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EXECUTIVE SUMMARY
This document provides guidelines for the structure selection and design of low-water crossings
(LWCs) at rural sites in Illinois with low average daily traffic (ADT). The materials in this document are
based on case studies done by researchers at the University of Illinois at Urbana-Champaign, previous
reports from USDA-CERL, USDA Forest Service, Federal Highway Administration, Iowa State
University, Texas Transportation Institute, and various other organizations as listed in the references
section.
A comprehensive survey was conducted across Illinois to determine use and status of LWCs. The survey
was given to county engineers, and it provided a wealth of information on LWC utilization and history
for use in preparing of the design guidelines.
The Illinois Department of Transportation (IDOT) has been implementing best management practices
(BMPs) for environmental sustainability. To minimize the effects of roadway construction, IDOT
requested guidance on LWC design impacts to stream hydrology, human safety, aquatic health, and
organism passage.
To make this document more approachable to county engineers, theoretical background and complex
design principles are provided in their respective sections and references.
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CHAPTER 1: INTRODUCTION
1.1 BACKGROUND
Illinois has 146,764 mi of road; the Illinois Department of Transportation (IDOT) maintains 15,978 mi,
and local agencies maintain the rest (IDOT 2016). Combined, these agencies are responsible for
regulating and monitoring the road networks that are open to public travel. There are many old and
aging bridges, culverts, and low-water crossings on rural low-volume roads, primarily serving
agricultural areas, that need to be replaced with suitable alternatives. The economic burden for many
counties can be huge if all of these structures are to be replaced by a bridge or culvert designed to
convey the entire design flow.
A low-water crossing (LWC) is a feasible and efficient road-stream crossing structure that may be
implemented on roads with average daily traffic (ADT) values of less than 25. LWCs are road-stream
crossing structures designed to be overtopped by high flows or by debris- or ice-laden flows (Clarkin
et al. 2006). At times when the structures are overtopped, the road will be closed to traffic, and
alternative routes must be used.
According to the Federal Highway Administration (FHWA), low-water crossings include public road
waterway crossings other than bridges where construction improvements have been made in the
stream, river, or lake bed to provide a firm surface for vehicles to travel across the watercourse
(FHWA 1987).
These relatively inexpensive structures are very useful for low ADT roads across ephemeral streams
and where the normal depth of flow is low. In Illinois, these structures might be of particular interest
on farmland access roads that are used only a few times a year for transport of machinery and other
agricultural commodities and supplies. There is a high potential that construction of bridges and
culverts will change the hydrological and hydraulic characteristics of the stream, leading to effects
such as higher peak flow rates and runoff, increased downstream flooding, increased rates of
sediment transport and deposition, increased erosion, widening of stream channels, etc. On the other
hand, LWCs can also help in streambed stabilization, thus minimizing those effects in the stream.
Current IDOT bridge design guidelines require 1 ft of vertical clearance above the design high-water
elevation for local agency roadways with an ADT < 250, where the minimum design flood frequency is
commonly a 15-year event. Often, these requirements result in large waterway openings, bridges, or
structures, and costly embankment construction—and are not conducive to construction of a LWC.
There are over 26,000 road-stream crossings in Illinois, and implementation of proper LWC design
guidelines could save local agencies significant funding, due to lower construction and maintenance
costs, less channel and flood plain blockage, and better storm proofing characteristics, as well as
reduced impacts to aquatic organism passage (AOP).
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1.2 OBJECTIVES
The overall objective of this research is to develop guidelines that can be used to determine optimal,
safe, and cost-effective LWC design to meet traffic needs, maintain the natural channel function, and
allow the passage of water, sediment, debris, and AOP. The outcomes of this research project will
assist IDOT and local agencies in determining safe, cost-effective, and environmentally friendly design
of LWCs for low ADT routes in the state. In addition to the geomorphic, biological, and engineering
considerations at each crossing, this research will also take into account the upstream watershed
conditions such as land use/land cover, topography, and soil conditions, which, as a whole, will
determine discharges and high-water elevations.
The specific objectives of this research project are as follows:
1. Conduct a thorough literature review of current practices and existing research
publications and other federal, state, and county reports, studies, recommendations, and
specifications related to LWC design.
2. Conduct a survey on the current status of Illinois LWCs, including the experience of local
agencies with LWCs in Illinois.
3. Conduct field survey on selected LWCs that fall under the jurisdiction of Illinois public
agencies.
4. Using LiDAR and field data from the selected LWCs, conduct case studies using the
analytical tools Illinois StreamStats, flow-duration curves (FDC) and HEC-RAS; and evaluate
LWC performance (with consideration of effects from soil conditions, geography, and
environmental factors when applicable).
5. Based on the literature review, survey results, and case studies, develop design guidelines
for applications specific to Illinois.
6. Identify suitable best management practices (BMPs) for installation/construction and
utilization of LWCs, and provide short- and long-term maintenance recommendations for
selection and implementation of identified BMPs.
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1.3 LOW-WATER CROSSING TYPES
The Natural Resources Conservation Service (NRCS) defines a LWC as “a stabilized area or structure
constructed across a stream to provide a travel way for people, livestock, equipment or vehicles”
(NRCS 2011). Three main types of LWCs, which are designed to submerge at some flows, include
unvented fords, vented fords, and low-water bridges (Figures 1.1 through 1.4).

1.3.1 Unvented Fords
An unvented ford is a structure that crosses streams that are dry most of the year or where normal
stream flow is less than or equal to 6 in. in depth. Unvented fords are usually used for ephemeral
streams or streams with shallow flows. They typically cross streams at, or slightly above, the elevation
of the streambed without pipes. The grades of the roadway approaches are shaped to provide a
smooth transition with acceptable slopes of less than 10% (Lohnes et al. 2001). The crossing may be
constructed of crushed stone, riprap, precast or cast-in-place concrete slabs, or other suitable
material. Based on the crossing surface, unvented fords are divided into two categories: unimproved
or improved.


Unimproved fords are simply natural crossings (Figure 1.1).



Improved fords have a stable driving surface of rock, concrete, asphalt, concrete blocks,
concrete planks, gabions, geocells, or a combination of materials.

Figure 1.1: Unvented ford across Big Creek in Hamilton County, Illinois.
Unvented fords are called “at-grade” if the crossing is placed directly on the stream channel bottom,
whereas “above-grade” structures are raised to a certain height above the channel bottom.
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At-grade LWCs provide a minimal barrier for AOP, and there is less chance for channel
modification (due to aggradation or degradation).



Above-grade LWCs may act as a dam and trap the sediment flow, which may lead to channel
aggradation upstream and degradation (scour) downstream.

1.3.2 Vented Fords
Vented fords have a driving surface elevated above the channel bottom with vents (pipes or culverts)
that allow low flows to pass beneath, keeping vehicles out of the water during low flow (Clarkin et al.
2006). High water will periodically flow over the crossing. Approaches are designed to provide
acceptable grades of less than 10% by shaping the roadway or adjusting the elevation of the crossing
(Lohnes et al. 2001). The pipes or culverts may be embedded in earth fill, aggregate, riprap, or
concrete.
Vented fords differ from culverts due to the fact that the vented ford is overtopped by higher flows.
Thus, the vented ford is designed to pass low flow such as 1% exceedance flow or 1-year flow and
higher flows pass over the structure. However, other parts of the crossing such as approach roads,
embankments, etc. are designed for higher flows such as 10- or 25-year flow, depending upon the
desired lifetime of the structure.
The vents can be one or more pipes (Figure 1.2), box culverts, or open-bottom arches. The opening
and number of vents depends on the stream geometry and flow characteristics, and is defined by the
vent-area ratio (VAR). A low VAR refers to a small vented area relative to the bankfull channel area,
while high VAR refers to a vented area equal to or greater than the bankfull channel area (Clarkin et
al. 2006). Bankfull flow can be defined as the flow that just overtops the stream banks and begins to
flow out over the floodplain (Leopold et al. 1964).

Figure 1.2: Vented ford in Jackson County, Illinois.
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1.3.3 Low-Water Bridge
Low-water bridges are defined as open-bottom structures with elevated decks and a total span of at
least 20 ft (Clarkin et al. 2006). They may include one or more piers with abutments and are
structurally very similar to other bridges except they are built lower, allowing periodic overtopping.
Low-water bridges generally have greater capacity and are able to pass higher flows underneath the
driving surface than most vented fords. However, they are designed and installed with the
expectation they will be under water at higher flows (Howard et al. 2011). They are constructed at
about the elevation of the adjacent stream banks, with a smooth cross section designed to allow high
water to flow over the bridge surface without damaging the structure. A low-water bridge is
preferred in an area with ADT over 200 and where minimum disturbance to the channel geometry
and aquatic organism passage is desired. To function as low-water bridges, the structures should be
such that they pass flow most of the time, yet be low enough to be overtopped by larger floods
(Figure 1.3).

Figure 1.3: Low-water bridge at Montgomery County, North Carolina (adapted from Filer, 2008).

1.3.4 Advantages and Disadvantages of Low-Water Crossings
Low-water crossings have advantages as well as disadvantages. Some of the advantages of LWCs are
as follows:


Structures designed for overtopping, hence less damage during overtopping



Less likely than culverts to be plugged and damaged by debris or vegetation



Less expensive than culverts or bridges



Less susceptible than other structures to failing during flows higher than the design flow
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Good for storm proofing roads where large amounts of sediment and debris are expected,
such as after a large storm event or forest fire



Readily available materials and fast construction

Some of the disadvantages of LWCs are as follows:


