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4.1 Introduction

This chapter provides hydraulic study documentation guidelines for bridges, culverts, stormwater
drainage systems, stormwater water quality treatment facilities, and stormwater storage facilities.
These guidelines are for designers within the agency and consultants designing either ODOT
projects or local jurisdiction projects administered by ODOT. Additional documentation
guidelines for other topics, such as channel and storage facilities, are in their respective chapters.

Proper documentation provides:

e essential information for planning and environmental studies, regulatory and permit
documents, and design,

e data for operation and maintenance,

e justification for the expenditure of public funds and the selection of structure type,

o future reference for engineers and others if an improvement, change, or rehabilitation is
needed,

e information for the development of defense in matters of litigation, and

e public information.

The documentation level is often proportional to the study importance and complexity.
Documentation almost always consists of:

e the Preliminary Hydraulic Recommendations (hydraulic and/or stormwater),
e the Report(s) (hydraulics and/or stormwater),

e the supporting data, and

e the documentation storage file.

Hydraulic and stormwater studies and documentation are almost always done by a professional
engineer registered in Oregon or people working under the direct supervision of the engineer.
These requirements are discussed in Chapter 3. Consultants preparing recommendations and
reports for ODOT should submit copies of the listed documentation to ODOT for review. The
reviewer may request additional documentation in some instances. The review comments are to
be considered and addressed before the report is finalized and distributed.

Many hydraulic and stormwater studies for federally funded non-ODOT projects are prepared by
consultants and reviewed by ODOT. Typically an engineer outside of the agency will use the
same procedures as an ODOT engineer to compile and calculate the data. There are no
requirements that the engineer must use ODOT methods. The consulting engineer should be
aware that the ODOT reviewer may check the values using ODOT design procedures, and if the
values in the report are significantly different than values determined by ODOT methods, the
reviewer may express concern. Following the guidelines in this chapter will simplify the review
process.

April 2014 ODOT Hydraulics Manual



4-4 Documentation

4.2  Bridge and Large Culvert Study Documentation

Many aspects of a bridge or culvert design are based on the Preliminary Hydraulic
Recommendations and the Hydraulics Report. As a result, if the structure is to perform as
intended, this information must be complete and accurate. Following these guidelines will help
to assure the documentation is complete. These guidelines apply to hydraulic recommendations
and reports for:

e bridges,

e circular culverts with diameters more than or equal to 6 feet,

e pipe-arches with equivalent diameters more than or equal to 6 feet,

e Dbox culverts with spans more than or equal to 6 feet,

e multiple barrel culverts with cumulative span widths more than or equal to 6 feet,
e open-bottom culverts of all sizes,

e culverts providing fish passage, and

e complex hydraulic structures such as cast-in-place energy dissipators, flumes, etc.

These guidelines go step-by-step through typical ODOT hydraulic study documentation with
checklists of common items. These guidelines are for typical bridges or culverts on streams or
rivers and they may not be applicable for structures at other locations. Some studies may address
more or fewer items than those listed, as discussed in the specific chapters in this manual.
Engineering judgment should be used when preparing documentation, and any variances from
these guidelines should be discussed with the Geo-Environmental Engineering and Asset
Management Unit prior to submitting materials for review.

4.2.1 Recommendations and Report Distribution

Hydraulic information is used by numerous members of the project team. The Preliminary
Recommendations, the Hydraulic Report, and revisions and amendments to these documents, are
distributed as follows.

e Ten copies to the project team leader for distribution among the project team.

¢ One copy to the Federal Highway Administration Division Bridge Engineer in Salem for
projects on the National Highway System involving new construction and reconstruction
of facilities when the total project cost exceeds one million dollars, or rehabilitation (3R)
projects when total project costs exceed five million dollars. The Hydraulics Report and
its revisions and amendments are sent to the FHWA. The Preliminary Hydraulic
Recommendations are not submitted.

e One copy to the Geo-Environmental Section’s Engineering and Asset Management Unit.
Submit in Adobe Acrobat portable document format (pdf) by completing the project
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report submittal form.

Project Report - Submittal Form 734-5056[A1]

e The original copy to the project files.
Items to Check

Does the distribution list include ten copies for the Project Team Leader?

Does the distribution list include the FHWA if the project is subject to federal review?

Is a copy sent to the Geo-Environmental Section and the Standards and Practices Unit and
the original kept in the project file?

4.2.2 Preliminary Hydraulic Recommendations

The Preliminary Hydraulic Recommendations are a one or two page memorandum accompanied
by one or more drawings. The recommendations are issued after the initial site visit and before
the hydraulic survey request. This information gives the project team a preliminary idea of the
hydraulic structure type, size, location, and special features or concerns. An example is in

Appendix A.

