15504.69] 2280.25|  135.3 6.83)  16.84 6.80
15437.23] 2274.30)  135.39 680,  16.80 6.79
2049850 2697.91|  136.62 903  19.93 7.60
18733.81] 2557.27]  135.78 825  18.89 7.33
1475574] 221568,  135.73 650  16.36 6.66
12564.15| 202049  137.17, 553 14.92 6.22
19886.74] 2665.06]  136.36 876] 1961 7.49
19766.83| 2641.21] 135,50 872 1951 7.50
15831.71) 2311.26]  135.73 697  17.07 6.85
1662822 2378.05]  135.40 733] 1756 6.99
16023.73] 2325.76] 13539 706] 1748 6.89
1258721 2016.11|  136.06 555  14.89 6.24
7872.93| 151850|  135.43 347 11.22] 5.18




Plan: Main w M4 FW River: RIVER-1 Reach:Reach-1 Riv Sta: 188.39 Profile: PF#1

0.150] 0.039 0.065.
705.00 536.34 280.00
288 52054.82 648.15
h 2.88 52054.82] 28988.47
227000.0 044 226332.02 667.55 T
? 345 3540.01] 7302.73 <
0.15 4.27 1,03 @ o
0.91 14.96 3.92 7
125093210 | 244 12472510.0|  36786.9 » P
364 354506 165.68 3 <
0.02 0.31 0.08 » _I:
} ver (Ib/fts) 0.00 1.31 0.08 0 n
0.1 & (acre-p38.15] 3884541, 11512.53 >
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0.01 0.79]

0.44] 275 2.85 | i
3182.13] 3166.61|  238.25 140 13.42] 1.00| @ N
296476 3023.73| 23605 131 12.81] 0.98, 3
245415 270012 23617 1.08 11.44 0.7 >
3117.86| 3116.60,  236.07 1.37 13.21 1.00 v
13533.58| 3380.48] 23643 5.96 14.36 3.99 o D
30350.08| 426521  236.00 13.37 18.07 712, g’ ”
31317.76| 434629 236.00 13.80 18.42 7.21 > ;3
3065950 4291.26|  236.00 13.51 18.18 744 o 5
30119.08, 424576  236.01 13.27 17.99 7.09 T i
58472.27 4104.88|  236.00 12.54 17.39 6.94 4
10565.00]  3487.98|  236.93 8.62 1478 561 b
8621.73| 3473.99.  236.09 3.80 14.72 248 O % g
9049.02| 3578.18|  236.40 3.99 1516 253 7c§
8625.86| 3474.60|  236.04 3.80 1472 2.48 v
420827 229002  236.62 1.89 9.70 1.88 i
667.55| 64815 16568 0.29 3902 103| !
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Contraction Scour

Input Data

Results

Pier Scour

Input Data

Results

Abutment Scour

Input Data

Results

B soo

SCUR VAR\ARLES < ouTRUT™ Ry 2

Average Depth (ft):
Approach Velocity (ft/s):
Br Average Depth (ft):
BR Opening Flow (cfs):
BR Top WD (ft):

Grain Size D50 (ft):
Approach Flow (cfs):
Approach Top WD (ft):
K1 Coefficient:

Scour Depth Ys (ft):
Critical Velocity (ft/s):
Equation:

All piers have the same scour depth

Pier Shape:

Pier Width (ft):
Grain Size D50 (ft):
Depth Upstream (ft):
Velocity Upstream (ft/s):
K1 Nose Shape:
Pier Angle:

Pier Length (ft):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D90 (ft):
K4 Armouring Coef:

Set K1 value to 1.0 because angle > 5 degrees

Scour Depth Ys (ft):
Froude #:
Equation:

Station at Toe (ft):

Toe Sta at appr (ft):
Abutment Length (ft):
Depth at Toe (ft):

K1 Shape Coef:

Degree of Skew (degrees):
K2 Skew Coef:

Projected Length L' (ft):
Avg Depth Obstructed Ya (ft):
Flow Obstructed Qe (cfs):
Area Obstructed Ae (sq ft):

Scour Depth Ys (ft):

