


FOREWORD

This report is composed of two volumes: Volume I is an
Analysis and Assessment; Volume II is a collection of

224 detailed case histories. The report provides guide-
lines to assist design, construction, and maintenance
engineers in selecting measures that may be used to reduce
bridge losses attributable to scour and bank erosion.

This research report is in the general subject area of
hydraulics and hydrology. This research is in the Federally
Coordinated Program (FCP) of Highway Research and Development.
It is part of FCP Project S5H "Protection of the Highway System
from Hazards Attributed to Flooding." The FCP project manager
is Dr. Roy E. Trent and the task manager is Mr. Stephen A.
Gilje.

Sufficient copies of Volume I and II will be distributed
to provide a minimum of one copy to each FHWA regional
office, division office and State highway agency. Direct
distribution is being made to the division offices.

i %/
Charles F. Sc fey

Director, Office of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report refiect the views of the authors, who are
employees of the U.S. Geological Survey and who assume responsibility
for the facts and the accuracy of the data presented herein. The con-
tents do not necessarily reflect the official views or policy of the
Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are
considered essential to the object of this document.
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PREFACE

The first use of countermeasures to protect bridges from damage by scour
and bank erosion seems not to be recorded, but an early use of riprap to pro-
tect piers evolved in France during the 1500's. Piers at some bridges were
protected by a crib consisting of a ring of almost continuous piles driven
around a pier and filled with stones. The piles tended to be uprooted by
scour, leaving the pile of stones around the pier. This led to the practice
of providing protection by riprap without a crib. The continued existence
in France of bridges hundreds of years old, protected by riprap at piers,
provides evidence for the effectiveness of riprap (Robinson, 1964, p. 54).

In the United States, protective measures seem to have been little used
at bridges before 1920. Bridges tended to be located at favorable crossing
sites and were rebuilt longer and higher if destroyed by flood. With the
advent of roads built to higher standards--not subject to overtopping by
minor floods--an increased proportion of overbank flow was diverted through
the bridge waterway, and the need for protective measures became more apparent.
In addition, the choice of crossing sites became increasingly dictated by
factors other than hydraulic suitability.

Countermeasures are now used by all states and Canadian provinces, but
the extent of use and the practices differ greatly from one state to another,
partly because of differences in stream type, in climate, and in geology. ’
However, experience with countermeasures in one region is transferable to
another, with some allowance for regional differences. Experience with counter-
measures seems best conveyed and documented by means of case histories.

This report on hydraulic problems and countermeasures at bridges has been
prepared by the U.S. Geological Survey under an inter-government agreement with
the Federal Highway Administration. Volume I is a general treatment of hydraulic
problems and countermeasures, and it is based mainly on a set of case histories
which are reproduced in Volume II. Relevant published information was also used
in the preparation of Volume I, as was information from interviews with state
bridge engineers. Volume I serves as a guide to the case histories of Volume II.
It contains, under the appropriate major headings, a listing of the case-history
site numbers to which any particular bridge factor, geomorphic factor, kind of
hydraulic problem, or kind of countermeasure is relevant. The case histories are
for 224 bridge sites in 27 states and three Canadian provinces. Each case history
includes information on the engineering and hydrologic features of the sites.
Sites most suitable for hydraalic analysis, and for which adequate data could be
obtained, have been written by Blodgett who wrote case histories 1-148.

Acknowledgements-~The project was initiated by Stephen A. Gilje of the
Office of Research, Federal Highway Administration, whoserved as contract
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Introduction

Site 1 Cache Creek at I-505 near Madison, Calif.
2 Cascade Creek at SR-89 near'Soufh Lake Tahoe, Calif.
3 North Yuba River at SR-49 near Goodyears Bar, Calif.
4 Sacramento River at SR-162 at Butte City, Calif.
5 Salmon Creek at FS-20N01.6;near Potter Valley, Calif.
6 Smokehouse Creek at FS-20NO1.6 near Potter Valley, Calif.
7  Stony Creek at I-5 near Orland, Calif. o
8 Salmon Creek at SR-49 near Sierra City, Calif.
9 Trinity River at SR-3 near Trinify Center, Calif.
10 Rabbit Creek at SR-45 at Murphy, Idaho
1 Canadiaﬁ River at SR-65 near Sanchez, N. Mex.
12 Walnut Creek at I-25 near San Antonio, N. Mex.
13 Hutton Creek at I-5 near Hilt, Calif.
14 Little Truckee River at SR-89 near Hobart Mills, Calif.
15 Coon Creek‘at SR-65 near Sheridan, Calif.
16  Deer Creek at SR-99 near Vina, Calif.
17 Eel River at SR-01 at Fernbridgé, Calif.
18 Feather River overflow at Gridley-Oroville Road near Gridley,

Calif.

19 Rock Creek overflow at county road near Nord, Calif.
20 Red Clover Creek at Forest Service road near Portola, Calif.
21 Sacramento River at SR-32 near Chico, Calif.
22 Sacramento River overflow at SR-162 near Butte City, Calif.
23 South Fork Kings River at SR-180 near Hume, Calif. |
24 Yuba River at SR-20 near Smartville, Calif.
25  Brockliss Slough at SR-88 near Minden, Nev.
26 Carson River at Dayton Lane at Dayton, Nev.
27 East Fork Carson River at SR-56 near Gardnerville, Nev.
28 Humboldt River at Airport Road near'Lovelock, Nev.
29 Rocky Slough at SR-88 near Minden, Nev.
30 Chemung River at LR-08066 near Sayre, Pa.
31 Conestoga Creek at SR-23 near Churchtown, Pa.
32 Conestoga Creek at SR-10 near Morgantown, Pa.
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INTRODUCTION

Volume II contains 224 case histories for Sites 1-283, arranged in
numerical sequence by site number. Gaps in the numerical sequence represent
sites that were originally considered but later omitted. Cases that were
suitable for hydraulic anaylsis are given in the first 150 sites, which there-
fore emphasizes the hydraulic aspects of bridges and countermeasures to a
greater extent than following sites. Sites having problems of local or general
scour, effective countermeasures, and a record of hydraulic information were
selected for more detailed analysis. According to the format used for all case
histories, a site is described under the headings "Description of site",
"Hydraulic problems and countermeasures", and "Discussion." -

Under "Description of site" are included the site location and properties
of the bridge that are relevant to the case history. Among the bridge prop-
erties documented are the bridge length and the skewness of the bridge and the
piers; skewness was measured as shown 1in figure 1. Bridge abutments are clas-
sified as spillthrough or vertical (fig. 2). A spillthrough abutment has a
fill-slope on its streamward site. A vertical (full height) abutment typically
has wingwalls and no streamward fill-slope. Pier shapes are described accord-
ing to the classification given in figure 3. During extreme floods, or when a
bridge waterway is blocked by debris, submergence of the bridge structure may
occur. The amount of submergence (t) is measured as the depth of water above
"low steel”, or the bottom of the bridge stringer (fig. 4). A more complete
description of terms applied to the bridge and to countermeasures is given in
the Glossary and in chapter 6 of Vol. I.

Also included under "Description of site" are hydrologic and geomorphic
characteristics of the site. Drainage area refers:to the area of the drainage
basin upstream from the site, as measured on topographic maps or, for sites at
or near a stream gage, as given in the gage description. Valley slope was meas-
ured, for most sites, on topographic maps. Descriptive terms applied to the
stream and its valley are defined in the Glossary and discussed in chapter 4
of Vol. I. ‘

Under "Hydraulic problems and countermeasures" is given the date of bridge
construction and a chronological account of relevant events, problems, bridge
repairs, and installation of countermeasures. Under "Discussion", a statement
is given on the significance of case history with regard to hydraulic prob-
lems and the performance of countermeasures.
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Classification Shape Description
Pile bents HHHHKH  Series of H piles
EJ[ﬁEJtJ Series of square piles
O0OQO Series of round or octagonal piles
'C) QO Pair of round columns
O O Pair of square columns
Web piers C—=0 Pair of round columns with web
[}::::c] Pair of rectangular columns with web
Wall piers C——"> Round nose pier
&> Pointed nose pier ¢
—/

Square nose pier

Cylinder piers

O

Large cylindrical column, one column
per pier

Figure 3. Classification of pier shapes.
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Figure 4. Definition sketch of a bridge submergence.




CASE HISTORIES
PART I

SITE 1. CACHE CREEK AT I-505 NEAR MADISON, CALIF.

Description of site: Lat 38042', long 121057', location as shown in fig. 5.
Concrete box-girder bridge, length 599 ft (183 m), with concrete piers
founded on steel piles. Piers are rectangular with rounded noses and
abutments are spillthrough.

Drainage area, 1,139 mi2 (2,950 kmz); bankfull discharge, about
40,000 ft3/s (1,132 m3/s); valley slope, 0.0014; channel width, about 700
ft (213 m). Stream is ephemeral, regulated, alluvial, sand-gravel bed, on
alluvial fan, distinct natural levees. Channel is sinuous, locally braided,

wandering thalweg, probably incised, cut banks general, silt-sand banks.

Hydraulic problems and countermeasures:

1959 Bridge built. Both abutments and embankments armored with sacked
concrete. Double pipe-and-wire retard installed upstream from
‘bridge on both banks (fig. 5). v :

1963 Ongoing gravel mining operations in channel caused channel
degradation and subsequent scour around piers 5 and 6 (fig. 6).
Exposed square footings caused obstruction to flow and caught
drift (fig. 7). ‘

1965  Flood discharge 38,000 ft3/s (1,076 m®/s). Retard on left bank .
was damaged but was effective in preventing damage to left bank
abutment.

1968 Channel alinement changes caused more flow to be directed at the
left-bank abutment.

1973 Flood discharge; 21,300 ft3/s (603 m3/s). Progressive channel
changes since 1965, and floods of January 1970 and January 1973,
caused left-bank pipe retard to wash out and sacked-concrete
revetment on both banks was undercut. Retard was less effective
because channel degradation allowed flows to undercut retard
support pipes. Twenty car bodies, placed in 1973, served during
the 1973 flood as temporary protection for the left-bank embank-
ment and abutment.

1974 Restored sacked-concrete revetment at both abutments. Dug cutoff
trench and placed rock riprap of 5-ton (4.5 t) maximum size at
eroded area (fig. 8). Channel erosion due to gravel mining
lowered average bed elevation of channel 6.3 ft (1.9 m) between
1959 and 1974 (fig. 9).




1976 New bridge parallel to existing bridge under construction. During
excavation for repair of footings for old bridge, wood debris
carried by the stream was found 11 ft (3.3 m) below the top of the
footings at pier 4 (fig. 9). At pier 6, the streambed was 9 ft
(2.7 m) below top of footing. Countermeasures were applied to
prevent damage to bridge by flood flows or continued channel i
degradation. These measures include placing new piers with skew of

40 degrees (fig. 10); placing rock riprap on both banks (figs. 10
and 11); extending footings of the old and new bridge piers about
10 ft (3.1 m) lower, with deeper penetration of pilings (fig. 9);
and placing webbing at piers to prevent lodging of drift.

Discussion: Channels subject to extensive and long-term degradation require
special consideration when designing countermeasures for bridge protection.
Retards were initially effective in protecting the abutment and embankment,
but were later damaged when support posts were undercut by the degrading
stream. Sacked concrete revetment failed when toe was undercut. Adequate
keying into channel bed and at ends of revetment is required to resist
stream erosion. Rectangular-shaped footings should be avoided if there is
a possibility of exposure to streamflow. The sharp corners caused
localized high velocities which scoured the streambed. Debris is more
likely to lodge against rectangular footings and cause additional channel-
bed scour. Use of old car bodies during flooding to protect the embankment
and abutment was apparently effective in reducing damage to the bridge.
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Figure 5. Plan of Cache Creek at I-505 bridge, 1959.
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Figure 6. Exposed pier footing, I-505 bridge at Cache Creek. (From
Calif. Dept. of Transportation, photograph ‘taken prior to 1976.)

Figure 7. Debris lodged on exposed pier footings. (From Calif. Dept.
of Transportation, photograph taken prior to 1976.)
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Figure 8. Cache Creek at I-505 bridge on August 16, 1974. (From Calif.
Dept. of Transportation.)
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Figure 10. Plan of bridge countermeasures, 1976.

Figure 11. Placement of rock riprap along bank of Cache Creek during
September, 1976. (Excavation for toe of riprap and cutoff trench in
foreground.) ’
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SITE 2. CASCADE CREEK AT SR-89 NEAR SOUTH LAKE TAHOE, CALIF.

Description of site: Lat 38057', Tong 120005', location as shown in fig. 12.
Timber bridge with reinforced-concrete slab, rubble masonry pier and
abutments. One pier evenly divides total bridge length of 39 ft (12 m) into
two spans. Pier is rectangular, abutments are vertical and foundations are
spread-footing type.

Drainage'area, 4.6 mi2 (11.9 kmz); channel slope, 0.073; width, 37 ft
(11 m). Stream is perennial, alluvial, cobble and boulder bed, in valley of
moderate relief, no flood plain. Channel is straight at bridge site.

Hydraulic problems and countermeasures:

1935 Bridge built.

1965 Flood resulting from high snowmelt runoff during winter months washed
out the upstream half of the pier and scoured 2 ft (0.6 m) deep under
the remaining length of the spread footing (fig. 13). Scour of the
pier footing is probably related to the large angle of bridge pier
skewness to flows (fig. 13). Repairs consisted of replacing the
washed out half of pier with reinforced concrete with base of
footing at least 1.5 ft (0.5 m) lower than old pier footing, and
placing a concrete apron around the remaining rock masonry pier at
bed level to prevent future flows from undermining the pier (fig. 14).

1970-71 Floods with recurrence intervals (R. I.) of about 5 years caused no
damage. The countermeasure (fig. 15) is considered effective.

Discussion: An effective method of protecting spread footings on alluvium
is to place a concrete apron around the piers. Top of the apron should be
at or below the streambed to prevent constriction of flow and increased flow
velocities.

J \
lBue from U.S. Geological Survey
Emerald Bay,Calif., 1955
Interim revisions as of 1969

1 0.5 0 : 1MILE

1.8 0.8 ¢ ’ 1.0 XILOMETERS

CONTOUR iNTERVﬁL 40 FEET
Figure 12. Location of Cascade Creek bridge site.
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SITE 3. NORTH YUBA RIVER AT SR-49 NEAR GOODYEARS BAR, CALIF.

Description of site: Lat 39%31°, long 121%01'. Precast-concrete bridge, 312
ft (95 m) in length, concrete single-column piers. The left abutment and the
three piers are on spread footings founded on bedrock. The right abutment is
supported by piles. The channel is composed of bedrock on the left side, and
cobble and gravel on the right side.

: Vé]]ey slope, 0.0050. Stream is perennial, non-alluvial, cobble-boulder
bed, in valley of high relief, no flood plain.

Hydraulic problems and countermeasures:

1964 Bridge built (fig.'16) following co]lapse-of.previous bridge during
floods in 1963. _

1964  Flood of December 1964, discharge 44,000 ft3/s (1250 m>/s), R. I.
about 40 yr.

1969 Bridge inspection reports noted the exposure of aggregate over the
entire circumference of the center pier. The channel bed appeared
stable, and no scour of the pier footing was observed. Flow at the -
time of the bridge inspection in August was clear and turbulent.

1972 Abrasion of the concrete on the pier column had progressed such that
reinforcing steel was exposed. Wear of the column, both in terms
of depth and height, was greatest on the downstream side. The
additional abrasive damage noted between 1969 and 1972 probgb]y
oggurg7d)during the January 1970 flood (discharge 21,000 ft°/s or
595 md/s ). ‘

1974 By 1974, damage to the concrete pier (fig. 17) required repairs,
which consisted of a reinforced-concrete collar around the damaged
part of the pier (fig. 18).

1976 Inspection of the site indicates the concrete collar is performing
satisfactorily.

Discussion: Addition of the concrete collar around the damaged pier will
not prevent future abrasive damage, but does solve an immediate probiem.
The wearing damage of the pier is apparently caused by turbulent currents
at the side of the pier carrying suspended material which provides the
abrasive action. Depths of flow at the pier during the 1964 flood were
about 28 ft (8 m) (fig. 16). This type of problem is apparently unique
with large diameter single column piers. The abrasive damage noted on the
face of the cylindrical pier column is significant because most of the
damage was observed at the downstream face. Normally, the upstream face
on a pier is most subject to impact damage. The turbulence of flows around
the cylindrical pier, suspended sediment, and depths of flow are considered
significant factors in the abrasive damage observed at the pier.
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Figure 16. Plan aﬁd cross section of North Yuba River at SR-49 bridge
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Figure 17. Abrasion at upstream face of concrete pier as photographed
in 1974. (From Calif. Dept. of Transportation.)
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Figure 18. Downstream view in 1976 of concrete collar around pier.

SITE 4. SACRAMENTO RIVER AT SR-162 AT BUTTE CITY, CALIF.

Description of site: Lat 39°27', long 122°00', location as shown in fig. 19.
Riveted steel truss swing span, one steel-truss approach span, and
prestressed-concrete girder on concrete-pile approach spans across right-bank
flood plain. Al1 piers are supported on piles. Total bridge Tength is

4,389 ft (1,338 m) main channel span is 693 ft (211 m) in length.

Drainage area, 12,081 mi2 (31,029 kn?); bankfull discharge, 90,000 ft/s;
valley slope, 0.00032; channel width, about 400 ft (122 m). Stream is
perennial, regulated, alluvial, sand bed, wide flood plain, natural levees.
Channel is sinuous, locally braided, wider at bends, point bars, cut banks
general, silt-clay banks, tree cover at less than 50 percent of bankline.
Instability of channel and rapid lateral migration rate is attributed to

clearing of vegetation along banks and to confinement of flow by artificial
levees. ‘

Hydraulic problems and countermeasures:

1948 Bridge built with swing span to pass river traffic. Clearance of
low steel above design water level (Feb. 28, 1940, high water
discharge about 160,000 ft3/s or 4,530 m3/s) is 9 ft (2.7 m). The
center pier is protected from river traffic by a timber drawrest
structure (fig. 20), and guide fenders protect the two adjacent
piers (fig. 21). The piers are supported by steel piling with pile
tips about 41 ft (12.5 m) below the 1946 channel bed level. At a
discharge of 64,000 ft3/s (1,812 m3/s), the area of piers 25-28
occupy 9 percent of the waterway area as defined by cross section
surveyed in 1946.
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1949 Timber guide-fender on right bank collapsed during flood of
- March 12, 1949, gdischarge in main channel and overflow 82,200
ft3/s or 2,327 m /s). Sheet piles at west end of swing span,
pier 26 (fig. 22), were damaged. Following flood, pier fender was
replaced and bent piles straightened.

1952 High water of Dec. 29, 1951. (discharge in main channel and overflow
o 111,000 ft3/s or 3,142 m3/s) caused lateral scour of right bank under
the bridge for about 140 ft (43 m) along the stream, and shoreward
about 20 ft (6.1 m). Soundings indicated local scour around piers
25, 26, and 28. .

1954 Lateral erosion of right bank under bridge continuing (fig. 23).
Scour between bents 23 and 24 on right bank flood plain has
developed due to return of overland flow from flood plain to main
channel (fig. 19). The area near bents 23 and 24 was backfilled
with cobble and earth (fig. 23) to prevent additional scour of the
channel bank. Mdin channel bed scour near piers 26 and 28 and right
channel bank between piers 24 and 26 continuing. About 7 ft (2.1 m)
of scour between piers 25 and 26 occurred between 1946 and 1954
(fig. 23). The deepest point of scour is 80 ft (24 m) away from the
edge of the drawrest at pier 27. The location of the scour area
indicates the scour is probably caused by the bridge constriction
rather than local turbulence around the drawrest and pier 27,

1957 Lateral erosion of right bank between piers 23 and 26 is
continuing, but there is evidence of sediment deposition on
the flood plain above 90 ft (27 m) elevation (fig. 23).

1974 Seven floods exceeding 100,000 ft3/s (2,831 m3/s) occurred
between 1954 and 1974 (flood of January 18, 1974, discharge in
main channel and overflow, 136,000 ft3/s) and caused additional
local scour of about 5 ft (1.5 m) between piers 24 and 28 (fig. 23).
Total scour of the channel bed at the bridge between 1946 and 1974
is about 12 ft (3.7 m). Measurements of the channel upstream from
the bridge between 1946 and 1974 show bed scour of less than 1 ft
(0.3 m), indicating the channel is not degrading.

Discussion: The bridge spans the main channel and right bank flood plain so
floodflows at the bridge are not contracted (fig. 23), yet extensive scour
and lateral erosion at the bridge during the period 1948-74 have been
observed. The reduction in waterway area for a discharge of 64,000 ft3/s
(1,812 m3/s) was about 9 percent. Thus the pier size is a factor in
constriction of the waterway by the bridge.

Associated with the reduction in waterway area caused by the bridge
construction, however, is the corresponding lateral erosion and local scour
which tended to replace the initial waterway. This case history demonstrates
the need to consider the possibility of scour and lateral erosion at bridges
when there is no apparent contraction from overflow returning to the channel
but the size and number of bridge piers may be sufficient to contract the
flows and cause scour at the crossing.

14




Figure 19. Aerial photograph of Sacramento River at SR-162 bridge
during flood of January 19, 1974. (From Calif. Dept. of Water
Resources.)

Figure 20. View upstream of timber drawrest structure, in 1977.
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SITE 5. SALMON CREEK AT FOREST SERVICE ROAD 20NO1.6 NEAR
: POTTER VALLEY, CALIF.

Description of site: Lat 39°27', Tong 122958, location as shown in fig. 24.
Reinforced-concrete bridge, concrete wingwalls at abutments, supported on
concrete piers founded on steel H-piles. Bridge spans are 32, 42, and 32 ft
(9.8, 12.8, and 9.8 m), with total length of 106 ft (32.3 m). Bridge not
skewed to flow.

Drainage area, 15 miz (39 kmz); valley slope, 0.00052. Stream is
ephemeral, alluvial, gravel bed, on alluvial fan. Channel is generally
- braided and generally anabranched, sparse desert shrubs along banklines.
Crossing is near lower end of alluvial fan, rather than at apex.

Hydraulic problems and countermeasures:

1975 New bridge built to replace two existing structures (fig. 25).
: Countermeasures included placement of concrete wingwalls; use of
rectangular piers with rounded noses; construction of spur dikes
(figs 26 and 27) with rock-filled gabion protection; protection
of embankment on downstream side of bridge with rock gabions; and
regrading the streambed in the vicinity of the bridge (figs. 28

and 29).

1976 The countermeasures have not been tested by floodflow. Hydraulics
of the bridge opening for design flow are given in Vol. I under
"Flow Factors". Scour (headcutting) of the transition between the
old and new channel bottom approximately 900 ft (274 m) upstream
from the bridge (fig. 25) may be expected during future floods.

s
¥, /Gravelly Valley
Pl
/" Airport

1 MILE

1 5 0 1 KILOMETER

CONTOUR INTERVAL 40 FEET

Figure 24. Map showing Salmon Creek at Forest Service road 20N01.6.
(Base from U.S. Geol. Survey Lake Pillsbury, calif., 7.5’ guadrangle,

contour interval 40 ft, 1967.)
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SITE 6. SMOKEHOUSE CREEK AT FOREST SERVICE ROAD 20NO1.6
NEAR POTTER VALLEY, CALIF.

Description -of site: Lat 39%27', long 122°58'. Reinforced-concrete bridge
with concrete wingwalls at abutments and supported by concrete piers,
founded on steel H-piles. Bridge spans are 32, 42, and 32 ft (9.7, 12.8,
and 9.7 m), with total length 106.5 ft (32.5 m). No bridge skew to flow.

Drainage area, 13 miz (34 km2); valley slope, 0.0097. Stream is
ephemeral, alluvial, gravel bed, on alluvial fan. Channel is generally
braided and generally anabranched. Crossing is near mid-point of alluvial
fan, rather than at apex.

Hydraulic problems and countermeasures:

1975 New bridge (fig. 30) built to replace two existing structures.
Countermeasures included installation of rock gabion abutment
protection (fig. 31); use of rock gabion along upstream side of
approach. embankment (fig. 32); placement of concrete wingwalls
and use of rectangular piers with rounded nose; regrading the
channel (fig. 30); and clearance for drift of about 3 ft (1 m)
below the bridge superstructure.

1976 Countermeasures have not been tested.

Discussion: Crossings on alluvial fans are usually made either near the
apex, where a single rather definite channel is characteristic, or near the
base of the fan, where channels are poorly defined but discharge is reduced
by infiltration or dispersion (Calif. Div. of Highways, 1970, p. 83). The
crossing of Smokehouse Creek (as well as the adjacent crossing of Salmon
Creek) is near the mid-point of the fan, and countermeasures have been
provided to prevent erosion of the abutment fill-slopes. '
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Figure 31. Details of rock gabion slope protection.

Figure 32. View of rock gabion slope protection on upstream side of
right~bank approach embankment. (From U.S. Forest Service.)
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SITE 7. STONY CREEK AT I-5, NEAR ORLAND, CALIF.

Description of site: Lat 39046', long 122012', location as shown in fig. 33.
Reinforced-concrete, continuous T-beam girder bridge built in 1966, with

7 columns per bent (pile extension) on steel H-piles, and spillthrough -
abutments. Bridge Tength is 934 ft (285 m) with one span of 41 ft (12.5 m),
17 spans of 50 ft (15.2 m) and one span of 41 ft (12.5 m). Bridge skew is
30 degrees.

Drainage area, about 777 m12 (2,012 km2); valley slope 0.0025; channel
width, about 1,500 ft (457 m). Stream is perennial (but highly regulated,
such that there is no flow during much of the year), alluvial, sand-gravel
bed, on an alluvial fan, distinct natural levees. Channel is Tocally
braided, generally anabranched, random width variation, silt-sand banks.

Hydrau]ic‘prob1ems and countermeasures:

1964-66 Several countermeasures were installed during construction of the
» bridge as follows: Channel was realined upstream from bridge, and

a 100-ft (30-m) wide overflow channel 700 ft (213 m) north of the
bridge was blocked off; overflow was diverted through a drainage
ditch to main channel upstream from bridge (fig. 34). The main
channel in vicinity of bridge was excavated an average of 3 ft
(1 m) below original streambed to channelize flow (fig. 35). -
Light-duty double pipe-and-wire fence retard (1ike that in fig. 36)
was installed on both banks upstream from bridge. The abutments
and embankments on both banks were covered with grouted rock
revetment. A steel sheet-pile cutoff wall was placed around the
toe of upstream side of left-bank abutment.

1967 High water of Jan. 1967 (discharge = 10,800 ft3/s or 306 m3/s)
eroded 150 ft (46 m) of double pipe-and-wire retard on right bank
(fig. 33) by undermining support posts. Retard was placed on
right-bank flood plain too far above channel to be effective.
Performance of left-bank retard satisfactory. General scour is
attributed to constriction of floodflows, and progressive
degradation is attributed to several factors, including upstream
impoundments and sand and gravel removal operations. Scour and
degradation exposed steel piles at five bents to damage from rust
and abrasion. Exposed parts of piles were encased in a concrete
jacket for a distance of 6 ft (2 m) below existing concrete
columns (fig. 37). Scour at toe of right bank abutment was
evidently caused by flooding during winter of 1967. Additional
grouted rock was placed at toe of existing rock riprap on right
bank abutment. Remains of right-bank retard was removed and a
new heavy-duty double pipe-and-wire retard placed along upstream
side of embankment at a lower elevation to prevent undermining of
support posts. A training dike (or levee) was constructed along
the right bank of the channel (fig. 38).

1971 High water in Jan. 1969 (q_= 10,000 £t3/s or 283 m3/s) and in Jan.
1970 (Q = 12.500 ft3/s or 354 m3/s) caused additional scour around
bridge pier (fig. 39) and changes in main channel flow alinement.
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to the bridge. Excavated material from the main channel upstream
from the bridge was placed above the right bank retard to extend
training levee upstream.

1974 Two additional floods occurred following installation of counter-
measures_in 1967 and 1971. Floods of Jan. 1973 (Q = 10,200 ft3/s
or 289 m3/s) and Jan. 1974 (Q = 15,200 ft3/s or 430 m3/s) did not
cause significant erosion problems at the bridge.

Discussion: Original pipe-and-wire retards built on the right bank were too
far above channel to be effective in preventing streambank erosion upstream
from bridge. Modification of the main channel alinement, deepening the
channel bed during original highway construction, and addition of the left-
bank overflow to divert overflow from the flood plain to the main channel
were factors contributing to the general streambed scour noted at the
bridge.

EW ALINEMENT
L OF LEFT BANK B
| OVERFLOW CHANNE.

bt

| GROUTED ROCK
L RIPRAP AROUNI
B AeuTHENT

Figure 33. Aerial view of Stony Creek bridge after flood of January
1967. . (From Calif. Dept. of Transportation.)
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Figure 34. Plan of bridge built over Stony Creek in 1964.
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Figure v3§. -~ Light duty, doub],e' pipe-and-wire retard (center) and
grouted rock revetment at approach embankment (right). Photo-
graphed- in 1976.
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Figure 37. Repairs made in 1967 to exposed parts of steel H-piles.
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Figure 38. Aerial view of Stony Creek bridge showing extension of
(From Calif. Dept. of Transportation.)

right-bank levee in 1970.

ELEVATION (MSL)

LEFT BANK RIGHT BANK
FEET METERS
260 — — 85
- [T | /.
/
-~ \ ) CHANNEL BOTTOM /
2 \ ] CHAMNEL BOTTOM NOVEMBER 1976 /
= \ APRIL 1970 f
PR | G | —
20 ‘v o~ —79
: v//w)G#
z \/
e
»
250 - BOTTOM OF 20" DIAMETER CONCRETE ENCASEMENT EXTENDED -76
6' LOWER AT ALL BENTS IN 1967
~ | 1 [N I I 1 B -~

> 2
7

ol 1| 0 1 1 I A A B

100 200 300 FEET
3 i

T o

T \

i
30.5 Bt 91.5 METERS

Figure 39. 'Cross sections of Stony Creek in 1970 and 1976.
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SITE 8. SALMON CREEK AT SR-49 NEAR SIERRA CITY, CALIF. ,

Description of site: Lat 39036', Tong 120031', location as shown in fig. 40.
Reinforced-concrete box-girder bridge, built in 1964, has reinforced-concrete
piers and abutments on spread footings founded on bedrock. Total bridge
length is 252 ft (77 m). Channel bed material includes boulders up to 7 ft
(2.1 m) in diameter, cobbles, gravel, and areas of exposed bedrock. During
floods, large amounts of floating debris, boulders, and suspended material
are transported and channel scour occurs. Former bridge (fig. 41), built in
1925 and located 1/8 mi (0.2 km) upstream, required extensive repair to
damaged piers and abutments after flood events.

, Drainage area, 17 m1’2 (44 ka); valley slope, 0.050; channel width,
about 100 ft (30 m). Stream is perennial, semi-alluvial, boulder bed, in
valley of high relief, no flood plain. Channel is sinuous, boulder banks.

Hydraulic problems and countermeasures:

1937 Flood of unknown magnitude washed out left-bank approach fill of
1925 bridge and footings of bents 2 and 3 were undermined. The
upstream columns of bents 2 and 3 were damaged by battering action
of rolling boulders and drift accumulated between columns. Approach
fi1l replaced and heavy riprap protection was added on upstream
side. Footings were lowered.

1950 Flood (discharge, 17,400 ft3/s or 493 m3/s) caused the channel to
shift toward right bank and washed out approach fill and heavy
riprap. - Upstream columns of bents 2 and 3 were again damaged by
abrasive action of debris and rolling boulders.

1951 Curtain walls were constructed at bents 2, 3, and 4 to prevent
lodging of debris between columns. A 35-foot (11 m) span with
abutment and wingwalls was added to the right-bank end of bridge.

Pre-1955 A protective Tining consisting of a timber layer with steeﬁvplate
outer Tining had been placed along upstream face of bent 3.

1955 Flood (Q = 11,500 ft3/s or 326 m3/s) caused some erosion of right-
bank approach fill, damaged the upstream faces of all bents except
bent 3 by abrasion and deposited debris at upstream side of bridge
(fig. 42). The steel-plate Tining at bent 3 was bent and torn
slightly along the sides, but did protect the concrete. The eroded
right-bank approach fi1l was replaced and some large rocks were
placed at toe of abutment.

1964 Countermeasures incorporated in the new bridge (fig. 43) included
the following: The minimum span length was 35 ft (11 m) and piers
were closed to prevent lodging of drift on bridge piers. Full-height
concrete abutments were used to increase waterway area between
bridge abutments (fig. 44). The bridge has about 8 ft (2.4 m)
freeboard above the design discharge of 4,000 ft3 (113 m3/s) (fig. 45).
The channel bed was excavated to a minimum width of 50 ft (15 m) at
base (fig. 45), with a slope of 0.050 for a reach of about 250 ft
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(76 m) in vicinity of bridge. The channel alinement was also
modified to reduce the sharp bend at the bridge crossing. Bridge
piers were constructed with a sloped upstream cutwater %fig. 46

to guide boulder movement, and armored with steel plate to prevent
“abrasive damage -and spalling of concrete at piers.

Late Flood, discharge 19,200 ft3/s (503 m3/s), caused no damage to new

1964 bridge. The flood water level was about the same as the design
level because of channel excavation during bridge construction,
but the flood discharge exceeded the design discharge of 4,000
ft3/s by about 6 times.

1976 Floods during the period 1964-76 have not caused noticeable
damage to the bridge, although the bridge piers show the effects
of abrasijon (fig. 47). The channel in the vicinity of the bridge
has not changed appreciably between 1964 and 1976. -

Discussion: Addition of curtain walls at bents prevented lodging of
debris between pier columns. Bridges across streams in mountains should
be designed with clearance, abutments, and span lengths adequate to pass
debris, and not constrict the channel. The use of rectangular-shaped
piers with rounded noses was effective in preventing lodging of debris on
bridge piers. The use of bridge piers designed with a sloped upstream
cutwater and protected with steel plate effectively guided cobble and
boulder movement past the bridge, and prevented abrasive damage to piers.
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Figure 40. Location of Salmon Creek at SR-49 crossing. (From U.S.
Geol. Survey Sierra City, Calif., 15' gquadrangle, 1955.)
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Figure 42,
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Figure 43. Plan of Salmon Creek bridge, built in 1964.