Periodic or occasional traffic delays during high-flow periods



Not well-suited to deeply incised channels



Not desirable for high use or high-speed roads



Can be difficult to design for aquatic organism passage



Can be dangerous to traffic during high-flow periods



Periodic maintenance is required

Figure 1.4 is a schematic of different LWC types:
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Figure 1.4 (a–e): Commonly used LWCs (redrawn after Clarkin et al. 2006).
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1.4 CURRENT STATUS OF LWC DESIGN GUIDELINES
LWCs are suitable for low-volume roads in flat arid regions, such as the southwestern and
midwestern United States, over streams with wide floodplains, and over streams where the depth of
normal flow is very shallow. Various national and state agencies—such as the USDA Forest Service
and the USACE Construction Engineering Research Laboratory (CERL), the Department of
Transportation, and the Departments of Fish and Wildlife in several states—have published guidelines
for construction of LWCs, making traffic conditions, aquatic organism passage, and stream
morphology the primary criteria.
The U.S. Department of Transportation Federal Highway Administration published an executive
summary titled Design and Construction of Low Water Stream Crossings (Motayed et al. 1982). It
summarizes the commonly used low-water crossings, and their selection criteria and design
considerations, based on the design and performance of existing structures and on interviews with
highway officials.
The United States Department of Agriculture Forest Service published a LWC design manual (Clarkin
et al. 2006), which consists of geomorphic, biological, and engineering design considerations. It is the
most comprehensive manual, and it details LWCs, their benefits, selection criteria, design elements
and consideration tools, and best management practices to follow, and it also provides several case
studies.
A study was done by CERL in collaboration with University of Illinois at Urbana-Champaign (Svendsen
et al. 2006) in which design and testing of LWCs for military operations is detailed. The study
demonstrates site-specific LWC designs, which have low maintenance problems and associated costs.
Apart from that, CERL has also published public works technical bulletin 200-1-115 (Howard et al.
2011), Low-Water Crossings—Lessons Learned, which details the experiences with LWC installations
for military purposes.
Iowa has design and construction guidelines (Lohnes et al. 2001), prepared by a collaboration
between the Iowa Department of Transportation and Iowa State University. The guidelines include a
summary of selection criteria (site selection, LWC selection) and provide details about construction of
LWCs (unvented ford, vented ford, and low-water bridge). The guideline also provides
recommendations on signage at LWC sites.
A study report was published in 2009 that provides design guidance for LWCs in areas of extreme bed
mobility in Edwards Plateau, Texas, on the basis of study done by Texas Tech University in
collaboration with the University of Houston and Auburn University (Thompson et al. 2009). In the
project, researchers used a qualitative physical model, as well as numerical modeling (HEC-RAS), to
compute sediment transport.
The Missouri Department of Natural Resources has provided guidelines for temporary stream
crossings, in which the minimum requirements for LWCs are included, along with construction
guidelines and methods for erosion control and stream bank protection (Missouri DNR 2016).
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Similarly, Section 5-9 of the Indiana Drainage Handbook (Burke et al. 1999) discusses stream
crossings, their construction, and repair recommendations. It provides an overview of factors to
consider when these practices are undertaken. The Indiana Department of Natural Resources has
also provided general guidelines for stream crossings on its website (Indiana DNR 2016).
Massachusetts, Vermont, and Washington have each published a stream crossings handbook with
special emphasis on aquatic organism and fish passage. The Massachusetts Riverways program
published a stream crossings handbook (Singler and Graber 2005) that contains minimum design
standards for stream crossings, taking fish and wildlife passage into consideration. It also provides
guidelines on replacing aged crossings.
The Vermont Department of Fish and Wildlife developed guidelines for the design of stream crossings
for passage of aquatic organisms (Bates and Kirn 2009). The guidelines focus on design, installation,
and maintenance of stream crossings to provide aquatic organism passage and aquatic habitat
connectivity in the rivers and streams. They have suggested that any of the three design methods—a
low-slope option, stream simulation option, and hydraulic option—may be used in designing the
culverts.
The Washington Department of Fish and Wildlife developed guidelines for the design of water
crossings (Barnard et al. 2013), giving special emphasis on fish passage and habitat protection. The
manual contains five different design methods: no-slope culvert design, stream-simulation culvert
design, bridge design, temporary culvert and bridge design, and hydraulic design.
The Kansas Department of Transportation, in collaboration with the University of Kansas, is also
preparing design guidelines for LWC construction. Previously, it had been following the selection and
design guidelines prepared by the Iowa DOT and the signing strategies manual prepared by the Texas
Transportation Institute at Texas A&M University.
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CHAPTER 2: ILLINOIS LWC SURVEY
A survey was conducted as a part of the current research project to obtain an overview of the
distribution of LWCs in Illinois, along with county engineers’ experiences with LWCs pertaining to
design, construction, and maintenance. The survey questionnaire consisted of a document file with
14 questions (Appendix A) and a spreadsheet to document information on multiple LWCs. In the first
phase, survey responses were obtained from only 32 out of 102 counties in Illinois. Hence, the survey
questionnaire was sent again and survey responses were received from 23 additional counties. Even
though some of the counties’ personnel did not respond to the survey, the survey responses from the
Illinois Department of Natural Resources (IDNR) and the Illinois Department of Transportation (IDOT)
contained the details on LWCs in various counties and were included in our survey response
summary. Figure 2.1 shows the participation of all the agencies in the survey.

Survey Response

45%

46%

9%
Response by County Personnel

Response by IDNR, IDOT

No Response

Figure 2.1: Responses for Illinois LWCs survey.
The survey responses are divided into three categories:


Counties that did not respond (47)



Responding counties that have LWCs (37)



Responding counties that have no LWCs (18)

The responses from different counties and the distribution and location of LWC structures within the
counties are shown in Figure 2.2. The counties with orange dots in the background did not respond to
the survey, the counties with a hatched background do not have any LWC structures, and the
counties with a white background have LWCs in the location marked by purple dots. Based on the
responses received, it can be seen that the southern part of Illinois has more LWC density compared
to the northern part.
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Figure 2.2: Location of LWCs in the Illinois counties.
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Out of the 55 counties in Illinois for which we received information about LWCs, 18 counties indicated
they do not have any LWCs. A total of 155 LWCs were identified in the remaining counties, which
include unvented fords, vented fords, and bridges. Figure 2.3 is the chart showing the number of lowwater crossing structures in each category.

Types of Low-Water Crossings in Illinois
Unvented Ford

Vented Ford
1%

Bridge

30%

69%

Figure 2.3: Types of LWCs in Illinois.
Vented fords are the most popular LWCs currently being used, with 106 vented fords. Of the 47
unvented fords, 33 are at-grade structures.
Most of the county highway departments do not have information about the design storm and design
specifications that were used in the construction of these LWCs.
These low-water crossings are used for a variety of purposes: farmland access, residence access
roads, park roads, forest roads, drainage, roadway for general traffic, etc. The bar graph in Figure 2.4
shows the intended uses of the LWCs in Illinois.
Adams County is planning to construct a LWC in the Ellington Road District over Little Mill Creek, with
a 10-year return period as the design storm. Jo Daviess County and Christian County also have plans
to build one and two new LWCs, respectively.
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Intended Use of Low-Water Crossings
60
50
40
30
20
10

0
Purpose of LWC
Farmland Access

Residential

Roadway

Park Road

Forest Road

Drainage

Others

Figure 2.4: Use of LWCs in Illinois.
The following tables summarize the average daily traffic (ADT) over the crossings (Table 2.1) and the
frequency of overtopping of the LWCs (Table 2.2), as reported by the county engineers.
Table 2.1: Average Daily Traffic (ADT) Over LWCs
Average Daily Traffic (ADT)
100 to 200
25 to 100
25 or less
Unknown

No. of LWCs
13
19
78
45

Table 2.2: Frequency of Overtopping of LWCs
No. of Overtoppings per Year
250 or more
100 to 250
25 to 100
10 to 25
Less than 10
Unknown

No. of LWCs
11
8
3
26
44
63

Thirty-six of the LWCs have warning and information signs present, whereas the majority of the
existing LWCs (119) have no warning signs on the approach road.
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Of the 155 LWCs, 78 are functioning smoothly, with no safety and maintenance issues, whereas 77 of
them are facing some issues. The most prevalent maintenance issues include the following:


deposition of sediment and debris on upstream side



blockage of pipes/vent by sand and debris



scouring of the crossing surface



scouring of the downstream end



washing out of riprap



aging of the structure

Public perception about most of the LWCs is positive, but it is believed that some LWCs are narrow
and inadequate. Hence, users want LWCs of adequate capacity to be installed and repaired in a
timely manner.

2.1 KEY FINDINGS


Low-water crossings have been used extensively in southern and central Illinois, which are
predominantly agricultural areas. In the northern counties surrounding Cook County, the high
ADTs do not favor the construction of LWCs.



LWCs are suitable for areas with average daily traffic less than 25 vehicles per day.



LWCs, especially unvented and vented fords, are economical and hence are suitable for rural,
low ADT roads that primarily serve as access roads to farmlands.



Fords (unvented and vented) are the first choice for LWCs due to simple design and low
construction and other associated costs.



LWCs are permitted to overtop, but only during a limited time of the year. Usually, the
overtopping is limited to less than 5% of the year. However, the time during which a LWC is
allowed to be overtopped is based on the usability and importance of the road in which the
LWC is present. The judgment of an engineer is important in this decision, and the design flow
needs to be selected accordingly.



Few LWCs provide access to residential homes, which is suggested only in the presence of an
alternative route nearby.



Lack of warning signs increases the risk of accidents in the crossings and is a liability to a
highway department. Thus, proper signage should be installed at the LWC site.



If maintained properly, LWCs can also be a point of attraction in parks and recreational areas.

14

CHAPTER 3: LWC SITE CONSIDERATIONS
3.1 LWCS AND ENVIRONMENT
In general, regardless of site specifics, the primary advantages of LWCs over culverts and bridges may
include lower construction and maintenance costs, less channel and flood plain blockage, and less
susceptibility to failure during high-flow events (Clarkin et al. 2006).
LWCs are generally less expensive to construct, less complicated to design, quicker to construct, and
require fewer materials than traditional culverts or bridge crossings do, especially for unvented fords
(Howard et al. 2011). In some cases, the initial cost of more complex LWCs may exceed those of
simple culverts, but the lower long-term maintenance and repair costs associated with the LWCs may
still make them more economical (Clarkin et al. 2006).
However, environmental effects must also be considered when deciding whether to use LWCs.
Unvented fords are the most inexpensive to construct, but they may not be the safest or most
environmentally friendly for the stream if the traffic volume surpasses the capacity of the crossing
(Howard et al. 2011). Fords, especially simple unhardened crossings, are subject to runoff and gullies
at the ingress and egress of the crossings. When heavy vehicles ford streams, they can greatly
contribute to stream bank and soil erosion in the area due to excessive vegetation loss and soil
disturbance (Howard et al. 2011; Svendsen et al. 2006).
Field studies of hardened LWCs have shown that, when implemented properly, these crossings
maintain stream water quality, reduce stream habitat fragmentation, and decrease maintenance
expenses over the unimproved fords (Sample et al. 1998; Svendsen et al. 2006). Hardened LWCs are
likely to scour on the approaches and the downstream edge of the crossing, especially when perched
above the channel bottom (Howard et al. 2011). They should be built such that the main flow channel
is not narrowed because it might result in increased flow velocities.
Malinga (2007) assessed the impact of simple LWCs on stream stability at Fort Riley, Kansas, and
found that poorly located crossings can change the direction of stream flow, causing bank erosion on
areas immediately below crossings, while backwater pools upstream of the fords acted as sinks for
sediment and disrupted the sediment transport. Also, there is a need to constantly modify simple
LWCs relative to the level of stream instability at the site, and such crossings can contribute to further
geomorphological instability of the stream.
Vented fords keep vehicle tires dry during base flow conditions, keeping soils and other pollutants
from vehicles from entering the stream (Howard et al. 2011). However, vented fords can also cause
the stream to lose its natural hydrological properties, and culverts can clog due to debris and
sediment, which is less likely to occur at unvented crossings (Howard et al. 2011). The geomorphic
response of streams at vented fords (concrete slabs with one or more culverts) at Fort Riley, Kansas,
included: mean riffle spacing upstream of the LWCs was double that of downstream reaches, greater
deposition of fine sediments occurred directly upstream, and incised channels downstream. The
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vented fords also slowed or blocked the transportation of water, sediments, and debris downstream
during bankfull flows.
The USDA Forest Service requires that all low-water bridges receive specific hydrologic, hydraulic,
structural, and foundation design in accordance with latest version of the American Association of
State Highway Transportation Officials (AASHTO) Standard Specifications for Highway Bridges (Clarkin
et al. 2006). Low-water bridges have an elevated driving surface, maintain a more natural streambed,
allow more natural sediment and aquatic organism movement than culverts, and are the best LWC
type for fish passage (Clarkin et al. 2006). Low-water bridges can be more expensive to design and
build, and they are still susceptible to clogging under conditions such as high debris loading (Howard
et al. 2011).
Brown (1994) found that sediment is contributed to the stream at LWCs by five major processes: (1)
creation of wheel ruts and concentration of surface runoff, (2) existence of tracks and exposed
surfaces, (3) compaction and subsequent reduction in the infiltration rate of soils leading to increased
surface runoff, (4) backwash from a vehicle as it emerges after fording the river, and (5) undercutting
of banks by bow wave action.
Wang et al. (2013) deduced that most of the sediment entering the streams following road
construction was from the stream crossings and approaches to the crossings. When the approach fill
slopes became re-vegetated, they stabilized and the annualized sediment loads declined; however,
sediment exports remained above the pre-disturbance levels.
LWCs have the potential to deliver sediment into adjacent streams, especially when best
management practices (BMPs) are not implemented. Studies have shown that BMPs could effectively
reduce erosion and total suspended sediment loads near LWCs (Brown et al. 2013; Wear et al. 2013).
Brown et al. (2013) found that approaches to the stream crossing have high potential for impacting
the water quality in the stream. They evaluated the sediment delivery rates associated with
reopening legacy roads and found that annual sediment delivery from bare approaches was 7.5 times
higher than that from gravel (hardened) approaches. They concluded that implementation of BMPs
such as hardening of the surface and appropriate spacing of water control structures can reduce
sediment delivery to streams.
Clarkin et al. (2006) stressed that improving stream bank stabilization techniques and ford substrate
materials would help enhance the LWC longevity and reduce erosion in the surrounding area.

