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Preface

This report presents the results of a model investigation authorized by
Headquarters, U.S. Army Corps of Engineers, on 21 May 1992, at the request of the
U.S. Army Engineer District Sacramento (SPK). The model experiments were
performed during the period February 1993 to Febru~ 1996 by personnel of the
Hydraulics Laborato~ @IL) of the U.S. k-my Engineer Waterways Experiment
Station (?3%S) under the general supervision of Messrs. Frank A. Herrrnann
(retired) Director, HL; Richard A. Sager, Acting Director, HL; Robert F. Athow,
Acting Assistant Director, HL; Glenn A. Pickering (retired), Chief, Hydraulic
Stmctures Division; and John F. George, Acting Chief, Hydraulic Structures
Division. Dr. Phil G. Combs is current Chief of the Hydraulic Structures Division.

Experiments were conducted by Mr. Glenn Davis, Dr. Richard StockStill,
Messrs. Marshall Thomas, James Cessna, Joe MyricQ and Dr. John Hite, Jr., of the
Hydraulic Stmctures Division under the supervision of Mr. John F. George, Chief of
the Locks, Reservoirs, and Fisheries Hydrodynamics Branch. In October 1996, HL
merged with the WES Coastal Engineering Research Center to form the Coastal and
Hydraulics Laborato~ (CHL). Dr. James R Houston is the Director of the CHL
and Messrs. Richard A. Sager and Charles C. CalhoW Jr., are Assistant Directors.
This report was written by Dr. Hite and Ms. Debra Katzenrneyer, CHL, assisted in
report formatting and word processing.

The model was constructed by the WES Model Construction Section under the
supemision of Mr. T. Lee, Jr., and the Model Shop under the supervision of
Mr. E. A. Case (retired).

During the course of the model study, Messrs. Charles Mifkovic, Dave Ruarlq
Erik Halst@ Tom Marstein-Manq and Harold Huff, SP& and Mr. Frank Khroun
of the South Pacific Division visited WES to discuss experimental results. Messrs.
Scott Katie and Randy Talley of the Santa Clara Valley Water Dish-ict, Mr. Art
Woodworth from A-N Wesq Inc., Mr. Robert Ryan from the San Jose
Redevelopment Agency, and Ms. Mary Margaret Jones from Hargreaves Associates

also visited WES to view the model and discuss model results.



Director of WES during the preparation of this report was
Dr. Robert W. Whalin. Commander was COL Robin R Cababz EN
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1 Introduction

The Prototype

The area of the Guadalupe River reported on herein is located in San Jose,
Californi~ irnrrdiately south of San Francisco Bay (see Figure 1). The U.S. Army
Corps of Engineers is designing and cost-sharing channel improvements on the
Guadalupe River to provide flood protection for the l-percent exceedance event.

The channel reach that required physical modeling extends approximately from
near the confluence of Los Gates Creek with the Guadalupe Wver to upstream of
the 1-280 overcrossing. This includes the existing box culvert bypass that parallels
the channel from 1-280 to just downstream of Park Avenue. Model limits are shown
in Plate 1.

Much of the channel reach was modeled previously at The U.S. Army Engineer
Waterways Experiment Station (WES) in 1988 as part of the General Design
Memorandum (GDM) studies. Since that time, mtilcations to the flow split
between the box culvert and the natural channel at the 1-280 overcrossing and the
natural channel in other areas have been made to include aesthetic and architectural
treatments. These modifications were significant enough to impact flow conditions
and another model was considered nexessay to evaluate these impacts. Only
portions of the box culvert used in the previous study were used in the new model.

System Elements

Approach channel

The Santa Clara Valley Water Distict (SCWJD) has proposed an upstream
project for bypassing future flood flows in a bypass channel. For this reaso~ it was

necessary to investigate two approach flow conditions at the upstream end; (a)
existing conditions, and (b) the proposed project by SCWND. With existing
conditions, the natural channel abruptly transitions to the project channel at the
upstream end of the project limit, Sta 199+24. Right overbank flows are collected
in a shallow channel which carries the flows to the project channel at the 1-280

overcrossing. A weir on the left bank directs overba.nk flows, which pond at the I-
280 interchange into the project channel. The left bank weir is located opposite of
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the right overbank inflow into the project channel. The fiture upstream condition
will consist of the upstream SCVWD project, which will include a bypass channel.
‘Ilk bypass channel and the existing channel will together convey the 1-percent
exceduxe flow. This channel merges with the natural channel at the upstream
limit of the Corps project. With the proposed projecq no overbank flows would
recur with the 1-percent excedance event.

Bypass culvert and intake

The intake structureto the box culvert consists of an ogee weir 6.28 ft’ high and
on a curved alignment. Flow over the weir enters a rectangular concrete channel 50
ft wide and317 fl long. This concrete channel carries the bypassed flow to an
existing 50-ft-wide double-cell box culvert. The downstream end of the box culvert
extends 96 ft to where the bypassed flows will merge with the flow in the natural
channel. The box culvert was designed with a Manning’s n value of 0.014.

Natural channel

Flows not bypassed to the box culvert will continue down the natural channel and
rejoin the bypassed flow downstream from Park Avenue. The natural channel from
the bypass culvert to Park Avenue is 2,400 ft. The fmt 680 fl to just downstream
of Woz Way is subject to high velocities. Bank protection from downstream of the
weir to downstream of Woz Way will be gabion baskets below the main riverwalks
and stone terraces with gabion till above.

Main channel

The main channel from the Park Avenue confluence to the Santa Clara St. Bridge
is similar to the 1988 model. The primary change was to the right bardq which was
given a scalloped appearance.

Discharges

The l-percent excccdance design flow for the portion of the project modeled is
14,600 cfs. For existing conditions (with overbank flows) and the design discharge
of 14,600 cfs, an estimated 9,100 cfs enters fkom the natural channel, 3,500 cfs
from the left overbanlq and 2,000 horn the right overbank. With future conditions
and the design discharge of 14,600 cfs, an estimated 4,800 cfs enters from the
natural channel and 9,800 cfs enters from the bypass channel. The flow distribution
with the SCVWD project in place for lower discharges is provided below.

‘ A table of factors for converting non-SI units of measurement to S1 units is presented on page vii.
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Discharge, cfs

Natural Channel Bypass Channel Total

1,500 0 1,500

1,600 4,900 6,500

2,600 6,300 9,100

Design constraints

The primay project constraints as provided by the U.S. Amy Engineer Districg
Sacramento (SPK) are listed below.

a.

b.

c.

d.

e.

J

The water-surface at the upstxeam project limit (Sta 199+24) should not
exceed elevation 90.0.

A flow of 1,500 cfs should be discharged down the natural channel before
flow over the ogee weir into the bypass culvert begins.

At the design discharge of 14,600 cfk, 8,100 cfs should be diverted to the
bypass culvert and 6,500 cfs should be carried by the natural channel.

The desired clearance underneath the bridges in the modeled reach should be
a minimum of 1.0 fi with the design discharge of 14,600 cfs.

The desired clearance from the water surface to the top of the bypass culvert
should be a mhi.mum of 1.0 ft with the design discharge.

The project should remain functional if the water-suxface elevation in the
natural channel varies due to sensitivity resulting from channel roughness
amlor sediment depositional effkcts.

Purpose and scope of model investigation

The physical hydraulic model study of the elements described previously was

considered necessay for the following reasons:

a. To determine the flow distribution between the natural channel and the
bypass culvert and make modifications to ensure the desired flow distribution
was achieved for the range of discharges, especially the design discharge.

b. To evaluate the flow conditions in the box culvert and make sure unstable
conditions such as excessive water-surface differentials or pressurized flows
do not occur.

c. To determine the bridge clearances with the design discharge.
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d,

e.

To determine the flow conditions in the vicinity of the piers and bridges.

To qualitatively evaluate the effect of sediment deposition during a flood
hy&ograph.

The maximum water-surface elevations underneath the bridges to be allowed by

SPK with the l-pereent event ( 14,600 cfs) are listed below.

k%A-+%-
San Fernando St. 80.6

Park Avenue 82.1

SanCarlos St. 83.8

Woz Way 88.2
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2 The Model

Description

The 1:25-scale model reproduced approximately I mile of the project beginning
upstream of the 1-280 overcrossing, sta 204+00, to downstream from the Santa
Clara Bridge, sta 149+50, including the 50-ft-wide box culvert that parallels the
channel horn 1-280 to just downstream of Park Avenue. The model layout is shown
in Plate 1 and @ bed photographs of the model after construction are shown in Fig-
ures 2-10. The natural channel was molded in sand and cement mortar to sheet
metal templates. The bypass culvert was constructed of plastic with some of the
invert transition molded in sand and cement with a ve~ smooth cement ftish.

The prototype box culvert was designed with a Manning’snof0.014. To repro-
duce the roughness correctly in the model using the plastic material and the appro-
priate scaled len~ the model slope requires adjusting. Since the bypass culvert
ties back into the natural channel, adjusting the model slope could not be performed
without a discontinuity in the model. To avoid a discontinuity in the natural chan-
nel, the invefi slope was not changed and thus the energy gradeline of the flow in the
box culvert was equivalent to one reproduced by a box culvert with a Manning’s n
value of 0.0154. This change in roughness was considered acceptable in order to
avoid the discontinuity.

The model was constructed from numerous drawings iirnished at various inter-
vals throughout the investigation. The majority of the original model described in
this report was consh-ucted from the GDM plates dated December 1991. More spe-
cifically, the model from sta 204+50 to sta 199+24 was built from SCVWD draw-
ings Guadalupe River 1-280 to Blossom Hill Rd. Plan and Profile, sheet 7 (Natural
Channel), and sheet 10A (Bypass Channel). From sta 200+00 to sta 193, the model
was built from GDM Plate 3 with additional information near the access ramp at the
weir provided by A-N WesL Inc., drawings (Guadalupe River Park-Design Devel-
opment Underlay (GRP-DDU sheet 13)). The box culvert from sta 1+56 to sta
11+32.9 was consh-ucted from Sacramento District box culvert drawings labeled

sheets 4, 5, 6, and 8. The box culvert from sta 11+32.9 to sta 9+55.7 was built
horn GDM Plate 6. The Guadalupe River horn sta 193+00 to 176+94 was
constructed from GDM Plate 4 with additional information provided in Guadalupe
River-RiverWalk Improvements (GRP-RI) sheets 21,22,43, and 54. From sta
176+94 to 161+31, the model was built from GDM Plates 5 and 6 and GRP-RI

sheets 23, 24, and 30. From sta 161+31 to sta 149+00, the model was constructed
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from GDM plate 7 and GRY-DDU sheet 29. The information provided for
modifications to the model will be identified when mentioned in the text.

Model Appurtenances

Water used to operate the model was supplied by a circulating system.
Discharges were measured with venturi and paddle-wheel flow meters installed in
the inflow lines. The inflow was baffki before entering the model to provide the
desirable upstream boundary conditions. Water-surface elevations were measured
with point gauges, and velocities were measured with a propeller type meter
mounted to permit measurements at any horizontal direction and depth. The
tailwater was maintained at the desired depth by means of an adjustable tailgate.
Dye and confetti were used to study subsurface and surface cumnt directions.
Various flow conditions were recorded with photographs and videotape.

Scale Relations

The accepted equations of hydraulic similitude, based on Freudian relations,
were used to express mathematical relations between the dimensions and hydraulic
quantities of the model and prototype. General relations for the transfer of the model
data to prototype equivalents, or vice vers% are presented in the following tabula-
tion:

Scale Relations
Characteristic Dimensions’ ModeI:Prototype

Length L,=L 1:25

Area &=L~ 1:625

Velocity V,= L;fz 1:5

Discharge Q,= L:~ 1:3, 125

Volume V,= L: 1:15,625 I

Weight W,= L? 1:15,625
J

Time T,=L:n 1:5

‘Dimensions are in terms of length.

Certain model data can be accepted quantitatively, while other data are reliable
only in a qualitative sense because of the nature of the phenomena. Measurements in
the model of discharges, water-surface elevations, velocities, and resistance to
displacement of riprap material can be transferred quantitatively from model to pro-
totype using the preceding scale relations.
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3 Experimental Results

Original Design (Type 1 Design) Without
Roughness Elements

Initial model data were dlected with the Guadalupe River channel molded of
concrete with no roughness elements and without the Woz Way bridge pier
installed. Flows were observed for existing conditions with discharges of 14,600
(l-percent exceedance flow) and 9,100 cfi. The 14,600<fs discharge was

distributed between the existing channel and the overbank inflow areas as
mentioned previously, with 9,100 cfs entering the existing channel and the

remaining flow entering through the right (2,000 cfs) and left (3,500 cfs) overbank
areas. With a discharge of 9,100 cfs, all the flow entered the existing channel.

Discharge 14,600 cfs

Flow conditions with a discharge of 14,600 cfs are shown in Photos 1-8.
Confetti was used in these photos to highlight the surface flow patterns. The flow
disturbances caused by the piers in the main channel upstream of the bypass
culvert are evident in Photo 1. The flow was concentrated toward the left bank
and the standing waves caused by the piers are shown in Photo 2. Flow over the
ogee weir at the entrance to the bypass culvert is shown in Photos 1 and 2. The
eddies and flow concentrations in the Guadalupe River channel are shown in

Photos 3-8. Flow conditions at the confluence of the bypass culvert and mtural
channel are shown in Photo 6. A significant flow disturbance is caused by the pier

located downstream from the confluence (GVC Bent 5A). Water-surfhce
elevations measured in the river for existing conditions with a total discharge of
14,600 cfs are provided in Table 1 and water-surface profiles are shown in
Plates 2-4. Flow depths measured in the bypass culvert are listed in Table 2 and
water-surhce profiles in the culvert are shown in Plates 5 and 6. Without the

roughness elements in the model, the water-sufiace elevations in the river and the
flow depths in the bypass culvert were acceptable. Bridge clearances were
acceptable at all bridges except the Santa Clara St. Bridge.

Experiments were then performed to determine the flow distribution for

existing conditions, the original design with no roughness elements, a discharge of
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14,600 cfs and a tailwater elevation of 77.6. The results revealed that 37 percent
of the total inflow, or 5,400 cl%, was diverted down the bypass culvert.

Discharge 9,100 cfs

Flows with the original design for existing conditions, a discharge of 9,100 cfs,
and a tailwater el of 73.9 are shown in Photos 9-16. Cotietti highlights the surface
eddies and areas of concentrated flow. The flow disturbances caused by the piers
in the main channel were not as severe but were still evidenL as seen in Photo 10.

Water-surface elevations measured in the river for existing conditions with a
total discharge of 9,100 cfs and a tailwater el of 73.9 are provided in Table 3.
Water-surf&ce profiles measured in the river are shown in Plates 7-9. Flow depths
maisured in the bypass culvert are listed in Table 4 and water-surfhce profiles in
the culvert are shown in Plates 10 and 11.

Experiments conducted for existing conditions, the original design, a discharge
of 9,100 cfs, and a tailwater el of 73.9 indicated 40 percent of the flow, or
3,600 cfs, was diverted down the bypass culvert.

Roughness experiments

Experiments were conducted to determine the appropriate roughness elements
to install in the original design model to better represent the prototype roughness
of the invert and sides of the channel. The natural channel has vegetation and
trees on the side slopes and sand and gravel on the invert. SPK indicated that for a
flow in the Guadalupe River of 1,500 cfs, the Manning’s n for tie channel should

be 0.03, and the Manning’s n value should be 0.05 for a flow of 6,500 cfs in the
river.

Experiments were performed in a separate laboratory flume to determine
materials that would reproduce these Manning’s n values. The flume section used
for the roughness experiments was 60 R long and 5 ft wide. Since the Guadalupe
River cross sections of interest were not similar, a representative section shown in
Plate 12 and Photo 17 was molded in the flume for the experiments. Expedients
were conducted with 1/ 16-in.-thick expanded metal placed on the invert and on the
side slopes up to the 1,500-cfs waterline. The Manning’s n value was determined
horn the Manning Equation

(1)

where
V = velocity in ftlsec
R = hydraulic radius in II

S = slope of energy grade line in ftfft
n = Manning coefficient

Chapter 3 Experimental Results



The flow area was determined from the model experiments and R and V (given
the discharge) were calculated. The expanded metal produced a Manning’s n value
of 0.03 with a discharge of 1,500 cfs. This was the value desired; therefore,
additional experiments were pefiormed to determine roughness elements needed to
pruhme a Manning’s n value of 0.05 with a discharge of 6,500 cfs in the river
channel.

Initially, 1/2- in.-diam dowels were placed in the model in a single row at the
1,500-cfi waterline. Results indicated not enough roughness was accomplished
with this design. Experiments were then conducted with various combinations of
dowels and a rubberized horsehair material, in addition to the expanded metal.

The combination that produced the desired Mtig’s n value was three rows of
dowels on each side of the channel placed as shown in Plate 12 and Photo 17.
Flow conditions in the research flume with a discharge of 6,500 cfs and the
roughness elements are shown in Photo 18.

The wooden dowels were then instzdled in the Guadalupe River model in a
similar arrangement on the appropriate bank(s). The dowels were placed on both
banks between the Woz Way and San Carlos Bridges and on the right bank
between the San Carlos and Park Avenue Bridges.

Model with Roughness Elements (Type 2 Design)

The model elements reproduced an energy gradient for a Manning’s n of 0.05
when the discharge in the mtural channel was 6,500 cfs. With a discharge of
1,500 cfs, the model elements reproduced an energy gradient for a Manning’s n
value of 0.03. T’hese modifications installed in the Guadalupe River were
designated the type 2 design.

Comparison with previous model study

Water-sutiace elevations were measured with a discharge of 1,500 cfs to
compare with those obtained from a model study pefiorrned by Hydro Research
Science Q-IRS), Inc. The comparison is shown in Table 5. The water sufiace at
sta 190+00 was fixed at 79.25 by raising the tailgate at the downstream end of the
model (sta 149+00). The station designations in the WES model were changd
from those in the HRS study. For example, sta 202+70 in the WES model was

sta 19+00 in the HIW model, as shown in Table 5. Except for the upstream
sta (202+70), the water-surface elevations were similar.

Flow distribution experiments

The distribution of flow between the box culvert and the natural channel was
then determined with the type 2 design for discharges of 6,500,9,100, and
14,600 cfs for existing and fiture conditions. As mentioned previously, future

conditions are those with no overbank flow entering the natural channel. All flow
enters from the existing channel and the fhture bypass channel proposed by

SCVWD. Flow distributions with these conditions are shown in Table 6. With a
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discharge of 14,600 cfs, 51 percent of the flow was passed through the bypass

culvert for existing conditions and 49 percent for fiture conditions. The desired
distribution for this discharge was 55 percent of the flow in the bypass culvert.

Existing conditions, discharge 14,600 cfs

Water-surl%ce elevations measured with the type 2 desigq a discharge of
14,600 cfs, and a tailwater of 77.6 are provided in Table 7. Plots of these
elevations for the Guadalupe River (natural channel) are shown as profiles in
Plates 13-15. The flow depths measured in the bypass culvert are shown in
Table 8 and the water-suxfiwe profiles for the bypass culvert with existing

conditions and an inilow of 14,600 cfs are shown Plates 16 and 17. No excessive
water-surface elevations were observed except at the Santa Clara St. Bridge,
where the desired clearance of 1 fl was not achieved at all locations underneath

the bridge.

Future conditions, discharge 14,600 cfs

The water-surfixe elevations meamred for fbture conditions with the type 2
desi~ a discharge of 14,600 cfk, and a tailwater el of 77.6 are provided in
Table 9. Water-sufice profiles for these conditions are shown in Plates 18-20.
The flow depths measured in the bypass culveti are listed in Table 10 and the
profiles for the bypass culvert with fhture conditions and an inflow of 14,600 cfs
are shown in Plates 21 and 22.

Weir elevation experiments

Water-suxface elevations measured on the upstream fice of the weir with a
discharge of 1,500 cfs indicated the weir could be lowered 0.75 ft without being

overtopped. The weir was lowered from el 79.77 to 79.02 and the flow split was
determined for discharges of 6,500,9,100, and 14,600 cfs for both existing and

fiture conditions. Flow distributions determined from these experiments are
provided in Table 11. Comparing the flow distributions with those obtained with

the weir at eI 79.77 (Tables 6 and 11), more flow was bypassed for the lower
discharges and less with a discharge of 14,600 cfs with existing conditions. With
future conditions, more flow was bypassed for discharges of 14,600 and 6,500 cfs
and the distribution remained the same for a discharge of 9,100 cfs.

Experiments to determine if lowering the ogee weir from el 79.77 to 79.02

alYected the water-surf&x. elevations for the design discharge of 14,600 cfs were
then performed. An abbreviated set of data was obtained in the river and bypass

culvert to compare with the previous measurements. Water-surface elevations
measured in the river are shown in Table 12, and depths measured in the bypass

are shown in Table 13. A slight reduction in water-surface elevation upstream
from the bypass entrance was observed with the lower weir.
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Santa Clara St. Bridge experiments

Experiments were conducted next to determine the baclmater effect (measured
in the model at sta 151+27) on the Water-sufice elevations near the Santa Clara
St. Bridge. One of the highest water-sufice elevations midway underneath the

Santa Clara St. Bridge occurred near the right wall at sta 155+50 with a discharge
of 14,600 cfs. This location was approximately 420 ft upstream from the station
where the river stage was set. The stage at sta 151+27 was lowered in increments
of 1 fi and the change in water level under the Santa Clara St. Bridge was
recorded. The results shown in Plate 23 indicate the water level drops almost
directly with the amount the river stage at sta 151+27 is lowers which should
occur with downstream control. The experiments were also conducted with pier
extensions placed on the upstream piers. Results were similar to those without
piers except for the condition with a 5-ft lower stage where the flow regime began
to change.