4.2.3 Hydraulics Report

The Hydraulics Report provides detailed information for many tasks, such as structure design,
roadway design, environmental documents, and permit applications. It is also of interest to
maintenance personnel, and in the case of larger projects with federal funding, the FHWA.
Excerpts of several Hydraulic Reports are included in the chapter text to provide guidance to the
reader on specific situations. A complete report is in Appendix B.

4.2.3.1 Introduction

A typical introduction includes a brief description of the project scope stating the reason the
structure is being built or replaced. ODOT bridge numbers are included where applicable. New
bridge numbers are required for replacement bridges and larger culverts. Also included is a
description of the reference datum for the elevations in the report, i.e. 1929 NGVD with the 1947
adjustment, assumed datum, 1988 NAVD, etc. Examples follow.
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The existing bridge (Bridge # 12586A) is being replaced by a new widened structure on a different
alignment (Bridge # 18463) during the reconstruction of the highway. The existing bridge is too narrow and
in the wrong location to accommodate the widened roadway. All elevations in this report are based on the
project datum, the 1929 National Geodetic Vertical Datum with the 1947 adjustment.

or

A culvert with two 48-inch span by 24-inch rise reinforced concrete box barrels was recommended in the
original 22 December 1995 Hydraulics Report. These culvert barrels have projecting ends and open
channels at the inlet and outlet. Recently, it was decided that a safety grate is needed at the inlet and the
culvert will discharge into an enclosed storm drain system manhole. In addition, a wetland will be
constructed immediately upstream from the culvert, and a special drop style inlet will be needed to keep
water pooled in the wetland. This amended report provides the hydraulic information for this revised
culvert.

Items to Check

Is the report scope defined?
Are the bridge numbers included?
Is the elevation datum described?

4.2.3.2 Regulatory Requirements and Permit Data

There are numerous regulations and requirements for hydraulic structures in addition to ODOT
design standards. These topics are presented in the Regulatory Requirements and Permit Data
section. The most common regulations and requirements are described below.

Floodplain Development Regulations - Cities and counties often require an engineer to certify
the project meets their floodplain development regulations, as discussed in Chapters 2 and 3.
The Hydraulic Data sheets or a suitable reference should list the water surface elevations and
other data that show the proposed structure is in compliance. This data should be supported by
narrative comments. Two examples follow.
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Bear Creek has a floodway designated in the National Flood Insurance Program, and the bridge widening
and roadway work on this project are designed to meet applicable floodway standards and regulations.
Changes to the Bear Creek floodway caused by the proposed project are addressed in the Request for
Conditional Letter of Map Revision submitted by ODOT to the City of Medford.

or

City of Beaverton regulatory standards require the extended culvert to have headwater elevations no higher
than the existing culvert. As per agreement with the city, discharges listed in the hydraulic study for the
nearby TRI-MET train bridges were used in this study. As shown in the Hydraulic Data tables, the
extended culvert produces lower headwater elevations than the existing culvert. The increased hydraulic
performance of the extended culvert is due to the beveled top edge on the upstream extension. The
square top edge of the existing culvert is not as efficient as the beveled edge.

Fish Passage - Fish passage is a concern at all crossings of fish-bearing streams. Passage
requirements are based on NMFS, Endangered Species Act and ODFW requirements, OAR Div.
412. Appropriate environmental permitting and authorizations should be listed as a reference, if
needed. Specific design data and a description of fish passage features are required. An example
is shown on the following page.

Riparian Habitat — Projects in riparian areas are subject to regulations pertaining to both
construction procedures and the finished product. Several regulations are listed in the Data
Collection chapter. Hydraulically related construction methods and design features required by
these regulations should be mentioned in the Hydraulics Report. As an example, a culvert was
designed to meet the FHWA “Federal Aid to Highways Programmatic™ (FAHP). FAHP requires
large woody debris to be included in the project design. The Hydraulics Report says wood will
be included as described in the narrative at the bottom of the following page.

Other Environmental Regulations and Requirements - Other environmental concerns,
regulations, or requirements can affect structure type, size, or location. Region permit or
environmental specialists are good sources of information about these issues. The Biological
Assessment, Environmental Impact Statement, or other documents should be listed as references,
as needed. These requirements should be mentioned if they affect the waterway opening
characteristics. Examples are wild and scenic river requirements, the need to provide animal
passage along streambanks, etc.
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Fish Passage Data Table Example

The extended culvert is designed to pass fish, as per '‘Oregon Department of Fish and Wildlife Standards
and Criteria for Stream-Road Crossings." An extended culvert at this site needs fish weirs in order to pass
fish. There would be insufficient flow depth in the barrel during the low design flow if weirs are not used.
The Oregon Department of Fish and Wildlife requires data on fish passage and a description of fish
passage features when they review the project plans. The fish passage information below applies to the
culvert described in this Hydraulics Report.