3.2 AQUATIC ORGANISM PASSAGE
Culverts and LWCs, if not designed and installed properly, can act as barrier to fish passage.
Installation of LWCs at any site disturbs the natural regime of the channel. Common ways in which
LWCs create obstruction to aquatic organism passage (AOP) include drops at inlet and outlet,
excessive water velocity, debris, excessive turbulence due to contraction at inlet region, insufficient
low flows, etc. (Kilgore et al. 2010). This restriction of movement and migration of fish may lead to a
decrease in fish population, changes in distribution of the aquatic organisms in the stream, etc.
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LWCs may have impact on the aquatic organism in the stream due to channel modification during
LWC installation. Studies have shown that stream crossings may change the form and function of
stream ecosystem and habitat significantly and affect aquatic organism movement (Bouska et al.
2010; Cocchiglia et al. 2012). Warren Jr & Pardew (1998) looked into movement of fish for 21
different species in seven families through culvert, slab, open-box, and ford crossings and through
natural reaches and found that overall fish movement was an order of magnitude lower through
culverts than through other crossings or natural reaches. They also found that open-box and ford
crossings showed little difference from natural reaches in overall fish movement. Bouska et al. (2010)
studied fish passage at five concrete box culverts and five low-water crossings (concrete slabs vented
by culverts) and ten control sites (below a natural riffle) and found that culverts were acting as a
barrier to fish movement.
Changes in stream hydrology and velocity occur when there is alteration in the channel geometry that
restricts movement and may also be inhospitable for many fish and invertebrates species (Cocchiglia
et al. 2012). Water velocity and depth inside the culvert, and length and slope of the culverts, cause
barriers to fish passage (Rayamajhi et al. 2012). For improved AOP, the crossing should be similar in
form and function to the natural bed of the stream channel (Bouska and Paukert 2010; Clarkin et al.
2006; Cocchiglia et al. 2012) (Figure 3.1). The optimum design of LWC for wildlife and AOP should
possess following qualities (Singler and Graber 2005):





Crossing spans the entire stream up to bank
Crossing has a natural streambed
Water depth and velocity in upstream and downstream side of the crossings are same
Crossing has dry banks for wildlife passage

Figure 3.1: Culvert for AOP, which mimics the natural bedstream (from Barnard et al. 2013).
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Fords with slots or small channel to allow AOP during very low flows provide little hindrance to
organism passage if they mimic the form of the reach (Clarkin et al. 2006; Howard et al. 2011).
Unvented at-grade LWCs with streambed materials on the driving surface help in the passage of
aquatic species. A series of embedded box culverts can be used in areas where aquatic organism
habitat protection is of prime importance.
Low-water bridges have an elevated driving surface, maintain a more natural streambed, allow
aquatic organism movement to greater extent than culverts, and are the best LWC type for fish
passage (Clarkin et al. 2006).
Historically, culverts and LWCs have been designed for efficient conveyance of water during normal
and flooding conditions, with little attention given to AOP through the crossing. Designing LWCs for
AOP generally results in a larger structure than necessary for hydraulic conveyance, but it has
additional benefits of low maintenance and proves to be economically feasible in the long run (Schall
et al. 2012).
It is advised to consult HEC-26, Culvert Design for Aquatic Organism Passage (Kilgore et al. 2010)
while designing the crossing so that the LWC also facilitates adequate AOP. Lists of endangered and
threatened species of fishes, amphibians, and reptiles are provided in Appendix E. A current version
of the list, which can be obtained from Illinois Department of Natural Resources (IDNR) should be
consulted.
The following alternatives are also recommended to be consulted:
HY-8 Culvert Analysis Program (FHWA 2016): HY -8 can be employed in designing vented LWC. HY-8
v7.40 contains a calculator that helps with the FHWA’s culvert AOP design procedure discussed in
HEC-26, Culvert Design for Aquatic Organism Passage (Kilgore et al. 2010).
FishXing (USDA FS 2012): FishXing is free software developed by the USDA Forest Service that helps
in assessment and design of culverts for fish passage. It models organism capabilities against culvert
hydraulics for a range of expected stream flow, and compares the flows, velocities, and leap
conditions with the swimming abilities of the fish species. It accommodates the iterative process of
designing a new culvert to provide passage for fish and other aquatic species.
HEC-RAS (USACE 2016): HEC-RAS can be employed to find the flow velocity and shear stress in the
LWC and the immediate cross sections; these values can be compared to the permissible values to
see whether the LWC affects the AOP.

3.3 SUITABILITY OF LWC
While deciding whether to use a LWC, factors such as site conditions, associated cost of construction,
channel characteristics, flow characteristics, AOP needs, and other factors should be taken into
account. LWCs are not appropriate on roads that access essential public facilities or that serve as the
only public route to an area. Many states restrict construction of LWCs on school bus routes and on
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roads required for national defense. Typically, LWCs are not desirable for accessing an area with
permanent residences.
Fords with low vent-area ratio (VAR) are undesirable because they act as low dams when the flow in
the channel exceeds the vents’ capacity, and the backwater may lead to bank erosion and channel
widening. It is recommended to use a high VAR ford when a vented ford is selected as a viable option.
Bankfull flow is the flow that just overtops the stream banks and begins to flow over the floodplain.
Entrenchment ratio (ER) is defined as the ratio of flood-prone width to the bankfull width. In
entrenched channels, ER is usually less than 1.4 because the channel is incised deeply enough that
high flows do not overflow the valley floor. It is recommended not to install LWCs in entrenched
channels because the flow obstruction in the channel may lead to aggradation and bank erosion.
The suitability of a LWC at a particular site depends on several factors, such as traffic volume, flow
conditions, channel stability, etc. The following questions should be considered and taken into
account when deciding whether a LWC is a feasible option in the stream (Clarkin et al. 2006; Howard
et al. 2011).


How frequently is the road used? Are there any alternative routes nearby? Is traffic volume or
type likely to change in the near future?



What kind of area does the road serve? What is the speed limit? What size vehicles are
expected on the road?



Is the crossing located near unstable landforms such as alluvial fans or landslide prone areas?
Is the site in an active flood plain, or is the channel entrenched?



Is there a current LWC? If yes, how is it affecting the stream (deposition, aggradation, stream
bank erosion)?



Does the stream have meandering or curved geometry? Is the channel locally stable? What
kind of materials does the stream bottom and substrate primarily consist of—rock, cobble,
gravel, sand, silt, or clay?



Is the channel stable at a watershed scale, and are there any planned changes upstream or
downstream of the crossing site that might affect its stability?



What kind of flow is predominant in the stream—base flows or peak flows? Is the flow
sediment- and debris-laden? Are flows in the stream highly variable? Are flows flashy?



What hydrologic changes are likely to occur, and how might those changes affect
characteristics such as flow quantity and duration?



Should the crossing be designed for passage of special aquatic animal species? If so, what are
their needs?



Are there any constraints such as private property, threatened and endangered species,
sediment or total maximum daily load (TMDL) requirements, or archeological sites?
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What is the accident history of the road? Do sight distance, geometrics, and design speed
permit safe movement on the road?



What is the public’s opinion? Do they want a LWC?



What are the maintenance requirements—sediment deposition, ice, logs, or crops?



What are the scour and erosion control requirements?



What is the possible cost of construction? What are the permitting requirements?

When deciding whether a LWC is a best fit for the given site and hydrology conditions, it is
recommended to use the initial site assessment form given in Appendix C to record the information
and to consult Tables 3.1 and 3.2. A selection decision can be made about which LWC is best for the
site based on the engineer’s judgment of site conditions and channel cross section on a LWC.
The general selection criteria for LWCs as suggested by Clarkin et al. (2006) are provided in Table 3.1.
Table 3.1: General Selection Criteria for LWCs
Access priority
Alternative route
Traffic speed
Average daily traffic
Flow variability
High-flow duration
High-flow frequency
Debris loading
Channel entrenchment

Most Conducive
Low
Available
Low
Low
High
Short (hours)
Seldom (rare closure)
High
Shallow

Least Conducive
High
Not available
High
High
Low
Long (days)
Often (frequent closure)
Low
Deep

The selection criteria prepared from a survey of transportation engineers from several states as
reported by Motayed et al. (1982) are presented in Table 3.2.
Table 3.2: LWC Selection Criteria
Criteria
Average daily traffic (ADT)
Average annual flooding
Average duration of traffic
interruption per overtopping event
Extra travel time for alternate route
Possibility of danger to human life
Property damage, US Dollars
Frequency of use as an emergency
route

Most Favorable for LWC
Less than five vehicles
Less than two times
Less than 24 hours

Least Favorable for LWC
More than 200 vehicles
More than 10 times
More than 3 days

Less than 1 hour
Less than 1 in 1 billion
None
None

More than 2 hours
More than 1 in 100,000
1 million
Frequent
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3.4 SELECTION OF LWC TYPE
Selection of a LWC for a particular location depends on several factors such as traffic volume, stream
channel conditions, anticipated flow in the stream, cost of construction and maintenance, etc. Some
of the LWC types suggested for different conditions are as follows (Clarkin et al. 2006):


An unimproved ford is suitable for an area that has an ephemeral stream with low base flow
and where AOP is an important consideration.



