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HyDRrAULIC DESIGN FOR STRUCTURES
OVER WATERWAYS

Introduction

This memorandum provides direction for the hydraulic design of structures over waterways
on the State Highway System (SHS). The intent is to assist the structure designer in
understanding the recommendations provided in the Bridge Hydraulics Reports.

The hydraulic design of a bridge must include the scour condition. Generally, scour is
increased with high flow velocities in the waterway. Other factors such as turbulence,
complex flow patterns around the abutments, or a bridge location on a bend in the stream
can contribute to the scour condition. The hydraulic design of the bridge should aim to
accommodate waterway conveyance with the least amount of impact to velocities and water
surface levels.

Policy Statement

Structures over waterways on the SHS shall be designed in accordance with the AASHTO
LRFD Bridge Design Specifications, current California Amendments (AASHTO LRFD-
BDS-CA) and the Highway Design Manual (HDM). Design Flood is defined in the Highway
Design Manual (HDM 818.1) as:

Design Flood - The peak discharge (when appropriate, the volume, stage, or wave crest
elevation) of the flood associated with the probability of exceedance selected for the design
of a highway encroachment.

Design flood frequencies adopted as a standard for design and their application are listed
below:

*  50-year or 100-year flood used for adequate waterway conveyance OR as specified
by any flood control agency.

* 100-year flood used for scour analysis.
*  Minimum of 200-year flood or a maximum of 500-year flood used for check flood.

The general criteria for setting the soffit elevation is to pass the greater of (1) Design Flood
(typically Q50 + freeboard), or (2) Base Flood (Q100 without freeboard). Per HDM 818.2
& 821.3, design practice recommends that a range of peak flows be considered and that the
Design Flood be established which best satisfies the specific site conditions and associated
risks. There will be rare situations where the risks of a lower water crossing is acceptable, but
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typically the highways shall not be inundated by the Design Flood. At low water crossings
subject to inundation as an accepted risk, the overtopping flood will be used as the Design
Flood. Deviation from the standard design criteria requires project-specific design criteria to
be included in the hydraulic reports.

In accordance with the Local Assistance Procedures Manual (LAPM), Chapter 11, local-
agency-funded projects with bridges on the SHS must be designed in accordance with
current SHS standards outlined in the Caltrans bridge design manuals and the HDM. All
local bridge and structure projects off the SHS and either on or off the National Highway
System (NHS) must use similar design criteria. For all state or local bridges, the effects of
objectionable backwater conditions must be considered.

Certain regions throughout the state are regulated by local flood control agencies and bridge
structures within their jurisdiction must satisfy their design requirements. Certain local
agencies have established higher design standards than Caltrans requires. Local agencies
that choose to require higher standards of design may complicate the ability to receive
federal funding. There may be circumstances where the risks of a lower water crossing are
acceptable. The hydraulic studies must provide justification for deviating from the standard
design criteria.

The AASHTO LRFD-BDS requires scour at bridge foundations to be investigated for two
conditions: (1) design flood and (2) check flood. Scour for the design flood is based on the
100-year event or from an overtopping flood of a lesser recurrence interval. Scour for the
check flood is based on a higher flood discharge; typically a 200-year event.

For all capital projects, a hydraulic study report is required for any bridge over a waterway
to address adverse flood risk potential. Environmental approvals often hinge on compliance
with local flood control agencies or other regulatory agencies. The hydraulic study reports
must comply with the requirements set forth in this document. Reports may not be necessary
for structure maintenance projects.

Scour of Geologic Material

The geologic material underlying a waterway may be either: (1) granular or fine material,
(2) cohesive or non-cohesive, (3) erodible or non-erodible rock. Various geologic materials
erode at different rates. Non-cohesive materials scour more readily than cohesive materials,
while cohesive or cemented soils typically are less scour-resistant than some rocks. The
geotechnical analysis studies the in-situ soil properties and the hydraulic conditions of the
flow to determine the erosional susceptibility of the foundation material during a single
flood event or long-term erosion.

The geologic properties and hydraulic conditions of water flow may vary during the life of
the bridge. The geologic and soil factors include the sediment or rock type, its porosity and
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permeability, hardness, cementation, fracturing, degree of weathering, etc. Scour prediction
methods assume that scour may reach predicted depths given sufficient time, regardless
of the type of foundation material and its properties. Geologic materials erode when the
resistance of material is less than the erosive force of water in motion.

Hydraulic Summary Table

A Structure Hydraulics Report must be prepared for all bridge projects over waterway
crossings including: (1) new bridges, (2) bridge widening projects, (3) bridge retrofit
projects, and (4) structural scour mitigation projects. The Structure Hydraulics Report shall
address, but is not limited to: flooding history of the site, waterway adequacy at the bridge
opening, bank stability and erosion, streambed stability, and issues leading to continuous
maintenance due to scour. For a new alignment, the location of the drainage structures and
the hydrology analysis should be finalized during the scoping stage. For more information,
refer to Attachment 2, Hydraulics Reports.

A Final Hydraulic Report (FHR) will provide a Hydrologic Summary Table similar to Table 1:

Table 1 - Hydrologic Summary Table

Hydrologic Summary for
Bridge No. xx-xxxx

Drainage Area: mi?
. Flood of
Frequency Design Flood | Base Flood Record
50-year 100-year X-year
Discharge cfs cfs cfs
Water Surface Elevation at Bridge ft ft ft

Floodplain data are based upon information available when the plans were prepared and are
shown to meet federal requirements. The accuracy of said information is not warranted by

the State and interested or affected parties should make their own investigation.