Figure 44.

View downstream of Salmon Creek bridge, built in 1964.
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SITE 9. TRINITY RIVER AT SR-3 NEAR TRINITY CENTER, CALIF.

Description of site: Lat 41%06', long 122042', location as shown in fig. 48.
Bridge is a 404-ft (123-m) Tong, concrete box-girder structure, supported on
three rectangular concrete piers, with spillthrough abutments. Piers are
spread-footing type.

Drainage area, 157 mi2 (407 kmz); valley siope, 0.010. Stream is
perennial, alluvial, cobble-boulder bed, in valley of high relief, narrow
flood plain. Channel is sinuous, locally braided, locally anabranched, cut
banks rare, sand-gravel banks.

Hydraulic problem and countermeasures:

1968 Concrete box-girder bridge built with spans of 90, 112, 112, and
90 ft (27.4, 34.1, 34.1, and 27.4 m) (fig. 49). The following
countermeasures were included in the bridge design and site
preparation: A dike was built across flood plain on right bank
(fig. 49) to prevent overflow on right bank and damage to the
approach embankment. Rock riprap was placed along upstream face
of dike and at both abutments. The bridge piers were built
without openings between columns to prevent lodging of drift.
Pier noses were streamlined, and constructed to withstand impact
of occasional large drift. The minimum clear distance between
piers to prevent lodging of debris was designed to be 75 ft
(23 m), as measured perpendicular to the flow direction. The
vertical clearance above design discharge of 14,000 ft3/s
(396 m3/s) was 5 ft (1.5 m). The base of pier footings located
about 10 ft (3 m) below the channel bed.

1974 Flood in January 1974 (discharge of 26,500 ft3/s or 750 m3/s,
R. I. about 40 yr) caused scour around the piers and settlement
of pier 2 (fig. 50). Based on reports by California Dept. of
Transportation, test borings taken after flood show general scour
of about 9 ft (3 m) at pier 2 and 6 ft (2 m) at pier 4. The
average general scour at the bridge was about 2 ft (0.6 m)
(fig. 51). Local scour caused by turbulence at the piers was
somewhat restricted because of the armoring effect of cobble
present in the channel bed. Drift apparently did not contribute
to observed scour at the bridge. The primary causes of general
scour were considered to be the location of the bridge at the
point of channel curvature, and constriction of flow by the right-

" bank dike (fig. 49).

1976 After the flood, a new footing for pier 2 was placed about 8 ft
: (2.4 m) lower than the existing footing. This is a depth of about
16 ft (5 m) below the channel bed surveyed in 1976 (fig. 51).

Discussion: Construction of the dike on the right-bank flood plain
effectively forced all flow to remain in the main channel and pass under the
bridge. Scour of the bridge pier during the January 1974 flood is probably
associated with the additional flow (main channel plus overbank flow)

forced to remain in the main channel instead of partially bypassing the
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bridge site. The normal capacity of the main channel to convey the flood was
inadequate to handle the total discharge and scour resulted.

The flood of January 1974 was about 1.9 times larger than the design
flood. The stage was about 1 ft (0.3 m) higher, giving clearance for drift
of 4 ft (1.2 m) instead of 5 ft (1.5 m). The countermeasures applied at the
time of bridge construction are considered effective. '

Although the bridge damage occurring during the January 1974 flood is
considered major, studies by Caltrans concluded only protection at pier 2
(fig. 49) was justified because additional costs to provide protection
guaranteed against bridge failure were considered excessive if the channel
scour continues. The rock slope protection at the dike and right-bank
abutment showed no signs of failure during the 1974 flood.

WIS {;:3‘.

Base from. U.S. 'Geoldéica‘l Surve
Bonanza King 1§ min., Calif.;, 1958

Figure 48. Location of Trinity River at SR-3 crossing.
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Figure 49. Plan of SR-3 crossing near Trinity Center.
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SITE 261. SOUTH FORK FORKED DEER RIVER AT US-51 NEAR HALLS, TENN.

Description of site: Lat 35057', long 89024', location as shown in fig. 255.
Dual bridges, built in 1963, had a 53-ft (16-m) main span supported by wall-type
piers in the main channel, and thirty 28-ft (8-m) approach spans supported by
concrete pile bents. 1In 1975, both bridges over the main channel were rebuilt,
with 75-ft (22.5-m) main span supported by hammerhead piers. Spillthrough abut-
ments, set well back from the main channel, were protected with sacked concrete
in 1963 and have remained stable.

Drainage area, 1,038 mi’ (2,688 km?); bankfull discharge, 1,000 ft3/s
(28 m3/s); width where bordered by natural vegetation, 80 ft (24 m). Stream is
perennial, alluvial, sand bed, in valley of moderate relief, wide flood plain.
Natural channel had a sinuousity of about 2.5, but channel has been straightened.
Natural channel 1is equiwidth, not incised, cut banks rare, silt-sand banks.
Channel was first straightened and enlarged in the 1920's by local drainage
districts; but, probably because the natural flood plain forest was not
cleared, the banks remained stable. In 1969, the Corps of Engineers straightened
and enlarged a reach about 3 mi (4.8 km) in length downstream from the bridge,
reducing the length about 20 per cent. During the past few decades, and
particularly in recent years, the flood plain has been cleared of trees for
agricultural purposes.

- Hydraulic problem and countermeasure:

1963 Bridge built, across previously straightened reach of channel, sacked
concrete at abutments.

1969 ‘Channel enlarged and straightened downstream from bridge, by U.S. Army
Corps of Engineers.

1970-71 Left bank receded an average distance 8f 14 ft (4 m) during this period.
Peak discharge during period, 7,590 ft3/d (215 m3/s), R.I. of flood,
1.5 yr. Timber-pile retard built at left bank near bent 7; single row
of pile with wood face planks, extending from the downstream end of bent
7 for a distance of 125 ft (37.5 m) upstream.

1971-73 Peak discharge during period 26,540 ft3/s (751 m3/s), 17-yr R.I.
Bankfull stage occurred several times, high flows sustained for
periods of weeks. Left bank continued to erode behind retard, average
distance of recession, about 7 ft (2 m). Bent 7 became exposed below
ground Tine, concrete was poured at base to prevent further erosion.
Slumping from the left bank deflected flow toward the right bank,
causing rapid erosion and failure of bent 8. South lane of bridge closed.

1975 ~ Both lanes of bridge rebuilt, with new piers having deeper footings and
less area normal to flow (fig.256). Single-row, timber pile retard
built along both banks in vicinity of bridge (fig.257). A large scour
hole in the center of the channel downstream from the bridge, attributed
to flow constriction during bridge construction, was filled with gravel.
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SITE 10. RABBIT CREEK AT SR-45 AT MURPHY, IDAHO

Description of site: Lat 43013', long 116033', location as shown in fig. 52.
Bridge is 120 ft (36.6 m) in length, precast-concrete stringers, supported on
concrete piers with spread footings on bedrock. Spillthrough abutments are
supported on timber piles.

Contributing drainage area, 25 miz (65 km2); valley slope, 0.015.
Stream is ephemeral, alluvial, sand bed, in valley of moderate relief,
narrow flood plain. Channel is sinuous, locally braided.

Hydraulic problems and countermeasures:

1956 Bridge built with three spans of 40 ft (12.2 m). Bridge skew is
100; pier skew is 50 (fig. 53). Channel bed was cleaned and rock
riprap was placed at both abutments. A cutoff trench for rock

- riprap, with base about 2 ft below the streambed, was placed at
the toe of abutment (fig. 54).

1962 Flood of June 19 (discharge 3,640 ft3/s or 103 m3/s) caused
general scour in vicinity of bridge (fig. 54). To prevent
additional scour near the bridge, a check dam of 18- to 24-inch
(0.5- to 0.6-m) size rock riprap was placed across the channel
(fig. 55). The crest of the dam was placed at the desired stream-
bed elevation.

1976 Flood of August 6 (discharge less than 3,600 ft3/s or 102 m3/s)
caused no general scour of the channel bed (fig. 54). The check
dam built in 1962 is barely visible in the channel bed and its
location is identified by the rock riprap placed on the channel
banks. Much of the rock riprap placed at the abutments during
bridge construction has disappeared. There is evidence the
channel downstream from the dam is controlling the streambed
level causing submergence of the check dam.

A new problem caused by lateral erosion is occurring at the
upstream side of pier 1 (fig. 56). Lateral erosion of the channel
bank at this location is chiefly caused by curvature in channel
alinement at the bridge approach and presence of the pier at the
toe of the abutment slope, which affects the flow pattern. Rock
riprap placed on the left-bank abutment in 1956 is no longer
present in sufficient amounts to protect the left channel bank
and abutment.

Discussion: The check dam has stabilized the channel bed elevation in the
vicinity of the bridge. Lateral erosion is now causing problems of scour
at the outside of the channel bend, and additional protection of the left
abutment and channel bank is needed. Bridge piers located at the toe of
spillthrough abutments evidently affect flow patterns and are especially
prone to local scour problems.
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Figure 52. Location of Rabbit Creek at SR-45 at Murphy, Idaho.
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Figure 53. Plan of SR-45 crossing at Murphy, Idaho.
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Local scour at‘upstream side of left bank pier, as observed

Figure 56

in 1976
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SITE 11. CANADIAN RIVER AT SR-65 NEAR SANCHEZ, N. MEX.

Description of site: Lat 35039', long 104022', location as shown in fig. 57.
Bridge 1s 336 ft (102 m) long, steel, through-truss structure, supported on
two masonry piers, vertical abutments with 450 wingwalls. After collapse of
the bridge during the 1965 flood, a new concrete-and-steel bridge, 336 ft

(102 m) Tong and supported on steel H-piles, was constructed at the same site.

Drainage area, 5,710 mi2 (14,789 kn?); bankfull discharge, 15,000 ft3/s
(425 m3/s); valley slope, 0.0026; width, 200 ft (61 m). Stream is perennial
but flashy, non-alluvial, gravel-sand bed, in valley of moderate relief, no
flood plain. Channel is meandering, meanders incised into bedrock, locally
braided. B

Hydraulic problems and countermeasures:

1928 Steel-truss bridge built, concrete masonry piers (figs. 58 and 59).
Pier base was keyed at least 6 in (0.15 m) deep into bedrock after
removal of 2 ft (0.61 m) of sand and 8 to 11 ft (2.4 to 3.4 m) of
compact gravel. Abutments are vertical and founded on bedrock.

1965  Flood of June 15, 1965, Q = 126,000 ft/s (3,567 m°/s), caused the
' left pier to topple and the two left spans of the structure were
destroyed. The June 18 flood, Q = 145,000 ft3/s (4,105 m3/s),
caused the remaining pier to topple, destroying the right-bank span.
- After collapse, both piers moved only a few feet downstream (fig. 60).

1966 New bridge built, supported by four steel-pile bents (fig. 61). To
prevent overturning of bridge during future floods, the six steel
piles at each bent were set in holes drilled 6 ft (1.8 m) deep in
bedrock (fig. 62). Because existing bridge abutments were used for
the new bridge, clearance of low bridge steel over the waterway was
not increased. The bridge railings were therefore designed to
minimize resistance to floodflow (fig. 63).

1976 No floods have occurred since 1965 to test the countermeasures.

LEFT BANK RIGHT BANK
FEET / METERS
-;140— HW. EL.129.6 48
: (6-18-657
o v _ HWELLI6.7
v (6-15-65/ !

ROCK MASONRY: ABUTMENT CONCRETE ABUTMENT
g S T e | ROCK MASONRY ABUTMEN

DESIGN H.W. LEVEL
1928 (FROM ey
NOVEMBER 3, /9<i

—& FEET OF SAND AND 8 T
10 FEET OF COMPACT GRAV!
b7 P1ERS SET 6 INCHES O FEET OF CoMmac £

OR'MORE INTO ROCK ROCK
‘80 24
s DI STANCE
VERTICAL EXABGERATION X 2

40 a0 120 FEET

L I |

»n
o
T
i
w
~t

ELEVATION (MSL)

W\S . NOVEMBER 3, 1943

-
=1
=3

T

%3

o

_ ELEVATION (NSL)
(NEW MEXICO HIGHWAY DEPT. DAT

0
L
r T T
0

L}
12 24 37 METERS

Figure 58. C(ross section of Canadian River at SR-65 near Sanchez, New
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Discussion: Bridge failure was probably due to lateral forces on the
partially submerged bridge and to undermining of the piers during the June
1965 flood. A new bridge built after the flood provides the same waterway
capacity but has, as countermeasures, steel piling in drilled holes in

bedrock to resist lateral forces, and a bridge railing designed to minimize
resistance to flow.

Figure 59. View downstream at bridge site prior to June, 1965.
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New Mexico Dept. of Highways.) ‘
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Figure 60. Canadian River at SR-65 near Sanchez, New Mexico, prior to
1965.
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Figure 61. View looking upstream toward bridge from center of channel,

1976.
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Figure 62. C(ross section of Canadian River at SR-65 near Sanchez, New
Mexico, in 1965 and 1976.
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SITE 12. WALNUT CREEK AT I-25 NEAR SAN ANTONIO, N. MEX.

Description of site: Lat 33055', long 107053', location as shown in fig. 64.
Dual bridges, each bridge consisting of two 41-ft (12.5-m) side spans and one
50-ft (15.2-m) midspan constructed of steel and concrete; spillthrough
abutments. The bridges are supported by steel H-piles driven to a depth of
about 40 ft (12 m) below the streambed. ,

Drainage area, 32 mi’ (83 kmz); valley slope, 0.0163; channel width,
about 500 ft (152 m). Stream is ephemeral, alluvial, gravel bed, on
alluvial fan. Channel is straight, generally braided, sparse desert shrubs
along bankline (fig. 65).

Hydraulic problems and countermeasures:

1964 Bridge built with abutment slopes protected by wire-enclosed rock
riprap (figs. 66 and 67) under both lanes of highway, through the-
open median, and extending upstream in order to channelize a small
left-bank tributary.

1972 Flood discharge about 16,000 ft3/s (453 m3/s), R. I. greater than
50 yr, occurred on August 30, 1972. This discharge is about 2.5
times the bridge design discharge. Damage to the site included
scour at the base of the riprap upstream and between the bridges,
causing sagging of the riprap; loss of about 75 ft (23 m) of
riprap at the left bank downstream bridge abutment; and about 2 ft
(0.6 m) of local scour at the pilings. The wire-enclosed riprap
was not completely effective in preventing erosion of the abutment
but it probably prevented damage to the bridge.

1972 Repairs following the flood consisted of replacing the eroded
abutment fill and streambanks, and the destroyed wire-enclosed
rock riprap (fig. 68).

1976 No significant floods have occurred since 1972. The repaired
countermeasures appear in good condition.

Discussion: Lateral erosion occurred at the downstream abutments on both
banks during the flood because of the bridge contraction, and is attributed
to eddy action as the flow expanded to occupy the normal channel. Although
not entirely effective, the wire-enclosed rock riprap probably prevented
more extensive damage to the bridge. :
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' CONTOUR INTERUAL o8 F

Figure 64. Location of Walnut Creek at I-25 near San Antonio, New
Mexico.

& i

Figure‘65. Aerial photograph taken in 1973 of Walnut Creek at I-25
near San Antonio, New Mexico. (From New Mexico Dept. of Highways.)
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67. Cross section of upstream bridge across Walnut Creek at

near San Antonio.

Figure 68. View upstream in 1976 of wire-enclosed riprap as repaired

after

the 1972 flood.
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SITE 13. HUTTON CREEK AT I-5 NEAR HILT, CALIF.

Description of site: Lat 4]057', long 122935, location as shown in fig. 69.
Continuous concrete box-girder, 128 ft (39 m) long, on rectangular piers with
pointed nose. Abutments are spillthrough, piers and abutments on spread
footings. Channel slope is 0.030.

Drainage area, 11 m1’2 (28 kmz); valley slope, 0.030; channel width,
about 20 ft (6 m). Stream is ephemeral, alluvial, cobble bed, in valley of
high relief, no flood plain. Channel is sinuous, gravel banks.

Hydraulic problems and countermeasures:

1973-74 Bridge built over relocated channel, of which the bed and banks
were protected with rock riprap (fig. 70). Along the outside of
the channel bend, the rock riprap was further strengthened by use
of concrete grout (fig. 71). ,

1974 Flood of March 1974, discharge 600 ft3/s (17 m3/s), R. I. 20 yr,
did not cause damage to bridge or channel works.

1976 A1l countermeasures at site are in good condition, and performing
: satisfactorily.
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Figure 69. Location of Hutton Creek at I-5 near Hilt, California.
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SITE 14. LITTLE TRUCKEE RIVER AT SR-89 NEAR HOBART MILLS, CALIF.

Description of site: Lat 39029', long 120014', location as shown in fig. 72.
Concrete 4-girder spans, on piers consisting of a pair of rectangular

webbed columns founded on spread footings. Clearance of bridge above flood
stage is limited, and lodging of ice and debris at bridge is a problem.
Abutments are vertical, with short wingwalls. Channel slope is 0.0107.

Valley slope, 0.012; channel width at bridge, about 75 ft (23 m).
Stream is perennial, alluvial, cobble-boulder bed, in valley of moderate
relief, narrow flood plain. Channel is straight, not braided at bridge but
generally braided downstream, cobble-boulder banks.

Hydraulic problems and countermeasures:

1937 Bridge built (fig. 73), length 100 ft (30 m), two 30-ft (9-m)
spans and one 40-ft (12-m) spans. Bridge is skewed 450 to the
channel. Size of bridge and clearance above natural channel
(fig. 74) was barely sufficient for floodflow, so the channel
was changed in alinement and increased in size at time of
construction (fig. 75).

1937 Flood of December 1937 overtopped flood plain on the right bank
upstream from the bridge. A part of the right-bank overflow
broke through the approach embankment next to the abutment, and
the approach embankment was destroyed for nearly 0.5 mi (0.8 km).

1938 Repairs to the embankment and abutment consisted of building a
rubble masonry wall to face the end of approach fills near the
abutments. Also, a dike (levee) armored with heavy rock riprap,
was constructed along the right bank of the channel upstream from
the bridge (figs. 73 and 76). '

1963-65 Floods of unknown magnitude, but equal or larger in magnitude than
the December 1937 flood, did not cause hydraulic problems at the
bridge.

1972 In December, ice piled up at bridge (fig. 77) as a result of
inadequate clearance above waterway. Ice was removed by
maintenance crews using a crane.

‘Discussion: Construction of the armored dike to prevent overflow on the
right-bank flood plain has effectively restricted flows to the main channel
and prevented damage to the approach embankment. Accumulation of ice is
attributed to inadequate clearance.
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Figure 72. Location map of Little Truckee River at SR-89 near Hobart
Mills, California. -
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Figure 73. Plan, in 1976, of Little Truckee River crossing.
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Figure 74. View upstream, in 1976, showing clearance of bridge at time
of low flow.
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Figure 75. Channel cross sections on downstream 31de of thtle Truckee
River bridge, in 1934, 1935, and l976.

Figure 76. Heavy rock riprap on upstream right-bank dike, in 1976.
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Figure 77. Ice accumulation at upstream side of bridge on December 20,
1972, (From Calif. Dept. of Transportation.)

SITE 15. COON CREEK AT SR-65 NEAR SHERIDAN, CALIF.

 Description of site: Lat 38056', long 121%21'. Reinforced-concrete beam
bridge supported by reinforced-concrete pile bents. Total bridge length is
192 ft (58 m). Bridge and pile bents are skewed 130 to flow. Abutments are
spillthrough.

Valley slope, 0.00116; channel width, about 200 ft (61 m). Stream is
perennial, alluvial, silt-sand bed, in valley of low relief, wide flood
plain. Channel is sinuous, locally anabranched. .

Hydraulic problems and countermeasures:

1974 New bridge constructed (figs. 78 and 79). To improve channel
alinement with respect to the new bridge, the approach channel was
relocated and broken concrete was placed along the right bank to
prevent bank erosion (fig. 80). Details of the bank protection
countermeasures are shown in figure 78.

1977 No floods have occurred since construction of the bridge to test
the countermeasure. ‘

Discussion: Broken concrete riprap (fig. 80) is more resistant to movement
caused by flowing water if the thickness to length ratio of individual
pieces is 1:3 or less (California Division of Highways, 1970). A survey of
the bridge site in 1977 indicates that the channel changes made at the time
of bridge construction have not caused scour or erosion problems in the
channel near the bridge. The stability of the present channel is probably
due to lack of floods since construction on the bridge, and the small change
in the original channel gradient as a result of the channel relocation.
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SITE 16. DEER CREEK AT SR-99 NEAR VINA, CALIF.

Description of site: Lat 39057', Tong 122003', location as shown in fig. 81.
Reinforced-concrete, open-spandrel arch on concrete wall-type piers with
rounded nose; concrete closed-end (vertical type) abutments. Bridge is 459
ft (140 m) long with 7 spans and no skew (fig. 83). Bridge was built in 1921
and widened in 1951. A1l piers and abutments founded on piles except pier 7
and abutment 8 (fig. 83). Channel bed consists of sand and gravel and is
very susceptible to movement. Floodflows are unregulated.

Drainage area, 222 mi2 (575 kmz); valley slope, 0.004; channel width,
about 250 ft (76 m). Stream is perennial, alluvial, gravel bed, on an
alluvial fan, natural levees. Channel is sinuous, locally braided, wider
at bends, point bars, cut banks general.

Hydraulic problems and countermeasures:

1921 Bridge built (fig. 84).

1937 High water of December 11, 1937, (table 1) washed out 50 ft (15 m)
of approach embankment fill at left-bank abutment. Following the
flood, the fill was replaced, but was not protected from damage by
future floods.

1946 Local scour was noted at pier 2 (fig. 83). The hydraulic problem
apparently was caused by moderate flows in 1940, 1941, and 1942
(table 1). Depth of scour was 3 ft (0.9 m) below top of concrete
footing at pier 2. Abrasion of the concrete footing was noted,
and debris was caught on the original falsework pile stubs.

Table 1. Stage, discharge, and frequency of selected floods
on Deer Creek at US-99 bridge

Approximate
Date of Stage Discharge recurrence interval
flood L(feet, MSL) (ft3/s) (years)

3-26-28 -- 12,200 8
12-10-37 218.6 23,800 55
2-28-40 -- 21,600 40
2-10-41 -- 12,700 9

2- 6-42 -- 13,700 n
1-8-53 : - 10,800 7
12-22-55 - 209.0 12,600 9
2-24-57 - 7,470 3
12-22-64 210.7 18,800 ' 25

1- 6-65 208.7 13,400 10
1-23-70 209.9 20,100 30
3-29-74 -- 11,900 8

ft3/s multiplied by 0.0283 equals m3/s.
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1947

1948

1953

1956

1957

Scour in channel between piers 2 and 3 (fig. 83) and along left-
bank Tevee (fig. 82) continuing. Overflow channel on right bank
side of channel overgrown with brush and small trees. The channel
was cleaned and Teveled at the upstream side of bridge to improve
passage of water.

Scour was observed on both sides of pier 2 and the channel bed
adjacent to the upstream side of the footing is about 6 feet below
top of footing or about 2 ft (0.6 m) below the theoretical bottom
of footing. Heavy riprap was placed around the upstream and
downstream side of the pier 2 footing for a width of 8 ft (2 m).
Riprap was also placed along the left bank of the channel for a
distance of 30 ft (9 m) upstream from bridge to prevent scour from
starting on the shore side of pier 2.

Lateral streambank erosion of 40 to 60 ft (12 to 18 m) on the
right bank of the channel occurred for a considerable distance
upstream from the bridge apparently as a result of flooding in
1953 (table 1). A gravel bar has built-up the former main low-
water channel near pier 3, and the main low-water channel was
shifted so it hits the upstream end of pier 4 (fig. 83). Local
scour 1.5 ft (0.5 m) deep has undermined the footings of piers

3 and 4. A large pothole has developed upstream from pier 4
footing about 8 ft (2 m) deep and 20 ft (6 m) wide. The bottom
of the scour hole is about the same as the tip elevation of the
piles. Repairs consisted of the following: (1) Placement of
heavy rock backfill in pothole upstream from pier 4 up to the
elevation of the bottom of the footing. (2) Diversion of the
flow so it passes between piers 1 and 2. (3) Backfilled the
cavities under portions of footings at piers 3 and 4 with gravel
and cobble. (4) Excavated a trench 6 ft (2 m) in width and depth
around pier 3, and along upstream side of pier 4. The trench was
then backfilled with heavy rock riprap so that the top of the rock
was about level with the top of footings. (5) The channel was
graded so floodflows are distributed uniformly across the channel.

Flood of December 1955 (table 1) caused scour below the footing
base up to 6 ft (2 m) deep at the downstream end and along both
sides of pier 2. Repairs consisted of backfilling the mined area
under the footing with gravel and the remaining scoured area with
heavy rock riprap, placed so the top of the rock was level with
the top of the footing. Some of the large rock placed in 1953
around pier 3 had washed out, causing some spaces with depths
about 4 ft (1 m) below the top of the footing. None of the scour
around pier 3 was serious, and performance of the rock riprap is
considered satisfactory.

Flooding during the winter (table 1) caused the main channel
alinement to begin a shift toward the right bank near pier 5

(fig. 83). A scour hole had developed on the upstream side of
pier 5 footing, and serious scour developed on the right bank side
and at the downstream end of pier 4. Depth of scour is about 4 ft-
(1 m) below bottom of the footing. Also, a small amount of rock
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riprap was lost along side of pier 2. The scour holes near piers
2, 4, and 5 were filled with rock riprap.

1965 High water of December 1964 and January 1965 (table 1) caused the
: channel to complete its shift from the left to right bank side of

the channel (fig. 83). The main channel alinement now flowed at an
angle at pier 7, and localized scour holes have developed at piers
5, 6, and 7. Depth of scour at pier 7 is about 5 ft (2 m) below
the bottom of the footing, and at piers 5 and 6 the scour is near
the bottom of the footing. The areas around pier 5 previously
‘backfilled with rock are not scoured and appear stable. Repairs
consisted of (1) placement of 4% ton (0.23 t) to % ton (0.45 t)
maximum size rock riprap in the scour areas not previously
protected with rock at pier 5, and (2) at piers 6 and 7, rock was
placed entirely around the pier to the top of the footing, and
extending upstream about 15 ft (5 m) from the footing (fig. 85).
During placement of the rock riprap, native sand and gravel was
filtered in with the rock to help fill in the void under the
footing.

1970 Flood during January 1970 (table 1) caused lateral erosion and
undercutting of the channel right bank about 100 ft (30 m)
upstream and 30 ft (9 m) downstream from the bridge. Repairs made
at different times during the year at the site include: (1)
Construction of a dike on the right bank upstream from the bridge
to prevent further bank erosion (fig. 82). (2) Shifting the low
water channel from the right bank towards the center of the bridge
(spans 4 and 5, fig. 83), and lowering the elevation of the channel
so it is the same elevation as the top of the old footings (fig. 85).
The purpose of the work is to direct the flow away from the right
bank and also increase the channel capacity. (3) Placement of
gravel from the channel against the right bank and under the bridge
so the span between pier 7 and abutment 8 (fig. 83) is blocked.
(4) Placing additional rock riprap adjacent to piers 4, 5, and 7
to compensate for settling and movement of rock placed originally,
and to protect the piers now exposed as a result of channel
reshaping and lowering.

1976 Flood in 1974 (table 1) did not cause hydraulic problems at the
bridge. Placement of rock riprap to prevent scour around the piers,
and the lowering of the channel apparently has been successful in
controlling local scour around the piers.

Discussion: Local scour around the bridge piers occurred during floods of
3- to 5-year recurrence intervals. Some rock riprap of % to % ton (0.23
to 0.45 t) size placed in scour holes around the bridge piers were moved
during floods of 10-year recurrence intervals. Depth of flow was about

10 ft (3 m). Rock riprap placed in scour holes around the piers prevented
additional scour. The top of the rock was placed level with the streambed
so the channel was not constricted. In this case, the bridge designers
should have considered the possibility of channel alinement changes with
time and consequent hazards such as undermining pier footings.
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Base from U.S, Gec;logical Survey
Nina 7% min., Calif.; 1950
Interim revisions as of 1969
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Figure 81. Location map of Deer Creek at SR-99 near Vina, California.

Figure 82. Aerial view of bridge site in 1970. (From Calif. Dept. of
Transportation.) )
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Figure 84. View upstream of Deer Creek bridge from left bank, in 1976.

59




: Nr—
I
i ; - PIER ADDITION
o P/ER\I : HW._ 12-22-64
2 5
ROAD SURFACE | | | |
i I : { IR
| - ) ! ! . j
I
|
’ I oo Foorivg | {
S NS N | g
T NEW FOOTING 8l
GROUND AROFILE . 5
JANUARY 1962 L P L }F i
T E E O IR - ST N P —— — sep
f CrinEL { 21 SCOUR BELOW
i -3 Ty RocK RiPRaP FOOTING "IN 1965
ELEV. 2031 % BED ARMOR
: /R ILE i SIDE VIEW OF PIER 7
ELEV. 199’ F MARCH 1965 (NO SCALE)
ELEV. (95 % APPROX IMATE Lo
7 LOCATION OF s Y
~ew FoorinG” 0LD FOOTING X, PR
o A NEW FOOTING R
- [~ v AN .
eev. a20 £ T[] cev. a3t ]| cev gesit 1 N
PIER 6 PIER 7 ABUTMENT &

PARTTAL CROSS SECTION OF CHANNEL
(NO SCALE)

Figure 85. Details of new pier footings and rock riprap bed armor
blaced in 1965 to prevent pier scour.

Figure 86. Aerial view in 1959 of site showing deposition of sediment
downstream from piers 6 and 7, Eel River at SR-1. (From Calif. Dept.
of Transportation.)
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SITE 17. EEL RIVER AT SR-01 AT FERNBRIDGE, CALIF.

Description of site: Lat 40037', Tong 124012', location as shown in fig. 86.
Bridge has reinforced-concrete, continuous T-girder spans on concrete piers
supported by wood piles; and concrete continuous-filled spandrel arch spans.
Bridge length is about 2,405 ft (733 m), no skew, with length of 1,451 ft
(422 m) over main channel (fig. 86). Approach trestles are 528 ft (161 m)
Tong on left bank and 426 (130 m) on right bank. Main channel piers are
massive reinforced concrete, 21 ft (6.4 m) wide at base and placed on piles
with tips near elevation -50 ft (-15 m).

Drainage area, 3,700 miz (9,583 km2); bankfull discharge, 120,000 ft3/s
(3,396 m3/sg; valley slope, 0.0014; channel width, about 2,000 ft (610 m).
Stream is perennial, alluvial, sand bed (D5g, 019 mm), in valley of moderate
rs]{ef, wide flood plain. Channel is sinuous, locally braided, wandering
thalweg.

Hydraulic problems and countermeasures:

1911 Main channel concrete bridge with timber approach trestles built.
The channel banks were protected by placement of concrete blocks
to prevent channel alinement changes.

1918 Timber approach trestles on both banks replaced with concrete
trestles. Scour at pier 6 to depth of 5 or 6 ft (1.5 or 1.8 m)
noted when original pier footing pilecap (concrete seal) was
replaced with new concrete.

1933 Inspection notes by California Dept. of Transportation report
heavy riprap had been placed at upstream end of main river piers
to prevent scour. The report added that deep scour was not a
recent development, but rather a consequence of oblique flow and
wide piers in a sand bed channel. Other measures taken were the
removal of drift from piers, cutoff of exposed falsework piling
around piers flush with streambed and cutting willow growth from
channel to increase the flow capacity.

1948 Scour at the bridge occurred between 1933 and 1948, and required
cutting off newly exposed parts of falsework piles flush with
streambed. Additional drift had accumulated against the piers,
caused disruption of flow, and was removed.

1955 Flood of December 1955, discharge 585,000 ft3/s (16,567 m3s
(16,567 m3/s), exceeded bankfull stage, for which the discharge
is about 120,000 ft3/s (3,398 m3/s). Flows overtopped the left-
bank approach embankment and damaged or destroyed about 120 ft
(36.6 m) of the approach trestle. Part of the trestle was tilted
out of plumb because some pile in a bent settled. Scour to depths
of about 20 ft (6.1 m) occurred at the end of the approach fill,
and 2 to 4 ft (0.6 to 1.2 m) of scour occurred at several points
on the downstream side of the road fill. It was noted that the
channel in the vicinity of the bridge had shifted toward the right
bank, which had become almost vertical because of erosion.
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1960

1961

1963

1964

1965

Flooding during February 1960, discharge over 350,000 ft3/s

(9,912 m3/s), R. 1. of 10 yr, caused additional channel scour.
Figure 86 shows the effects of piers 6 and 7 on streamflow and the
associated sediment deposition downstream from the bridge.

Diver removed large tree and other drift lodged against footing of
pier 6. Undermining at pier 7 was found to be about 5 ft (1.5 m)
deep for about 50 percent of the footing area. The island near
piers 3, 4, and 5 had increased in length, width, and height,
forcing increased main channel flow between pier 7 and abutment 8.
Lateral erosion of the channel right bank continuing.

Flood of February 1963, discharge about 275,000 ft3/s (7,788 m3/s)

R. I. about 5 yr, also caused scouring around bridge piers. A

channel survey in June 1963 revealed that erosion was deepening the
most active part of the river channel bed (between pier 7 and abutment
8, fig. 87), and building up the bed elevation throughout most of the
rest of the channel. '

Examination of pier 7 footing by diver in June 1963 indicated
that the streambed below the pier footing is stiff blue silt and
clay. Sand and fine gravel filled the bottom of the hole for an
estimated depth of 3 to 5 ft (9.9 to 1.5 m). The top of the sand
in the scour hole was 12 ft (3.1 m) below the footing bottom. During
periods of flooding, the sand probably moved out, resulting in scour
depths 16 ft (4.9 m) below the footing or 21 ft (604 m) below the
normal streambed at the deepest point. About S0 percent of the

- footing bottom was undermined, and the only part not undermined was

at the downstream end. The timber piles were in good condition,
but many of the upstream piles showed effects of abrasive action.
Parts of two trees, transported as drift and up to 2 ft (0.6 m)

in diameter, were lodged along the right bank row of pilings.

| Repairs to the footing of pier 7 consisted of placing graVe]
fill under and around the footing, and protection of the gravel
fill with rock riprap (fig. 88).