Fish Passage Data

Design Species: Cutthroat trout less than 20 inches long
Low Design Flow: Less than 1 cubic foot per second
Minimum Depth at Low Design Flow: 9inches

High Design Flow: 57 cubic feet per second

Average Velocity at High Design Flow: 3 feet per second

Maximum Jump Height: 6 inches

Jump Pool Length: 28 inches

Design features include.

1. The upstream edge of the upstream apron is below the elevation of the stream bottom and the water
surface to maintain sufficient water depth at low flows. This requires a negative slope on the upstream
apron, as shown in Figure 1.

2. Fish weirs are incorporated into the downstream apron to maintain sufficient water depth during low
flows.

3. Two extra fish weirs are included to maintain fish passage if there is degradation of the channel bottom
during the design life of the culvert. These weirs are too low to provide pools when the streambed is at
its current elevation. These weirs will provide jump pools if the streambed degrades.

4. The bottom of the basin is 1.5 feet lower than the water surface elevation during the low design flow to
provide fish passage through the stilling basin at the outlet.

The proposed culvert design will also incorporate large woody debris in the pond area created by beaver
dams upstream from the culvert location. The quantity and exact location of the woody debris will be
determined at a later date.

In-Water Work Period - Information on the in-water work period is useful for people designing
and administering the project. It can be included in the report as follows.
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The in-water work period for Hall Creek is July 1 through September 30 unless specified otherwise by
ODFW.

Ordinary High Water - Water surface elevations during the ordinary high water event are often
required for permit applications. Methods to determine this elevation are located in Chapter 6.
This information is included in the Hydraulic Data sheet and mentioned in the report as follows.

To provide data for the Division of State Lands permit, the ordinary high water elevations based on a field
survey are listed in Tables 2 and 3.

Navigational Clearance - Vertical and horizontal clearance can be an issue on navigable
waterways, as discussed in Chapter 10. These requirements should be mentioned in the narrative
if they affect the type, size, or location of the replacement structure. An example follows.

Boats travel through this crossing. As a result, the Oregon State Marine Board has requested that passage
clearance under the proposed crossing be maintained at the present level.

Other Regulations and Requirements - In some cases there are other regulations or
requirements that affect the type, size, or location of a bridge or culvert. As an example, the
irrigation districts or U. S. Bureau of Reclamation have hydraulic requirements or regulations
about structures on their waterways. Region permit specialists are good sources of information
about these issues. These requirements should be mentioned if they affect the waterway opening
characteristics.

Items to Check

Is it mentioned if the structure is in a regulatory floodway or floodplain?

Is it mentioned if the design must satisfy applicable flood plain development ordinances?
Is it noted if FIS data was used to design the structure?

Are fish passage concerns mentioned if they affect the hydraulic design?

Are the needed fish passage data listed?

Are riparian habitat or other environmental regulations mentioned if they affect the
hydraulic design?

Are design features mentioned if they are included to meet riparian area use regulations?
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Is the in-water work period listed?

Are the ordinary high water elevations listed?

Is navigational clearance mentioned if it is required or if it affects the design?

Are other regulations governing the type, size, and location of the structure mentioned if

they affect the hydraulic design?

4.2.3.3 Hydrology Information

The hydrology section lists the flood flows expected for various recurrence intervals.
Hydrology methods are discussed in Chapter 7. The hydrology section should include, but is not
limited to:

the flooding source (i.e. runoff, high tides, etc.), the contributing drainage area at the site,
and the time of year when floods usually occur,

the method used to determine the hydrology, and

the flood recurrence interval versus peak discharge relationship at the site. This data is
usually listed in a table, and it includes the 2, 5, 10, 25, 50, 100, and 500-year flows,
historical flood data, if available, and

drainage maps with drainage boundaries and flow directions noted. This is needed for
complex drainages where the boundaries are not obvious, such as urban areas.

The fish passage high and low flow design discharges with accompanying narrative.
Presentation of this data is discussed in Chapter 7. These discharges are also listed on the
fish passage design data table presented in Subsection 4.2.3.2.

Items to Check

Is the drainage area listed?

Is the method of determining the hydrology noted?
Are 2-year, 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year discharges listed?

If flows from an FIS report or gaging station are used and adjusted to the drainage area at

the bridge site, is this mentioned along with a description of the adjustment method?
Are significant historic floods or flood damage mentioned?

Are maps included for complex drainages?

Are fish passage design discharges presented?