Experiments were then conducted to determine if structural modifications
would help lower the water level underneath the Santa Clara St. Bridge with a
discharge of 14,600 cfs. Pier extensions designed according to guidance in
Engineer Manual 1110-2-16011 and shown in Plate 24 were placed on the existing

piers. Comparing the water-surface elevations measured witbout pier extensions
(Table 14) with the water-surfhce elevations with pier extensions (Table 15)
indicated there were no significant differences. The flow profile with pier
extensions is smoother with less wave action and the pier extensions did reduce
flow disturbances upstream horn the bridge. They also will be beneficial in
preventing large debris from accumulating throughout the depth of flow, and for
these reasons the pier extensions are desirable at the Santa Clara St. Bridge.

The channel expansion downstream from the Santa Clara St. Bridge was
narrowed by installing a wall from the right abutment downstream generally along
the east side of the rivenvalk as shown in Plate 25. This modification also did not
have any significant effect. Water-surfhce elevations measured without bridge
pier extensions with this design are shown in Table 16. The downstream river
stage at sta 151+27 was the major influence on the water level at the Santa Clara

St. Bridge.

The service road under the Santa Clara St. Bridge was removed to see if this
would lower the water levels under the bridge. Water-surface elevations
measured without the service road are shown in Table 17. Comparison with

water-surfiice elevations with no modifications (Table 14) shows there is an
increase in water level through the bridge, but no increase upstream of the bridge.
The water-surface elevations measured at stations under the bridge are higher as a

cm.sequence of the flow redistributing due to the change in cross section. The

service road was left out of the model until experiments performed at the end of
the study.

1 U.S. Amy Corps of Engineers. (1994). ‘Wydraulic design of flood control channels,” Engineer Manual 1110-2-

1601, w&ix@oIL DC.
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Sediment experiments with type 2 design

A sediment experiment was conducted with a steady discharge of 14,600 cfs
and existing conditions. The sediment analysis conducted for the GDM indicated
that during the 100-year-frequency flow event, approximately 10,000 cu yd of bed
material may accumulate in the reach from Interstate Highway 280 to Park
Avenue. The design flow hydrography indicates discharges above 14,000 cfs occur
for approximately 2.5 hr (prototype). The sediment experiment was pefiormed by
introducing the prototype equivalent of 5,000 cu yd of sediment with a model d~O
size of 0.2 mm in 2.0 hr (prototype) and allowing clear water to discharge for
another 0.5 hr. Sediment deposition from this experiment is shown in Photos 19-
21. The largest deposits occurred belween the Interstate 280 piers adjacent to the
overbank flow areas (Photo 19) and upstream from the diversion weir (Photos 20
and 21). The sediment accumulated up to near the crest of the ogee weir, as
shown in Photo 20. Sediment also accumulated on the left side of the channel
between the bypass and the Woz Way Bridge, in the right box of the bypass
culvert, and upstream from the pier at the confluence of the culvert and river
channel. The sediment that deposited between the piers and in front of the weir
was hardened with cement. The flow distribution between the river channel and
bypass culvert for a discharge of 14,600 cfs and existing conditions was then
determined with these additional nonerodible areas in the model. Fifty percent of
the total inflow was diverted down the bypass culvert. This was slightly higher
than observed previously without the nonerodible areas. Another sediment
experiment was conducted using a mixture of very small gravel and sand. The
sand was more coarse than that used in the first experiment. Approximately 2 fi
of the sand and gravel was placed on the bcxi of the channel between stations
202+00 and 192+00 before beginning the experiment. The sediment (5,000 cu yd)

was introduced uniformly over a 2 .5-hr (prototype) period and the model was shut
off without allowing any clear water flow. This procedure was cm.sidered more
representative of actual field conditions. Results were similar to the first

experiment; however, sediment accumulations were greater. The areas of
deposition from this experiment are shown in Plate 26.

Bridge debris experiments

12

Debris was placed on the piers of the Woz Way, San Carlos Streeq Park
Avenue, San Fernando StreeL and West Santa Clara Street Bridges to observe the

effect on the flow conditions at the bridges. Debris was placed throughout the
depth of flow on the existing pier(s) and projected out from each side of the pier

approximately 1 ft. The capacity of the bridges was not affected for this debris
loading.
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Modifications to the Bypass Entrance and Weir

Type 2 bypass entrance

Experiments were conducted next to determine if modifying the bypass

entrance or weir design would increase the amount of flow into the bypass culvert.
The type 2 bypass entrance (Plate 27) consisted of extending the entrance 15 R

upstream and out into the Guadalupe River to intercept and redirect more of the
river flow into the bypass culvefi. Results from experiments with a discharge of
14,600 cfs for existing and fbture conditions listed in Table 18 indicated that for

existing conditions, 51 percent of the total flow entered the culvert and 52 percent
entered the culvert for the future conditions. This was a 2-percent increase for
existing conditions and no change for future conditions.

Type 3 weir and type 2 bypass entrance

Additional modifications were made to try and increase the flow down the
bypass culvert with the design flow of 14,600 cfs. Experiments were performed
with the type 3 weir and type 2 bypass entrance shown in Plate 28. The type 3
weir replaced the original design ogee weir and consisted of a @ straight,
sharp-crested weir 88.66 R long with the crest of the weir at el 79.02. This weir
was less effective than the ogee with 48 percent (Table 18) of the flow diverted

down the bypass for fiture conditions and a discharge of 14,600 cfs.

Type 3 bypass entrance and type 3 weir

A vertical wall was extended 50 fl from the type 2 bypass entrance upstream to
the highway pier (GR8 bent21) as shown in Plate 29. This was designated the
type 3 bypass entrance and was intended to capture more of the Guadalupe River
flow. For fiture conditions with a discharge of 14,600 cfs, 50 percent of the flow

was diverted down the bypass culvert. This was an improvement over the type 3
weir and type 2 bypass entrance, but was still less than the 52 percent measured
with the type 2 bypass entrance only and was less than the 55 percent desired.
There was concern over sediment deposition and attaching a wall to an existing
highway pier, so this approach was not favorable.

Type 3 bypass entrance, type 3 weir, and type 3 upstream channel

The sediment experiments conducted previously revealed that heavy deposits
occurred upstream from the bypass on the right (looking downstream) side of the
channel near the highway piers. An experiment was conducted with sandbags
placed as shown in Plate 30 to represent a sediment buildup in this area. This
modification was designated the type 3 upstream channel. Results (see Table 18)
indicated 51 percent of the flow was bypassed for fhture conditions with the
type 3 upstream channel. This was not a significant improvement, so the type 3

upstream channel was removed.
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Type 4 weir, type 2 bypass entrance

Additional experiments were performed with different weir designs. The type 3
weir was replaced with a * sharp-cres@ semicircular-shaped weir, the type 4
weir shown in Plate 31. The type 4 weir provided more weir length than the
previous designs. The type 2 bypass entrance was placed back in the model and a
flow distribution experiment was conducted. This design was not effective (see
Table 18) in increasing the bypass flow.

Type 4 weir, original design entrance

The type 2 bypass entrance was removed and experiments were pefiormed with
the type 4 weir and the original entrance. The flow distribution was increased, and
51 percent was bypassed with fiture conditions. This was still less than desired.

Results are provided in Table 18 under type 4 weir.

Type 5 weir

The type 4 weir was replaced with the type 5 weir, which consisted of four
semicircular-shaped arcs, as shown in Plate 32. The weir was also a thin sharp-
crested lype with the crest at el 79.02. This design contained more weir length
than the type 4 weir, but was less effective (48 percent bypass@ Table 18).

The experiments with various weir designs indicated the amount of flow
bypassed was ftirly insensitive to the weir design. The we 5 weir was removed
and an experiment was conducted to determine the flow split with no weir. For
fiture conditions, 53 percent of the flow was bypassed down the culvert (see
Table 18). This was less than the 55 percent desired.

Experiments were then conducted to determine the height of weir needed in the
Guadalupe River downstream from the bypass to divert 55 percent of the total
flow. A temporary 4.5-ft-high weir was constructed near sta 194+15 using bricks.
The location of this weir is shown in Plate 33. The weir did not extend from bank

to bank and was not sealed. Results listed in Table 18 revealed that 54 percent
of the flow was bypassed for future conditions. The weir was raised to 8.3 ft high

and 55 percent was bypassed for fimre conditions with a discharge of 14,600 cfs.
Results from these experiments and the experiment with no weir indicated that the

orientation of the flow in the approach channel to the bypass culvert was probably
the major influence on the amount of flow diverted.

Additional flow comparison experiments

14

SPK was concerned that the flow distributions determined from the HRS model
tests were different than those determined from the WES model. The experimental
conditions used in the WES model were slightly different from those conducted in
the HRS model, so additional experiments were conducted with the WES model
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using the HRS conditions. The HRS experiments were conducted with the river
stage at sta 190+00 of the Guadalupe River set at 87.5 with a total inflow of
14,600 cfk. The original ogee weir with a crest el of 79.77 was placed back in the
model and the stage at sta 190+00 was set at 87.5. An experiment was

conducted for fiture conditions with a discharge of 14,600 cfs and results
provided in Table 18 showed that 52 percent of the flow was bypassed.

Review of slides taken of fie HRS model showed there was no entrance pier in
the culvert as there was in the WES model. The pier, located as shown in Plate
34, was removed and an experiment was conducted with WES conditions, stage
at sta 190+00 at el 86.9. For future conditions with a discharge of 14,600 cfi and
the river stage at sta 190+00 at el 86.9,52 percent of the flow was diverted
through the bypass culvert. This was a 3-percent increase over the conditions with
the pier in pIace. An experiment was then conducted with the I-IRS conditions
(river stage at sta 190+00 set at e] 87.5) and the pier removed. For fbture

conditions with a discharge of 14,600 cfs, 54 percent of the total flow was
diverted through the bypass culvefi (see Table 18). This compared reasombly
with the HRS results of 55 percent diverted down the bypass culvert and WES and
SPK were satisfied that both models reproduced the flows sufficiently.

Types 4 and 5 upstream channel

Since the flow in the approach channel to the bypass appeared to be the main
influence on the amount of flow diverted down the bypass, experiments were
conducted with mcxiifications to the channel upstream to try and force more flow
through the bypass culvert. The type 4 upstream channel consisted of one layer of
bricks placed as shown in Plate 35 along with the original design weir at el 79.77.
The weir was kept at el 79.77 for the remainin g experiments. This design
represented raising the invert of the channel in this area by 4.75 ft. An experiment
was conducted for fiiture conditions with a discharge of 14,600 cfs and 52 percent

of the flow was diverted through the bypass culvert (see Table 18). The invert
was raised another 4.75 fi by adding another layer of bricks, resulting in the type 5

upstream channel shown in Plate 35. Results with this design and fiture
conditions indicated that 55 percent was diverted through the bypass, the amount
desired.

Type 6 upstream channel

Sincethe type 5 upstream channel provided the desired flow distribution for
fiture conditions, the bricks were replaced with pea gravel and hardened with
cement. This was designated the type 6 upstream channel (Plate 35) and results
for fiture conditions (Table 18) also revealed that 55 percent of the flow was

diverted down the bypass culvert. An experiment was then conducted with

existing conditions and 51 percent of the flow entered the bypass culvert (see
Table 18). The type 6 upstream channel was demonstrated for SPK and
observations indicated that the type 6 upstream channel could probably be
modified to increase the amount of flow diverted through the bypass.
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Types 7 and 8 upstream channel

Since the type 6 upstream channel improved the amount of flow diverted into
the bypass channel for existing conditions, temporary modifications were made
using bricks and sandbags to observe the effects of reshaping the right bankline

between stations 196+50 and 194+00. These temporaxy modifications were noted
as the types 7 and 8 upstream channel shown in Plate 36 and were observed
during a visit by SPK personnel. No data were obtained with these temporary
modifications and SPK indicated they would furnish a more detailed design
incorporating fatures from the type 8 upstream channel at a later date.

Type 9 upstream channel and type 4 bypass entrance

The next design furnished by SPK (type 9 upstream channel, Plate 37)
consisted of moving the Iefl wall of the original design channel between stations
200+00 and the weir riverward. The length of the ogee weir was reduced by
approximately 21 ft and the access ramp moved downstream from the weir (type 4

bypass entrance) as shown in Plate 37 along with the type 9 upstream channel.
The original design left wall and ramp are shown in Plate 37 as dashed lines.
These changes were required due to seismic upgrades of the highway piers locatai
in the vicinity of the channel. Experiments conducted with this design indicated
that for the design flow and future conditions, 36 percent of the flow was diverted
down the bypass culvert. This was a significant reduction from the previous
designs investigated and was well below the desired diversion of 55 percent.

Type 10 upstream channel

The right bank (east bank) of the channel was modified between stations
198+50 and 196+00 as shown in Plate 37. This change consisted of moving the

bankhne out into the channel to try and direct more flow down the bypass culvert.

This modification was designated the type 10 upstream channel and included the
left wall mod&ations made for the type 9 upstream channel. A flow diversion

experiment with this design indicated 6,850 cfs of the 14,600 cfs (47 percent) was
diverted down the bypass cuIvert with IMure conditions. Center-line water-sufice
elevations measured between stations 200+00 and 192+00 with the type 10
upstream channel and type 4 bypass entrance for fiture conditions are provided in
Table 19. These elevations were higher than those measured previously with the
ly-pe 2 design listed in Table 9.

Type 11 upstream channel

Modifications were continued to the channel upstream from the bypass

entrance to try and increase the diversion flow. The right side of the channel was
modified fiu-ther by moving the right banldine out into the channel between
stations 196+00 and 193+50. This change, designated the type 11 upstream
channel (shown in Plate 38) included f~tures from the type 8 upstream channel
discussed above. Results from a flow diversion experiment indicated 6,900 cfs of

the 14,600 cfs (47 percent) was diverted down the bypass culvert with fiture
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conditions and 6,650 cfs (46 percent) with existing conditions. Center-line water-
surfhce elevations measured between stations 200+00 and 192+00 with the
type 11 upstream channel and type 4 bypass entrance for both fhture and existing
conditions are provided in Table 20. This modification caused the water-surf%ce
elevations to increase upstream horn the weir.

Type 5 bypass entrance

The curvature of the ogee weir was reversed and the diversion point was moved
fiu-ther out into the Guadalupe River to try and intercept and divert more of the
river flow. This design was the type 5 bypass entrance shown in Plate 39.
Results of flow diversion experiments conducted with the type 5 bypass entrance
and type 11 upstream channel indicated 8,050 cfs (55 percent) was diverted down
the bypass culvert with the design flow and fiture conditions and 7,850 cfs
(54 percent) was diverted with existing cmxlitions. Center-iine water-surface

elevations measured between stations 200+00 and 192+00 with fiture and existing
conditions are provided in Table21.

Type 1 pier extensions

Since the flow diversion was approaching the desired distributio~ various
combinations of pier extensions were placed on the existing piers in the upstream
channel with the @pe 5 bypass entrance and type 11 upstream channel to
determine the effect on the flow conditions and water-surface elevations. Pier
extensions on all piers between stations 200+00 and 194+00 were designated the
type 1 pier extensions. F1OWdiversion experiments indicated 8,200 cfs
(56 percent) was diverted down the bypass culvert with the design flow and fiture
conditions and 8,000 cfs (55 percent) was diverted with existing conditions.

Center-line water-surface elevations measured between stations 200+00 and
192+00 with fbture and existing conditions are provided in Table 21. A
comparison of the center-line water-sutiace elevations with and without the pier
extensions for fiture and existing conditions and the design discharge are shown in
Plate 40. The type 1 pier extensions had minor effects on the center-line water-

surface elevations and practically no change was observed downstream from
station 198+00. The pier extensions did improve the flow conditions in the
channel upstream from the weir by reducing the localized flow disturbances
around each of the piers.

Type 2 pier extensions

The pier extensions were removed from the four piers between stations 198+00
and 195+00, resulting in the type 2 pier extensions. Experiments with the design
discharge and fhture conditions indicated 55 percent of the flow, 8,050 cfs, was

diveti down the bypass. Center-line water-surface elevations are provided in
Table 21, and water-surface profiles measured with the types 1 and 2 pier

extensions are compared in Plate 41. No significant differences in water-surface

elevations between the types 1 and 2 pier extensions were observed.
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Type 3 pier extensions

Pier extensions were then placed on piers located between stations 198+00 and
195+00 only, resulting in the type 3 pier extensions. Experiments with the design
discharge and fiture conditions indicated 52 percent of the flow, 7,600 cfs, was
diverted down the bypass. Center-line water-surfke elevations for fhture
conditions are shown in Table 21 and a comparison with the types 1 and 2 pier
extensions shown in Plate 41 indicates no significant change.

Type 4 pier extensions

Pier extensions were then placed on all piers located between stations 200+00

and 194+00 except the three between stations 197+00 and 195+00, resulting in the
type 4 pier extensions. Experiments conducted with the type 11 upstream channel,
type 5 bypass entrance, and type 4 pier extensions for the design discharge and
fiture conditions indicated 55 percent of the flow, 8,050 cfs, was diverted down
the bypass. Center-line water-surface elevations are shown in Table21, and with
the ~es 1-3 pier extensions in Plate 41. Water-surface elevations measured were
lower with the type 4 pier extensions than the previous designs investigated for the
design flow and fhture conditions.

Type 12 upstream channel

The right bank between stations 196+00 and 194+00 was modified by
removing a portion at the toe of the ba& as shown in Plate 42. This modification

was made to widen the channel in an effort to lower the upstream water surface.
Experiments conducted with the we 12 upstream channel, type 5 bypass
entrance, and type 1 pier extensions indicated that 53 percent ( 7,700 cfs) of the
flow was diverted down the bypass culvert with the design flow and fiture

conditions. Center-line water surfiwe elevations are provided in Table 22, and no

significant lowering was observed with this modification.

Type 13 upstream channel

The left channel wall was modified by moving the beginning of the wall

downstream to sta 198+60 and tying back into the existing wall around

sta 197+70, as shown in Plate 43. This modification was also made in an effort to
lower the upstream water surface. Experiments conducted with the type 13
upstream channel, type 5 bypass entrance, and type 1 pier extensions indicated

that 54 percent ( 7,850 cfs) of the flow was diverted down the bypass with the
design flow and fiture conditions and that51 percent ( 7,450 cfs) was diverted
with existing conditions. Center-line water-surface elevations measured with this
design and existing conditions are provided in Table 23 and compared with the

type 11 upstream channel water-sufiace elevations in Plate 44. Water-surface

elevations measured with the type 13 upstream channel were lower than the type
11 upstream channel between stations 200+00 and 195+50, but were higher

between stations 195+00 and 192+00.
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Type 14 upstream channel and type 5 pier extensions

The left wall was modified between stations 199+50 and 197+00 and the right
side of the channel was retied between stations 200+50 and 197+00, type 14
upstream channel, as shown in Plate 45. Sloping pier extensions were placed on
all piers between stations 200+00 and 194+00 and the proposed 9-ft-diam
caltrans seismic retrofit outrigger column at GR1 Line Bent 4 was added. The pier
extension modifications were designated the type 5 pier extensions. Experiments
conducted with the we 14 upstream channel, type 5 bypass entrance, and type 5
pier extensions indicated 54 percent (7,850 cfs) of the flow was diverted down the

bypass with the design flow for both fiture and existing conditions. Center-line
water-surfkce elevations measured with this design for fhture and existing
conditions are provided in Table 24 and plotted in Plate 46. No significant
lowering of the water-surface elevations in the upstream channel was observed
between the types 13 and 14 design upstream channels for existing conditions.

Type 15 upstream channel

The lefl wall of the channel between stations 199+50 and 195+50 was moved
fhrt.her to the left to widen tbe channel and determine the effects on the water-
surface elevations. This change was the type 15 upstream channel shown in
Plate 47. Experiments conducted with the type 15 upstream channel, we 5
bypass entrance, and type 5 pier extensions indicated that 55 percent (8,100 cfs)
of the flow was diverted down the bypass with the design flow and fhture
conditions. Center-line water-surface elevations measured with these designs for
fiture conditions are listed in Table 25 and compared with the type 14 upstream

channel in Plate 48. Water-surface elevations measured with the type 15
upstream channel and future conditions were lower between stations 200+ 50 and
199+00 and slightly higher between 198+00 and 196+00 compared to those
measured with the type 14 upstream channel. The lower upstream water su&ce
was desirable.

Type 16 upstream channel

A temporary modification was made to the diversion and weir as shown in

Plate 49. The right entrance walI at the diversion was extended 12.5 i? upstream
and the area between the wall and the weir was filled with brick. No data were
obtained with this temporary modification% but observation of the flows indicated
the wall extension improved the concentrated flow conditions in the Guadalupe
River downstream from the diversion.

