INDIANA DEPARTMENT OF TRANSPORTATION—2012 DESIGN MANUAL

CHAPTER 203

Hydraulics and Drainage
Design

NOTE: References to material in 2011 Design Manual have been highlighted in blue throughout
this document.






























a. Arrest stream degradation by utilizing a drop-end treatment or broken-back
culvert.
Improve hydraulic performance by utilizing a slope-tapered end treatment.
Avoid conflicts with other utilities that are difficult to relocate such as sanitary
Sewers.

5. Debris Control. Debris control should be designed using HEC-9 Debris-Control
Structures, and can be considered as follows:

a. where experience or physical evidence indicates that the watercourse will
transport a heavy volume of controllable debris;
for a culvert under a high fill; or
where clean-out access is limited. However, access must be available to clean out
the debris-control device.

203-2.02(02) Allowable Headwater (AHW)

Allowable headwater is the depth of water that can be ponded at the upstream end of a culvert
during the design flood. AHW will be limited by one or more of the following.

1. New Alignment. The maximum backwater, or increase in headwater elevation over the
sum of TW depth plus inlet flowline elevation, should not exceed 0.14 ft. The maximum
backwater may be modified if the backwater dissipates to 0.14 ft or less at the right-of-
way-line or the channel is sufficiently deep to contain the increased elevation without
overtopping the banks. If backwater remains within the channel banks or right of way, it
is limited to a maximum of 1 ft.

An exception to the 0.14 ft backwater allowance is subject to approval by the Office of
Hydraulics.

2. Existing-Structure Replacement. The IDNR limits surcharge to 0.14 ft over existing
conditions in an urban or rural location. EXxisting conditions are defined as the water-
surface profile that results from those encroachments that were constructed prior to
December 31, 1973. Although IDNR policy will allow for a slight increase over existing
conditions, INDOT will not. This will allow future widening of the structure. If the
backwater created by an existing structure is greater than 1 ft, the proposed backwater for
the culvert replacement or extension should not be greater than 1 ft above the natural-
channel flood profile. If the backwater created by an existing structure is less than 1 ft,
the proposed backwater for the culvert replacement or extension should be less than or
equal to that of the existing backwater.



















If the extended structure satisfies the required design criteria, the structure-sizing process is
complete. If the extended structure does not satisfy the required design criteria, replacement of
the existing structure with a new structure should be reevaluated. If it is not practical to replace
the existing pipe because of construction method, traffic maintenance, or other constraints, the
Office of Hydraulics should be contacted for further instructions.

A Structure Data Table should be included in the plans for drainage structures requiring
modification. Details sheets should be provided where required.

203-2.02(16) Energy Dissipator

An energy dissipator is used to protect the culvert and downstream channel from scour. The two
primary types of scour are local scour and channel degradation. Local scour is the result of high-
velocity flow at the culvert outlet and extends only a limited distance downstream. Channel
degradation can proceed in a fairly uniform manner over a long length or can be evident in one
or more abrupt drops, or headcuts, progressing upstream with each runoff event.

The culvert should be designed independent of the dissipator design, with the exception of an
internal dissipator, which may require an iterative solution. The culvert design should be
completed before the outlet protection is designed and should include computation of outlet
velocity. The downstream channel protection should be designed concurrently with the
dissipator design.

A culvert will likely require outlet protection. The class of riprap used for outlet protection
should be sized in accordance with Figure 203-2D. For a side ditch that does not carry a live
stream, sod can be used at the outlet. Seeding should be used if the design velocity is less than 2
ft/s.

For a structure that creates an outlet velocity greater than 13 ft/s, an energy dissipater will be
required unless either of the following conditions are satisfied. Otherwise Class Il riprap should
be used.

1. The existing outlet velocity is already greater than 13 ft/s, there are no signs of scour at
the outlet, and the proposed outlet velocity does not increase over existing velocity.

2. The natural stream has an average velocity that is at least 70% of the proposed outlet
velocity.
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Extends beyond the roadway embankment.

Susceptible to damage during roadway maintenance or an errant vehicle.

Has a low construction cost.

Has poor hydraulic efficiency for thin material.

Should include anchoring the end treatment to strengthen the weak leading edge
for a culvert of diameter of 42 in. or larger.

Can be strengthened by use of a concrete collar, if necessary.

Mitered End Treatment.

Hydraulically more efficient than a thin edge projecting.

Should be mitered to match the fill slope.

Should include anchoring the end treatment to strengthen the weak leading edge
for a culvert of diameter of 42 in. or larger.

Improved End Treatment.

a.
b.

Should be considered for a culvert which will operate in inlet control.
Can increase the hydraulic performance of the culvert, but can also add to the total
culvert cost. Therefore, it should be used only if economically justified.

Pipe End Section.

a. Used to retain the roadway embankment to avoid a projecting culvert barrel.

b. Used where the side slopes of the channel are unstable.

C. Used where the culvert is skewed to the normal channel flow.

d. Provides the best hydraulic efficiency if the flare angle is between 30 and 60 deg.

e. Should be provided for a precast-concrete drainage structure.

Wingwall.

a. Available for either corrugated metal or concrete pipe.

b. Retards embankment erosion and incurs less damage from maintenance.

C. Can improve a projecting metal pipe entrance by increasing hydraulic efficiency,
reducing accident hazard, and improving the pipe entrance’s appearance.

d. Is hydraulically equivalent to a headwall, but can be equivalent to a beveled or

Apron.

side-tapered entrance if a flared, enclosed transition occurs before the barrel.



a. Used to reduce scour from a high headwater depth or from approach velocity in
the channel.

Should extend at least one pipe diameter upstream.

Should not protrude above the normal streambed elevation.

May be constructed of riprap and an appropriate geotextile or concrete.

Should be set at the structure invert elevation.
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7. Cutoff Wall.

a. Used to prevent piping along the culvert barrel and undermining at the culvert end.
Should be used for a culvert with headwalls.
C. Depth should be of minimum 20 in., or as shown in the INDOT Standard

Drawings or Standard Specifications.

8. Weep Hole. A weep hole should not be used.

203-2.03(05) Pipe-Length Determination

After the structure size and cover have been determined, the required length should be
determined. The design length for a culvert structure should be rounded to the next higher 1 ft.

203-2.03(06) Buoyancy Protection

Pipe end sections, concrete anchors, or other means of anchoring should be considered for a
flexible culvert where a projecting end treatment or outlet is used.

