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Rolf Erikson, P.E.
Michael D. Salmon, P.E.



I
I
,I
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE OF CONTENTS

VOLUME I

PAGE
LOCATION KEY MAP

I. SITE LOCATION 1
I I. EXISTING CONDITIONS AND HISTORICAL BACKGROUND 1
III. STUDY PARAMETERS AND PROCEDURES 2
IV. HYDRAULIC RESULTS 2
V. ESTI MATED EROSION AND SCOUR 3
VI. RECOMMENDATIONS '.' 4

APPENDIX:

CONVEYANCE AT BRIDGE SITE
CONVEYANCE GRAPH AT BRIDGE SITE
ESTIMATES OF FLOW OBSTRUCTED BY ROADWAY EMBANKMENTS
SCOUR ESTIMATES (CONTRACTION, ABUTMENT, AND PIERS)
COMPUTATIONS FOR SPUR DYKE GEOMETRICS AND RIPRAP SIZING (WITH SKETCH)
SUMMARIES OF WATER SURFACE COMPUTATIONS (EXISTING AND 1964 CONDITIONS)

BIBLIOGRAPHY

VOLUME II

MAP OF HYDRAULIC ANALYSIS AREA

WATER SURFACE COMPUTATIONS:
lOO-Year Flood Existing Conditions without Bridge
Recommended Bridge (1500 Feet) - 100-Year Flood Existing Conditions
lOa-Year Flood, 1964 Conditions Without Bridge
Recommended Bridge (1500 Feet) - lOa-Year Flood, 1964 Conditions



A,

/

. JJJ' \

I

.' R'

) "'".... 1
~i

Ranch.

r I •. .....

I\,r "~ .. '\/
S ":: 0·"1 M,no :,," '- __

/, / : .' \
'. ")~ . ~. "Jhndtf . I . ';C-._,oJ

-.

CQuNTIJ

PROJECT

fMAffiCQPA

I

I

1

1

I

I

I
1

1

1

1

I

I

1

1

1

·1

·1

1



I
'I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I,

OLIVE AVENUE CROSSING OF THE AGUA FRIA RIVER
HYDRAULIC REPORT

I. SITE LOCATION

The existing crossing of the Agua Fria River is located approximately 3
miles south of the crossing of the river by Grand Avenue (U.S. Highway
60/70/89) and by the Atchison, Topeka and Santa Fe Railroad at the border
of Sections 25 and 36 in T3N, R1W. Olive Avenue is a part of the Mari
copa County Highway System and begins at the Beardsley Canal 9 miles west
of the River crossing, exte ndin 0 15 miles easterly of the Agua Fria River
to the base of the Phoenix Mountains near 15th Street; and it is also
known as Dunlap Avenue between 51st Avenue and 15th Street over its most
easterly 7 miles, which lies within the City of Phoenix.

II. EXISTING CONDITIONS AND HISTORICAL BACKGROUND

Currently, the Agua Fria River crosses Olive Avenue in a 3300-foot flood
plain marked by a very distinct ridge on its easterly border which, cur
rently, is the westerly limit of the residential expansion adjacent to the
City of Glendale. The westerly bank of the River is a somewhat les~ pro
nounced ridge, which still supports farming operations and is also being
used for sand and gravel extraction operations.

The principal development in the Agua Fria River floodplain likewise con
sists of agricultural activities and sand and gravel pit operations.

The Agua Fria River drains an area 2,340 square miles, most of which is in
Yavapai County, Arizona. Prior to the construction in 1927 of Waddell Dam
20 miles upstream from the Olive Avenue crossing, some 24 flooding events,
with up to 105,000 cfs discharge, were reported since 1889. Since the
completion of the Dam, the severity of flooding downstream has considerably
abated;.nevertheless, the area is still within the reach of large dis
charges in the future.

Presently, Olive Avenue, through the Agua Fria River floodplain, is a 28
foot-wide asphalt paved surface, constructed as a ford section, which pe
riodically is inundated and washed out by minor River flooding (most re
cently during 1980).

As a consequence of the continued roadway washouts and envisioned future
heavier traffic volumes on Olive Avenue, on July 11, 1984, the Maricopa
County Highway Department entered into a contract with the firm of Hoffman~

Miller Engineers, Inc. of Phoenix, Arizona, to provide engineering plans
for a bridge at the Agua Fria River crossing.

As a subconsultant to the aforementioned company, this firm (Erikson &Sal
mon, Inc.) was retained to provide the necessary hydraulic computations,
recommendations on bridge length, configuration of dyking and rechanneliza-

-1-
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HYDRAULIC RESULTS

Procedures utilized in developing spur dyke geometrics, estimating erosion
and scour, and sizing of dumped rock riprap are detailed in section V of
thi s report.