_—/
Left Channel
1.53 16.75
0.27 4.79
18.66
27.75 284972.25
1753.47
0.0164 0.0164
3.16 283691.31
7.62 3540.01
0.590
6.79
4.48
Live
Round nose
8.00
0.01640
21.50
8.62
1.00
16.00
33.00
1.55
1.10
1.00
23.86
0.33
CSU equation
Left Right
19130.00 20841.00
19150.00 20840.00
920.00 721.00
19.50 14.08
0.55 - Spill-through abutment
16 164
0.80 1.08
253.59 198.74
14.46 10.28
15201.00 30038.62
13547.00 11282.00
22.61 25.62

Right

5.04
1.34

0.0164
1305.53
10025.37




Qsvo
P

CeouR VAR\RRLES Y OUTRLT

Qe/Ae = Ve; 1.12
Froude #: 0.05 0.15
Equation: Froehlich Froehlich

Combined Scour Depths

Pier Scour + Contraction Scour (ft):

Channel: 30.65
Left abutment scour + contraction scour (ft): 29.40
Right abutment scour + contraction scour (ft): 32.41

Po. 212

2.66



Pso0

HYDRAULIC OuTPUT Frem HECRAS
(@ F\RST CRosS-SECTION ULRSTREAM™M OF BRIOCE

Plan: DDike

Scour River: RIVER-1 Reach:Reach-1 Riv Sta: 188.1
G ' 879.67 [ Ele

Profile: PF#2

0.025 0.025
0.00 0.00 0.00

i )  703.38| 36534.28
o T 703.38| 36534.28| 4494296

- 1072.32| 283927.69|

451.02 2030.88| 10439.90

1.52 7.77

B B 1.56 17.99

56201.8| 14881038.0

451.27 2036.50 |

0.04 0.41

er (Ib/fts) 0.05 3.17
B AG (acre-BN84.98]  43404.88| 13972.36
es)  470.09 4124.39 1994.51




- @se0
Flow DIsTRIgUMon OUTEUT FROM  HECRAS
@ FRsT CRoSS—SECTION UPSTREAM OF BRDGE

Plan: DDike Scour River: RIVER-1 Reach:Reach-1 Riv Sta: 188.1 Profile: PF#2
R ' 5 o

1299

8149
10418 103.43]  99.36 0.04 1.04 1.01]
502.94|  265.95 99.31 0.18 2.68 1.89
370.72 221.54 99.38] 0.13 223 1.67
7074.86] 1363.36 135.99] 248| 10.07 5.19]
19690.82|  2516.36 135.55 6.91 18.59 783
19399.25| 2492.76 135.39] 6.81| 18.41| 7.78
19322.03] 2486.81 135.39] 6.78 18.37 7.77
25085.80| 2910.42 135.62 880 2150 8.62|
©23079.79 2769.78]  135.78 8.10 20.46 8.33
- 18538.68| 2428.19 135.73 6.50 17.93 7.63
16008.30] 2233.00 137.17 562 16.49 7ar
24384.95| 2867.57 136.36 8.56 21.18 8.50
24290.39|  2853.71 135.50 8.52 21.08 8.51
19770.67| 2523.77 135.73 6.94 18.64 7.83
20683.58| 2590.56 135.40 7.26 19.13 7.98
19992.97| 2538.27 135.39 7.02 18.75 7.88
16043.17] 222861 136.06| 5.63| 16.46 7.20
10562.44] 1731.10 13543 371 12.79 6.10|




Rsoo
Loseo

HYDRAVLIC OUTPUT  FRoM HECRAS

@ APPRoACH CRoss—SecTion
Rive(;ﬂ!?l\/Elﬁ?-1

Plan: DDike Scour Reach:

ach-1 Riv Sta: 188.39  Profile: PF#2

0.150 0.039 0.064

705.00 536.34 280.00

- 860.88 q ft) 11.67| 59277.52 974.77
0.000367 | sqf). 11.67| 59277.52| 45086.44

© 285000.00 cfs) ‘ 3.16| 283691.31 1305.53
' : 7.62 3540.01| 10025.37

0.27 4.79 1.34

1.53 16.75 5.04

165.0| 14804902.0 68131.5

8.50 3545.06 193.75

_ 0.03 0.38] 0.2

ver (Ib/fts) 0.01 1.83 0.15

acre-#526.65| 45162.18] 14713.54

47748 4226.70 2167.67




Flow BIKTR\RUTIo N
@ APPRoACH

Plan: DDike Scour

Riv

X500

OUTRUT From HECRAS
CRoSS -SECTio W

: RIVER-1 Reach:Reach-1 Riv Sta: 189.39 Profile: PF#2

Io vdr
) 1.
11.88 8.58 450

3524  16.47 5.87 0.01 289  214]
67.65 24.36 5.86 0.02 4.27 2.78|
108.02 32.26 5.87 0.04 5.66 3.35
155.52 40.14 5.86 0.05 7.04 3.87
©209.74 48.03 5.86 0.07 8.43 4.37
270.35 55.94 5.87 0.09 9.81 4.83]
302.39 60.07 5.93 0.11 10.54 5.03]
231.44| 51.28 596 0.08 8.99 451
161.82| 41.37 596 7 0.06 7.26 3.91
11314.72] 229853 277.95 3.97 8.27 492
10074.47| 214379  277.92 3.53 7.71 470
6959.16] 1664.06 277.98 2.44 599  4.18]
19269.40| 2857.88 278.16 6.76 10.28 6.74
| 19975.85| 2919.75 278.03 7.01 10.51 6.84
35857.99|  4147.14 277.96 12.58 14.92 8.65
39045.11]  4364.31 277.92 13.70 15.70 8.95
40567.71]  4465.69 277.93 14.23 16.07 9.08
13884.37| 3558.59 278.36 4.87 12.80 3.90
12493.42| 3733.22 27819 4.38 13.43 3.35
14951.47| 4156.95 278.02 5.25 14.96 3.60
15874.13|  4308.43 277.92 5.57 15.50 3.68
15184.39] 4195.11 277.92 5.33 15.09 3.62
12630.70| 3756.77 278.01 4.43 13.52 3.36
15362.28| 4314.98 293.04 5.39 15.53 3.56




TUTHILL ROAD BRIDGE OVER THE GILA RIVER

SEE 100-YEAR 500-YEAR

BEND SCOUR NOTE
Y-MAX DEPTH OF UPSTREAM FLOW 223 23.87
Yh - HYDRAULIC DEPTH OF UPSTREAM FLOW (FT) 16.42 17.99
V - MEAN VELOCITY OF UPSTREAM FLOW (FPS) 6.77 7.65
Se - UPSTREAM ENERGY SLOPE (FT/FT) 0.000315  0.000364
[(0.0685)(Y)(V)*.8)/[(Yh .4)(Ser.3)] 25.87 28.19
ALPHA (a) - ANGLE FORMED BY CHANNEL 1 55 55
CENTERLINE AND A TANGENT POINT ON OUTER BANK
SIN*2(a/2) 0.2132118 0.21321178
COS(a) 0.5735764 0.57357644
2.1{[(SIN*2)(A/2)/COS(A)]*.2}-1 0.7229127 0.72291271

18.70 20.38

Zbs=[(0.0685)(Y)(V)*.8)/[(Yh*0.4)(SEA.3)]*2.1{[(sin*2)((a/2)/cosA)]*.2}-1

NOTES:

1. ALPHA (a) IS THE ANGLE FORMED BY THE PROJECTION OF THE CHANNEL CENTERLINE FROM THE POINT

OF CURVATURE TO A POINT WHICH MEETS A LINE TANGENT TO THE OUTER BANK OF THE CHANNEL (DEGREES).
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From  WECLAY
——ee T f
: K !
s .4 Fr0.33 05]5 | (29) ‘
|
Ys = Scour depth, m

Depth of flow at the abutment on the overbank or in the main channel, m ; ;
Froude Number based on the velocity and depth adjacent to and upstream of the abutment
K, = Abutment shape coefficient (from table 6)

<
-
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§§ 1.0} 1

2w osf -
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£ £ 06 // -

§§ ocar / e v -1

« © / /A

S _ 0.21-/" - // -1

.?._8 0 i L i

é’ 0 45 90 135 180

Angle of Inclination, €, deg

Figure 16. Adjustment of abutment scour estimate for skew.

Clear-Water Scour at an Abutment. Use equations 28 or 29 for live-bed scour because clear-water scour
quations potentially decrease scour at abutments due to the presence of coarser material. This decrease is
Unsubstantiated by field data.

- 437 Step 7: Plot Total Scour Depths and Evaluate Design

Plot the Total Scour Depths. On the cross section of the stream channel and floodplain at the bridge

~ Crossing, plot the estimate of long-term bed elevation change, contraction scour, and local scour at the piers and

. sbutments. Use a distorted scale so that the scour determinations will be easy to evaluate. Make a sketch of any
Planform changes (lateral stream channel movement due to meander migration, etc.) that might be reasonably

* €xpected to occur.