If the channel bottom is unstable and erodible, an improved ford with a hardened crossing is
preferred.



If the stream carries a large amount of sediment and debris, an unimproved or improved
unvented ford is suitable.



If the depth of water above the LWC is higher than 6 in., or driving through the water is not
desired, a vented ford should be selected.



For an incised channel, a vented box culvert is a suitable option.



For a broad channel or stream associated with large base flow and high flood peaks, a lowwater bridge should be considered.



If a barrier is needed to exclude exotic species, an improved unvented ford with a raised
platform or a raised vented ford with a perched outlet should be considered.

After the appropriate LWC type is selected for a particular site, required permits should be obtained
from the proper authorities (USACE, Illinois DNR, and Illinois EPA). Details on the required permits are
provided in Appendix F.

3.5 LWC SIGNAGE
3.5.1 Liability
Although LWCs provide an economical alternative to the replacement of an existing culvert, bridge,
or other type of crossings, in some cases there might be potential liability incurred with LWCs that
restrain their use (Carstens and Woo 1981). While a LWC does provide a safe alternative to bridges
and culverts most of the time, it becomes unsafe to use in instances when the water level rises above
the tolerable limit. Flashy streams, which are a common occurrence at a LWC site, can cause loss of
life and damage to property. Most commonly used cars and SUV-sized vehicles get carried away by 2
ft of water, or even less in some cases (Balke et al. 2011).
LWCs can be of considerable concern to engineers and governing bodies because of perceived
potential legal liability. Tort liability has been the primary concern with LWCs. From a study of serious
accidents in LWCs and actual tort claims, caused primarily by LWC use during flood events, Carstens
and Woo (1981) concluded that liability is minimized when LWCs are prevented from being used
while flooded. With adequate warning, the potential for accidents and subsequent tort claims may
actually be decreased by using LWCs rather than deficient and obsolete bridges (Carstens and Woo
1981).
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A local agency’s tort liability from use of LWCs can be minimized by adopting reasonable selection
and design, and providing adequate warning of these structures to the road users.

3.5.2 Safety
Safety of road users is a primary concern in installing a LWC at any site. Static warning signs on the
approach to a LWC, markers along the edge of hardened surfaces, and water depth gauges are
required for the safety of those using a crossing (Balke et al. 2011; Howard et al. 2011; Lohnes et al.
2001).
Many drivers have trouble judging the speed and depth of water over the road in a LWC and enter
the flooded roadway. Drivers who have been using the dry LWC may develop a false sense of
confidence. Low visibility at night and muddy water during flooding conditions pose additional
problems to drivers in making judgments under these conditions. In the absence of any informative
signs, drivers set their own criteria to determine whether the road is passable, which might lead to
loss of life and property.
LWCs should be treated similar to flood-prone roadways, and proper signage should be provided for
the safety of the road users. Flood advisories and flash flood warnings should be issued to public via
radio stations and messaging services so that the drivers can be alert to the floodwater situation.

3.5.3 Signage
General signage practices suggested at the LWC sites are as follows (Balke et al. 2011):


Provide a water depth gauge and an advance warning sign at the LWC location



Use advance signs such as ROAD MAY FLOOD or FLOOD AREA AHEAD



At the crossing, use DO NOT CROSS WHEN FLOODED sign



Provide stopping sight distance to maximum water height of the LWC



Use yellow flood gauge and yellow flashers with an active warning system at crossings that are
frequently flooded



If possible, provide another gauge in addition to the flood gauge at the low point of the
crossing so that at least one of the flood gauges is clearly visible to the driver



Use HIGH WATER/ROAD CLOSED TO THRU TRAFFIC with flasher assembly for roadways with
multiple flood-prone crossings



Provide markers along the edge of hardened surfaces



Provide alternative route information at the crossing site in case the crossing is not passable
and a detour is necessary

For the safety of those using LWCs, it is recommended to use two warning signs (FLOOD AREA AHEAD
and IMPASSABLE DURING HIGH WATER) and one regulatory sign (DO NOT ENTER WHEN FLOODED) in
advance of LWCs (Carstens and Woo 1981; Lohnes et al. 2001; Motayed et al. 1982).
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The current Manual on Uniform Traffic Control Devices (MUTCD) (FHWA 2012) does not have
specifications for signs used in LWC areas. It is recommended to add specifications for these signs in
the Illinois supplement to the MUTCD.

3.5.3.1 FLOOD AREA AHEAD Sign
The FLOOD AREA AHEAD sign (Figure 3.2) is a 30 in. x 30 in. diamond-shaped warning sign with a
yellow background, black border, and black lettering. It is recommended to place this sign 750 ft in
advance of the low-water crossing or at the last turnaround location for vehicles, whichever is greater
in distance. In cases where the low-water crossing is not visible from a distance of 1,000 ft, it is
advised to use an additional distance advisory sign placed below the FLOOD AREA AHEAD sign. An
advisory speed sign can also be placed if the recommended crossing speed is less than the speed limit
for the approach roadway.

Figure 3.2: FLOOD AREA AHEAD sign.
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3.5.3.2 IMPASSABLE DURING HIGH WATER Sign
The IMPASSABLE DURING HIGH WATER sign (Figure 3.3) is a 30 in. x 30 in. diamond-shaped warning
sign with a yellow background, black border, and black lettering. This sign should be placed about 450
ft in advance of the low-water crossing. It is recommended to use a gauge board sign that displays the
depth of water at the deepest point on the roadway as a supplement to the IMPASSABLE DURING
HIGH WATER sign at the low-water crossing.

Figure 3.3: IMPASSABLE DURING HIGH WATER sign (MoDOT 2016a).
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3.5.3.3 DO NOT ENTER WHEN FLOODED Sign
The DO NOT ENTER WHEN FLOODED sign (Figure 3.4) consists of a 24 in. x 30 in. rectangular sign with
black lettering and a black border on a white background. Because this is a regulatory sign,
installation and enforcement require an appropriate resolution by the board of supervisors or city
council. This sign should be installed about 200 ft in advance of the actual low-water crossing.

Figure 3.4: DO NOT ENTER WHEN FLOODED sign (NDOR 2009).
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3.5.3.4 LOW WATER CROSSING Sign
Additionally, a LOW WATER CROSSING sign (Figure 3.5) may be used to warn people of a low-water
crossing ahead. It is a diamond-shaped sign with yellow background, black border, and black
lettering. The sign should be placed 500 to 700 ft in advance of the low-water crossing.

Figure 3.5: LOW WATER CROSSING sign (MoDOT 2016b).

3.5.4 Dynamic Signs
Apart from static signage, dynamic message signs displaying messages such as CAUTION—WATER ON
ROAD or ROAD CLOSED AHEAD DUE TO FLOODING may be installed along with flashing lights, based
on the use of the road, the budget of the public agency, and the frequency of flooding at the LWC
site.

3.5.5 Additional Practices
Depending on necessity, flood control systems such as Floodway® Roadway gate (Floodbreak 2016)
may be installed. It is a passive automatic flood mitigation system that is primarily useful on roads
with continuous and heavy use. The system works without human intervention because it uses the
power of rising floodwater to raise the structure and provide protection. During normal conditions, it
allows for normal uninterrupted flow of traffic. Systems such as this might be costlier to install in the
beginning, but in the long run they may be cheaper and provide additional benefits when it comes to
the safety of humans and property.
A schematic of low-water crossing signage is illustrated in Figure 3.6. Signage in a LWC area should
start at least 750 ft ahead of the crossing on both sides of the crossing. The FLOOD AREA AHEAD sign
should be placed along with the posted speed. The IMPASSABLE DURING HIGH WATER sign should be
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placed 450 ft ahead, and the DO NOT ENTER WHEN FLOODED sign at 200 ft, as shown in the
schematic in Figure 3.6.
In areas where water can back up to more than 750 ft on the either side of the structure during the
flooding events, it is recommended to place the FLOOD AREA AHEAD sign more than 750 ft from the
structure, in addition to the minimum requirement discussed previously.

Figure 3.6: Layout of the signage for LWC (adapted from Lohnes et al. 2001).
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3.5.6 Driver Preference and Comprehension Survey
Balke et al. (2011) provided focus group preferences and driver comprehension survey results for
static and active warning signs, and for devices associated with LWCs and flood-prone roadways.
Focus group participants were Texas drivers selected from the general public. Participants indicated
that they would decide whether to cross a water-covered road based on criteria such as the depth
and speed/movement of water, road condition, and their own familiarity with the road, as well as
personal factors such as the type of vehicle they were driving. Most participants wanted to know the
depth of water over the road and whether the road is closed or too dangerous to proceed (Balke et
al. 2011). Participants had difficulty estimating the depth of water seen in photographs of flooded
roads, and their definitions of the depth of water considered potentially dangerous varied widely.
They wanted advance warning of flood sites and detour information to avoid last-minute
turnarounds, at least at the intersection that precedes the site. On average, just over half of
participants stated that they would not continue on a visibly dry road if an active sign was on, citing
concern for an unseen flood farther ahead (Balke et al. 2011). On the other hand, static warning signs
did not significantly impact the decisions of participants to continue along a road; participants stated
that they did not tend to pay much attention to permanent warning signs. However, the presence of
a static warning sign just before a flood-prone site was correlated with an increase in participants’
estimates of risk. Additionally, participants wanted to see a date stamp or some other indicator of
when a sign was posted for instances when the road was temporarily closed (Balke et al. 2011).
Drivers wanted positive guidance about whether they should attempt to cross water over a roadway.
Flood gauges that are easy to see and read, signs with directive messages, and active elements such
as flashing lights were among the devices suggested most often during focus groups (Balke et al.
2011). Common flood gauge colors are white, yellow, and red (Figure 3.7). At low water levels,
participants were significantly less likely to make a crossing when a standard white or yellow flood
gauge was used than when a gauge with red and white threshold levels was used. Participants in
driver comprehension surveys strongly preferred the color-coded red/white flood gauge over the
single-color white or yellow gauges and understood the implied “white is safe, red is dangerous”
message. However, the arbitrary “safe” level designated by the gauge overrode the actual water
depth as a cue that several of the participants would otherwise have used to make decisions on
crossing; the authors believed this response to the color-coded gauge was a reason to be cautious
about using it (Balke et al. 2011).
The Texas focus group participants were concerned with the credibility of warning signs leading up to
LWCs. They were aware of possible time lags related to placing, activating, and deactivating signs,
both at the onset of a flooding hazard and afterward (Balke et al. 2011). They felt signs should be
used to let the driver know that water is present on the road ahead, and predominantly convey
messages of “caution” or “slow” and “water.” In terms of color choice, participants felt that the
conspicuity of standard yellow warning signs may not be sufficient, particularly at night and in bad
weather, to convey the appropriate level of warning at these crossings (Balke et al. 2011). They
preferred permanent signs with flashing lights that activate to let a driver know when water levels are
dangerous, though the particular color of a warning light was shown not to matter for driver
comprehension (Balke et al. 2011). The devices that participants felt gave the most useful and
credible information and served as the best deterrents were dynamic message signs (DMS),
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permanent warning signs with automatically activated flashing lights, and gates or barricades with
flashing lights that extend across an entire road.