Flood of December 1964, and largest since construction of the
bridge (table 2) caused several hydraulic problems at the bridge.
(1) The channel bed around pier 7 (fig. 87) scoured, and scour
occurred.at abutment 8. (2) The right bank of the channel eroded

- for a distance of about 1,000 ft (304.8 m) each way upstream and

downstream from bridge. (3) Long drift punched a hole through the
upstream side of the concrete wall at abutment 8. (4) Deep holes
scoured around the pile bents under the Teft bank approach spans.
This scour was probably due to Tocal conditions at the bridge,
such as turbulence of flow around the pile bents.

Some of the repairs and construction of countermeasures following
the flood consisted of: (1) Placing steel sheet-piling protection
around 3 sides of abutment 8 (fig. 89). (2) Replacing rock riprap
in the scour area at pier 7 (fig. 90). (3) Filling scour holes
around pile bents of the left-bank approach trestle, and protection
of the fil1l with a blanket of rock riprap.
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Table 2. Selected flood stages and discharges of
Eel River at SR-1 at Fernbridge, Calif.

Stage,
Date in feet , Approximate
above mean discharge
sea level (ft3/sg
12-11-37 29.0 305,000
2- 6-42 25.2 220,000
12-22-55 132.8 585,000
2- 8-60 -- 373,000
2- 1-63 -- 275,000
12-22-64 29.7 2800,000
1-24-70 - 338,000
1-16-74 -- 422,000

1 Apparently affected by backwater from tide.
2 Main channel discharge about 610,000 ft3/s (17,275 m3/s),

1966 Rock riprap placed around pier 7 in 1965 had settled and was
covered with silt and sand. A few rocks were reported exposed
along the sides of the pier.

1974 . Lateral erosion and scour problems previously noted at the bridge
are not considered significant. Field investigations report
recent erosion of the channel near pier 1, indicating the main
channel is shifting towards the left bank.

During the period 1965-74, floods in 1970 and 1974 (table 2) were among
the largest recorded since 1937, except for the floods in 1955 and 1964.
Assuming the 1970 and 1974 floods were a good test of countermeasures
installed in 1965, it appears the pier footing protection is performing
satisfactorily.

Discussion: Placement of large (2-ton or 1.8-t) rock riprap around the bridge
piers did not prevent scour. The riprap did not occupy a significant part of
the channel. Placement of rock riprap so that the top of the rock is level
with the streambed (fig. 90) appears to prevent scour better than rock

riprap placed above the bed (fig. 88). Protection of piling under pier
foundations by use of steel piling appears satisfactory if pile tips are

below the level of scour. Wide pier footings appeared to cause a higher
degree of scour around the pier than smaller footings.
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SITE 18. FEATHER RIVER OVERFLOW AT GRIDLEY-OROVILLE ROAD
NEAR GRIDLEY, CALIF.

Description of site: Lat 39022', long 121037', location as shown in fig. 91.

Roadway across Teft-bank flood plain is subject to overtopping during floods
and is protected by sacked-concrete revetment.

Hydraulic problems and countermeasures:

Date
unknown

1964

Part of the approach embankment across the left-bank flood plain of
the Feather River is designed to be overtopped during flooding. The
embankment is protected by sacked concrete placed on the upstream
and downstream side of the road (fig. 92). The downstream toe of
the embankment is further protected from erosion by use of an apron,
acting as an energy dissipator, that extends about 4 ft (1.2 m)

from the toe of fill.

Left bank overflow during flood of December 23, 1964, overtopped
the road embankment to a depth of about 2.5 ft (0.8 m). No damage
to the embankment was reported (fig. 93).

Discussion: The success of this countermeasure is due to protection of the
downstream side of the embankment with an apron of sacked concrete, which
prevents undermining of. the embankment toe.

39°
22
30"}

 121°37' 307

Basé"frgu.g Geological Survey .
Honcut 7% min, and Gridley 7% min., Calif.,; 1952
Interim revisions as of 1573 ;

0.5 ? t MILE

0.8 0 1.6 KILOMETERS

CONTOUR - INTERYAL 5 FEET

Figure 91. Location of Feather River overflow at Gzi‘idley-Oroville’
road near Gridley, California.
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Figure 92. Cross section of road embankment designed for overflow.

Figure 93. Sacked-concrete embankment protection on downstream
shoulder of roadway, in 1976.
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SITE 19. ROCK CREEK OVERFLOW AT COUNTY ROAD NEAR NORD, CALIF.

Description of site: Lat 39048', Tong 121057', location as shown in fig. 94.
A road embankment across right bank flood plain, subject to overtopping
during floods, is protected by a concrete apron built as an integral part

of the roadway.

Hydraulic problems and countermeasures:

Date Concrete roadway and shoulder protection was placed and later

unknown extended (fig. 95). Flows over the road have not damaged the road
embankment, but scour of the flood plain downstream from the road
is evident (fig. 96).

Discussion: The road embankment protection (fig. 97) is performing
satisfactorily, but an energy dissapator is needed downstream from the
road to prevent damage to the road shoulder and scour of the flood plain.

Figure 94. ILocation of Rock Creek at county road near Nord, California.
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Figure 96. Concrete apron protection at downstream side of road
overflow section, in 1977.
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SITE 20. RED CLOVER CREEK AT FOREST SERVICE ROAD NEAR PORTOLA, CALIF.

Description of site: Lat 39° 58', long 120° 31', location as shown in fig. 98.
Steel girder bridge, length 52 ft (16 m) with concrete vertical abutments
founded on treated-timber piles. There are no piers. Abutment wingwall
angles are 900 downstream, and 740 at the upstream side of bridge (fig. 99).

Drainage area is 87.9 miz (22.8 km2). The creek is a slow mountain
stream which meanders through a flat valley.

Hydraulic problems and countermeasures:

1954 Bridge constructed (fig. 100). To improve the waterway capacity the
channel bed was widened and shaped as a trapezoid (fig. 101), and
cobble riprap was placed on both banks for scour protection.

1967 High water during March 1967 contributed to general scour and
lateral erosion of channel. This erosion caused the channel bed
to change from a trapezoidal to parabolic shape (fig. 101).

1970 Flood of January 1970 caused additional general scour of channel at
the bridge. | ,
1975 A survey of the channel in the spring indicates the magnitude of

channel change between 1967 and 1975 (figs. 101 and 102). Of
significance is the change in channel shape between 1954 and 1967.

Ihis chagge is indicated by the variation in hydraulic factors
table 3):

Table 3. Variation in hydraulic factors for Red Clover
Creek between 1954 and 1975.

Hydraulic factors assuming water surface at
elevation 5,344 ft (1629 m)

Date wggggngf Assumed d1schar§e of 1,300 ft3/s
Area Convey- at witer (37.m21s) Bed
(ft ) ance z%¥t§ce Velocity Froude hear stress

(ft/s) number (1bs/ft2)
(F)

21954 262 30,454 40 5.4 0.34 1.27

1967 297 36,105 40 4.4 .28 1.44

1975 296 36,256 40 4.4 .29 1.43

Channel slope 0.0031 from topographic maps.
After construction, 5

ft multlplled by 0.093 equals m .,

ft mulglplled by 0.305 equals m.

1bs/ft° multiplied by 4.88 equals kg/m .

Ut b w K -
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The channel width at the crossing remained constant at 40 ft (12 m)

between 1954 and 1975, but the area of the waterway increased about

13 percent between 1954 and 1967. If the channel size as determined
in 1967 and 1975 represent a condition of equilibrium, then

construction of the sacked-concrete bank protection in 1975 (fig. 103)
was not needed as a countermeasure.

Discussion: The channel, which was excavated to a trapezoidal shape and
subjected to flow contraction, reverted to its natural size and parabolic
shape. The period of time required for the change in channel shape to occur
depended on the number and magnitude of flood events. At this bridge site,
a stable channel shape was reached about 13 years after construction of the
bridge. Significant changes in the channel occurred even though the Froude
number for flood flows at the bridge cross section were only about 0.3.
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Figure 99. Plan of Red Clover Creek bridge.

Figure 100. View of left-bank abutment with cobble riprap bank
protection placed in 1954. (From U.S. Forest Service.)
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Figure 103. Placement of bags of premixed concrete at right bank
abutment in 1975, to prevent lateral erosion. (From U.S. Forest
Service.)
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Figure 104. Location of Sacramento River at SR-32 near Chico, California.
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SITE 21. SACRAMENTO RIVER AT SR-32 NEAR CHICO, CALIF.

Description of site: Lat 39045‘, Ton 122000', location as shown in fig. 104.
Steel truss swingspan, tength 311 ft ?94 m), on massive concrete piers
supported on timber piles; steel-truss approach spans, each 133 ft (40.5 m)
long. Total bridge length, 580 ft (177 m). Flow normal to bridge.

Valley slope, 0.0006; channel width, 500 ft (152 m). Stream is
perennial, regulated, alluvial, gravel bed, wide flood plain. Channel is
sinuous, locally braided, wider at bends, point bars, cut banks general,
silt sand banks, tree cover at less than 50 percent of bankline. Rapid
lateral migration of channel (average of about 15 ft or 4.5 m per year) is
attributed mainly to past clearing of natural vegetation along river for
agricultural purposes.

Hydraulic problems and countermeasures:

1908 Bridge built with center pier designed to support swingspan
mechanism and with cutwater shape to prevent debris lodging by
use of a concrete fender (fig. 105), which is an integral part
of the center pier.

1940 Prior to 1940, a slope protection of large articulated concrete
blocks, held together by heavy steel cable, was placed around the
right-bank abutment. Other large concrete blocks were placed as
riprap around the piers. During flooding in the winter of 1940
some of the blocks were undermined and left hanging by the cables
with no support underneath. No repairs were considered necessary
at the time.

1949 Considerable erosion at the left-bank abutment and downstream
wingwall (retaining wall) occurred. Recommended repairs included
placement of riprap and pile protection to stabilize the wingwall.

1956 Flood of December 1955, caused further erosion at the left bank
abutment. Eddies generated at the end of the retaining wall
caused washout of some of the approach embankment behind the
wingwall. The approach fi1l behind the retaining wall was
replaced using cobble.

1958 During the flood of February 1958, (table 4), erosion occurred at
the upstream side of the left-bank approach embankment to the
extent of cutting into the roadway (fig. 106). For temporary
protection, old car bodies and cobble were dumped into the eroded
area. Later during the flood, the left bank levee 200 ft (61 m)
upstream from the abutment was destroyed, and the downstream left-
bank wingwall failed, allowing the approach embankment to slough
down. Depths of scour around the left bank abutment from the
original bed level in 1908 were about 19 ft (5.8 m) (fig. 106).
Steel sheet-pilings were then placed on both sides of the abutment
and approach to protect the embankment.

Following the February 1958 flood, permanent repairs and
countermeasures for erosion control were planned. Choice of a
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remedy was reached by a process of elimination. The main channel
is nearly constant in width and could not be constricted by
Jetties. A retard structure would collect drift. Replacement of
the concrete wingwalls would require extension, placing on piles,
and deep foundation. The best protection against erosion would
guide the stream past the abutment without eddies and reduce _
stream velocities near the toe of the abutment. The countermeasure
consisted of a timber-pile deflector wings (retards) built 75 ft
523 m) upitream and 50 ft (15 m) downstream from the abutment

fig. 107).

Floods during the period caused no damage to the left bank

1956-76
abutment or countermeasure and the timber pile deflector
performed satisfactorily. A comparison of major flood events
before and after construction of the countermeasure are given in
table 4. No frequency of event data are available because of
upstream regulation.
Table 4. Selected flood stage and discharge data for
Sacramento River at SR~32 near Chico, Calif.
Flood Stage Main channel discharge
date ft (USED datum) (ft3/s)
1938 150.7 not available
Feb. 1940 150.5 " "
1956 146.4 " !
Feb. 1958 149.3 150,000 (estimated)
---------------- Countermeasure installed--===ccmmommmomommoo
Dec. 1964 149.6 151,000 (estimated)
Jan. 1970 150.8 156,000
Jan. 1974 149.6 158,000

Discussion: The center pier with special cutwater design is apparently
effective in preventing the lodging of debris at the bridge. Depth of

scour at

the face of the left-bank abutment during flooding was 19 ft

(6 m) below original streambed level. Use of timber-pile deflector wings
has effectively protected the abutment from lateral erosion and local scour
during flooding. '
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Figure 105. View of center pier with concrete fender debris deflector,
in November 1976.
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Figure 106. Cross sections of Sacramento River at SR-32 near Chico,
California.
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of Sacramento overflow at SR~162 near Butte City,
California.

Figure 108. Location
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SITE 22. SACRAMENTO RIVER OVERFLOW AT SR-162 NEAR «BUTTE CITY, CALIF.

Description of site: Lat 39028', Tong 121057', location as shown in fig. 108.
Road embankment across left-bank flood plain, and subject to overtopping
during floods, is protected by a concrete apron placed on downstream side of
road embankment. :

Hydraulic problems and countermeasures:

1970 During the January 1970 flood (R. I. about 25 yr) damage of the
approach embankment caused by road overflow is associated with
several factors. During the initial period of road overflow,
there was a large differential between water surface levels
upstream and downstream from the road. As water passed over the
road, scour of the downstream road shoulder occurred as flows
dropped over the embankment. This is a typical flow situation,
and is the condition commonly associated with embankment damage
caused by road overflow. Additional scour occurred in the down-
stream drainage ditch which acted as a plunge pool and energy
dissipator for the road overflow.

Scour and lateral erosion of both the upstream and downstream
approach embankment shoulders occurred because flood flows were
.diverted from an upstream-downstream direction by drainage
channels. The transverse flows in these channels tended to cause
lateral erosion and scour because steep gradients in the drainage
channels caused high velocities as the flows were conveyed toward
the main channel. (Water levels on the flood plain are usually
higher than levels in the main channel). Until there was
sufficient overflow on the flood plain to cause road overflow, all
flows were diverted down the upstream drainage channel. The amount
of this flow was greatly in excess of the design capacity of the
drainage channel. Considerable turbulence of flow in the downstream
drainage channel occurred when flows already in the channel were
augmented by road overflow entering the channel in both vertical
and lateral directions.

1974 Part of the approach. embankment across the left-bank flood plain
of the Sacramento River (fig. 108) is designed for overtopping
during floods. The embankment (fig. 109) is protected by a
concrete apron that acts as an energy dissipator (fig. 110).

1976 Countermeasure untested. Design of the energy dissipator was based
on flow conditions occurring during the January 1970 flood. :

Discussion: Approach embankment damage caused by road overflow during the
January 1970 flood (R. I. about 25 yr) was associated with differential
water levels upstream and downstream from the road, and excess flows in
drainage channels along the embankment. A concrete apron was built along
the downstream side of the road embankment to prevent scour by flows that
overtop the roadway.
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SITE 23. SOUTH FORK KINGS RIVER AT SR-180 NEAR HUME, CALIF.

Description of site: Lat 36049', long 118049', location as shown in fig. 111.
Bridge has continuous steel stringers on stone masonry pier and closed end
vertical abutments. Piers and abutments are placed on spread footings
founded on large granite boulders and bedrock. Bridge length is 122 ft

- (37 m) with two equal Tength spans. Bridge is skewed 50 degrees and piers
skewed 11 degrees to the stream. Stream channel is composed of large
boulders and bedrock with some gravel.

Drainage area, 470 m1'2 (1,217 kmz); valley slope, 0.034. Stream is
perennial, non-alluvial, boulder bed, in valley of high relief, no flood
plain.

Hydraulic problems and countermeasures:

1938 Bridge built (fig. 112). A concrete apron 2 ft (0.6 m) wide and
1 ft (0.3 m) thick was placed around center pier and left-bank
abutment to act as a buffer against impact of large boulders.

1939 A 2-ft (9.6-m) deep scour hole at downstream toe of left-bank
abutment developed.

1940 New cutoff wall was built to prevent further scour at the left-
bank abutment. ‘

1941 General scour about 3 ft (0.9 m) developed beneath concrete apron
at bridge. ' :

1942 A scour hole 3 ft (0.9 m) developed beneath upstream end of center
pier.

1943 The scour hole at the upstream end of the center pier was 5 ft

(1.5 m) deep, and a new scour hole 4.5 ft (1.4 m) deep has developed
at the downstream end of the left bank abutment. -

1947 Repairs to scour holes consisted of placing boulders in scour holes.

1951 Flood of November 18, 1950, washed out part of the left-bank approach
fill and undermined the right bank side of the center bridge and
pier (fig. 113). Water overtopped the bridge. Repairs included
backfilling the approach embankment and fil1ling the undermined pier
footing. The scoured parts under the bridge piers and abutments
were filled with concrete and the entire channel bed near the
bridge was paved for a distance of 56 ft (17 m), 10 ft (3 m) upstream
and 20 ft (6 m) downstream from bridge.

1956 Flood of December 23, 1955, washed out both approaches to bridge,
and overtopped the bridge deck. Recurrence interval of flood was
about 20 yr. Portions of channel bed near bridge scoured and down-
stream end of pier was undermined (fig. 112). Several methods of
preventing further undermining of the bridge piers and abutments
were considered, including Towering the channel bed to increase the
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channel capacity. The countermeasure used was to continde placing
concrete, as needed, around footings as the channel degraded.

1961 A scour hole of the concrete apron at the downstream end of the
: center pier developed and was filled with tremie concrete.

1966 Flood of December 1966 washed out the right bank approach roadway‘
and caused some scour of the channel bed concrete paving. Repairs
consisted of replacing the embankment fill material.

1968 ~ Scour at downstream end of center pier observed, and concrete
paving in channel also breaking up. Tremie concrete placed in
scour areas.

1969 §100d of June 1969 caused no damage to tremie concrete placed in
968.
1970 The scour holes in the channel bed concrete apron havé.fil]ed with

huge rocks. Natural fill by the stream has raised the level of the
channel (fig. 113) to the level of the remaining concrete bed
movement. This condition may be caused by a new channel control

" located downstream from the bridge.

1971 Channel still filled with rock deposited during the 1969 flood.

1976 - Channel appears stable since 1969 (fig. 114) and the problem of
- local scour around the pier footing has diminished.
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Figure 112, Plan of S.F. Kings River at SR-180 crossing.
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Discussion: Use of concrete to fill scour holes and protect the channel

bed from scouring appears to be satisfactory. Because the stream has high
average velocities (11 ft/s or 3.4 m/s), the concrete fill material will
require constant maintenance and repair. Placement of bridge abutments and
piers on spread footings resting on large boulders does not insure the
footing will be stable. Bed material deposition at the bridge may be the
result of a channel control located downstream from the bridge. This control
may change in the future, and increased general bed scour or degradation at
the bridge may again occur.
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Figure 113. C(ross sections of S.F. Kings River at SR-180 crossing,
1951 ‘and 1976.

Figure 114. View downstream of S.F. Kings River at SR-180 bridge in
1976. :
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SITE 24. YUBA RIVER AT SR-20 NEAR SMARTVILLE, CALIF.

Description of site: Llat 3913, Tong 121020', location as shown in fig. 115.
Bridge with open concrete spandrel arches and concrete-girder approach spans
on concrete piles. Abutments are spillthrough, on spread footings. Stream
regulated by Englebright Reservoir since 1941.

Drainage area, 1,193 miz (3,090 km2); valley slope, 0.0023; channel
width, about 600 ft (183 m). Stream is perennial, regulated, semialluvial,
gravel and cobble bed, in valley of moderate relief, no flood plain. Channel
is meandering, locally braided.

Hydraulic problems and countermeasures:

Bridge maintenance reports starting in 1938 record the problem of
scour around the base of the piers. The scour is related to an
unstable channel bed caused by the many feet of channel filling
during the years of hydraulic mining for gold in the Yuba River
Basin. Periodic observations of the amount of channel change
during the years 1848-1977 are given in table 5.

Table 5. Summary of channel changes, Yuba River
near Smartville.

Year S Low water channel-bed elevation at bridge
(In feet, above mean sea level)
1848 146 |
1900 : - 227
e ~
bridge built

1942

198
1946

201
1948

193
1950
1977 191

185

The average rate of change in bed elevation has been about -0.6 ft
(1.8 m) per year since 1900, and -0.4 ft (1.2 m) per year since the
bridge was built. Channel bed degradation at the bridge may also
be affected by construction of upstream reservoirs prior to 1969.

1913 Bridge built, total length 685 ft (20.9 m), length between abutments
560 ft (171 m); zero skew (fig. 116). Each river pier is supported
by concrete footings on 50 timber piles, each about 30 ft (9 m)
Tong, inside concrete caissons (fig. 117). The stream carries much
floating debris and during floods transports boulders. For protection,
the pier shaft was rounded in shape and faced with heavy steel armor
plate on the upstream side.
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1951

1965-66

1970

1977

Flood of November 1950 (discharge 109,000 ft3/s or 3,322 m3/s)
caused channel degradation and scour around the piers to progress
to the extent that strengthening and repairing of the footings was
needed. Pier footing caissons were exposed to the stream and
suspended material had worn the caisson concrete sufficiently to
expose reinforcing steel. Repairs consisted of solidifying the
streambed material around piers 7, 8, and 9 (fig. 118) by pressure
grouting. The grout wall was shaped to prevent lodging of debris,
and streamlined as much as possible to prevent scour around the
pier.

Floods of December 23, 1955 (discharge 148,000 ft3/s or 4,511 m3/s)
and December 22, 1964 (discharge 171,000 ft3/s or 5,212 m3/s) and
continued channel degradation had exposed the upper parts of the
concrete grout curtain (fig. 120) built in 1951. Rock riprap of

‘2-ton weight (fig. 119) was placed around the piers to prevent

additional scour and to protect the piers and the grout curtain.
Most of the riprap was placed at the upstream end of the piers.

Flooding during January 1970 (discharge 94,100 ft’/s (2,665 m3/s)

and continued channel degradation caused severe scour around pier 9
(fig. 121). Reports prepared after the flood noted only a small
amount of rock placed in 1966 around pier 9 was still visible. None
of the rock displaced is visible downstream from the bridge, however,
and it is possible that the migration of the rock is as much

vertical (settling in the channel bed) as horizontal. Repairs
consisted of replacing the displaced rock riprap with 2%-ton riprap.

Surveys of the channel indicate that degradation is continuing, but
the pier footings and rock riprap appear in good condition.

Discussion: This stream with a degrading channel poses special problems in
bridge design and maintenance because the ultimate extent of channel change,
and the time required for stability, is difficult to determine. Concrete
grout walls, built to extend the depth of footings, provided protection and
support of piers because the wall is extended below the depth of potential
scour or degradation. Heavy rock riprap placed around the piers, of
sufficient size to remain in position, provided protection of the pier
against scour but also occupied a part of the channel, thereby reducing the
capacity of the waterway.
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Figure 115. Location of Yuba River at SR-20 near
from U.S. Geol. Survey Smartville, Calif., 7.5'
interval 20 feet, 1951 revised 1973.)
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Figure 120. View from left bank of Figure 121. Scour around pier foot-
rock riprap around pier, about 1965. , ing in 1970. (From Calif. Dept.
(From Calif. Dept. of Transportation.) of Transportation.)

Figure 122. Debris on upstréam end of bridge near right bank on
Dec. 13, 1937. (From Nevada Dept. of Highways.)
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SITE 25. BROCKLISS SLOUGH AT SR-88 NEAR MINDEN, NEV.

Description of site: Lat 38053;, Tong 119%7'. Timber bridge, constructed in
1935, destroyed during flood of December 1950. New concrete bridge built in 1952.

Valley slope, 0.0029; channel width, about 80 ft (24 m). Stream is perennial,
alluvial, sand bed, in valley of low relief, wide flood plain. Channel is sinuous,
irregular width variation, silt-sand banks.

Hydraulic problems and countermeasures:

1935 Timber bridge constructed, 75 ft (23 m) long, supported by timber pile
bents spaced at 18 ft (5.1 m). Abutments were timber bulkheads supported
by timber piles. Clearance of bridge stringers above the channel bed
averaged 4.5 ft (1.4 m). No countermeasures.

1937 Flood of December 11, 1937, recurrence interval of 30 yr, deposited N
large amounts of debris against bridge. Right-bank abutment and half
the approach roadway width were eroded (fig. 122).

1940 Bridge maintenance reports indicate channel aggraded with sand to
about 4 ft (1.2 m) below stringers. Reports in 1944 indicate two center
spans partly blocked by sandbar.

1950 Flood of December 3, 1950, caused a large amount of drift to collect
at bridge due to inadequate clearance of bridge members above flood
level.

1952 New concrete bridge constructed, 130 ft (40 m) long, supported on
concrete piers with pile foundations. Abutments and streambanks
adjacent to bridge were protected by concrete slope paving. The slope
paving is 4 in (0.10 m) thick with wire mesh reinforcing with cutoff
walls placed at each end and paving extended into a trench below the
channel bottom.

1955 Flood of December 23, 1955, R.I. about 100 yr, caused no damage to bridge
or concrete slope paving (fig. 123). This flood did cause lateral
“erosion downstream from the slope paving and damaged concrete irrigation
headgates several hundred feet downstream from the bridge.

Discussion: The older bridge had inadequate clearance for debris and apparently
was damaged as a result of the following factors: (1) force of water and debris
against the bridge members, (2) accumulation of drift that diverted flow away

from the bridge opening, causing erosion of streambank and approach embankment
erosion, and (3) accumulation of drift that reduced flow velocities upstream

from the bridge and caused aggradation, with consequent reduction in flow capacity.

The slope paving was an effective countermeasure to protect bridge abutments
and streambanks because the foundation soil had not been eroded, adequate cutoff
walls were present at toe and upstream and downstream ends of slope paving, and
weepholes were provided to prevent hydrostatic pressure behind the slope paving.
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Figure 123. Slope paving left bank at downstream side of bridge
on Dec. 27, 1955. Note lateral erosion of bank downstream from
end of slope paving. (From Nevada Dept. of Highways.)
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Figure 124. Location of Carson River crossing (circled) at Dayton.
(Base from U.S. Geol. Survey Dayton, Nev., 15' quadrangle, contour
interval 40 feet, 1956.)
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SITE 26. CARSON RIVER AT DAYTON LANE AT DAYTON, NEV.

Description of site: Lat 39014;, long 119035', location as shown in fig. 124.
Concrete bridge supported on two concrete piers was destroyed during flood of
1955. A new concrete bridge was built in 1956, as described below.

Drainage area, about 1,000 m1’2 (2,590 kmz); valley slope, 0.0033; channel
width, 180 ft (55 m). Stream is perennial, alluvial, gravel bed, in valley of
high relief, narrow flood plain. Channel is sinuous, locally braided, wider at
bends, cut banks local, sand-gravel banks, tree cover at less than 50 percent of
bankline.

Hydraulic problems and countermeasures:

1951 Concrete bridge constructed, 132 ft (40 m) Tong supported on two concrete
piers and concrete abutments (fig. 125). The two end spans are 36 ft
(11 m) long and center span is 40 ft (12 m) long. Piers and abutments
are on spread footings. The lef-bank abutment is a stub-type with
wingwalls, and the right-bank abutment is a spillthrough type protected
by concrete slope paving.

1955 Flood of December 24, 1955, R.I. about 70 yr, eroded several feet from
the Teft bank near the wingwalls. Most of the slope paving on the right
bank was destroyed, and the slope paving was transported downstream from
the bridge site. Both piers in the channel settled several feet, causing
complete collapse of the bridge (fig. 126). Flows through the bridge were
near supercritical, and shear stresses during the flood were sufficient
to cause movement of bed and bank material.

195¢€ Concrete bridge constructed, 212 ft (65 m) in length, supported by two
piers and concrete stub abutments with wingwalls. Center span is 87 ft
(26 m) long. Piers are supported by steel H-piles. Sacked concrete was
placed on both banks upstream and downstream from the wingwalls (fig. 127)
to prevent bank scour.

1963 Flood of February 1, 1963, recurrence interval about 40 yr, caused no
damage. '

Discussion: The bridge in 1951 constricted floodflow such that shear stresses
caused extensive bank and bed scour. Flows were near supercritical at the bridge
opening. The slope paving on the right bank was almost entirely washed away
during the 1955 flood. Concrete slope paving, when in the process of failure,
does not have the self-healing properties of rock riprap. Instead of dropping
into areas of erosion in the streambed or along the streambanks, the concrete
slabs tended to be carried downstream. The use of sacked concrete to protect

the streambanks was effective because the flow area at the new bridge was suffi-
ciently large to prevent excessive flow velocities.

91




Figure 125. Abutment protection at bridge built in 1951. (From Nevada
Dept. of Highways.)

Figure 126. View of collapsed bridge, scoured piers and eroded
abutments following flood of December 24, 1955, (From Nevada
Dept. of Highways.)

Figure 127. Installation of sacked concrete riprap on upstream
leftbank side of bridge in 1956. (From Nevada Dept. of Highways.)
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SITE 27. EAST FORK CARSON RIVER AT SR-56 NEAR 'GARDNERVILLE, NEV.

Description of site: Lat 38° 56', long 119%45' . Concrete bridge was destroyed
during 1955 flood. New concrete bridge was built in 1956 and placed at same
location, as described below.

Drainage area, 280 miz (725 kmz); valley slope, 0.0064; channel width,
135 ft (41 m). Stream is perennial, regulated, alluvial, gravel bed, on
piedment slope. Channel is sinuous, genera]]y braided, gravel banks.

1936 Concrete bridge, 103 ft (31, 4 m) in length, two concrete piers,
full-height concrete abutments with wingwalls, no other countermeasures.
Bridge spans are 34, 35, and 34 ft (10.4, 10.7, and 10.4 m). Piers
and abutments are founded on spread foot1ngs w1th bottom 5 ft (1.5 m)
below channel bed.

1937 Flood of December 11, 1937, discharge 11,000 ft3/s (311.5 m>/s), R.I.
30 yrs washed over the roadway and around the right-bank abutment
causing settlement of the bridge. Overbank flow on the left-bank
flood plain forced the main channel flow to concentrate near the right
bank. Following the flood, the channel was cleared of debris, and an
earthfill dike placed along the upstream right bank to prevent erosion
of the right-bank abutment.

1950 Flood of November 1950, discharge 10,000 ft3/s (283.2 m3/s), R.I.
30 yr, eroded the channel bed sufficiently to cause about 6 in
(0.15 m) settlement of the right-bank pier.

1955 During flood of December 1955, discharge 17,000 ft /s (481.4 m /s),
R.I. 100 yr, logs and debris p11ed up near r1ght -bank abutment. Footings
of both piers scoured causing the bridge to collapse (fig. 128). The
earthfill dike placed on the right bank upstream from the bridge, as
well as the debris lodged against the right side of the br1dge apparently
prevented scour of the right-bank abutment such as occurred in 1937.

1956 Concrete bridge built, following collapse of previous bridge during 1955
flood. Bridge is 173 ft (52.7 m) long and supported by two concrete
piers and vertical abutments with wingwalls, founded on steel H-piles.
Concrete slope paving was installed on both banks upstream from bridge
(fig. 129), and an earthfill dike protected with large boulders pushed
from the streambed was constructed on the 1eft bank downstream from the
bridge.

1963 During flood of February 1963, discharge 12,000 ft3/s (339.8 m3/s),
R.I. 50 yr, caused no damage to slope paving of bridge.
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1964  Flood of December 1964, discharge 7,000 ft3/s (198.2 m3/s), R.I.
25 yr, caused large amounts of erosion of streambanks both upstream
and downstream from bridge. Erosion of both abutments and the left-
bank approach embankment also occurred. Failure of the upstream left-
bank concrete slope paving probably occurred because erosion of the
Teft streambank 600 ft (183 m) upstream from the bridge allowed flows
to overtop the flood plain and approach the bridge along the approach
fill at a large skew angle, causing overtopping of the slope paving
near the bridge. The right bank slope paving upstream from the bridge
was also damaged by erosion owing to shifting of the flow alinement
approaching the bridge.

1965 Eroded parts of streambank were repaired by placement of dirt and rock
along the channel.

1976 No significant floods have occurred since 1965.

Disucssion: Addition of another span to the bridge increased the size of
waterway and helped prevent lodgment of debris at the bridge. Changes in flow
alinement upstream from the bridge caused water to flow along the left-bank
approach embankment. The overland flow reentered the main channel after
overtopping and crossing the slope paving, which subsequently failed by erosion
normal to its alinement. Placement of concrete slope paving and dikes along

the channel bank was effective in preventing damage to the bridge as long as
flows were confined to the channel alinement that was assumed in the design of
the bridge and countermeasures.

Figure 128. Failure of piers founded on spread footings, during
Dec. 1955 flood. (From Nevada Dept. of Highways.)

Figure 129. Slope paving on left bank at upstream side of bridge on
-~ May 8, 1957. (From Nevada Dept. of Highways.)
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SITE 28. HUMBOLDT RIVER AT AIRPORT ROAD AT LOVELOCK, NEV.

Description of site: Lat 4011, 1ong 118%27'. Concrete bridge, 132 ft (40 m)
Tong, three spans, two concrete piers supported by timber piles, spillthrough
abutments. Channel bed and banks at bridge paved with concrete to prevent scour.

Drainage area, 16,000 m1 (41,440 km ); valley slope, 0.0012; channel width,
about 125 ft (38 m). Stream is perennial, regulated (but subject to high re]eases
of water at t1mes), alluvial, gravel bed, in valley of high relief, wide flood
plain. Channel is meander1ng, wider at bends, point bars, cut banks general,
erodible silt-sand banks.