The Hydrologic Summary Table shall be placed on the Foundation Plan, and will be available
on the As-Built Plans.
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Components of total scour at a bridge foundation are needed for foundation design. Scour
depths are reported in various formats in the body of the report. A sample table for reporting
scour is shown in Table 2:

Table 2 - Scour Summary Table

Long Term & Short Term Scour Depths
Bridge Name, Br. No. xx-xxxx
Support No. Degradation Scour Contraction Scour Short Term (Local)
Depth (ft) Depth (ft) Scour Depth (ft)

Abutment 1

Pier 2

Pier 3
Abutment 4

Table 2 reports scour depths that a designer can use for foundation design without referencing
the specific site survey information. Another very similar table identified as the Scour Data
Table (see Table 3) must also be provided. The difference is that the Scour Data Table
must identify the long-term scour elevations (not scour depths) at the bridge foundation
elements that will assist bridge inspectors to make a very quick scour condition assessment
by referencing the As-Built Plans. The format and column descriptions of the Scour Data
Table must not be changed.

Scour Data Table

A Final Hydraulic Report (FHR) will provide a Scour Data Table in similar format to Table 3:
Table 3 - Scour Data Table

Long Term (Degradation and Short Term (Local)
rt No.
Support No Contraction) Scour Elevation (ft) Scour Depth (ft)
Abut 1*
Pier 2
Pier 3
Abut 4*

*Scour at support location; not at Abutment embankment toe.

The Scour Data Table shall be placed on the Foundation Plan. This data will be useful to
Structure Maintenance & Investigations (SM&I) during routine inspections to determine if
noted scour is within the limits of the original design.
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Hydraulic Design Considerations:

New Bridges:

1.

Every effort must be made, if structurally and economically feasible, to have a bridge
layout that improves and enlarges the waterway flow area to avoid conditions that may
lead to foundation scour (AASHTO LRFD 2.6.4.3, C2.6.4.3).

The elevation of the bridge soffit typically needs to be set to provide the minimum
freeboard required above the Design Flood (typically Q50) water surface elevation.
Minimum freeboard will be provided in the hydraulic reports. Also, the bridge soffit
must be high enough to pass the Base Flood (Q100) without freeboard.

The bridge substructure needs to be designed to satisfy any permit requirements as well
as all the limit state design requirements using the latest AASHTO LRFD codes, CA
Amendments and commentaries relating to scour for the given design flood, overtopping
flood, and check flood. Currently under California Amendments (A4ASHTO LRFD-BDS-
CA 3.7.5), the Strength limit state is used in lieu of a check flood evaluation.

The orientation of multi-column bents and pier walls must match, as closely as
structurally feasible, the natural channel skew angle relative to the bridge alignment
to minimize stream flow obstruction. Obstructions create conditions that may lead to
foundation scour. Fenders and other similar pier protection systems such as a pier nose
extensions may be recommended in the hydraulic report to deflect and prevent debris
from collecting on the piers (AASHTO LRFD C2.6.4.3, C2.6.4.4.1, 2.6.4.4.2).

Traditional pier walls are not a preferred option for new structures due to seismic
considerations. For new construction where debris between columns is a concern, guide
walls are recommended to be placed between columns in lieu of traditional pier walls.

The Structure Hydraulics Engineer will recommend when the abutment may need to
be protected with scour countermeasures (AASHTO LRFD C2.6.4.4.1). Commonly
recommended countermeasures are abutment side walls and/or rock slope protection
(RSP) armoring. RSP designs for countermeasures should be based on procedures
presented in FHWA HEC-23. For gradation specifications, use the recently updated
Grading Specifications.

The potential effects of channel degradation or aggradation, contraction scour and local
scour must be investigated in the different scour condition limit state load combinations
(LRFD-BDS-CA Table 3.7.5-1). It is important to note that scour per se is not a force
effect, but by changing the conditions of the substructure it may affect resistance of the
substructure elements and lead to instability of the foundation system. The structure
designer will need to consider the change in column or pile stiffness due to the loss of
streambed material caused by scour or long term degradation.
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The top of a spread footing must be placed at or below the anticipated total scour
(Degradation + Contraction + Local) elevation (LRFD 2.6.4.4.2 and LRFD-BDS-CA
Figure C2.6.4.4.2-1) unless founded on competent, scour-resistant bedrock.

The top of a pile cap footing must be placed at or below the estimated degradation plus
contraction scour depth (LRFD 2.6.4.4.2 and LRFD-BDS-CA Figure C2.6.4.4.2-2). The
bottom of a pile cap footing should be placed at or below the anticipated Total Scour
elevation. Figures C2.6.4.4.2-1 & C2.6.4.4.2-2 show a typical bent or pier location.

The effect of scour on increasing top of pile displacement under the Service Limit State
shall be discussed during the Structure Type Selection meeting.

Stream pressure must be considered in combination with scour for the bridge substructure
including any pile support that is exposed based on predicted scour for the given
limit state load combination (AASHTO LRFD 3.4.1-1, 3.7.3, and C3.7.5). If debris
accumulation is a known problem, the designer must account for debris loads as a
transient load WA (water load and stream pressure). A drag coefficient of 1.4 must be
assumed for debris loads.

Exposed piles must be checked for buckling and lateral stability (AASHTO LRFD
2.6.4.4.2 and 10.7.1.5).

When requesting a Foundation Recommendation from Geotechnical Services, include
all anticipated short and long term scour information supplied by Structure Hydraulics.
Soil springs for seismic analysis (Extreme Event I limit State) shall be requested for two
scenarios: 1) current condition; i.e., no long term degradation has occurred and 2) the
channel has fully degraded. If the difference in streambed elevation between the two
scenarios is significant, analysis may yield different shear and moments in the design
of the columns or pile shafts.