Figure 3.7: Common colors of flood gauges (adapted from Balke et al. 2011).
Active signs had a significant effect on participant responses across all sign messages, types, and
beacon colors. At high water levels, most participants (approximately 82%) opted not to cross the
stream even when the active signs were powered off. This is an important result because it indicates
that even without the added cue from a lit sign, the participants used other cues from the roadway
and the flood gauge to make their decision about whether to continue on the road. When active signs
were powered on, however, the number of participants who would not cross rose significantly, to
96%. At low water levels, an average of 25% of participants opted not to continue on the road when
an active sign was off. When signs were on, this percentage rose significantly, to 61%. Figure 3.8
shows a bar chart that summarizes these findings.
The specific text of a sign and gauge did not significantly alter drivers’ likelihood to make a crossing at
either low or high water levels. At high water levels, there were no significant differences among
participant responses between four different active sign examples, with the exception of beliefs
about the likelihood of getting a traffic citation for continuing past an active sign that was powered
on (Balke et al. 2011). More participants believed that continuing past a lit DO NOT ENTER sign could
result in a traffic ticket. Similarly, the presence of a limit line did not significantly alter participants’
perceptions of the roadway or their decisions about whether to proceed (Balke et al. 2011). Of
various advance warning signs presented during a driver comprehension survey, ROAD MAY FLOOD
was preferred by a significant majority of participants (Balke et al. 2011). Though it did not make a
significant difference in decision making, participants preferred the text HIGH WATER/ROAD CLOSED
WHEN FLASHING on active warning signs at crossing sites. This is consistent with the focus group
discussions, in which participants stated a preference for specific warnings about possible flooding on
the roadway. Table 3.3 presents the preferences for various sign texts.
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Figure 3.8: Percentage of survey participants who would turn around at an LWC
depending on road condition and whether an active warning sign is lit. Lit signs are
significantly more effective at deterring drivers (adapted from Balke et al. 2011).

Table 3.3: Preferred Text of LWC Warning Signs (modified from Balke et al. 2011)
Sign
ROAD FLOODED WHEN FLASHING
HIGH WATER/DO NOT ENTER WHEN
FLASHING
HIGH WATER/ROAD CLOSED WHEN FLASHING
DO NOT ENTER (LED)

Percent Preferred
9.0
30.5

Sample Size

200
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35.0
25.5

3.6 LWC ECONOMICS
The design and installation of LWCs should always be accompanied by an economic evaluation.
Although the cost associated with LWC construction is usually much smaller than of culvert or bridge
construction, LWC construction in some cases, such as in unstable or frequently flooded sites, can be
costly. Similarly, a LWC will be overtopped by higher flows several times during its lifetime. Thus, a
thorough economic analysis should be performed that encompasses construction cost, maintenance
cost, and damage to property and lives associated with the flooding conditions. The LWC selection
process should minimize the total annual cost of the installation over the life of the structure.
Selecting a material that does not degrade or corrode easily may be associated more with high initial
cost, but the total annual cost may be less over its longer service life due to low maintenance
requirements.

3.6.1 LWC Cost
LWCs are economical alternatives to culverts and bridges used to convey water through a roadway,
by allowing minor traffic interruptions at the time of roadway flooding. The major costs associated
with the construction of LWC are cost of material, embankment, protection structures, and
installation of signage. The costs of materials used in LWC construction vary with the region where it
is constructed.
The cost of construction of a low-water bridge may lie between $40,000 and $ 50,000, whereas a
vented ford can be constructed for as low as $15,000 to $20,000 (Lohnes et al. 2001).
The estimated cost of low-water crossings per current practices and experiences of IDOT’s Bureau of
Bridges and Structures are given in Table 3.4.
Table 3.4: Cost of Different Types of LWCs
LWC Type
Unvented ford
Vented ford

Low-water bridge

Description
Asphalt pavement
24 in. concrete pipe culverts or
precast concrete box culvert
Asphalt pavement
Deck beam bridge
Slab bridge

Cost/ft2
$10
$55

Total Cost
$10/ft2
$ 65/ft2

$10
$120
$160

$120–160/ft2

The economic analysis of LWC material selection requires site-specific considerations. Structural
strength, channel slope, permissible exit velocities, and other factors govern the materials used.
Riprap is needed in areas associated with high erosion. Cement slab, rocks, etc. may be used to
construct hardened unvented LWCs. In areas with acidic drainage, corrosion of metals may limit the
use of corrugated metal pipes.
In the case of vented fords, the shape also plays an important part in cost evaluation along with the
material. Circular pipes are generally found everywhere, are reasonably priced, can withstand high
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structural loads, and are hydraulically efficient. However, pipes with low VAR are not recommended.
Arches and ellipses are more expensive than circular pipes, and they require additional attention to
their foundations. It is recommended to compare the costs for pipes of equal hydraulic capacity to
help guide the material selection.
Box culverts provide flexibility in rise-to-span ratios by using multiple cells. Precast box culverts take
less time to install compared to cast-in-place installations, but they may be associated with additional
handling cost.

3.6.2 Service Life
The service life of LWCs should be considered when selecting the appropriate type of LWC. If the LWC
is located where replacement would be impractical, a LWC with a longer service life is desired, and
the LWC and materials should be selected accordingly. In areas where changes are expected in traffic
patterns or if the roads will be rebuilt in a relatively short time, a LWC with a shorter service life can
be an option.

3.6.3 Risk Analysis
Traditionally, LWCs have been designed based on the importance and use of the roadway being
served, with relatively little attention given to other economic and site factors. Risk analysis is
necessary for LWC installations on major roads or those located in areas with high potential flood
damage. The objective of the risk analysis is to find the best LWC capacity and design based on a
comparison of costs and benefits.
LWC construction represents a flood plain encroachment, with the associated flood risks and initial
construction costs. HEC-17, Highways in the River Environment—Floodplains, Extreme Events, Risk,
and Resilience (2nd edition) should be consulted when performing risk analysis in the LWC design so
that the design is associated with the least total expected cost (LTEC) (Kilgore et al. 2016).
During the risk analysis, alternative designs should be considered. Engineering, legislative, and policy
constraints may limit the range of alternatives (Schall et al. 2012). Some of the constraints are the
following:


Prescribed minimum design flood criteria



Limitations imposed by roadway geometrics such as maximum or minimum grade lines, site
distance, and vertical curvature



Flood plain ordinances or other legislative mandates limiting backwater or encroachment on
the floodplain



Channel stability considerations that would limit culvert velocity or the amount of constriction
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CHAPTER 4: LWC DESIGN GUIDELINES
4.1 GENERAL DESIGN GUIDELINES
LWCs are generally appropriate at stable sites where the proposed design matches with channel
geometry, bed material, and flow characteristics and conforms to safety and access requirements.
Construction of LWCs should be done such that the stream faces as minimum disturbance as possible.
Some of the important design considerations based on previous studies (Lohnes et al. 2001; Motayed
et al. 1982) are listed in Table 4.1.
Table 4.1: Design Considerations for LWCs
Considerations
Channel cross section
Overtopping flow depth
Vertical curve at dip (approach grades)
Stream bank height
Orientation of structure
Approach distance
Height of crossing above streambed
Erosion from flows overtopping crossing

Core material protection
Stream bank protection

Criteria
Should not be altered
Less than or equal to 6 in.
Less than 10%
Less than 12 ft
Straight, avoid skew
750 ft minimum sight distance for warning signs
Less than 4 ft
Elevation difference between crossing and
streambed kept to minimum. LWC surface material
extended in both directions away from structure.
Downstream slope 4:1 or milder
Provide cutoff walls and sidewalls
Establish vegetation

Figure 4.1 is a flowchart showing LWC selection, design and construction steps, and important factors
to consider in the process. The first step is data collection and deciding whether a LWC is a suitable
option for the site. Section 3.3 of this report, on the suitability of LWCs should be consulted, and the
traffic, safety requirements of the crossing, and judgment of the engineer should be taken into
consideration. A suitable LWC can then be selected for the site considering stream type, flow,
economic consideration, etc. Section 3.4 of this report provides general guidelines on this process.
The next step consists of LWC design and construction, which are covered in this chapter. Design
examples for LWCs can be found in Appendix H. Permitting requirements for LWC construction are
discussed in Appendix F. LWC inventory and inspection criteria are provided in Appendix I.
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Figure 4.1: Flowchart for LWC selection, design, and construction.
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4.2 SITE HYDROLOGY
The important factors in LWC design are expected high flow and normal (or base) flow. The high
design flow dictates the expected water level above the LWC structure as well as the length of road
surface that will be under the water—and indicates the need for special protection techniques such
as bank stabilization and reinforcement. The normal or base flow will help the user decide which LWC
to construct at the site. In the case of vented fords, the size of the pipes necessary to convey the flow
through the structure depends on the low or normal flow.
Although LWCs are designed to be overtopped by higher flows, it is not desirable that LWCs flood
most of the year. The experience of local highway officials with LWCs, as well as the literature
(Motayed et al. 1982), suggests that the favorable condition for a LWC is when average annual
flooding is less than two times a year, whereas it is undesirable to use an LWC when flooding is more
than ten times a year. Thus, the LWC should be designed such that it is functional at least 95% of the
time in a year.
There are two approaches to obtain design flow used in design of the fords:


Use flow-duration data to estimate closure time of the LWC (number of days in a year during
which the LWC may be closed to traffic) and the capacity of the LWC (pipes in case of a vented
ford).



Use flood-frequency data to estimate high design flow for the design of the LWC structure at
full capacity and refer to local knowledge about base flow in the stream to determine the type
of LWC and the size of pipe in the case of a vented ford.