4.2.3.4 lce and Debris

This section mentions whether or not ice or debris passage are a problem or concern with a
structure. Some types of bridges that are adequate for conveying water may be poor choices for
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conveying water containing debris or ice. In addition, a proposal to replace a bridge with a
culvert on a stream carrying debris or ice deserves careful review. Debris and/or ice passage
should be mentioned if it affects the type, size, or location of the proposed structure. It should
also be noted if ice or debris passage has not been a problem.

Items to Check

Is debris passage adequately described if it is a problem?
Is ice passage described if it is a problem?
Is it noted that ice or debris passage is not a concern if this is the case?

4.2.3.5 Hydraulic Design

The report includes a section on hydraulic design. This section presents most of the hydraulic
information used to design the structure, including a design narrative, hydraulic data sheets, and
drawings.

4.2.3.6 Design Narrative

The design narrative describes the type, size, and location of the existing and proposed
structures. Designers will use this information to verify the structure described in the report
matches the vertical and horizontal alignment of the proposed roadway. This is very important
because the proposed highway alignment may be changed several times during the design
process. An example follows.

The existing structure is a 63-foot long 3-span reinforced concrete deck with timber superstructure bridge
supported by pile trestles. The hydraulic performance of the existing bridge is summarized in Table 1.

The proposed structure is a 69-foot long single-span combination spillthrough/vertical abutment bridge.
This report is based on an alignment with the centerline of the new road approximately 0.33 feet higher and
28.83 feet north of the centerline of the existing road. The hydraulic performance of the proposed bridge is
summarized in Table 2 and the waterway opening is shown in Figure 1. The inside face of the west
abutment is at Station 937+67.06 and the face of the east abutment is at Station 938+35.96.

The design narrative describes flood characteristics if this information is needed to clarify the
information listed on the Hydraulic Data sheet. An example follows.
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The existing bridge does not convey the entire flow of Oak Creek during large floods. Water overtops the
creek banks upstream from the highway and bypasses the bridge during floods of a 17-year or greater
recurrence interval. Most of this bypass flow overtops a low section of the roadway 850 feet west of the
bridge. The remainder of the bypass flow crosses under the highway through two 30-inch diameter
concrete pipes 1,050 feet west of the bridge. The bypass flow rejoins Oak Creek downstream from the
bridge crossing.

The design narrative discusses special features and miscellaneous topics which affect the design.
Drawings should be provided as needed. This information will be used to incorporate the
features into the design. Special features and miscellaneous topics include, but are not limited to
the following.

e Channel changes.

e Debris control structures.

e Streambank or embankment protection.

e Upstream settling basins.

e Recommended end treatments for culverts. Dimensioned drawings should be included
for inlets not shown on standard plans, such as drop inlets, slope-tapered inlets, etc.

e Recommended barrel materials for culverts, in conformance to ODOT alternate materials
policy, as discussed in Chapter 5. Occasionally, alternate materials cannot be specified
because only certain types will work. If so, the narrative should mention why the
alternate material cannot be used.

e Invert protection for culverts.

A narrative description of a special inlet follows.

The recommended style of safety grate is shown in Figure 2a. The longitudinal bars should be on the top
face and the transverse bars should be on the bottom face, as shown in Figure 2b.

The design narrative provides construction and maintenance information to the designers, project
management, and maintenance personnel. A typical or frequent maintenance should be described
in detail. Examples follow.
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Silt and gravel have accumulated in the streambed upstream from the existing culvert. The stream channel
should be regraded to the profile shown in Figure 1. Upstream from the culvert the streambed should be
relocated to match the inlet to the arch. Within the culvert there should be at least 8 feet of clearance
between the channel bottom and the top of the culvert. The channel should be restored to resemble the
natural channel.

or

During floods the proposed culvert will convey more water than the existing culverts and flow depths and
velocities will increase at the outlet of the culvert and in the downstream canal. These greater flows may
accelerate the erosion of the mudstone ledge and the embankment slope. As a result, the embankment
slope near the outlet should be inspected periodically and revetment installed as needed.

The narrative should also mention if the existing structure blocks fish passage and the reasons.
This information will aid in the preparation of environmental documents. As an example:

The existing single, smooth barrel culvert is hydraulically inadequate for upstream fish passage. Due to the
small diameter of the existing culvert, the flow velocities in the culvert can be too high for fish passage
during almost all high flow events. Additionally, during low flow events there is a small jump between the
culvert outlet and the scour pool at the outlet.

Any changes to the hydraulic characteristics of nearby structures caused by the proposed bridge
or culvert should be mentioned in the narrative. An example follows.

The proposed fish passage culvert is much larger than the existing culvert. It eliminates the need
to replace the overflow culvert at milepoint (M.P.) 40.18. This culvert can be removed or left in
place and filled with grout.