AASHTO LRFD-BDS requires all bridge foundations to be assessed for scour under
the check flood, also known as the superflood event (LRFD 2.6.4.4.2). Currently under
California Amendments (AASHTO LRFD-BDS-CA 3.7.5), the Strength Limit State is
used in lieu of a check flood evaluation.

Existing Bridges:

Typical scour related projects for existing bridges are as follows:

L.

Scour mitigation without bridge modification — Scour mitigation can be accomplished
by a combination of waterway improvements such as: channel realignment, installation
of countermeasures such as streambed or foundation armoring (RSP), or installation of
check dams. The recommendations for scour mitigation or countermeasures shall be
provided by Structure Hydraulics, through consultation and coordination with SM&I
Hydraulics.
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2. Scour mitigation with bridge modification — commonly called “Bridge Scour Retrofit”.
Bridge modification may be required when the total potential scour depth can result
in pile exposure, potentially leading to structural instability. Bridge modification
may be required when scour mitigation by channel improvement is not hydraulically
and/or environmentally feasible. New piles are typically retrofitted onto the existing
foundations either through the use of outrigger bents, pile footing enlargement, or entire
bent replacement.

3. Bridge Widenings — The foundation for the widened portion of the bridge must comply
with the design criteria for a new bridge. Existing foundation, if scour critical, shall
be mitigated using a combination of items 1 and 2 listed above.

4. Complete bridge replacement — SM&I, through their own internal peer review process
for scour critical assessment, typically recommends and identifies complete bridge
replacement as the scope of work for a scour-critical bridge on the long-term SHOPP
plan. Complete bridge replacement is necessary when the combined cost of a bridge
scour retrofit and bridge maintenance costs over the remaining service life of the bridge
(i.e. life cycle cost) is competitively close to the replacement cost of the existing bridge.
An early meeting with the District and Offices of Structure Design, Structure Hydraulics,
and SM&I during the APS or Design phase to discuss this option is critical to have the
proper funding programmed and approved. A life cycle cost analysis prepared by SM&I
could be requested by the District to justify replacement over rehabilitation.

Regulatory Flood Control & Other Regulatory Agencies

Regulatory agencies require hydraulic model results for all bridge project alternatives
including any temporary structures. If impacted by Sea Level Rise, the regulatory agencies
require that analysis to consider tidal flow. Ifa project is within a FEMA regulatory floodway,
the hydraulic analyses must be compared to their regulatory flood elevations.

Certain regulatory agencies such as the Central Valley Flood Protection Board (CVFPB) will
require certain information to be reported. Hydraulic data for comparison of existing and
proposed conditions are reported in a summary table. Required data includes: design flow,
velocity, water surface elevation (WSE), soffit elevation, and freeboard as well as change
in WSE and velocity. A sample table of common data is listed as follows:
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Table 4 -CVFPB Table

Design Information Existing (Pre-Construction) Future (Post-Construction) A Existing to Future
Bridge Soffit Soffit AWSE A Velocity
No. Design Flow WSE Velocity Freeboard WSE Velocity Freeboard
cfs Ft* Ft* ft ft Ft* Ft* ft ft ft fps

All bridge projects located in the CVFPB jurisdiction must meet specified design criteria in
order to be granted a permit. Per Title 23, Code of California Regulations, Article 8-128,
bridges across streams under the jurisdiction of the CVFPB shall follow the criteria below:

(A) The bottom members (soffit) of a proposed bridge must be at least three (3) feet
above the design flood. The required clearance may be reduced to two (2) feet on
minor streams at sites where significant amounts of stream debris are unlikely.

(B) When an existing bridge being widened does not meet the clearance requirement
above the design flood, the bottom structural members of the added section may be
no lower than the bottom structural members of the existing bridge, except as may
be caused by the extension of existing sloped structural members.

Unlike Caltrans’ standard design criteria, projects in the CVFPB jurisdiction often must meet
a 200-year flood protection standard for urban development in the Sacramento River and San
Joaquin River watersheds. Senate Bill 5 (2007) tasked the Department of Water Resources
(DWR) with developing “Urban Level of Flood Protection” criteria. "Urban area" means
a developed area in which there are 10,000 residents or more. "Urbanizing area" means a
developed area or an area outside a developed area that is planned or anticipated to have
10,000 residents or more within the next 10 years. The 200-year flood protection criteria
may apply to both urban and urbanizing areas.

An encroachment permit from the CVFPB is likely to be required. It is the responsibility of
the District PE to prepare the permit application, with assistance from the District Hydraulic
Engineer. Thg District Hydraulic Engineer is the signee of the permit application and is the
responsible unit to communicate with the Board. Districts 2, 3, 4, 6, and 10 may potentially
be impacted by these regulations.
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Summary

A bridge superstructure must be designed to pass or freely clear the design flood plus
freeboard or the base flood without freeboard. For low water crossings where a bridge
superstructure cannot be placed to satisfy this standard design criteria, a bridge must be
designed to endure fully submerged flow conditions.

Scour at bridge foundations must be assessed for two conditions: (1) design flood and (2)
check flood in which, under California Amendments (AASHTO LRFD-BDS-CA 3.7.5), the
Strength limit state is used in lieu of a check flood evaluation.

Effective communication early in the project delivery process is essential for managing a
successful project.
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ATTACHMENT 1

ROLES AND RESPONSIBILITIES

Overview

An early and accurate project scope of work is essential for successful projects. This is
obtained through effective communication throughout all phases of the project. It is imperative
that the Structure Project Engineer, Specification Engineer, Geotechnical Professional, and
Hydrology and Hydraulics Engineer maintain close communication throughout all phases
of the project.

This section defines the roles and responsibilities to establish and maintain communication
throughout the development of the project.