The severity of buoyancy depends on the steepness of the culvert slope, depth of the potential
headwater which debris blockage can increase, flatness of the upstream fill slope, height of the
fill, large culvert skew, or mitered ends. For anchor details, see the INDOT Standard Drawings
and Standard Specifications.

203-2.03(07) Relief Opening

Where a culvert serving as a relief opening has its outlet set above the normal stream flow line,
precautions should be made to prevent headcutting or erosion from undermining the culvert
outlet.
























clearance of 6 ft must exist between the front face of guardrail and the outside face of the
structure headwall where the drainage-structure end is within the clear zone.

Square segments are more economical if the structure is skewed. Laying out the structure
with square segments will result in the greatest right-of-way requirement and thus allow
ample space for potential redesign by the contractor, if necessary, to another segment
configuration.

For a structure with a skew of 15 deg or less, structure segments may be laid out square
or skewed. Skewed segments are preferred for a structure of less than 80 ft length.
Square segments are preferred for a longer structure. However, skewed segments have a
greater structural span. A structure with a skew of greater than 15 deg requires additional
analysis as described in the AASHTO LRFD Bridge Design Specifications. Skewed
segments and the analysis both contribute to higher structure cost.

For a structure with a skew of greater than 15 deg, structure segments should be laid out
square. If hydraulic conditions dictate the use of a flat-topped structure only, the
segments may be laid out skewed if the structure is relatively short.

A number of flat-topped structures are built with skewed segments, i.e., segments shaped,
in plan view, like parallelograms. However, some INDOT structures have been
redesigned to use only square segments. Where a flat-topped structure is laid out with
ends parallel to the roadway, skewed segments are implied by the designer.

The preferred layout scheme for an arch-topped structure with a skew of greater than 15
deg should assume square segments with a sloping top of headwall to yield the shortest
possible wingwalls. Where an arch-topped structure is laid out with skewed ends,
therefore, headwalls parallel to the roadway, the skew will be developed within the end
segments by varying the lengths of the legs as measured along the centerline of the
structure. The maximum attainable skew is controlled by the difference between the full-
segment leg length as recommended by the arch-topped-structure fabricator and a
minimum leg length of 2 ft.

If the roadway above the structure is to be constructed in two phases, a segment-skew
configuration should be proposed which is compatible with the anticipated construction-
phasing line between construction phases. Therefore, if the structure length is 80 ft or
greater, a unique special provision should be included to require the contractor to design
and detail segments or cast-in-place construction required to conform to the construction
line between phases. These details should be reviewed by the designer at the time of the
working-drawings submission.



Plans Requirements for Structure Layout and Detailing. The designer should use the
perpendicular span and rise for the structure section shown on the plans as a reference for
the information required on the title sheet. The structure type to be shown on the title,
Layout, and General Plan sheets should be precast reinforced-concrete three-sided
structure.

The General Plan should include a note as follows:

An alternate structure type with a -ft perpendicular span and a -ft rise
may be substituted for the structure shown on the Layout sheet.

Where a flat-topped structure is the only option permitted, the General Plan should
include a note as follows:

A three-sided arch-topped or true-arch structure will not be permitted at this location.

The elevations to be provided on the General Plan or other detail sheet are as follows:

Q100;

flow line, at both structure ends and the roadway centerline;
the low structure at the centerline of the structure;

the tops of headwalls; and

the tops of wingwalls.
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The assumed elevations of the top of the footing and the base of the structure leg should
also be shown. For structure-layout purposes, a 2-ft footing thickness should be assumed
with the base of the structure leg seated 2 in. below the top-of-footing elevation. With
the bottom of the footing placed at the standard depth of 4 ft below the flowline
elevation, the base of the structure leg should therefore be shown as 2°-2” below the
flowline. An exception to the 4-ft depth will occur where the anticipated footing
thickness is known to exceed 2 ft, where the footing must extend to rock, or where poor
soil conditions dictate that the footing should be deeper.

The footing should be kept level if possible. If the stream grade prohibits a level footing,
the wingwall footings should be laid out to be constructed on the same plane as the
structure footings.

The structure length and the flare angle, and the length and height of wingwalls should be
shown. For a skewed structure, the wingwall geometrics should be determined for each
wing. The sideslope used to determine the wing length should be shown on the plans.



A structure should extend to a point where the headwall height can be kept to a
minimum, preferably 1 ft. All headwalls should have standard-length-post guardrail
protection unless the structure cover does not permit it. Where structure cover does not
permit a standard headwall and standard-length-post guardrail installation, another option
as shown on the INDOT Standard Drawings should be shown, with the selected low-
cover guardrail option. A minimum of 6 ft of clearance should exist horizontally
between the face of guardrail and the outside face of the structure headwall.

If the height of the structure legs exceeds 10 ft, pedestals should be shown in the structure
elevation view. For illustration purposes, the pedestals should be drawn at approximately
2-ft width, but the dimensions and details should not be shown. The pedestal height
should be included in the rise dimension specified in the pay-item name.

The design and details for footings or base slabs, wingwall footings, wingwalls, and
headwalls will be provided by the structure manufacturer once the working drawings are
submitted. The designer who prepared the contract plans will review the design
calculations and working drawings. For a federal-aid local-agency project, such
documents are reviewed and approved by the local agency or its design consultant.

Wingwall-anchorage system, wing thickness, wall thickness of precast units, corner
chamfer dimensions of precast units, footing-width, or footing-reinforcement information
that suggest a proprietary product should not be identified as such on the plans. Such
details will be shown on the working drawings.

The General Plan should include the design-data information as follows:

Designed for HL-93 loading in accordance with AASHTO LRFD Bridge Design
Specifications, [current-edition year], and all subsequent interim specifications.

Dead load increased 35 psf for future wearing surface.

Quantities for the structure and wingwall footings should be included with those for the
structure and the wingwalls, respectively. Quantities for headwalls and foundation
excavation should also be included in those for the structure.

Foundations. The allowable soil bearing pressure should be shown on the plans. If the
footing is on piling, the nominal driving resistance should be shown.

Where a pile footing is required, the type and size of pile and the required pile spacing,
and which piles are to be battered, should be shown on the plans. The final design of the
pile cap will be performed by the fabricator, and the details will be shown on the working
drawings as is the practice for other footing types. If the geotechnical report recommends



that piling be used, the structure-type selection should be re-evaluated to consider a spill-
through bridge due to the added expense of pile footings.