Items to Check

Are the types, sizes, and locations provided for existing and proposed structures?

Are flood characteristics addressed if this information helps support the Hydraulic
Data sheets?

Are channel changes, debris control structures, streambank, or embankment protection
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described?

Are other special design features described?

Is frequent or atypical maintenance addressed?

Are culvert features described, such as end treatments, barrel materials, and invert
protection?

Is fish passage through the existing culvert described?

Are any changes to hydraulic conditions at nearby structures described?

4.2.3.7 Hydraulic Data Sheets

All hydraulic reports should include Hydraulic Data sheets for the existing and proposed
structures. Blank and completed sheets for a bridge and a culvert are shown in Figures 4-1
through 4-4. Figure rounding guidelines are listed in Subsection 4.2.3.12.

Many times the water surface elevation in an adjacent water body can affect the hydraulic
characteristics of the river or stream that flows through the structure, as discussed in Chapter 10.
Two data sheets are needed for the existing structure and each alternative replacement structure
if the water surface elevations at the crossing are affected by water surface elevations in a
downstream water body. Typically, one data sheet summarizes the hydraulic performance
during the discharge-tailwater conditions that result in the greatest velocities through the
structure, and the other sheet describes the discharge-tailwater combinations that cause the
highest water surface elevations. A single data sheet can be used if the elevations during both
conditions are clearly listed. This is done in the report included in the Appendix. A summary of
the methods for calculating hydraulic data follows.

Discharges and Recurrence Intervals - The first and second rows are for discharges and
recurrence intervals, respectively. Selection of these values is discussed in Chapter 9 for culverts
and Chapter 10 for bridges.

The Design event discharge is listed in the first column. As discussed in Chapter 3, 25 and 50-
year flows are the most common design discharges. In most cases, the design flows are used to
determine the minimum recommended waterway areas and bottom of beam elevations for
bridges, and the recommended barrel sizes for culverts.

The Base Flood discharge is listed in the second column and it is always the 100-year flow. In
regulatory floodplains and floodways it can control the minimum recommended waterway areas
and bottom of beam elevations of bridges and the minimum recommended barrel sizes for
culverts. It is also used in scour analyses.
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PROJECT:

BRIDGE

COMPILED BY:

DATE:

TABLE _:

HYDRAULIC DATA

DESIGN
EVENT

BASE
FLOOD

ROADWAY

OVERTOPPING

FLOOD

ORDINARY
HIGH
WATER

Discharge

(cubic feet per second)

Recurrence
Interval

(years)

100

Approach Section H.W.
Elevation
w/Natural Channel*

(feet)

Approach Section
H.W. Elevation w/
Bridge’

(feet)

Backwater

(feet)

H.W. Elev. at Upstream
Face of Bridge’

(feet)

H.W. Elev. At
Downstream Face of
Bridge®

(feet)

Waterway Area at
Downstream Face of
Bridge’

(square feet)

Average Velocity at
Downstream Face of

Bridge

(feet per second)

' Approach section is one waterway opening width upstream from upstream face of bridge.

Z Located at upstream face of bridge along the embankment.

® Located at downstream face of bridge opening.

* Area normal to channel centerline. Projected area of piers has been subtracted.

REMARKS:

Manning’s “n” bridge opening
Manning’s “n”” main channel
Manning’s “n”” overbanks

Figure 4-1 Blank Bridge Data Sheet
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BRIDGE
PROJECT: Oak Creek Bridge # 18463 COMPILED BY:

Pacific Hwy - Lebanon (RR Tracks) Section

Corvallis - Lebanon Highway, M.P. 12.48

Linn County Key # 06420 DATE: 6 October 1997
TABLE 2: Proposed Bridge HYDRAULIC DATA

DESIGN BASE ROADWAY ORDINARY
EVENT FLOOD OVERTOPPING | HIGH
FLOOD WATER

Discharge (cfs) | 1,850 2,390° 2,060° -
Recurrence
Interval (yrs) | 50 100 80
Approach Section H.W.
Elevation w/Natural 271.0 2715 2717.2
Channel* (ft) -
Approach Section H.W.
Elevation w/ Bridge® (f) | 277.8 278.4 278.0 274.7
Backwater (ft) | 0.6 0.9 0.8 -
H.W. Elev. at Upstream
Face of Bridge® (f) | 277.7 278.3 277.9 274.6
H.W. Elev. At Downstream
Face of Bridge® (ft) | 276.5 276.9 276.7 274.4
Waterway Area at Downstream | 290 290 290
Face of Bridge* (f%) | (331) (331) (331) -
Average Velocity at
Downstream Face of Bridge (ft/s) | 6.4 7.0 6.4 -

! Approach section is one waterway opening width upstream from upstream face of bridge.