District Hydraulics Engineer

The District Hydraulics Engineer performs hydraulic and hydrologic studies as per the
Caltrans Highway Design Manual for all roadway drainage facilities other than bridges. The
District Hydraulics Engineer will evaluate the need for upgrading or replacing any existing
storm drain system or the need for new facilities located within the Caltrans Right-of-Way
(ROW).

The District Hydraulics Engineer is responsible for bank protection designs at the ends of
structures; typically bridges. The District Hydraulics Engineer will collect and provide data
for the design of bridges, large culverts, and pumping plants. They are also responsible
for permit reviews for drainage structures within the Caltrans ROW by other agencies or
private parties.

The responsibility for hydraulic design policies and procedures rests with the Division
of Design; the unit that performs the project drainage design is responsible for their
implementation. The highway engineer relies on hydraulics to adequately size drainage
facilities to convey design flows, especially to convey stream flows across highways referred
to as cross-drainage.

The largest cross-drainage facility that district hydraulics will design is a culvert using
standard plan details. Any special design culvert must be designed by Structure Design
(SD), and SD will consult with Structure Hydraulics & Hydrology for design flows.

Geotechnical Professional

The geotechnical professional provides Preliminary Geology and Seismicity Recommendations
(PGR), Preliminary Structure Foundation Recommendations (PFR) and Final Structure
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Foundation Recommendations (FFR) to the Structure Project Engineer for new bridge
projects, seismic retrofits and widenings. These reports include the geology, seismicity,
recommended foundation type and bearing capacities, and/or specified pile tip elevations.
The recommendations are based on design loads, site conditions and potential scour, both
short term and long term.

Preliminary Investigations (PI)

Preliminary Investigations (PI) prepares and transmits preliminary reports and Foundation
Plans which provide the designer with information needed to prepare contract plans,
specifications, and estimates for proposed structures statewide for the Capital Outlay
Support Program. Upon obtaining the Bridge Site Data Submittals (BSDS) from Districts,
PI reviews the submitted information and generally visits proposed project sites to gather
additional data as needed.

If the bridge is over water, PI may also gather hydraulic information when it is requested
by Structures Hydraulics & Hydrology. A good practice is to coordinate the survey data
collection to include Structure Hydraulics’ input on channel survey limits. Producing a
Foundation Plan involves gathering all physical information on the site through surveying,
photographing and hand measuring. A Foundation Plan will include information such as
the project site’s contour topography, existing facilities, and surface/subsurface utilities.

Prior to collecting project surveys, channel survey limits should always be requested
from Structure Hydraulics. A representative from PI is responsible for inviting Structure
Hydraulics to pre-survey meetings. This will ensure that the topographic surveys to be
collected will meet the needs for hydraulic modeling.

Structure Project Engineer (PE)

The Structure Project Engineer (PE) is responsible for the bridge portion of the project
Structure Plans Specifications & Estimate (SPS&E) for new bridges over waterways and
bridge widening, seismic retrofit, and scour mitigation/retrofit of existing bridges. Note
that culverts classified as bridges are included as structures work.

The Structure PE interacts primarily with the Structures Hydraulic Engineer, the geotechnical
professional and construction during the design phase of the project to ensure that the
proposed design meets the design code and procedures relating to scour, has the proper
foundation type appropriate for the site condition, and is constructable.

The PE is responsible for requesting Preliminary Hydraulics Report (PHR), the draft Final
Hydraulics Report (dFHR) and the Final Hydraulics Report (FHR) from Structure Hydraulics,
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and agreeing with the Structure Hydraulics Branch Chief on a delivery schedule. Topographic
surveys need to be completed and submitted to Structure Hydraulics prior to agreeing on
a delivery schedule for the required reports. When PI is not collecting the topographic
surveys, the PE is responsible for ensuring that District Surveys invites Structure Hydraulics
to pre-survey meetings.

The PE is responsible for forwarding scour information obtained from Structure Hydraulics
to the geotechnical engineer when requesting Foundation Reports (both Draft and Final)
and soil springs from the Office of Geotechnical Design.

Structure Hydraulics Engineer

The Structure Hydraulics Engineer provides technical support and expertise to the structure
designer as it relates to floodplain encroachments and bridge hydraulics (including culvert
structures) using the latest Departmental and/or Federal policies, procedures and code
regulations that may affect the design of new, replacement, or modification of state bridges.

The Hydraulics Engineer does the following:

* Reviews and evaluates bridge projects that are identified as scour critical by Structure
Maintenance & Investigations (SM&I) and proposes scour mitigation alternatives.

e Performs hydrologic and hydraulic analyses and bridge scour analyses statewide for
the Capital Outlay Support Program for bridges over waterways on the state highway
network.

e Conducts oversight review of projects where design rests with the Local Program or
Special Funded Projects to ensure that hydraulic design criteria is in compliance with
standard design criteria statewide.

* Interacts with the Geotechnical Engineer for the evaluation of scour at calculated scour
depths based on site materials.

*  Provides hydraulic data and predicted scour data needed for proper placement of bridge
components for capital projects. Hydraulic reports will comment on waterway adequacy,
stream stability, channel degradation, gravel mining, grade control structures, drift, flood
stage, backwater, scour, fish passage, and unusual hydraulic characteristics.

* Interacts with PI staff or District Surveys to provide channel survey limits necessary for
development of a good hydraulic model.