The plans for a three-sided structure should include a sheet showing the soil boring logs for the
structure.

203-2.06 Specialty-Structure Requirements

203-2.06(01) Wingwalls and Headwalls

Wingwalls and headwalls are required without regard to structure type or size. Such wingwalls
and headwalls may be precast or cast in place.

The information to be shown on the plans is as follows:

1. a plan view showing the total length of the structure, skew angle, distance from roadway
centerline to each end of structure, and the flare angle of all wingwalls;

2. an elevation view of the end of the structure including wingwalls and headwall if
applicable. The perpendicular span and rise of the structure should be dimensioned. The
height of the headwall should be shown;

3. wingwalls labeled A through D with a table showing all dimensions and elevations for
each wingwall, and summarizing the wingwall areas required; and

4. the allowable soil bearing pressure. A table should be included on the plans listing the
soil parameters for wingwall design as follows:

angle of friction between wingwall footing and foundation soil, J;
angle of internal friction of the foundation soil, ¢;

ultimate cohesion of foundation soil, C; and

ultimate adhesion between foundation soil and concrete, Ca.
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These soil parameters will be provided in the geotechnical report for the structure. If the
geotechnical report is lacking this information, it should be requested from the Office of
Geotechnical Services.

Quantities should be determined for headwalls and wingwalls.






the stream velocity does not exceed 13 ft/s, the cost effectiveness of providing a base slab versus
providing a strip footing with scour protection should be considered. The input of the district
Office of Construction should be requested at the preliminary field check if the costs appear to be
equal.

203-2.06(04) Backfilling

Where there is less than 2 ft of cover between the top of the structure and the top of the proposed
pavement structure, as measured at the edge of travel lane, the backfill should be structure
backfill type 5 to the top of the structure. The backfill above the top of the structure should be
structure backfill type 2.

Where there is 2 ft or more of cover between the top of the structure and top of the proposed
pavement structure, as measured at the edge of travel lane, all backfill should be structure
backfill type 2.

The minimum and maximum cover distances should be shown in the Structure Data Table. The
material used to backfill the structure should be also used to backfill the wingwalls.

The minimum cover distance between the top of the structure and the top of the pavement
section should be equal to the pavement-section thickness. If the minimum cover distance is less
than the pavement-section thickness, the Planning Division’s Office of Pavement Engineering
should be consulted for the minimum pavement thickness to be used above the structure.

For a three-sided structure, the structure and wingwall backfill limits should be shown on the
plans. The backfill limits should have a width of 1.5 ft at the bottom of the footing and should
extend upward at a slope rate of 1:4. The wingwalls’ backfill should extend upward at a 1:1
slope from the bottom of the wingwall footings. The structure fabricator will also be required to
show the backfill limits on the shop drawings. The backfill pay limits should be based on the
neat-line limits shown on the plans. The type of structure backfill and the quantities for
excavation and structure backfill should be shown on the plans.

203-2.06(05) Plans Details, Design Computations, and Working Drawings

Only the conceptual layout for a precast-concrete three-sided or box structure, or precast
wingwalls and headwalls, should be shown on the plans. The structure centerline, minimum
perpendicular span, minimum structural span, minimum rise, and minimum Qigo hydraulic-
opening area should be shown on the Layout sheet.



Once the work is under contract, the fabricator will design and detail the structure. For each
cast-in-place structure, three-sided structure, or for each box structure of perpendicular span
greater than 12°-0” or of a size not described in ASTM C 1577, the fabricator will provide design
computations and working drawings which are to be checked by, and are subject to the approval
of, the designer.

203-2.07 Documentation

The hydraulic report and necessary software data or input files should be submitted to the Office
of Hydraulics for review and acceptance. All relevant information should be cross referenced if
utilized in other sections of the report. The information in the report should include, but should
be not limited to, the following:

1. project-specific overview, including stating location, purpose, vertical datum used, and
other pertinent information;
2. Topographic Map with drainage area and flow path for Time of Concentration delineated
and labeled, including north arrow and graphic scale bar;
3. aerial photo with drainage area delineated,;
4. Summary Table with the information, if applicable, as follows:
a. drainage area;
b. QlOO ﬂOW;
C. Q100 Water-surface elevation;
d. structure size and type;
e. inlet-edge condition;
f. backwater depth;
g. culvert velocity;
h. headwater elevation;
i. road overflow area;
J- outlet-erosion protection;
k. sump depth;
l. outlet-flowline elevation;
m. minimum low structure elevation;
n. approximate skew; and
0. inlet-depression depth.

5. hydrology calculations which can include the Rational Method, Hydrograph (TR-20,
HEC-HMS, etc.), curve numbers, Manning’s n values, Time of Concentration, etc.

6. HY-8. Only information for the recommended structure, primary alternates, and existing
structure should be included if applicable. The input file, output file, and version of
software used should be included for the reviewer’s use;






10.

11.

12.

13.

14.

15.

Backwater should not increase flood damage to property upstream of the crossing, and
will satisfy INDR requirements.

For a project on new alignment, flood easements should be considered in a rural area, or
where land is inexpensive, as a possible cost-saving measure.

The effects of road or bridge realignment altering the flood-elevation location and
potentially causing property damage due to flooding should be considered.

Velocity through the structure should not damage the highway facility or adjacent
property.

The existing flow distribution should be maintained as is practical.

In designing for overtopping, the crest-vertical curve profile location should be
considered as the preferred highway-crossing profile to allow for embankment
overtopping.

The downstream conditions should be studied, including those at other bridges or larger
streams that can have the potential to flood back up to the structure. The proposed bridge
should then satisfy the road-serviceability requirements due to the downstream flood
backwater.

Side ditches should be checked to ascertain that their elevation is below the water-surface
elevation, and that the flow does not spill over and affect road serviceability in adjacent
watersheds.

Forms of degradation and aggradation should be considered as imposing a permanent
future change for the stream-bed elevation at a bridge site if they can be identified. If the
waterway shows signs of meandering or change over time, historical aerial photographs
and topographical mapping should be examined to determine possible present and future
impacts. Bridge location, size, pier type and placement, skew, or channel and bank
stability measures may need to be adjusted accordingly.

The location of the opening should account for future stream meandering, floodplain
effects, and possible damage to wetlands or other environmental concerns. An overflow
structure can be required for a very wide floodplain.