Hydraulic problems and countermeasures:

1950 At time of bridge construction (fig. 130), both abutments were
protected by concrete slope pav1ng placed around the approach
embankment. The bridge opening imposed some constriction on the

waterway (fig. 131). .
May 2, High flows, due to snowmelt and rain in Humboldt River basin and
1952 subsequent release from an upstream reservoir between May 2 and

16, 1952, caused water to overtop the concrete slope paving.

May 7 and Sacked concrete installed to height of about 5 ft (1.5 m) on top
8, 1952 of slope paving on both banks.

May 12, Water undercut sacked riprap on left bank upstream side of bridge.
1952 In addition, by May 16, the sacked concrete was washed away from
the left bank downstream side of bridge caus1ng fallure of s]ope
paving (fig. 132).

May 16, Rock riprap was dumped into scoured area on 1eft bank downstream
1952 side of bridge (fig. 133).

February Channel appears stable.
1976

Discussion: Erosion damage to the bridge abutments was a serious problem
because flows that were contracted by the bridge created eddies along the
streambanks downstream from the bridge. Concrete slope paving, used for
protection of the bridge abutments, performed well until overtopped and
subjected to reverse flows in the eddy downstream from the bridge. Damage
to the slope paving on the downstream side of the left-bank abutment was
apparently due to erosion of the supporting earthfill underneath and at top
of the slope paving.
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" Figure 130. Pavement on abutment slopes on April 17, 1952. (From
Nevada Dept. of Highways.)
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Figure 131, Cross section of Humboldt River bridge.‘

Figure 132. View upstream at bridge during flood of May 2-16, 1952.
Note flow constriction caused by abutments and lateral erosion of
left bank downstream from bridge. (From Nevada Dept. of Highways.)
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Figure 133. Erosion of sacked concrete from left bank on downstream
side of bridge. Note fall in water surface beneath bridge and
eddy near left bank causing lateral erosion of approach embankment.
(From Nevada Dept. of Highways.)

Figure 134. Sacked concrete revetment on upstream side of SR-88 bridge
at Rocky Slough, February 1976. (From Nevada Dept. of Highways.)
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SITE 29. ROCKY SLOUGH AT SR-88 NEAR MINDEN, NEV.

Descritpion of site: Lat 38°55', long 119°47'. Timber bridge built in 1934,

35 ft (11 m) long, and supported on timber-pile bent at midspan. Abutments are
timber pile supported with bulkhead protection. Bridge replaced in 1957 with

a 64 ft (20 m) long concrete bridge on concrete piers supported by pile foundation.
Bridge crosses a slough that carries a small part of the overflow from East Fork
Carson River.

Drainage area, about 280 miz (725 kmz), most of which is non-contributing;
valley slope, 0.0033; channel width, about 35 ft (11 m). Stream is perennial,
alluvial, sand bed, on piedment slope. Channel is sinuous, equiwidth, incised,
silt-sand banks.

Hydraulic problems and countermeasures:

1934 Bridge built, without countermeasures.

1937-50 Floods in December 1937, and November and December of 1950, washed out
approaches to bridge at both ends.

1955  Flood of December 23, 1955, discharge about 1,000 ft3/s (28 m>/s),
caused major damage to bridge. Bridge size was inadequate to handle
flows of this magnitude.

1957 Concrete bridge, 64 ft (20 m) long was built and supported by a concrete
pier placed at midspan on piles. Abutments are vertical (full-height).
Both abutments and approach roadway are protected by sacked concrete
revetment (fig. 134).

1963 Flood of February 1963, 900 ft3/s (25 m3/§, R.I. about 50 yr caused no
damage to bridge or approach roadway.

1976 Maintenance report indicates the sacked concrete is in excellent
condition, and has prevented any damage to the abutments or roadway
approach.

Discussion: Use of sacked concrete riprap at abutments was apparently effective
in preventing damage to bridge by a flood of 50-yr R.I.
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SITE 30. CHEMUNG RIVER AT LR-08066 NEAR SAYRE, PA.

Description of site: Lat 41%9", long 76933, location as shown in fig. 135.
The principal structure at this site is a six-span, plate-girder bridge built
in 1972-73. The bridge has a length of 700 ft (213 m) and is supported by five
3-ft (0.9-m) wide, round-nose, hammerhead piers which are alined with flow and
are founded on piles. Abutments are spillthrough with 45~ stub wingwalls and
founded on piles. The structure is located between two streambends in the
Chemung River. An approach embankment extends across the low wide left-bank
flood plain and the bridge is skewed 220, In 1973, a spur dike was constructed
at the end of the approach embankment where overbank flow constriction during
June 1972 flooding caused severe scour problems at the partially constructed left
abutment. ’

Drainage area, 2,570 miz (6,656 kmz); bankfull discharge, about 30,000 ft3/s
(849 m3/s); valley slope, 0.00073; channel width, about 350 ft (107 m). Stream
is perennial, alluvial, cobble bed, in valley of moderate relief, narrow flood
plain. Channel is sinuous, locally braided, equiwidth, cut banks general, bank
material silt-clay where banks intersect modern flood plain, fine to medium gravel
where banks intersect low terrace. Tree cover at less than 50 percent of bankline.
A small tributary to the river, Dry Brook, was relocated across the left flood
plain upstream from the bridge because of approach embankment and spur-dike
construction. :

Hydraulic problems and countermeasures:

1972 Bridge construction was begun. During flooding in June 1972, severe
scour occurred at the partially completed bridge. Maximum depth of
scour was estimated to be 15 ft (4.6 m) in loose gravel around the
pilings at the left abutment, although no structural damage occurred.
Only the concrete abutment and stub wingwall structure was in place
at time of flooding, and no compacted backfill or embankment material
had yet been placed. Bank erosion and scour problems also developed
at the right (western) bridge abutment and adjacent bridge pier, which
were also under construction at time of flooding.

1973 The left approach embankment was completed and countermeasures were
constructed as follows: (1) Spur dike constructed upstream from the
left abutment according to recommended quarter ellipse design having
a 2.5:1 ratio of major to minor axis. Its length is 237 ft (72.4 m)
and high water elevation was designed to be 779.0 ft (237.4 m). The
spur dike was constructed using compacted embankment fill material and
was protected with rock facing (fig. 136). This riprap facing (D50
about 1.25 ft or 0.38 m) was built completely around the upstream
nose and along the entire length of the spur dike; it extends through
the abutement opening and around the downstream side of the approach
embankment. (2) A thick sod cover protects all other exposed areas
of the embankment and spur dike. (3) Rock riprap also was extensively
used to protect the high right streambank. The revetment extends from
a point 500 ft (150 m) upstream from the right abutment through the
river bend to a point 200 ft (61 m) downstream from the bridge. The
revetment was placed from the top of the streambank to the bottom of
the channel. (4) A rock terrace was keyed into alluvium along the
length of the approach embankment to prevent possible underscour.
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SITE 31. CONESTOGA CREEK AT SR-23 NEAR CHURCHTOWN, PA,

Description of site: Lat 40°08', long 75°59'. Reinforced concrete T-beam bridge
was built in 1925; length 60 ft (18 m), two 30-ft (9 m) spans, one 3-ft (0.9 m)
wide sharp-nosed pier, vertical abutments, 45° upstream wingwalls. Both pier and
abutments were founded on spread footings. Design clearance above waterway, 6.0 ft
(1.8 m). This bridge was destroyed during Hurricane Agnes flood in 1972. A new
bridge was completed in 1973 as'a single span with vertical abutment foundation
piles, and 45° wingwalls on upstream and downstream sides of bridge. The bridge,
a_single-span reinforced concrete box-beam is 60 ft (18 m) long with 6 ft (1.8 m)
clearance above the waterway.

Drainage area, 26 mi2 (68 kmz);‘va11ey slope, 0.0025; channel width, about
70 ft (21 m). Stream is perennial, aliuvial, gravel bed, in valley of Tow relief,
wide flood plain. Channel is sinuous, silt-clay banks. The bridge is at a gentle
bend in the stream and has a 200 skew to flood flow. Some constriction caused
by the approach embankment occurs during overbank flow. '

Hydraulic problems and countermeasures:

1925 Two-span bridge was built, without countermeasures.

1972 Flood during Hurricane Agnes on June 22, 1972 caused scour and undermining
of pier and abutments and consequent roadway surface tilt. The bridge
sustained structural damage, due to settling, which necessitated
replacement.

1973 New bridge completed. Countermeasures included design of bridge as a
single-span structure with no piers, wingwalls added on both upstream
and downstream sides of the bridge, and support of abutments on piles.

1975 Flooding during §ropica1 gtorm Eloise September 24, 1975 caused a peak
flow of 1,470 ft°/s (42 m°/s) (R.I. about 4 yr). No damage to the structure
was documented.

1976 No further high flows have occurred to test the countermeasures.

Discussion: The absence of center support piers has eliminated the problem of
Tocal scour around piers and debris lodging atbridge. The addition of wingwalls
on both sides of this bridge should further protect the abutment from scour. Use
of pile-supported abutments for the bridge built in 1973 probably prevented damage
to bridge during 1975 flood. Use of spread footings to support the older bridge
proved satisfactory for a 47-year period (1925-72), but scour and undermining of
the footings, with subsequent bridge failure, occurred during a flood with a
recurrence interval greater than 100 years.
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1975 Peak flow resulting from tropical storm Eloise in September 1975 was
efficiently channeled through the constricted bridge opening. A large
scour. hole developed in the flood plain immediately upstream from nose
of the spur dike, where its radius of curvature is sharpest and where
overbank flow impingement was greatest (figs. 135 and 137). However,
the scour hole in no way endangers the bridge or spur dike.

1977 At a field inspection in January 1977, performance of the bridge and
countermeasure was judged to be effective.

Discussion: The spur dike worked effectively as a countermeasure to protect .the
approach embankment, abutment, and pier from scour caused by the overbank flow
constriction. The scour hole formed at the toe of the spur dike is not considered
detrimental to the safety of the bridge or spur dike. The rock revetment used
along the outside of the bend upstream, and downstream from the bridge adequately
protected the channel bank during the 1975 flood.
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Figure 135. Plan sketch of Chemung River at LR-08066 crossing.
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Figure 136. View upstream in 1977 of spur dike and rock
riprap protection.

Figure 137. View in 1977 of scour hole at nose of left-bank spur dike.
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SITE 32. CONESTOGA CREEK AT SR-10 NEAR MORGANTOWN, PA.

Description of site: Lat 40%08", long 75954'. A reinforced concrete T-beam
bridge with two 40-ft (12.2 m) spans, 11 ft (3.4 m) clearance ‘above design
floodstage and a 3 ft (0.9 m) wide sharp-nosed center pier was built in 1929.
During the flooding of Hurricane Agnes in 1972, the left abutment scoured and
collapsed. A new structure, built in 1973, is a single-span prestressed-concrete
box-beam bridge with one clear span of 60 ft (18.3 m) and 10.6 ft (3.2 m)
clearance above the waterway. Wingwalls were added at both abutments on the
ug?tream and downstream side. Abutments are vertical and are founded on steel
piles.

Drainage area, 17 mi2 (44 kmz); bankfull discharge, 850 ft3/s (24 m3/s);
valley slope, 0.0018; channel width, 80 ft (24 m). Stream is perennial,
alluvial, sand bed, in valley of moderate relief, wide flood plain. Channel is
sinuous, cut banks general, silt-clay banks. The normal flow is slightly
constricted by the bridge waterway, and overbank flow is very constricted by
the approach embankments.

HydrauTic problems and countermeasures:

1929 Two-span bridge built with upstream wingwalls set at 45° angle.

1972 Hurricane Agnes flood, discharge 7,770 ft3/s (220 m3/s), clogged the
right span of the bridge with debris causing the channel to shift to
the left and constricting the flow through the left span. The left
abutment was scoured until it collapsed.

1973 ?ew singlﬁ—span bridge built with 45° upstream and downstream wingwalls
fig. 138).

1975 F]ooding3during tgopica] storm Eloise in September 1975, discharge
1,120 ft°/s (32 m°/s), caused no debris pileup; however, the natural
waterway area was reduced by the new bridge thus constricting flows
that exceed bankful stage. As a result, a scour problem has occurred
at the abutments and the upstream wingwalls and deposition of material
in midchannel (fig. 138) has occurred because of turbulence caused by
the overbank flow returning to the main channel. No countermeasures
have been used for the recently noted scour problem.

Discussion: Removal of the center pier reduced the chance for accumulation of
debris at the bridge and consequent scour at the piers. The new bridge is shorter
and more constrictive to flood flow, but the wingwalls should help prevent scour
at the toe of abutments due to flow constriction. No large floods have occurred
to test the adequacy of the new bridge design.
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Figure 138. View in 1976 of full-height abutments. Mid-channel bar
upstream from bridge is attributed to turbulence near abutments,

TOWANDA 52 Ml.
PICTURE ROCKS 2 My, 42'30"

Figure 139. Location of US-220 crossing (circled) on Muncy Creek.
Base from U.S. Geol. Survey Hughsville, Pa., 7.5' map, contour
interval 20 ft, 1968.)
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SITE 33. MUNCY CREEK AT US-220 AT HUGHESVILLE, PA.

Description of site: Lat 4]015', long 76043', location as shown in fig. 139.
The bridge is a three-span, prestressed-concrete, I-beam structure, 232 ft

(71 m) long. The two piers are wall-type, 3 ft (0.9 m) wide with round nose.
The abutments are spillthrough, founded on piles driven into the approach
embankment. The skew of crossing is 300. The piers are alined to floodflow,

~ but the bridge crosses Muncy Creek at a bend where the channel alinement appears
unstable. '

Drainage area, 82 mi2 (214‘km2); valley slope, 0.0041; channel width,
200 ft (61 m). Stream is perennial, alluvial, cobble bed, in valley of moderate
relief, wide flood plain. Channel is sinuous, wider at bends, point bars,
silt-sand banks, tree cover at 50-90 percent of bankline.

Hydraulic problems and countermeasures:

1972 The original bridge at this site was destroyed during flooding from
Hurricane Agnes.

1973 A new bridge was constructed at the same site with the addition of
extensive streambank protection. Bulldozers were used to clean and
deepen the flood-damaged channel after 1972 flooding; streambed material
was used to rebuild the streambanks. The outsides of stream bends in
the bridge site area were then protected with selected 1imestone rock
riprap with a Dg, of about 2.0 ft (0.6 m).

1975 On September 26, 1975, a flood caused by tropical storm Eloise provided
a severe test for the new bridge and the bank-protection measures. The
stream thalweg shifted to the right during flooding, resulting in scour
at the bridge pier closest to the outside of the stream bend (pier 1)
(fig. 140). Much cobble bed material was deposited in the middle and
inner bridge spans along the inside of the stream bend. The channel of
Muncy Creek is still poorly alined with the bridge opening; streamflow
is channeled directly into the scoured area around pier 1, resulting
in severe eddy currents at the pier even during normal flows (fig. 141).

Discussion: Use of rock riprap with D5 of 2 ft (0.6 m) has successfully

prevented bank erosion on the outside gf the bend at the bridge. No counter-
measures have been installed to solve the pier scour problem caused by poor
channel alinement. Solutions used in similar situations include spurs of rock
riprap and elevated flood plains to improve and maintain stable flow alinement
through the center of the bridge. The bridge piers were placed with good alinement
to floodflow but were skewed to the low-water channel, causing local scour
problems.
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Figure 140. Flow alinement associated with scour at pier 1, as
photographed in 1976.

Figure 141. Eddy currents at pier 1, and lateral erosion of right
bank, as photographed in 1976.
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SITE 34. MUNCY CREEK AT LR-1073 NEAR MUNCY, PA,

Description of site: Lat 41013', long 76047‘, location near crossing in fig. 139.
Two parallel, three-span, prestressed-concrete I-beam bridges built late in 1972.
Each bridge is 210 ft (64 m) long. The bridges are supported by two wall-type
piers each 3 ft (0.9 m) wide, with rounded nose, set on spread footings in alluvium.
Abutments are spillthrough. The right abutment is set into bedrock along the
streambank. The left abutment is founded on piles driven deeply into the approach
embankment which is raised above the flood plain. The approach roadway is well
alined with the bridge, although the embankment crosses the left-bank flood plain
and would severely constrict overbank flow.

Drainage area, 182 miZ (471 kn); bankfull discharge, about 8,000 ft3/s
(226 m°/s)y valley slope, 0.0035; channel width, about 100 ft (30 m). Stream
is perennial, semi-alluvial, cobble bed, in valley of low relief, wide flood
plain; channel is sinuous, locally anabranched, wider at bends, point bars, cut
banks local, sand-gravel banks, tree cover at more than 90 percent of bankline.

{

Hydraulic problems and countermeasures:

1972 Bridge built. Because the left-bank approach embankment encroaches on
the flood plain and constricts overbank flow, a spur dike was included
in the crossing design. Countermeasures applied at the site include:
(1) The excavation for piers construction was backfilled with rock
riprap instead of original streambed material. (2) Construction of an
elliptical spur dike whose minor axis length is 0.71 Ls (top length of
spur). The top of the spur dike was 3.1 ft (0.94 m) below the bottom
of the bridge beams. Riprap revetment on the spur dike was extended
along the left bank of the channel downstream past the dual bridges.
(3) Trees along the streambank were kept close to the toe of the spur
dike embankment. A natural drainage channel with intermittent flow
enters Muncy Creek between the tree line and the spur dike toe.

1975 During the early stages of flooding associated with tropical storm
Eloise in September 1975, the spur dike efficiently guided overbank
flow into the main channel and through the bridge with a minimum of
turbulence. The spur dike was later damaged (fig. 142) when overtopped
and breached during peak flow. A scour hole 5. to 6 ft (1.5-1.8 m) deep
was eroded at the toe of the spur dike embankment. Much of the eroded
material was depositied downstream along the left bank. The spur dike
served its intended purpose; no scour or bank erosion damage occurred
directly at the dual bridges.

1976 No repairs have been made to the spur dike.
Discussion: The spur dike served its purpose in protecting the bridge, but will

require the addition of heavier riprap to prevent future flood damage. Rock riprap
on top of the spur dike is needed to prevent damage by overtopping flow.
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Figure 142. View of damaged spur dike along left bank, in 1976.

Figure 143. Aerial photograph of SR-4 crossing, North Branch
Susguehanna River, January 28, 1969. (From U.S. Geological Survey.)
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SITE 35. NORTH BRANCH SUSQUEHANNA RIVER AT SR-4 NEAR NANTICOKE, PA.

Description of site: Lat 41013',‘1ong 75039', location as shown in fig. 143.
Continuous-deck steel-plate girder, bridge has 16 spans, is 2,740 ft (835 m)
long and supported by 15 piers. The piers are wall-type with rounded nose,

founded on shale_bedrock and alined with the flow. Abutments are vertical
with 450 wingwalls on the left bank and spillthrough type on the right bank.

The bridge is skewed 39° as determined from 1969 aerial photographs. The
approach embankment to the right bank abutment extends across much of the flood
plain, and relief bridges provide openings for flows on the left-bank flood
plain. :

5 Drainage grea, 10,035 mi2 (25,990 kmZ); bankfull discharge, about 115,000

ft3/s (3,250 m3/s); valley slope, 0.0027; channel width, about 800 ft (244 m).

Stream is perennial, alluvial, cobble bed, in valley of moderate relief, narrow
flood plain. Channel is sinuous, locally braided, equiwidth, silt-clay banks,

tree cover at more than 90 percent of bankline.

Hydraulic problems and countermeasures:

1954 Bridge built, without countermeasures.

Pre-1964 Hydraulic problems at the site between 1954-64 are indicated by the
addition of paved concrete revetment at the first pier adjacent to
the right bank abutment where local scour and undercutting occurred.
Scour near pier 1 was probably caused by turbulence induced by flood-
flows returning to the main channel from the right bank flood plain
(fig. 143). Floods occurring prior to 1964 were in October 1955,
March 1956, and April 1960. .

To counter hydraulic problems due to the severe constriction of
floodflow by the approach embankment, a rock spur dike was added to
the right bank bridge abutment (figs. 1431 and 144) sometime before
1964. The spur dike was built completely of rock (diameter up 2 ft
or 0.61 m) and extends about 330 ft (100 m) upstream from the right
abutment as a continuation of the approach embankment. Major flooding
in March 1964 caused no damage to the spur dike.

1972 Flood waters associated with tropical storm Agnes (June 24, 1972) were
the highest on record. R.I. about 300 yr. Flows overtopped the spur
dike but no damage was noted.

1975 Flooding on September 27, 1975, R.I. about 45 yr, caused no damage to
the spur dike or bridge. ‘

1977 Field inspection in January 1977 found no hydraulic problems although
a minor scour hole has developed downstream from the right abutment
at the spur dike terminus. Apparently the spur dike has required 1ittle
maintenance; trees and brush have overgrown much of the spur dike and
the surrounding flood plain and the structure appears very stable.
The fact that no damage resulted from overtopping during 1972 flooding
may be attributed to the amount and size of rock used in the spur dike;
furthermore, the heavy overgrowth of trees and brush has helped to
stabilize the rock and diminish overbank flow velocity.
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Discussion: A spur dike made of rock has successfully channeled overbank flow
through a constricted bridge opening with little damage to the bridge or
associated flood plain. The dike was built before modern design procedures

for spur dikes were available and is not elliptical in plan. As a result, flows
do not satisfactorily follow the alinement of the spur dike (fig. 144). Concrete
revetment was used in an attempt to protect the area around the bridge pier from
scour, but construction of the spur dike has probably prevented further scour in
the vicinity of the pier.

Figure 144. Upstream view of spur dike at SR-4 crossing, during flood
of March 1964.

Figure 145. Upstream view of West Branch Fishing Creek in 1976, show-
ing Bailey bridge, rock spurs, and riprapped right bank.
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SITE 36. WEST BRANCH FISHING CREEK AT LR-16 NEAR ELK GROVE, PA.

Description of site: Lat 41%18', Tong 76%23'. From 1932 to 1972, bridge at
site was timber-decked, steel I-beam, with single span of 58 ft (18 m). Skew
of crossing 00 (zero degrees). From 1972 to 1975, bridge at site was concrete
box-beam with two spans of 70 ft (21 m), which was erected 100 ft (30 m)
upstream from older bridge destroyed during Hurricane Agnes. Bridge skew

was 450. Center pier with round nose was in good alinement with normal flow,
but skewed to flood flow. After flood of September 1975, a temporary Bailey
bridge has been used. . .

Drainage area, 32 mi? (83 km2); bankfull discharge, 1,750 ft3/s (50 m3/s);
valley slope, 0.0166; channel width, 75 ft (23 m). Stream is perennial but
flashy, alluvial, cobble bed, in valley of high relief, narrow flood plain.
Channel is sinuous, locally braided, cut banks local, gravel banks, tree cover
at more than 90 percent of bankline.

Hydraulic problems and countermeasures:

1932 A timber-decked I-beam bridge was built with abutments founded on
alluvium and no countermeasures to protect structure. -

1972 - During flooding caused by Hurricane Agnes, the left bank of the creek
was severely eroded and the bridge approach embankment washed out as
the channel shifted toward the left bank.

1973 A new concrete box-beam bridge, with two spans and a greater waterwa
capacity, was built at a slight bend in the stream with a skew of 45-.
Abutment and pier footings were founded at a depth of 6 ft (1.8 m) in
gravel alluvium. Sandstone riprap was placed at both abutments and
along the upstream banks of the stream.

1975 During tropical storm Eloise, in September 1975, flooding caused erosion
of the left channel bank at the new bridge site. The sandstone riprap
was not adequate to protect the loose gravel banks along the outside
of the stream bend. As in 1972, the channel again shifted-1eft and the
approach embankment and bridge abutment were eroded until failure
occurred. After 1975, a Bailey bridge was installed with rock riprap
(1imestone: Dgg = 2.5 ft) and rock spurs as countermeasures (fig. 145).
No flow hazards have occurred since 1975 to test the effectiveness of
these countermeasures.

Discussion: Piers and abutments placed 6 ft (1.8 m) deep in coarse gravel
alluvium were damaged by scour during an extreme flood in 1972. Failure of
riprap bank revetment in 1975 is attributed to erosion of the upstream end
and undermining of the toe. ‘ :
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SITE 37. FISHING CREEK AT LR 19026 AT LIGHT STREET, PA.

Description of site: Lat 41002', long 76926 . Three-span concrete box-beam
bridge, built in 1974, is 232 ft (70.7 m) long and supported by two round-nosed
piers 4 ft (1.2 m) in width. The piers and the spillthough abutments are founded
on piles that extend through alluvium to sandstone bedrock. The skew of crossing
is 7° and the piers are alined to flow. The approach roadways have good aline-
ment with the structure, although the enbankments constrict the flood plain. The
bridge is located at the same site as a 1938 bridge, at which scour at the left
abutment caused failure during the June 1972 flood.

Drainage area, 287 mi® (743 km%); bankfull discharge, 7,500 £t3/s (212 m3/s);
valley slope, 0.0013; channel width, about 125 ft (38 m). Stream is perennial,
alluvial, gravel bed, in valley of moderate relief, wide flood plain. Channel is
sinuous, locally braided, cut banks general, gravel banks. Apparent instability
of channel is attributed, at least in part, to removal of some small dams upstream
from the bridge and to meander cutoffs, both natural and artificial.

Hydraulic problems and countermeasures:

1938 Original bridge built.

1968 A small dam 2.3 mi (3.7 km) downstream was totally removed and 5,000 ft
(1,524 m) of stream channel was relocated when Interstate 80 was con-
structed through the area. Earlier in the 1960's, a small public-utilities
dam upstream 3.3 mi (5.3 km) also was removed.

Pre-1972 A railroad tie retaining wall (fig. 146) was installed to protect a
residence upstream on the left bank, but ended about 100 ft (30 m)
upstream from the bridge.

1972 Flooding cau§ed by trogica] storm Aganes in June 1972, with a discharge
of 31,600 ft°/s (894 m°/s) scoured the left-bank abutment until it failed.
After the Agnes flood, the U.S. Army Corps of Engineers cleared debris
from the banks and channel and further attempted to restore and stabilize
the deep channel of Fishing Creek by adding riprap to the stream bends.

1974 A new bridge was built. Countermeasures for the bridge include: (1)
The abutment foundations from the original bridge were left in place
to provide a solid toe for the riprap along the stream channel and
around the abutments of the new bridge. (2) The new bridge 67 ft (20 m)
Tonger than the old bridge. (3) The abutment slopes were seeded and
mulched in an effort to provide stability.

1975 Tropical storm Eloise caused a flood discharge of 29,300 ft3/s (830 m3/s),
and was the first test for the new bridge. Overbank flow along the
right flood plain was constricted by the approach embankment and
abutment. Areas protected with riprap at the abutments remained intact,
but the unprotected channel banks upstream from the bridge and approach
embankments were eroded (fig. 146).

1976 Additional limestone riprap was tied in with the existing sandstone
riprap upstream from the right abutment. A rock-lined channel
(fig. 147) was built along the base of the approach embankment to

12




allow drainage from the right overflow area to reenter the stream
channel without causing erosion as in 1975. The extension of the
Timestone riprap in 1975 to protect the approach embankment and
streambank near the bridge appears to be an adequate countermeasure.

No flow hazard has occurred to date, however, to test the effectiveness
of the additional riprap protection. The abutment slopes which were
seeded and mulched in 1974 now have a thick sod cover.

Discussion: Removal of small dams from a stream, a large flood event, manmade
channel changes, and natural meander cutoffs produced an unstable channel.
Channel degradation and bank-stability problems are evidence of the unstable
channel. Armoring the channel banks and abutments may prevent problems of
lateral erosion in the future, but degradation of the main channel may continue
causing scour problems at the bridge piers and toe of abutments.

Constriction of overbank flow, lack of spur dikes, turbulence caused by
overbank flow when reentering the main channel and an unstable channel are
probably the primary factors in causing bank erosion and general channel scour
upstream from the bridge and at the abutments. Increasing the length of the
bridge probably did not reduce the amount of bridge contraction sufficiently
to reduce the potential for scour at the bridge abutments.

Figure 146. Erosion of left bank between retaining wall and bridge, as
photographed in 1976.

Figure 147. Riprap on right bank as photographed in 1976. Ss, original
sandstone riprap; Ls, limestone riprap placed after 1975 flood.
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SITE 38. SALINE RIVER AT US-70 NEAR DIERKS, ARK,

Description of site: Lat 34005', long 94005', at Tocation shown in fig. 148,
Steel I-beam bridge 461 ft (141 m) long with concrete-slab roadway supported
by seven concrete piers. Piers consist of a pair of rectangular columns with
web, placed on spread footings. Base of pier footings is set about 6 to 10 ft
(2 to 3 m) below streambed on gravel and boulders. Abutments are spillthrough
type. Approach embankments on both banks constrict overbank floodflow.

Drainage area, 124 miz (321 km2); valley slope, 0.002. Stream is
perennial, alluvial, gravel bed, in valley of moderate relief, wide flood
plain. Channel is sinuous, Tocally anabranched.

Hydraulic problems and countermeasures:

1951 Bridge built with pier footings about 6 ft (2 m) below streambed and
rock riprap on both abutments (fig. 149).

1961 Flood of May 1961, discharge 52,100 ft3/s (15,880 m3/s), R.I. 50 yr,
caused no damage to bridge. Flood high-water marks indicate most
overbank flow occurs on the left-bank flood plain. Road overflow
occurred on both approach embankments.

1968 Flood in May, discharge 59,200 ft3/s (18,044 m3/s), R.I. 75 yr, scoured
under pier 6 (fig. 150) causing the pier to settle 1 ft (0.3 m)
(fig. 151) at the downstream end. Settlement of the pier was uneven,
causing the pier to tilt slightly in the downstream direction. Road
overflow occurred at both approach embankments.

Repairs following the flood consisted of extending the spread
footing under pier 6 deeper, filling the scour hole (fig. 150), and
adding to the pier cap to level the bridge deck (fig. 152). Large
rock riprap, up to about 2 ft (0.6 m) in diameter was placed at the
left abutment slope and on the flood plain between piers 5 and 7.

1969 Flood of January 1969, discharge of 28,600 ft3/s (8,717 m3/s), R.I.
12 yr, caused no damage to bridge or countermeasures. The riprap,
although performing satisfactorily, reduces the waterway on the flood
plain about 10 percent.

Discussion: Undermining of the bridge pier on the left-bank flood plain during
the 1968 flood was caused by cross currents of flow when overbank flow re-entered
the main channel at the bridge. The bridge piers, about 26 ft (8 m) long,

were skewed to the direction of overbank flow and contributed to the inefficiency
of the overflow opening and to the resultant scour. Placement of the rock

riprap (following the 1968 flood) on the left-bank flood plain under the bridge
to prevent scour of the pier footings reduces some of the space formerly part

of the waterway. Placement of a flow-control structure, such as a spur dike,

on the upstream side of the left-bank approach embankment would help prevent

the formation of cross currents near the abutment and reduce the possibility

of pier or abutment scour.
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Figure 148. Location of Saline River at US-70 near Dierks, Arkansas.

LEFT BANK RIGHT BANK
FEET METERS
~ 400 ROCK RIPRAP _ROCK RIPRAP 123
Py SLOPE PROTECTION H.W. EL. 5-6-6/, SLOPE PROTECTION| \
- / g \
~ 380 7 118
z E/ 1 |
S0 f ENL 7T 10
ﬁ . g £ | N
W, SCOUR HOLE - CHANNEL BED 1950
340 104
0 s[o 120 180 FEET
0 18 a7 55 METERS

Figure 149. C(Cross sections of Saline River bridge.

Figure 150. Footing of pier on US-70 bridge over Saline River near
Dierks, Arkansas, following flood of May 13, 1968. (From Arkansas
Dept. of Highways.) ’
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Figure 151. Bridge on US-70 over Saline River near Dierks, Arkansas,
following flood of May 13, 1968. (From Arkansas Dept. of Highways.)

Figure 152. Cap on pier 6 has variable thickness
to compensate for uneven settlement of pier. At :
lower left, riprap placed on flood plain. (From
Arkansas Dept. of Highways.)
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SITE 39. EAST FORK TRINITY RIVER AT ATCHISON, TOPEKA, AND
 SANTA FE RAILWAY BRIDGE NEAR LAVON, TEX.

Description of site: Lat 33002‘, long 96°29', location as shown in fig. 153.
The bridge crosses the E. F. Trinity River immediately downstream from the
spillway for Lavon Dam on the relocated channel. Slope of the new channel is
0.001 ft/ft. Bridge is 589 ft (180 m) long, constructed of steel-plate girders,
with 127 ft (39 m) timber-pile approach trestle and supported by eight concrete
wall-type pointed nose piers. Piers are supported by pilings driven down to
hard shale layer. Abutments are spillthrough type, protected with concrete
sTope paving. Design release for floods with 20-year recurrence interval from
the reservoir is 2,000 ft3/s (57 md/s).

Hydraulic problems and countermeasures:

1951 Bridge built. Concrete slope pavement at abutments was protected at
toe by cutoff walls extending 3 ft (1 m) below the streambed.

1966 Degradation of channel at site was first observed by the rajlroad
company guring the period 1957-66. Peak flows of 39,000 ft3/s
(1,104_m?/s) in 1957, 5,700 ft3/s (161 m3/s) in 1958, and 6,000 £t3/s
(170 m3/s) in 1966 occurred. '

1972 Surveys made in 1953, 1965, 1967, and 1972 indicate that degradation
beneath the bridge was in the range of 5 to 8 ft (1.5 to 2.4 m) for
the period 1953-65. Damages that have occurred as a result of flows
released from the reservoir show that the slope protection is
inadequate.

1974 Studies of spillway releases for design floods with a R.I. of about
100 yr by the U. S. Corps of Engineers, indicate that the spillway
channel in the vicinity of the bridge abutments would become relatively
stable at elevation 435 ft (133 m) and that the flow velocity would be
about 8 ft/s (2.4 m/s). Countermeasures proposed to protect the bridge
abutments for the new channel conditions include: Extension of the
concrete slope pavement downward 5 ft (1.5 m) at both abutments, con-
struction of a new 3-ft (1-m) high concrete cutoff wall at the lower
streambed elevation, andp1acementoflg rock riprap blanket to protect
the toe of the pavement.