4.2.1 Flow-Duration Approach
The flow-duration curve (FDC) is a plot that indicates the percentage of time that the flow in a stream
of interest is equaled or exceeded. The exceedance probability (e) can be used to determine the
number of times per year a LWC will be closed. For example, a 5% exceedance probability means that
the crossing will be closed, on average, for 18 days a year (5% time of a year) and 2% exceedance
probability gives the closing time at 7 days in a year. During those days, the design discharge is
equaled or exceeded and the LWC is overtopped.
A flow-duration curve for gauged streams can be prepared based on the available daily streamflow
data. It is recommended to use long-term data because extreme values are averaged out more over a
longer time period. The steps to obtain the FDC are as follows:
Step 1: Sort the daily discharge values for the period of record from the largest to smallest value.
Step 2: Assign a rank to each of the discharge values, starting with the one that has the largest daily
discharge value.
Step 3: Compute the exceedance probability (P) using the following formula:
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𝑃=

𝑚
∗ 100
𝑛+1

P = probability that a given flow will be equaled or exceeded (% of time)
m = ranked position on the list
n = total number of events in record
Step 4: To obtain the FDC, plot the discharge vs. percentage of time that a particular discharge was
equaled or exceeded.
The FDC for ungauged catchments in Illinois is discussed in a USGS report, Estimation of Regional
Flow-Duration Curves for Indiana and Illinois (Over et al. 2014). The study encompasses most of the
area in Illinois, dividing the state into three different regions. Two methods are discussed in the
study: drainage area–only equations and multiple regression equations.
The drainage-area ratio (DAR) method is more applicable for LWCs because the only parameter
required in this method is drainage area in square miles. The equation used in DAR method is
log10 𝑄 = 𝑖 + 𝑎1 log10 𝐷𝐴
Q = discharge (cfs)
DA = drainage area (mi2)
i and 𝑎1 = coefficients
On solving, we get
𝑄 = 10𝑖 (𝐷𝐴)𝑎1
The equation can be simplified as
𝑄 = 𝑏 (𝐷𝐴)𝑎1
𝑤ℎ𝑒𝑟𝑒, 𝑏 = 10𝑖
Intercepts (i) and coefficients (𝑎1 ) for different regions and the corresponding flow-duration-area
curves are provided in Figures 4.2 through 4.5 and Tables 4.2 through 4.4.
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Figure 4.2: Regions in Illinois used to obtain FDC (reproduced after Over et. al 2014).
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Region 1
Table 4.2: Parameters to Estimate FDC for Region 1 in Illinois (from Over et. al 2014)
Exceedance Probability (e)
99.9
99
95
90
75
50
25
10
5
2
1
0.5
0.1

Intercept (i)
–3.131
–1.836
–1.272
–1.029
–0.686
–0.419
–0.0897
0.214
0.455
0.786
1.04
1.261
1.72

b=10i
0.0007
0.0146
0.0535
0.0935
0.2061
0.3811
0.8134
1.6368
2.8510
6.1094
10.9648
18.2390
52.4807

a1
1.381
0.938
0.957
0.927
0.915
0.970
0.976
0.986
0.961
0.914
0.868
0.826
0.729

Figure 4.3: FDC for different exceedance probabilities for Region 1 in Illinois.
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Region 2
Table 4.3: Parameters to Estimate FDC for Region 2 in Illinois (from Over et. al 2014)
Exceedance Probability (e)
99.9
99
95
90
75
50
25
10
5
2
1
0.5
0.1

Intercept (i)
–7.310
–5.637
–4.892
–3.799
–2.166
–0.816
–0.259
0.150
0.428
0.761
0.991
1.217
1.630

b = 10i
0.00000005
0.00000231
0.00001283
0.00015873
0.00682193
0.15259946
0.55090146
1.41187448
2.67832454
5.76666409
9.79854005
16.48763297
42.69043253

a1
2.483
2.108
2.017
1.725
1.327
1.082
1.051
1.041
1.016
0.975
0.942
0.906
0.839

Figure 4.4: FDC for different exceedance probabilities for Region 2 in Illinois.
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Region 3
Table 4.4: Parameters to Estimate FDC for Region 3 in Illinois (from Over et. al 2014)
Exceedance Probability (e)
99.9
99
95
90
75
50
25
10
5
2
1
0.5
0.1

Intercept (i)
–8.251
–6.492
–4.962
–3.9682
–2.611
–1.237
–0.653
–0.052
0.401
0.964
1.299
1.558
1.948

b = 10i
0.00000001
0.00000032
0.00001092
0.00010759
0.00244873
0.05793078
0.22226750
0.88655626
2.51737781
9.21411610
19.91891095
36.11465579
88.66374680

a1
2.589
2.276
1.965
1.719
1.432
1.161
1.154
1.113
1.046
0.933
0.867
0.820
0.761

Figure 4.5: FDC for different exceedance probabilities for Region 3 in Illinois.
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4.2.2 Flood-Frequency Approach
The flood-frequency approach is a relatively simple method of hydrologic design. Crossing
components are usually designed for 10- or 25-year flow, whereas the pipe in a vented ford is
designed to pass a 0.5- or 1-year event. HEC-HMS can be employed as an analytical tool to derive a
flow hydrograph for the study area. For gauged streams, the design discharge can also be computed
by flood-frequency analysis of the yearly maximum discharge values over a long range.
It is recommended that Illinois StreamStats be used for ungauged catchments in Illinois (USGS 2016).
It provides information on peak discharges (Q2, Q5, Q10, Q25, Q50, Q100, and Q500), drainage area,
stream slope, and average soil permeability among many other statistics. StreamStats is a web-based
GIS application created by USGS in cooperation with Environmental Systems Research Institute (ESRI).
It estimates streamflow statistics for ungauged sites using regional regression equations (Ries et al.
2008).
More information on the method used by StreamStats can be found in the USGS report, Estimating
Flood-Peak Discharge Magnitudes and Frequencies for Rural Streams in Illinois (Soong et al. 2004).
The study divides Illinois into seven hydrologic regions (Figure 4.6) and uses the following equations:
𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝑀𝐶𝑆)𝑐 (𝑃𝑒𝑟𝑚𝐴𝑣𝑔)𝑑 𝑅𝐹 (𝑁)

[for hydrologic regions 1, 3 and 5]

𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝑀𝐶𝑆)𝑐 (%𝑊𝑎𝑡𝑒𝑟 + 5)𝑑 𝑅𝐹 (𝑁)

[for hydrologic regions 2, 6 and 7]

𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝑀𝐶𝑆)𝑐 (𝐵𝐿)𝑑

[for hydrologic region 4]

where
𝑄𝑇 = estimated flood quantile, in ft3 / sec (cfs), for the designated recurrence interval T years
a, b, c, d = coefficients and exponents of the equations for the variables TDA, MSC, PermAvg,
BL, and (%Water + 5), respectively
TDA = total drainage area, in mi2
MCS = main channel slope, in ft/mi
PermAvg = averaged permeability of the watershed, in inches per hour
BL = basin length, in miles
(%Water + 5) = calculated percentage of open water and herbaceous wetland plus a constant
5% (to avoid zero values)
RF(N) = regional factor for hydrologic region N
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Figure 4.6: Hydrologic regions for flood-frequency analysis (adapted from Soong et. al 2004).
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4.2.3 Partial Duration Series (PDS) Regional Equations
The lowest peak discharge that StreamStats gives is Q2, which has a return period of 2 years. In
certain areas, using this discharge to design the structure may result in a larger structure than
required. In such cases, partial duration equations can be employed to obtain design discharge of
return periods of 0.8 year, 1.01 year, 1.5 years, etc.
More information on PDS regional equations can be found on the USGS report, Estimating Flood-Peak
Discharge Magnitudes and Frequencies for Rural Streams in Illinois(Soong et al. 2004). The same
seven hydrologic regions (Figure 4.6) are used for the PDS regional equations as well. The regional
equations are as follows:
𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝑀𝐶𝑆)𝑐 (%𝑤𝑎𝑡𝑒𝑟 + 5)𝑑

[Region 1]

𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝐵𝐿)𝑐 (𝑃𝑒𝑟𝑚𝐴𝑣𝑔)𝑑

[Region 2]

𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (%𝑤𝑎𝑡𝑒𝑟 + 5)𝑐

[Region 3]

𝑄𝑇 = 𝑎(𝑇𝐷𝐴)𝑏 (𝑀𝐶𝑆)𝑐 (𝐵𝐿)𝑑

[Region 4]

𝑄𝑇 = 𝑎𝑁 (𝑇𝐷𝐴)𝑏𝑁 (𝑀𝐶𝑆)𝑐 (%𝑤𝑎𝑡𝑒𝑟 + 5)𝑑

[Region 5, 6, 7]

Values for the parameters TDA, MCS, %water, PermAvg, and BL can be obtained from StreamStats. A
table of parameters a, b, c, and d used in different regions can be found in Soong et al. (2004).

4.3 HYDRAULICS
Hydraulic analysis tools used for LWC design depend on the type of LWC to be designed. Manning’s
equation is often used to design fords on channel bottoms while raised fords are treated as broadcrested weirs in order to determine flow depth, flow velocity, etc. for a given design flow (Lohnes et
al. 2001). Vented fords are typically analyzed as culvert structures with weir flow over the road when
the water overtops the structure (Schall et al. 2012). The hydraulic analysis and design of low-water
bridges is done exactly the same way for normal bridges, with special consideration given to
overtopping flows (Zevenbergen et al. 2012). Because scour at and near LWCs can cause structural
failure and safely concerns, as well as degrade water quality and habitat, LWC designs should
incorporate consideration and design guidelines for scour (Arneson et al. 2012), stream stability
(Lagasse et al. 2012), and appropriate scour countermeasures (Lagasse et al. 2009).
Various hydraulic models are available which can be used for modeling bridges and LWCs. There are
one-dimensional, two-dimensional, and three-dimensional models with steady and/or unsteady flow
regimes. Zevenbergen et al. (2012) provides an extensive review of the differences between the
various types of numerical modeling approaches. Most bridge hydraulic studies use 1D analysis
methods, though 2D models are becoming common. 3D models are used to analyze complex flow
fields.
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1D models are appropriate for in-channel flows and when floodplain flows are minor. They are also
frequently applied to small streams and for extreme flood conditions. 1D models generally provide
accurate results for narrow to moderate floodplain widths. They can also be used for wide floodplains
when the degree of bridge constriction is small and the floodplain vegetation is not highly variable. In
general, where lateral velocities are small, 1D provide reasonable results. Leahy (2014) used HEC-RAS
to model LWCs at a U.S. Army installation in Indiana.
2D models should be used when flow patterns are complex and 1D model assumptions are
significantly violated. However, data requirements for 2- models are much higher. It is recommended
to use HEC-RAS for the hydraulic analysis of low-water crossings and look for other alternatives when
HEC-RAS analysis is not adequate.

4.4 DESIGN OF UNVENTED FORDS
Unvented fords are simple to design and are very effective in certain conditions such as ephemeral
streams. Disturbance to the channel hydrology can be minimized. Fords on channel bottoms are good
for sites with a stable streambed, or where minimum strengthening of bed is required. Raised
unvented fords can be used where the depth of normal flow exceeds 6 in. or the approach roads are
higher than the stream bed. General considerations for unvented fords are provided in Table 4.5.
Table 4.5: General Design Considerations for Unvented Fords (from Lohnes et al. 2001)
Considerations
Precast concrete
panels
Erosion protection
Markers

Criteria
Should include a proper filter to prevent piping and consequent
undermining of the crossing
End walls and/or gabion protection may be desirable; wide,
sloped shoulders downstream may be helpful
Provide markers to help drivers spot the limits of the roadway
when flooded

4.4.1 Ford on the Channel Bottom
For fords constructed on a channel bottom, there is no hydraulic control (i.e., no energy loss);
therefore, the discharge and velocity can be estimated using Manning’s equation.
𝑣=

1.486 2 1
𝑅3𝑆 2
𝑛

where v is velocity in ft/s, R is hydraulic radius in ft, n is the Manning’s coefficient (dimensionless),
and S is slope in ft/ft.
From the continuity equation, 𝑄 = 𝐴 ∗ 𝑣,
where Q is the flow in ft3/s, A is the area of flow in ft2 and v is velocity in ft/s.