Pier spacing, pier orientation, and abutments should be designed to minimize flow
disruption and potential scour. Piers should be kept out of the main channel where
possible.












a. the backwater dissipates to 0.14 ft or less at the right-of-way line;

b. the channel is sufficiently deep to contain the increased water height without
overtopping the banks; the backwater is less than or equal to 1 ft; and the
maximum velocity is not excessive; or

C. a flood easement can be purchased upstream of the bridge to allow for greater
than 0.14 ft of backwater.

In a rural area where land costs are minimal, the cost savings may be substantial to
purchase flood easements and reduce the bridge-structure size. The use of flood
easements should be identified early in the design stage so that they can be included in
any land purchasing. However, flood easements are still limited to the maximum 1-ft
backwater requirement.

An exception to the 0.14-ft backwater allowance for a new bridge on a new alignment is
subject to approval of The Office of Hydraulics.

11.  Bridge that Requires an IDNR CIF Permit. The water-surface elevation cannot be
increased more than 0.14 ft from existing conditions outside the right of way. The IDNR
Floodplain Guidelines Manual should be checked to determine if a CIF permit is
required, and for the definition of what the existing or base conditions are.

203-3.03(02) Bridge-Hydraulics Modeling

The regulatory agencies require the use of computer hydraulic-modeling software to support
calculations used in flood modeling. The required modeling program is HEC-RAS. The HEC-
RAS procedures are followed as stated in the IDNR manual, General Guidelines for the
Hydrologic-Hydraulic Assessment of Floodplains in Indiana, or Floodplain Guidelines, and the
USACE HEC-RAS manuals. The following should be considered in performing a HEC-RAS
model.

1. Survey Accuracy. A survey is performed for the purpose of bridge or road design.
However, the survey does not always extend far enough up- and downstream to cover the
entire reach used in hydraulic-modeling design. It may be necessary to propagate the last
cross-section up- and downstream as necessary to extend to the full reach length desired.
If available, some county, city, or USGS maps include contours that can be useful in
determining the cross-section shape outside the general project survey area. These tend
to be most useful in sizing the flood plain. Current aerial photography should be used
where current land uses may have changed from the original survey, such as new levees,
structures, etc. Other types of mapping are be available should be discussed with the
Office of Hydraulics prior to use. The hydraulic model should have adjusted the survey













Determine the pier shape and the pier angle with respect to the channel-flow direction.
The pier angle, not the bridge skew, is typically 0 deg for a new or replacement bridge.
However, due to stream meandering, a bridge to be rehabilitated can have flow
approaching the piers at an angle. A pier angle value should be entered or HEC-RAS
will not compute pier scour.

Use the modeling to determine the remaining equation variables. HEC-RAS usually
determines this, or the equations in HEC-18 may be used for manual use.

3. Total Scour Analysis. Add the contraction scour and the pier scour for total scour depth.
This should be subtracted from the flowline at the bridge to determine low-scour
elevation. If analyzing an existing bridge, the foundation of the bridge should be checked
against the low-scour elevation to determine if the bridge is scour critical. If an existing
bridge foundation is unknown, the bridge is automatically considered scour critical

203-3.03(05) Pressure-Flow Scour

With pressure flow, the local scour depth at a pier or abutment is larger than for free-surface flow
with a similar depth and approach velocity. The increase in local scour at a pier subject to
pressure flow results from the flow being directed downward toward the bed by the
superstructure and by increasing the intensity of the horseshoe vortex. The vertical contraction
of the flow is a more significant cause of the increase in scour depth. However, where a bridge
becomes submerged, the average velocity under it is reduced due to a combination of additional
backwater caused by the bridge superstructure impeding the flow, and a reduction of discharge
which must pass under the bridge due to weir flow over the bridge and approach embankments.
As a consequence, an increase in local scour due to pressure flow can be offset by a lesser
velocity through the bridge opening due to increased backwater, and a reduction in discharge due
to overtopping.

In using HEC-RAS in a pressure-flow scenario, the program usually will not determine some
variables, such as the average flow depth at the bridge for contraction scour. They should be
entered manually.

HEC-RAS can be used to determine the discharge through the bridge and the velocity of
approach and depth upstream of the piers where flow impacts the bridge superstructure. These
values should be used to calculate local pier scour. Engineering judgment should then be used to
determine the appropriate multiplier times the calculated pier-scour depth for the pressure-flow
scour depth. This multiplier ranges from 1.0 for a low-approach Froude number Fr =-0.1, t0 1.6
for a high-approach Froude number, Fr = 0.6. If the bridge is overtopped, the depth to be used in
the pier-scour equations and for computing the Froude number is the depth to the top of the
bridge deck or guardrail obstructing the flow. Research sponsored by FHWA has a listed




































1.

in a tangent section, at every third inlet;
on the low side of a superelevated curve, at all inlet sites; or
in a sag vertical curve, three inlets, centered on the low point.

See the INDOT Standard Drawings for more-detailed information.

Slotted Inlet on Grade. A slotted inlet, which uses a vertical riser, is an effective
pavement-drainage inlet which has a variety of applications. It can be used on a curbed
or uncurbed section, and offers little interference to traffic operations. It can be placed
longitudinally in the gutter or transversely to the gutter. A slotted inlet should be
connected into an inlet structure so that it will be accessible to maintenance forces upon
plugging or freezing.

a. Longitudinal Placement. Flow interception by a slotted-drain pipe and a curb-
opening inlet is similar in that each is a side weir, and the flow is subjected to
lateral acceleration due to the cross slope of the pavement. A slotted inlet can
have economic advantages and can be useful in a widening or safety project
where right of way is narrow and existing inlet capacity should be supplemented.
A curb opening inlet can be eliminated as a result of utilizing a slotted inlet. The
standard slotted-drain-pipe slot width is 1% in., and the length is 20 ft. The same
equations that are used for a curb-opening inlet are also used for a slotted inlet.
See HEC 22 Chapter 4.4.4 for more-specific information.

b. Transverse Placement of Slotted VVane Drain. At a drive where it is desirable to
capture virtually all of the flow, e.g., a drive sloped toward the roadway, a slotted-
vane drain can be installed in conjunction with a grate inlet. Tests have indicated
that, if the slotted-vane drain is installed perpendicular to the flow, it will capture
approximately 1.6 ft*/s per running foot of drain on a longitudinal slope less than
6%. Capacity curves are available from the manufacturers. The ideal installation
utilizes a grate inlet to capture the flow in the gutter and the slotted-vane drain to
collect the flow extending into the shoulder. A slotted-vane drain is shaped and
rounded to increase inlet efficiency and should not be confused with a vertical-
riser-type slotted inlet, i.e., a slotted-drain pipe.