? |_ocated at upstream face of bridge along the embankment.

® Located at downstream face of bridge opening.
* Area normal to channel centerline. Area in parentheses is parallel to roadway centerline.

>1,870 cfs flows under the bridge and 190 cfs flows through culverts west of the bridge.
62,030 cfs flows under bridge, 170 cfs flows over road to west of bridge, and 190 cfs flows through culverts to

the west of the bridge.

REMARKS:

The spillthrough structure is a 70-foot long single-span bridge with combination spillthrough/vertical
abutments. The structure is skewed 29 degrees. Three 36-inch diameter culverts are located under the roadway

to the west of the bridge.

Manning’s “n” bridge opening = 0.04

Manning’s “n” main channel = 0.04

Manning’s “n” overbanks = 0.04

Figure 4-2 Example Bridge Data Sheet
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CULVERT
PROJECT: COMPILED BY:
DATE:
TABLE _: HYDRAULIC DATA
DESIGN | BASE 500-YEAR | ORDINARY
EVENT FLOOD | FLOOD HIGH
WATER
Discharge (cubic feet per second) -
Recurrence
Interval (years) 100 500

Highwater Elevation of
Natural Channel,

at Culvert Inlet (feet) -
Headwater Elevation
at Culvert Inlet (feet)
Backwater Depth at
Culvert Inlet (feet) -
Tailwater Elevation
at Culvert Outlet (feet)
Average Velocity at
Culvert Outlet (feet per second) -
REMARKS:
Ke=

Upstream invert elevation =
Downstream invert elevation =

Figure 4-3 Blank Culvert Data Sheet
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PROJECT: Little Oak Creek Culvert Bridge 18496

CULVERT

Pacific Highway - Lebanon (RR Tracks) Section

Corvallis - Lebanon Highway, M.P. 15.40

COMPILED BY:

Linn County DATE: 13 November 1997

TABLE 2 Proposed Culvert HYDRAULIC DATA
DESIGN BASE 500-YEAR ORDINARY
EVENT FLOOD FLOOD HIGH
WATER
Discharge (cfs) | 220 260 350 -
Recurrence
Interval (yrs) | 50 100 500 -
Highwater Elevation of
Natural Channel, 313.2 313.3 3135
at Culvert Inlet (ft) -
Headwater Elevation 3144 314.8 316.1 3124
at Culvert Inlet (ft)
Backwater Depth at 1.2 15 2.6
Culvert Inlet (ft) -
Tailwater Elevation 3125 312.6 3128 311.7
at Culvert Outlet (ft)
Average Velocity at 8.9 9.4 10.4
Culvert Outlet (ft/s) -
REMARKS:

The proposed culvert is a 10-foot span by 6-foot rise by 84-foot long reinforced concrete box culvert with a
beveled inlet, wingwalls, aprons, and cutoff walls. The culvert invert is buried 2 feet below the channel bottom.
The culvert centerline crosses road centerline at Station 812+08.0 with a 16 degree right hand forward skew.

K.=0.2

Upstream and downstream invert elevations = 308.4 ft

Figure 4-4 Example Culvert Data Sheet
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The 500-year or Roadway Overtopping Flood discharges are listed in the third column. An
exception is when the roadway overtopping flood is the design gvent, in which case the third
column is left blank. This large flow is often called the “check discharge” as described in
Chapter 10. This discharge is used for the revetment design and the scour depth calculations.
Roadway overtopping flood data, if listed, should be valid for the specific structure summarized
on the data sheet. It is quite common for existing and replacement structures to have two
different roadway overtopping discharges. If flow occurs over road or through an overflow
structure, these discharges and the discharge through the bridge opening are listed in the
"Remarks" on the data sheet, as shown in Figure 4-2.

The Ordinary High Water elevations at the upstream and downstream faces of the proposed
structure are listed in the last column. These elevations are determined by hydraulic analyses for
sites where hydraulic modeling has been performed. The elevations are determined by field
observations and surveys in the absence of hydraulic modeling. These elevations are used in
environmental documents and permits.

Hydraulic Data Sheets for Bridges - The third through fifth rows summarize backwater data.
These depths and elevations are determined by methods in Chapter 10. The backwater depths
listed in the fifth row equal the elevations in the fourth row minus the elevations in the third row.

The sixth and seventh rows list water surface elevations at the upstream and downstream faces of
the bridge. The elevation at the upstream face is the water surface along the embankment. It is
the surface elevation at the approach section (with bridge in-place) minus the friction loss
between the approach section and the bridge. The elevation at the downstream face is the water
surface as it passes under the downstream edge of the bridge deck.