Long-term elevation changes may be either aggradation or degradation. However, only degradation is
considered in scour computations.

49
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Elevation (ft)

885

Tuthill Bridge Scour
Left and Right Channel Bank Stations Interpolated RS = 188.1 Deflector Dikes Modeled

880

870

865

860

Legend
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26000
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Tuthill Bridge Scour
RS =188.272* Deflector Dikes Modeled
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Tuthill Bridge Scour
RS = 188.254* Deflector Dikes Modeled
885 Legend
——
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Elevation (ft)

Tuthill Bridge Scour
RS = 188.236* Deflector Dikes Modeled
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Tuthill Bridge Scour
RS =188.218* Deflector Dikes Modeled
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Tuthill Bridge Scour
Left and Right Bank Channel Stations Interpolated RS = 188.2 Deflector Dikes Modeled
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Plan: D River: RIVER-1 Reach:Reach-1 Riv Sta: 188.15* Profile: PF#1
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DEFLECTOR DIKES NOT MODELED

Profile Output Table - Standard Table 1
HEC-RAS Plan: Method 1 FW River:

# Rivers

# Hydraulic Reaches

# River Stations
# Plans
# Profiles

Reach
Reach~-1
Reach-1

Reach-1
feach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach~-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach~1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

[

-

Woaomon o
[
@
]

River Sta

194.18

194.18

194.09
1%4.09

194.01
194.01

193.93
193,93

193.86
193.86

193.78
193.78

193.71
193.71

193.65
193.65

193.54
193.54

193.45
193.45

193.36
193.36

193.24
193.24

193.16
193.16

193.07
193.07

192.97
192.97

192.88
192.88

192.78
192.78

192.69
192.69

192.6
192.6

192.51
192.51

192.42
192.42

192.33
192.33

192.23
192.23

192.13
192.13

192.04
192.04

191.94
191.94

191.84
191.84

191.75
191.75

191.65
191.65

191.55
191.5%5

191.4%
191.46

191.36
191.36

191.27
181.27

RIVER-1

Q Total
(cfs)

227000.00
285000.00

227000.00
285600.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000,00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000, 00

227000.00
285000.00

227000.00
265000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000, 00

Reach: Reach-1

Min Ch El
{ft)

895.00
895.00

891.90
8391.990

894.10
894.10

894.10
894.10

892.00
892.00

892.20
892.20

891.30
8591.30

890.00
8390.00

689.80
889.80

888.90
888.90

688.70
888.70

888,00
$88.00

884.80
684.80

883.90
883.90

883.00
883.00

883.70
883.70

883.30
883.30

882.70
682.70

883.70
983.70

883.30
883.30

883.20
883.20

884.20
884.20

883.70
883.70

883,10
883.10

882.00
882.00

881.40
881.40

880.80
860.80

880.40
880.40

879.10
879.10

876.50
876.50

873.00
879.00

879.20
879.20

879.00
879.00

W.s. Elev
(ft)

908.04
909.35

906.70
908.13

905.96
907.50

905.61
907.19

905.19
906.80

904.82
906.45

904.37
906.00

$03.86
905.49

902.97
904.63

902.29
904.01

901.66
903.45

900.78
902.76

899.89
902.19

899.51
901.92

899.11
901.56

896.62
901.08

898.24
900.58

897.92
900.18

897.63
899.71

897.05
899.13

896.60
898.66

895.87
B897.81

895.01
897.36

894.54
896.74

6894.09
B896.25

893.72
895.87

893.26
895.41

892.89
895.01

892.54
894.66

892.26
894.36

891.93
894.05

891.59
893.70

891.30
893.39

Crit W.S.
(ft)

903.82
904.96

E.G. Elev E.G. Slope

(£t}

909.44
911.11

908.32
910.00

907.04
908.73

906.35
908.05

905.93
907.65

905.43
907.17

905.06
906.80

904.61
906.37

903.86
905.64

903.14
904.97

902.44
904,33

901.61
903.62

900.82
903.05

960.11
902.52

898,65
902.16

899,23
901.79

898.82
901.40

898.49
901.05

898.11
900.63

B97.69
900.14

897.23
899.61

896.64
898.95

895.93
898.25

895.05
897.56

894.54
896.98

894.10
896.47

893.66
895.98

893.22
895,52

892.84
895.10

892.53
894.77

892.21
894.43

891.86
894.06

891.53
893.71
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oo

oo

oo

oo

oo oo oo

oo

oo oo oo

co

oo © oo oo oo

co

oo

co oo oo

oo

©o oo

oo

oo ©0o oo oo oo

oo

(££/fE)

-001562
0.