Type 17 upstream channel and type 6 bypass entrance

A more permanent modification was made to the diversion wall and entrance

and the bricks were removal between the extended wall and the ogee weir to form
the type 17 upstream channel and type 6 bypass entrance shown in Plate 50.

Experiments conducted with the type 17 upstream channel, type 6 bypass
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entrance, and type 5 pier extensions indicated that 57 percent ( 8,270 cfs) of the
flow was diverted down the bypass with the design flow and fhture conditions and
that 55 percent (8,040 cfs) was diverted with existing conditions. Center-line
water-surl%ce elevations measured with these designs for fiture and existing
conditions are provided in Table 26 and compared with the types 14 and 15

upstream channel in Plate 51. Agaiq no signiikant dii3erences were obsemsd
between the water surf&e with the types 14, 15, and 17 upstream channel
designs.

Type 18 upstream channel, type 7 bypass entrance, and type 6 pier
extensions

The lefi side of the channel hid to be modifkd again between stations 199+50

and the ogee weir due to seismic cxmcems, and the right side was modified again
between stations 200+50 and 194+00 to accommodate a pier located on the top

bank near sta 199+00 and for architectural reasons. These modifications were
designated the type 18 upstream channel. The geometry near the diversion wall
was modified to form the type 7 bypass entrance and pier extensions were
removed Ilom the three piers between 197+00 and 195+00, we 6 pier extensions.
These modifications are shown in Plate 52. Experiments conducted with the type
18 upstream channel, type 7 bypass entrance, and type 6 pier extensions indicated
that 55 percent ( 8,100 cfs) of the flow was diverted down the bypass culvert with
the design flow for both future and existing conditions. Center-line water-surfime
elevations measured with these designs for fiture and existing conditions are listed
in Table 27 and compared with the lypes 17 and 15 upstream channel water-
surfke elevations in Plate 53. The center-line water-sufice elevations were lower
betsveen stations 199+00 and 195+00 with the type 18 upstream channel, the
type 7 bypass entrance, and type 6 pier extensions.

Type 8 bypass entrance

Flow distribution between the right and left sides of the bypass culvert was not
equal with the type 18 upstream channel, type 7 bypass entrance, and type 6 pier
extensions. Of the 8,100 cfs diverted down the bypass culve~ 3,800 cfs entered
the left side of the culvert and 4,300 cfs entered the right side. Experiments were
pefiormed with the @pe 8 bypass entrance shown in Plate 54 to determine if this
modification would distribute the flow better. The type 8 bypass entrance

consisted of placing a 1-ft-thic~ 17-ft-high curved wall extension fkom the start of
the existing divider wall to a location 13.5 R downstream from the toe of the

existing weir spillway. Experiments conducted with the type 18 upstream
channel, type 8 bypass entrance, and type 6 pier extensions indicated that
55 percent ( 8,070 cfs) of the flow was diverted down the bypass with the design

flow for fiture conditions and of this amount, 4,040 cfs entered the left side and
4,030 entered the right side. Center-line water-surface elevations measured with
these designs for fiture conditions are listed in Table 28 and compared with the
type 7 bypass entrance water-surfhce elevations in Plate 55. There was a slight

increase in upstream water surface with this design and also flow bulked up at the
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beginning (upstream end) of the wall extension. Water-surfiwe profiles along the
right and left sides of the wall extension are shown in Plate 56 and the water-

sufice elevations measured for these proliles are provided in Table 29.

Type 9 bypass entrance

Experiments with the &pe 9 bypass entrance shown in Plate 54 were performed
next to try and reduce the flow disturbances at the upstream end of the wall. The
lype 9 bypass entrance consisted of the l-fi-thic~ 17-ft-high curved wall extension
from the start of the existing divider wall to a kxation 13.5 ft downstream from
the toe of the existing weir spillway with a IV on lH slope at the upstream end.
Experiments conducted with the type 18 upstream channel, type 9 bypass

entrance, and type 6 pier extensions indicated 55 percent (8,040 cfs) of the flow
was diverted down the bypass with the design flow for future conditions and of

this amoun$ 3,980 cfs entered the left side and 4,060 cfs entered the right side.
Center-line water-surhce elevations were measured with these designs for fiture
conditions and are listed in Table 28 and compared with the types 7 and 8 bypass
entrance water-surface elevatiom in Plate 55. There was a slight reduction in
upstream water sufice with this design and the flow conditions at the upstream
end of the wall were improved from the type 8 bypass entrance. Water-surface
profiles along the right and left sides of the wall extension are shown in Plate 57
and the water-surface elevations measured for these profiles are provided in Table
30.

Type 10 bypass entrance

Experiments were then conducted in an attempt to try and evenly distribute the
flow entering the bypass culvert by modifying the upstream end of the existing
divider wall. The type 10 bypass entrance shown in Plate 58 consisted of
widening the upstream end of the divider pier from 4 ft to 5.5 ft. This

modification had no significant impact on the flow distribution from that
determinedwith the type 7 bypass entrance. Experiments conducted with the type
18 upstream channel, type 10 bypass entrance, and type 6 pier extensions
indicated 55 percent (8,000 cfs) of the flow was diverted down the bypass with the
design flow for fhture conditions and of this amount 3,760 cfs entered the lefi side
and 4,240 entered the right side. Center-line water-surfiwe elevations between
stations 200+50 and 192+00 are listed in Table 31 along with the type 7 bypass
entrance water-sufice elevations for comparison. There was no significant
difference between the water-surface elevations measural for the types 7 and 10
bypass entrance designs.

Types 11-13 bypass entrance

Experiments were conducted next to determine if changing the alignment of the
upstream end of the existing divider wall would affect the distribution of flow

entering the right and left sides of the bypass culvert. The upstream end of the
original 4-ft-wide divider pier was moved to the righ< as shown in Plates 59-61.
These modifications were designated the types 11, 12, and 13 bypass entrances.
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The flow distribution for these designs is providd in Table 32. The type 13
bypass entrance, with the upstream end of the divider wall moved approximately
6.3 R to the righL provided the best distribution of the three designs examined.
The wat.er-surfixe differential at the divider wall between the right and left sides of
the culvert increased over those observed with the type 9 bypass entrance for the

types 11-13 bypass entrance designs. This increase was not desirable and
therefore the type 9 bypass entrance was placed back in the medel. The upstream
water sud%ce was not significantly affected by the types 11-13 bypass entrance
designs. A partial summary of the flow distributions measured with the
modifications discussed above is provided in Table 33.

Type 6 pier extensions, type 9 bypass entrance, type 18 upstream
channel

The previous experiments with the type 6 pier extensions, type 9 bypass
entrance, and type 18 upstream channel indicated these modifications provided
acceptable flow conditions in the upstream channel and the desired flow diversion.

Discharge 14,600 cfs

The water-surface elevations measured in the Guadalupe River with the type 6
pier extensions, type 9 bypass entrance, and type 18 upstream channel with an
inflow of 14,600 cfs and fbture conditions are provided in Table 34. The water-
surf%ce profiles in the river are included in Plates 62-64. Water-surface
measurements obtained in the box culvert are providd in Table 35 and profiles in
the culvert are shown in Plates 65 and 66.

Discharge 9,100 cfs

Additional water-surface measurements were made for a discharge of 9,100 cfs

with future conditions. Measurements obtained with a discharge of 9,100 cfs are
listed in Table 36. The type 11 bypass entrance was in place for the experiments

with a discharge of9,100 cfs, although no change in river water surface was
observed since the flow distribution between the river and the bypass culvert was
similar between the types 9 and 11 bypass entrances. Water-surface profiles of
the river with a discharge of 9,100 cfs are shown in Plates 67-69. Water-surface
measurements in the culvert are provided in Table 37, and the profiles are shown
in Plates 70 and 71.

Discharge 6,500 cfs

22

Water-surfhce elevations obtained with a discharge of 6,500 cfs and future

conditions are provided in Table 38. The type 9 bypass entrance was in place for
these experiments. River profiles are shown in Plates 72-74. Table 39 lists the
water depths measured in the culvert with a discharge of 6,500 cfs and the culvert
profiles are provided in Plates 75 and 76.
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Flow distributions measured with discharges of 14,600,9,100, and 6,500 cfs
and various modifications are shown in Table 40. The desired flow split (55
percent of the total inflow down the bypass culvefi) was achieved with 14,600 cfs

and fiture conditions. The flow distribution to the bypass culvert with a discharge
of 9,100 cfs was 55 percent for both fbture and existing conditions. The flow
distribution with a discharge of 6,500 cfs was 48 percent with fiture conditions
and 50 percent with existing conditions.

Velocity measurements near the piers

Experiments were performed to obtain velocity measurements in the vicinity of

selected piers within the channel. These measurements were made to help evaluate
the flow distribution in the channel and determine the type scour protection
material required. Velocity measurement locations are provided in plan view
drawings of the pertinent portion of the channel and the magnitudes are provided
in tables. The velocities are averaged over a specified time period (generally
10 sec in the model) and the measurements indicate the magnitude of the dominant

streamwise component at 1 fi and 3 R off the invert. The stations designated with
a numeric value followed by the letter “a” represent the measurement made 3 ft off
the invert.

Velocity measurements near GR1 bent 2 and GR1 bent 3

The veloci~ locations for piers GR1 bent 2 and GR1 bent 3 are shown in
Plate 77 and magnitudes are provided in Tables 41 and 42, respectively. Near
pier GRI bent 2, velocities ranged from 1.4 to 7.9 fllsec and near pier GR1 bent 3,
velocities ranging from 1.0 to 13.9 ftlsec were measured. The lower velocities
usually indicate measurements made in the wake of the pier.

Velocity measurements near GR1 bent 4

The locations of the velocity measurements near GR1 bent 4 are shown in
Plate 78 and the magnitudes are listed in Table 43. In later experiments, a 10-ft-

diam new pier was placed adjacent to GR1 bent 4. Velocities measured near GRI
bent 4 ranged from 0.8 to 13.9 Wsec.

Velocity measurements near D bent 15-D, 15-C, 15-B, and 15-A

The plan view locations for velocity measurements made near piers D bent 15-

D, C, B, and A are shown in Plate 79. Magnitudes of the measurements are
provided in Tables 4447, respectively. A temper-q pier extension was in place
during the measurements made near D bent 15-D. Velocities near 14 ftlsec were
measured near the invert adjacent to the proposed gabion steps on the right side of
the channel between stations 197+50 and 196+50. The highest velocity measured
was at station la of D bent 15-C and was 16.9 ft/sec. The range of velocities

measured near these piers indicates a rapidly varying flow field with wakes,

concentrated flows, and high.1y three-dimensional flow conditions.
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Velocity measurements near GR5 bent 15 and GD3 bent 7

Measurement locations for GR5 bent 15 and GD3 bent 7 are shown in Plate 80
and the magnitudes of the velocity measurements are listed in Tables 48 and 49.
These measurements were also made with temporary pier extensions in plax.
Velocities near the center of the channel were around 10 Wsec.

Type 7 pier extensions

The need for pier extensions on some of the existing piers had been partially
evaluated previously using temporary pier extensions quickly fabricated from sheet
metal and wood. An improvement in flow conditions was observed when these pier
extensions were used on piers GR1 bent 4, the new 10-ft-diam pier on the right side

of pier GRI bent 4, GR5 bent 15, GD3 bent 7, D bent 15-D, GR8 bent 21, and
GD4 bent 12. The temporary pier extensions on these particular piers were the
type 6 pier extensions described previously. The temporary pier extensions were
replaced with more permanent sloping pier extensions, type 7 pier extensions,

designed from guidance presented in EM 1110-2- 1601.1 The pier extension design
used is shown in Plate 81. Some of the pier extension details are provided in
Table 50. The variable W, the pier wid~ depends on the particular pier and its
orientation with the flow. The variable R is the radius at the upstream end or nose
of the pier extension. R was 1 R for all piers less than 10 ft wide. The height of
the piers was determined based on the maximum water-surface elevations measured
with the design flow of 14,600 cfs and fiture conditions. The depth of flow

ranged from about 14 to 15.5 ~ so 16 it was chosen as the pier height. The
remaining dimensions were based on criteria given in EM 1110-2- 1601.1

The pier extensions improved the flow conditions around the piers by reducing
the flow concentrations and providing a more streamlined approach and exit.
Alignment of the pier extensions for the piers between stations 20 1+00 and 194+00
is shown in Plate 82. The angle for the azimuth of the pier extension center line
gives the orientation of the pier. The azimuth refers to grid north taken from
coordinates given on SPK drawings labeled “Pier Locations,” sheets 9 and 10.
This alignment should be modified as necessary if the alignment of the channel to

be constructed changes and does not match the alignment used in the model. The
alignment of piers GVC bent 5A and GRV bent 3B is shown in Plate 83. Flow

conditions near these piers were improved in the same manner observed with the
upstream piers. The water surface was smoothed and the wake disturbances were
not as severe.

Pier extensions for the Guadalupe River bridges were also evaluated. Results of
the experiments performed with pier extensions for the Santa Clara St. Bridge were

described in previous paragraphs (see Plate 24). These results indicated there were
no significant changes in the water-surface elevations under the bridge with the pier

extensions. The pier extensions do reduce flow disturbances at the upstream side

1 U.S. Army Corps of En-@eers. (1994). ‘Y@iraulic design of flood control channel,” Engineer Manual

1110-2-1601, washingto~ DC.
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of the bridge, which reduces the wave action through the bridge and is more
hydmuka.lly desirable. The reduction in flow disturbances indicates less
turbulence in the flow and will probably tend to reduce the localized scour. The
sloping potion of the pier extensio% also referred to as a debris nose, is considered
beneficial in preventing debris horn accumulating at the bridge.

Experiments were performed at the San Fernando St. Bridge with the same
design pier extension used on the Santa Clara St. Bridge. Water-sur&ce profiles
measured along the pier without a pier extension for a discharge of 14,600 cfs are
shown in Plate 84. Water-surface profiles measured along the pier with a pier
extension for a discharge of 14,600 cfs are shown in Plate 85. There was no
significant reduction in the water-surfme elevatioq but again the pier extensions
are considered beneficial for debris purposes and reducing turbulence.

Observations of the flows at the remainin g bridges, Park Avenue, San Carlos,

and Woz Way, reve.ki these bridges would not benefit sign.iticantly from pier
extensions. Adequate clearance was present at all three bridges. The alignment of
the pier and flow at San Carlos would not be desirable for a pier extension placed
in line with the existing pier.

Type 7 pier extensions, type 14 bypass entrance, type 18 upstream
channel

The right side of the ogee weir at the bypass entrance was rotated as shown in
Plate 86. The upstream end of the divider wall was maintained at a distance 13.5 R
downstream from the downstream tee of the weir, which meant the overall length of
the divider wall increased by 9.6 R (along the center line of the divider wall).
These modifications were designated the type 14 bypass entrance. A flow distr-
ibution experiment was pefiormed with these designs and the results indicated
55 percent of the flow was diverted down the bypass for a discharge of 14,600 cfs

and future conditions (Table 40). This was similar to the previous experiments
with the type 6 pier extensions, type 9 bypass entrance, and type 18 upstream
channel. Water-sufice elevations measured with these designs are listed in
Table 51.

Debris experiments

Qualitative debris experiments were performed using small brushes and wooden

dowels of varying lengths, which represented debris 1 ft in diameter. The
experiments were conducted with and without pier extensions for a discharge of
14,600 cfs. The results were videotaped and forwarded to SPK for review. Debris

accumulation on the piers without pier extensions generally occurred throughout
the depth. Debris accumulation on the piers with the pier extensions was obsemd
at the water surface. The heaviest accumulations occurnxl at the San Fernando St.
and Santa Clara St. Bridges and at piers GVC bent 5A and GRV bent 3B without
pier extensions.
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Additional sediment experiment

An additional sediment experiment was pefiormed to qualitatively evaluate

areas subject to deposition. A mixture of coarse sand and very small gravel was

used for the sediment. Before the start of the experimen~ approximately 1.5 ft of
sediment was placed on the invert of the channel between stations 201+00 and
190+00 to represent bed material. Approximately 5,200 cu yd of sediment were
introduced between stations 203+00 and 202+00 over a 2.5-hr period (prototype)
with a discharge of 14,600 cfs. The model was then drained and a video was made
of the results. Sediment deposition occurred immediately downstream from the
point of introduction between stations 20 1+00 and 199+00. Sediment deposits
were also observed on the right side of the channel between stations 199+00 and
198+00. The largest deposit occurred downstream from the confluence between
stations 194+00 and 191+85. Center-line and right-and left-side bed profiles of
sediment deposition in this area are shown in Plate 87.

The sediment deposits upstream from the ogee weir and between sta 194+00
and 191+85 were hardened with a cement mixture. This was done to determine if
the flow distribution was affected by the sediment. For fhture conditions with a
&charge of 14,600 cfs and the type 14 bypass entrance, type 18 upstream channel
and no pier extensions, 54 percent of the total inflow was diverted down the bypass
culvert. With the conditions above and the type 7 pier extensions, 55 percent of the
total inflow was diverted down the bypass culvert. Results from these experiments
are provided in Table 52. During a visit to WES in December 1995, SPK
requested an experiment to determine the flow distribution with the water-surfhce
elevation at Woz Way (sta 189+50) mised 2 ft. The experiment was conducted
with the type 7 pier extensions, type 14 bypass entrance, and the type 18 upstream
channel for fiture conditions with a discharge of 14,600 cfs. With these

conditions, 61 percent of the flow was diverted down the bypass. Results are Iisttxi
in Table 52.

Type 15 bypass entrance

During the December 1995 visit, SPK also requeskxi that a short deflector wall
be placed at the bypass entrance to direct the high-veloci~ flow away from the left
side of the channel immediately downstream from the bypass. This modification
was noted as the type 15 bypass entrance and is shown in Plate 88. The flow
conditions were videotaped and fomvarded to SPK for review. The deflector did
direct the flow away from the gabions and also helped spread the flow better in the
river channel downstream from the bypass entrance.

Downstream wall modifications

26

Earlier in the model investigatiorq a wail modification was made to the left
channel wall just upstream from the Santa Clara St. Bridge, which reduced the
width of the channel. This modification produced unacceptable standing waves in

the channel. The wall from this modification was realigned to increase the channel
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width from the previous modification and details of this modification are shown in
Plate 89. This wall did not adversely &i flow conditions in this area.

Fountain design

A water fountain was proposed for the confluence area and there was concern

that some of the wak to be plad in the channel might adversely rdYect the flow
conditions near the confluence. The structural walls of the proposed fountain were
placed in the model as shown in a plan view in Plate 90. No adverse impacts to the
flow conditions in this area were observed in the model experiments with a
discharge of 14,600 cfs.

Other channel modifications

Minor modifications were made to the river channel for better access to the
invert. The left bank under the Park Ave. Bridge was modified slightly and an

access ramp to the invert was placed downstream from Park Ave. on the Iefi bank
near the confluence. The access ramp upstream from the San Fernando St. Bridge

on the right bamk was moved downstream to a location just upstream from the
bridge. These modifications were in place for the experiments conducted with the
types 14 and 15 bypass entrances. The modifications had no significant impacts on
the flow conditions in the river channel. However, the access ramp upstream from
the San Fernando St. Bridge should not be modified in the fiture without fim.her
evaluation.

Modified channel and pier alignments

Model details of the upstream channel and pier locations and alignments
fixnished to SPK for review indicated there were some discrepancies in the

geometries. These discrepancies were not considered majo~ however, there was
concern that the flow distribution and the water-surface elevations in the upstream
channel might change. The model was modified to match the SPK drawing
received 2 August 1996 and additional experiments were petiormed. The new pier
locations are compared to the old locations in Plate 91.

Type 19 upstream channel, type 16 bypass entrance, type 8 pier
extensions

The right side of the upstream channel was modified between stations 199+50

and 193+00. The curvature of the roadway and the gabion steps to the invert were
changed so the gabions would not intersect Pier GR4 bent 2. This modification
was designated the type 19 upstream channel and slightly increased the cross-

sectiomd area of the channel near sta 194+00. The SPK drawing also indicated the
4-ft-thick divider wall downstream from the weir in the bypass culvert needed to be

moved to the right by 1,5 ft. The 1-ft-thick divider wall upstream from the 4-ft-
thick wall was left in its previous position since it was still attached to the thicker
wall at the upstream end. The slight misalignment between the walls was not

significant. The realignment of the 4-ft-thick wall was designated the type 16
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bypass entrance and is shown in Plates 92 and 93. The type 19 upstream channel
and the type 16 bypass entrance are shown in Plate 92. Since the pier locations
were changed slightly from the type 7 pier extensions, the new piers were
designated the type 8 pier extensions and are shown in Plates 91 and 92. The
locations of the piers and the alignments of the type 8 pier extensions are provided

in Plate 92.

Experiments were pefiormed with the type 16 bypass entrance and type 19
upstream channel for the design flow of 14,600 cfs with fiture and existing
conditions and with and without the type 8 pier extensions. Water-sufice profiles
measured in the upstream channel between sta 192+00 and 200+50 are shown in
Table 53. Comparison of the measurements obtained with and without the type 8
pier extensions for future conditions to the water-surfiwe elevations in Table51
indicates water-surfbce elevations upstream from sta 198+50 are similar and
water-surt%ce elevations downstream from sta 195+00 are lower with the
additional mod.iiications. The water-surf=e elevations between these stations is
generally slightly higher than the comparable elevations in Table51.