Discussion: At this site, relocation of the channel apparently contributed to
instability. Streambed degradation continued for about 15 years before the
channel approached stability. The cutoff wall built at the toe of the existing
concrete slope paving was insufficient to prevent undermining.
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Figure 153. Location of bridge (circled) on Atchison, Topeka, and
Santa Fe Railroad, downstream from Lavon Dam. (Base from U.S. Geol.
Survey Lavon 7.5' quadrangle, Texas, contour interval 10 ft, 1963.)

Figure 154. Location of Snake River at US-20 and US-191 near Heise,
Idaho.
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SITE 40. SNAKE RIVER AT US-20 AND US-191 NEAR HEISE, IDAHO

Description of site: Lat 43%2", long 111%4", location as shown in fig. 154.
The downstream bridge (fig. 155), built about 1973, is 642 ft (196 m) long and
supported by five reinforced-concrete piers. The piers are rectaggular with
round nose and founded on H-beam piles. Skew of the bridge if 11°. The pier
curtain wall was placed to the then-existing streambed. The abutments are
spillthrough, founded on H-piles. The existing upstream bridge is 696 ft (212 m)
Tong and is supported by four piers of the webbed, round-column type (fig. 40.2).
Piers for the older bridge are not skewed to flow alinement (fig. 40.2).

Valley slope, 0.003; channel width, about 200 ft (61 m). Stream is
perennial, alluvial, gravel bed, on piedmont slope. Channel is locally
anabranched and locally braided.

Hydraulic problems and countermeasures:

1973 A new southbound bridge was built with three more piers than the older
upstream bridge (fig. 155). Piers 2 and 4 are located downstream from
the older bridge piers, and because of their location relative to the
existing bridge piers, and changes in pier skew angles (fig. 155),
considerable turbulence of flow occurs near these piers.

1977 Floodflows of about 22,000 ft3/s (623 m3/s) occurring each year since
construction of the bridge has apparently caused the present scour
condition around one of the new bridge piers (fig. 156). No counter-
measures have been used at this time.

Discussion: The pier scour problem in this case may have been avoided by
Tocating piers for the new bridge sufficiently away from the existing piers
to avoid turbulence of flow originating at the upstream bridge. Evaluation of
figs. 155 and 156 indicates that the height of the concrete curtain wall for
pier 2 is probably less than the curtain walls for other piers on the new
bridge. This would indicate the higher channel bed shown on fig. 155 scoured
during the period 1971-76. Bridge designers should consider the possibility
of future lateral movement of the stream charinel and subsequent exposure of
pier footings to flow. Local scour problems at pier 2 of the new bridge may
be aggravated if debris lodges on the exposed piling or pier nose and creates
additional turbulence.
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Figure 155. Plan and cross section at bridge site.

(From Idaho Dept.

Scour at pier 2 of downstream bridge.

Figure 156.
of Transportation.)
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SITE 41. TOMBIGBEE RIVER RELIEF BRIDGE 2 AT US-45 NEAR ABERDEEN, MISS.

Description of site: Lat 33049‘, Tong 88030’, location as shown in fig. 157.
Bridge consists of four steel-beam spans at 25-ft (7.6-m) centers, supported

on timber-pile bents, which are approximately alined with flood flow. The
bridge is located on the Tombigbee River flood plain and total bridge length

is 100 ft (30 m). Abutments are spillthrough. During overbank flooding, flows
are highly constricted at the bridge. There is another 125-ft (38-m) relief
bridge 3,000 ft (914 m) to the west and the Nichols Creek bridge is 5,000 ft
(1524 m) to the east.

Drainage area, 2,169 miz (5,618 km2); valley slope, 0.00034; channel width,
about 150 ft (46 m). Stream is perennial, alluvial, sand bed, in valley of low
relief, wide flood plain. Channel is meandering, equiwidth, probably incised,
silt-sand banks, tree cover at more than 90 percent of bankline.

Flows at the relief bridge occur during period of overbank flow on the
Tombigbee River. At times during flooding on the Tombigbee River, however,
flows at the relief bridge are affected by backwater (fig. 158) from the main
channel downstream from the site. Consequently, maximum discharge, flow:
velocities, and associated scour at the relief bridge channel may occur at times
other than maximum stage. Maximum measured values of discharge and velocity
for a given stage at this site exceed the values computed using natural channel-
bed slope. This indicates that most flows occurring at the site are not of
uniform depth.

Hydraulic problems and countermeasures:

1934 Bridge built. The spillthrough abutments had a slope of 1.5:1 and were
armored with sacked concrete.

1955 Flood of March 1955 caused overbank flooding for 4 days at the bridge.
' A discharge measurement made near the crest shows velocities exceeding
9 ft/s (2.7 m/s). No scour problem was reported following the flood.
Cross sections of the channel surveyed at the bridge between 1954 and
1971 show only minor (2 to 3 ft or 0.6 to 0.9 m) changes.

1973 Flood of March 1973, discharge 5060 ft3/s (143.3 m3/s), R.I. 65 yr,
overtopped bridge floor. A discharge measurement was made on March 18
near the flood crest. Measurements of velocity and soundings show a
small vortex or eddy current at the right abutment and scour near the
left abutment (fig. 159). A measurement obtained on March 21 after
the crest shows additional scour (fig. 159) and a 30-ft (9.1-m) wide
vortex or eddy current near the right-bank abutment. After the flood,
the Highway Department found the downstream part of the left-bank
abutment had been undermined and a section of road about 8 ft (2.4 m)

"~ wide extending to the road centerline, had collapsed. Depth of scour
extended approximately to the elevation of the flood plain. Soundings
of the main channel at the downstream side of the bridge indicate
the depth of scour was greater than at the upstream side, and piling
at bents 2, 3, and 4 had only about 2 ft (0.6 m) of penetration left.
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Countermeasures during and after the flood include: (1) Dumping
old car bodies over side of bridge to prevent additional scour (fig. 160).
(2) Placement of fill, compacted by bulldozer, in scour hole to level
of former flood plain. (3) Replacement of the left-bank abutment fill
on a 2:1 slope and use of sacked concrete riprap for protection (fig. 161).
(4) Construction of two spur dikes 50 ft (15 m) in length upstream from
the bridge abutments, which were faced with rock riprap.

1975 Flood of March 1975, discharge 4360 ft3/s (123.5 m3/s), R.I. 18 yr,
caused overbank flooding and flow velocities through the bridge opening
exceeding 8 ft/s (2.4 m/s). Soundings at the upstream side of the bridge

" obtained on March 15 showed no scour. Following the flood, the Highway
Department found minor scour at bents 2 and 4 (fig.-159), probably
because fill material placed near the piling in 1973 was not compacted
completely.

Construction of the spur dikes at both abutments improved the
distribution of flow and effectiveness of the waterway to handle the
March 1975 flood (fig. 162). Flow velocities across the channel were
more uniform (showed less variation between stations), and stages for
the March 1975 flood were 3.2 ft (1 m) less than levels recorded during
the 1973 flood even though the discharges were similar. The effect of
possible backwater caused by the main channel of the Tombigbee River
downstream from the relief bridge is unknown. The discharge measurement
made on March 15, 1975, showed a very uniform distribution of flow across
the channel. Following the flood, the minor scour holes near bents 2
and 4 were filled and the entire area under the bridge, extending 10 ft
(3 m) upstream and 10 ft (3 m) downstream, was covered with rock riprap
in the 50 to 150 1b (0.02 to 0.07) size range. :

~ Discussion: The relief bridge was subjected to a significant amount of flow
contraction. General scour, associated with contraction of flood-plain flow,
extended about 15 ft (5 m) or more below the original channel bed. In this
case, maximum velocity of flow and discharge through a bridge opening does
not occur at peak stage if backwater, caused by high stages in the river
downstream from the site, occurred. In areas of very flat relief, such as
areas with slopes less than 0.0002 ft/ft, bridge design for maximum values of
velocity and scour potential should take into account the possibility of varied
flow conditions in which the friction slope (energy gradient) is greater than
the natural channel slope. Lateral erosion of an approach embankment at the
downstream side may result if flows are highly contracted, or eddy currents
are present near the abutment on the upstream side.

Construction of spur dikes at both abutments improved the uniformity of
flow distribution across the channel at the bridge so the entire waterway was
more effectively used; reduced the possibility of eddy current formation near
the upstream side of abutments caused by flood-plain flow returning to the
main channel; and reduced the chance for lateral erosion, by eddy currents,
of the approach embankment downstream from the bridge.
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Figure 157.
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Location of Tombigbee River relief bridge 2 (circled).
(Base from U.S. Geol. Survey Aberdeen, Miss., 7.5' quadrangle,
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SITE 42. FISHING CREEK AT SR-487 AT ORANGEVILLE, PA.

Description of site: Lat 41°05', long 76%24', location as shown in fig. 163.
The threespan concrete I-beam bridge was built in 1973. It is 240 ft (73.1 m)
long and has two 3-ft (0.9-m) wide round-nosed piers. The piers and vertical
abutments are f8unded on piles that extend through alluvium to bedrock. The
bridge has a 49~ skew to the channel. The right approach embankment extends
about 700 ft (210 m) across the wide flood plain, severely constricting overbank
flow at the right-bank bridge abutment. The left-bank approach embankment
parallels the channel at the base of Knob Mountain.

Drainage area, 233 mi2 (603 km2); bankfull discharge, 6,100 ft3/s (173 m>/s);
valley slope, 0.0025; channel width, about 170 ft (52 m). Stream is perennial,
alluvial, gravel bed, in valley of moderate relief, narrow flood plain. Channel
is sinuous, locally braided, random width variation, cut banks local, gravel
banks. Channel stability has been adversely affected by removal of small dams
downstream from the crossing site and by meander cutoffs, both natural and
artificial.

Hydraulic problems and countermeasures:

Pre-1972 The original bridge, 120 ft (37 m) long, was built (date unavailable)
prior to 1972. During the early 1960's, several small dams were
removed downstream from bridge site.

1972 Tropical storm Agnes caused a flood discharge of 28,200 ft3/s (799 m3/s)
at this site. The original bridge was destroyed when the left abutment
and pier scoured and settled away from the superstructure.

1973 A new bridge was built and extensive amounts of rock riprap were placed
along the entire length of the right bank approach embankment (fig. 164)
and at the bridge abutments.

1975 Flooding associated with tropical storm Eloise peaked at 26,100 ft3/s
(739 m3/s) in September 1975. Some water overtopped the right-bank
approach embankment about 600 ft (180 m) from the bridge opening. No
erosion occurred at the abutment or along the approach embankments.
General scour near the middle of the channel and local scour at pier 1
was attributed to debris pileup at the bridge in that area. Overbank
flow reenters the main channel at the area of scour and may also have
been responsible for the scour. The streambed around pier 1 was
restored with rock riprap, 50 percent of which had a minimum volume
of 13 ft3(0.4 m3).

Discussion: Removal of small dams from the stream, a large flood, and manmade
channel changes caused meander cutoffs which resulted in an unstable channel.
Channel degradation and bank stability problems associated with the unstable
channel were observed. Armoring the channel banks and abutments prevented problems
of lateral erosion, but continued degradation of the channel caused scour at

the bridge piers and toe of the abutments. Constriction of overbank flow,
associated with turbulence of overbank flow returning to the main channel and

an unstable channel bed, are probably the primary factors causing lateral bank
erosion and general channel scour at this site.
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Figure 163. [Location of SR?487 crossing, Fishing Creek. (Base from
U.S. Geol. Survey Bloomsburg, Pa., 7.5' quadrangle, contour interval
20 feet, 1953 photorevised 1969.)

Figure 164. View from right bank upstream of bridge. Drainage channel
and riprap protection in foreground. Photographed in 1976.
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SITE 43. LYCOMING CREEK AT US-15 NEAR WILLIAMSPORT, PA.

Description of site: Lat 41%16', long 77°03', location as shown in fig. 165.
The four-span concrete deck and I-beam bridge was built in 1955. The bridge

is 248 ft {75.6 m) long and is supported by three 5 ft (1.5 m) wide r8und-nosed
piers founded on piles. The full-height (vertical) abutments have 45~ wingwalls
and are founded on pilings. The crossing is located at a bend in the creek;
skew of crossing is 300 and the bridge piers are alined with the flow.

Dgainage area, 265 miz (686 kmz); bankfull discharge, about 11,000 ft3/s
(311 m3/s); valley slope, 0.0023; channel width, 150 ft (45 m). Stream is
perennial, alluvial, cobble bed, in valley of moderate relief, narrow flood
plain. Channel is sinuous, locally braided, sand-gravel banks.

Hydraulic problems and countermeasures:

1955 Bridge built, without countermeasures.

1972 Flow aisociated with tropical storm Agnes, discharge 34,800 ft3/s
(985 m°/s), caused channel changes but no structural damage to the
bridge. The channel shifted laterally to the right and general scour
occurred throughout the bridge span adjacent to the right bank, with
local scour at the right bank abutment of up to 13 feet (4.0 m).

The approach embankment was breached almost completely across the
roadway by eddy currents at the right bank abutment. A1l of the
abutment pile supports were exposed. Deposition occurred under the
three other spans toward the inside of the stream bend, markedly
reducing the bridge capacity. These spans were left dry when flow
subsided, and flow was then channeled under the right span with
higher than normal velocities, a condition which presented a direct
hazard to the bridge.

Post-flood repairs at the site included the addition of measures
to realine and maintain stable flow conditions through the center of
the bridge opening: (1) The steep right bank was extensively protected
with a rock riprap (D o= 1.75 ft , 0.53 m) throughout the length of
the stream bend (2) Tﬁree rock spurs (deflectors) (figs. 165 and 166)
constructed with selected limestone riprap (Dgg = 2.25 ft., 0.69 m)
were placed where flow most seriously encroached on the right bank.
These spurs were spaced 75 feet (23 m) apart and were built about
6.6 ft (2.0 m) up from the streambed. The upstream spur extends
obliquely 100 ft (30 m) into the channel, skewed 30° from the downstream
bank; the middle spur extends 50 ft (15 m) and is skewed 600; the down-
stream spur extends normally from the bank about 30 ft (9.1 m).

(3) Other repairs and use of countermeasures included backfilling the
scoured bed under the right span to its original level with material
depositied in the other spans and (4) construction of an elevated
flood plain (berm) was built of rock (Dgy = 1.0 ft, 0.3 m) placed

-~ along the right bank from the downstream spur through the bridge
waterway.
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1976

Flood gaters from tropical storm Eloise, discharge of 23,800 ft3/s
(673 m°/s), were effectively channeled through the bridge opening

with no scour or bank erosion. As of May 1976, the measures constructed
at this site to improve and maintain good flow alinement through the
bridge were judged to be very effective. The countermeasures, while
preventing any recurrence of 1972 hydraulic problems, sustained very
little damage; in fact, deposition occurred behind the upstream spurs
(figs. 165 and 166), which further indicates their design effectiveness.

Discussion: This bridge was built near a stream bend and in easily eroded bed
materials, and subsequently damaged by scour along the outside stream bank due
to increased velocity. Extensive riprap was placed on the channel bank, and
deflectors (spurs) and a rock berm constructed to maintain the channel near
the center of the bridge. There countermeasures effectively protected the
site from damage during a flood with a 25-year recurrence interval.

REVETMENT

Figure 165. Plan sketch of countermeasures at US-15 crossing, Lycoming
Creek. '

.Figure 166. View upstream in 1976 toward spurs on right bank.

Note accumulation of sediment.
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SITE 44. NORTH BRANCH SUSQUEHANNA RIVER AT SR-93 AT BERWICK, PA.

Description of site: Lat 41003', long 76%14', location as shown in fig. 167.
The steel-truss bridge is 1,520 ft (463 m) long and supported by five
pointed-nose piers 10-ft (3.0-m) wide. Four of the five masonry piers are
founded on fissile, steeply dipping strata of shale beneath the alluvial channel
bed. Pier 4 is supported by timber piles. The stone masonry abutments are
vertical with no wingwalls.

Draingge area, 105300 mi2 (26,700 kmz); bankfull discharge, about
225,000 ft°/s (6,367 m°/s; valley slope, 0.00062; channel width, about 1,500 ft
(457 m). Stream i$ perennial, alluvial, sand-gravel bed, in valley of moderate

relief, 1ittle or no flood plain. Channel is sinuous, locally braided, random
width -variation, probably incised, cut banks rare, tree cover at more than 90

percent of bankline. Where Nescopeck Creek enters the Susquehanna, just down-
stream from the bridge, a delta has formed (fig. 167) that causes flow through
the bridge to be skewed to piers.

Hydraulic problems and countermeasures:

1905 Bridge built.

1972 Flooding assogiated with tgopical storm Agnes in June 1972, peaked
at 355,000 ft3/s (10,000 m3/s. Severe local scour occurred at piers
2, 3, and 4, with a maximum scour depth of 4.5 ft (1.4 m) at the nose
of pier 2. '

1974 Concrete-filled fabric bags were used to repair and counter the local
scour created at piers 2 and 3 by the 1972 flood. ' Divers removed
debris from the scour holes and placed a "Fabriform" (fabric) bag under
and around the footings of each pier. An expansion type intrusive grout
was then injected into the bag to specific pressures, and by use of
pipes, the remaining voids under each footing were filled. A rock cover
3 ft (0.9 m) thick was placed above the grout filling as further protection
against future scour. ‘

1975 Flow associated with tropical storm Eloise in September 1975, peaked at
about 258,000 ft3/s (7,300 m3/s. A large gravel delta has formed in
the Susequehanna River channel at the mouth of Nescopeck Creek which
enters the river just downstream from the bridge on the left bank
(figs. 167 and 168). Recent channel changes in Nescopeck Creek, such
as channel relocation and artificial meander cutoffs, have been made
upstream from the confluence. Abnormally large gravel deposits in the
Susquehanna River channel have caused the flow at piers 2, 3, and 4
to become skewed as much as 300 where previously the flow was parallel
to the piers. :

1977 . An underwater inspection, which had to be delayed until very Tow river
stage because of high water velocities even at normal stage, was made
at all piers and both abutments on September 8. According to this
report, some of the concrete-fabric bags installed at piers 2 and 3
in 1974 had been displaced and the previously undermined areas at the
pier footings had been partially re-exposed. :
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Discussion: The underlying shale bedrock at piers 2 and 3 was apparently
fractured and susceptible to erosion by floodflows. Piers placed on shale
bedrock should be designed to counter the possibility of shale erosion at

the base of the footings. Abnormally large amounts of sediment transported by
the tributary stream caused the formation of new or larger deltas at the con-
fluence with the main stream. This delta tended to constrict flows in the
main channel, cause localized turbulence and high flow velocities, and forced
the realinement of the main channel. Subsequent scouring conditions in the
main channel may affect the alinement of flow and the stability of bridge
piers located upstream from the tributary. Owing to strong turbulence, the
concrete-fabric bags were not entirely effective as a countermeasure. A
possible solution to the problem, not yet put into effect, is to use heavier
bags that extend farther outward from the pier face.

Figure 167. Location of North Branch Susquehanna River at SR-93
(circled). (Base from U.S. Geol. Survey Berwick, Pa., 7.5'
quadrangle, contour interval 20 feet, 1955 photorevised 1969.)

Figure 168. View of left bank of Susquehanna River showing conflu-
ence of Nescopeck Creek, photographed in 1976.
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SITE 45. COOL CREEK AT I-55 NEAR KENTWOOD, LA.

Description of site: Lat 30057', Tong 90032', location as shown in fig. 169.
Concrete girder bridge, 100 ft (30 m) long, supported by 5 square concrete

- columns per bent and founded on piles. Abutments are spillthrough type. The
channel was relocated at time of bridge construction (fig. 170).

Valley slope, 0.0032. Stream is perennial but flashy, alluvial, sand bed,
in valley of low relief. Natural channel is meandering, sand banks, tree cover
at more than 90 percent of bankline. :

Hydraulic problems and countermeasures:

1965 Bridge built. At time of construction, the channel was relocated and
widened (fig. 170), and channel slope increased from about 0.0013 ft/ft
for the old channel to about 0.0028 ft/ft for the new. The bridge
abutments were protected with sacked concrete (on clay fill) on the
right bank and concrete slope paving on the left bank (fig. 171).

1974 The 1974 flood almost overtopped the highway. The sacked concrete
revetment subsided and the lower part of the bank s1lid into the creek.
The concrete slope paving also failed due to undermining (figs. 172 and
173). Damage to the abutment protection was probably caused by a
combination of factors: (1) High flow velocities and associated scour
and lateral erosion through the constriction during the 1974 flood.

(2) Turbulence as overbank flow reentered the main channel near the
upstream side of the abutments and eddy currents as flows expanded
downstream from the bridge. (3) Channel degradation, attributed to

the channel relocation and the increase in slope, caused undermining of
the abutment and bank slope protection.

1976 Repair of the abutment protection is planned, but no work has been done.

Discussion: This site illustrates the need for channel bank and abutment pro--
tection extended below the streambed and protected with cutoff walls to prevent
undermining. Protection of the revetment from undermining is especially important
because of the occurrence of channel degradation associated with the relocated
stream. Progressive damage to the revetment protection occurred because the toe
of the concrete slope protection and sacked concrete failed, allowing the upper
revetment material to slide down into the eroded area.
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Figure 172. Aerial view of bridge $ite in 1975 showing failure of
abutment protection and location of former creek channel. (From
Louisiana Dept. of Highways.)
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Figure 173. A, sacked concrete revetment and B, concrete pavement
damaged in 1974 flood, as photographed in 1976.
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SITE 46, FOURCHE LA FAVE RIVER AT SR-28 NEAR BLUFFTON, ARK.

Description of site: Lat 34055', long 93035‘, location as shown on fig. 174.
Bridge is 504 ft (154 m) in length; seven webbed concrete piers consisting of

a pair of rectangular columns and founded on spread footings, and two pile bents;
one pier and one pile bent located on fill-slope of left abutment; spillthough
abutments on right bank. Crossing is at bend of river and on flood plain having
Qisgjgct overflow channels. Skewness of bridge crossing and of piers to flow

is 210, :

Drainage area, 491 mi2 (1,272 km2); bankfull discharge, 14,400 ft3/s
(408 m°/s); channel width, 1,400 ft (427 m); stream is perennial with semi-
alluvial, gravel bed, in high relief valley, wide flood plain. Channel is
sinuous, locally anabranched, random width variation, not incised, cut banks
rare, silt-sand banks with some gravel. Flood plain has distinct channels that
are attributed to scour by overbank flow (fig. 175).

Hydraulic problems and countermeasures:

1967 Bridge built.

1971 During flood of December 1971 discharge (75,000 ft3/s or2,124m3/s)

: serious bank scour occurred on the left bank about 35 ft (11 m) upstream
from the bridge (fig. 174). This scour is attributed to concentration
of overflow on the left bank, which is partly return flow from the flood
plain and partly channel flow deflected at the upstream bend (fig. 175).
Local scour at bent 10 (fig. 174) was about 3 ft (1 m) deep, and at
pier 9, 6 ft (1.8 m) deep. Water on the left-bank flood plain returned
to the main channel upstream from the bridge and caused scour of the
unprotected bank. Then, after passing under the bridge, flows return
to the flood plain and cause scour of the unprotected downstream bank.
The downstream left bank eroded (fig. 174), and a hole 60 ft (18 m) in
diameter and 6 ft (1.8 m) deep developed about 180 ft (55 m) downstream
from the bridge and 20 ft (6 m) shoreward from the top of the bank.
Scouring at the downstream location is associated with return of flood
flow to the left-bank flood plain. Clearing of vegetation on the left
bank prior to the flood probably contributed to bank erosion. Effect of
erosion on bridge was potential only. ‘

- The distribution of flow at the bridge site during the December
1971 flood indicates flow from the left-bank flood plain occupied

150 ft (49 m) of the 504-ft (154-m) bridge (fig. 176). Because of poor
flow conditions at the juncture of the left-bank overflow and main channel
flow near the left-bank abutment, about 70 ft (21 m) of the bridge
opening was not used to transfer flows downstream.

1973 A spur dike, revetted with rock riprap and about 175 ft (53 m) in length,
was installed on the left bank upstream from the bridge abutment. The
dike was extended downstream 255 ft (78 m) from the bridge to prevent
erosion of the bank when flows leave the main channel. A rock riprap
spillway (berm) was built upstream from the bridge next to the spur dike
(fig. 174) to prevent lateral erosion of the bank.

136




1974 Flood, discharge of about 60,000 ft3/s (1,700 m3/s), occurred in June.
Spur dike and dike extension performed satisfactorily, but apparently
caused some erosion of right bank downstream from bridge.

Discussion: This stream severely constricted (by 53 percent) during the 1971
flood that caused bank erosion problems both upstream and downstream from the

- bridge. Removal of natural vegetation along the channel banks may have contributed
to the bank erosion. The left-bank side of the main channel in the vicinity of
the bridge was subject to erosion primarily because overbank flows occupied a
large natural channel on the left-bank flood plain which terminated at the left
bank approach embankment. Flow patterns near the bridge were then affected by

the curvature of the main channel upstream from the bridge and the embankment,
which forced the left-bank overflow toward the main channel. The lack of a spur
dike to aline overbank flows with flows in the main channel caused a net reduction
in effective bridge length of 70 ft (21 m) during the December 1971 flood.

Bank erosion also occurred downstream from the bridge cgnstriction. 3Dur‘ing
the December 1971 flood, approximately 47 percent (35,300 ft3/s or 1,000m°/s)
of the total flow was forced to leave the flood plain and pass through the br1dg§
constriction. Part of the rema1mng 53 percent of flow (39,700 ft3/s or 1,124 m3/s)
exceeded the capacity of the main channel. As a result, flows formerly on the
flood plain and more temporarily constricted at the bridge could not be contained
in the main channel and subsequently reentered the flood plain downstream from
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Figure 174. Plan of Fourche La Fave River at SR-28. (Based on aerial
photograph dated 12-27-72.)
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the bridge on both banks of the stream. Local areas of bank erosion at the points
of reentry then occurred. A dike constructed in 1973 as an extension of the

spur dike on the left bank prevented the problem of bank erosion on the left

bank during the 1974 flood. During the 1974 flood, bank erosion on the right
bank downstream from the bridge represents the effect of flow alinement changes
caused by the left-bank spur dike extension.

Figure 175. Aerial photograph of Fourche La Fave River at SR-28, taken
in 1972 prior to installation of countermeasures. (From Arkansas Dept.
of Highways.)

Figure 176. Approach cross section and flow distribution for flood of
December 10, 1971, Fourche La Fave River at SR-28. (From J. N.

~

Sullavan, written communication, 1972.)
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SITE 47. BULL MOUNTAIN CREEK AT SR-25 NEAR SMITHVILLE, MISS.

Description of site: Lat 34005', long 88°24', location as shown in fig. 177.
Steel girder bridge with concrete decking, length 1,050 ft (320 m), supported
by concrete-covered steel-pile bents, three spaced at 30 ft (9 m), one at

210 ft (64 m), and 25 at 30 ft (9 m). Center spans are supported by concrete
piers on pile supported footings. Abutments are spillthrough type. Bridge
skew to flow is zero degrees.

Drainage area, 335 m12 (868 kmz); valley slope, 0.0008; channel width,
about 80 ft (25 m). Stream is perennial, alluvial, sand bed, in valley of
low relief, wide flood plain. Channel is meandering, locally anabranched,
tree cover at greater than 90 percent of bankline.

Hydraulic problems and countermeasures:

1952 Bridge constructed, abutments protected with concrete slope paving
(figs. 177 and 178). A short earthen spur dike about 15 ft (5 m)
in length was constructed at the left-bank abutment.

1955 Flood of March 1955 destroyed the spur dike and scoured holes under
bents 2-5.

1957 Flood of February 1957 scoured a hole about 120 ft (37 m) long and
8 ft (2.4 m) deep at bents 2-5 (fig. 178). Discharge measurements
indicate flow approached the bridge at angles up to 200.

1964 At some time prior to 1964, the 15-ft (5-m) spur dike was rebuilt.
A cross-section measurement made during March 1964 showed the scour
hole observed in 1957 had filled and flow alinement was normal near
the abutment.

1973 During flood of March 1973, a water discharge of about 36,000 ft3/s
(1020 m3/s) flowed under the bridge, and 8,500 ft3/s (241 m3/s)
flowed over the roadway on the left-bank flood plain. Presence of
the spur dike caused flows to approach the main channel opening
normally, maximum point velocities were about 5.5 ft/s (1.7 m/s),
and the scour holes near bents 2-5 were no longer evident.

Discussion: Local scour around bridge pile bents and at the upstream toe of
the abutment occurred after the spur dike was destroyed. Construction of a
new spur dike provided protection of the abutment from turbulent flows
durin% a flgod with 40-year recurrence interval and flow depths of about

6 ft (1.8 m). :
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Figure 178.
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SITE 48. BEAVER CREEK AT I-55 NEAR TANGIPAHOA, LA.

Description of site: Lat 30%53', long 90 932!, location as shown in fig. 179.
Dual concrete T-beam bridges, 162 ft (49 m) 1ong, supported by 3 bents having
five rectangular columns per. bent. Centerlines of adjacent bridges are

88 ft (27 m) apart. The channel was relocated (fig. 179) to facilitate
bridge construction. The spillthrough abutments are protected with concrete
slope paving.

Drainage area, 23 miz (60 kmz); valley slope, about 0.0024. Stream is
perennial but flashy, alluvial, sand bed, in valley of low relief, wide flood
plain. Channel is meandering, silt-sand banks.

Hydraulic problems and countermeasures:

1965 Bridge built. Slope of relocated channel was about 0.0059 ft/ft
compared with the original channel slope of about 0.0034 ft/ft.
Countermeasures included clearing and grading of the channel, and
construction of concrete slope paving to protect the abutments.

1974 Flood of May 22, 1974 overtopged the roadway The estimated peak
discharge was about 21,400 ft3/s (606 m3/s), more than 1.5 times
the discharge of the 100-yr R. I. flood. Considerable damage to
both abutments and the concrete slope protection occurred (fig. 180)
during the flood. The channel bed scoured about 14 feet (4.3 m)
near the downstream side of the southbound lane (fig. 181).
Inspection of the aerial photograph (fig. 180) and 1974 cross
section surveys of the channel indicate that most of the channel bed
scour in the vicinity of the bridges was probably caused by
contraction of the flow during the 1974 flood. The largest amount
of scour occurred around the upstream bridge, which provided the
initial and greatest constriction of the flow.

Some of the scour observed after the flood may have been caused
by channel degradat1on typically associated with channel relocation
work. Lateral erosion on the right bank below the downstream bridge
(fig. 180) was probably caused by eddy currents as flows expanded
following contraction through the bridge openings. Expansion of
flow downstream from the bridge and resultant sediment depos1t1on
is indicated in the aerial photograph

1975 Countermeasures applied at the crossing to prevent further scour of
the abutments included placement of toe walls, and the use of broken
Timestone rock riprap along the channel bank (fig. 182).

1977 Some of the limestone rock riprap on the channel banks has been
removed by high water (fig. 183).

Discussion: The constriction associated with the dual bridges caused the
greatest amount of scour at the upstream bridge. Scour depth of about 14 ft
(4.3 m) were caused by a combination of the bridge constriction and the
degrading channel. Lateral erosion of the channel at the downstream bridge
abutments and downstream from the contraction were probably caused by eddy
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currents as flows expanded downstream from the bridge. There is evidence
that the high velocities and channel degradation occurring during the 1974
flood are associated with the relocated and graded channel. The concrete
slope pavement acted as rigid revetment, and when undermined or overtopped,
were subject to progressive failure because there was no support for the
remaining revetment protection. Toe walls might have prevented undermining.
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Figure 181. Profile of channel bed before and after 1974 flood.
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Figure 182. Details of channel protection constructed after 1974
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Figure 183. View of left bank abutment and rock riprap in March, 1977.
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SITE 49. EAST PEARL RIVER AT I-10 NEAR BAY ST. LOUIS, MISS.

Description of site: Lat 30018', lon 89038', at location shown in fig. 184.
Bridge consists of 66 spans of 60-ft ?18-m) length, six spans of 90-ft

(27-m) length, prestressed-concrete girders, and one 482 ft (147 m) bascule
and steel girder span for an overall length of 4,982 ft (1519 m) (fig. 185).
Abutments are spilithrough type. Bents are precast-concrete with concrete-
pile supports. Bridge piers supporting the main span are protected by a
timber fender system. Channel and bridge designed for navigation.

Drainage area, 8,700 miz (22,533 kmz); valley slope, about 0.0001;
channel width, 250 ft (76 m). Stream is perennial, alluvial, sand bed, in
valley of low relief, wide flood plain, low natural levees. Channel is
meandering, locally anabranched, equiwidth, cut banks rare, silt-clay banks;
tree cover at more than 90 percent of bankline. As the Pearl River approaches
the sea, it flows through swampland and divides into three meandering
channels (connected by minor anabranches), of which the East Pearl River is
one.

Hydraulic problems and countermeasures:

1964 The East Pearl River channel was cleared and dredged for navigation.
The deepest point of the riverbed near the bridge, located 100 ft
(30 m) upstream from Interstate 10, was about 43 ft (13 m) below
mean sea level in 1961 (fig. 186). During construction of the
navigation channel, the riverbanks and channel were cleared downstream
from the proposed Interstate 10 crossing. Upstream from the proposed
highway, islands were removed and the channel was straightened.

1966 Bridge built with long approach trestles and bascule spans to provide
clearance for navigation and reduce the amount of flow contraction.
A spur dike was built at the right bank abutment to prevent local
scour and lateral erosion (fig. 187). A discharge measurement made
during flooding in March 1961 indicated that about 60 percent of the
total Pearl River flow normally passes down the East Pearl River
(main) channel and adjacent flood plain. Long approach trestles
leading to the main channel bridge were built (fig. 185) to prevent
a large degree of flow contraction at the site. The length of the
approach trestles was based on the proportion of flow on the flood
plain normally included with the East Pearl River channel.