001709

.002740
.002584

.001807
. 001689

. 001084
.001035

.001081

.001024

. 000948
-000922

001133

.001092

.001206
.001163

+001361
.001287

.001593
.001442

.001143
.001035

.001610
.001284

-001967
.001342

- 000884
-000698

. 000787
. 000675

.000895
.000791

. 000682

.000736

. 000645
.000721

.000753
.000946

.000881
.001001

.001088

.0012298

.001234
.00135¢

.001574
.001140

-001298
-001445

.000818
.000912

.000791
.000897

.000901
000934

.000784
- 000862

.500596
.000629

. 000664
.000710

.000642
.000645

.000726
.000771

.000555
. 000605

Vel Chnl
{ft/s)

9.47
10.66

10.21
10.938

Flow Area
{sq ft)

23959,93
26747.51

22229.52
25548.74

27280.84
31986.68

32952.70
38445.24

33058.03
38660.20

36129.46
41938.27

34139.64
39732.52

32590.59
37860.20

30109.16
35256.90

30690.74
36426.80

32341.33
37644.21

31315.95
38216.51

29590.25
38157.93

37123.36
45772.93

39256.76
45764 .28

37505.79
42113.69

39472.74
39294.82

40582.71
38351.19

41525.72
37298.17

37509.82
35873.75

37407.64
37294.84

35036.52
35286.41

29609.59
37548.39

39816.27
39958.48

42523.729
41683.52

45703.25
46023.70

45417.14
46855.90

50234.98
49687,96

53559.77
54115.32

55071.15
56011.95

54206.29
57947.39

55214.62
58747.45

59623.61
63455.91

Top Width Froude # Chl

(£t}

2139.10
2139.09

2607.01
2607.10

3061.61
3061.61

3463.54
2463.54

3482.68
3482.68

3564.35
3564.35

3430.95
3430.94

3240.77
3240.77

3274.27
3175.60

3334.02
3334.03

3835.59
3540.33

4111.63
3761.13

4156.17
3900.87

4346.34
3913.60

4389.78
3573.10

5154.21
3281.20

5363.61
2925.31

5979.48
2877.20

5476.95
2907.20

5228.00
3015.40

5028.00
3218.00

5185.89
3444.11

3385.92
3385.90

5996.18
3946.17

6377.35
4167.90

6358.57
4348.56

7855.21
4551.00

8670.64
4729.00

8486,20
4967.30

8650.09
5172.90

8106.14
5559.00

7623.90
5797.70

7679.93
5871.80

Q.50
0.53

0.62
0.61




DO #2

lDD#I-y

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach~-1

Reach-1
Reach~-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach~1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach— 1
Reach-1

Reach~1
Reach-1

Reach-1

Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

191.17
191.17

191.08
191.08

190.99
190.99

150.89
190.89

190.8
190.98

190.71
190.71

190.62
190.62

190.53
190.53

190.43
190.43

180.34
1590.34

190.24
190.24

190.15
190.15

190.05
190.05

189.96
189.9¢6

189.87
189,87

189.77
189.77

189.68
189.68

189.58
189.58

189.49
189.49

189.39
189.39

189.31
189.31

189.22
188.22

189.12
189.12

189.02
189.02

188.92
188.92

188.81
188.81

188.7
188.7

188.59
188.59%

188.5
188.5

188.39
188.39

188.29
188.29

188.272*
188.272*

188.254%
188.254*

188.236%
188.236%

188,218+
188.218*%

186.2
i88.2

188.15*%
188.15%

188.1
188.1

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000, 00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.,00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000, 00
285000.00

227000.00
285000, 00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000. 00

227000,00
285000.00

879.
B79.

877.
877.

876.
B76.

876.
876.

875.
875.

875,
875,

B72.
872,

B74.
874,

874.
874,

873,
873.

873,
873,

873.
873,

873,

873

873,
873.