STUDY PARAMETERS AND PROCEDURES crL vi

The principal project requirement was that the bridge structure pass the
100-year frequency flooding event without overytopping of either the bridge
or the approach roadways. The exact rate of this discharge has been sub
ject to recent reevaluation, owing to -eGEmL..floodingevents, and as a con
sequence, a very recent estimate - /102,000 cfs - was adopted for the bridge
design. This figure was developed on a pro-~ata basis from U.S. Army Corps
of Engineers computations indicating 115,000 cfs at Bell Road (5~ miles
upstream from Olive Avenue) and 95,000 cfs at the confluence with New
River (4 miles downstream from the roadway crossing).

On the basis of aerial photos taken on July 20, 1984, by the aforementioned
Aerial Mapping Company, 51 cross-sections (approximately 500 feet on cen
ters and extending about two miles downstream and two miles upstream) were
delineated and digitized by the aerial mapping for use in the hydraulic
water surface computations.

As another parameter, the height of backwater that could be developed by
the bridge was limited to one foot (in accordance with FEMA regulations as
cited in the FH~~A manual, "Guideline for Hydraulic Design of Highway and
Bridge Encroachments in the Floodplain Consistent with the National Flood
Insurance Program").

tion in the River, scour estimates, and construction drawings for a detour
road through the River floodplain to be incorporated in the bridge drawings.
In turn, this firm retained Aerial Mapping, Inc. of Phoenix, Arizona, to
provide aerial pre-marking work, survey control, aerial photography, flood
plain contour mapping, and digitized cross-sections of the River.

In addition, an independent set of 20 cross-sections were developed from a
1964 contour map, included in item 11 of the bibliography, from a point 1
mile downstream to another ~ mile upstream from Olive Avenue. These back
water computations, as described later in this report and included in the
appendix, volume 2, were performed in accordance with HEC-2 procedures, as
described in items 6 and 7 in the bibliography. The calculations were run
on an IBM Personal Computer, using Klagge, Stevens &Associates, Inc. 's
ARK-2 software program (modeled directly from the Army Corps of Engineers'
HEC-2' program) .

During the process of selecting a bridge length for this project, two
lengths were initially considered - 1250 and 1500 feet - of which, either
one (the former with minor rechanne1ization) would satisfy. the c te ~ of
on y·a one- 00 rlse in e backwater. In aeartion, neither of t e two
bridge lengths would result in excessive stream flow ve oClties (i.e.,
over 0 fee per second) between tne abutments durlng peak flows. Further
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investigation of the two bridge lengths ascertained that in neither case
could contraction scour be anticipated at the bridge crossing. The causes
for this anomaly were obviously the various sand and gravel pit operations
deepening the existing River channel at the bridge site below its natural
elevation. It was therefore decided to use stream cross-sections developed
from the contour map of 1964 (at which time, the effects of the material
extraction were still minimal) in order to determine the bridge length and
height plus the elevation of the approach fills. On the latter basis, the
l500-foot bridge was adopted for design, since it best-m e requirement
of only a one- oot rise-in tn~backwaterunaer the existing-condition~and-

...-ny-co si"dedn a+so contraction SCOl,lr under 19'64 conditions.--
v. ESTIMATING EROSION AND SCOUR

The changes in the riverbed which could affect the bridge at this site are
the usual. three types of interrelated phenomena, namely:

A. Degradation or aggradation of the stream channel over a long period
of time, due to changes in controls such as dams, material extrac
tion operations, sediment content, and river geomorphology

B. General scour due to contraction caused by increased velocities
across the entire contracted width

C. Local Scour caused by obstruction to the stream by both the abut-
ments and the piers '

The foregoing effects can be considered as generally additive in that local
scour will occur concurrently with contraction scour and at the same time
in which general degradation or aggradation is taking place.

Estimation of phenomenon A, above, through mathematical process, besides
being a very complex task, would be very difficult to accurately formulate,
due to lack of quality in the required input data, in particular, the
amount of material that will be extracted in the future by the sand and
gravel operations. The most practical expedient, from a bridge design
standpoint, was to estimate the possible extreme conditions which changes
in the Agua Fria riverbed could conceivably create in the future.

At the upper extreme of the possibilities, the sand and gravel extraction
operations might be discontinued, and/or their effects could be negated by
large amounts of material transported by unexpectedly high volume stream
flows in the future. tThe 1964 riverbed co .. A was selected as probably
being representative 0 this condition and thus, was used solely to deter
mine the bridge length and height as we]l as the eleyations-ofhe approach
fills (as citea earlier), but not the scour computations.