Slotted Inlet in a Sag Location. Except adjacent to a concrete barrier, the use of a slotted-
drain inlet in a sag configuration is discouraged because of the propensity of such an inlet
to collect debris. However, it may be used where it is desirable to supplement an existing
low-point inlet with the use of a slotted drain. A slotted inlet in a sag location performs
as a weir to a depth of about 0.2 ft, dependent on slot width and length. At a depth
greater than about 0.4 ft, it performs as an orifice. Between these depths, flow is in a
transition stage.







traffic. If a design-storm flow occurs, there is a spread or widening of the conveyed water
surface and the water spreads to include not only the gutter width, but also parking lanes or
shoulders and portions of the traveled surface.

Where practical, runoff should be intercepted from a cut slope or other area draining toward the
roadway before it reaches it. A shallow swale section at the edge of the roadway pavement or
shoulder offers advantages over a curbed section where curbs are not needed for traffic control.
The advantages include a lesser hazard to traffic than a near-vertical curb, and hydraulic capacity
that is not dependent on spread on the pavement.

203-4.04(14) Shoulder Gutter or Curb

A shoulder gutter or sloping curb may be appropriate to protect a fill slope from erosion caused
due to water from the roadway pavement. It should be considered for a 2:1 fill slope higher than
20 ft. It should also be considered for a 3:1 fill slope higher than 20 ft if the roadway grade is
steeper than 2%. Where permanent vegetation cannot be established, the height criterion should
be reduced to 10 ft regardless of the grade. Inspection of the existing and proposed site
conditions and contact with maintenance and construction personnel should be made by the
designer to determine if vegetation will survive.

A shoulder gutter or curb, or a riprap turnout should be utilized at a bridge end where
concentrated flow from the bridge deck will otherwise flow down the fill slope. The section of
gutter should be long enough to include the transitions. A shoulder gutter or riprap turnout is not
required on the high side of a superelevated section or adjacent to a barrier wall on a high fill.

203-4.04(15) Impact Attenuator

The location of an impact-attenuator system should be reviewed to determine the need for a
drainage structure. It is necessary to have a clear or unobstructed opening as traffic approaches
the point of impact to allow a vehicle to impact the system head-on. If the impact attenuator is
placed where superelevation or other grade separation occurs, a grate inlet or a slotted drain can
be needed to prevent water from flowing through the clear opening and crossing the highway
lanes or ramp lanes. A curb, curb-type structure, or swale cannot be used to direct water across
the clear opening because vehicular vaulting can occur once the attenuator system is impacted.

203-4.04(16) Bridge-Deck Drainage

HEC-21 should be referenced for bridge-deck drainage design procedure. The longitudinal slope
of the bridge deck should be steep enough to satisfy the gutter-spread requirements without the









6. The pipe-conveyance system should not extend below the superstructure until the outfall.
The minimum desirable slope is 1% for a longitudinal pipe between drains or from a
drain to the point of discharge.

7. An open deck drain should not be located over a roadway, sidewalk, or railroad. If a
drain is to be located in one of these areas, a closed drainage system should be provided.

The following applies to free-fall, where used beneath a bridge.

1. The downspout should be extended 6 in. below the beam soffit. The downspout should
be placed approximately 10 ft from the face of a substructure unit, unless a closed
drainage system is to be used. A downspout should not interfere with the required
horizontal or vertical clearances. A pipe system designed to bring water down to ground
level can become clogged with debris and ice and should only be used as the last option.

2. A downspout should not discharge water where such water can be windblown and can
flow down a column or pier.

3. Water should not be discharged openly over a traveled vehicular, railroad, or pedestrian
way, unpaved embankment, or unprotected ground where it can cause erosion or
undermine a structural element. An energy dissipator or riprap should be provided to
prevent erosion.

4. If a free fall is less than 25 ft, riprap or a splash pad will be required to prevent erosion.

A cleanout for maintenance access should be provided at key points within the system to
facilitate the removal of obstructions. A downspout should be located so that a maintenance
crew can access it from underneath the bridge and preferably from the ground. The most
convenient arrangement should be made, as a cleanout that is inaccessible or difficult to reach
will not be cleaned.

203-4.04(17) Storm-Drainage-Agreement Policy

A storm-drainage agreement is required if a new or reconstructed INDOT drainage facility is
designed to accommodate stormwater from a sewer controlled by an LPA. This is applicable
regardless of whether the shared drainage facility is constructed within or outside of INDOT
right of way.

Where INDOT constructs a drainage facility outside its right-of-way limits to provide adequate
drainage for a highway, I.C. 8-23-6-2 allows INDOT to assess a proportionate share of the cost



of constructing the drainage facility outside the right of way to beneficiaries of the drainage
structure. Therefore, a municipality or other beneficiary that connects to an INDOT drainage
structure outside INDOT right-of-way limits can be assessed a share of the cost of the drainage
structure in proportion to the amount of drainage discharged. The proportionate share is
calculated as follows:

Ay = Cp (%) [Equation 203-4.1]
T
Where  Ag = Amount of assessment to beneficiary

Cr = Cost of drainage facility
Qor = Discharge from storm sewer draining from outside INDOT R/W
Qr = Total discharge of drainage facility

The remainder of the cost will be paid by INDOT.

By common law, INDOT also has the authority to seek a contribution from the LPA if
stormwater from outside the INDOT right of way discharges into a drainage facility within the
INDOT right of way. For example, if a municipality wants to make a direct discharge into an
INDOT trunkline storm drain, INDOT’s policy will be to request a storm-drainage agreement for
the trunkline-sewer construction. The proportionate share will also be determined from Equation
203-4.1. If the discharge is in the form of sheet flow onto INDOT right of way, INDOT will not
seek a contribution from the municipality involved.

If a particular situation involving sheet flow onto INDOT right of way is increased from existing
conditions, the LPA should agree to the necessary local contribution as a condition for initiating
the State highway improvement. Such an agreement cannot be forced upon an LPA, but must be
pre-arranged through negotiations between the LPA and the Planning Division or Office of
Environmental Services. However, this can occur as late as the design phase.