*  The Structure Hydraulic Engineer will need to coordinate with Preliminary Investigations
or District Surveys to ensure the topographic surveys scheduled to be collected will meet
the needs for hydraulic modeling. Channel survey limits should always be requested
from Structure Hydraulics.
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Structure Maintenance & Investigations (SM&I)
Hydraulics

SM&I Hydraulics Engineers perform scour evaluations of existing bridges over waterways in
order to preserve safety and structure stability. SM&I Hydraulics identifies potential unstable
bridge foundations due to stream instability and scour. SM&I Hydraulics shall consult with
the Geotechnical Scour Critical Branch to evaluate the geology and scourability of the soil/
rock, the type of foundation used for supports, the bottom of footing and pile tip elevations,
remaining pile bearing capacity after scour conditions, and any additional geotechnical issues
related to the site. SM&I Hydraulics consults with the SM&I Loads Ratings group in order
to assess the structural capacity of the existing bridge under scour conditions. Bridges that
are susceptible to scour problems are identified and their National Bridge Inspection (NBI)
Item 113 coding for Scour Critical Bridges is determined by SM&I Hydraulics. SM&I
Hydraulics is required to prepare a Plan-Of-Action (POA) for every bridge on the SHS that
is determined to be scour critical. Local agencies are responsible for developing their own
POA for every local bridge in their jurisdiction determined to be scour critical.

A POA must provide a means for maintenance personnel to monitor at least one or a
combination of 1) flood events that could scour bridge foundations, 2) scour depths during
flood events, and 3) bridge movement indicative of extreme scour. The POA must include the
names of responsible personnel that are required to take action to ensure public safety. The
POA must clearly state the conditions under which a bridge must be closed to traffic. SM&I,
through their own internal peer review process, typically recommends scour mitigation work
and defines the scope of work for programming into the SHOPP plan.

Structure Maintenance & Investigations (SM&I) Load
Ratings

The Load Ratings Branch is responsible for determining the Inventory and Operating live
load carrying capacity of existing bridges. Responsibilities also include evaluating the
structural stability of the bridge based on the foundation analysis for existing and/or future
estimated scour depths provided by the SM&I Hydraulics Branch. The Load Ratings Branch,
if needed, also makes a recommendation to the SM&I Hydraulics Branch for Geotechnical
Services to perform a pile bearing capacity analysis for further review. The Load Rating
engineer should communicate with the geotechnical professional about the geotechnical
data as needed.
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ATTACHMENT 2

HYDRAULIC REPORTS

Overview

For waterway crossing projects, close communication needs to be maintained between
Structure Design and Structure Hydraulics throughout the project. There are three types of
Hydraulic Reports:

1. Preliminary Hydraulic Report (PHR) — Provided during the K phase (WBS 150.15.30)
or 0 Phase (WBS 160.10.85). These are unchecked reports.

2. Draft Final Hydraulic Report (lFHR) — Provided during the 0 phase (WBS 160.10.85).
These are checked reports.

3. Final Hydraulic Report (FHR) — Provided with all other signed contract documents.
All Final Hydraulic Reports are signed and sealed.

The following describes the information provided by Structure Design and Structure
Hydraulics during the planning and design phases. It should be noted that the following is a
guide and should not preclude any additional communication necessary on a specific project
to maintain the scope, cost, and schedule.

The structure design engineer shall provide as much of the following information as is
available when requesting a hydraulic report:

Pertinent Information included with Request Form (check all that apply):

O Copy of APS O Bridge Site Data Submittal O Draft General Plan(s)
O Project Survey Datum O Geotechnical Information 0 Copy of PHR
[J Project Scoping Report [J Draft EIR [J Biological Study

[0 Local Hydraulic Study [0 Consultant Hydraulic Report [0 Computer Media
O Draft Foundation Plan [J Other

Preliminary Hydraulic Report (PHR)

The Hydraulics Engineer shall review all information in the request and evaluate the
following:

1. Maintenance Record Evaluation
a. Discussion with Project Manager/ District

b. District Hydraulics may provide historical problems, local maintenance issues,
requirements for test borings, pile driving, etc, and bank protection issues.

c. Peer Review consideration
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2. Mitigation Measure Recommendations

3. Feasibility Evaluation

a. Potential Environmental / Agency Considerations (CVFPB, USACE, etc.)
b. Discharge

c. Water Surface Elevation

d. Debris Potential

e. Scour Potential

The preliminary evaluation does not necessarily have to be a thorough hydraulic study, but
must be detailed enough for the structure designer to identify the proper structure type(s).

The Preliminary Hydraulics Report (PHR) should include comments regarding:

Hydraulic problems or issues (drift, degradation, aggradation, migration, etc.)
Pier/foundation type recommendation

Suggested minimum soffit elevation based on applicable vertical freeboard
High water elevation

Allowable freeboard

Flow rates (50, 100-year, and record) and in some cases 200-year

WSEL (50, 100-year, and record) and in some cases 200-year

Minimum main span length

Preliminary total scour depth

Current scour rating (NBIS Item 113 code and definition)

Hydraulic skew

Draft Final Hydraulic Report (dFHR)

Upon receiving a work request, Structure Hydraulics shall contact either Preliminary
Investigations (PI) or District Surveys to schedule channel surveys upstream and downstream
of the bridge site if necessary. Communication at this juncture is imperative because it
impacts Structure Hydraulics as well as Preliminary Investigations or District Survey
schedules. Only after receipt of the survey information can an in-depth hydraulic analysis
be undertaken.
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The Hydraulics Engineer shall review all information in the request and perform the
following:

1. Obtain survey data.

a. Dueto the increased requirements of the permitting agencies, computer models
are required deliverables.

b. Contact Preliminary Investigations, who will determine the need for ground
crew surveys (DES or District), LIDAR, photographic, bathymetric, or other
survey methods.