At the lower (and more probable) extreme of possibilities, the sand and
gravel operations in the riverbed will continue in the future.and.be expanded
northerly, and continued replacement of the removed material by sedimenta
tion will not occur due to the effect of Waddell Dam upstream. Under these
conditions, the lowest material pit elevation (1026), just south of Northern
Avenue (1 mile to the south), can be expected to encroach northerly at the.
natural River slope (0.0023 1

/') and achieve an eventual elevation of 1040

-3-
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VI.

in the vicinity of the Olive Avenue Bridge crossing. Under these condi
tions, there would be no general scour (also known as contraction scour),
according to the procedures given in items 2 and 5 of the bibliography,
but some abutment scour and pier scour could still occur.

Abutment scour was computed on the basis of the equation by E.M. Laursen,
as set forth in items 3 and 5 of the bibliography. However, these formu
las were developed on the basis of a vertical face abutment, not a spill
through type, as planned on this project. The effect of the latter type
abutment on the scour depth apparently has been the subject of contro
versy among the various researchers. On page 15 of item 7 in the bibliog
raphy, it is stated, "The equation could be easily modified by reducing
the effective Qc (i.e., overbank flow that mixes with the flow approaching
the bridge within its influence zone) for spill-through abutments, but
there is no experimental basis for such a modification". However, item 2
on pages VI-35 and VI-36 gives a completely different version. In this
research by M.K. Liu (1961) and M.D. Gill (1972), it was shown that "If
the embankment (i.e., of a spill-through abutment) terminates at a verti
cal wall and has a vertical wall on the upstream side, then the scour hole
depth in sand nearly doubles". Inasmuch as the abutments on this project,
if subjected to the most severe scour (i .e., with the approach embankments
completely eroded), would act more like piers - rather than a vertica1
face abutment - it was judged that the formula of Liu (equation 6.5.6 on
page VI-35 of item 2 in the bibliography) was more suited to this project.
On this basis, the local scour at the right (east) abutment was computed
to be 30.4 feet, and that adjacent to the left (west) abutment, as negligi
ble. (See the Appendix.) As a means of controlling this scour, a spur
dyke is recommended, and the dumped-rock riprap sizing and gradation for
these were developed in accordance with Chapter VI and pages VIII-61
through VIII-65 of item 2 in the bibliography.

In the estimation of pier scour, some 20 different formulas and procedures
are possible, as presented in references 2, 3, 4, .5, and 6 in the bibliog
raphy. However, two formulas (which usually produce the higher values) do
not take into account pier size, and a third ignores pier size, shape, and
alignment. Yet others are not applicable, as they were developed experi
mentally from conditions in which the stream flow Froude numbers were quite
different from those on this project. Therefore, in accordance with the
conclusion reached on pages 28 and 32 of reference 4 of the bibliography,
the formula of Laursen and Toch was adopted, since it envelopes the various
experimentally-observed scour depths. The depth produced by this formula
was modified in accordance with the procedures on pages VI-37 to VI-39 of
reference 2, using a 30° skewed flow direction. This angle was considered
possible due to the physical features of the site - particularly at the
most easterly abutments. On this project, use of these procedures produced
a pier scour depth of 29.0 feet. (See the appendix.)

RECOMMENDATIONS

For the reason cited earlier in section IV of this report, a l500-foot,
twelve-span structure is recommended for the site. The westerly abutment
should be set at roadway station 118+80, which approximates the west bank
of the River floodplain. In consideration of the possibility of aggrada-

-4-
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tion at the bridge site, the lowest girder elevation of the proposed bridge
should be around elevation 1086.00, and the lowest finished grade of the
approach roadway should be about elevation 1088.50.

For the purposes of designing the pier drilled caissons, the maximum poten
tial scour depth is at elevation 1011 (i.e., the possible degradation ele
vation of 1040 less 29 feet of local pier scour). For the purposes of de
signing the drilled caissons for the abutments, the maximum potential scour
depth is 1009.6 (i.e., the possible degradation elevation of 1040, less
30.4 feet of local abutment scour). Inasmuch as the abutment loads will
be about one-half those of the piers, it appears probable (assuming a com
mon length for all drilled caissons) that the pier design criteria above
will control. In the event that the design of the abutment caissons be
comes critical, it should be kept in mind that the 30.4-foot potential l~
cal abutment scour represents the maximum experimental scour on a sand bot
tom, a far more erodible condition than actually exists at the bridge site.

The spur dykes recommended for this project should be 50 feet (left) and
250 feet (right) in length. These are the minimum lengths recommended in
Figure 30, page 54, of item 1 in the bibliography. The former will roughly
fit the configuration of the west bank of the River, while the latter, be
sides extending upstream for 250 feet, in accordance with the accepted
practice for design of bridges in floodplain contractions on the Salt and
Agua Fria Rivers, should also extend downstream for the same distance.

-5-
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