872

30
30

30
30

80
80

20
20

80
80

30
30

20
20

10
10

20
20

00
00

00
00

80
a0

a0
80

70
70

.50

872.

869,
869.

B64.
864,

867.
867,

863.
863,

866,
866,

865.
865,

864,
864.

863,
863.

863,
863.

863.
863.

B63.
863.

863,
B63.

861.
861.

860.
860,

B60.
860.

859.
859.

859,
859.

859,
859.

859,
859,

859.

859,

859,
853,

857,
857.

855,

855.

50

920
90

60
60

70
70

40
40

80
80

80
80

70
70

10
10

40
40

30
30

50
50

30
30

40
40

50
50

70
70

60
60

54
54

48
48

42
42

36
36

30
30

55
55

80
80

891.01
893.04

890.74
892.70

890.50
892.44

890.28
892.16

890.09
691.89

889.88
891.60

889.63
891.36

889.34
B91.08

888.98
890.71

888.53
890,26

888.03
889.74

887.29
888.95

886.42
888.07

885.63
887.32

884.72
886.57

884,03
885.99

883.47
885.52

882.98
885.10

882.59
884.76

882.20
884.41

B81.89
884.15

881.54
883.84

B81.18
883.53

880.88
883.28

880.65
883.08

880.47
882.92

880.16
882.64

879.91
882.41

879.68
882.19

879.46
B881.97

879.25
881.75

878.97
881.41

879.01
8681.47

878.95
881.40

878.88
881.33

878,78
881.21

878.15
880.45

878.10
880.41

868.
869.

869,
870.

868.
B69.

868.
870.

868.
869.

98
87

35
43

86
88

66
03

75
95

891.25
893.39

890.98
893,08

890,74
892,80

890.51
892.53

890.30
892.25

890.10
891.96

889.87
891.67

889.61
891.40

889,27
891.06

88B.82
890.60

888.33
890,09

887.74
889.49

866.93
888.69

886.16
887.96

885.27
887.18

884.43
886.44

883.85
885.93

683.37
885.52

882.95
885.15

8682.58
8B4.83

862.26
884.54

881.30
884.23

881.53
883.91

881.20
883,62

880,93
883.38

880.71
883.18

880.45
882.95

880.18
882.71

879.96
882.50

879.74
882.29

879.58
882.14

879.49
882.04

879.39
881.92

879.35
881.88

879.31
881.83

879.25
881.77

878.99
881.48

878.82
881,29

oo

oo

oo

oo

OO 92 290 00 SO0 00 ©0 60 oo 06 oo

oo

o
0

oo oo oo oo

oo

oo

oo 0o oo oo

oo

PO ©O0 o0 ©0 ©00 00 ©eo oo oo

oo

. 000537
-000624

.000518
.000620

. 000452
.000511

.000468
.000589

. 000430
-600594

.000437
.000616

.000453
-000510

. 000659
. 000648

.000719
.000733

001171
.001174

.000814

000860

-001811
.001798

.001418
.001376

.001828
.001683

.001791
.001499

. 001294
-001164

000977
000829

.000944
.000814

.000740
. 000656

.000715
.000617

.000715
. 000627

.000741
.000646

- 000692
.000601

.000566
.000492

.000409
.000360

.000349
.000314

.000514

000454

.000448
. 000410

. 000462
. 000433

.000313
.000313

.000250
-000242

. 000358
.000354

-000294
- 000285

.000328
.000320

.000382
-00037¢

. 000560
. 000565

.000568
. 000597

. 000315
. 000324

58564,
61294,

58268.
59878.

58477.
60619.

59464.
60144,

61227,
59951.

619186,
60053.

58609.
63780.

55120,
62839,

55646.
64249.

52585.
60806.

52672,
59310,

42774.
48157.

40172,
45097,

39010.
44615.

38282.
45613.

44751.
52482,

45915.
55333.

45813,
55310.

47370.
56766.

46141.
55062.

46838,
56199.

47015,
56562,

47825,
57681.

45985,
60725,

53872.
64929,

57720.
66836,

53100.
63827.

54251,
64679,

53350.
62988,

54521.
62703.

48875.
56945.

38903.
44888,

46254,
53869,

45134,
52430.

44197,
51249,

41164.
47445,

30842,
34980.

33525.
38042,

91
14

65
07

7458.
5728.

7441.
5681.