A situation may arise if INDOT storm-sewer construction results in a request for stormwater
detention or a county assessment for the reconstruction of a regulated drain. If the situation also
involves INDOT conveying city or town stormwater, INDOT should seek a storm-sewer cost-
sharing contribution from the city or town. The procedure for determining the appropriate
contribution by the city or town will be as described above. INDOT cannot cite 1.C. 8-23-6-2 as
authority to pass on a portion of a county drainage assessment to the city or town. Only a county
drainage board has the authority to levy a drainage assessment on a municipality or private-
property owner if a regulated drain is involved.

A county drainage assessment does not require a formal agreement to be legally binding on
INDOT. However, if an assessment includes a monetary contribution which relieves INDOT









203-5.02 General Policy

203-5.02(01) Reasons for Storage

Controlling the quantity of stormwater release using a storage facility can provide the potential
benefits as follows:

prevention or reduction of peak runoff rate increase;

mitigation of downstream drainage-capacity problems;

reduction or elimination of the need for downstream outfall improvements; and
protection of environmentally-sensitive areas, such as karst topography.
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203-5.02(02) Downstream Conditions

Storage can be developed in a depressed area in a parking lot, road embankment, freeway
interchange, or a small lake, pond, or depression. The utility of a storage facility depends on the
amount of storage, its location within the system, and its operational characteristics. An analysis
of such a storage facility should consist of comparing the design flow at a point or points
downstream of the proposed storage site, with or without storage. Other flows in excess of the
design flow that can be expected to pass through the storage facility may be required in the
analysis, i.e., 1% annual EP flood. The design criteria for a storage facility should include the
following:

release rate;

storage volume;

grading and depth requirements;
outlet works; and

location.
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At a minimum, a storage facility should be designed to detain the 1% annual EP, post-
development peak runoff rate, and release it at the 10% annual EP, pre-developed peak runoff
rate. An emergency overflow capable of accommodating the 1% annual EP post-development
discharge may be required.

203-5.02(03) Local Jurisdictional Requirements
A local jurisdiction can be more restrictive than INDOT drainage requirements. INDOT

requirements need not be in accordance with local jurisdictional rules and regulations. However,
the local design parameters should be followed as much as practical.



203-5.03 Design Considerations

A pump station may be required to outlet from an infiltration/detention facility. The use of a
pump station to outlet a facility is not desirable. If a pump station is being considered, the Office
of Hydraulics should be contacted for approval.

Dam safety should be considered for a berm or embankment created as part of a detention
facility. An embankment should not be subject to IDNR regulation and inspection requirements.
Per the Indiana Code, IDNR has jurisdiction over all structures, except where the embankment is
lower than 20 ft, the contributing drainage area is less than 1 sq mi, or the storage volume behind
the structure is less than 100 ac-ft. For more information, see Indiana Code 14-27-7.5:
Regulation of Dams.

203-5.03(01) Detention Pond

A detention pond is designed to reduce the peak discharge and detain runoff only for a specific
duration. A detention basin should have a positive outlet that empties all runoff between storms.
The excavation of a detention pond can extend below the water table or outlet level where the
bottom is sealed due to sedimentation. This is a detention pond or wet-bottom detention basin.
The detention pond also has a positive outlet and releases all temporary storage.

A dry-bottom detention facility should be used. A detention basin will require additional right of
way. The basin will require a certain amount of space, and it should be outside the clear-zone for
safety purposes. The pond location and outlet should be considered, especially for flood routing.
The overflow location should avoid impacting nearby property and the roadway.

203-5.03(02) Retention Pond

A retention pond retains runoff for an indefinite time and has no positive outlet. Runoff is
removed only by means of infiltration through a permeable bottom or by means of evaporation.
A retention pond or lake is an example of a retention facility. A retention pond is designed to
drain into the groundwater table.

Soil characteristics are the primary concern in designing a retention pond. A geotechnical report
should be obtained from the Office of Geotechnical Services, county surveyor’s office, etc, to
determine the infiltration capacity of the substratum.

A retention pond will require additional right of way. It should be located outside the clear-zone
for safety purposes.



203-5.03(03) Roadside-Ditch Detention

A roadside ditch detention system takes advantage of the additional capacity of the roadside and
median ditches created by the clear-zone requirements. A roadside ditch detains runoff from the
roadway and discharges it at a restricted rate to a positive outlet.

A roadside ditch is the least expensive open-detention system, since it does not require additional
right of way or significant additional maintenance. Since the ditch is within the right of way,
safety considerations and roadway serviceability should be evaluated.

203-5.03(04) Underground Storage

Underground detention is best suited to an urbanized area where right of way and available land
are constrained. It is desirable for where an underground storage structure is to be located
outside the pavement limits. Coordination with local utilities is required. Conflicts should be
minimized. Clearances should be observed between stormwater and other systems such as
drinking water and sanitary sewers. In considering underground detention, the native soil should
be determined to ensure constructability. All inline detention should have a positive grade to
minimize sedimentation. Access should be provided for cleaning of the underground facility.
The grade should be set to avoid the need for a pump station if possible.

The types of underground detention include underground storage, inline detention, parallel
storage systems, oversize storm-sewer system, and infiltration trench. Underground storage can
be built as one single unit with one inlet and one outlet, under a large area such as a parking lot.
It can also be built as a pipe network or conduit system with multiple inlets and only one outlet,
under a large area such as a parking lot. Inline detention replaces part of a storm-sewer system
with a larger structure near the outlet to detain water within the system. A parallel storage
system runs parallel to the existing storm-sewer system to provide additional storage. An
oversize storm-sewer system increases the pipe sizes as needed in parts of the storm sewer to add
storage to the entire system. An infiltration trench functions like a roadway underdrain, but it
can be used only in sandy soil, where the infiltration rate is high.

203-5.03(05) Outlet Conditions

An outlet work can take the form of combinations of a drop inlet, pipe, weir, or orifice. An
outlet work selected for a storage facility includes a principal spillway or an emergency
overflow. It should be able to accomplish the design functions of the facility.



A slotted-riser pipe should not be used due to clogging problems. A curb opening can be used
for parking-lot storage. The principal spillway is intended to convey the design storm without
allowing flow to enter an emergency outlet.

An emergency spillway is an outlet provided to allow excess water to exit the pond once the
design storm is exceeded. Usually in the shape of a weir, the emergency outlet should be located
so that the excess stormwater flows to an adequate outlet and does not damage nearby property.
An emergency spillway should be included in a storage-facility design if possible. However, a
viable emergency spillway location may not exist.