The eighth row lists the flow areas at the downstream face of the bridge opening. The areas are
normal to the channel centerline regardless of the angle of intersection between the stream and
road centerlines. The flow area excludes the projected areas of piers, if piers are present.

The ninth row lists the average flow velocities at the downstream face of the bridge opening.
The average velocities are the discharges in the first row divided by the areas in the eighth row
unless there is roadway overtopping or flow through an overflow structure. The velocities are
based on discharges through the bridge opening, only, if overtopping or overflow occurs. Make
sure that Q = V/A. Note any overtopping or overflow amounts under comments.

The bridge length, type, number of spans, and skew angle are listed in the "Remarks" section of
the data sheet.
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Hydraulic Data Sheets for Culverts - The first and second rows summarize the hydrology. The
third through fifth rows list water surface elevation data determined by methods in Chapter 9.
The surface elevations in the natural channel without the road or culvert in-place are listed in the
third row. These elevations are in the natural channel at the location of the proposed culvert
inlet. They are “highwater” elevations. The surface elevations at the inlet with the culvert in-
place are listed in the fourth row. They are “headwater” elevations. The backwater depths in the
fifth row are equal to the headwater elevations in the fourth row minus the highwater elevations
in the third row.

The sixth row lists the tailwater elevations at the culvert outlet.

The seventh row lists the average outlet velocities. Flows through the culvert, only, are used in
the calculations. Unless there is roadway overtopping flow, the average velocities are the
discharges in the first row divided by the flow areas at the outlet. The actual flow area at the
outlet should be used in the calculations if the outlet is partially full.

The inlet and outlet invert elevations, the culvert length and skew angle, the inlet loss coefficient,
K., and the inlet configuration (projecting, mitered, beveled, slope tapered, or side tapered) are
listed in the "Remarks" section of the data sheet.

ODOT policy is to recommend alternate culvert barrel materials if they can be used, as discussed
in Chapter 5. Often the alternatives have different hydraulic characteristics. The hydraulic
performance of each alternative is listed on a separate data sheets if this is the case.

Items to Check
(Data sheets for bridges and culverts.)

___ Are Hydraulic Data sheets included?

_ Can fluctuating water surface elevations in a downstream water body affect hydraulic
characteristics at the structure? If so, are Hydraulic Data sheets included which reflect the
range of tailwater elevations at the structure?

____Are appropriate discharges and recurrence intervals listed on the data sheets?

_ Does the roadway overtopping flow and recurrence interval apply to the structure
described on each data sheet?

__ Are ordinary high water elevations listed for all proposed structures?

_____Are the roadway overtopping flows listed if overtopping occurs more frequently than
every 500 years?

____Are flows over the road excluded from the flows used to calculate the average velocities?

_ Is the information on the data sheet consistent with the data shown on the drawings and the
narrative discussion?
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Items to Check
(Data sheets for bridges.)

Is it noted if the information is for the existing or proposed structure?

Are the backwater depths calculated at the right locations?

Are water surface elevations at the bridge opening calculated at the correct locations?
Are the waterway areas normal to the channel centerline?

Are the structure type, length, skew angle, etc noted in the "Remarks"?

Items to Check
(Data sheets for culverts.)

_ Are the outlet velocities based on actual flow areas?

_____Are invert elevations, culvert length, skew angle, inlet loss coefficient, and inlet
configuration listed?

_____Are data sheets included for alternate materials if the hydraulic characteristics of the
alternatives differ?

4.2.3.8 Drawings

A hydraulic report includes drawings of the proposed bridges and/or culverts. At a minimum,
these drawings show the bridge waterway opening cross-section or the elevation view of the
culvert. Headwalls, wingwalls, retaining walls, and the revetment protecting these structures are
also shown, along with any special features. Often additional drawings are needed. This could
include a drawing of a change in channel alignment for a bridge. For a culvert, this may be a
drawing of a special inlet or special details required for fish passage.

Bridge Waterway Opening Drawings — A typical waterway opening drawing is shown in Plate
4-1. The drawing should show the following.

e The recommended waterway opening and the existing groundline at the opening,
including stationing and elevations.

e The recurrence interval and elevation of the design flood.

e The water surface elevation at the downstream face of the bridge during design flood.

e The width of the waterway at the downstream face of the bridge. The width is the
distance parallel to the roadway centerline from edge of water to edge of water during the
design gvent.

e The area below the design event water surface elevation normal to the channel centerline.
This area is the same as the design event waterway area in the Hydraulic Data table.

e The area below the design gvent water surface elevation parallel to the roadway
centerline if the crossing is skewed (a crossing where the roadway and waterway
centerlines are perpendicular has a skew angle of 0 degrees).
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The skew angle in degrees.