44

Assuming a rectangular channel with the channel width w and depth of flow h associated with design
discharge (𝑄𝑑 , 𝑐𝑓𝑠),
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑙𝑜𝑤 (𝐴)

𝑤ℎ

Hydraulic radius (R) = 𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 (𝑃) = 𝑤+2ℎ
Combining the above equations results in
1.486
𝑄𝑑 =
𝑛

5

(𝑤ℎ)3

1

2

𝑆2

(𝑤 + 2ℎ)3

For a given channel of width (w), slope (S) and design discharge (𝑄𝑑 ), the depth of flow (h) can be
determined by solving the above equation.
For wide channels with

𝑤
ℎ

≥ 10, the above equation can be simplified as
𝑄𝑑 =

5 1
1.486
𝑤 ℎ3 𝑆 2
𝑛

Thus, the flow depth h can be found using

ℎ=(

3
5

𝑛𝑄𝑑

1)
1.486𝑤𝑆 2

The computed value of h should be less than the allowable maximum flow depth of 6 in. for the ford
on the channel bottom to be a viable option at the LWC site.

4.4.2 Raised Unvented Ford
The depth of flow (h) associated with design discharge (𝑄𝑑 ) in the case of a raised unvented ford can
be determined using the broad-crested weir formula, which has the general form
3

𝑄𝑑 = 𝐶𝐿𝐻 2
where 𝑄𝑑 is in cfs, C is the weir coefficient (dimensionless), L is the length of LWC normal to flow in
feet, and H is the upstream head of water above the level of ford, as shown in Figure 4.7.

Figure 4.7: Crossing profile of a raised unvented ford (from Lohnes et al. 2001).
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To find the depth of flow, the empirical equation developed by Rossmiller et al. (1983) and used by
Lohnes et al. (2001) to design low-water crossings in Iowa can be employed:
𝐻 = 0.389 𝑄𝑑0.599 𝐿−0.493
ℎ = 0.6𝐻

and

where h is the depth of water above the level of ford at the center of the roadway.
Combining above two equations results in
ℎ = 0.233 𝑄𝑑0.599 𝐿−0.493
According to Rossmiller et al. (1983), the height of the raised ford above the streambed (P) is a
flexible design parameter that has very little impact on the discharge-depth relation. However, it
should not be so high that the movement of fish and other aquatic organism is affected. Hence, the
recommended range is between 2 and 4 ft (Lohnes et al. 2001).

4.5 DESIGN OF VENTED FORD
In vented fords, vehicles do not go into the water when the structure has normal flow; hence, the
tires are dry and free of soils from the stream. There is less problem with erosion of approach roads
compared to unvented fords. The design of vented fords is simple as well, and smaller vented fords
can be built as inexpensively as unvented fords. General design considerations for vented fords are
given in Table 4.6.
Table 4.6: General Design Considerations for Vented Fords (from Lohnes et al. 2001)
Considerations
Depth of cover above pipes
Exit velocity of pipes (vents)

Criteria
Minimum 1 ft recommended
Limit exit velocity of the flow not to exceed 10 ft/s
Pipes should be anchored in the ground; both ends
should be beveled or mitered to reduce debris
Pipes
accumulation
Minimum size 1 ft diameter
Guard rails are not recommended so as to avoid
Guard rails
catching debris and floating materials during a flood
Road surface is raised above streambed to
High streamflow
accommodate the flow
Riprap should be placed upstream and downstream to
Streambed erosion protection
reduce the scour in erodible channel
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Vented fords are designed in a manner similar to a culvert. In the case of a vented ford, a portion of
the design flow passes above the ford (𝑄𝑡𝑜𝑝 ), while the remaining part of the flow is designed to pass
through the vent or pipes (𝑄𝑣 ). Thus, the total design flow (𝑄𝑑 ) is as follows and as shown in Figure
4.8:
𝑄𝑑 = 𝑄𝑣 + 𝑄𝑡𝑜𝑝

Figure 4.8: Crossing profile of a vented ford (from Lohnes et al. 2001).
The flow over the top of the vented ford is limited to 6 in. in depth, similar to the unvented ford. This
flow can be estimated using the weir equation used for the raised unvented ford:
0.599 −0.493
𝐻 = 0.389 𝑄𝑡𝑜𝑝
𝐿

Rearranging above equation,
𝑄𝑡𝑜𝑝 = 4.83 𝐿0.823 𝐻1.67
Using the maximum allowable depth of water (h) of 0.5 ft and considering H = h/0.6, we calculate H
as 0.833 ft, and we can obtain the flow overtopping the ford by substituting it in above equation as
𝑄𝑡𝑜𝑝 = 3.562 𝐿0.823
Now the capacity of pipes in vented ford is given by
𝑄𝑣 = 𝑄𝑑 − 𝑄𝑡𝑜𝑝
After determining the discharge through the vent, the size of the pipe may be found by following the
methods used for culverts, among which culvert hydraulics and flow equations (Jones et al. 2006;
Normann et al. 1985) and HEC-5 charts are recommended (Herr and Bossy 1965; Normann et al.
1985). In addition, the FEMA-approved computer program CulvertMaster (Bentley 2016) can be used
for solving culvert hydraulics problems.
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4.5.1 Culvert Flow Equation
Because a larger-sized pipe is required for a culvert that is operating under inlet control as compared
to the outlet control, sizing of pipe in a vented ford is based on the inlet control conditions. The flow
equation for submerged entrance under inlet control is
𝐻𝑊
𝑄𝑣 2
= 𝑐 [ 0.5 ] + 𝑌 + 𝑓𝑠 𝑆
𝐷
𝐴𝐷
where 𝐻𝑊 is headwater depth (ft), D is culvert size (ft), 𝑄𝑣 is the design discharge (cfs), A is full crosssectional area of the culvert barrel (ft2), Y and c are inlet regression constants, S is culvert barrel
slope, and 𝑓𝑠 is slope correction factor. Lohnes et al. (2001) analyzed the sensitivity of the slope (S) to
the design size (D) and found that D is not sensitive for S less than 0.02.
Rearranging the above equation, we get
0.5

𝐴𝐷0.5 𝐻𝑊
𝑄𝑣 = 0.5 (
− 𝑌 − 𝑓𝑠 𝑆)
𝑐
𝐷

A flow equation for a vented ford with corrugated metal pipes (CMP) with 0.5 ft overtopping flow
depth, 1 ft cover above the pipe, and mitered inlet was used to develop a design curve (Figure 4.9).
The headwater depth is equal to the sum of the diameter of pipe (D), overtopping flow depth at the
𝜋𝐷 2

entrance (0.83 ft) and pipe cover (1ft). The area of a circular pipe is 𝐴 = 4 , and corresponding
values of constants Y, c, and 𝑓𝑠 are 0.75, 0.0463, and 0.7, respectively, for CMP with a mitered
entrance, which gives the equation:
𝑄𝑣 = 3.65𝐷

2.5

0.5
1.83
(
+ 0.25 − 0.7𝑆0 )
𝐷
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Figure 4.9: Design curve for vented fords using CMP
with mitered entrance, under inlet control (𝒔 ≤ 𝟎. 𝟎𝟐).
At first, a single pipe is considered and its size is computed, with the help of the design curve, to pass
the design flow (Qv). If the size is larger than the height of LWC or the required pipe size is not
available, multiple identical pipes should be used. The discharge through each pipe is equal to the
total design discharge divided by the number of pipes.
Pipe exit flow velocity should be below 10 ft/s for scour control and channel protection.
Pipe exit velocity is given by 𝑉𝑒 =

𝑄𝑣
𝜋𝐷2
4

Similarly, the design curve for a circular concrete pipe (Figure 4.10) with groove end projecting as an
inlet configuration is computed using the constants Y, c, and 𝑓𝑠 as 0.69, 0.0317, and –0.5,
respectively, which gives the equation:
𝑄𝑣 = 4.41𝐷2.5 (

0.5
1.83
+ 0.31 + 0.5𝑆0 )
𝐷
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Figure 4.10: Design curve for vented fords using circular concrete
pipes with groove end projecting, under inlet control (𝒔 ≤ 𝟎. 𝟎𝟐).

4.5.2 HEC-5 Charts
The process of finding the size of pipes in vented fords using HEC-5 charts is an iterative trial-anderror process. Several charts are provided in Herr and Bossy (1965) and Normann et al. (1985) for
different inlet submergence, flow control, barrel shape and material, inlet treatment, etc. HEC-5
charts to determine pipe diameter for the given design flow for circular concrete pipes, corrugated
metal pipes (CMP), and concrete box culverts are given in Figures 4.11 through 4.13.
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Figure 4.11: Headwater depth for concrete pipe culverts
with inlet control (adapted from Normann et al. 1985).
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Figure 4.12: Headwater depth for CMP culverts with
inlet control (adapted from Normann et al. 1985).
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Figure 4.13: Headwater depth for box culverts with
inlet control (adapted from Normann et al. 1985).
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4.6 DESIGN OF LOW-WATER BRIDGES
Low-water bridges can be used in areas with higher streamflow and traffic volume, or areas where
AOP is of high importance. Because low-water bridges provide minimum channel disturbance, they
can also be used in areas where channel modification is undesirable. General considerations for
design of low-water bridges are given in Table 4.7.
Table 4.7: General Design Considerations for Low-Water Bridges (from Lohnes et al. 2001)
Considerations
Surface
Height of piers

Criteria
Decks must be heavy to withstand drag, uplift, and lateral forces due to
overflow and upstream water; upstream and downstream edges should be
rounded
To reduce the risk of overturning, the height of piers should be limited to
approximately 10 ft

Two bridge designs, which are commonly used in low-volume roads, are provided: the slab bridge
design and the precast concrete channel beam bridge design. The best design for any LWC site
depends on the site factors as well as budget available. In cases where these designs do not seem to
be the best option, other bridge design options can be followed. The designs should meet all the
AASHTO requirements as given in the Standard Specifications for Highway Bridges (AASHTO 2002)
and IDOT’s Standard Specifications for Road and Bridge Construction (IDOT 2012a).

4.6.1 Slab Bridge
Slab bridges are short-span bridges that are frequently constructed in areas where shallow structure
depths are required. They can function very well as low-water bridges. With slab bridges, the deck
slab also serves as the main load-carrying component of the bridge. These bridges are designed for
simple one-way bending, which is possible due to their span-to-width ratio (Figure 4.14).