The East Pearl River channel is used for navigation, and large
pier fenders, 40 ft (12 m) wide and 225 ft (69 m) long were
constructed to protect the two main concrete piers (fig. 188) which
are supported on piles. The piers and fenders, however, tend to
constrict flows in the main channel and create turbulence in the
vicinity of the bridge.

1972-75 Floods in 1973, 1974, and 1975 caused about 80-ft (24-m) shift in
the channel alinement and extensive general scour of the channel at
the bridge. The flood of April 1974 was equal to about a 50-year
flood. The scoured area was about 800 ft (244 m) long, 120 ft
(37 m) wide, and 20 ft (6.1 m) deep. During the 1974 flood, pile
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foundations of the pier guards were undermined (fig. 189) and the
bridge foundation endangered. Because little amounts of sediment
are carried by the stream, it was considered unlikely the scour
hole would refill naturally in the near future.

Changes in hydraulic properties of the East Pearl River main
channel for conditions before and after bridge construction
indicate that the bridge piers effectively constricted the waterway,
(table 6) even though flows on the flood plain were not significantly
affected by the bridge. The channel remained stable between 1964
and 1973 when flows were average. Extensive high water, however,
occurred during the period 1973-75, and caused much of the observed
channel change at the bridge contraction. Average monthly flow for
January 1974 and 1975 was about 45,000 ft3/s (1,274 m3/s), four
times the average monthly flow for the period 1938-67. On the basis
of observed channel changes at this site, (table 6) 21 ft (6.4 m)
of general scour between the bridge piers occurred as a result of
the bridge pier and fender construction which initially occupied 31
percent of the waterway area. By the end of the 1974-75 flood
period, the bridge piers and fenders occupied about 23 percent of
the waterway.

1975 Countermeasures designed and built to prevent further general scour
at the bridge included: (1) Placement of a gravel fill near bent
40 (fig. 189) to increase the bed elevation and coverage of piles.
(2) Addition of new longer steel piles within the fender and pier
system (fig. 190) to provide additional bridge support. (3) Place-
ment of a rock riprap blanket 2-ft (0.6-m) thick around bents 40
and 41 (fig. 189). A stream velocity of 8 ft/sec (2.4 m/s) was
used in design of the riprap protection. The riprap has a
maximum weight of about 600 1bs (273 kg) and a median weight of
about 150 1bs (68 kg).

1977 No floods have occurred to test the countermeasures since bridge
repairs were made in 1975.

Discussion: General scour occurred at the bridge, which does not greatly
constrict overbank flows. Piers occupied 31 percent of the original
waterway. Efforts to enlarge and improve the channel by dredging and
straightening did not result in a stable channel. The timing and

magnitude of channel changes that occurred as a result of a bridge
constriction are associated with flow events at the site. In this case,

no channel scour was observed between 1961 and 1972, even though channel
improvements were made in 1964, and the bridge built in 1966. Flooding
between 1973-75, however, with one crest equivalent to a 50-year flood,
caused considerable channel change. General scour up to 20 ft (6.1 m)

in depth and extending 200 ft (61 m) upstream and 400 ft (122 m) downstream
from the bridge occurred at an average flow velocity of about 4 ft/s (1.2 m/s).
This scour is attributed to constriction of flow by piers.
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Table 6. Changes in hydraulic properties of East Pearl River main channel
between 1961 and 1975

Water- Eleva-

surface tion of Width of Contrac- Gross Area  Ratio Average

Date of eleva- channel channel tion 22§§2§”§e area piers pier area velocity
survey tion bed at 2(feet) ratio, S/ 4(ft2) - (ft2) to gross 3(ft/s)
(feet) lowest (M) _ area

point
(feet)
2-26-61 9.3 -43 306 1 59,400 12,500 4.8
--------------------------- Bridge built, 1966---------c-emummcmcc e e
11- 3-69 19.3 -38.3 309 -- -- 11,279 3,241 0.29 --
2-25-72 19.3 -40 325 -~ -- 12,100 3,704 .31 --
4-20-74 9.3 -58 3356 1 57,000 14,900 3,712 .25 5.1
6-18-74 9.3  -59 337 - -- 14,700 3,785 .26 --
7-30-74 19.3 -60 338 - -- 14,800 3,801 .26 --
1-24-75 19.3 -61 338 - - 14,200 3,310 .23 --
; Assigned value for comparative purposes.
3 Conversion factor, feet to meters, is 0.305.
4 Conversion factor, ftg/‘s to m3/s, is 0.0283.
5 Conversion factor, £t~ to m , is 0.093.

Conversion factor, ft/s to m/s, is 0.305.
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Figure 184. Location of East Pearl River at I-10 crossing near Bay
St. Louis, Mississippi.
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SITE 50. NICHOLS CREEK NEAR CONFLUENCE WITH TOMBIGBEE RIVER AT US-45
NEAR ABERDEEN, MISS.

Description of site: Lat 33%9", long 88029', location as shown in fig. 191.
A 200-ft (6T-m) bridge was built at this site in 1934, consisting of eight
25-ft (8-m) spans supported on timber-pile bents. In 1949, eight 25-ft (8-m)
spans supported on timber-pile bents were added to the Teft-bank end of the
bridge. Abutments are spillthrough, protected by rock riprap in the 50- to
100-1b (0.02- to 0.05-t) range.

The bridge is on Nichols Creek where it traverses the flood plain and
transmits flood flow of the Tombigbee River. In a sense, the Nichols Creek
bridge acts as a relief bridge for floods on the Tombigbee, which has a
drainage area of 2,169 mi2 (5,617 kmZ2) at the site. Valley slope along
Nichols Creek at the bridge is 0.0029. Nichols Creek is perennial, alluvial,
silt-sand bed. Channel is meandering, with well-developed natural levees,
silt-sand banks. Hydraulic problems at the bridge have occurred during
floods on the Tombigbee.

Hydraulic problems and countermeasures:

1934 Original bridge constructed, rock riprap revetment at abutments.

1949 Bridge extended 200 ft (61 m) on the left bank (fig. 192) and the
new abutment protected with rock riprap. The bridge was extended
after access to another relief bridge had been cutoff by
constructing State Route -25.

1955 Flooding in March 1955 (106,000 ft3/s or 3483 m°/s) destroyed four
spans near the left bank (fig. 193) and several scour holes
developed near the left-bank abutment at both the highway and
railroad bridges (fig. 192). Damage to the bridge, and problems
of scour and lateral erosion are associated with the following
factors: (1) Overbank flow approaching the Nichols Creek bridge
was highly contracted by the bridge opening (fig. 193). (2) The
two opposing directions of flow approaching the bridge opening
tended to constrict the effective area of flow. The ineffective-
ness of the opening is indicated by the fact that the first span on
the left bank was preserved (fig. 193) even though four adjacent
spans were destroyed. (3) Existing borrow pits and ditches along
the road and flood plain tended to concentrate flows along the
approach embankment. (4) The capacity of the railroad bridge was
insufficient for the flood and excess water continued toward the
southeast between the railroad and highway embankments (fig. 193).
Eddy currents set up at the downstream side of the highway
subsequently caused lateral erosion of the approach embankment.
Lateral erosion at the downstream side of the approach embankment
is primarily associated with eddy currents set up by flows
contained between the highway and railroad embankments.

1956 Bridge rebuilt with steel H-piling rather than the timber piling

previously used. The scour holes near the bridge were filled and
covered with a layer of rock riprap in the 50- to 100-1b (0.02- to
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0.05-t) size range. A spur dike was constructed upstream from the
left-bank abutment (figs. 192 and 194) and protected with similar
riprap.

1973 In March 1973, an even larger flood (123,000 ft3/s, or 3483 m3/s)
occurred, and overbank flooding persisted for 7 days. There was no
scour problem at the bridge, riprap placed under the bridge in 1956
was not disturbed, and there was no visible scour just downstream
from the riprapped area. Although the spur dike was overtopped by
about one foot, only minor scour occurred along the inside top and
near the toe of the dike.

Discussion: A major cause of inefficiency in conveyance of flow at this
relief bridge (as compared with normal waterway openings) is the effect of
opposing jets of flow moving adjacent to the embankment, which must turn at
right angles in order to pass through the bridge opening. Spur dikes
effectively alined overbank flow with the bridge opening and retained their
structural integrity--even though overtopped--because they were protected
with riprap and built with gentle side slopes. Construction of borrow pits
and drainage ditches on the flood plain upstream from the approach embankment
caused a change in flow patterns approaching the bridge opening and
endangered the bridge. Excessive flows that did not pass through the rail-
road bridge moved instead downstream between the highway and railroad
embankments, with resultant eddy currents and velocity that eroded the
downstream side of the highway embankment.

Figure 191. Location of US-45 crossing, Nichols Creek. (Base from
U.S. Geol. Survey Amory SW, Miss., 7.5' map, contour interval 10
feet, 1966.).
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Figure 192. Plan sketch of US-45 crossing, Nichols Creek.

Figure 193. Aerial view of Nichols Creek bridge showing alinement of
flow during March 1955 flood.
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Figure 194. Rock riprap at spur dike built in 1956. Note size of
vegetation, which was undamaged during the 1973 flood. (photo-
graphed in 1975.)

Figure 195. Location of Canadian River at US-75 and 270 near Calvin
Oklahoma .
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SITE 51. CANADIAN RIVER AT US-75 AND US-270 NEAR CALVIN, OKLA.

Description of site: Lat 34059', Tong 96014', location as shown on fig. 195.
Bridge was a prestressed-concrete, steel-beam type built in 1966 and Tost in
'1976. Channel banks and abutments were protected by riprap.

Drainage area, 27,952 miz (72,400 kmz); valley slope, 0.00087; channel
width, about 800 ft (244 m). Stream is perennial, alluvial, sand bed, in
valley of moderate relief, narrow flood plain. Channel is straight,
generally braided.

Hydraulic problems and countermeasures:

1919 Steel-truss bridge built (fig. 196), 760 ft (232 m) in length,
three dual-column webbed piers, vertical abutments founded on
spread footings. Bridge and piers were alined to flow.

1966 New low-profile bridge, prestressed-concrete beams, built about
800 ft (244 m) upstream from original bridge (fig. 195). Bridge
was 1,225 ft (373 m) in length, 12 dual circular-column piers
(fig. 197). Nine piers were founded on piles, and three on
spread footings. Abutments wereosp111through, founded on piles.
Bridge and piers skewed about 19°.

1976 On May 21, 1976, spans 2, 5, 6, and 9, and pier 5, (fig. 198) of
the new bridge collapsed. No specific flood was associated with
the failure. The bed material is composed of sand, and channel
scour occurs during flooding. Annual floods occurring at the
bridge site between 1966 and 1976, based on flow records from the
gaging station (gage 07231500) at the former US-75 truss bridge
are as follows:

Water surface

Water Date elevation (ft) Dl?ig?:ge
year (mean sea level datum)

1966 4-27-66 689.6 6,060
1967 4-13-67 695.5 66,000
1968 - 5-14-68 693.7 45,700
1969 5-07-69 692.8 33,800
1970 10-12-69 694.0 53,100
1971 10-08-70 , 699.2 130,000
1972 12-15-71 690.2 16,800
1973 4-22-73 693.8 51,900
1974 11-24-73 694.9 67 ,000
1975 5-24-75 692.4 38,100
1976 4-20-76 691.4 27,000

The largest flood of record for thg period 1935-1976 occurred on
May 11, 1950; discharge 174,000 ft3/s (4,928 m3/s). The 1970
flood was the seventh largest for the period of record. A
discharge measurement made at the truss bridge during the October
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1970 flood indicates that about 13 ft (4 m) of scour (based on the
channel bed elevation surveyed in 1916) occurred. Because the
gross waterway area at the new bridge is less than at the old
bridge (table 7), scour depths were probably equal to, or larger
than, those observed at the truss bridge site during the October 10,
1970 measurement.

Bridges are typically designed using the channel geometry
surveyed during low-flow conditions. During periods of flooding,
however, the channel size increases, and flow depth and velocities
generally also increase. The hydraulic data in table 7 gives a
comparison of measured values of depths and velocities at the gage
(o1d bridge site), with estimated values for the new bridge site
based on channel surveys made during periods of no flow. The
maximum measured depth of scour of about 13 ft (4 m) is associated
with a discharge of 94,100 ft3/s (2,665 m3/s%. The peak discharge
during the Oct. 8, 1970 flood was 130,000 ft3/s (3,682 m3/s) or
1.4 times larger than the measured discharge. With depths of scour
of about 13 ft (4 m), measured on October 8, 1970, even greater
depths of scour below the streambed would be possible during the
flood peak. Excavation of the channel bed around the pier 9 footing
after the bridge failure revealed Togs lodged about 20 ft (6 m)
below the stream bed (fig. 199).

1977 New bridge built (fig. 200) about 37 ft (11 m) longer than the 1966
‘ bridge with new piers founded on caissons drilled at least 15 ft in
the shale (fig. 201) and new abutments founded on piles. :

Discussion: A discharge measurement made during the flood of October 8, 1970
on the Canadian River recorded about 13 ft (4 m) of scour in a sand bed
channel. Average flow velocities were about 10 ft/s (3 m/s) for a discharge
of 94,100 ft3/s (2,665 m3/s). Greater depths of flow and maximum depths of
scour probably occur at higher discharges. Excavation of the sand bed
channel around one of the pier footings at the new bridge site revealed logs
lodged on the steel piling about 20 ft (6 m) below the normal streambed
surface. This case history demonstrates the need to design footings in sand
bed channels for the possibility of scour caused by lodging of debris on the
footing.

Failure of the bridge built in 1966 is probably related to scour of the
channel bed during the 1970 flood, which led to differential settlement of
some of the bridge pier foundations. Although failure of the bridge did not
occur until 6 years after_the flood, other floods - in the 50,000 ft3/s
(1,416 m3/s) to 70,000 ft3/s (1,982 m3/s) range - probably caused additional
scour of sufficient depth to continue the differential settlement of pier
foundations as indicated by the 10-ft (3-m) depth of scour observed during
an April 1976 flood measurement (table 7) at the downstream truss bridge
site. A discussion of the bridge structural conditions prior to and after
failure is presented in a report by Modeski and Masters, Consulting
Engineers, dated March 1977.
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Table 7. Hydraulics of Canadian River at US-75 and 270 bridge for floods occurring
in 1970 and 1976

Location Water Maximum Maximum Max imum
Date of : Gross Mean Mean .
channe] channel  surface - DIsclange  Grea velocity deptn [eRSuel Mganired  (ERIR 87
conditions survey  s(gy) 0et2)  (frs) (7). RSy

s) (ft) (ft)
Bridge built in
1919; channel 10-08-70 696.7 94,100 9,630 9.8 15.1 14.5 22.1 12.8
as measured at
flood flow 4-20-76 690.1 16,000 3,620 4.4 5.9 8.2 13.0 10.2
Bridge built in 31966 4697.3 294,100 8,570 11.0 9.5 -- - -
1966; channel 3 4 2
as measured at 31976 4597.3 294,100 8,040 1.7 8.9 - -- -
no flow 1976 690.7 16,000 2,860 5.6 3.4 - -- --

Based on the average channel bed elevation shown on the 1919 bridge plans.
Arbitrary value assigned for comparative purposes.

From bridge design plans.

Adjusted for fall in water surface between gage and bridge.

Feet multiplied by 0.305 equals meters

£t3/s multiplied by 0.0283 eguals m3/s

£t2 multiplied by 0.093 eguals m2

ft/s multiplied by 0.305 equals m/s

O~ U W

Figure 196. Flood of May 5, 1941 at US-75 truss bridge, built in 1919.
Note pileup of water at upstream face of pier.

157




as)

[
I
Tof—ﬁi{/;
OF RiPRAP PLAN

RIGHT BANK . LEFT BANK
FEET METERS
5,1 60~ —2133
TOP OF HW. EL BRIDGE. LENGTH=1{225"
\E’WL /RIPRAP 7125 DGE LENGTH- 122 227
S0 I P CHANNEL B -ae
5""" N L FOOTING BED\ /== it P
I:JJ &80 |- ) E EX = th B £ o s & PILES —1208
O 660 202
PIER | PER 2 PIER 3, PIER 4 PEER 5 PIER 6 PIER 7 PER S PER QA PIER 10 PIER 1 PIER 12
SECTION

Figure 197. Plan and section of bridge built in 1966.

Figure 198. Failure in May, 1976 of US-75 and 270 concrete-beam bridge
built in 1966. Older truss bridge in foreground. (Photograph from
the Oklahoma Journal.) ’

Figure 199. Wood debris lodged under pier 9 during a flood event prior
to 1976. (From Federal Highway Administration.)
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SITE 52. PIGEON ROOST CREEK AT SR-305 NEAR LEWISBURG, MISS.

Description of site: Lat 34050', Tong 89049', location as shown in fig. 202.

The bridge has a concrete deck on prestressed-concrete beams, which are supported
by steel piles encased in concrete. Length of bridge is about 352 ft (107 m):
three 80-ft (24-m) spans and one 110-ft (34-m) span. Abutments are spillthrough.
The bridge crosses the stream at a right angle.

Drainage area, 228 miZ (591 km?); bankfull discharge, 34,500 ft3/s (976 m/s);
valley slope, 0.0009; width of artificial channel, 225 ft (69 m). Stream is
perennial, alluvial, sand bed, in valley of low relief, wide flood plain. Channel
is straight, was first straightened about 1920 and again straightened and widened
in 1968. Silt-clay banks, tree cover entirely removed from bankline during 1968
channelization.

Hydraulic problems and countermeasures:

1950 Bridge built. Countermeasures included provision of a 60-ft (18-m)
span across the main channel and use of concrete slope paving to
protect the abutments. Original channel, following improvements made
about 1920, was about 100 ft (30 m) wide.

1968 U.S. Soil Conservation Service rechanneled creek (fig.202). The bottom
width of the channel was enlarged from 50 ft (15 m) to 205 ft (62 m),
and the depth was increased by several feet. Countermeasures for the
bridge include: (1) Use of two new double-pile bents driven at least
30 ft (9.1 m) below channel bed to reinforce existing bridge piling.
(2) Construction of nose piles to deflect drift. (3) Use of timber
sheathing to encase the double pile bents to prevent lodging of debris
at pile bents. (4) Protection of spillthrough abutments with rock
riprap for 50 ft (15 m) upstream and downstream from bridge. The channel
enlargement placed several bents in the main thread of flow, thus sub-
Jecting the bents to increased flow velocities and heavy drift.

1969 During flood of April 10, 1969 structural failure occurred by a settle-
ment of 9 in (0.23 m) at bend 8, and 6 in (0.15 m) at bent 11. Scour
about 20 ft (6.1 m) deep was observed at bent 8. Bridge damage was
attributed to reduced pile penetration associated with scour caused by
high velocities and drift. The bridge was repaired to original condition.

1970 Site inspection indicated the channel was shifting away from the 60 ft
(18 m) main span. Aggradation of the original channel was occurring,
and the low-water channel had shifted toward the shorter spans.

1973 Flood of April 19, 1973 caused complete failure of bridge and changed
the main channel location. After the flood, a new bridge was built with
several measures to protect the bridge from damage by lateral erosion
and lodging of drift at the bents: (1) Individual steel piles for a
bent were encased in concrete sheathing to protect against lodging of
drift. The concrete encasement was extended below the ground surface
at least 1.5 ft (0.5 m). (2) The upstream pile in a bent was placed
with a batter of 3/4 in per ft of length (0.02 in per 0.30 m) to act
as a drift deflector. (3) Broken concrete riprap was placed on the
channel banks to prevent lateral erosion. (4) The bridge spans were
increased in length from 24 ft (7.3 m) to a minimum of 80 ft (24 m) to
reduce the chance for debris lodging.
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1977 No hydraulic problems at the new bridge have been reported.

Discussion: Enlargement of the channel by widening and deepening did not result
in a stable channel size and location. Because the stream carried large amounts
of debris, bents spaced at 24 ft (7.3 m) were inadequate to pass the debris
without lodgement. The amount of scour, caused by debris lodged at the bridge
and by high flow velocities, exceeded 20 ft (6.1 m) below the normal streambed.
Encasement of steel piles by concrete sheathing to act as a debris deflector

were used to prevent the collection of debris at bridge bents or between piles.
Even though the stream gradient was less than 0.1 percent, local scour problems
were caused by contraction of flow and by lodgment of debris at the bridge, which

decreased the size of the effective waterway.

Aerial photograph of Pigeon Roost Creek at SR-305. (From
Mississippi Dept. of Highways, 1974.)

Figure 202.
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SITE 53. BOWIE CREEK AT US-84 NEAR COLLINS, MISS.

Description of site: Lat 31083', long 89045', location as shown in fig. 203.
Concrete deck bridge, 240 ft (73 m) in length, supported on eleven timber-pile
bents spaced at 20 feet. Abutments are vertical with no wingwalls. At time of
bridge construction in 1937, the channel was straightened for about 900 ft

(274 m) upstream and downstream of crossing. Skewness of the bridge is 30°.

Drainage area, 47 m1'2 (148 km?); valley slope, 0.0016; channel width, 30 ft
(9 m). Stream is perennial, alluvial, silt bed, in valley of low relief, wide
flood plain. Channel is sinuous, equiwidth, cut banks rare, silt-clay banks,
dense tree cover at more than 90 percent of bankline (fig. 204).

Hydraulic problems and countermeasures:

1937 Channel realined and cleared at time of bridge construction.. Rock
riprap was placed at ends of abutments to prevent scour. The flood plain
is very wide compared to the size of bridge opening and the stream is
highly contracted during floodflow.

1952 A cross section of channel obtained January 6, 1952 by the Highway
Department indicated scouring near the right bank abutment (fig. 205).

1961 A cross section surveyed in March 1961 by the Geological Survey showed
further scouring of the channel near the right bank (fig. 205).

1974 On April 13, 1974, a record flood of 15,000 ft3/s (425 m3/s) caused
general ‘scour at the bridge, removed two pilings at bent 3 and under-
mined three piles at bent 10 (fig. 205). After the flood, the scour
hole was filled and the washed-out piling replaced. The amount of initial
bridge contraction and subsequent increase in waterway size between 1937
and 1974 are given in table 8:

Table 8. <Changes in waterway size at Bowie Creek bridge between 1937 and 1974

Waterway available below elevation 350 ft (10.7 m),

Date of . 3 3
CroSS- discharge 15,000 ft°/s (425 m3/s)
section
survey Contrac- 1 Arsa Velocity Froude number
tion (ft4) 2(ft/s) (F)
ratio (M)
1937 0.45 1,800 8.3 9.56
1952 -- 2,466 6.1 .31
1961 -- 2,543 5.9 .30
1974 -- 5,587 2.7 .10

lConversion factor, ft2 to m2, is 0.093
Conversion factor, ft/s to m/s, is 0.305
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Discussion: The amount of initial bridge contraction at this site (M = 0.45)

was sufficient to cause scour problems during a period of more than 37 years
after bridge construction. Changes in waterway size at the bridge are dependent
on the size and timing of large flow events. In this case, a 41 percent increase
in channel size occurred during the period 1937-61. Between 1961 and 1974,
however, the waterway area increased 120 percent, largely associated with the
flood of April 1974 (recurrence interval at least 100 years). Spur dikes placed
near both abutments may have prevented some of the scour problems associated

with the return of overbank flow to the main channel.

e fromU. 8. Geologic
ount Carmel 7% min,

Figure 203. ILocation of Bowie Creek at US-84 near Collins, Mississippi.

Figure 204. Aerial photograph of Bowie Creek at US-84 crossing. (From
Mississippi Dept. of Highways, 1973.)
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Figure 205. Changes in channel at Bowie Creek bridge between 1937 and
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Figure 206. Location of Bronco Creek at US-93 near Wikieup, Arizona.
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SITE 54. BRONCO CREEK AT US-93 NEAR WIKIEUP, ARIZ.

Description of site: Lat 34041', long 113036', Tocation as shown in fig. 206.

Bridge is prestressed-concrete, 190 ft (58 m) in length, skewed 300 to flow

(figs.

207 and 208), supported by spillthough abutments and two round-nose

concrete wall-type piers, alined with flow. Piers are founded on piles in
alluvial bed material.

Drainage area, 19 m1'2 (49 km

2); valley slope, 0.031; channel width, about

400 ft (122 m). Stream is ephemeral, sand-gravel bed, in valley of moderate
relief, no flood plain. Channel is straight, generally braided, erodible
silt-sand-gravel banks at crossing.

Hydraulic problems and countermeasures:

1961

1971

Bridge built with approach embankment causing some constriction of
overbank flow (fig. 208). Measures to protect the bridge and approach
embankment during flood flow included the use of steel piling driven

to about 26 ft (8 m) below the streambed (fig. 207) and use of rail bank
revetment (figs. 207 and 209) to prevent lateral erosion.

Flood of Aug. 19, 1971 caused channel bed scour (fig. 207) and extensive
damage to the bank revetment (locally called "railbank") and to the
bridge abutments (fig. 210). The flood overtopped the bridge and at
intervals during the peak, large waves moved downstream, hit the bridge
and splashed across the deck agd embankment. The magnitude of this
flood (73,500 ft3/s or 2,080 m3/s is among the largest recorded in the
U.S. for a drainage basin of this size (19 mi2 or 49 kmZ). Damage to
the bridge and approach embankment included 1ifting of about 100 ft

(30 m) of pavement and abrasion damage to the upstream end of the piers
(fig. 211). After the flood, the railbank protection was replaced where
needed and extended upstream an additional 218 ft (66 m) on the right
bank (figs. 207 and 212).

Discussion: The railbank-type channel and abutment protection effectively
prevented structural damage to the bridge during a flood event of extreme magni-

tude.

Abrasion damage to the upstream nose of piers was significant at this site

and is potentially significant on other streams that carry large amounts of
suspended material during floods.
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'Figure 207. Details of Bronco Creek bridge.

Figure 208. Aerial photograph of Bronco Creek showing channel
constriction at bridge and skewness of bridge. (From Arizona
Dept. of Highways.)
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Figure 209. Damaged railbank protéction on right bank upstream from
bridge after August 1971 flood. (From Arizona Dept. of Highways.)

Figure 210. View of eroded left bank abutment after the 1971 flood.
(From Arizona Dept. of Highways.)
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Figure 211. Abrasion damage on upstream side of pier, in 1974. (From
Arizona Dept. of Highways.)

Figure 212. Downstream view of bridge and railbank protection after
repairs following 1971 flood. (From Arizona Dept. of Highways.)
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SITE 55. LEE MOORE WASH AT SR-89 NEAR SAHUARITA, ARIZ.

Description of site: Lat 32°01', long 110°57', location as shown in fig. 213.
Prestressed-concrete box-beam bridge, 128 ft (39 m) Tong, two spans of 64-ft
(20-m) length. Bridge is supported by a wall-type pier with rounded nose, founded
on piling. The bridge and piers are alined with flow. Abutments are spillthrough

type.

Drainage area, 132 m1'2 (342 km2). Natural channel drains a piedmont slope
and enters the flood plain of Santa Cruz River just upstream from the crossing
(fig. 213). Channel at crossing site is artificially straightened, has
ephemeral flow, sand bed, erodible silt-sand banks.

Hydraulic problems and countermeasures:

1938-70 A concrete bridge with three 16-ft (4.9-m) spans, located about 150 ft
(46 m) downstream from the Southern Pacific Railroad, was built (fig. 214).
A concrete floor and apron was added to the channel at the bridge in
1969. During the period 1938-70, land levelling and diking for agricul-
tural purposes channelized the flow in Lee Moore Wash and prevented the
spread of flow on the alluvial fan upstream from the bridge site.

1971 Channel degradation and lateral erosion downstream from the bridge
caused partial failure of the concrete apron (fig. 214) and the bank
bank revetment by undermining. A complicating hydraulic factor at
this site is overbank flow from the Santa Cruz River. By 1969, the
channel bed was about 4 ft (1 m) lower than in 1938 (fig. 215). The
observed channel changes in Lee Moore Wash are caused by the decreased
opportunity for overbank storage upstream from the bridge and increased
“flows associated with overflow on the right-bank flood plain from the
Santa Cruz River.

1972 The channel degradation and lateral erosion problem at the bridge site
had continued such that extensive remedial measures were needed to
protect the bridge. According to studies by the Arizona Highway Depart-
ment, hydraulic problems associated with the bridge were as follows:

(1) About 10 ft (3 m) of scour had occurred at the downstream end of

the apron. (2) Lateral erosion, attributed to overflow from the Santa
Cruz River, was affecting the downstream side of the approach embankment
for a distance of 1500 ft (457 m). (3) Flow in Lee Moore Wash, together
with overflow from the Santa Cruz River, was eroding the right bank of
the channel downstream from the bridge (fig. 216). (4) The concrete
apron and abutment protection were being undermined and damaged. Before
plans were completed for new countermeasures, flooding on Oct. 6, 1972
destroyed the bridge (fig. 217).
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1973

1974

1975

1977

A new bridge was built with several modifications to prevent damage
from increased runoff from the watershed and overbank flow from the
Santa Cruz River. The bridge length was increased from 55 ft (17 m)
to 128 ft (39 m) and only one pier was placed in the waterway (fig. 218).

The pile foundation of the pier was designed in anticipation of continued

channel degradation. Railbank rock-and-wire protection was provided
around the abutments and along the downstream side of the approach
embankment (fig. 219). Steel sheet-piling was used for bank protection
and direction of flow in the vicinity of the railroad bridge.

Flood of July 7 (discharge 9,150 ft3/s or 259 m3/s) on Lee Moore Wash
caused no damage at the highway bridge where the two channels join

" just upstream from the railroad bridge. However, the curved steel

sheet-pile revetment placed to guide the flow from the south channel
(fig. 216), was damaged and the right bank upstream from the railroad
bridge was eroded by flow from the south channel.

Site inspection indicated thét the railbank protection is functioning
effectively and the channel has stabilized.

Flood of Oct. 10, discharge about 8,000 ft3/s (227 m3/s), caused some
damage to the sheet-pile revetment near the railroad bridge, but the
railbank protection was undamaged (fig. 220).

Discussion: The channel at this site enlarged by lateral erosion and degradation
because of increased flows attributed to: (1) channelization upstream from the
bridge site, which prevented spreading of flow and storage on the flood plain,
(2) channelization caused by the railroad embankment which forced overflow from
the Santa Cruz River to merge with water in Lee Moore Wash at the bridge site,
and (3) increased right-bank overflow from the Santa Cruz River. The use of

a concrete apron to prevent scour around the bridge piers was not effective
because channel degradation undermined the cutoff wall at the toe of the apron.
The railbank revetment was effective in preventing lateral erosion of channel
banks, even though the channel is degrading.

Figure 213. Location of Lee Moore wash at SR-89 near Sahuarita,

Arizona.
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Figure 214. Channel degradation and concrete apron damage at downstream
side of bridge in 1971. The concrete apron was added in 1969. (From
Arizona Dept. of Highways.)
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Figure 217. Aerial view in 1972 of bridge destroyed in October 6, 1972
flood. Note the larger size of the artificial channel compared with
the Lee Moore wash channel upstream from the railroad. (From Arizona
Dept. of Highways.)

Figure 218. View upstream at new bridge constructed in 1973. (From
Arizona Dept. of Highways.)
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Figure 219. Plan of bridge and countermeasures constructed in 1973.

Figure’220. "Railbank" revetment at right bank, installed in 1973, as
photographed in November 1977, after floods of 1974 and 1977.
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SITE 56. BIG SANDY WASH AT I-40 NEAR KINGMAN, ARIZ.

Description of site: Lat 35009’, long 11338, Tocation as shown in fig. 221.
Steel girder bridge, 286 ft (87 m) long, supported by wall-type piers with rounded
noses and founded on concrete piles. Bridge skew is 30 degrees, piers are alined
with flow. Abutments are spillthrough.

Drainage area, 90 miz (233 km2); valley slope, 0.008; channel width, about
500 ft (152 m). Stream is ephemeral, alluvial, sand-gravel bed, in valley of
moderate relief, narrow flood plain. Channel is sinuous, generally braided,
arid-region channel or "wash".

Hydraulic problems and countermeasures:

1967 Dual bridges built with steel rail, wire, and rock revetment (railbank
protection) around both abutments. Fill material for the approach
embankments was obtained from a borrow pit on the right bank flood
plain upstream from the bridge (fig. 221).

1969 Changes in the flow pattern and excavation for the borrow pit caused
changes in the flow alinement from the left side of the channel towards
the right bank. During floods, the main flow approaches the approach
embankment west of the bridge opening, then travels along the embankment
and through the bridge. The concentration of flow on the right side of
the channel has caused erosion of a 350-ft (107-m) dike separating the
borrow pit from the channel (fig. 222) and, at the bridge, undermining
of the railbank revetment on the east abutment (fig. 223). Counter-
measures included excavation of the channel for a distance of 1500 ft
(457 m) upstream from the upstream bridges and construction of a new
dike upstream from the old dike.

1975 Scour of the main channel at the bridge was undermining the railbank
protection at both abutments. About 3 ft (1 m) of channel scour
occurred in the period 1967-75 at the bridge.

1976 New dual bridges were built at location of older bridges to improve
traffic and load conditions. The existing right-bank railbank pro-
tection was replaced or modified (fig. 224) to prevent further
undermining by the stream, and the concentration of flood flows on the
right bank flood plain.

Discussion: At the time of bridge construction, the possibility of lateral
channel shift was not anticipated when the borrow pit was located. Damage to
the approach embankment by lateral erosion and scour occurred when flows on
the flood plain moved laterally along the upstream side of the embankment
before entering the main channel. The railbank (rock-and-wire) revetment,
although undermined, provided protection from flood flows. The wire fabric
was not damaged and the steel-rail support posts remained intact.
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Figure 221. Aerial view of Big Sandy Wash at I-40
borrow pit on right bank upstream from bridge.
of levee separating borrow pit from the channel

sediment at the upstream end of the borrow pit.
of Highways, 1971.)

showing location of

Note lateral erosion

and deposition of
(From Arizona Dept.