2. Evaluate hydrology.

a. Discharge - Arrive at an official discharge using methods based on site-specific
criteria. The Hydraulic Engineer must take into consideration the following
entities and/or features for determination of a design flow:

i.  Army Corps/FEMA
ii. Central Valley Flood Protection Board (CVFPB)
iii. Other flood/water agencies
iv. Diversions
1. Dams (DWR, BLM, etc.)
2. Canals (irrigation districts)
3. Split flows
4. Other pertinent features
v. Confluences
vi. Gage data
vii. Computer models (WMS, etc.)
b. Evaluate debris potential
c. Study historic records
i. Gage data
ii. Flood history
iii. Scour history

1v. Maintenance issues
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v. Interview/eyewitness/news reports
vi. As-Builts
vii. District Hydraulics
d. Consider climate change impacts
i. Discharge
1. Rainfall intensities
2. Frequency of occurrence
ii. Sea level rise scenario
iii. Vegetation
e. Environmental considerations
i.  Floodplain requirements
ii. Fish passage
iii. Wildlife passage
iv. Habitat restoration
f.  Other entities
i. Levee districts
ii. PG&E/utilities

iii. Dual usage — waterway conveyance and access or recreational
pathways

3. Evaluate hydraulic conditions to determine flow regime effects of objectionable
backwater conditions and velocity changes caused by floodplain encroachments. A
hydraulic evaluation will assess adequate waterway area and potential scour. The
Hydraulic Engineer must provide discussion and recommendations of the following
topics that are pertinent to a Structure Design Engineer in a hydraulic report:

a. Water surface elevations
i. 1. Freeboard requirements - existing, future, and interim
1. Army Corps/FEMA
2. Central Valley Flood Protection Board (CVFPB)
3. Local flood/water agencies
4

US Coast Guard
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ii. Potential floodplain impacts
iii. Tide / tailwater
iv. Waiver process if freeboard is inadequate
b. Specify datum used
c. Determine hydraulic skew
d. Water velocities
e. Scour recommendations

1. Local Pier

1. Shape

2. Orientation / skew
3. Size

4. Depth

5. Elevation

6. Scour countermeasures, if applicable

1.  Abutment

1. Shape

2. Orientation / skew
3. Size

4. Depth

5. Elevation

6. Scour countermeasures, if applicable
iii. Contraction
iv. Degradation/aggradation
v. Stream meander
vi. Pressure
f. Span configuration
g.  Scour mitigation
i.  Design scour countermeasures

ii. Design river training features
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h. Computer model (HEC-RAS, FESMS, SRH2D, or other)
i.  Obtain adequate survey information from others
1. LiDAR
2. Photogrametry
3. Ground surveys
4. Site investigations

i.  Existing, future, and interim conditions (construction falsework and access
trestles)

j-  Superstructure recommendations
i.  Overtopping designs
ii. Submerged superstructure

k. Utilities encroachment

The draft Final Hydraulic Report is to be prepared in accordance with Section 2.3 "Location
Features" and Section 2.6 “Hydrology and Hydraulics” of the AA4SHTO LRFD Bridge
Design Specifications and current California Amendments (AASHTO LRFD-BDS-CA)
and the Caltrans Highway Design Manual (HDM) Chapters 800-890 “Highway Drainage
Design”. The LRFD-BDS-CA and HDM comply with Federal Law in the Code of Federal
Regulations, Title 23, Part 650 (23 CFR 650) “Bridges — Structures & Hydraulics, Subpart
A — Location and Hydraulic Design of Encroachments on Flood Plains.”

A dFHR must include, but not limited to, the following:

The State-assigned Bridge Name(s), Bridge Number(s), location(s) and other pertinent
information for the applicable structures.

A brief history and description of the hydrology.

Comments on constraints or requirements which influence the selection of available
alternatives.

A Hydrologic Summary table, which specifies data on the basin area, frequency,
discharge, and associated water surface elevations at the bridge for the Design Flood,
Base Flood, and Overtopping Flood/Flood of Record.

A potential Scour Summary table, which specifies data used by design to determine
the appropriate foundation type. The inclusion of this information is intended to
assist future Maintenance Inspections and Evaluations to help track the health of
the structure.
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*  Final recommendations on hydrologic, hydraulic and scour issues (recommendations
for span length, pier type, pier location, bridge skew, minimum soffit elevation, etc).

Final Hydraulic Report (FHR)

Upon receiving the Bridge Site Submittal documents from the District, Structure Design is
to submit a request for a Final Hydraulic Report (FHR) to the Structure Hydraulics Engineer.
This report is requested and prepared during the PS&E stage of the project.

The Project Engineer from Structure Design shall invite the Structure Hydraulic Engineer
to the Type Selection meeting to respond to hydraulic questions that may arise.

The FHR shall include recommendations based on final Type Selection and final foundation
recommendations.

Except for adjacent left and right bridge structures, a separate FHR shall be prepared for
each structure and shall contain the State of California registration seal, license number,
expiration date and signature of the Engineer responsible for its preparation.

Upon completion of the FHR, the Project Engineer shall provide a copy of the report to the
Resident Engineer Pending File for use in the construction phase of the project..

Request for Hydraulic and Hydrologic Information (internal use only)
A work request form must be completed for every bridge over a waterway.

For the most current ‘Structure Hydraulics Work Request Form’, visit the Structure
Hydraulics link on the SP&I intranet site-

http.//des.onramp.dot.ca.gov/office-design-and-technical-services. Requests for hydraulic
information for all waterway crossings should be sent to:

DES.Structure.Hydraulics.Hydrology@dot.ca.gov
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ATTACHMENT 3

GLOSSARY OF TERMINOLOGY FORr
HYDRAULICS & SCOUR

Definitions (refer to AASHTO LRFD-BDS-CA Section 2.2)

Common terminology has been defined below for easy reference.

Abutment Scour

Aggradation

Backwater

Bank Protection:

Base Flood
Base floodplain

Bedrock

Bridge Waterway

Bulking

Channel Profile

Abutment scour is essentially a form of scour at a short contraction.
Accordingly, scour is closely influenced by flow distribution
through the short contraction and by turbulence generated and
dispersed in the form of eddies and vortices, by flow entering the
short contraction.