Flow distributions between the bypass culvert and the Guadalupe River for the
type 16 bypass entrance, type 19 upstream channel, and the lype 8 pier extensions
with the design flow are listed in Table 54. SIightly more flow was diverted down
the bypass culvert with the new pier locations and modified channel than with
previous designs tested The percentages of the design flow diverted down the

bypass culvert for fhture conditions without pier extensions was 59 percent and
with the type 8 pier extensions was 58 percent. The amount diverted for existing
conditions without pier extensions was 55 percen~ and with pier extensions was
56 percent.

Photographs of the flow conditions in the channel were obtained with the type
19 upstrq type 16 bypass entrance, and the type 8 pier extensions with a

discharge of 14,600 cfs and future conditions. These flow conditions are shown in
Photos 22-30 beginning near sta 199+00. Photo 22 shows the flow conditions in
the upstream channel between sta 199+00 and the entrance to the bypass culvert.
The flow was fii.irly well distributed throughout the channel down to sta 196+50.
At sta 196+00, an eddy formed near the top of the right bank due to flow separa-

tion just upstream. A closeup of the flow conditions in the vicinily of the bypass is
shown in Photo 23. A large eddy formed at the top of the right bank beginning
near sta 194+00 and terminated just downstream horn sta 191+00. An eddy also
formed at the top of the left bank near sta 193+00 and also terminated downstream

born sta 191+00. The flow conditions in the channel near Woz Way Bridge are
shown in Photo 24. Flow under the bridge was concentrated in the center of the

channel and eddies occurred at the top bank. The flow began to redistribute
throughout the channel near sta 188+00. Flow conditions in the Guadalupe River
between stations 185+00 and 180+00 near Auzerais Point are shown in Photo 25.

The roughness elements used to represent trees near the top bank can be seen in the
photo. The trees slow the flow near the top bank and tend to concentrate the flow
in the middle of the channel. Photo 26 shows flow in the channel upstream and

downstream from the San Carlos St. Bridge. The bridge piers are not aligned with
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the streamline approaching the bridge, but adverse flow conditions did not result.
Flow conditions between the San Carlos St. Bridge and the Park Ave. Bridge are
shown in Photo 27. Most of the flow is toward the left half (looking downstream)
of the channel approaching the bridge and an eddy formed at the top right bank
under the bridge. Photo 28 shows the flow conditions in the channel downstream of
the Park Ave. Bridge and in the vicinity of the confluence. The higher velocity
flow was observed along the left wall downstream from the confluence and a
sign&cant flow disturbance was caused by the pier at GVC bent 5A. Flow
conditions under and downstream from the San Fernando St. Bridge are shown in
Photo 29 and flow conditions upstream and downstream of the Santa Clara St.
Bridge are shown in Photo 30. Eddies formed along the top right bank due to the
scallops along the bank line.

Water-surface elevations in the bypass culvert and in the Guadalupe River
downstream from the bypass entrance for existing conditions with the type 16
bypass entrance, the type 19 upstream channel, and with and without the type 8
pier extensions would be similar to those shown in Tables 34 and 35 since the
discharges in the bypass culvert and Guadalupe River are similar. Water-sufice
elevations in the bypass culvert and in the Guadalupe River downstream from the
bypass entrance for future conditions with the type 16 bypass entrance, the type 19
upstream channel, and with and without the type 8 pier extensions would be

slightly less in the river and slightly higher in the box culvert than those shown in
Tables 34 and 35, since the discharge in the bypass culvert was slightly higher.
Profiles were not obtained for these conditions due to time constraints; however, the
bypass culvert was in no danger of pressurizing with the slightly higher discharges
observed with fhture conditions. With more flow down the bo~ the design is less
resilient to changes in the prototype such as sediment deposits, debris, and
increased TW, which could cause increased flows in the box culvert. The box
would also pressurize sooner for floods greater than the l-percent exceedance
event.

Type 17 bypass entrance

SPK requested an experiment to determine the effect of moving the right wall in
the bypass culvert out into the culvert an additional 2 fl, as shown in Plate 93 (type
17 bypass entrance). Water-surface elevations in the upstream channel and the
flow distribution between the bypass culvert and the Guadalupe River were

determined for existing conditions with the design discharge and are listed in Tables
55 and 56, respectively. The flow distribution did not change from the previous

design and the water-surface elevations did not change significantly. The
restriction in the right box of the culvert caused the flow to go supercritical just

downstream from the restriction and a water-surfke differential of 5.5 R was
measured on the splitter wall between the right and lefi boxes approximately 24 ft
downstream from the beginning of the splitter wall (the 1-ft-tick wall starting at
the downstream end of the divider wall). h oblique jump formed in the right box

as the flow returned to subcritical. This flow condition was not desirable due to the
hydraulic jump in the right box of the culverg and for this reason the type 17

bypass entrance was not desired.
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Type 18 bypass entrance

A&r discussions with SPK about the position of the 4-ft-thick divider wall, it
was moved back to its previous position (1.5 ft towards the left side of the bypass
entrance). This position was similar to the type 15 bypass entrance, although this
design was designated the type 18 bypass entrance (plate 94) because the upstream
channel had been modified since experiments were conducted with the type 15
bypass entrance. Experiments were conducted with the type 18 bypass entrance
and type 19 upstream channel to determine the flow distribution between the river
and bypass culvert with a discharge of 14,600 cfs, and existing conditions. Results
listed in Table 54 revtxded that 8,080 cfs, or 55 percent of the total flow, was

diverted down the bypass culvert. This was the amount desired.

Type 19 bypass entrance

There was concern over the alignment of the left wall of the bypass culvert due
to coordinate discrepancies that surfhced during the model investigation. The left
wall of the bypass culvert was modified as shown in Plate 95 to match irdlormation
furnished by SPK concerning the distances from the center divider wall to the left
culvert wall. This modification was made to ensure that the cross-sectional area
of the culvert was correct. The modification to the right side of the bypass culvert,

type 17 bypass entrance, was also in place in the model. These modifications were
noted as theme 19 bypass entrance and experiments were conducted to determine
the distribution of flow between the river and the bypass culvert for existing cond-
itions with a discharge of 14,600 cfs. Results provided in Table 54 indicated that
7,800 cfs, or 53 percent of the flow, was diverted down the bypass culvert. This

was less than the 55 percent desircxi.

Type 20 bypass entrance

The modification on the right side of the channel was removed and the left wall
modification was left in place. This was designated the type 20 bypass entrance

shown in Plate 96 and experiments were conducted with fiture and existing cond-
itions. With future conditions and a discharge of 14,600 cfs, 8,320 cfs (or 57
percent) was diverted dowm the bypass culvert. With existing conditions and a
discharge of 14,600 cfs, 7,920 cfs (or 54 percent) w= diverted down the bypass
culvert. These flow distributions are listed in Table 54.

Bridge soffitt at GR5 line

SPK indicated that the bridge soffitt at the GR5 line in the upstream channel
was low enough that it could cause the bridge to pressurize. The soffit was in-

stalled in the model with the right bank soffit elevations at 90.5 upstream and
90.9 downstream. On the left side of the channel, the soffit elevations were 94.5
upstream and 94.9 downstream. Water-surf~e elevations were measured in the
upstream channel with the type 20 bypass entrance, type 19 upstream channel,

and the bridge at the GR5 line. A plan view of the bridge location is shown in
Plate 97 and the water-surfkce elevations in the upstream channel are provided in
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Table 56. With existing conditions, the flow impacted the bridge from the right

bank out into the channel for 40 ft on the upstream side of the bridge, and the
maximum water-surface elevation which occurred at the left bank was 92.2. The
right bank water-surfhce elevation was 91.5. With fhture conditions, the flow
irnpactd the bridge in an area on the upstream side of the bridge approximately
13.8 fi fiomthe right bank and the maximum water-surface elevatio~ which also
occurred at the left wall, was 91.5. Additional measurements were made between
the weir and the bypass culvert entrance to determine the water-surfi+ce elevations
along the waI1s at the entrance. Locations of these measurements are shown in
Plate 98 and the water-surfhce elevations at these locations are provided in
Table 57.

Additional experiments at Santa Clara St. Bridge

Additional experiments were requested by SPK to determine the effect of an in-
creased ta.ilwater at the Santa Clara St. Bridge. Before these experiments were
perform~ the service road under the bridge on the right wall (which had been
removed for previous experiments) was placed back in the model. Water-surfhce
elevations which were measured with a discharge of 14,600 cfs and a tailwater
elevation of 77.25, are provided in Table 58. The flow impacted the bridge support
beams in several locations, and water-surfke elevations under the bridge ranged
from 74.0 to 79.1. The bridge deck, which was removed to measure water-sufice
elevations under the bridge, was placed back onto determine if the water
surfh.ces at the San Fernando St. Bridge were raised due to flow impacting the deck
at the Santa Clara St. Bridge. Water-surfke elevations which were measured at
stations 163+00 and 157+00 with a discharge of 14,600 cfs and tailwater
elevations of 77.0 and 77.25, are shown in Table 59. The bridge deck at the Santa
(%x-a St. Bridge did not impact the water-surface elevation at the San Fernando St.
Bridge, with a discharge of 14,600 cfs and tailwater elevations of 77.0 and 77.25.

Overbank water-surface elevations

SPK requested that an experiment be performed to determine the water-surface
elevations in the overbank areas with existing conditions, the type 19 upstream
channel, type 20 bypass entrance, and a total discharge of 14,6000 cfs. The
distribution of flow was 9,100 cfs entering from the existing channel, 3,500 cfs
from the left overbz@ and 2,000 cfs entering horn the right overbank. The
locations for these water-surface measurements are shown in Plate 99 and the

elevations are listed in Table 60. All water-surface elevations were between 92.1
and 92.3. Water-surface elevations in the center of the channel between the
overbank areas (sta 198+50 to 195+50) ranged from 88.5 at sta 196+00 to 91.6 at

sta 198+50.

Another experiment was performed with future conditions to determine the dis-

charge where flow began entering the overbank areas. Discharges greater than
14,600 cfs caused flow to enter the overbank areas with fiture conditions.
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Recommended design

The design recommended for the Guadalupe Model consisted of the type 19
upstream channel, type 20 bypass entrance, the left wall modification upstream

from Santa Cl% and the modifications to the river channel discussed in the
section titled “Other Channel Modifications” above. Before the final changes were
made to the model, velocities were measured at desired locations throughout the
river channel to determine flow distributions and evaluate scour protection
requirements in the river channel. These velocities are shown in Plates 100-104
and were obtained with the type 19 upstream channel, type 16 bypass entrance, and
type B pier extensions. These velocities are representative of the recommended
design since the discharges in the river and bypass culvert were similar. The mag-
nitudes shown in these plates represent an average velocity of the dominant

streamwise (upstrearndownstream) component. There are many areas shown in
Plates 100-104 in the channel where velocities greater than 10 Msec were measured
near the invert or channel sides. These areas should be adequately protected to

prevent excessive scour. All areas in the natural channel shown in Plates 100-104
with velocities greater than 4 ftlsec should be evaluated for scour protection. The
geometry of the channel in many places, especially upstream from the bypass
entrance and also immediately downstream from the bypass in the river channel,
lends itself to flow concentrations and eddies (swirling flow). While these are not
necessarily desirable and efficient hydraulic fatures, the stability of the channel
can be maintained with adequate scour protection. All modifications are
summarized in Table 61.

32 Chapter 3 Experimental Results



4 Summary and
Recommendations

Numerous experiments were conducted to evaluate the flow conditions in the
Guadalupe River and bypass culverts. The ultimate goal was to develop the
desired flow split for the design discharge of 14,600 cfs while maintaining
acceptable water-surface elevations in the upstream channel. The desired flow
distribution was 55 percent of the flow down the bypass culvert with a total inflow
of 14,600 cfs. This goal was achieved with many of the designs. Many of the
channel modifications were required due to seismic constraints and aesthetics. The
final design will provide acceptable performance as long as the areas exposed to
the high velocities are adequately protected.

Pier extensions on the 1-280 piers upstream and down.xtream horn the bypass
culvert were effective in reducing localized flow disturbances around the piers and
would probably prevent some debris from accumulating on these piers. The pier
extensions did not significantly lower the water surface in the upstream channel or
affect the flow distribution between the bypass culvert and the Guadalupe River.
The effect of these pier extensions on scour depths near the piers is not known and
the channel bed near the piers will have to be armored to prevent scour anyway,
so the pier extensions would not be beneficial for this purpose. The pier
extensions are not necessary on the highway piers, but pier extensions similar to
those shown in Plate 24 aligned with the existing piers and constructed to the same
width as the existing piers should be placed on the two existing piers at the Santa

Clara St. Bridge and the San Fernando St. Bridge. These pier extensions will
reduce debris accumulation and reduce the chances of flow problems caused by an
excessive accumulation of debris. The left wall modification upstream ilom the
Santa Clara St. Bridge should not be chzmged from the desi~ shown in Plate 89

without fi.n-ther evaluation. Changes could possibly change the flow regime.

Structural support modifications to the Santa Clara St. Bridge could be
investigated as a method to increase the clearance under this bridge.

There is always a degree of uncertainty in a model study when the boundary
roughness is generated with roughness elements and represents trees and mtural
vegetation. The additional experiments performed in a separate flume reduced the
degree of uncertainty to a level considered acceptable by WES and SPK.

However, ti, during the construction of the project, additional f~tures are added to
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the channel which will increase the roughness, further eflkcts should be evaluated.
Trees planted in the channel or in the gabions on the side slopes of the charmel

could certainly impact the capacity of the channel and the bridges.

Multipurpose flood control channels are beneficial to the general public, but
the primary fimction is to ensure that the design flow can be passed without
excessive flooding. The Guadalupe River channel is a good example of a multi-
purpose flood control channel with flood control, environmental, recreational, and

aesthetic benefits. Providing these additional benefits resulted in many areas
within the reach model studied having significant velocities and concentrated
flows during the design discharge. These areas on the inveti and the side slopes
need adequate scour protection. Maintenance of the channel should be performed
after flow events to remove excessive sediment deposits and repair minor scour
damages.
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Figure 8. Looking upstream in the vicinity of San Fernando Street





Figure 10. General view looking upstream from the downstream model
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Table 1
Water-Surface Elevations, Guadalupe River, Type 1 (Original)
Design, Existing Conditions, Discharge at Sta 203+00,
14,600 cfs, Water-Surface Elevation of 77.6 at Sta 151+27

Water4Wrface
Station Oischarge,cfs Etevation

203+00 I 14,600 I 68.7 II

201+50 87.6

201 +00 86.1 ‘I
200+~” 86.0

86.7I
1%+!jcl S.1

199+00 88.4

fg8+50 66.8

1g8+r)cl 87.1

197+50 87.0

197+00 87.5

1g4+51J 14,600 I 86.011

fg4+ol) 9,200 66.1

I93+50 86.0 ‘I

I 93+00 85.9

192+50 8s.9 - I

192+00 86.0

I91 +50 6s.7

I91+00 65.9

Igo+w 65.8

Igl)+m 85.9

189+= 9,200 85.8

89+o13 9,200 857

68+% 858
,



Table 1 (Continued) ~
I I

Water=urface
Station Discharge,cfs Elevation

168+50 85.6

187+50 85.5

187+00 8s.1

186+= 85.2

186+00 85.2

185+9 85.0

184+00 84.6

183.50 84.6

183+00 83.9

182+50 82.8

182+00 83.9I
181+50 I I 83.8 II

181+00 82.9

180+60 82.2

160+00 83.3

I79+50 83.1

I79+00 83.7

178+50 82.6

178+00 83.8

I7’7+50 84.1

I78+40 82.5

176+00 80.8

I75+50 79.1 I

75+00 79.9

74+75 81.1

74+5C) 80.5

74+(30 79.3

73+W 78.8

733s 800



~Table 1 (Continued)
t I 1 1

Water-Surface
Station Oischargecfs Elevation

173+20 78.9

173+00 79.6

172+80 80.5 I

172+60 9,200 79.6

172+00 9,200 60.1

171+50 80.2

171+00 80.1

170+80 80.4

170+00 m3

169+40 81.0‘I

169+00 80.9

168+$jCl 80.8

168+00 80.7

167+50 9,200 80.9

167+00 14.600 808 I

166+50 80.9

166+00 80.8

f65+50 80.5

165+00 80.4

164+50 80.3 I
164+10 79.9

1a+!jo 79.6

1a+oo 79.1

162+50 79.5

162+00 79.0

161+50 78.6

161+00 78.8

160+50 78.1

I I 77.7II

160+00 777

159+50 77.6



Table 1 (Concluded) ]

Water3urface
station Oischarge,cfs Elevation

fB+50 77.8

155+00 14,600 7.6

1S4+50 14,600 n.5 I

153+00 77.5

152+50 77.6

152+00 77.6

151+50 77.7

isl+fvl lAGOtl n?



Table 2
Flow Depths in the Bypass Culvert Type 1 (Original) Design,
Existing Conditions, Dkcharge at Sta 203+00 of Guadalupe River
14,600 cfs, Water-Surface Elevation of 76.0 at Sta 151+27
Guadalupe Fher

1
Depth,ft’

LeftBox Right-X

Sta center Line Lett Right Left Right
Wall Wall Wall Wall

~+~ 11.5

35+00 12.0

35+m 12.7

34+gl) 12.3

M+= 4.3

34+&) 9.0

34+W 10.6

34+rXl 11.8

33+g5 12.6

33.90 — 11.4 11.0 —

33+M 10.0 7.4 8.9 10.0

33+50 10.9 10.0 10.2 9.2

~+or) 9.0 10.5 8.7 9.7

31 +97 9.1 10.3 9.5 9.8

31 +ryJ 9.8 9.6 10.2 9.2

w+cnl 9.8 10.3 10.1 9.6

29+00 10.1 10.7 10.7 10.1

28+00 10.2 10.7 10.6 10.3

27+00 10.5 11.2 11.0 10.6

26+00 10.8 11.4 11.1 10.6

25+W 10.7 11.1 11.6 10.9

24+~ 10.9 11.3 11.2 11.0

23+00 11.1 11.5 11.5 11.2

22+00 11.1 11.7 11.6 11.4

(Continued),

‘Sides of channel are referenced to downstream direction



able 2 (Concluded)

J. ‘n, -
th, ft’

LeftBox Right80X

Sta centerLine Left Right Left Right
Wall Wall Wall Wall

I
21 +00 11.4 11.9 11.7 11.6

20+00 11.4 11.9 12.1 11.7

19+00 11.6 11.7 12.1 11.3

18+00 12.4 12.5 12.5 12.3

17+00 12.6 12.7 12.6 12.4

16+W 12.7 12.7 12.7 12.9

15+00 13.0 13.1 13.1 13.1

14+00 13.0 13.3 13.0 13.3

13+00 13.1 13.3 13.5 13.4

12+00 13.6 13.4 13.5 13.6

11+~ 14.0 14.0 14.0 13.9

10+00 14.1 — — 14.4

‘Sides of channel are referenced to downstream direction.



Table 3
WaterSmface Elevations, Guadalupe River, Type 1 (Original)
Design, Existing Conditions, Discharge at Sta 203+00 9,100 cfs,
Water-Surface Elevation of 73.9 at Sta 151+27

~ ‘ Water-Surface
Discharge,cfs Elevation

203+00 9,100 88.2

B2+5Q 88.2

202+00 88.0

ml +5Q 87.7

201+00 86.3

m+5Q 84.0

~~QQ 81.3

Igg+5Q 79.5

gg+2Q 81.3

gg+()() I I 81.5

98+75 85.61

g8+5Q 80.4 I

g8+25 I I 89.9

98+aJ 98.9

97+5Q 97.5

97+QQ 97.4

g6+5Q 99.8

96+00 99.7

g5+5Q 99.8

g5+QQ 82.7

g4+5Q 9,100 82.6

94.00 5,200 82.5

93+53 82.5

93+00 82.4

g2+5Q 82.5

92+00 82.8

31+5Q 82.2

31m 82.3

30+50 82.2

W+oo I 823

(sheet1 of 4) I



~Table 3 (Continued) II

~ ‘ Di=hargecfs I Elevation
Water-Surface

189+50 82.4

la9+oo 5,200 82.3

168+50 82.5

168+00 82.6

187+50 82.3

187+00 82.0

1s+= 82.0

186+00 82.0

j 85+50 82.2

185+00 81.9

183+00 81.3

182+50 81.4

162+00 77.8

181 +50 77.6

181+00 77.3

180+50 82.6

180+00 60.4

179+54) 80.8

179+00 80.6

178+50 80.6

178+00 81.0 I

I 77’+50 81.1

176+40 80.0

176+00 79.0

I75+50 76.3

I75.25 77.0

175.20 78.0

I75+00 76.6

(sku.Pt7nf4\ II



Table 3 (Continued) II

II IWaterSurface
Station Discharge,cfs Elevation

174+75 78.0

174+50 77.5

174+00 76.1

173+50 74.8

173+00 73.6

172+60 74.4

172+50 I 5,200 I 75.3

172+25 5,200 74.6

172+15 76.2

172- 74.6

171+90 74.5

171+70 76.4

I71 +60 75.1

I71 +3s 76.6

I70+95
\ !