203-5.03(06) Maintenance

To ensure acceptable performance and function, a storage facility that requires extensive
maintenance is discouraged. The maintenance problems that are typical of a detention facility
are as follows:

weed growth;

grass and vegetation maintenance;

bank deterioration;

standing water or soggy surface;

mosquito control,

blockage of outlet structures;

litter accumulation; or

maintenance of fences and perimeter plantings.
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The design should focus on the elimination or reduction of maintenance requirements by
addressing the potential for problems as follows:

1. Both weed growth and grass maintenance can be addressed by constructing side slopes
that can be maintained using available power-driven equipment, such as a tractor mower.

2. Bank deterioration can be controlled with protective lining or by limiting bank slopes.

3. Standing water or soggy surfaces can be eliminated by means of sloping the basin bottom

toward the outlet, or by means of constructing a low-flow pilot channel across the basin
bottom, from the inlet to the outlet.

4. Once the problems listed above are addressed, mosquito control will not be a major
problem.

5. An outlet structure should be selected to minimize the possibility of blockage. A pipe of
diameter of less than 6 in. tends to block easily and should be avoided.

6. The facility should be located for easy access where the maintenance associated with

litter and damage to fences or perimeter plantings can be conducted regularly.



Routine maintenance activities include an annual inspection, preferably during wet weather, and
mowing, as required.

203-5.03(07) Safety Issues

Ponding of water for a significant period of time, at a relatively shallow depth, can introduce an
additional risk factor for property damage, personal injury, or loss of life. Safety considerations
include reducing the chance of drowning by fencing the basin, reducing the maximum depth, or
including ledges or mild slopes to prevent a person from falling in and to facilitate his or her
escape from the basin. A storage facility in a location that is easily accessible to the public
should be provided with fencing adequate to prevent entry onto the site by unauthorized persons.
A storage facility located adjacent to a roadway should be provided with an adequate clear zone
to minimize the accidental entry of an errant vehicle.

Protective treatment is required to prevent entry to a facility that poses a hazard to all persons.
Fences and signs are required for a detention or retention pondwith a locked gate to allow for
maintenance access.

Where a storage facility is located near a roadway, the road should be provided with an adequate

clear zone. The maximum operating-pool depth is limited to 5 ft unless otherwise approved by
the Office of Hydraulics.

203-5.04 Design Procedure

A storage facility will require an inflow rate and an outflow rate to determine the necessary
storage volume.

The amount of water flowing into the storage facility should be determined. This inflow rate is
the post-developed 1% annual EP. However, an additional smaller inflow rate should be
considered, if a stricter local ordinance is being followed. The outflow rate should then be
determined.  The outflow rate is the pre-developed 10% annual EP. However, additional
smaller outflow rate should be considered, if a stricter local ordinance is being followed.

The required storage volume should be calculated, based on the inflow and outflow rates, and
storm duration. If the watershed draining into a storage facility is greater than 2 ac, the design
should be based on reservoir-routing methods which develop hydrographs for both inflow and
outflow. WinTR-20 and HEC-HMS are available public-domain hydrographic programs. A
basin regulating less than 2 ac can be analyzed using the Rational Method to create a triangular
hydrograph.



203-5.04(01) Detention Pond

For a detention pond, a minimum freeboard of 1 ft above the 1% annual EP storm highwater
elevation should be provided. Other considerations in setting the depth include flood-elevation
requirements, public safety, land availability, land value, present and future land use, water-table
fluctuations, soil characteristics, maintenance requirements, and required freeboard.

The primary outlet should be designed to drain the entire detention volume within 72 h. A
restrictor plate should not be used. See the INDOT Standard Drawings.

An emergency overflow structure should also be added. The emergency overflow structure
should be placed in a location that will accept the extra flow. This may or may not outlet to the
design outfall. Usually, the emergency overflow structure takes the shape of a weir.

The area above the detention pond’s normal high-water elevation should be sloped towards the
pond. The bottom area of the pond should be graded toward the outlet to prevent standing water
conditions. A low-flow or pilot channel constructed across the facility bottom from the inlet to
the outlet should be used to convey low flow. See HEC-22, Chapter 8 for example problems and
more information.

203-5.04(02) Retention Pond

The inflow rate is calculated using the Rational Method, regardless of the size of the drainage
area. Since the pond is retaining all of the runoff from the 1% annual EP, the outflow rate is
almost negligible, because infiltration and evaporation are the only available mechanisms for
drainage. To determine the infiltration rate, soil borings should be obtained to ensure accurate
calculations.

A retention pond also requires an emergency spillway. The emergency spillway should overflow
to an acceptable outlet. The pond should be sized to allow for 1 ft of freeboard below the
emergency spillway. If an acceptable emergency overflow outlet is not available, the pond
should be sized for 1.5 times the total volume required, plus 1 ft of freeboard.

The construction of a storage facility can require excavation or placement of an earthen
embankment to obtain sufficient storage volume. The embankment should be of less than 6.5 ft
height. A vegetated embankment should not be steeper than 3H:1V. A riprap-protected
embankment should not be steeper than 2H:1V. An excavated storage facility should not have
an operating design-pool depth of greater than 5 ft unless approved by the Office of Hydraulics.









10.  an appendix including the calculation and computer-program input and output data used
to determine the data shown on the summary-performance table.

203-6.0 CHANNEL OR DITCH

203-6.01 Introduction

An open channel is a natural or constructed conveyance for water in which the water surface is
exposed to the atmosphere and the gravity-force component in the direction of motion is the
driving force.

The types of open channels related to a transportation facility are stream channel, or artificial
channel or ditch.

The principles of open-channel-flow hydraulics are applicable to each drainage facility including
a culvert or a storm drain.

A stream channel has the properties as follows:

1. a natural channel with its size and shape determined by means of natural forces;

2. compound in cross section with a main channel for conveying low flow and a floodplain
to transport flood flow, and

3. shaped geomorphologically due to the long-term history of sediment load and water

discharge which it experiences.

An artificial channel can be a roadside channel, interceptor ditch, or drainage ditch which can be
a constructed channel with regular geometric cross section, and is unlined or lined with artificial
or natural material to protect against erosion.

Although the principles of open-channel flow are the same regardless of the channel type, a
stream channel and an artificial channel, primarily a roadside channel, will be addressed

separately herein.