General and progressive buildup (long term) of the longitudinal
profile of a channel bed due to sediment deposition.

The increase in water surface elevation relative to its elevation
occurring under natural channel and floodplain conditions. It is
induced by a bridge or other structure that obstructs or constricts
the free flow of water that occurs in a channel.

Engineering works for the purpose of protecting streambanks from
erosion.

Discharge associated with the 100-year flood recurrence interval.

Floodplain associated with the flood with a 100-year occurrence
interval.

The solid rock exposed at the surface of the earth or overlain by
soils and unconsolidated material.

The cross-sectional area of a bridge opening available for flow,
as measured below a specified stage and normal to the principal
direction of flow.

Increasing the water discharge to account for high concentrations
of sediment in the flow.

A plot of the stream channel elevations relative to distance
separating them along the length of the channel that generally can
be assumed as a channel gradient. Profile line may follow distinct
features such as thalweg or bank toe.
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Check Flood

Clear-Water Scour

Contraction Scour

Conveyance

Countermeasure

Cross section

Cutoff Wall

Degradation

Depth of Scour

Design Flood

Design Flow
(Design Flood)
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Arisk-based approach for a superflood event (not to exceed a 500-
year event) to provide a larger safety margin for scour resistance.
Assessment of this scour condition in excess of the design life of
the bridge attempts to balance the risk of failure from hydraulic
and scour events. The flood may be resulting from storm, storm
surge, and/or tide.

Scour at a pier or abutment (or contraction scour) when there is
no movement of the bed material upstream of the bridge crossing
at the flow causing scour. Clear-water scour occurs where there is
flowing water with no sediment transport or suspended material
which is not re-deposited when flows recede.

Contraction scour, in a natural channel or at a bridge crossing,
involves the removal of material from the bed and banks across
all or most of the channel width. This component of scour results
from a contraction of the flow area at the bridge which cause an
increase in velocity and shear stress on the bed at the bridge. The
contraction can be caused by the roadway embankments leading
to a bridge in a floodway or from a natural narrowing of the stream
channel.

Flow conveyance is the flow capacity through a given channel
reach for a given stage, independent of slope. The channel size
and shape are important factors in determining flow conveyance.

A measure intended to prevent, delay or reduce the severity of
hydraulic problems.

A section normal to the trend of a channel or flow.

A wall, usually sheet piling or concrete, that extends down to
scour-resistant material or below the expected scour depth. A
cutoff wall is intended to prevent undermining.

A general and progressive (long term) lowering of the channel bed
due to erosion, over a relatively long channel length.

The vertical distance a streambed is lowered by scour below a
reference elevation.

The peak discharge of the flood associated with the probability of
exceedance selected for the design of a highway encroachment.

The discharge that is selected as a basis for the design or evaluation
of a hydraulic structure including a hydraulic design flood, scour
design flood and scour design check flood.
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Discharge

Drainage Basin

Drift

Eddy Current:

Ephemeral Stream
Erosion

Filter

Filter Fabric

Flanking

Flood Frequency

Floodplain

Floodway

Fluvial
Geomorphology
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Volume of water passing through a channel during a given time.

Geographical area confined by drainage divides, often having only
one outlet for drainage. A synonymous term is watershed area.

Alternative term for vegetative “debris”. Floating or non-mineral
burden of a stream. The name for all material of land origin found
floating and transported anywhere across waterways or at sea.

Avortex-type motion of a fluid flowing contrary to the main current,
such as the circular water movement that occurs when the main
flow becomes separated from the bank.

A stream that does not flow for parts of the year.
Displacement of soil particles due to water or wind action.

Layer of fabric (geotextile) or granular material (sand, gravel or
graded rock) placed between bank revetment (or bed protection)
and soil for the following purposes: (1) to prevent the soil from
moving through the revetment by piping, extrusion, or erosion;
(2) To prevent the revetment from sinking into the soil; and (3)
to permit natural seepage from the streambank, thus preventing a
buildup of excessive hydrostatic pressure.

Geosynthetic fabric that serves the same purpose as a granular
filter blanket.

Erosion around the landward end of a stream stabilization
countermeasure.

Also referred to as exceedance interval, recurrence interval or return
period; the average time interval between actual occurrences of a
hydrological event of a given or greater magnitude.

A nearly flat, alluvial lowland bordering a stream that is subject
to frequent inundation by floods.

The stream channel and that portion of the adjacent floodplain
that must remain open to permit passage of the base flood. The
floodway is a regulatory measure to assist communities with
protecting the river corridor where flows are most sensitive to
encroachment.

The science dealing with the morphology (form) and dynamics of
streams and rivers.
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Freeboard

General scour
Grade-Control
Structure

Guide Bank

Guide Wall

Headcutting

HEC-RAS

Hydraulic Design
Flood

Hydraulics

Hydraulic Model

Hydrograph
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TThe vertical distance above a design stage that is allowed for
waves, surges, drift or other contingencies.

General scour refers to the aggradation or degradation of
geomaterials in the riverbed that is not due to the local obstacles
present at a bridge.

Structure placed bank to bank across a stream channel (usually with
its central axis perpendicular to flow) for the purpose of controlling
bed slope and preventing scour or headcutting.

A dike extending upstream and/or downstream from the approach
embankment at either or both sides of a bridge opening to direct
the flow through the opening.

A guide wall is defined as a group of conventional columns
connected by non-structural walls. The connection of guide walls
to columns are designed to detach during a seismic event, allowing
the columns to meet the seismic deformation demands while
satisfying the hydraulic needs of reducing debris accumulation
that leads to debris loads to the bridge foundation.