76.0

I70+60 75.9

I70+00 75.7

I69+40 76.3

6g+orJ 76.2

66+9 76.9

66+Q0 76.4

67+W 5.200 76.3

67+00 I 9,100 I 76.1 II
~+~ 76.2

66+00 76.4

65+50 76.4

I I 76.1 II

I I 75.2II

(Sheet 3 of 4)



ITable 3 (Concluded)

WaterJ3urface
Station Discharge,cfs Elevaton

i I
163+al 75.1

162+50 75.4

162+00 I I 74.e

161+50 74.6

161 +00 74.7

160+50 74.0

160+00 74,3

159+50 73.8

159+00 73.7

156+5(J I I 73.8

158+I)IJ 73.8

157’+50 73.8

157+00 73.7

156+50 74.0
,

I I 74.0

155+00 ! 9,100 ! 73.8

1M+S I 9,100 I 74.0

154+()() 73.8

1!53+50 74.0

153+00 I I 73.9

152+50 I I 73.8

152+00 I I 74.1

151+50 I I 74.1



Table 4
Flow Depths in the Bypass Culvert, Type 1 (Original) Design,
Existing Conditions, Discharge at Sta 203+00 of Guadalupe River
9,100 cfs, Discharge in the Bypass Culvert 3,900 cfs, Water-
Surface Elevation of 73.0 at Sta 151+27 Guadalupe River

3 ‘
Depth,R’

LeftBox Rightaox

Sta CenterLine Left Right Left R@ht
wall Wall Wall Wall

s+~ 8.4

35+50 9.4

35+00 10.5

34+65 10.7

34+60 3.7

34+75 2.6

3.4+9 1.6

34+4 2.1

34.30 3.5

34+15 7.1

3+00 7.0

33+97 8.8

33+60 7.2 4.7 3.2 3.4

33+W 5.6 6.2 4.0 4.4

33+00 6.9 6.7 3.3 5.6

32+oo 6.9 7.8 4.6 5,0

31 +00 6.4 6.3 4.4 3.5

30+00 5.4 6.2 5.3 4.3

29+00 7.0 7.6 6.3 5.9

28+00 5.8 6.4 5.5 5.1

27+00 7.3 7.5 6.6 6.6

26+00 7.4 7.8 5.2 6.6

Z+(XI 7.0 7.7 7.0 6.7

24+00 6.8 7.3 6.8 6.6

‘ S&s of channel are referenced to downstream direction.



Table 4 (Concluded)
m

Depths,ft’

LeftBox I Right~X

Sta centerLine Left Right Left Right
Wall Wall Wall Wall

ZwO 7.3 7.8 7.2 6.5

22+00 7.3 7.6 6.8 6.7

21 +00 7.1 7.7 7.0 8.4

7.0 7.6 7.3 7.3

1%03 6.5 6.3 7.6 7.0

f 8+00 8.6 7.8 8.0 7.8

i 7+00 8.3 8.4 8.0 7.8

16+00 8.7 8.4 8.4 8.3

15+00 8.4 8.6 8.3 8.5

14+00 8.8 8.6 8.7 8.5

13+00 8,8 9.0 8.8 9.0

12+00 9.0 9.0 9.2 9.0

11+00 9.4 9.6 9.4 9.6

1mal C)Q — — as



Table 5
Comparison of Water-Surface Elevations, Discharge at
Sta 203+00 of Guadalupe River 1,500 cfs, Water-Surface Elevation
of 79.25 at Sta 190+00 Guadalupe River

WEs WaterSurface HRS WaterSurface
Sta Elevation Sta Elevation

202+70 81.9 71 9+00 82.87

m+= 80.1 71 6+92 79.81

196+18 79.68 714+48 79.56

196+50 79.93

195+00 79.63

192+70 79.48 709+00 79.77

1W+M 79.25 71)5+~ 79.26

Nnto- Weir rwxt DIDvatinn = 7Q77





Table 7
Guadalupe River Water-Surface Elevations, Type 2 Design, Existing

Conditions, Discharge at Sta 203+00 14,600 cfs,

Water-Surface Elevation of 77.6 at Sta 151+27
II II

l! IIWater-Surface
Station Dischargecfs Elevation

203+00 14,800 go?

202+9 89.4

202+(3(3 89.5

201 +9 88.5

201 +00 88.0

200+50 87.9

88.2

199+50 87.9

199+00 88.2

1g8+s 885

198+00 88.7

197+s0 88.3

197+00 88.1

I96+s0 87.2

I 98+W 87.0

I95+s0 87.2

Ig5+oo 87.2

Ig4+!jo 14,600 87.3

I94+00 7,100 87.3

Ig3+w 87.1

93+00 87.0

g2+!jo 871

92+00 87.0

91+= 87.0

91 +00 87.2

I90+54J 87.0

190+00 87.3
3

I89+50 I 7,100 I 87.1



Table 7 (Continued)
I I !I

I Water-surface
station Oischargecfs Elevation I

189+00 7,100 87.1

188+= 87.1 I

188+00 I I
187+50 86.5

187+00 86.3

1&j+50 85.8

185+m 85.5

184+’50 85.2

184+00 85.1

183+50 85.0

163+00 84.5

182+5Q 84.4

182+00 M.4

181 +50 84.2

181+00 84.0

180+50 83.8

180+00 83.6
J

179+50 83.3

179+00 83.2

178+50 83.0

178+00 83.1 ‘ I

l~+m 83.3

176.40 82.6

176+00 81.8

175+50 81.7

175+OQ 81.6

174+75 81.4

174+50 I I 81.2

174+00 I I
808

,



1Table 7 (Continued)

WaterSurface
Station Dischargecfs Elevation

1 1
173+00 808

173+00 8C.8

172+50 80.8

172+00 7,100 80.8

171 +50 80.7

171 +00 80.8

170+80 80.7

170+20 ! ! 80.4
II

168+00 I [ 80.8

167+50
!

7,100 80.8
,

166+!5g 80.8

166+00 807

165+50 80.5

165+00 ! 80.3
I

Ia+lr) 79.9

I 63+50 79.5
1

I63+00 I 79.2
I

IQ+% 79.7

I62+00 79.1

161+50
I

78.9

161+00 78.9

I60+50 78.3
1

160+00 77.9

159+50 77.9

159+00 I I



Table 7 (Concluded)

WaterSurface
Station DischargeCfs Elevation

158+m 77.9

1g+w 78.0

157+00 77.9

156+50 78.1 ~I

l!j6+lo 78.2

155+00 14,600 77.8

f 54+50 14,600 77.9

154+00 77.7

1S+50 77.5

153+00 n.7

152+50 i7.8

152+00 7?.6

151+50 77.7
>

151+00 I 14,600 I 77.6



Table 8
Flow Depths in the Bypass Culvert, Type 2 Design,

Existing Conditions, Discharge at Sta 203+00 of Guadalupe River

14,600 cfs, Discharge in Box Culvert 7,500cfs, Water-Surface
Elevationof 77.6 at Sta 151+27Guadalupe 13ver

Depth,ft’

LeftBox Right60X

Sta Cent’am Left Right Left Right
Wall Wall Wall Wall

36+00 13.2

s+% 13.1

13.4

u+go 12.7

34+80 5.7

34+70 9.5

34+= 12.5

34+00 12.6

33.75 10.0 8.2 10.7 10.6

33+S 9.8 9.1 11.9 12.0

33+00 9.2 9.7 9.9 11.0

32+oo 9.2 11.3 10.0 9.9

31 +!jo 10.4 9.1 8.9 9.1

31+% 8.2 7.9 8.4 6.9

31 +00 9.0 8.3 10.6 10.9

30+50 10.3 9.9 10.8 9.2

30+00 9.2 8.9 10.3 10.3

10.0 9.9 10.8 9.8

28+00 10.3 10.6 10.5 9.9

27+oo 10.5 11.3 11.1 10.8

26+00 11.2 11.6 11.7 11.3

25+00 10.9 11.1 11.5 10.8

24+00 10.7 11.4 11.3 11.0

23+00 11.3 11.5 11.5 10.9

22+00 11.3 11.7 11.6 11.3

(Continued)

‘Si of channel are referenced to downstream direction



Table 8 (Concluded)

Depth,ft’

LeftBox Right60X

Left IWght Left Right
Sta centerLine wall Wall Wall Wall

21+00 11.3 11.7 11.7 11.3

11.3 12.0 11.9 11.7

19+00 11.6 11.3 12.1 11.4

18+00 12.5 12.5 12.5 12.4

17+00 12.6 12.6 12.5 12.6

16+lt) 12,9 12.7 12.9 12.8

15+~ 13.1 13.0 13.0 13.0

14+00 12.8 13.1 13.2 13.2

13+cm 13.1 13.2 13.6 13.3

12+00 13.4 13.4 13.3 13.4

11+00 13.8 13.7 13.7 13.7

10+00 13.9 14.2

‘Sides of channel are referenced to downstream direction



Table 9
Guadalupe River Water-Surface Elevations, Type 2 Design, Future
Conditions, Discharge at Sta 203+0014,600cfs,
Water-Surface Elevationof 77.6 at Sta 151+27

I Water-Surface
Station Discharge,cfs Elevation

203+00 14,800 89.2

202+= 89.2

202+00 89.1

201+~ 89.1

201+-m 89.2

2(l(J+~ 89.0

200+00 88.8

199+50 88.7

199+00 88.3

198+s0 87.3

198+00 88.9

197+!W 87.1

197+m 88.9

198+50 85.5

1%+00 85.7

1g!j+fjlj 88.8

1S+(M 36.8

1g4+~ 14,800 87.1

194+00 7,400 88.8

1g3+s 88.9

193+00 87.0

1g2+w 88.9

192+00 87.0

191+50 88.8

19la 87.0

1w+so 88.9

190+00 88.9

189+s0 88.8

18g+00 7,400 86.9

188+% 86.8

II (sheet 1 of 4) I



Table 9 (Continued)

Water-Surface
Station Discharge,cfs Elevation

168+00 665

187+50 86.3

187+00 66.1

166+50 66.0

185+00 85.2

184+50 85.0

183+00 84.4

182+50 84.2

182+00 84.2

181+50 84.1

181+00 83.8 I
180+50 83.4

180+00 83.3

179+% 83.1

179+00 83.0

178+50 82.8

178+00 82.8

177+!jo 82.9 I
176+40 82.4

176+00 81.7

175+50 81.3

175+00 81.2‘I

174+75 81.0

174+50 60.7

174+00 60.8

173+50 80.8 I

173+CUI I I 607

(sheet 2 of 4)



Table 9 (Continued)
1

WaterSurface
IStation Discharge,cfs Elevation

172+50 7,4000 80.7

172- 7,400 80.6

171+50 80.6

171+00 80.7

170+80 80.7

170+00 80.6

169+40 80.8

169+00 81.0

168+51J 60.9

168+00 64.5I
167+50 I 7,400 I 60.8 II

167+00 14,600 80.7

1s+% 80.7 I
1w+(x) 80.6

165+50 80.5

165+00 80.0

1w+= 80.2

j 64+1 o 79.9

163+50 79.3

163+00 79.3

1~+5(y 79.7

162+m 79.1

161 +50 78.7

161 +00 78.7

160+50 78.1

160+lxJ 77.7

159+50 77.5

159+00 7?.6

f56+% 77.7

I58+00 ! 77.9
1



.

Table 9 (Concluded)

Water-Surface
Station Discharge,cfs Elevation

157+00 n.7

f*+50 78.0

156+10 78.0

15S+00 14,600 77.7

154+50 14,600 77.6

154+00 77.5

153+50 77.3

163+00 77.5

152+50 n.4

152+00 n.9

151+50 7-7.7

151+00 14,600 77.6



Table 10
Flow Depths in the Bypass Culvert, Type 2 Design, Future
Conditions, Discharge at Sta 203+00+00of Guadalupe River 14,600
cfs, Discharge in Box Culvert 7,200 cfs, Water-Surface Elevationof
77.6at Sta

32+I30

31+50

30+50

2g+aJ

28+00

25+(X)

151+27Guadalupe River

De@h, ft’

Left Box RightBox

Left
centerLine

Right Left Right
Wall Wall Wall Wall

12.4
*

123 I I I I

i3.7 I I I I

13.3 ! ! I

12.5 I I I I

! 11.2 8.9 10.7
!

11.4

9.6 10.3 12.2 13.0

11.1 12.2 11.3 11.2

10.1 10.3 10.6 11.5

! 9.7 !
11.7 ~

10.7
! 11.1

I 9.6 I 11.2 I 10.1 I 10.4

9.0 9.6 9.2 10.2

9.3 8.1 10.5 9.2

9.2 9.7 11.0 11.3

j 10.6 !
10.8

!
11.3

!
10.6

I 9.7 I 9.4 I 10.6 I 10.2

10.4 11,3 11.1 10.8

11.0 11.6 11.0 10.5

10.8 11.4 11.2 10.9

11.3 11.8 11.7 11.5

li.4 12.0 11.9 11.7

(Contmued~



Sta

24+LXl

22+00

21+00

19+00

16+00

15+00

14+00

11+00 I

included) I
Depth,ft’

LettBox RightBOX

Left
centerLine

Right Left Rght
watt Wall Wall Wall

11.4 12.0 11.5 11.1

11.5 11.7 11.1 10.8

11.5 12.1 11.6 11.6

11.4 11.8 12.1 11.8

11.5 11.6 11.9 11.7

11.7 11.6 12.2 11.4

13.0 12.8 12.8 12.3

12.9 12.7 12.7 12.5

12.8 12.8 12.6 12.8

13.1 13.1 12.8 12.9

12.8 129 13.3 13.0

13.2 13.3 13.5 13.3

13.2 73.3 13.4 13.3

13.6 13.6 13.7 13.7

13.8 14.2





Table 12
Guadalupe River Water-Surface Elevations, Type 2 Design, Future
Conditions, Ogee Weir El 79.02, Discharge at Sta 203+00 14,600
Cfs

Discharge
Sta Cfa Elevation

197+00 14,600 86.8

19s+00 86.8

193+00 I 7,000 I 86.8

190+00 86.8

187+00 86.0

184+00 &4.9

181+00 83.8

178+50 82.6

176+00 81.5

173+50 80.5

172+00 80.4

168+W 7,000 80.6

166+03 14,600 80.5

164+50 80.0

161 +S0 78.8

157+00 77.5

153+00 77.7

151+M i77



Table 13
Flow Depths in the Bypass Culvert, Type 2 Design, Future
Conditions, Ogee Weir El. 79.02, Discharge at Sta 203+00of
Guadalupe River 14,600 cfs, Discharge in Bypass Culvert
7,600cfs, Water-Surface Elevation at Sta 151+27Guadalupe River
77.6

Depth,ft’

LeftBox Right60X

Sta Left
CenterLine

Right Left Right
Wall Wall Wall Wall

%+00 12.4

s+= 13.1

3!5+m 13.4

~+go 12.8

34+80 6.4

34+70 9.9

34+50 12.6

34+W 13.5

33+!50 8.8 9.0 12.0 12.2

S+OO 10.0 9.8 10.1 10.4

32+S 9.9 11.0 10.3 10.4

26+W 11.0 11.3 11.4 10.8

14+50 13.0 13.0 13.1 12.9

14+00 12.9 13.0 13.2 13.4

12+!33 10.2 12.9 13.4 13.3

12+00 13.1 13.2 13.1 13.1

11+50 13.3 13.2 13.1 13.3

11+00 13.7 13.6 13.4 13.5

1o+% 13.6 13.7 13.4 13.8

10+00 13.6 14.1

Sides of channel are referenced to downstream direction



Table 14
Santa Clara Bridge Water-Surface Elevations,
Discharge 14,600cfs, Future Conditions

II Water&mfaceElevation

JStation Left LeftSi Rt.Si LeftSide Rt Sie
Wall PierA

Right
PierA PierB P-r B Wall

156+10 77.7 78.0 70.0 77.9 78.0 77.4
r

156+00 77.6 75.9 76.4 76.2 76.7 76.9

1~+gfi 77.6 75.8 76.5 75.0 76.2 Z’.o

1s+go Z’.3 78.1 77.7 77.9 n.9 77.4

155+W Z’.5 77.4 77.5 77.5 n.3 77.5

155+10 77.5 77.0 77.0 76.9 77.2 77.5

Note Pier A is pier on left side of channel lookingdownstmm.
Water-surface elevatii at Sta 151+27, Guadalupe River, 77.6



Table 15
Santa Clara Bridge Water-Surface Elevations, Pier

Extensions on Piers A and B, Discharge 14,600 cfs, Future

Conditions

--l [
Water4urfaceElevation

Station Left Leftside Rt.Side LeftSide RL side
Wall

Right
PierA PierA PmrB PierB Wall

1s+15 77’.7 77.7 77.9 77.7 78.0 77.5

156+13 77.6 76.7 77.3 76.0 79.1 77.5

1s+10 77.5 76.4 76.6 75.4 77.3 77.6

156.07 77.4 76.8 76.8 76.4 77.1 77.0

15&oo 77.1 7?.1 76.9 77.2 76.8 76.8

155+50 n.3 77.1 77.5 77.6 77.5 77.3

155+10 77.3 76.8 76.8 76.8 77.1 77.5

UotePerA is pier on Ietl side of channel looking downstream.
Water-surface elevation at Sta 151 +27, Guadalupe River, 77.6.



Tabie 16

Santa Clara Bridge Water-Surface Elevations, Channel
Narrowed Downstream, Discharge 14,600 cfs, Future Conditions

Water-SurfaceEfevation

-1Station Left LeftSide Rt.Side
I

LeftSide IW Side Right
Wall PW A PierA PierB PierB Wall

156+10 77.9 77.9 77.9 78.0 78.0 77.2

1s+g5 n.5 76.6 76.4 75.0 75.3 n.1

155+% 77.3 78.0 Z’.6 77.6 i7.7 77.0

1s+= 77.4 n.s 77.5 77.4 77.5 77.3

l~+l(y 77.5 77.5 77.0 76.9 76.9 77.2

Note:Pier A is pier on left side of channel locking downstream.
Water-surface elevation at Sta 151 +27, Guadalupe River, i76.



Table 17
Santa Clara Bridge WaterSurface Elevations,
Discharge 14,600cfs, Future Conditions, Wtihout Service Road,
Wtih Debris on Piers

,,

II WaterSurfaceElevation

-1station Left Leftside Rt.Side
[

LeftSide Rt-Side Right
Wail PierA PierA PierB PW B Watl

156+1o 77.7 78.0 77.9 77.9 78.0 77.6

156+00 77.7 79.0 79.2 78.0 79.3 n.7

155+g5 77.8 n.z 77.4 75.9 75.8 77.5

Is+go 77.6 78.1 78.0 77.9 77.9 n.8

155+% 77.7 77.7 77.8 77.7 77.7 77.7

155+1O 77.6 77.5 77.5 77.4 77.3 77.7

Note:Pier A is pier on left side of channel looking downstream.
Water-surface elevation at Sta 151+27, Guadalupe River, 776.