7300.
5426.

7238.
5355,

7319.
5224,

7088.
5160.

5742.
5230,

5214,
5050,

5130.
5028.

5016.
4779.

5103.
4604.

5184,
4508.

5390.
4524,

4908.
4406.

4673.
4392.

4569.
4452,

4637.
4616.

4530,
4501.

4344,
4337.

4222,
4168.

4158,
4154,

4153.
4152.

4197,
4195.

4481.
4481,

4560.
4555.

4571,
4549,

4351.
4336,

4186,
4174,

3851.
3844.

11654.
3540,

3239,
3229,

8894,
13028.

9657.
13832.

9438,
13862.

9300.
13778.

8564,
2580.

7013,
12521,

9044.
2030,

11
o0

09
30

79
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DEFLECTOR DIKES MODELED

Profile Output Table - Standard Table 1
HEC-RAS Plan: DDike Scour

# Rivers

# Hydraulic Reaches

# River Stations
# Plans
# Profiles

Reach
Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach~1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach~1

Reach-1
Reach-1

Reach-1
Reach~1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

Reach-1
Reach-1

[}
-

River Sta

194.18

1%4.18

194.09
194,09

194.01
194.01

193.93
193.93

193.86
193.86

193.78
183.78

193.71
193.7M

193.65
193.65

193.54
193.54

193.45
183.45

193.36
193.36

193.24
193.24

193.16
193.16

193.07
193.07

192.97
192.97

192.88
192.88

192.78
192.78

192.69
192.69

192.6
192.6

192.51
192.51

192.42
192.42

192.33
192.33

192.23
192.23

192.13
192.13

192.04
192.04

191.94
191.94

191.84
191.84

191.75
191.75

191.65
191.65

151.55
191.55

191.46
191.46

191.36
191.36

191.27
191.27

River: RIVER-1

Q Total
(efs)

227000.00
2850600.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000, 00

2270600.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

2270600.00
285000.00

227000.00
285000.00

227000.00
285000.00

227600.00
285600.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
'285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

227000.00
285000.00

Reach: Reach-1

Min Ch El
(ft)

895.00
895.00

891.90
891.30

894.10
894.10

894.10
894,10

892.00
892.00

892.20
892.20

891.30
B91.30

890.00
890.00

889.80
889.80

888.90
288.90

808.70
888,70

9886.00
888,00

884.80
864.80

883.90
883.90

883.00
883.00

883.70
883.70

883.30
883.30

882.70
882.70

883.70
883.70

883.30
883.30

883.20
883.20

884.20
884.20

B83.70
B83.70

883.10
883.10

882,00
882.00

8B1.40
881.40

880.80
880.80

880.40
880.40

879.10
879.10

876.50
876.50

879.00
879.00

879.20
879.20

879.00
879.00

W.5. Elev Crit W.s.

(ft)

908.04
909.30

906.70
908.02

905.96
9067.35

905.61
907.03

905.19
906.61

904.82
906.24

904.37
905.76

903.86
905.20

902.97
904.24

902.29
903.53

901.66
902.89

900.78
902.00

899.89
901.14

899.51
900.76

899.11
900.33

898.62
899.83

898.24
899.45

897.92
899.13

897.63
898.82

897.05
898.25

896.60
897.79

895.87
897.09

895.02
896.03

894,54
895.66

B894.09
895.26

893.73
894.90

893.27
894.51

822.90
894.19

892,55
893.98

892,27
893.64

891.95
893.35

891.61
893.04

891.32
892.79

(ft)

903.82
904.96

E.G. Elev E.G. Slope

(fr)

909,44
911.07

908.32
909.93

907.04
908.62

906.35
907.91

905.93
907.49

905.43
906.98

905.06
906.59

904.61
906.12

903.86
905.32

903.14
904.57

902.44
903.82

901.61
902.98

900.82
902.20

900.11
901.47

899.65
900.98

899.23
900.54

898.82
900.10

898.49
899.75

898.11
899.38

897.69
898.96

897.23
898.50

896.64
897.93

895.93
897.19

895.05
896.25

894.54
895.76

894,11
895.35

B93.67
894.93

893,23
894,53

892.85
894.19

892.55
893.93

892.22
893.64

891.87
893.33

891.55
893.04

(fr/ft)