A note verifying the projected pier area has been subtracted from the waterway opening
area shown, if the bridge has piers.

The width and elevation of the channel bottom if a trapezoidal waterway opening is
recommended.

The minimum recommended bottom of beam elevation. The bottom of beam elevations
at both abutments should be noted if the bridge is on a grade.

The abutment type, including the end slopes if spillthrough abutments are recommended.
The revetment protection, including details.

The potential scour elevations (or evidence solid rock is present, i.e. Geotechnical
Report).

The datum for the elevations.

Culvert Elevation View Drawings - A typical culvert elevation view drawing is shown in Plate
4-2. The following should be shown.

The longitudinal section of the culvert along the barrel centerline including the existing
and proposed groundlines and channel bottoms. Elevations and distances right and left of
the roadway centerline should be shown on the drawing axes.

The profile of the channel bottom near the culvert.

The recurrence interval, headwater elevation, and tailwater elevation of the design flood.
The barrel length, invert elevations, and slope.

The degree of skew of the crossing. (A crossing where the roadway and culvert
centerlines are perpendicular has a skew angle of 0 degrees.)

The barrel size, number of barrels, and type.

The inlet configuration (mitered, projecting, beveled, etc.),

The minimum elevations of revetment on the embankments around the culvert ends.
Revetment on or in the channel bottom upstream or downstream from the proposed
culvert.

The burial depth if the culvert invert is buried below the channel bottom.

The burial depth if revetment is buried below the channel bottom.

The datum for the elevations.

Items to Check
(Bridges and Culverts)

Are drawings included for all proposed alternative structures with differing

dimensions or hydraulic characteristics?

Is all applicable information included on the drawing(s)?
Is the data on the drawing consistent with the data on the Hydraulic Data Sheet and in the

narrative discussion?

Are additional drawings included that show special features?
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4.2.3.9 Scour

This section describes possible long term changes in channel bottom elevation due to either
aggradation or degradation, possible shifts in channel alignment due to lateral instability, clear-
water or live-bed contraction scour, and pier scour, as discussed in Chapter 10. In addition, any
past problems with aggradation, degradation, lateral stability, or scour are discussed. Also, this
section presents the methods and assumptions used to determine the potential scour elevations
shown on the waterway drawings.

ODOT bridges are rated for susceptibility to scour using “National Bridge Inventory System
Item 113 — Scour Critical Bridges,” as discussed in Chapter 10. If the modified existing structure
or proposed structure will have a scour rating of 6 or lower, this should be mentioned in the
report with reasons for the low rating.

Items to Check

Are past problems with scour described?

Is channel aggradation/degradation addressed?

Is lateral stability of the channel addressed?

Are the types of scour that compose the total scour mentioned?

Based on available information, will the proposed modified or new structure have an
adequate rating for susceptibility to scour?

4.2.3.10 Revetment Design

This section recommends revetment protection in the vicinity of the structure, as discussed in
Chapter 10 for bridges, Chapters 9 and 11 for culverts and storm drain outfalls.

Revetment Around Bridges - The riprap protection for a bridge is discussed in the narrative and
it is shown on the waterway opening drawings and additional drawings if needed. A typical
recommendation for riprap protection around a spillthrough abutment follows. Design
discharges for end fills (embankments) are the 50-year event. Larger flows are used as check
discharges, as discussed in Chapter 3. Riprap recommendations for vertical abutments, piers,
and other applications use modified versions of the following language.
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The abutment and embankment protection for the proposed bridge is designed to withstand the 50-year
event. Recommended protection of the 1V : 2H abutment end slopes are a 3.0 foot thick blanket of Class
700 loose riprap with riprap backing, as shown in Figure 1. The riprap should conform to Section 00390.00
of the ODOT 2008 Oregon Standard Specifications for Construction. The riprap backing should be Type 2
riprap geotextile conforming to Section 00390.10 of the Standard Specifications. A granular filter blanket is
not recommended.

" by letter from Deputy Director

The riprap should wrap around the bridge abutments and protect the fresh embankment slopes below
elevation 1,362.9 feet. 4.0 foot deep toe trenches should be provided. The toe trench is not needed for
slopes away from the stream channel. The revetment should extend longitudinally along each
embankment face a distance sufficient to protect the end panels from undermining.

Riprap or other protection that is considered to be temporary should be addressed in the report.
The expected protection life and the consequences of its failure should be mentioned. Any
required periodic maintenance should be described.

Revetment Design for Culverts - Recommended revetment around culvert inlets and outlets is
discussed in the narrative and shown on the culvert drawing. A typical ODOT recommendation
for revetment around a culvert follows. Revetment recommendations for other types of culverts
use modified versions of the following language.

Erosion protection con