Table 19
Guadalupe River Water-Surface Elevations, Type 4 Bypass
Entrance, Type 10 Upstream Channel, Future Conditions,
Ogee Weir El 79.77, Discharge at Sta 203+00, 14,600cfs, Water-
Surface Elevation of 77.6 at Sta 151+27

Discharge
Sta Cfs Elevation

200+00 14,6CNJ 89.3

199+50 89.0

199+00 88.5

198+50 89.3

198+00 87.1

197+50 87.1

197+00 87.7

1g6+50 86.3

1S+W 88.6

195+50 88.2

195+00 88.3

194+50 88.7

1g4+cuJ 88.9 I

193+50 6,850 88.7

193+00 88.5

192+50 &8.5

197+00 RRG



Table 20
Guadalupe River Water-Surface Elevations, Type 4 Bypass
Entrance, Type 11 Upstream Channel, Ogee Weir El 79.77,
Discharge at Sta 203+00,14,600cfs, Water-Surface Elevation of
77.6 at Sta 151+27

Existing Future
Discharge Conditions Conditions

Sta Cfs WS Elev. WS Elev.
I I I

14,600 92.8 92.2

1%W50 82.1 92.1

199+00 92.6 91.4

1g8+a 92.6 90.0

1g8+oo 92.2 88.7

197+50 91.4 88.8

197+00 9~.2 89.4

1g6+50 90.1 89.2

196+00 90.6 89.0

1gfj+a 89.3 88.8

195+m 88.1 87.9

194+!50 88.5 88.0

194+00 88.4 88.1

1g3+~ 6,650Exist.and6,900Future 88.3 87.9

193+00 88.3 87.9

1g2+s 88.2 88.0

192+00 88.2 87.9

191+50 878





Table 22
Guadalupe River Water+urface Elevations,Type 5 Bypass

Entrance, Type 12 UpstreamChannel, Type 1 Pier Extensions,
Future Conditions, Ogee Weir El 79.77,Discharge at
Sta 203+00, 14,600cfs, Water-Surface Elevationof 77.0 at
Sta 151+27

Discharge Water-Surface
Sta Cfs Elevation

200+00 14,600 91.4

199-+50 91.4

199+00 90.9

1%+W 8%.1

fM+W 87.7

197+50 87.1

197+00 87.2

1g6+w 87.2

196+00 87.5

195+50 87.6

195+(K) 87.2

1g’$+w 87.5

1W+W 87.6

1g3+~ 6,900 87.1

193+00 87.2

1g2+m 87.2



Table 23
Guadalupe I%verWater-Surface Elevations, Type 5 Bypass
Entrance, Type 13 UpstreamChannel, Type 1 Pier
Extensions, Existing Conditions, Ogee Weir El 79.77,Discharge at
Sta 203+00, 14,600cfs, Water-Surface Elevation of 77.0at
Sta 151+27

I Oischarge
Sta Cfs Ekvation

I
14,800 90.2

199+50 91.3

199+00 91.2

1w+~ 91.4

198+00 91.2

197+s0 90.3

197+00 90.1

1*+yj I I 89.7

198+4X) 88.8

1s+~ 87.2

1W+m I I 87.5

193+50 7,1s0 87.2

193+al 87.3

1g2+s I I 87.3



Table 24
Guadalupe River Water-Surface Elevations, Type 5 Bypass

Entmnce, Type 14 Upstream Channel, Type 5 Pier Extensions,

Ogee Weir El 79.77, Discharge at Sta 203+00, 14,600 cfs, Water-

Surface Elevation of 77.0 at Sta 151+27

FutureCondtions ExistingConditions
Discharge Water-Surface WaterSurface

Sta Cfs Elevation Elevations

200+50 74,600 91.4 90.5

2oo+ml I 91.4 I 91.4

199+50 91.4 91.3

1gg+@ 91.1 91.6

1g8+50 I I 90.3 I 91.4

196+00 88.8 90.7

197+50 68.0 90.2

197+00 88.0 90.0

1*+= 88.4 89.2

196+00 I 88.1 I 68.8
I

195+!50 I I 87.3 I 87.5

1S)!5+w I I 86.9 I 86.4

1g4+50 I I 87.3 I 87.2

1M+(M I ! 87.1 I 87.4

193+50 ! 6750 Future and Existing Conditiis ~ 87.0 ! 87.1

I93+00 I I 86.9 I 87.0

fg2+a I I 86.8 I 87.1



Table 25
Guadalupe River Water-Surface Elevations, Type 5 Bypass

Entrance, Type 15 Upstream Channel, Type 5 Pier Extensions,
Future Conditions, Ogee Weir El 79.77,Discharge at
Sta 203+00, 14,600cfs, Water-Surface Elevations of 77.0 at
Sta 151+27

Discharge
Sta Cfs Elevation

200+50 14,80Q 91.2

I I 90.9

199+50 90.9

199+00 91.0

1g8+!xl 90.3

1g8+oo 89.0

197+50 88.8

197+00 88.8

196+50 88.9

1!%+m 88.2

1S+W 87.5

1*+m 86.7

1!bl+!jo 87.2

1g4+w 86.8

1g3+~ 6,500 86.7

190+00 86.9

192+50 86.8 I

1W+m i I 867 II



Table 26
Guadalupe River Water-Surface Elevations,Type 6 Bypass
Entrance, Type 17 Upstream Channel, Type 5 Pier Extensions,

Ogee Weir El 79.77, Dkcharge at Sta 203+00,

14,600 cfs, Water-Sutiace Elevation of 77.0 at Sta 151+27

Future
Discharge

Existing
Water3urface WaterSurface

Sta Cfs Elevation Elevations
1

200+60 14,600 91.2 90.6

90.9 90.7

199+50 90.9 90.8

199+00 90.9 90.7

1g6+5(J 90.4 91.1

196+cm 89.1 89.8

197+60 69.1 90.1

197+@3 69.0 90.3

1g6+m 86.6 69.6

1g6+m 86.3 W.7

f s+= 87.4 87.3

195+00 86.4 86.3

f g4+s 87.2 87.4

f g4+m 87.2 87.1

I 93+!50 6,330 Future, 6,560 Existing Cond. 86.8 86.9

I93@o 86.7 66.8

Ig2+~ 66.3 86.3



ITable 27
~Guadalupe River Water-Surface Elevations, Type 7 Bypass

Entrance, Type 18 Upstream Channel, Type 6 Pier Extensions,

Ogee Weir El 79.77, Discharge at Sta 203+00,

14,600 cfs, Water-Surface Elevations of 77.0 at Sta 151+27

Future Existing
Discharge Water~uctace Water-Surface

Sta Cfs Elevation Elevations

200+50 14,600 91.4 90.7

200+00 91.1 91.2

199+60 90.9 91.0
>

1gg+(x) 90.6 91.1

1g8+m 89.5 91.2

f g8+~ 88.6 90.1

197+50 88.2 89.9

197+00 87.9 89.7

196+50 86.2 88.6

196+00 86.7 87.8

1%+5(J 86.2 86.5 I

195+00 85.9 85.5

1g4+s 87.2 86.5

1%+00 86.8 88.7

193+50 6,500 Future and Mating Cond. 88.6 86.6

193+(Y3 86.7 86.7

1g2+5(J 86.7 86.8
I



Table 28
Guadalupe River Water-Surface Elevations, Type 18 Upstream

Channel, Type 6 Pier Extensions, Future Conditions, Ogee Weir El
79.77, Discharge at Sta 203+00, 14,600cfs, Water-Surface
Elevations of 77.0 at Sta 151+27

Future
Discharge

Existhg
Water-Surface WaterSurface

Sta Cfs Elevation Elevations

200+50 14,600 91.7 91.5

200+00 91.3 91.1

199+50 91.3 91.1

199’+CO 91.1 90.9

1g6+~ 89.8 89.5

1g8+w I I 68.8 ~ 88.9

197+50 68.9 88.5

197+00 66.4 66.2
1

1g6+a I 66.8 I 86.4

fg6+m I I 87.0 I 87.0

Is+~ I I 87.0 I 86.3

I s+~ 65.6 65.6

Ig4+~ 66.9 66.8

I94+00 I 66.6 86.5
1 I

193+50 I 6,540 T8BEand6,560T9 I 86.4 I 66.3

I93+00 86.7 86.7

92+50 86.9 66.8



Table 29
Guadalupe River Water-Surface Elevations, Type 18 Upstream

Channel, Type 6 Pier Extensions, Type 8 Bypass Entrance, Future

Conditions, Ogee Weir El 79.77, Discharge at Sta 203+00,

14,600cfs, Water-surface Elevation of 77.0 at Sta 151+27
n

MsL FromUK End,R Water+SurfaceElevation

LeftSide I I?@htSii LeftSick I RightSide

-13.50 0.00 66.8 86.9

-6.75 15.00 85.8 83.4

0.00 28.75 88.9 84.4

12.00 52.50 91.9 85.4

44.50 82.50 86.6 85.7

77’.25 112.50 86.3 84.6

82.50 138.75 65.4 84.1

95.00 87.6

112.50 65.7

125.50 86.8

13875 857



Table 30
Guadalupe River Water-Surface Elevations, Type 18 Upstream

Channel, Type 6 Pier Extensions, Type 9 Bypass Entrance, Future
Conditions, Ogee Weir El 79.77, Discharge at Sta 203+00,

14,600 cfs, Water-SunFace Elevation of 77.0 at Sta 151+27

DisL From U/S End, ft Water-Surface Elevation

Left Side I Right Side Left Side I RightSide

-13.50 0.00 86.7 86.3

-6.75 17.00 85.9 85.1

0.00 26.75 86.3 66.2

17.00 52.50 69.6 86.8

44.50 82.50 86.0 86.3

77.25 112.50 87.4 84.9

82.50 138.75 84.8 84.7

S.oo 87.2

112.50 85.3

125.50 66.6

13a.50 85.1



Table 31
Guadalupe River Water-Sutface Elevations, Type 18 Upstream II
Channel: Type 6 Pier Extensions, Future Condfions, Ogee Weir El
79.77, Discharge at Sta 203+00, 14,600cfs, Water-Surface Elevation
of 77.0 at Sta 151+271

Type7 BE Type 10 BE
Discharge Water-Surface Water4Xwface

Sta Cfs Elevation Elevations
1 1 1

200+50 I 14,600 I 91.4 I 91.5 II

[ ! 91.1 ! 91.1
II

1gg+m I I 90.9 I 90.9 II

199+00 ! ! 90.6 ! 90.9 II
1W+50 I I 89.5 I 89.5 II
1%+OQ 88.6 68.9

197+50 68.2 68.7

197+00 ! ! 87.9 ! 86.2 II
1*+= I I 86.2 I 86.6 II

1g6+oo 86.7 87.0

1S+50 862 66.3

195+00 I 85.9 85.4
I I II

1$14+50 I I 87.2 ] 66.8
II

194+00 I I 86.8 I 66.4 II

193+50 I 6,500 Type 76,400 Type 10 86.6 I 66.5
I II

193+00 I ! 66.7 ! 86.7
II

192+50 I I 86.7 I 86.8 II
1 !37+acl I I 865 I 867 II



Table 32
Guadalupe River Bypass Culvert Flow Distributions, Discharge at
Sta 203+00, 14,600cfs, Type 18 UpstreamChannel, Type 6 Pier
Extensions, Future Conditions, Ogee Weir El 79.77,Water-Surface
Elevations of 77.0 at Sta 151+27

By- Culvett LeftSide RightSide
Entrance Discharge Discharge
Design

Discharge
Cfs Cfs Cfs

Typell 8140 3980 4180

Type 12 7840 4030 3810

Type 13 I 7980 I 4020 39e0
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Table 34
Guadalupe River Water-Surface Elevations, Type 18 Design
Upstream Channel, Type 9 Design Bypass Entrance, Type 6 Design
Pier Extensions, Type 2 Design Left Bank Near Santa Clara Bridge,
Fountain at Confluence, Future Conditions, Discharge at Sta
203+00, 14,600cfs, Water-Surface Elevationof
77.0 at Sta 151+27

1

WaterSurface
Station Discharge,cfs Elevation

201+00 14.600 91.5

mo+!m 91.5

91.1 I

199+50 91.1

199+00 90.9 aI

1g6+~ 89.5

196+’(M 86.9 I
197+50 I I 66.5 j

197+00 88.2

1*+= 86.4 I

195+00 65.6

1~+~ 66.8

194+00 14,600 66.5

1g3+~ 6,5CQ 66.3

193+00 66.7 I
1g2+~ 66.8

I92+00 86.8

I 91 +50 %.7

191+00 66.8

I90+50 66.9

190+00 87.1

I 89+50 6,500 66.9

I69+00 86.9

I~+!jo 86.8

1~+oo 66.7



Table 34 (Continued)

WaterSurface
Station Dkcharqe,cfs Elevation

187+50 88.5

187+00 86.3

188+50 e6.2

186+00 88.1

1&i+50 8S.6

183+00 84.6

182+= 84.4

182+00 I I 84.211
181+50 84.0

181+00 83.8 I

180+50 63.4

1~+w 83.1

179+511 83.1

179+00 82.9

178+50 82.7

178+00 82.8

I77+W 82.9

I77+00 82.1

176+50 81.5

176+00 81.4

I75+50 81.6

I75+00 81.7

I74+50 81.4

I74+00 81.2

I73+50 81.2

73+00 81.2

72+5o 6,500 81.2



Table 34 (Continued)

I II WaterSrface
Station II Discharge, cfs II Elevation

6.500I I 81.:

171+50 I I 81.;

171+00 ! I 81.2
I

169+40 I I 81.?

169+00 81.?

166+W 81.2

168+00 81.2

167+50 6S00 81.3

167+00 14,600 81.2

166+50 81.1

1 66+00 I I 81.0

165+50 ! ! 80.6

165+00 I I 80.3
1 64+50 60.3

163+00 79.4

162+9 79.7

162+00 79.3

161+50 78.6

161+00 78.9

160+50 77.7

160+00 76.8

159+50 76.6

159+W 76.7

1s+a 76.9
r

157+OIJ 76.5

156+50 76.6

155+00 I 14,600 I 767



Table 34

Water-Surface
Station Discharge, cfs Elevation

154+50 14,600 76.9

154+00 77.0

qS+50 76.8

153+00 77.0

152+50 76.9

152+00 76.9

151 +50 77.1

151+CMI 14,600 76.9



Table 35
Flow Depths in the Bypass Culvert Type 18 Design Upstream
Channel, Type 9 Design Bypass Entrance,Type 6 Design Pier
Extensions, Fountain at Confluence, Future Conditions, Discharge
at Sta 203+00 of Guadalupe River, 14,600cfs, Water-Surface
Elevation of 77.0 at Sta 151+27GuadaluDeRiver

-1 ‘
Depth, ft’

Left Box Right~X

Sta LeR Right Left
I

Right
Wall Wall Wall Wall

34+00 14.1 ~4.3 73.7 12.3

33+50 14.0 12.3 12.6 11.8

~+oo 13.5 13.9 12.4 12.7

32+5o 12.0 12.5 11.2 12.0

32+00 10.6 12.1 11.2 11.7

31 +50 10.6 10.9 10.8 11.0

31 +00 12.1 12.1 12.2 11.6

30+50 12.8 12.8 12.6 11.9

12.3 12.5 12.5 12.3

29+50 13.0 12.9 12.3 12.3

29+00 12.3 12.7 12.7 12.4

=+50 12.1 12.5 12.9 12.5

28+00 12.1 12.5 13.0 12.7

27+50 12.1 12.5 12.8 12.8

27+00 12.0 12.4 12.9 12.9

26+50 12.6 13.1 13.4 13.2

26+00 13.5 13.1 13.0 13.0

25+50 12.3 13.1 13.1 13.0

25+lXl 12.3 12.5 13.1 12.8

24+50 12.1 12.6 13.2 12.9

24+00 12.3 12.8 13.1 12.6

~+~ 12.8 13.1 13.1 12.5

23+00 13.0 13.1 12.9 12.2

~+~ 13.3 13.3 12.7 12.4

22+00 12.9 13.3 13.0 12.5

21 +50 12.6 12.9 13.2 12.9



lble 35 (Concluded) ~

--l‘
Oepth,ft’

LeftBox Right~X

Sta Left Right Left Right
Wall Wall Wall Wail

21+03 12.4 13.0 13.5 13.3

20+50 12.8 13.3 13.6 13.0

13.0 13.2 13.2 12.9

19+50 13.1 13.4 13.3 12.9

19+00 12.8 12.8 13.5 12.4

18+5(3 14.0 13.8 14.2 14.0

18+00 14.3 14.2 14.1 14,0

17+00 14.0 14.2 14.0 13.9

16+50 13.8 14.1 14.0 14.0

16+00 13.8 14.0 14.1 14.0

15+!5(3 13.9 13.9 14.0 13.9

15+00 14.4 14.0 14.1 14.1

14+50 14.1 14.1 14.0 14.2

14+00 14.2 14.1 14.1 14.2

13+5(3 14.8 12.0 14.6 14.3

13+00 14.5 14.5 14.8 14.6

12+= 14.2 14.5 14.8 14.6



Table 36
Guadalupe River Water-Surface Elevations, Type 18 Design
Upstream Channel, Type 11 Design Bypass Entrance, Type 6
Design Pier Extensions, Type 2 Design Left Bank Near Santa Clara
Bridge, Fountain at Confluence, Future Conditions, Discharge at S&
203+00, 9,100 cfs, Water-Surface Elevations of
73.6 at Sta 151+27

Oischarge
Sta Cfs Elevation

200+60 I 9,100 87.4

200+W 87.4

199+50 87.4

1g6+m 65.5

797+50 85.4

197+00 85.3

196+50 84.9

196+00 84.4

I 84.3

19s+00 63.5

1Q$+m 9,100 65.0

1gt$+m 4,120 64.6

193+50 63.9

193+00 64.1

1g2+5Q 64.0

192+00 64.0

191+50 83.8

191+00 63.9

1g(j+~ 64.0

190+00 84.0

1gg+~ 4,120 64.0

169+00 4,120 63.9

1a+!jo 83.9

188+00 63.7

187+S0 I 63.7

(.Shcu.t1 nf A))



Table 36 (Continued) ]

187- 83.5

188+50 83.4

186+00 83.3

185+W 83.2

185+00 83.1

I 1 &$+50 82.8

1M+oo 82.8 I
I

f83+% 82.7

183+00 82.2

I 482+50 82.1

182+00 82.1

II 181+50 81.9
I 1 I

II
181+00 I ! 81.6

I

II 180+50 I I 81.1 II

L

lm+oo 80.9

179+50 80.8

II 179+00 I I 80.6 II
178+50 80.5

178- 80.6

177+* 80.7

l~+ixj 79.9

176+50 79.0

176+00 78.4

.
175+50 78.2

175+00 78.2

174+50 77.6

174+-00 77.5

.
II 173+50 I I 77.7 II
II 173+00 I 77.6

I II

II 172+50 I 4,120 ! i7’.6 II
. II 172+00 I 4,120 I 77.6

I

II (Sheet 2 of 4)



Table 36 (Continued)

Oischarge
Sta Cfs Elevation

171+50 77.6

171+(XI 77.7

169+40 77.7

1@+oo 77.8

166+50 i7.6

168+00 77.6

167+s 4,120 77.7

167+00 9,100 77.7

I 66+S 77.7

166+00 77.4

165+50 77.1

165+00 76.8

164+50 76.7

163+00 75.7

162+50 73.6

162+00 75.7

161+50 75.1

161uXI 75.4

160+50 74.6

160+LW 73.9

159+!50 73.8

159+00 73.4

156+50 73.5

1!56+00 73.4

157’+50 73.4

157+00 73.2

156+9 73.7

166+10 73.4

1S+50 73.9

155+00 9,100 74.0

1&$+m 9,100 74.1

1 (Sheet 3 of 4) 1



Table 36 (Concluded)

Discharge
Sta Cfs Eievation

1%+m 74.2

1s+!jo 74.0

153+00 74.0

152+50 74.1

152+00 73.8

151+50 73.6

151+00 9,100 73.6
A



Table 37
Flow Depths in the Bypass Culvert Type 18 Design Upstream
Channel, Type 11 Design Bypass Entrance, Type 6 Design Pier

Extensions, Fountain at Confluence, Future Conditions, Discharge

at Sta 203+00 of Guadalupe River, S,100 cfs, Dkcharge in Bypass

Culvert 4,980 cfs, Water-Surface Elevation of 73.6 at Sta 151 +27

Guadalupe River
!

-J‘
Depth , ft’

LeftBox Right&tX

Sta Left Right Left ~a;
Wall Wall Wall

34+00 10.1 9.2 10.3 8.6

33+50 9.8 9.4 7.4 5.9

33+00 9.4 9.4 6.5 4.7

32+50 8.3 8.4 7.2 8.7

32+00 7.4 8.3 7.9 7.2

31+50 6.5 6.6 6.9 6.7

31+00 6.3 5.9 6.5 6.9

30+50 8.1 8.2 7.9 6.5

7.4 8.3 8.5 7.8

29+50 7.9 8.6 9.1 8.5

7.8 8.1 8.7 8.2

28+50 8.4 8.4 8.7 8.1

~+~ 8.1 8.4 8.6 8.2

27+50 8.7 8.7 9.1 9.0

27+00 8.4 8.7 9.0 9.6

26+50 8.0 8.5 8.6 8.7

26+00 8.0 8.8 8.5 8.2

25+50 8.3 8.8 9.3 9.1

~+~ 7.7 8.6 8.9 8.8

24+50 8.5 8.9 9.1 9.2

24+00 9.5 8.9 9.7 9.0

23+9 8.9 9.2 9.6 9.0

23+00 9.1 9.1 9.5 8.9

22+50 8.1 8.7 9.3 9.0

22+00 9.2 9.3 8.6 8.3

21+50 8.5 9.2 9.7 9.2



ble 37 (Concluded)

Depth,ft’

Left Box Right BOX

Sta Left Right Left Right
Wall Wall Wall Wall

1

21 +00 9.1 9.4 9.5 9.1

20+50 8.3 9.0 9.3 9.0

9.2 9.6 10.0 9.1

19+513 9.5 9.6 9.2 9.2

19+00 9.0 9.1 9.6 8.9

18+51J 10.3 10.0 10.5 9.7

18+00 10.5 10.2 10.2 10.0

17+00 10.2 9.9 9.9 10.0

16+543 10.1 10.0 10.0 10.1

16+(33 9.9 10.0 9.8 10.0

15+50 10.1 10.1 10.0 10.1

15+00 10.1 10.0 10.4 10.1

14+50 10.2 10.3 10.3 10.1

14* 10.4 10.3 10.5 10.5

13+= 10.9 10.7 10.7 10.5

13+00 11.1 11.1 11.3 10.9

12+5(I 10.5 10.9 11.0 10.9



Table 38
Guadalupe River Water= urface Elevations, Type 18 Design
Upstream Channel, Type 9 Design Bypass Entrance, Type 6 Design
Pier Extensions, Type 2 Design Left Bank Near Santa Clara Bridge,

Fountain at Confluence, Future Conditions, Discharge at Sta
203+00, 6,500 cfs, WaterSurface Elevations of
71.9 at Sta 151+27

Diiharge
Sta Cfs Elevation

6,500 8s.5

I I 85.4

199+50 65.3

199+00 85.3

197+50 83.6

197+00 63.6

1g6+!jo 84.5

196+00 82.8

1S+50 82.9

195+00 82.9

1g4+!jo 6,S00 82.9

194+00 3460 83.2

1g3+51j 82.9

1g3+m 82.9

I 82.9

1g2+Q() 82.8

191+s0 82.9

191+00 63.0

190+50 63.0

190+00 83.1

169+50 3,460 63.1

189+00 3,460 82.9

188+50 82.9

188+W 82.8

187+50 82.7

(Sheet 1 of 41)



Tabie 38 (Continued)

Discharge
Sta Cfs Elevation

187+00 82.6

1S+50 82.5

186+MJ 82.4

185+50 82.3

185+00 82.3

184+% 82.0

164+00 82.0

1~+50 81.9

183+00 81.5

182+50 81.3

182+00 81.3

181+50 81.1

181+00 81.0

160+00 30.0

179+50 60.0

179+00 79.9

178+50 79.7

178+00 79.7

177+50 79.8

176+40 79.1

176+00 77.9

175+50 76.4

175+00 76.7

174+50 76.3

174+00 75.8

173+50 75.5

173+00 75.4

172+50 3,460 75.4

172+00 3,460 75.5

171 +50 75.5

171 +00 75.4

(sheet 2 of 4)



*
Table 38 (Continued)

~rge
Sta Cfs Elevation

160+40 75.2

169+00 75.5

168+50 75.4

168+00 75.4

167+50 3,460 75.4

167+00 6,500 75.4

166+50 75.3

166+00 75.1

165+50 74.7

165+00 74.5

1~+!jo 75.4

164+10 74.2

163+00 73.5

162+50 73.9

162+00 73.7

161+50 73.5

161+00 73.5

160+50 72.8

160+00 72.1

1w+= 71.8

1w+m 71.5

156+50 71.5

158+00 71.5

157+W 71.3

157+00 71.2

156+50 71.4

156+10 71.6

f55+50 71.9

155+00 6,500 72.1

154+50 6500 72.1

154+00 72.1
\

IL (Sheet 3 of 4)



h 1
Table 38 (Concluded)

n 11 ~
Oischarge

Sta Cfs I Elevation

1S+W 71.9

153+00 71.9

II 152+50 I ! 71.9
II

II 152+(X3 I !
71.9

II

II 151+5Q I I 72.0 II

II 151+00 I 6,500 I 71.9 u

.