0.001562
0.001728

0,002740
0.002681

0.001807
0.001768

0.001084
0.001086

0.001081
0.001082

0.000948
0.000977

0.001133
0.001169

0.001206
0.001267

0.001361
0.001433

0.001593
0.001669

0.001143
0.001200

0.001610
0.001613

0.001967
0.001893

0.000884
0.000942

0,000786
0.000841

0.000885
0.000931

0.000682
0.000712

0.000645
0.000649

0.000753
0.000744

0.000880
0.000870

0.001087
0.001079

0.001233
0.001181

0.001573
0.001729

0.001285
0.001218%

0.000816
0.000771

0.000788
0.000763

0.000897
0.000829

0.000780
0.000676

0.000593
0.000529

0.000660
0.000577

0.000638
0.000561

0.000720
0.000642

0.000550
0.000497

Vel Chnl
(ft/s)

9.47
10.70

10.21
11.11

Flow Area
{sq ft)

23959.93
26654.40

22229.52
25665.46

27281.21
31539.58

32953.13
37878.27

33058.45
38010.16

36129.89
41192.67

34140.06
38904.29

32590.78
36922.48

30109.56
34280.82

30691.15
34834.16

32341.80
37046.95

31316.95
36490.54

29591.52
34913.29

37125.22
42750,79

39258.90
44603.80

37508, 94
43835.32

39476.66
45938.61

40587.46
47809.91

41530.73
48049.18

37516.21
43757.32

37415.01
43386.38

35047.91
41380.36

29619.71
33088.13

39841.53
46540.54

42557.93
49962.72

45744.78
53241.53

45484.28
55385.87

50326.02
61650.96

53666.46
64954.29

55196.28
67038.70

54343.34
65669.87

55364.93
66285,22

59795,18
71041.81

Top Width Froude # Chl

(£e)

2139.10
2150.81

2607.01
2611.48

3061.61
3066.00

3463.55
3475.44

3482.68
3490.55

3564.35
3575.63

3430.95
3445.42

3240.77
3242.62

3274.28
3333.87

3334.03
3375.38

3835.59
3924.45

4111.63
4523.63

4156.21
4426.21

4346.48
4716.46

4389.78
4394.08

5154.27
5297.74

5363.63
53688.38

5979.72
6010.74

5476.96
5477.70

5228.00
5228.00

5028, 00
5028.00

5185,92
5192.30

3385.95
3415.00

5996.20
5998.10

6377.38
6378.30

6358,59
6360.10

7857.83
8142.57

8674,31
8880.94

8486.20
8486.20

8650.36
8676.49

8106.20
8110.34

7624.20
7646.41

7680.52
7698.38

0.50




MCDOT Bridge Scour

|

Tuthill Road Bridge over Gila River

Comparison of FP elevations with or without training dikes

B
FP Elev w/o FP Elev w/

River Mile training dikes |training dikes |Difference
190.34 888.53 888.59 0.06
189.87 884.72 885.01 0.29

L 189.49 882.59 883.16 0.57
189.22 881.54 882.29 0.75
188.81 880.47 881.45 0.98
188.59 879.91 881.01 1.1
188.29 879.25 880.49 1.24

188.2 878.78 879.89 1.1
188.1 878.1 879.29 1.19
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APPENDIX B

Design Chart 1 — Ultimate Capacity of Straight Driven H- Piles

Michael Baker Jr., Inc. Tuthill Road Bridge over the Gila River
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APPENDIX C

List of Figures:
Alternative 1

Alternative 2

Michael Baker Jr., Inc.

Tuthill Road Bridge over the Gila River
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Final Report (Structure.No. 8584)

FIELD PHOTOS

Michael Baker Jr., Inc.

Tuthill Road Bridge over the Gila River



Final Report (Structure No. 8584)

Looking east from the top of the North Spur Dike.

Michael Baker Jr., Inc. Tuthill Road Bridge over the Gila River



Final Report (Structure No. 8584)

Looking to the northwest from the South Spur Dike. Riparian area in the foreground.

Looking downstream (west). South Spur Dike.

Michael Baker Jr., Inc. Tuthill Road Bridge over the Gila River




Final Report (Structure No. 8584)

)

Looking south from the road on the west side of the bridge. Photo taken near the north
side of the bridge.

Grouted riprap adjacent to wire-tied riprap on the South Spur Dike.

Michael Baker Jr., Inc. Tuthill Road Bridge over the Gila River