Figure 222. View of borrow pit on right-bank flood plain and damaged

rock riprap protection of levee separating channel from borrow pit.
(From Arizona Dept. of Highways.)
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Figure 223. Lateral erosion of railbank (rock-and-wire) protection near
upstream left-bank abutment in 1975. (From Arizona Dept. of Highways.)

Figure 224, View of downstream left-bank abutment and railbank (rock-
and-wire) protection after repairs in 1976. (From Arizona Dept. of
Highways.)
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SITE 57. BRAWLEY WASH AT SR-86 NEAR THREE POINTS, ARIZ.

Description of site: Lat 32005' Tong 111 20' Tocation as shown in fig. 225.
Precast-concrete bridge, 268 ft (82 m) in Tength supported by wall-type
concrate piers with rounded nose and founded on spread footings. Bridge skew
is 20 degrees but piers are alined with flow. Abutments are spillthrough.

§a1nage area, 776 m1 (2,009 km ); bankfull discharge, about 7,000 ft /s
(198 m°/s); channel width, about 1,800 ft (549 m). Stream is ephemera], alluvial,
sand-gravel bed, in va11ey of moderate relief. Channel is sinuous, locally
braided, locally anabranced, bordered by desert shrubs.

Hydraulic problems and countermeasures:

1964 A timber trestle bridge 210 ft (64 m) in length, supported by wood
posts on concrete pads, was built across wash. The channel was enlarged
and abutments protected with railbank (rock-and-wire) revetment.

1970 During the flood of September 4, 1970, water occupied the two overflow
channels (fig. 225) and ogertopped the road. The peak discharge was
about 13,800 ft3/s (391 m3/s).

1975 Continued channel aggradation over the years caused a reduction in the
flow capacity of the bridge. Because the wide flood plain and the
overflow channels would have required three bridges, the left bank
overflow channel was blocked off and two bridges were built. The new
main-channel bridge was built 58 ft (18 m) longer than the former bridge
and a spur dike was used to prevent scour of the left bank abutment.

1976 According to a br1dge inspection report, the bridge, protective measures
and channel appegr in good condition. During the summer of 1976, a
flow of 4,000 ft°/s (113 m /s) occurred but this was insufficient to
test the effectiveness of the new counterme: :ures.

Discussion: The original bridge design at this site did not allow for the

possibility of an aggrad1ng channel and consequent reduction 1n flow capacity
of the bridge opening.
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Figure 225. Aerial photograph in 1973 showing location of main channel
and left-bank overflow prior to construction of new bridge. (From
Arizona Dept. of Highways.)
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SITE 58. OSBORNE WASH AT SR-172 NEAR PARKER, ARIZ.

Description of site: Lat 34011', long 114%15' . Concrete-slab bridge, 269 ft
{82 m) in Tength, supported by seven steel pipe-pile bents spaced at 35 ft

(11 m). Bridge and pile bents are alined with flow. Abutments are spillthrough
type, supported by steel pipe-piles.

Drainage area, 132 m1'2 (342 kmz); valley slope, 0.0067; channel width; about
1,000 ft (305 m). Stream is ephemeral, alluvial, sand bed, in valley of moderate
relief, narrow flood plain. Channel is sinuous, generally braided, desert "wash".

Hydraulic problems and countermeasures:

1971 At the time of bridge construction, the stream was confined by blocking
the left bank channel and the right bank channel was cleaned and
excavated to handle the combined flows. Overbank flow was controlled
at the bridge by use of two elliptical spur dikes 150 ft (46 m) in
length, protected with "railbank" revetment (wire-mesh baskets filled
with rock and supported by steel railroad rails).

Table 9. Comparison of channel hydraulics at bridge for design discharge
and 1976 flood :

Water Estimated Net Area Average
Flow Surface Discharge Recurrence of Bridge Velocity
Elev. Interval Open%ng
(ft) (yrs) 3(ft¢) 4(ft/s)
Design Q 377.3 14,000 50 2,217 6.3
Flood of 1976 374.6 7,710 35 , 1992 7.8
Flood of 1976 374.6 7,710 35 “1,117 . 6.9

lIncludes effects of debris lodged at bridge piers.
Assumes no debris lodged at bridge piers.

£t2 multiplied by 0.0923 equals m2.

ft/s multiplied by 0.305 equals m/s.

1976 A tropicg] disturbgnce on September 24 and 25 caused a flood flow of
7,710 ft3/s (218 m%/s) with a R.I. of 35 yr at the bridge site. Surveyed
flood marks at the bridge site indicated about 1.5 ft (0.5 m) of fall
between. the bridge approach and contracted (downstream side of bridge)
sections. During the 1976 flood, about 66 percent of the flow occupied
the left bank flood plain with a maximum depth of flow of about 4 ft
(1 m). No damage to the left bank spur dike was observed after the
flood, indicating the spur and railbank protection performed as expected.

Average flow velocities during the 1976 flood were 7.8 ft/s (2 m/s),
greater than anticipated for the design flood with a 50-yr R.I.(Table 9).
The higher flow velocities during the 1976 flood were caused by deposi-
tion of debris on the pile bents, which reduced the size of the normal
bridge openings by about 11 percent, and by aggradation of the channel
bed. Although the debris does not consist of large individual pieces
(fig. 226), the gross accumulation at each pier is significant in re-
ducing the bridge waterway.
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Discussion: Field surveys of the 1976 flood indicate the spur dikes were
effective in controlling overbank flow and reducing scour at the bridge
abutments. The 1976 flood (R.I. of 35 yr) caused flow velocities at the con-
tracted (bridge) section slightly greater than anticipated for the design

flood (50-yr R.I.). The higher velocities, which did not cause any hydraulic
problems at the bridge, are attributed to lodgment of debris on the pile bents,
and aggradation of the channel bed since bridge construction. About 11 percent
of the waterway was occupied by debris lodged at the bridge.

The large accumulation of small debris at the pile bents indicates that
this bridge, even though built in a desert area, should have been designed with
pile bents spaced to minimize the number of bents in the waterway and exposure
to lodgment of debris. During floods of larger magnitude than that of September
1976, greater amounts of debris, and higher water surface levels, should be
expected at the bridge site, which may cause flow velocities much greater than
anticipated in the bridge design.

Figure 226. Upstream view of pile bents at piers 2 and 3 showing debris
at bridge. Level rods are held at approximate water-surface elevation
of 1976 flood. (From Arizona Dept. of Highways.)
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SITE 60. BLACK CANYON WASH AT US-93 NEAR WICKENBURG, ARIZ.

Description of site: Lat 34°19', long 113°08', Tocation as shown in fig. 227.

Reinforced-concrete bridge with seven spans and total length of 201 ft (61 m).
Bridge is supported by rectangular piers with rounded nose. Piers are integral
with steel piling driven about 25 ft (8 m) below the streambed. "Bridge skew

is 30 degrees, piers are alined with the flow. Abutments are spillthrough type.

Drainage area, 28 m12 (72 kmz); channel slope, 0.029; channel width, about

750 ft (229 m). Stream is ephemeral, alluvial, sand bed, a wide, braided arid-
region channel or "wash".

Hydraulic problems and countermeasures:

1959

1964

1975 .

Bridge built, with several countermeasures: (1) Bank revetment,
locally called "railbank" (fig. 228), consisting of rock-filled
wire-mesh fabric supported by steel rails, was placed at both banks

at the bridge. (2) The piers were enclosed with concrete webs to
prevent lodgment of debris (fig. 229). (3) The ends of the piers were
protected with half-round steel pipe, welded in place, with end about
2 ft below the streambed (fig. 229).

Flood from thunderstorms on Sept. 14, 1964 caused water to overtop the
roadway at the right bank end of the bridge. The right-bank approach
roadway washed out, closing the highway temporarily. Based on a study
of the channel by the U.S. Geological Survey, water went over the top of
the rock-and-wire railbank abutment protection on the right bank and
was about 2 ft (0.6 m) deep over the roadway. The railbank protection
washed out at the upstream corner of the abutment (fig. 230) but not at
the downstream corner. Flows near the channel left bank were confined
by the rajlbank protection. The discharge of this flood was about
26,400 ft3/s (748 m /s) through the bridge opening. Depth of scour
during the flood is unknown, but the channel bed was about 3 ft (1 m)
lower at the bridge after the flood.

Repairs at the bridge made after the 1964 flood included extension of
the right-bank railbank revetment to a point 200 ft (61 m) upstream
and orientation of the revetment more nearly parallel to the flow.

In addition, a check dam of wire, railroad rail, and rock riprap was
placed across the channel at the downstream side of the bridge. Part
of the check dam was washed out between 1969 and 1975. The maximum
water level since construction of the check dam was at a height of
about 2 ft (0.6 m) on the right-bank revetment.

Discussion: The railbank (rock-and-wire mattress) probably prevented extensive
damage to the right-bank bridge abutment during a flood with R.I. greater than

100 yr.

Depth of flow, assuming no channel bed scour, was at least 10 ft (3 m).

No abrasion damage to the concrete-encased steel-piling piers was reported,
even though the channel bed is known to have scoured at least 3 ft (1 m). Flow
velocities in the approach channel upstream from the bridge were about 5 ft/s
(1.5 m/s).
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Figure 227. Location

of Black Canyon wash at US-93 near Wickenburg,
Arizona.
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Figure 228. Plan and cross section of bridge site.
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Figure 229. Details of bridge construction.

Figure 230. View downstream of bridge and damaged right-bank abutment
in September 1964. (From Arizona Dept. of Highways.)
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SITE 61. SYCAMORE CREEK AT SR-87 NEAR SUNFLOWER, ARIZ.

Description of site: Lat 33%°47', Tong 111°30', location shown in fig. 231.
Reinforced-concrete bridge, 246 ft (75 m) in length, three spans supported by
concrete wall-type piers with rounded noses. Bridge skew is 15 degrees, and piers
are alined with flow. The bridge replaces an older structure destroyed by the
flood of September 1970. Piers are on spread footings. Abutments are spill-
through type.

Drainage area, about 52 mi2 (135 km2); valley slope, 0.0014; channel width,
about 200 ft (61 m). Stream is perennial but flashy, alluvial, bed material
ranges from sand to boulders,in valley of moderate relief, narrow flood plain.
Channel is sinuous, locally braided (fig. 232)."

Hydraulic problems and countermeasures:.

1970 Flood of September 5, discharge 16,100 ft3/s (456 m3/s), washed out
original bridge. The bridge was about 140 ft (43 m) in length, supported
by wall-type piers founded on spread footings. Base of the footings was
about 10 ft (3 m) below the streambed. Bridge damage during the 1970
flood is attributed to inadequate length and capacity of the bridge
opening, to scour that undermined one of the pier footings (fig. 233),
and to location of the bridge crossing at a bend in the stream.

1973 New bridge constructed with several countermeasures to prevent damage by
\ floods: . (1) The bridge length and waterway opening were increased from
140 ft (43 m) to 246 ft (75 m) (fig. 233). (2) The base of the spread
footings were placed more than 15 ft (5 m) below the streambed. (3) Bank
revetment, locally termed “"railbank", consisting of rock riprap enclosed
in wire-fabric and supported by steel rails, was placed around the left-
bank abutment. The steel-rail support posts were placed in holes drilled
3 ft (1 m) in granite bedrock to prevent lateral movement and undermining.

1976 Inspection of the site indicates that the railbank protection is in good
condition. The maximum peak discharge since construction of the pew bridge,
as measured at a gage 5 mi (8 km) upstream, is 6,000 ft3/s (170 m3/s),

R.I. about 8 yr. '

Discussion: Failure of the original bridge is probably associated with a waterway
opening that was inadequate for a flood with R.I. of about 25 yr, and with the
location of the bridge at a bend of the stream. These factors probably caused

the flow to concentrate near the outside of the channel bend and the bed was

scoured by high flow velocity. Scour depths to about 10 ft (3 m) in the gravel-and-
cobble streambed apparently occurred, as inferred from foundation depth of the

pier that failed. Railbank revetment installed in 1973 performed effectively

during a flood with R.I. of about 8 yr.
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Figure 231. Location of Sycamore Creek at SR-87 near Sunflower,
Arizona.

Figure 232. Aerial view in 1971 of bridge damaged by flood of September
1970. (From Arizona Dept. of Highways.)
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SITE 63. LITTLE COLORADO RIVER AT I-40 NEAR WINSLOW, ARIZ.

Description of site: Lat 35001', long 110039', location as shown in fig. 234.
Prestressed-concrete bridge, 1,004 ft (306 m) in length, supported by concrete
piers founded on steel piles. Bridge is skewed 20 degrees but piers are
alined with flow. Abutments are spillthrough type.

Drainage area, 16,100 miz (41,700 kmz); valley slope, 0.0011; channel
width, about 1,000 ft (300 m). Stream is perennial but flashy, alluvial,
sand-gravel bed, in valley of moderate relief, wide flood plain. Channel is
sinuous, generally braided, wandering thalweg.

Hydraulic problems and countermeasures:

1975 Bridge built, design flood of 50-year R. I., discharge 77,100
ft3/s (2,183 m3/s). Several countermeasures were built to prevent
lateral erosion of the banks and bridge abutments, and shift of the
channel: (1) A single timber-and-wire-mesh retard of fence type was
built to protect the left bank approach channel. Base of rock fill
about 2 to 3 ft (0.6 to 0.9 m) below ground surface. (2) A double
timber-and-wire-mesh retard of fence type was constructed to
protect the downstream right-bank bridge abutment (fig. 234). Base
of rock fill was about 2 to 3 ft (0.6 to 0.9 m) below ground surface.
(3) A steel sheet-pile retaining wall, held in place with piles and
tie cables, was built to protect the bridge abutments on both banks.
(4) A pile retard, supplemented with spurs (jetties), was built
along the right bank upstream from I-40 to prevent lateral erosion
and channel alinement changes. Base of the rock fill was about 2
to 3 ft (0.6 to 0.9 m) below ground surface.

1977 Surveys indicate minor changes in the channel cross section at the
upstream bridge between 1975 and 1977. No significant floods have
occurred since construction of the bridge and countermeasures.

Discussion: Retards and spurs were used to maintain an existing approach
channel alinement to the bridge because the stream is unstable and braided.
Both banks were protected from lateral erosion because the thalweg may
shift from bank to bank during periods of high water.
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SITE 68. MULBERRY RIVER AT I-40 NEAR MULBERRY, ARK.

Description of site: Lat 35032', long 94002', location as shown in fig. 235.
Duel steel-girder bridge with concrete decking; length 486 ft (148 m);
supported by five square-nose concrete wall-type piers set on spread footings
in shale. Abutments are spillthrough. Bridge, abutments and piers are
skewed 25 degrees to flood flow.

Drainage area, 398 miz (1031 kmz); bankfull discharge, 4000 ft3/s
(1219 m3/s); valley slope, 0.0016; channel width, 180 ft (55 m). Stream
is perennial, semi-alluvial, gravel bed, valley of moderate relief, wide
flood plain. Channel is sinuous, locally braided, Tocally anabranched,
random width variation, cut banks rare, sand-gravel banks. Flood flow
tends to follow bypass channels on the floodplain and adjust to the main
channel.

Hydraulic problems and countermeasures:

1969 Bridge built. Two curved spur dikes, having the shape of a
quarter ellipse in plan view and about 175 ft (53 m) long, were
installed at time of bridge construction; both the spur dikes and
spillthrough abutments were protected with riprap. The dike on
the right bank extended into and almost across an overflow channel
from an upstream bend (fig. 235).

1971 During the December flood, R. I. about 50 yr, the upstream end of
the right-bank spur dike was eroded, most of the riprap on the
dike removed by erosion, and a large scour hole, with a depth of
10-12 ft (3-4 m) was formed at the end of the dike. In addition,
sediment was deposited beneath the bridge near the right abutment.
Local scour occurred at piers 2, 3, and 4.

Analysis of the distribution of flow entering the bridge water-
way indicated that rebuilding of the spur dike to its original
configuration would result in a recurrence of the problem; but
repair and riprapping the dike using its existing length (as
shortened by erosion) would allow it to function sufficiently to
prevent serious damage to the bridge. The scour hole at the dike
was filled. : ’

1973 During the November flood, slightly larger than the 1971 flood and
approximately 1.1 times the magnitude of the 50-yr R. I. flood, the
dike was undamaged but the scour hole formed again (fig. 236) and
sediment again accumulated beneath the bridge at the right abutment.
Flood flow, diverted around the right spur dike, was skewed at 20
to 45 degrees to piers 2, 3, and 4; Tocal scour occurred at these
piers, as did some general scour across the waterway.

1976 Analysis of floodflow distribution across the flood plain indicated
that an overflow relief bridge near the right bank could be used to
prevent the high degree of flow concentration at the right bank
abutment.
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Discussion: Location of the bridge at a bend of the stream caused flow
concentration and local scour at the bridge, despite the presence of spur
dikes. The use of relief bridges that allow for passage of natural overbank
flow during floods of design magnitude would be desirable. In this case, the
right-bank flood plain and overflow channels conveyed about 19 percent of

the total flow during a flood with a R. I. of about 50 yr.

Figure 235. Plan sketch of I-40 crossing, Mulberry River, from aerial
photograph taken in 1975.

Figure 236. .View in 1976 of spur dike and scour hole upstream‘erm_
right abutment. ‘Note orientation of bridge piers to right bank.
overflow channel. ‘
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SITE 69. POLK BAYOU AT SR-69 AT BATESVILLE, ARK.

Description of site: Lat 47%30', Tong 91939, location as shown in fig. 237.
Bridge is steel girder, length 332 ft (101 m), supported by two webbed
concrete piers in channel and three bents outside the channel. Piling
beneath piers and bents driven to bedrock. Abutments are spillthrough, set
back from channel.

Bankfull discharge, 8,900 ft3/s (252 m3/s); valley slope, 0.0022;
channel width, about 120 ft (37 m). Stream is perennial, semi-alluvial,
gravel bed, in valley of moderate relief, narrow flood plain. Channel is
sinuous, equiwidth, not incised, cut banks general, sand-gravel banks.

Hydraulic problems and couhtermeasures:

1970 Bridge built with 2 ft (0.6 m) clearance above design flood level.
Abutments protected with dumped rock riprap of approximately 0.5 ft
(0.15 m) maximum diameter, on a granular filter blanket. Riprap
was extended to 1.5 ft (0.5 m) below ground line (fig. 238). The
spread footings were keyed a minimum of 1.5 ft (0.5 m) in bedrock.

1975 During flood in March (R. I. approximately 50 yr), part of the
“bridge structure was submerged General scour occurred on the
flood plain (f1g 238) and under the bridge, exposing several pile
bents to a maximum depth of about 5.0 ft (1.5 m) (f1g 239). Some
riprap was also eroded.

1977 No further significant events have occurred.

Discussion: Inadequate vertical clearance of the bridge waterway caused
increased velocities at the constriction when the bridge was submerged.
Scour damage around the pier footings both in the main channel and on the
flood plain then resulted. The actual flood level for the 1975 flood (R.
about 50 yr) was about 3.3 ft (1 m) higher than the estimated water level
for the design (50-yr R. I.) flood. If bridge clearance above the design
flood water level is to be kept at a minimum, hydraulic studies of the
channel to determine the relation between flood stage and discharge should
be made. A standard 2-ft (0.6 m) freeboard is ample for some bridges and
inadequate for others. The key factors to consider for increasing freeboard
are potential for debris, low channel slope, high channel roughness, and
constrictions downstream from the bridge.

Figure 237. Location of Polk Bayou at SR-69 at Batesville, Arkansas.
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Figure 238. Details of crossing, Polk Bayou at SR-69.

Figure 239. View upstream beneath bridge in 1976, showing scoured area
on floodplain and exposed pile bents (darker, lower part of piles).
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SITE 70. BIG RUNNING WATER CREEK AT SR-228 NEAR CLOVER BEND, ARK.

Description of site: Lat 35%59°", long 91%05', location as shown in fig. 240.
Concrete box-girder bridge, length 125 ft (38 m), supported by four pile
bents, each consisting of three pre-cast octagonal concrete piles. Abutments
are spillthrough, supported on piles. Piles are driven into fine gray water-
bearing sand (fig. 241).

Drainage area 49 mi® (127 km%); bankfull discharge, 1,700 ft3/s (48 m3/s);
valley slope, 0.0047; channel width, 43 ft (13 m). Stream is perennial,
alluvial, bed mostly sand with minor amounts of silt and clay, Tow relief
valley, wide flood plain. Channel is sinuous, cut banks rare because of dense
forest cover, silt-sand banks.

Hydraulic problems and countermeasures:

1962 Bridge built, without countermeasures.

1975 Flood in March reached an elevation that was 1.7 ft (0.5 m) below
the concrete girders and drift accumulated at the bridge. General
scour reached a maximum depth of 28 ft (8.5 m) below the original
streambed, exposing all but 5 ft (1.5 m) of bent 5 (fig. 241)
allowing it to settle and causing the bridge to be closed to traffic.
The damaged bridge was jacked up, new piles driven, and the bent
rebuilt. The scour hole was filled and scour has not recurred
during subsequent floods.

Discussion: The depth of scour during the 1975 flood was about 22 ft (6.7 m)
below the normal bed elevation of the main channel. Scour is attributed to
accumulation of drift and consequent constriction of waterway opening, and

to lack of cohesion of the sandy alluvium beneath the channel. Except at the
bridge, the channel banks are densely forested and channel is stable.

R

Figure 240. Location of Big Running Water Creek at SR-228 near Clover
Bend, Arkansas. :
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SITE 71. SAN BENITO RIVER AT US-101 NEAR CHITTENDEN, CALIF.

Description of site: Lat 36053', long 121°34', Tocation as shown in fig. 242.
Steel plate-girder bridge, length 722 ft (221 m), built in 1950. Bridge
supported on concrete wall-type piers with pointed nose and pile foundations.
This bridge is adjacent to an older bridge built in 1932, 710 ft (216 m) in
length, consisting of 3 spans with steel trusses and 9 concrete-girder
approach spans. The steel-truss spans were replaced with steel girders in
1958 to improve clearance above highwater. Abutments are spillthrough type.
Flow is normal to bridge during periods of high flow.

Drainage area, about 680 mi% (1,760 km?); bankfull discharge, 9,500 ft3/s
(269 m3/s); valley slope, 0.002, channel width, about 700 ft (213 m). Stream
is ephemeral, regulated, sand bed, in valley of moderate relief, narrow flood
plain. Channel is sinuous, generally braided.

Hydraulic problems and countermeasures:

1932 Bridge built with the main-channel steel truss spans providing an
inadequate clearance above the waterway. Hydraulic problems at this
bridge are a result of debris lodging on bridge and a stream that
is aggrading.

1938 Flood submerged bottom truss of bridge to a depth of 3.2 ft (1.0 m).

1941 Flood submerged truss to depth of 2.5 ft (0.8 m). Channel aggrada-
tion is caused by deposition of suspended material on the bridge
members plus the change in flow conditions at the junction of
Pajaro and San Benito Rivers just downstream from bridge (fig. 242).

1950 New steel plate-girder bridge adjacent to older bridge built with
clearance of 3.5 ft (1.1 m) above 100-year flood.

1955 December flood reached an elevation of 137.8 ft (R. I. 10 yr) and
caused submergence of bottom truss of old bridge about 5 ft (1.5 m).
Silt and much debris collected on bridge, also causing an increased
deposition of suspended material in channel. The silt and debris
was removed following the flood.

1958 Main channel bed aggraded to about elevation 127 ft (38 m) or 4.7 ft
(1.3 m) below bottom of the truss. The existing steel-truss spans
for the older bridge were removed, the piers raised and plate-girder
spans with less depth installed. Extent of aggradation in the sand -
bed channel at the bridge site is given in table 10:
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Table 10. Aggradation of San Benito River at US 101
near Chittenden between 1931 and 1958

Area of waterway below Mean bed elevation

Year e1eviflg?.1 ft (ft)
1931 9820 122.4
1941 5250 130.3
1958 4450 132.3
1964 The river channel was noted as not aggrading since 1958 when the 1932

bridge was raised. Raising the 1932 bridge to provide clearance for
drift apparently reduced the rate of suspended material deposition.

1977 Channel appears stable. Flooding in 1970 and 1973 has not caused
notable increases in channel aggradation at the site.

Discussion: Channel aggradation at the crossing was probably caused by
backwater from the confluence of the San Benito and Pajaro Rivers and lodgment
of debris on the bridge, which caused subsequent deposition of suspended
material. Raising the bridge to provide adequate clearance above floods has
reduced the problem of channel aggradation at the bridge site. Present rates
of channel aggradation are considered insignificant. The original bridge,
constructed without adequate clearance above the waterway, caused immediate
maintenance problems, such as debris removal and long-range problems such as
changes in the channel alinement and stream bed elevation as a result of
sediment deposition.

Figure 242. Location of San Benito River at US-101. (Base from U.S.
Geol. Survey Chittenden, Calif., 7.5' map, contour interval 20 feet,
1955 photorevised 1973.)
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SITE 73. SALINAS RIVER AT US-101 AT SOLEDAD, CALIF.

Description of site: Lat 36025', Tong 121019', location as shown in fig. 243.
Reinforced-concrete continuous-girder bridge, 1,530 ft (446 m) in length,
supported on wall-type piers with square nose and pile foundations. An
adjacent southbound bridge, of the same Tength, was built in 1960. At low
flow, the bridge skew is nearly zero degrees, but at high flow, the bridge and
pier skew are about 30 degrees.

Drainage area, 3,563 mi2 (9,225 ku%); valley slope, 0.0012; channel width,
1,200 ft (366 m). Stream is perennial, regulated, alluvial, sand bed, in valley
of moderate relief, narrow flood plain. Channel is sinuous, generally braided,
wandering thalweg, cut banks local, silt-sand banks.

Hydraulic problems and countermeasures:

1914 Steel-truss bridge built, at a site just upstream from that of a
later bridge, constructed in 1936. To stabilize the left bank of
the channel and prevent lateral erosion near the bridge abutments,
several lines of steel-rail tetrahedrons were constructed in 1935
upstream and downstream from the bridge. These performed very
successfully, resulting in outbuilding of the left streambank by
deposition of sand. By 1936, almost all tetrahydrons were buried,
only a few being visible on the downstream side of the bridge
built in 1914. Additional lines of tetrahedrons were constructed
along and parallel to the new bank in 1936 for bank protection
until natural vegetal growth could be established. The success of
the tetrahedrons in stabilizing the left bank at the 1914 bridge
?1te sinc§ 1935 is illustrated by vegetal growth along the left bank

fig. 243).

1937 New bridge and approach built with length sufficient to provide
safety from probable lateral bank erosion. The bridge was built
with 5 ft (1.5 m) clearance above the January 1914 high water
(elevation 178 ft or 54 m). Piers were not alined with respect to
flow because the location and direction of flow is variable. The
streambed scours during high flows and the estimate of scour depth
around the bridge piers was 10 ft (3 m). The channel bed apparently
fills to normal level after floods. Groundwater levels in 1936
were at elevation 161.5 ft (49.2 m), which is near the general water
level of the surrounding area. Presence of the high groundwater
level contributes to the unstability of the sandy bed material in
the channel during periods of flow. Foundation piles were placed
with tips about 50 ft (15 m) below the streambed.

1960 Adjacent bridge for southbound traffic built. The new bridge was
built with the same length as the older structure (1,530 ft or
466 m) on wall-type piers with pointed nose. The main channel had
moved toward the right bank, but there was little change in the
lowest streambed elevation (thalweg). Foundation piles for the
bridge were placed with tips about 50 ft (15 m) below the channel
bed.
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1969 Floods in January and February had the highest flows since 1938,
and is probably the highest since 1914. According to a measurement
made from the bridge on Feb. 28, 1969, the discharge was 82,500
ft3/s (2,336 m3/s) and the maximum scour depth was 20 ft (6 m).
The flood caused no damage to the bridge.

Discussion: Tetrahedrons have successfully stabilized the banks of this
sand channel. Streams with sand bed and high ground-water levels are
subject to unstable channels and scour. The bridge piers, with pile tips
about 50 ft (15 m) below the channel bed, were not damaged by scour during
the 1969 flood. During the flood of February 1969, scour depths of 20 ft
(6 m) below the streambed were measured.

Figure 243. Aerial photograph of Salinas River at US-101, in 1953.
(From Calif. Dept. of Transportation.)
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SITE 74. RAMSHORN CREEK AT FOREST SERVICE ROAD 39N26 NEAR
TRINITY CENTER, CALIF.

Description of site: Lat 41009', long 122039', location as shown in fig. 244.
Single-span prestressed-concrete bridge 90 ft (27 m) in length, supported by
concrete abutments on spread footings. Bridge is skewed 15 degrees to flow.
The abutments are spillthrough.

Drainage area, 13 miZ (34 km2); valley slope, 0.0133; channel width,
about 300 ft (91 m). Stream is perennial, alluvial, gravel-cobble-boulder
bed, in valley of high relief, no flood plain. Channel is sinuous, locally
braided, sand-gravel banks.

Hydraulic problems and countermeasures:

1975 Bridge built with several measures to prevent channel bank erosion
(fig. 244), with due regard to channel alinement changes that
occurred during a flood in January 1974. (1) Flows were alined
with the bridge opening by use of a left-bank dike and right-bank
gabion wall. (2) The channel size at the bridge opening was
increased and the dike was protected with heavy rock riprap
brought from the channel bed. (3) No pier was placed in the
channel. (4) The rock riprap and gabion-wall footings were ;
placed about 3 ft (1 m) below the streambed to prevent undermining.

1977 The completed installation (fig. 245) has not been subject to flood
flow.

Discussion: The alluvial channel at this bridge site is very unstable, and
debris is supplied by logging operations in the watershed upstream.
Measures to protect the bridge included the placement of dikes for flow
alinement, construction of a bridge with no piers in the waterway, and
extensive protection of the revetment toe to prevent damage from undermining.
Although these countermeasures have not been tested by flood, they will
probably perform well.
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Figure 244. Plan showing countermeasures at Ramshorn Creek.
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Figure 245. View downstream towards bridge showing completed
countermeasures, 1977.

SITE 75. STONY CREEK AT SR-32 NEAR ORLAND, CALIF.

Description of site: Lat 39045', long 122°06'. Reinforced-concrete box-
girder bridge, 1,492 ft (454 m) long with 18 spans of 76 ft (23 m) and 2
spans of 62 ft (19 m) length. Bridge is supported by wall-type concrete
piers with rounded nose founded on steel pilings. Bridge skew is 46
degrees, piers are alined with flow. Abutments are spillthrough.

Drainage area, 770 mi> (1,994 kn);, bankfull discharge, 70,000 Ft>/s
(1,981 m3/s); channel width about 1,000 ft (305 m). Stream is ephemeral,
regulated, alluvial, gravel bed (D5p, 7.5 mm), on a broad alluvial fan.
Channel is sinuous, generally braided, has distinct natural levees.

Hydraulic problems and countermeasures:

1975 New bridge constructed upstream from original bridge. The channel
was realined, and several countermeasures installed to stabilize
the new channel location. Although the stream is regulated,
flooding occurs during significant storms and the stream carries

a high load of floating debris. Between 1961 and 1975, the channel

alinement shifted toward the left bank and 9 ft (3 m) of scour
occurred at the old bridge site. Existing steel jacks located on
the left bank were utilized. Additional bank protection included
construction of fence-type retards along the approach embankment
upstream from the bridge (fig. 246) and along the channel banks

downstream from the bridge (fig. 247). Grouted rock riprap was

placed at the abutments.

Discussion: Countermeasures at channel banks and abutments were used because

of observed channel instability problems at the former bridge site. Depths
of scour at the old bridge site up to 9 ft (3 m) were observed during
changes in the channel alinement between 1961 and 1975. Because the stream
alinement and alluvial channel bed were very unstable, bank stabilization
measures included the placement of retard footings and anchors 14 ft (4 m)
deep to prevent undermining.
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Figure 246. View of double-post rock-and-wire retard constructed
along upstream side of right-bank approach embankment. Photo-
graphed in 1977.

Figure 247. View of double-post rock-and-wire retard constructed
along right bank of channel downstream from bridge. Note guard-
rail posts in background for scale. Photographed in 1977.
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SITE 85. SAND CREEK AT QUEBEC STREET BRIDGE AND I-270 AT DENVER, COLO.

Description of site: Lat 39047', long 104054', location as shown in fig. 248.
Concrete bridge about 230 ft (70 m) in length, supported by wall-type piers
founded on piling. Bridge is skewed about 27 degrees, (fig. 248) but piers
are alined to flow. Abutments are spillthrough type.

Valley slope, 0.0031; channel width, about 350 ft (107 m). Stream is
perennial but flashy, sand bed, in valley of low relief, narrow flood plain.
Channel is sinuous, generally braided.

Hydraulic problems and countermeasures:

The following description of hydraulic problems and countermeasures
on Sand Creek in the vicinity of the Quebec Street Bridge is based
on notes furnished by the Colorado Department of Transportation.

1940 Removal of sand and gravel from the Sand Creek channel since 1940
caused about 9 ft (3 m) of degradation between 1940 and 1970
(fig. 249) at the Vasquez Boulevard bridge. About half of the
degradation occurred between 1967 and 1973.

1965 Quebec Street Bridge built, steel piling used for pier foundations.

1967-68 Interstate 270 was built along the Sand Creek channel. The
embankment caused some encroachment on the Sand Creek flood plain
and channel, and the channel was a borrow source for the inter-
state construction.

1969 Channel degradation caused exposure of the footing pilings at the
: Quebec Street Bridge. To prevent further exposure of the piling,
a check dam was constructed downstream from the bridge.

1973 In May the first significant flood after construction of the check
dam caused failure of the dam. Changes in the channel bed profile
between 1972 and 1973 (fig. 250) show degradation in the downstream
part of the reach.