203-6.02 General Policy

203-6.02(01) Significance

Channel analysis is necessary for the design of a transportation drainage system to assess the
following:

1. potential flooding caused by changes in water-surface profile;



disturbance of the river system upstream or downstream of the highway right of way;
changes in lateral flow distribution;

changes in velocity or direction of flow;

need for conveyance and disposal of excess runoff; and

need for channel lining to prevent erosion.

IS

203-6.02(02) Design

Hydraulic design associated with a natural channel or side ditch is a process which selects and
evaluates alternatives according to established criteria. These criteria are the standards
established to ensure that a highway facility satisfies its intended purpose without endangering
the structural integrity of the facility itself and without undue adverse effects on the environment
or the public welfare.

203-6.02(03) Federal Policy

The federal policies which apply are as follows.

1. Channel design, or design of a highway facility that impacts a channel, should satisfy the
FHWA policies which are applicable to floodplain management if federal funding is
involved.

2. FEMA floodway regulations and USACE wetland restrictions for permits should be
satisfied.

3. NEPA regulations including the MOU for Kkarst areas or other environmental MOU.

203-6.02(04) INDOT Policy

The INDOT policies which apply are as follows.

1. Coordination with other federal, State, or local agencies concerned with water-resources
planning should have high priority in the planning of a highway facility.

2. The safety of the general public should be a consideration in selection of the cross-
sectional geometry of an artificial drainage channel.

3. The design of an artificial drainage channel or other facility should consider the

frequency and type of maintenance expected, and should make allowance for the access
of maintenance equipment.

4. A stable channel is the goal for each channel that is located on highway right of way, or
that impacts a highway facility.



5. The environmental impact of channel modification, including disturbance of fish habitat,
wetlands, or channel stability, should be assessed.

The most important factor in channel design is stability. Channel stability is the result of
controlling the effects of scour and siltation.

A highway alignment or improvement can cross, encroach upon, or otherwise require
construction of a new channel or modification of the existing channel. It is necessary to protect
the public, the highway investment, and the environment from the natural reaction to the
highway changes. The facility, including bank protection, should perform without significant
damage or hazard to people and property for flood and flow conditions experienced on a 1%
annual EP. The facility, to the maximum extent possible, should perpetuate natural drainage
conditions thus protecting and maintaining the environment.

203-6.03 Open-Channel Flow

Design analysis of a natural or artificial channel should proceed according to the basic principles
of open-channel flow (see Chow, 1970; Henderson, 1966). The basic principles of fluid
mechanics, continuity, momentum, and energy can be applied to open-channel flow with the
additional complication that the position of the free surface is one of the unknown variables. The
determination of this unknown is one of the principal problems of open-channel flow analysis. It
depends on quantification of the flow resistance. A natural channel displays a wider range of
roughness values than an artificial channel.

203-6.04 Stream Channel

203-6.04(01) Stream Morphology
HEC-20 Stream Stability at Highway Structures, and HDS-6 River Engineering for Highway

Encroachments, should be consulted. Additional references can be obtained through FHWA
hydraulics publications.

203-6.04(02) Design Considerations

1. The hydraulic effects of floodplain encroachment should be evaluated for the 1% annual
EP, and other design-storm events as required, for a major highway facility.
2. If relocation of a stream channel is unavoidable, the cross-sectional shape, meander,

pattern, roughness, sediment transport, and slope should satisfy the existing conditions
insofar as practical. A means of energy dissipation may be necessary where existing





















surveying notes, bridge-design files, and river-survey data are available from the Office of
Hydraulics and FHWA. Gaging-station records and interviews of long-time residents can
provide documentation of recent and potentially current channel movement or bank instabilities.

Current site conditions can be used to evaluate stability. If historic information indicates that a
bank has been relatively stable in the past, local conditions can indicate more recent instabilities.
Local site conditions which are indicative of instabilities can include tipping and falling of
vegetation along the bank, cracks along the bank surface, the presence of slump blocks, fresh
vegetation lying in the channel near the channel banks, deflection of channel flows in the
direction of the bank due to a recently-deposited obstruction or channel-course change, fresh
vertical face cuts along the bank, locally high velocity along the bank, new bar formation
downstream from an eroding bank, local head-cuts, impending or recent cutoffs, etc. The
presence of one of these conditions does not in itself indicate an erosion problem. Bank erosion
is common in each channel if the channel is stable.

203-6.06(02) Bank and Lining Failure Modes

Prior to designing a bank-stabilization scheme, the common erosion mechanisms and revetment-
failure modes, and the causes or driving forces behind bank erosion processes should be known.
Inadequate recognition of potential erosion processes at a particular site can lead to failure of the
revetment system. Many causes of bank erosion and revetment failure have been identified. The
more-common causes include abrasion, debris flows, water flow, eddy action, flow acceleration,
unsteady flow, freeze-and-thaw, human actions on the bank, ice, precipitation, waves, toe
erosion, and subsurface flow. However, a combination of mechanisms can cause bank or
revetment failure. The actual mechanism or cause is difficult to determine. Failures are
classified as follows.

1. Particle Erosion: Particle erosion is the most commonly considered erosion mechanism.
Particle erosion results if the tractive force exerted by the flowing water exceeds the bank
material’s ability to resist movement. If displaced stones are not transported from the
eroded area, a mound of displaced rock will develop on the channel bed. The mound has
been observed to cause flow concentration along the bank, resulting in further bank
erosion.

2. Translational Slide: A translational slide is a failure of riprap caused by the down-slope
movement of a mass of stones, with the fault line on a horizontal plane. The initial
phases of a translational slide are indicated by cracks in the upper part of the riprap bank
that extend parallel to the channel. As the slide progresses, the lower part of the riprap
separates from the upper part and moves downslope as a homogeneous body. A resulting
bulge can appear at the base of the bank if the channel bed is not scoured.























































embankment against the back of the facing. The design concepts that can be used
to prevent damage due to rapid drawdown-induced pressure are as follows:

1) designing the embankment so that its least-permeable zone is immediately
adjacent to the soil-cement facing, which ensures that seepage through
cracks in the facing will not build up a pool of water sufficient to produce
damaging hydrostatic pressure;

2) arbitrarily assuming the weight of the facing sufficient to resist uplift
pressures that may develop; and

3) providing free drainage behind, through, or under the soil-cement facing to
prevent adverse hydrostatic pressure.
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