Table 39
Flow Depths in the Bypass Culvert, Type 18 Design Upstream

Channel, Type 9 Design Bypass Entrance, Type 6 Design Pier

Extensions, Fountain at Confluence, Future Conditions, Discharge

at Sta 203+00 of Guadalupe River, 6,500 cfs, Discharge in Bypass
Culvert 3,040 cfs, Water-Surface Elevation of 71.9 at Sta 151+27
Guadalupe River

II Dqpth,R’

--l! Left Box Right &)X

Sta Left Right Left Right
Wall Wall Wall Wall

1 I
34+00 4.5 4.4 6.4 2.5

33+W 5.9 5.0 4.9 4.7
I

33+00 I 6.8 I 6.6 I 4.9 I 5.0

3z+50 5.9 6.5 5.4 5.7

32+00 5.5 6.6 5.4 5.6

31 +50 5.1 4.9 5.1 4.9

31 +00 4.8 4.6 4.3 3.6

30+50 4.6 4.7 6.1 5.3

4.7 5.4 6.1 5.8

29+50 5.6 6.5 6.1 5.6

2g+oo 6.4 6.7 6.4 5.9

26+50 6.0 6.4 6.3 5.9

28+00 6.2 6.6 6.2 5.9

27+m 6.6 6.9 6.8 6.1

27+00 6.4 6.6 6.5 6.1

26+50 5.8 6.4 6.3 6.1

26+00 6.3 6.7 6.5 6.1

25+50 6.1 6.2 6.1 5.8

25+(XJ 5.9 6.4 6.4 6.1

24+50 6.3 6.9 6.8 6.5

24+00 6.5 7.0 6.8 6.5

23+W 6.8 7.3 7.1 6.6

23+00 7.0 7.0 6.9 6.3

22+50 6.4 6.6 6.9 6.3

Z+(XJ 5.9 6.5 6.9 6.5

21+50 6.3 6.6 7.0 6.6



Table 39(Concluded)
II 1

J ;
Depth,n’

LeftBox RightkX

Sta Left
I

Right Left Right
Wall Wall Wall Wall

21+m 6.7 6.9 6.9 6.5

20+50 6.6 7.1 6.8 6.6

6.6 7.0 7.2 6.8

19+50 6.6 7.3 7.5 7.0

19+00 7.1 7.1 7.6 8.8

18+% 7.8 8.0 8.1 7.4

18+00 7.9 7.9 7.9 7.6

f 7+50 8.0 7.9 7.8 7.7

17+00 8.0 7.8 8.0 7.8

16+50 7.8 7.7 7.8 7.8

16+00 7.4 7.8 7.9 7.7

15+50 7.9 8.0 7.9 8.0

15+00 8.0 8.1 8.0 7.9

14+% 8.1 8.1 8.2 8.0

14+00 8.1 8.1 8.3 8.3

13+= 8.6 8.8 8.6 8.4

13+00 8.8 8.3 9.0 8.7

1?+!ia 83 88 88 88
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Table 41
Velocities Near Pier GR1 Bent 2, Type 18 Upstream Channel,
Type 9 Bypass Entmnce, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

u ‘~:n ‘=

Average
Velocity

1 1 4.9

la 3 6.9

2 1 1.5 I

I‘ 2a 3 1.4

3 1 7.4 I

3a 3 5.8

4 1 7.9

4a 3 5.6

5 1 5.4

5a 3 5.6

6 1 4.4

6a 3 5.1

7 1 3.9

I

7a 3 5.0

8 1 3.8 “I

I 8a 3 5.0

9 1 3.7

% 3 5.0

10 1 5.5

Ioa 3 6.4

11 1 5.7

lla 3 6.9

12 1 7.1

12a 3 7.4

13 1 7.0

13a 3 7.0

14 1 6.4

14 I 3
I 62

(Sheet1 of 4)
L



Table 41 (Continued)

O&ance Average
Olfwon Velocity

station R fusec

15 1 5.3

15a 3 6.1

16 1 5.7

16a 3 6.8

17 1 4.4

17a 3 6.1

18 1 4.5

I& 3 5.5

19 1 4.7

19a 3 5.3

20 1 2.7

ma 3 4.0

21 1 2.1

21a 3 3.5

22 1 4.0

22a 3 4.5

23 1 3.4

23a 3 4.4

24 1 2.4

24a 3 2.9

25 1 4.5

25a 3 4.8

26 1 7.7

26a 3 7.9

27 1 6.1

27a 3 6.1

28 1 4.3

28a 3 4.7

29 1 6.0

29a 3 6.3

30 1 5.1
f, k



Table 41 (Continued)

Distance Average
OffBoiton Velocity

Statin R fusec

3oa 3 6.0

31 1 4.6

31a 3 4.9

32 1 3.4

32a 3 3.6

33 1 3.3

33a 3 4.4

34 1 3.8

34a 3 4.9

35 1 4.0

35a 3 4.9

36 1 4.3

36a 3 5.3

37 1 4.5

37a 3 5.2

36 1 4.3

38a 3 5.0

39 1 4.4

39a 3 5.3

4(I 1 4.5

4aa 3 5.4

41 1 4.4

41a 3 5.5

42 1 4.5

42a 3 5.5

43 1 4.4

43a 3 5.2

44 1 4.3

44a 3 5.2

45 1 4.3

45a 3 5.2

(Sheet 3 of 4)



Table 41 (Concluded)

D&ance Average
OftBotton Velocity

Station ft fusec

46 1 4.6

46a 3 5.1

47 1 4.4

47a 3 5.1

4a 1 3.9



Table 42
Velocities Near Pier D Bent 15-D, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Distance Average
Off BOtton Velocity

Station ft ftkec

1 1 9.8

la 3 12.3

2 1 10.5

2a 3 12.9

3 1 10.7

3a 3 13.4
>

4 1 10.2

4a 3 12.7

5 1 9.1

5a 3 10.4

6 1 4.9

6a 3 8.9

7 1 4.7

7a 3 9.7

8 1 4.6

8a 3 9.5

9 1 5.0

9a 3 9.7

10 1 6.4

loa 3 9.2

11 1 6.6

lla 3 9.7

12 1 7.9

12a 3 9.8

13 1 6.3

13a 3 9.5

—

f4 1 7.4

14a 3 9.9



Table 42(Continued)

Distance Average
off Rotton velocity

Statmn ft fusec

15 1 6.8

15a 3 9.9

16 1 7.4

16a 3 9.9

17 1 7.9

17a 3 10.5

18 1 8.2

16a 3 11.4

19 1 9.3

19a 3 12.1

20 1 10.6

m 3 12.7

21 1 11.1

21a 3 13.2

22 1 10.0

22a 3 12.7

23 1 70.3

23a 3 12.3

24 1 9.1

24a 3 10.9

25 1 7.5

25a 3 9.5

26 1 7.4

26a 3 9.2

27 1 6.0

27a 3 8.0

28 1 5.0

28a 3 8.1

29 1 3.9

2% 3 7.1

m 1 5.5

(Sheet 2 of 4)



Table 42(Continued)

Di*nce Average
OffBotton Velocity

Station ft ftisec

3oa 3 7.9

31 1 5.5

31a 3 8.1

32 1 5.7

32a 3 9.1

33 1 3.7

33a 3 6.8

34 1 1.0

34a 3 1.2

35 1 1.3

35a 3 1.3

36 1 2.1

36a 3 1.8

37 1 12.4

37a 3 13.4

36 1 13.5

36a 3 13.9

39 1 13.5

3% 3 13.9

40 1 10.4

4oa 3 11.7

41 1 8.9

41a 3 10.4

42 1 6.7

42a 3 8.7

43 1 6.8

43a 3 8.3

44 1 5.7

44a 3 8.6

4s 1 6.9

45a 3 9.2

(Sheet 3 of 4)



Table 42(Concluded)

Oistance Average
OffBotton velocity

Statiin ft Nsec

46 1 6.9

46a 3 9.5

47 1 7.6

47a 3 9.6

46 1 6.7

46a 3 9.5

49 1 4.9

49a 3 7.3

50 1 6.0

5oa 3 6.4

51 1 6.0

51a 3 8.7

52 1 7.0

52a 3 9.3

53 1 7.8

53a 3 10.2

54 1 8.5

% 3 11.0

55 1 10.7

55a 3 12.0



Table 43
Velocities Near Pier GRI Bent 2, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Distance Average
OffBotton Velocity

Station R ftlsec

1 1 4.9

la 3 6.9

2 1 1.5

2a 3 1.4

3 1 7.4

3a 3 5.8

4 1 7.9

4a 3 5.6

5 1 5.4

5a 3 5.6

6 1 4.4

6a 3 5.1

7 1 3.9
=.

7a 3 5.0

22 1 3.8

22a 3 5.0

23 1 3.7

23a 3 5.0

24 1 5.5

24a 3 6.4

25 ! 1 5.7
,

25a I 3 I 6.9

26 1 7.1

26a 3 7.4

27 1 7.0

27a 3 7.0

28 1 6.4

28a 3 6.2



Table 43(Continued)

Distance Average
off aotton Velocity

Station ft ftlsec

29 1 5.3

2% 3 6.1

30 1 5.7

3oa 3 6.8

31 1 4.4

31a 3 6.1

32 1 4.5

32a 3 5.5

33 1 4.7

33a 3 5.3

34 1 27

34a 3 4.0

35 1 2.1

35a 3 3.5

36 1 4.0

36a 3 4.5

37 1 3.4

37a 3 4.4

36 t 2.4

38a 3 2.9

39 1 4.5

3% 3 4.8

40 1 7.7

4aa 3 7.9

4i 1 6.1

41a 3 6.1

42 1 4.3

42a 3 4.7

43 1 6.0

43a 3 6.3

44 1 5.1

(sheet2 of3 )



Table 43(Concluded) j

Average
offaottorl Velocity

station n ftlsec

44a 3 6.0

4s 1 4.6

45a 3 4.9

46 1 3.4

46a 3 3.6

47 1 3.3

II 48 I 1 I 3.8 II

1 48a I 3 72 1



Table 44
Velocities Near Pier D Bent 15-D, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

I I
Distance Average

m won Velocity
Station ft fusec

1 1 10.3

la 3 14.9

2 1 7.5

2a 3 13.7

3 1 4.9

3a 3 11.0

4 ~ 2.4

4a 3 9.6

5 1 11.3

5a 3 13.6

6 1 8.2

6a 3 10.9
I

7 1 9.6

7a 3 10.9

8 1 7.8

8a 3 10.1

9 1 7.2

9a 3 8.7

10 1 7.0

Ioa 3 6.1

11 1 6.5

Ila 3 9.5

12 1 8.3
r

12a 3 10.1

13 1 8.7

13a 3 10.1

14 1 8.0

14a 3 9.6



Table 44(Continued)

Distance Average
off aotton velocity

Station n nlsec

15 1 8.8

16a 3 10.2

16 1 9.8

16a 3 11.3

17 1 12.0

17a 3 12.9

18 1 12.8

l& 3 13.8

19 1 12.9

1% 3 13.9

20 1 12.3

2oa 3 13.6

21 1 11.8

21a 3 12.6

22 1 12.3

22a 3 13.0

23 1 13.0

23a 3 13.8

24 1 12.9

24a 3 13.9

25 1 12.4

%a 3 12.7

26 1 11.6

26a 3 11.8

27 1 11.4

27a 3 11.6

28 1 9.9

28a 3 11.2

29 1 9.5

29a 3 10.6

Xl 1 10.4

(sheet 2 of 5)



Table 44(Continued)

Average
m Bottorl Vdocit’y

station rt fuaec

3ca 3 11.2

31 1 10.0

31a 3 11.2

32 1 7.0

32a 3 9.6

33 1 6.7

33a 3 9.2

34 1 2.6

34a 3 2.3

3s 1 1.9

35a 3 2.8

36 1 6.3

36a 3 7.3

37 1 5.8

37a 3 9.4

3 1 4.4

38a 3 11.9

39 1 10.0

39a 3 14.2

40 1 10.4

4oa 3 12.4

41 1 8.3

41a 3 10.3

42 1 7.2

42a 3 9.7

43 1 5.7

43a 3 8.4

44 1 6.2

44a 3 8.9

4s 1 5.7

45a 3 8.8

I (Sheet 3 of 5)



Table 44(Continued)

Oistance Average
off Botton Velocity

Station It ftlsec

46 1 6.7

46a 3 9.5

47 1 6.5

47a 3 9.7

48 1 69.5

48a 3 9.7

49 1 7.1

49a 3 9.8

50 1 7.8

5oa 3 10.4

51 1 9.1

51a 3 11.1

52 1 9.8

52a 3 12.0

53 1 10.7

53a 3 12.7

54 1 11.4

54a 3 12.8

55 1 10.3

55a 3 12.4

56 1 8.9

56a 3 2.9

57 1 8.6

57a 3 11.3

58 1 9.3

56a 3 11.7

59 1 9.8

59a 3 11.9

60 1 9.3

60a 3 11.5

61 1 9.2
i, -i

.



Table 44( Concluded)

Oistilwe Average
off Botton velocity

station R fusec

61a 3 11.3

62 1 8.6

6za 3 11.0

63 1 8.7

w 3 10.5

64 1 8.0

@la 3 10.1

65 1 8.2

65a 3 10.0

66 1 8.1

1
66a 3 10.0



Table 45
Velocities Near Pier D Bent 15-C, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Oistance Average
OffBotton velocity

Station R ftkec

1 1 14.9

la 3 16.9

2 1 11.8

2a 3 15.6

3 1 8.0

3a 3 13.0

4 1 6.3

4a 3 11.0

5 1 11.2

5a 3 13.3

6 1 7.9

8a 3 10.4

7 I 1 I 9.2,

7a 3 11.0

8 1 7.3

8a 3 10.3

9 1 8.8

% 3 10.5

10 1 9.7

Ioa 3 12.5

11 1 13.0

lla 3
I

14.9

12 1 11.3

12a 3 14.3

13 1 10.1

13a 3 13.9

14 1 8.7

14a 3 134



Je 45 Continued)

Di*nce Average
m Botton

Station
Velocity

R ltlsec

15 1 13.3

15a 3 14.5

16 1 13.8

Isa 3 14.8

17 1 13.6

17a 3 14.5

18 1 12.9

l& 3 14.0

19 1 12.3

19a 3 13.4

20 1 11.3

2oa 3 12.7

21 1 10.5

21a 3 11.9

22 1 8.9

22a 3 11.7

23 1 8.9

23a 3 11.2

24 1 7.5

24a 3 8.5

26 1 2.6

25a 3 2.9

26 1 3.6

26a 3 6.9

27 1 6.0

27a 3 9.6

28 1 10.5

28a 3 13,5

29 1 8.0

29a 3 14.6



Table 45 (Continued)

Oistance Average
Off&4ton Velocity

station R fusec

3Qa 3 16.6

31 1 12.8

31a 3 14.7

32 1 11.3

32a 3 13.2

33 1 9.1

33a 3 11.4

34 1 8.6

34a 3 12.2

35 1 9.7

35a 3 12.5

36 1 9.7

36a 3 12.1

37 1 11.8

37a 3 13.6

38 1 11.9

38a 3 14.2

39 1 12.4

39a 3 15.1

40 1 12.5

4oa 3 14.6

41 1 11.5

41a 3 13.9

42 1 12.2

42a 3 13.7

43 1 11.8

43a 3 13.9

44 1 11.4

44a 3 13.4

45 1 11.1

& 3 12.7
r 1



Table 45 (Concluded) II
Oktance Average

Off Botton Velocity
Station ft fusec

48 1 10.8

46a 3 12.5

47 1 9.4

47a 3 12.0

48 1 8.7

48a I 3 I 118 IJ



Table 46
Velocities Near Pier D Bent 15-C, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

r
Diarance Average

off aottoll velocity
Station ft fttaec

1 0 16.0

la 3 17.7

2 1 13.4

2a 3 15.2

3 1 7.9 ~I

3a 3 13.0

4 1 6.2

4a 3 9.4

5 1 10.5

5a 3 13.1

6 1 8.5

& 3 11.3

7 1 8.6

7a 3 11.6

8 1 7.0

8a 3 9.1

9 1 8.5

9a 3 9.4

10 1 9.3

10a 3 11.4

11 1 11.1

Ila 3 13.2

12 1 11.0

12a 3 14.2

13 1 8.5

13a 3 13.3

14 1 7.9

14a I 3 113
II



r

Table 46 (Continued)
v

Distance Average
off 6olton velocity

statkul ft fusec

15 1 8.3

15a 3 9.7

16 1 8.2

16a 3 9.7

17 1 7.9

17a 3 9.8

18 1 8.1

18a 3 10.1

19 1 8.3

19a 3 10.5

20 1 7.1

2oa 3 9.2

21 1 6.8

21a 3 8.6

22 1 8.0

a 3 11.0

23 1 6.9

23a 3 10.6

24 1 6.5

24a 3 7.5

25 1 7.6

25a 3 4.9

26 1 1.5

26a 3 9.4

27 1 2.4

27a 3 10.6

28 1 7.7

28a 3 12.6

29 1 7.0

29a 3 13.8

30 1 8.6



Table 46 (Continued)

Distalw? Average
m Botton Velocity

station R ftkec

3oa 3 14.5

31 1 14.2

31a 3 16.5

32 1 11.2

32a 3 14.0

33 1 8.0

33a 3 11.4

34 1 9.3

34a 3 12.2

35 1 9.2

35a 3 12.2

36 1 9.2

36a 3 12.1

37 1 10.1

37a 3 13.1

38 1 11.4

38a 3 13.9

39 1 11.0

39a 3 13.8

40 1 11.3

4oa 3 14.0

47 1 9.8

41a 3 13.1

42 1 10.7

42a 3 13.3

43 1 10.6

43a 3 13.0

44 1 11.4

44a 3 13.7

45 1 10.4

45a 3 12.8
I *

1 (Sheet 3 of 4)



Table 46 [Concluded)

Disiance Average
OftBotton Velocity

Station ft ftkec

46 1 1 I 9.6

46a I 3 I 12.5

47 ! 1 9.7
1

47a ! 3 ! 12.8

46 ! 1 ! 9.0



Table 47
Velocities Near Pier D Bent 15-A, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600 cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Distance Average
off aotton Velocity

Station ft tu.sec
I I

1 I 1.0 I 13.6

la 3.0 14.4

2 1.0 12.8

2a 3.0 12.8

3 1.0 10.8

3a 3.0 12.8

4 1.0 10.8

4a I 3.0 I 11.6 II
5 1.0 10.4

Sa 3.0 10.6

6 1.0 8.7

6a 3.0 9.5

7 1.0 9.4

7a 3.0 10.5

8 1.0 10.6

8a 3.0 10.7

9 1.0 10.2 aI

9a 3.0 10.5

10 1.0 11.4

lk 3.0 11.5

11 1.0 12.7

lla 3.0 12.9

12 I 1.0 I 13.2 II
12a 3.0 13.7

13 1.0 9.7

13a 3.0 11.9

14 1.0 11.8

——

14a 30 125
II



Table 47 (Continued)

IxQance Average
off aotton velocity

Station n nlsec

15 1.0 9.3

Isa 3.0 10.8

16 1.0 8.7

16a 3.0 10.6

17 1.0 9.3

17a 3.0 10.8

18 1.0 8.0

1* 3.0 10,1

19 1.0 7.0

1% 3.0 8.6

20 1.0 6.6

2oa 3.0 8.0

21 1.0 7.2

21a 3.0 10.3

22 1.0 6.3

22a 3.0 10.1

23 1.0 8.0

23a 3.0 10.2

24 1.0 5.4

24a 3.0 7.1

2s 1.0 0.8

2sa 3.0 1.5

26 1.0 3.1

26a 3.0 8.1

27 1.0 5.3

27a 3.0 10.0

28 1.0 8.2

28a 3.0 10.8

29 1.0 7.8

29a 3.0 14.4

30 1.0 11.7
4

.