1974 Several measures to prevent continued channel bed changes of Sand
Creek and lateral erosion.of the [-270 embankment in the vicinity
of the Quebec Street bridge were constructed. (Protective
measures in the reaches of Sand Creek upstream from Quebec Street
bridge and downstream from Vasquez Boulevard bridge were also
constructed, but are not described here.) (1) Timber-pile and
wire-enclosed rock riprap revetment was placed along the 1-270
embankment (fig. 251) to prevent lateral erosion. (2) To prevent
undermining of the bank revetment, gabion slope mattresses were
built (fig. 251). The mattresses were selected because deep
excavation would not be needed, they were less susceptible to
failure from shifting, and could be repaired, or added to, if
more channel degradation occurred. (3) Steel sheet-pile check
dams were built downstream from the Vasquez Boulevard bridge and
Quebec Street bridge. To prevent further exposure of the bridge
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foundation, the steel piling were driven to shale bedrocks. A
cross section of the channel and elevation of the steel sheet-
pile check dam is shown in fig. 252. A gabion check dam was
constructed upstream from Vasquez Boulevard bridge (fig. 253) to
control the streambed elevation in the intermediate reach of
channel. The dam was designed as a floating dam with gabions
because bedrock was too deep to economically build a check dam
with a cutoff wall. , :

1977 The steel sheet-bi]e check dam constructed downstream from the -
Quebec Street bridge (fig. 254) has stabilized the channel and
is performing as intended.

Discussion: Construction of the bridge across Sand Creek, which was
degrading, required consideration of the possible long-term effects of
channel changes on the bridge foundations and embankment. The duel effects
of flood flow and a degrading channel posed a design situation difficult to
evaluate. As the ultimate amount of channel change on a degrading stream
is difficult to estimate, special measures to control the amount of
degradation in a limited reach (length) of channel were used. Check dams
to prevent channel degradation have apparently been effective in protecting
pier foundations.
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Figure 248. Location of check dams and bank stabilization works on
Sand Creek in the vicinity of Quebec Street bridge, Denver, Colo.
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SITE 88. HENRYS FORK AT SR-88 NEAR REXBURG, IDAHO

Description of site: Lat 43°50', Tong 111°54, location as shown in fig. 255.
Existing bridge is prestressed-concrete girder structure, 323 ft (98 m) in
Tength, spillthrough abutments, three wall type piers with pointed nose and
founded on piles driven in alluvial bed material. Bridge skew is 30 degrees,
piers are alined with the flow.

Drainage area, 2,920 m1‘2 (7,562 kmz); valley slope, 0.0002; channel
width, about 250 ft (76 m). Stream is perennial, alluvial, sand bed, in
valley of low relief, wide flood plain. Channel is meandering, lTocally
braided, locally anabranched, cut banks rare, silt-sand banks.

Hydraulic problems and countermeasures:

1960 Concrete girder bridge built, 297 ft (91 m) long, supported by six
bents of concrete-filled steel pipe-piles driven a minimum of 15
ft (4.7 m) below the alluvial streambed.

1976 Flooding from failure of Teton Dam upstream from the bridge over-
topped the bridge deck by a depth of about 5 ft (1.5 m). After the
flood crest, debris became caught on the individual piling of bents
and built up at the upstream side of the bridge (fig. 256).
Attempts to remove the debris were unsuccessful, and channel bed
scour reduced the carrying capacity of the piles sufficiently to
cause subsidence of bents 3, 4, and 5 and the bridge structure
(fig. 257) about five days after the flood peak. The depth of
scour is unknown but soundings obtained on June 18 indicate only
about 5 ft (1.5 m) of scour.

Figure 255. Location of SR-88 crossing (circled) at Henrysv Fork.
(From U.S. Geol, Survey Menan Buttes, Idaho, 7.5' quadrangle,
contour interval 10 ft, 1951.)
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Late A new precast-concrete bridge, 26 ft (8 m) longer than the older

1976 bridge, three piers, was constructed. Channel surveys made for
bridge design indicate that the lowest point in the streambed was
3 ft (0.9 m) lower than the channel bed surveyed on June 18, 1976.
This indicates that the channel bed is unstable.

Discussion: The older bridge was overtopped by about 5 ft (1.5 m) during
the June 1976 flood but was not damaged by Tateral forces or local scour
during the flood peak. Debris accumulation at the bridge during or after
the flood set up severe local scour conditions that undermined the piling
sufficiently to cause settlement of the pile bents and bridge. Settlement
of the pile bents and the bridge occurred about five days after the flood
peak. The pile bents were especially susceptible to lodgment of debris
between individual piling, and the debris was difficult to remove.

Figure 256. View of debris lodged under upstream side of SR-88 bridge
following flood caused by failure of Teton Dam.

Figure 257. View of upstream side of bridge showing subsidence at
bents 3, 4, and 5.
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SITE 89. LAPWAI CREEK TRIBUTARY AT CAMAS PRAIRIE RAILROAD
NEAR CULDESAC, IDAHO

Description of site: Lat 46°21", long 116037', Tocation as shown in fig. 258.
Timber-trestle railroad bridge, 140 ft (42.7 m) in length, supported by timber-
pile bents and founded on spread footings of concrete placed on basaltic
bedrock. Skewness of bridge and piers to flow considered insignificant.

Valley slope, 0.45. Stream is ephemeral, semi-alluvial, gravel and
boulder bed on basaltic bedrock in valley of moderate relief, no flood plain.
Channel is straight, gravel and boulder banks.

Hydraulic problems and countermeasures:

1965 US-95, 180 ft (54.9 m) downstream from the Camas Prairie railroad
bridge, was improved and a culvert 5-ft (1.5-m) in diameter placed
to convey flows from a tributary to Lapwai Creek. The average slope
of the channel between the culvert and railroad bridge is about
0.45 ft/ft. The stream has scoured the channel above the railroad
trestle and carried bed material downstream to the highway culvert.
Over a period of time, the scouring action exposed the bottom of the

concrete footings at the railroad trestle. The highway department
periodically removed the deposited bed material from the channel to
prevent plugging of the culvert inlet.

1971 To prevent continued maintenance at the highway culvert and scour of
the channel at the railroad bridge, a gabion check dam was
constructed downstream from the railroad bridge, (fig. 259) and the
channel behind the dam filled with rock. The gabion check dam was
selected because it was more economical than other types of material
used for check dams, and it provided better drainage of water
behind the dam and less hydrostatic pressure. The gabion wall
could be constructed in wet weather more easily than other types
and a convenient source of excellent rock material was available
nearby. Finally, other gabion type walls constructed in 1970 near
the site were performing satisfactorily.

1977 Inspection of the gabion check dam and adjacent channel indicates
the structure is performing satisfactorily. No flow records are
available at the site to indicate the severity of flooding since
construction of the dam. Some channel degradation between the
check dam and railroad trestle has occurred. The base of the
concrete railroad trestle footings are exposed but the present
streambed level appears stable (fig. 261).

Discussion: Placement of the rock gabion check dam has effectively

prevented further channel degradation and undermining of bridge piers
upstream from the gabion.
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Figure 258. Location of Lapwai

railroad crossing.
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Figure 260. Gabion retaining wall in 1977, 6 years after construction.

Figure 261. Streambed material between gabion retaining wall and rail-
road trestle in 1977. Note growth of vegetation in streambed.
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SITE 90. BOISE RIVER AT FAIRVIEW AVENUE AT BOISE, IDAHO

Description of site: Lat 43037', long 116°14'. Concrete arch bridge, 382
ft (116 m) Tong, 5 spans. Piers are founded on spread footings. Bridge and
piers skewed 30 degrees. Piers are wall type with pointed nose. Abutments
are vertical (full-height) with zero degree angle wingwalls.

Drainage area, 2,760 miz (7,150 km2); valley slope, 0.0033; channel
width, about 300 ft (90 m). Stream is perennial, regulated, gravel bed, in
valley of moderate relief, wide flood plain. Channel is sinuous, locally
braided, generally anabranched.

Hydraulic problems and countermeasures:

1933 Bridge built with base of pier footings at least 5 feet (1.5 m)
~ below the streambed.

1943 Flood of April 20, 1943, discharge 21,000 ft3/s (595 m/s),
eroded streambed and pier footings. A check dam was constructed
downstream from the bridge to prevent further general channel
scour. The check dam was placed with the base 6 ft (2 m) below
the streambed and the footing of pier 1 extended deeper.

1947-48 Gravel removal operations in the channel during the 1940's
' caused streambed degradation. In 1947-48, the check dam failed,
but was soon repaired. The entire channel bed was regraded for
a distance of about 600 ft (183 m) in the vicinity of the bridge
to prevent abrupt changes in channel slope and subsequent scour.

1967 The check dam held satisfactorily until it was removed in 1976 as
part of a project to widen the bridge.

Discussion: A rock riprap check dam effectively prevented channel degrada-
tion upstream from the bridge because the base of the wall extended below
degraded channel bed levels. Use of rock riprap in the check dam
construction contributed to good performance because the rock will tend to
settle deeper as the channel degrades. This "self-healing" ability of

rock riprap partly alleviates the need to estimate accurately the rate of
degradation.
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- SITE 91. BOISE RIVER AT US-95 NEAR PARMA, IDAHO

Description of site: Lat 43045', long 116%55'. Precast-concrete bridge, 425
ft (130 m) long, supported on steel-shell pile bents, driven at least 10 ft
(3 m) below the channel bed, with concrete webs. Bridge skew is 45 degrees
but pile bents are alined with flow. Abutments are spillthrough.

Drainage area, 3,970 miz (10,282 km2); bankfull discharge, about
10,000 ft3/s (283 m3/s); valley slope, 0.0025; channel width, about 200 ft
(61 m). Stream is perennial, regulated, alluvial, gravel bed, wide flood
plain. Channel is meandering, locally anabranched, tree cover at less than
50 percent of bankline.

Hydraulic problems and countermeasures:

1960-61 Bridge built across Boise River with a 45 degree skew angle. The
channel was regraded and widened to improve the waterway. Rock
riprap, covered with concrete, was placed on both banks upstream
and downstream from the bridge to prevent lateral erosion. The
bridge and regraded channel was designed for a flow of 20,600
ft3/s (583 m3/s), and a depth of 9.5 ft (2.9 m).

1976 Site inspection indicates the bank protection is failing on the
right bank downstream from the bridge. Total failure of the
concrete-and-riprap revetment occurred within 40 ft (12 m) of
the bridge (fig. 262). Farther downstream, damage is less,
probably because flow turbulence induced by the bridge
constriction is less.

The maximum flow between 1960 and 1976 occurred on June 19,
1974, (discharge about 8,100 ft3/s or 229 m3/s), and was 61 percent
less than the design discharge. The left-bank revetment probably
‘'was not damaged because the channel alinement near the bridge
tends to force the main part of the stream towards the right bank.

Discussion: Factors involved in the failure of the concrete-covered riprap
revetment are as follows: (1) The toe and top surface of the slope
protection was inadequate to prevent leaching or undermining of supporting
material on the embankment. (2) Flow turbulence induced by the bridge
constriction, plus concentration of flow near the right bank caused
sufficient erosive action to undermine the revetment. When failure
occurred, the flat slabs were moved by action of the flowing water away
from their original position, leaving the bank exposed.
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Figure 262. Damaged right-bank revetment, about 40 ft (1 m) down-
stream from bridge, in 1976.

Figure 263. Location of Umatilla River channel relocation at I-80N.
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SITE 92. UMATILLA RIVER AT I-80ON AT PENDLETON, OREG.

Description of site: Lat 45040', long 118050', location as. shown in fig. 263.
Channel at site has been relocated to avoid two crossings, and there is no
bridge.

Drainage area, 637 miZ (1,650 km2); valley slope, 0.0052; channel
width, about 200 ft (61 m). Stream is perennial, alluvial, gravel bed, in
valley of moderate relief, narrow flood plain. Channel is meandering,
locally braided, random width variation.

Hydraulic problems and countermeasures:

1969 As part of the I-80 N construction, the Umatilla River at Pendleton
was relocated. The channel change increased the natural streambed
slope from about 0.00392 ft/ft to an average of 0.00457 ft/ft. To
prevent scour or lateral erosion problems, several measures were
taken at the time of construction: (1) Eleven spurs, about 3 ft
higher than the streambed but designed to be overtopped during
floods, were constructed (fig. 264), (2) a dike faced with rock
riprap was constructed along the left channel bank, and (3) the rock

- riprap revetment at both banks was placed with the toe about 5 ft
(1.5 m) below the streambed.

1973 Aerial photographs of the site show that the channel has remained
‘ stable since construction and gravel bars are building up in

protected parts of the channel between the spurs (fig. 265).
Between 1969 and 1976, effectiveness of the spurs and bank
protection was tested by several floods. The largest flood
occurred in 1975 (R. I. of about 15 yr) and slightly smaller
floods occurred in 1970 (R. I. of about 9 yr) and in 1972 (R. I.,
about 6 yr).

1977 The measures taken to stabilize the relocation channel are
considered to be effective, and no maintenance has been required.

Discussion: Spurs oriented in a downstream direction and designed to be
overtopped during floods, have effectively stabilized the relocated channel
during floods with R. I. up to 15 years. Rock riprap revetment, with the
toe placed below the streambed to prevent undermining, has probably
prevented lateral erosion problems associated with control of flow alinement
by the spurs.
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SITE 95. LAPWAI CREEK AT US-95 NEAR CULDESAC, IDAHO

Description of site: Lat 46022', Tong 116038', location as shown in fig. 266.
Concrete bridge 103 ft (31 m) in length, supported on two concrete wall-type
piers with rounded nose, and founded on spread footings. Abutments are
spillthrough type. Bridge skewed 42 degrees, but piers are alined with flow.

Valley slope, 0.0063. Stream is perennial, semi-alluvial, gravel and
cobble bed, in valley of high relief, narrow flood plain. Channel is
straight, gravel and cobble banks.

Hydraulic problems and countermeasures:

1965 Flood of January 29 (R. I. about 10 yr) on Lapwai Creek washed out
the highway embankment at many locations. Countermeasures consisted
of protecting the embankment by use of loose rock riprap and
concrete-grouted rock riprap (fig. 267).

1966-77 Two floods, each of about 5-yr R. I., have not damaged the counter-
measures (fig. 268). The stream carries large amounts of suspended
material and abrasion damage to the upstream nose of the right bank
pier is evident (fig. 269).

Discussion: The road embankment and bridge on the relocated channel were
damaged by floods of 10-yr R. I. because the bank protection was not
sufficient, especially on the outside bank of channel bends. Rock riprap
and concrete-grouted rock riprap, placed with the toe several feet below
the streambed, provided protection for the embankment and bridge abutment
during two floods of about 5-yr R. I.

Base from U.S. Geolog
.. Luldesac IS mxn‘, Idah2311§§§”§?

i 3 4 WILES
3.2 &R T T e KILONETERS

Figure 266. Location of Lapwai Creek at US~95 near Culdesac, Idaho.
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Figure 268. Condition of rock riprap placed in 1965 on right bank
upstream from Lapwai Creek bridge, as photographed in 1977.

Figure 269. Abrasion damage on upstream nose of pier at right bank,
Lapwai Creek, 1977.
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SITE 97. LITTLE SALMON RIVER AT US-95 NEAR NEW MEADOWS, IDAHO

Description of site: Lat 45%58" 1ong 116°18'. Steel girder bridge, 168 ft
(51.2 m) in Tength, single span, with spillthrough abutments supported on
steel piles.

Valley slope, 0.004. Stream is perennial, semi-alluvial, gravel-
boulder bed, in valley of moderate relief, wide flood plain. Channel is
sinuous, gravel banks.

Hydraulic problems and countermeasures:

1923 Bridge built, without countermeasures.

1944 Bridge was damaged by flooding and length was increased from 123 ft
(37.5 m) to 138 ft (42 m) in order to increase the flow capacity.
Heavy rock riprap was placed around the Teft-bank abutment.

1955 Ice jam caused water to overtop bridge deck, but'bridge was not
damaged.

1975 New bridge built to improve traffic capability. Design of new bridge
based on previous hydraulic problems at the site as follows: (1)
Bridge length was increased from 138 ft (42 m) to 168 ft (51.2 m).
(2) To reduce possibility of debris or ice accumulation, bridge was
built without piers. (3) Gabion revetment was provided at both
abutments and at highway embankment (fig. 270).

1977 No significant flood has occurred since construction of the new
bridge and gabions.

Discussion: The roadway embankment and bridge abutments were located at a
bend in the stream and subject to lateral erosion. Extensive revetment
protection was used to prevent roadway and bridge damage during floods.
The bridge crossing has a large angle of skew. The absence of piers
reduces the possibility of debris or ice accumulation at the bridge.

Figure 270. View of upstream right bridge abutment and embankment
showing gabion revetment. (From Idaho Dept. of Transportation, 1975.)
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SITE 99. PINE CREEK AT I-90 AT PINEHURST, IDAHO

Description of site: Lat 47033', Tong 116°13'. Prestressed-concrete girder
bridge, 105 ft (32.0 m) long, with 3 spans of 35 ft (10.7 m). Bridge is
supported by two steel-pile bents and spillthrough abutments. After the
flood of January 1977, a new bridge was built with a length of 125 ft (38 m)
and only one concrete pier.

Valley slope, 0.006. Stream is perennial, alluvial, gravel bed, in
valley of moderate relief, narrow flood plain. Channel is sinuous, Tocally
braided.

Hydraulic problems and countermeasures:

1964 Construction of I-90 in the vicinity of Pinehurst required changes
in the alinement of Pine Creek and construction of two access ramp
bridges (fig. 271) across the creek. Countermeasures applied at
the site at the time of construction included placement of rock
riprap along the channel banks, and design of the off-ramp bridge
A-B for clearance of about 1 ft (0.3 m) above the historical high
water of 1933.

1974 Flood of January, R. I. about 100 yr, caused several hydraulic
problems at the site: (1) The abrupt channel alinement change
downstream of the main street bridge (fig. 271) washed out the
highway embankment. (2) A restricted channel size and a sharp
channel bend upstream from the ramp A-B bridge caused overtopping
of the right-bank levee and inundation of the right-bank flood
plain. (3) An inadequate waterway area under the ramp A-B bridge
caused overtopping and subsequent failure of the right-bank
riprap revetment near the bridge.

1975 Proposals to repair the damaged road, and prevent inundation of
the flood plain required consideration of several factors: (1)
Increasing the channel gradient by Towering the streambed to
improve flow capacity may cause undesirable scour or deposition
problems in the new channel or at the point of tangency between
the old and new channels. (2) Prevention of scour in the new
steeper channel could be accomplished by use of a concrete-1ined
channel, but this would produce undesirable water-surface
superelevations at the curves and excessive velocities. (3)
Additional bank protection and diking was needed to prevent
inundation of the frontage road. (4) A new ramp A-B bridge design
was needed to increase the clearance above the highwater level and
provide a. greater waterway capacity. Raising the bridge to provide
the additional height was Timited by existing freeway and frontage
road grades and a desire to keep the ramp gradient to a minimum.

1977 Countermeasures constructed at the site include: (1) Realining the
channel (fig. 271) to reduce the number of sharp bends. (2) Using
bank revetment throughout the newly alined channel. Material
consisted of grouted rock riprap, rock riprap, and a concrete
retaining wall. (3) Constructing a new ramp A-B bridge with
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shallower beams to give greater clearance increasing the bridge
Tength from 105 ft (32 m) to 125 ft (38.1 m), and using one
support pier at midspan instead of two intermediate pile bents.
The channel bed elevation at the ramp A-B bridge was unchanged.
No floods have occurred to test the countermeasures.

Discussion: Channel relocation and elimination of the flood plain as an
overflow area, -caused lateral erosion of the roadway embankment and over-
topping of dikes when the January 1974 flood exceeded the capacity of the
new channel. An additional factor causing hydraulic problems at the site
was the capacity of the waterway under ramp A-B bridge, which was less
than the capacity of the unobstructed channel adjacent to the bridge.
Because of highway grade limitations, a special design for the ramp A-B
bridge, using shallow stringer depths and fewer piers, was required to
provide adequate clearance and channel capacity for the design flood.

Figure 271. Aeri. view of Pine Creek channel in 1971, and proposed
relocations.  (From Idaho Dept. of Transportation.)
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SITE 100. MIDDLE PATUXENT RIVER AT CARROLL MILL ROAD NEAR MAYFIELD, MD.

Description of site: Lat 39016, long 76%56'.  Two adjacent concrete box culverts
with spans of 256 ft (8 m) each and a 740-ft (226-m) length of road embankment
designed for overflow during severe floods. Culvert abutments are vertical with
45 degree wingwalls to guide flow through the openings. In the future, six
additional culverts will be added to increase the flow capacity of the structure.

Drainage area, 21 mi 2 (54 kmz); valley slope, 0.0042; channel width, about
50 ft (15 m). Stream is perennial but flashy, alluvial, in valley of low relief,
wide flood plain. Channel is nearly straight.

Hydraulic Problems and countermeasures:

Much of the following is from Johnson (1976):

1972 Flooding during Hurricane Agnes in June 1972 destroyed the original
bridge. The old bridge had a span of 34 ft (10 m) and a clear height
above the waterway 05 about 6_ft (2 m) with an estimated hydraulic
capacity of 2,000 ft°/s (57 m3/s).

1975 Twin-cell concrete box culvert (c mbined width 50 ft or 15 m) built with
maximum flow capacity of 3,050 f§ /s or 86 m /s). Estimated flows for
a 100-yr R.I. flood are 7,080 ft°/s (201 m /s) Flows in excess of the
culvert capacity pass over the road embankment which was designed as
an overflow structure (fig. 272). Countermeasures constructed at the
site include: (1) Placement of gab1on revetment on the downstream
side of embankment to prevent erosion as water drops over the roadway
to its natural level on the flood plain (fig. 272). (2) Design of the
road profile as a broad-crested weir without a low dip (the level length
of roadway is 560 ft or 171 m), to prevent flooding of the road until
the full hydraulic capacity of the culvert is reached. In this way,
periods of road overflow will have the least effect on traffic because
flow depths are minimized. (3) Placement of rock riprap around the
culvert abutments and along the channel banks to prevent lateral erosion
as flows are constricted through the openings (fig. 273).

1977 Since the project was completed, one flood has occurred which exceeded
the capacity of the culvert, and excess flows passed over the road
embankment. The road embankment and culvert performed satisfactorily,
and with minimum traffic disruption.

Discussion: Use of road embankments as a broad-crested overflow section is most
effective if the depth of overflow at any point on the embankment is minimized--
this means that the embankment profile should be level. Road embankments used as
overflow sections should be protected on the downstream shoulder to prevent
erosion. An apron extension of the gabion revetment 6 ft (2 m) in width is

used to prevent scour of the flood plain, where flows over the road return to
subcritical velocity and depth.
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Figure 272. View of downstream side of approach embankment designed as
an overflow structure. Note gabions along embankment for protection
against scour when flows overtop roadway.

Figure 273. View of rock riprap placed on bank upstream from box
culvert entrance to prevent lateral erosion when flows on the
left~bank flood plain enter the main channel.
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SITE 101. MUSSELSHELL RIVER AT SR-200 AT MOSBY, MONT.

Description of site: Lat. 47000', long 107053’, location as shown in fig. 274.
Prestressed-concrete bridge, length 374 ft (114 m), two spillthrough abutments
founded on steel H-pile, three round-nose concrete wall piers with spread footings
in hard, dark gray shale.

Drainage area, 7,846 mi2 (20,306 km2); valley slope, 0.0021; channel width,
about 200 ft (60 m). Stream is perennial, alluvial, sand-silt bed, in valley
of moderate relief, wide flood plain. Channel is meandering, wider at bends,
point bars, tree cover at less than 50 percent of bankline (fig. 275).

Hydraulic problems and countermeasures:

1929 Steel truss bridge built, 436 ft (133 m) in length, with spillthrough
abutments and round nose, wall-type piers.

1944  Maximum flood of record, discharge 18,000 ft3/s (510 m°/s, R.I. of 26
yr.

1971 Flood having peak discharge of 11,600 ft3/s (329 m3/s created no problems
at the bridge.

1972 New bridge built, designed for 50-yr R.I. flood of 22,400 ft3/s (634 m3/s).
The main channel was relocated through a previous overflow channel, which
shortened the bend upstream of the bridge and increased the channel
slope. The new channel banks and bridge abutments were lined with rock
riprap, and a spur dike was constructed on the right bank upstream side
of the new bridge, (fig. 276).

1975-77 Flood on May 7 discharge 11,600 ft3/s (314 m/s), R.I. about 9 yr, caused
no damage to the bridge. The effectiveness of the new channel in con-
veying flood flows efficiently was determined by measurements made on
May 7, 1977 (table 11). During the measurement, flows were at bankfull
stage (assumed to be elev. 2505 ft). Although some channel scour or
lateral erosion normally occurs when channels are realined and straightened,
flood stages and velocities were less than anticipated. In addition,
~the channel bed at the bridge aggradated between 1972 and 1975.

Discussion: Relocation of the channel, protection of the channel banks and bridge
abutments with rock riprap, and construction of a spur dike improved the efficiency
of the bridge opening as compared with the old bridge. Data obtained during a
flood (R.I. about 9 yr) indicated that flow conditions in the old and new

channels were within 11 percent of each other. Although some channel scour or
lateral erosion usually occurs when channels are shortened, flood stages and
velocities for the old and new channels were very similar and problems of scour

and lateral erosion did not occur. These data indicate that changes in a channel
may be made without causing hydraulic problems if flow conditions are not
significantly altered.
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Table 11. Measured and estimated values of flow factors
at the old and the new bridge

Water Area of Mean
Location Discharge Surface 2Chagnel Velocity
1(ft3/s) Elev. (ft) (ft2) 3(ft/s)
~01d bridge 11,100 2505.5 2700 4.1

(estimated values)

New bridge 11,100 2506.0 2410 4.7
(estimated values)

New bridge 11,100 2505.65 2960 3.8
(values measured

5-7-77)

1Conversion factor,; ft3/s to m3/s, is 0.0283
2conversion factor, ft2 to m2, is 0.093
3conversion factor, ft/s to m/s, is 0.305

C Gravel® x &
pit % %
Xy,

Figure 274. Location of Musselshell River at SR-200 (circled) prior to
construction of new bridge. (From U.S. Geological Survey Mosby, Mont.,
7.5' map, contour interval 20 feet, 1962.)
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Figure 275. Aerial photograph in 1968 of Musselshell River at SR-200,
prior to construction of new bridge. (From U.S. Dept of Agriculture.)
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Figure 276. Plan of channel relocation and countermeasures, Musselshell
River at SR~200.
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SITE 103. RIO GRANDE AT US-380 AT SAN ANTONIO, N. MEX.

Description of site: Lat. 33055‘, long. 106051', location as shown in fig. 277.
Timber bridge, 1,335 ft (407 m) in length, 41 timber-pile bents, two steel-and-
concrete pile bents at 31-ft (9-m) centers. Abutments are spillthrough protected
by wire-fabric retards.

Drainage area, 24,500 miZ (63,455 km?); valley slope, 0.0008; natural
channel width, about 1,750 ft (534 m). Stream is perennial, regulated, v
alluvial, sand bed, in valley of high relief, narrow flood plain. Channel i
sinuous, generally braided, wandering thalweg.

Hydraulic problems and countermeasures:

1938 Timber bridge built; each ébutment'was protected by a wire-fabric retard
- and a blanket of light rock riprap encased in wire fabric,

1941 Flood, R.I. about 8 yr, caused by rainfall and snowmelt. Unpublished notes
from U.S. Geological Survey files describe conditions at the bridge site
as follows:

“About 9 p.m. on May 16, 1941, the lowest pile in one of the bents
was swinging loose which showed that all of the materials around it
was completely removed by erosion. The discharge at the time of
failure was about 24,000 ft3/s and an estimate made before the failure
indicated about 18,000 ft3/s were flowing in a part of the channel
with a width of 75 ft, and the thread of this particular channel was
against one of the pile bents of the bridge. Many piles that were
25 feet long were eroded along the edge of the river by lateral
erosion. About noon on May 17, two spans of the bridge that had
been constructed in 1938 were washed out. Measurements made shortly
after the failure showed a depth of water of 45 feet. The scouring
of the stream channel must have extended about 40 feet below normal
stream bed."

The retard constructed around each abutment was apparently effective
because there was no abutment damage. The bridge was repaired late in
1941. o '

1949 Bridge was replaced and a wire-fabric mattress, held in place with steel
railroad rails, was built to prevent bed scour in vicinity of bridge.

1973 Upstream diversions and regulation, in addition to levees built along
channel confine the stream to a main channel and overflow channel
(fig. 277). The largest flood recorded during the period 1950-64 at the
Rio Grgnde at San Marcial gage (19 miles downstream) was 9,570 ft3/s
(371 m¥/s). v

Discussion: .Light riprap encased in wire fabric prevented damage to abutment and
embankment.during several floods between 1938 and 1964. Local scour depths of
about 40 feet (12 m) below normal streambed level were observed during a flood
with a recurrence interval of about 8 years. A wire fabric mattress held in
place with steel piting and placed 80 ft (24 m) downstream from the bridge has
apparently prevented excessive bed scour at bridge.
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Figure 277. Aerial photograph of US-380 crossing, Rio Grande River,
in 1973. (From New Mexico Dept. of Highways.)
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SITE 115. WASHITA RIVER AT I-35 NEAR WHITEBEAD, OKLA.

Description of site: Lat 34%47", long 97°18', Tocation as shown in fig. 278.

Dual bridges of reinforced concrete and steel beams, 724 ft (221 m) in length;
supported by seven paired round-column webbed-concrete piers and spillthrough

abutments set on steel piles.

Drainage area, 5,207 miz (13,486 km2); valley slope, 0.00056; channel
width, 150 ft (46 m). Stream is perennial, alluvial, sand bed, in valley of
moderate relief, wide flood plain. Channel is meandering, locally braided,
random ¥idth variation, cut banks general, tree cover at less than 50 percent
of bankline.

Hydraulic_problems and countermeasures:

(In part from Keeley, 1971)

1969 Dual bridges built. The right bank of the channel showed evidence of
Jateral erosion, and bank stabilization measures were considered when
designing the bridge. Measures taken to prevent damage to the bridge
include: (1) Placement of bridge piers on piling driven to hard shale.
(2) Clearance of low steel 7 ft (2 m) above high water. (3) Use of
webs between columns in the piers to prevent lodging of debris (fig. 279).
(4) Construction of spur dikes on both banks and protection with rock
riprap (fig. 280). (5) Construction of a 560-ft (171-m) timber-pile
retard along the right bank upstream from the bridge to prevent lateral
erosion {fig. 281).

Floods in 1969 caused the right bank to erode upstream from the
anchor end of the timber-pile retard. This part of the bank was then
protected with rock riprap. Drift, lodged on the right bank upstream
from the bridge during the flood, caused eddy currents and local scour.
The debris was removed during low-flow periods.

1971 Flood caused water to overtop the timber-pile retard by about 2 ft
(0.6 m), but no damage to the retard or rock riprap bank were observed.

1976 The presence of dense vegetation indicates the effectiveness of the
spur dike in preventing scour at the bridge abutment (fig. 280) and
of the timber-pile retard in stabilizing the channel bank.

Discussion: Keeley (1971) reported lateral erosion of the right bank immediately
downstream from the bridge after construction of the upstream protective devices
in 1968 and 1969. He concluded on the basis of several cases that this condition
may be a cause-and-effect relation where reduction of erosive action at one
meander loop, through protective measures, will increase the erosion potential

at the next meander loop downstream. If this conclusion is correct, bank
protection measures both upstream and downstream from the bridge may be needed.
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Figure 278. Location of Washita River at I-35 near Whitebead. (From
U.S. Geological Survey Paoli, Okla., 7.5' quadrangle, contour
interval 10 feet, 1965.)

Figure 279. Webbed piers supporting Washita River bridge that was
built in 1969, as photographed in 1976.
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Figure 280. Spur dike on upstream right bank, Washita River, as
photographed in 1976.

Figure 281. Timber-pile retard on right bank upstream of Washita River
bridge, as photographed in 1976.
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SITE 116. WASHITA RIVER AT SR-7 NEAR DAVIS, OKLA.

Description of site: Lat 34030', long 97008', location as shown in fig. 282.
Bridge is reinforced concrete, 702 ft (214 m) in length, with six 100-ft (30-m)
spans and two 50-ft (15-m) spans supported by seven pairs of circular-column
webbed piers on spread footings. Abutments are spillthrough type, founded on
piles. An existing bridge located 100 ft (30 m) upstream is used for northbound
traffic.

Drainage area, 6,570 mi? (17,016 kmz); valley slope, 0.0007; channel width,
about 350 ft (107 m). Stream is perennial, alluvial, sand bed, in valley of
low relief, wide flood plain. Channel is meandering, locally braided, wider
at bends, point bars, tree cover at less than 50 percent of bankline.

ROCK RIPRAP
LACED BEFORE
1969

NEW ADJACENT
BRIDGE ALINEMEN

Figure 282. Aerial photograph of Washita River at SR-7 in 1962.
Channel alinement at time of new bridge construction in 1976 is
indicated in dashed lines. (From Oklahoma Dept. of Transportation.)
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Hydraulic problems and countermeasures:

Pre-1964 Steel truss bridge built, 485 ft (148 m) in length; supported by four
circular-column webbed piers and spillthrough abutments.

Pre-1969 Left bank of main channel near the bridge abutment was protected with
rock riprap for a distance of about 350 ft (107 m) upstream from the
bridge. 01d car bodies were dumped along the right bank upstream of
the bridge to reduce lateral erosion and movement of the channel toward
the approach embankment.

1975-76  New bridge built about 100 ft (30 m) downstream from existing bridge.
Countermeasures included increasing bridge length, clearing and
excavating the main channel, construction of a spur dike on the right
bank, placing rock riprap along the channel banks, and building three
spurs (fig. 283) to prevent lateral erosion of the channel upstream
from the bridge.

Discussion: A consideration in the use of revetted earth-embankment spurs
rather than timber-pile spurs was the reduced possibility of damage by fire and
vandalism. The channel modification and bank protection works were intended

to maintain the stream alinement relative to the dual bridges, to prevent lateral
migration of the meander against the approach embankment, and prevent damage to
the r