Channel degradation associated with abrupt changes in bed
elevation (headcut) that generally migrates in an upstream
direction.

US Army Corps of Engineers River Analysis System (HEC-RAS).
A computer software program developed by the Army Corps of
Engineers Hydraulic Engineering Center (HEC). This software
performs one-dimensional calculations to create a hydraulic model
and determine hydraulic parameters such as velocity and water
surface elevation.

A traditional predetermined design flood frequency selected for
obtaining waterway adequacy and freeboard with assumed inherent
levels of risk. This design flood is a standard design criteria used
in determining a minimum bridge soffit. (see Design Flood)

Applied science concerned with the behavior and flow of liquids,
especially in pipes, channels, structures and the ground.

Small scale physical or mathematical representation of a flow
situation.

The graph of stage or discharge versus time.
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Hydrology

Incised Stream
Invert

Ineffective Flow

Lateral Erosion

Live-Bed Scour

Local Scour
Long Term Scour
Migration

Overtopping Flood

Piping

Pressure Flow Scour
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Science concerned with the occurrence, distribution, and circulation
of water on the earth. Hydrologic analysis methods are used to
estimate design discharges.

Stream which has deepened its channel through the bed of the
valley floor, so that the floodplain is a terrace.

Lowest point in the channel cross section or at flow control devices
such as weirs, culverts, or dams.

Ineffective flow areas are often used to describe portions of a
cross section in which water will pond, but the velocity of that
water, in the downstream direction, is close to zero. This water is
included in the storage calculations and other wetted cross section
parameters, but it is not included as part of the active flow area
for conveyance. When using ineffective flow areas, no additional
wetted perimeter is added to the active flow area.

Erosion in which the removal of material is extended horizontally
as contrasted with degradation and scour in a vertical direction.

Scour at a pier or abutment (or contraction scour) when the bed
material in the channel upstream of the bridge has suspended
streambed particles in the flow causing scour. Live-bed scour
occurs where there is flowing water with sediment transport or
suspended material which can be re-deposited when flows recede.

Removal of material from around piers, abutments, spurs, and
embankments caused by an acceleration of flow and resulting
vortices induced by obstructions to the flow.

Scour which only accounts for long-term scour (degradation).
A differentiation must be made between long-term scour
(degradation) and short-term scour.

Change in position of a channel by lateral erosion of one bank and
simultaneous accretion of the opposite bank.

The flood described by the probability of exceedance and water
surface elevation at which flow occurs over the highway, over the
watershed divide, or through structure(s) provided for emergency
relief.

Removal of soil material through subsurface flow of seepage water
that develops channels or “pipes” within the soil banks.

Scour resulting from flow impinging on bridge superstructure
elements (e.g., low chord). Backwater occurs and a vertical
contraction causes increased velocities resulting in scour.
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Probability of
Exceedance

Recurrence Interval

Return Period

Revetment

Riparian

Riprap

Rock Slope
Protection (RSP)

Scour

Scour Design Flood

Scour Design
Check Flood

Scour Prism
Scour-Resistant
Material

Short Term Scour

Slope Protection
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Statistical probability that a certain frequency T-year (i.e. 100-year)
flood has a P-percent probability of occurring any given year.

Reciprocal of the annual probability of exceedance of a hydrologic
event. (also return period, exceedance interval)

Also known as a recurrence interval (sometimes repeat interval)
is an estimate of the likelihood of an event, such as an earthquake,
flood or a river discharge flow to occur.

Rigid or flexible armor placed to inhibit scour and lateral erosion.
(eg: Rock Slope Protection, riprap, gabions).

Pertaining to anything connected with or adjacent to the banks of
a stream.

Layer of rock or broken concrete dumped or placed to protect a
structure or embankment from erosion.

An armoring layer or layers of rock rip-rap that is placed along
river and streambanks, or along ocean and lake shores to prevent
erosion from hydraulic forces of flowing water.

Erosion of streambed or bank material due to flowing water; often
considered as being localized. (see Local Scour, Contraction Scour,
Total scour, etc)

A traditional predetermined design flood frequency selected for
assessing the structure stability for scour condition. This design
flood frequency typically assumes a level of risk to accommodate
the Base Flood. (see Design Flood)

A traditional predetermined design flood frequency selected for
assessing the structure stability for scour condition under Extreme
Event II. This design flood frequency typically does not exceed
the 500-year flood. (see Design Flood)

Total volume of stream bed material removed by scour in the bridge
reach for design flood conditions.

Bed material that has the ability to resist any erosion from flowing
water it may encounter.

Scour which includes local scour and general contraction
scour. A differentiation must be made between long-term scour
(degradation) and short-term scour.

Any measure such as riprap, paving, vegetation, revetment, brush
or other material intended to protect a slope from erosion, slipping
or caving, or to withstand external hydraulic pressure.
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Sloughing

Stage
Thalweg
Total Scour

Turbulence

Vertical
Contraction Scour

Waterway Opening

Watershed
Vortex:
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Sliding or collapse of overlying material; same ultimate effect as
caving, but usually occurs when a bank or an underlying stratum
is saturated.

Water surface elevation of a stream with respect to a reference
elevation.

A flow line extending down a channel that follows the lowest
elevation of the stream bed.

Sum of long-term degradation, general (contraction) scour and
local scour.

A state of flow wherein the water is agitated by cross-currents
and eddies, as opposed to a condition of flow that is quiet and
laminar. Interference with flow from bridge foundations tend to
cause turbulence.

See Pressure Flow Scour.

Conveyance area or width of bridge opening at or below a specified
stage, measured normal to the principal direction of flow.

See Drainage Basin.

Turbulent eddy in the flow generally caused by an obstruction such
as a bridge pier or abutment.
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