Table 47 (Continued)

Distance Average
m Bolton Velocity

station ft fusec

3oa 3.0 15.3

31 1.0 11.8

31a 3.0 14.6

32 1.0 10.0

32a 3.0 13.0

33 1.0 8.2

33a 3.0 11.6

34 1.0 7.3

34a 3.0 12.1

35 1.0 5.6

X% 3.0 10.0

38 1.0 6.6

36a 3.0 9.8

37 1.0 7.1

37a 3.0 11.0

38 1.0 8.0

38a 3.0 10.0

39 1.0 6.9

39a 3,0 9.6

40 1.0 8.1

m 3.0 14.0

41 1.0 6.8

41a 3.0 13.6

42 1.0 12.0

42a 3.0 15.3

43 1.0 12.3

43a 3.0 15.4

44 1.0 12.5

44a 3.0 15.1

45 1.0 11.6

45a 3.0 14.7

(sheet3of4)



Table 47 (Concluded)

Distance Average
OlfBotion Velocity

station rt ftlsec

46 1.0 11.8

a 3.0 14.7

47 1.0 11.1

47a 3.0 14.4

48 1.0 10.1

L 48a 3.0 13.1



Table 48
Velocities Near Pier GR 5 Bent 15, Type 18 Upstream Channel,
Type 9 Bypass Entrance, Future Conditions, Discharge at
Sta 203+00, 14,600cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Distance Average
CM Botton Velocity

Station ft fusec

1 1 12.9

la 3 12.9

2 i 11.5

2a 3 12.5

3 1 10.9

3a 3 11.5

4 1 10.1

4a 3 1.7

5 1 8.1

5a 3 8.9

6 1 6.8

6a 3 7.3

7 1 6.0

7a 3 6.6

8 1 5.6

& 3 6.3

9 1 5.1

9a 3 5.4

10 1 5.7

Ioa 3 6.0

11 1 6.1

lla 3 6.3

12 1 5.6

12a 3 6.3

13 1 5.7

13a 3 6.6

14 1 5.3

14a I 3 6.0



Table 48(Continued)
$’

Distance Average
offBotton Velocii

Station tt W5XX

15 1 5.9

15a 3 6.7

16 1 6.3

16a 3 7.4

17 1 7.9

17a 3 8.6

18 1 9.7

16a 3 10.2

19 1 10.4

1!% 3 10.6

20 1 10.5

2oa 3 10.6

21 1 10.5

21a 3 10.8

22 1 10.4

22a 3 10.9

23 1 10.5

23a 3 10.9

24 1 10.2

24a 3 10.3

25 1 8.9

25a 3 10.0

26 1 7.5

26a 3 9.2

27 1 6.7

27a 3 7.9

26 1 6.4

2& 3 7.6

29 1 4.8

29a 3 5.8

30 1 5.1

1 (sheet 2 of 4) 1



Table 48(Continued)

Distance Average
Off Botton Velocity

Station ft ftlsec

3oa 3 6.2

31 1 4.9

31a 3 6.3

32 1 5.9

32a 3 6.4

33 1 6.2

33a 3 6.5

34 1 1.7

34a 3 1.8

3s 1 2.1

35a 3 2.5

36 1 2.0

36a 3 3.4

37 1 3.5

37a 3 7.3

36 1 3.2

36a 3 8.7

39 1 4.1

3% 3 9.9

40 1 9.9

4oa 3 14.3

41 1 13.6

41a 3 9.5

42 1 11.5

42a 3 13.2

43 1 11.4

43a 3 12.4

44 1 9.1

44a 3 9.3

45 1 6.8

45a 3 7.2

[-



ITable 48(Concluded)
t

Disrance Average
OffBotion Velocity

station ft ftlsec

46 1 5.9

46a 3 6.5

47 1 6.7

47a 3 6.8

48 1 6.8

48a 3 7.0

49 1 8.0

* 3 6.4

50 1 10.6

5oa 3 10.7

51 1 12.5

51a 3 12.6

52 1 12.7

52a 3 12.7

53 1 12.6

53a 3 12.6

54 1 12.1

54a 3 12.3)-



Table 49
VelocitiesNear Pier GD3 Bent 7, Type 18 Upstream Channel,
Type 9 Bypass Entince, Future Conditions, Discharge at
Sta 203+00,14,600cfs, Water-Surface Elevation of 77.0 at
Sta 151+27

Distance Average
~ Botton Velocity

Statii R Wsec

1 1 11.7

la 3 12.2

2 1 10.7

2a 3 11.2

3 1 8.9

3a 3 11.1

4 1 9.9

4a 3 10.3

5 1 11.9

5a 3 12.1

6 1 8.1

6a 3 8.4

7 1 6.5

7a 3 7.2

8 1 6.1

6a 3 7.5

9 1 5.3

9a 3 5.7

10 1 5.3

loa 3 7.1

11 1 6.2

lla 3 7.9

12 1 5.8

12a 3 7.2

13 1 5.7

13a 3 7.2

14 1 5.2

14a 3 6.8
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Table 49(Continued)

Distance Average
m Botton Velocity

Station ft ftfsec

15 1 5.4

Isa 3 6.9

f6 1 7.6

16a 3 8.9

17 1 8.9

17a 3 9.8

18 1 9.6

16a 3 10.5

19 1 10.3

19a 3 11.0

20 1 10.0

2oa 3 11.3

21 1 8.8

21a 3 10.6

22 1 8.4

22a 3 10.5

23 1 8.9

23a 3 10.9

24 1 9.1

24a 3 10.4

25 1 9.2

25a 3 10.3

26 1 8.4

26a 3 9.8

27 1 8.0

27a 3 9.2

28 1 6.0

28a 3 8.3

29 1 6.2

2% 3 8.0

30 1 6.0
, 4
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Table 49(Continued)

Distance Average
OffBotton Velocity

Station R fusec
r

3oa 3 7.5

31 1 5.6

31a 3 7.8

32 1 7.0

32a 3 8.3

33 1 5.4

33a 3 7.0

a 1 1.8

34a 3 1.9

35 1 1.6

35a 3 1.8

36 1 1.7

36a 3 1.9

37 1 5.6

37a 3 5.7

38 1 2.7

38a 3 8.8

39 1 5.8

3% 3 11.5

40 1 8.2

4oa 3 12.6

41 1 9.1

41a 3 12.0

42 1 8.3

42a 3 11.0

43 1 9.0

43a 3 10.2

44 1 8.0

44a 3 8.9

45 1 5.9

45a 3 6.9

(Sheet 3 of 5)



Table 49(Continued)

Distance Average
OffBotton Velocity

Station R ftlsec

46 1 6.1

46a 3 7.5

47 1 6.4

47a 3 8.7

48 1 7.2

48a 3 9.1

49 1 7.4

49a 3 8.8

50 1 9.5

50s 3 10.5

51 1 10.0

51a 3 11.2

52 1 8.7

52a 3 10.9

53 1 8.7

53a 3 10.8

54 1 7.8

54a 3 10.7

55 1 7.0

55a 3 10.5

56 1 5.5

56a 3 10.0

57 1 8.5

57a 3 10.9

58 1 6.9

58a 3 9.5

59 1 10.2

5% 3 11.7

60 1 9.3

6oa 3 10.8

61 1 9.7

II (sheet 4 of 5) II



Table 49(Concluded)

Distance Average
Offwon Velocity

station n fusec

61a 3 11.2

62 1 9.1

62a 3 10.7

63 1 8.0

63a 3 10.0

M 1 8.6

64a 3 9.6

65 1 7.7

ffi 3 9.1

66 1 7.5

66a 3 8.9
1



Table 50
Explanation of Pier Extension Information

PIER ID [ Winft I Rinfi

GR1 BENT 4 5.0 1

NEW PIER 5.0 1

GR5 BENT 15 5.0 1

GD3 BENT 7 5.0 1 I
D BENT 15-D 5.0 1

GR8 BENT 21 5.0 1

GD4 BENT 12 5.0 1

GVC BENT 5A 13.00 2

GRV BENT 3B 13.00 2



1Table 51
Guadalupe River Water-Surface Elevations, Type 18 Upstream
Channel, Type 7 Pier Extensions, Type 14 Bypass Entrance, Future
Conditions, Ogee Weir El 79.77, Discharge at Sta 203+00,
14,600cfs, Water-Surface Elevation of 77.0 at Sta 151+27

Discharge Water3urface
Sta Cfs Elevation

2CQ+50 14,600 91.8

91.5

199+50 91.5

199+00 91.3

1g8+50 89.8

198+(XI 89.2 I
197+50 89.3

197+00 68.7 I
I 87.1 II

196+OU 87.1

1g5+!jQ 87.0

195+00 86.5

1g4+5Q 87.7 I ——

1g4+QQ 87.0

193+50 6,500 87.0

193+00 87.2

I 87.2 II









~Table 55
Guadalupe R.NerWater-Surface Elevations, Type 19 Upstream
Channel, Type 17 Bypass Entrance, Type 8 Pier Extensions, Ogee
Weir El 79.77, Existing Conditions, Discharge at Sta 203+00,
14,600 cfs, Water-Surface Elevation of 77.0-at Sta 151+77

I,
Disclnrge

Sta Cfs Elevation

! 14,60C
! 91.2

91.7

199+50 91.7

199+430 92.1

1g8+~ 91.8

196+00 91.5

197+50 91.7

197+00 91.2

1g6+~ 90.6

196+00 88.3

1g!j+51) 89.3

1%+IXI 85.8

1%+50 86.4

194+Q0 87.5

193+50 6,360 86.6
*

193+CW 66.5

192+5JJ 86.6
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ITable 57
Bypass Culveti Water-Surface Elevations, Type 19 Upstream
Channel, Type 20 Bypass Entrance, Bridge at GR5 Line, Ogee WC
El 79.77, Discharge at Sta 203+00, 14,600 cfs, Water-Surface
Elevation of 77.25 at Sta 151+27

II Existing Conditions II Future Conditions
Water&mface Water3urface

Sta II Elevation II Elevation

1 90.2 87.7

2 87.1 89.9

3 I 64.1 I 849

4 89.2 89.2

5 86.8 87.2

6 87.9 66.1

7 66.9 87.7

8 I 86.1 I 66.6

9
I

64.5
I

85.1

10 I 646 I 653





Table 59
Water-Surface Elevations, Discharge 14,600cfs, Service Road in
Place, Under Santa Clara St. Bridge, Measurements With and
Wtihout Bridge Deck at SantaClara St. Bridge

Taihvater El ?7.0

Wti
station

Wdhout
Deck Station Deck

1s7+’@l 76.8 1!57+00 76.7

163+00 79.0 1- 79.0

Taitwater El 77.26
I I 1

I 157+00 I 76.8



Table 60
Guadalupe River Water-Surface Elevations on the Right and Left
Overbanks, Type 19 Upstream Channel, Type 20 Bypass Entrance,
Bridge at GR5 Line, Ogee Weir El 79.77, Discharge at Sta 203+00,
14,600 cfs, Left Overbank Discharge 3,500 cfs, Right Overbank
Discharae 2.000 cfs

Left Overbank Watersurface Right Overbank Water-Surface
Location Elevation Location Elevation

Upstream 92.3 Upstream 92.2

center 922 center 92.2

DOwmstream 92.1 Downstream 92.1



I

Table 61
Guadalupe River and Bypass Culvert Modifications

MOOIFKATION II DESCRIPTION
!I

Type 2 BypassEnhance
I

Therightwau attheenbance w extended upstream and out into
the channel to intercept more river flow II

Type 3 Bypass Enhance The right wall at the entrance was extended an additional 50 ft
upstream from the type 2 bypass entrance

Type 4 Bypass Entrance Ogee weir shortened by 22 ft and ramp moved downstream
, II

Type 5 Bypass Enhance Rght side of bypass entrance moved farther out into the Guadalupe
River Channel whii also increased the length of the ogee weir. The
curvature of the weir was also reversed.

Type 6 Bypass Entrance

I

Rght side of bypass enhance modifd by extending diversion point
12.5 ft upstream from ogee weir II

Type 7 Bypass Entrance The right wall at the diversion vms reshaped and the left Guadalupe
River bankhne just downstream from the dwersion was modified

,I
Type 9 Bypass Enhance The wall extension in type 8 bypa~ entrance was sloped at

upstream end II
Type 10 Bypass Entrance The @datingupstream end of dtider wallw-s increased in width

from 4 to 5.5 ft
I

Type 11 BypassErrtmnce The up&ream end of the existing divider wail was rotated
approxlnately 7.5 ft to the right.

Type 12 Bypass Enhance The upstream end of the misting dtider wall w rotated
approximately 6.3 ft to the right

Type 14 Bypass Entrance The right side of the ogee weir ws rotated upstream and the divider
wall was increased in length. II

Type 15 B~ss Entrance A short deflector wall was placed on the outside of the right wall at
the entm-lc-e

I
Type 16 Bypass Entrance The upstream end of the 4-ft-thick divider wall was rotated tovvardthe

right Side OfthebOXCUtVWiby 1.5 ft

Type 17 Bypass Entrance I A portion of the right wall was moved 2 ft out into the box culvert II

Type 18 Bypass Enhance The upstream end of the 4-ft-thick divider wall was moved back to its
~~n in t~ type 15 byPass enttance and the right wall was placed
back in its positiw with the type 16 bypass entrance

Type 19 Bypass Entmnc-e The left wall at the entrance was realigned and the right wall was
moved back to its ImatiOn with the type 17 bypass entrance

)
Type 20 Bypass Entmnce The right wall was placed back to its location with the type 16 bypass

entrance and the left wall was left in its type 19 bypass entrance
location

Type 2 Upstream Channel
!

Roughness elements were placed on the invert of the channel
II

Type 3 Upstream Channel Sediment deposits were placed in the model on the right side of the
channel at sta 196+50 II



Table 61 (Continued)

MOOIFICATtON u DESCRIPTtON

Type 4 Upstream Channel A sediment buiiup of 4.75 ft with a smooth surface was placed on
the channel “kwerton the right side of the channel between stations
lW’+541and194+w

Type 5 Upstwm Channel A sediment buddup of 9.5 R with a smooth surface was placed on th~
channel rnvert on the right aide of the channel between stations
196+50 and194+O0

Type 6 Upstream Channel

I

A sedrnentbuildup of 9.5 ft with a rough surface was placed on the
channel invert on the right side of the channel between stations
lg6+!joandlg4~

Type 7 Upstream Channel The right bankiine betwean sta’s 196+50 and 194+00 was reshaped

Type 8 U-m Channel I The right banldirre between sta’s 196+50 and 194+00 was rashaped

Type 9 Upstream Channel

I

TheM wallV&ISmoved out into the Guadalupe River Channel
between sta 200+00 and weir to provide seismic stability for piers on
left overbank

Type 10 UpstreamChannel

I

The right side of the channel was modified between sta’s 196+50
and 196+00 by moving the bankhne out into the Guadalupe River

Type 11 Upstream Channel The right side of the channel was modified between sta’s 196+00
and 193+50 by bulging out the banktine into the Guadalupe River

Type 12 Upstream Channel 1 A portion of the bulge from the Type 11 U/S Channel ws removed

Type 13 Upstream Channel The left wall vm.smodiir by beginning the wall arwnd sta 198+60

Type 14 U@ream Channel The left wall was modifed between sta’s 199+50 and 197+00 and
the right side of the channel was modfied between sta’s 200+50 and
197+00

Tvue 15 Uostream Channel I The left *II was modif~ betwean sta’s 199+50 and 195+50

Type 16 Upstream Channel Temporary rnoditkation upstream from weir
1

Type 17 Upstream Channel Type 16 upstream channel constructed from sheet metal
I

Type 18 Upstream Channel The left wall w modified between sta’s 199+50 and weir the right
side of channel was tilfti between sta’s 200+50 and 193+Oil

Type 19 Upstream Channel The right side of the channel ws modified between stations 195+50
and193+O0

Type 1 Pier Extensions I P~extensionsplaceon all piers between sta’s 198+00 and 195+00

Type 2 Pier Extensions No pier extensions plac~ on piers between sta’s 198+00 and
1g5+w

Type 3 Pier Extensions I Pierextensionson piers between sta’s 198+OOand 195+OOonly

Type 4 Pier Extensions Pier extensions placed on all piers between sta’s 200+00 and
194+IXI -cept the three between sta 197+00 and sta 195+00

Type 5 Pier Extensions Sloped pier extensions placed on all piers between sta’s 200+00 and
194+00 and a new pier added in the future channel

Type 6 Pier Extensions The three piers kcated between sta’s 197+00 and 195+00 m the
type 5 per extensions were removed.



Table 61 (Concluded)
11

MODIFICATION II DESCRIPTION

Type 7 Pier Extensions The tempolary pier extensions used in the type 6 pier extension
design were replaced with designs developed from EM 1110-2-1601.

Type 8 PM Extensions The location of the piers between stations 201+00 and 194+00 was
changed slightly.

Type 2 Weir The crest el of the original weir was lowered to el 79.02
I

Type 3 Weir The ogee was replaced with a thin sharp-crested weir 88,66 ft long at
d 79.02

Type 4 Weir I A semi-circular sham?darcs at el 79.02

Type 5 Weir Four semkircular shapd arcs at el 79.02
i

Downstream Wall The leftwallwas moved out into the channel between stations
Modification 161+OOand 156+00

Fountiln Design The supporting walls for a water fountain proposed for placement in
the channel were piaced on the outside of the right culvert wall at the
confluence

—









Photo 4. Looking upstream from sta 181+00 at flow conditions in the

Guadalupe River with the type 1 design, existing conditions,

and a discharge of 14,600 cfs and confetti placed on the sur-

face to highlight surface patterns



























Photo 17. Dry bed view looking downstream of flume used to perform

model roughness experiments. Model elements represent

Manning’s n of 0.05 at bankfill flow of 6,500 cfs



Photo 18. Looking downstream at flow conditions in flume with a dis-

charge of 6,500 cfs and model elements that represent

Manning’s n of 0.05
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Photo 21. View looking upstream from weir of sediment deposits in the
upstream channel after first sediment experiment





Photo 23. Looking downstream at flow conditions in the vicinity of the
bypass entrance with the type 19 upstream channel,

type 16 bypass entrance, and type 8 pier extensions with
future conditions and a discharge of 14,600 cfs



Photo 24. Looking downstream at flow conditions near the Woz Way
Bridge with the type 19 upstream channel, type 16 bypass

entrance, and type 8 pier extensions with future conditions

and a total inflow of 14,600 cfs



Photo 25. Looking downstream at flow conditions in the Guadalupe
River between sta 185+00 and sta 180+00 near Auzerais

Point with the type 19 upstream channel, type 16 bypass

entrance, and type 8 pier extensions with future conditions

and a total inflow of 14,600 cfs



Photo 26. Looking downstream at flow conditions in the Guadalupe

River in the vicinity of San Carlos St. Bridge with the

type 19 upstream channel, type 16 bypass entrance, and

type 8 pier extensions with future conditions and a total
inflow of 14,600 cfs



Photo 27. Looking downstream at flow conditions in the Guadalupe
River between the San Carlos St. and Park Ave. Bridges

with the type 19 upstream channel, type 16 bypass en-
trance, and type 8 pier extensions with future conditions

and a total inflow of 14,600 cfs
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F.C. STA 155+71.7
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SECTION A–A

PIER EXTENSIONS
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TYPE 2 BYPASS ENTRANCE



TYPE 3 DESIGN WEIR
TYPE 2 BYPASS ENTRANCE



TYPE 3 BYPASS ENTRANCE
TYPE 3 DESIGN WEIR



kDIMENT DEpOSlT=

TYPE 3 UPSTREAM CHANNEL
TYPE 3 BYPASS ENTRANCE

TYPE 3 DESIGN WEIR



TYPE 4 DESIGN WEIR
TYPE 2 BYPASS ENTRANCE



TYPE 5 DESIGN WEIR



\

RfVER WEIR LOCATION



.

ENTRANCE PIER LOCATION

Plate 34
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NOTE: TYPE 4 UPSTREAM CHANNEL

TYPE 5 UPSTREAM CHANNEL

TYPE 6 UPSTREAM CHANNEL
OF GROUTED PEA GRAVEL

INVERT RAISED 4.75’

INVERT RAISED 9.5’

INVERT RAISED 9.5’ AND CONSTRUCTED

TYPES 4,5 AND 6 UPSTREAM CHANNEL



NOTE: TYPE 7 UPSTREAM CHANNEL INVERT RAISED 9.5’

TYPE 8 UPSTREAM CHANNEL INVERT RAISED 12.5’

TYPES 7 AND 8 UPSTREAM CHANNEL
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