Figure 4.14: Single-span slab bridge (adapted from Wisconsin DOT 2015).
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The slab bridge should be designed following either the LRFD or LFD design process. The design
procedures are given in the Illinois Bridge Manual (IDOT 2012b). The main reinforcement in both of
these processes is designed for strength, fatigue, cracking control, and limits of reinforcement. The
slab thickness should be based on the design requirements.
The Illinois Bridge Manual limits the maximum span of the slab bridges to 40 ft, which is appropriate
for LWCs. For longer length of spans, continuous slab design must be used (IDOT 2012b).

4.6.2 Precast Concrete Channel Beam Bridge
Precast concrete channel beams are a suitable option for short-span bridges, and they can be used as
a LWC. These beams are commonly available for spans from 16 ft up to 40 ft in length. The beams in
channel beam bridges are positioned and tied together, which also acts as the superstructure of the
bridge. In these bridges, the stems of the channel resist flexural as well as shear forces, and the flange
acts as bridge deck (Durham et al. 2003). Figure 4.15 shows a section of a channel beam bridge.

Figure 4.15: Cross section of a concrete channel beam bridge (modified from Durham et al. 2003).
The asphalt wearing surface is an optional element for LWCs, and it is often not installed on lowvolume roads. Typically, side-mounted steel rails are installed at the ends. Precast concrete channel
beam bridges are beneficial as LWCs due to reduced construction time, long life, and low
maintenance cost.
IDOT currently has no standards for channel beam bridges. Concrete channel beam bridges should be
designed following the AASHTO Standard Specifications.
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4.7 MATERIALS SELECTION AND CONSTRUCTION
This section discusses the selection of materials used in the construction for the crossing surface,
bank protection, and approach roads.

4.7.1 Unvented Fords
The selection of materials should be done carefully in the case of unvented fords because the
crossing surface is constantly overtopped by water in the stream. Commonly used materials include
compacted earth, Portland cement concrete, interlocking blocks, gravels, riprap, and gabions. The
crossing surface should be stable and should not wash away due to the flow over it. Depending on
channel stability, appropriate protection should be provided to the streambed using gravel, riprap, or
geotextile materials. Sidewalls and bank erosion protection may be required, which can be achieved
by the use of riprap and gabions.

4.7.1.1 Compacted Earth
Compacted earth is the cheapest alternative, and it can be used when the streambed is very stable.
The soil used should be borrowed from the surrounding area.

4.7.1.2 Gravels
Gravel consists of loose rock fragments and is a very useful material in LWC construction in rural
areas with very little traffic. The average size of the gravel to use depends on the flow in the stream
and the flow velocity. It is preferred to use gravel with a length-to-width ratio of less than 3 (Lohnes
et al. 2001).

4.7.1.3 Interlocking Blocks
Interlocking blocks are best for unvented fords that must withstand heavier loads. They are relatively
inexpensive, require less installation time, and provide good aesthetics (Howard et al. 2011). Extra
riprap may be added to prevent scouring, and gravel may be added on top to provide a smooth
driving surface.

4.7.1.4 Portland Cement Concrete
Portland cement concrete is an alternative material for the crossing surface of a LWC. Portland
cement concrete can be precast or cast-in-place. The latter is more difficult to construct and place
due to the flowing stream. Portland cement concrete provides a smooth and durable riding surface at
crossings, and it requires minimal maintenance. Additional care should be taken to prevent cracking
and scour. It may also be reinforced with steel bars to provide additional strength required for
movement of larger vehicles and to prevent settlement. Routine maintenance, such as removal of
sediments and debris, is required after flooding events.
Lohnes et al. (2001) have suggested the following design parameters for precast panels to be used in
unvented fords:
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Thickness

8 in.

Size

6 ft x 16 ft (varies based on stream size)

Reinforcement

Number 5 bars at 12 in. centers

Panels

Tied together with 5/8 in. steel cable

Side gaps

Filled with 3 to 5 in. crushed stones

4.7.1.5 Riprap and Gabions
Riprap and gabions are used to protect the banks from being eroded by the high water. Riprap is
stone pieces used to protect shoreline from scouring. Concrete rubble may also be used for riprap. A
bank slope of 1V:2H is recommended in design of riprap for bank protection. Typical riprap
installation for bank protection is as given in Figure 4.16. Riprap should be designed following the
guidelines given in HEC-11, Design of Riprap Revetment (Brown and Clyde 1989).

Figure 4.16: Typical riprap installation for bank protection.
Gabions are steel wire baskets filled with rocks and boulders that are generally placed to stabilize
river shorelines. Due to their heavier mass, they cannot be displaced by the water, and the water is
contained in the stream channel. They are generally filled with rocks 4 to 8 in. in size.
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4.7.2 Vented Fords
Vented fords consist of pipes, crossing surface, approach roads, sidewalls and cutoff walls. the
streambed in the construction site should be stabilized before the LWC is installed. IDOT’s standard
specifications should be followed during the installation of pipes or vents, which depends on the
material selected.
The crossing surface in vented fords can be constructed similar to unvented fords, using gravel or
reinforced concrete. Surfaces should be constructed such that water does not pond after being
overtopped.
Sidewalls and cutoff walls are constructed to provide protection to the sides of the structure. The
sidewalls may be constructed of concrete, riprap, or geotextiles. Similarly, the approach roads can be
improved using the crossing materials to reduce erosion. Bank erosion control can be achieved by the
use of gabions or riprap when necessary.

4.7.3 Low-Water Bridges
A low-water bridge construction consists of foundation (footing or pile), substructure (piers and
abutments), superstructure (beams and bridge deck), and approach roadway (Lohnes et al. 2001;
Motayed et al. 1982). Construction of these bridges should conform to AASHTO specifications
(AASHTO 2002).
With low-water bridges, the deck of the bridge acts as the crossing surface. Based on site conditions,
bank scour protection measures such as gabions or riprap may be installed similar to the unvented
fords.
While a guardrail provides additional safety to the traffic, it also collects debris when the structure is
overtopped, which is undesirable in case of LWCs.

4.8 BEST MANAGEMENT PRACTICES
The North Carolina Forest Service defines best management practice (BMP) as a practice, or
combination of practices, that is determined to be an effective and practicable (including
technological, economic, and institutional considerations) means of preventing or reducing the
amount of pollution generated by nonpoint sources to a level compatible with water quality goals
(NCFS 2006). BMPs exist for a wide variety of management activities, including those both in and near
the channel, in case of LWCs.
To maintain the water quality in LWCs, it is necessary to incorporate standard erosion and sediment
control practices (BMPs) into the projects as needed. The implementation and effectiveness of BMPs
should be monitored and additional maintenance needs should be identified. Some of the BMPs that
apply to the construction of LWCs are discussed below (Clarkin et al. 2006).
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4.8.1 Erosion Control Plan
An erosion control plan should be created before starting the project. The practices to be
implemented for controlling erosion and preventing sediment from reaching the drainage must be
included.

4.8.2 Location of Stream Crossing
LWCs should be located perpendicular to the channel on a straight stretch, whenever possible. This
will reduce the effects of stream current on the structure as well as the effect of flow in stream
banks.

4.8.3 Timing of Construction Activities
Construction activities should be done during the dry season or when precipitation and runoff are
unlikely, whenever possible. Construction should be stopped when soils are too wet for equipment to
operate without damaging the soil resource, because there are more chances for water quality
degradation.

4.8.4 Construction of Stable Embankments
Approaches and road surfaces with adequate strength should be constructed to support the
treadway, shoulders, subgrade, and traffic loads. When fill is required, the embankment must be
stabilized with retaining walls, confinement systems, plantings, etc.

4.8.5 Control of Road Drainage
The effects of increased runoff and sediment transport caused by LWCs can be reduced by providing
dips that shunt water off the road, culverts that carry water from a road ditch and disperse it on the
other side away from the channel, paved approaches, and armored ditches. In some areas, it may be
necessary to slow the flow by using sediment basins, check dams, etc.

4.8.6 Servicing and Refueling Construction Equipment
Service and refueling areas should be kept far from wet areas, surface water, and drainages. The soil
contamination potential can be minimized by using berms around the sites and using impermeable
liners.

4.8.7 Controlling In-Channel Excavation
Heavy equipment should cross or work in and near streams only with specific protection
requirements. Excavation in these areas should adhere to all of the following minimum water quality
protection requirements:




Do not excavate outside of caissons, cribs, cofferdams, or sheet piling, unless previously
authorized.
Do not disturb natural streambeds adjacent to the structure.
Keep disturbance of banks to a minimum, and stabilize any banks that are disturbed.
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4.8.8 Diversion of Flows Around Construction Sites
The stream flow around construction sites should be diverted and returned to the natural stream
course as soon as possible after construction or before the wet season.

4.8.9 Specifying Riprap Composition
Riprap should be sized and installed to resist erosive water velocities. Care should be taken not to
include any material that might add to the sediment load, such as weakly structured rock, organic
material, or soil.

4.8.10 Structure Maintenance
Structures and approaches may suffer deterioration from either large runoff events or normal use.
Basic maintenance should be provided to protect the structure and prevent damage to resources. At
a minimum, annual inspection is necessary to ensure structure and channel compatibility, function,
and stability.

4.8.11 Water Quality
Although implementing effective BMPs gives a high degree of water quality protection, there are
locations where protection can be verified through a testing program. Water quality parameters and
test methods should be specified by an established water quality monitoring plan.
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CHAPTER 5: LWC CASE STUDIES
5.1 STUDY SITES
As a part of the research, several case studies were conducted on existing LWCs in Illinois. Five sites
were included in the case study, which includes two unvented and three vented fords. The sites were
chosen to represent different regions of Illinois.
The LWC research team performed the initial site assessment of 12 LWC location sites in Edgar, Coles,
and Christian counties in the summer of 2015. At the time of the visits (June 8 and 10), most of the
crossings were overtopped by the flow from the rainfall event (>1.7 in.) that occurred on June 7 and
the early morning of June 8. A summary of the site conditions is presented in Appendix B. While most
of the structures seemed capable of passing the higher flows safely, some structures were flooded to
an extent that it was difficult to identify whether they were unvented or vented structures. From
these sites, two vented LWC sites in Edgar County were used in the case study.
Another site visit, along with members of the project’s Technical Review Panel (TRP) members, was
made on July 10, 2015, to a Logan County LWC site. This site has a vented ford and has been included
in the study. The site is different from other sites because the crossing is skewed at a 35-degree angle
to the streamflow direction.
In March 2016, two more LWC sites (unvented) were added to the case study, one each in Franklin
County and Ogle County. The unvented ford in Franklin County serves an agricultural area, whereas
the one in Ogle County is inside a state park and is used mostly by visitors for recreational purposes
such as fishing.

5.1.1 Site Selection Criteria for Survey
The following criteria were considered when selecting the sites for a channel cross-section survey to
be used in the numerical modeling in HEC-RAS.


Availability of LiDAR data



Diversity in LWC types



Size of the stream and contributing watershed area



Channel and site stability



LWC functionality



Utilization of LWC



Safety factors and signage



Cooperation of the county highway department

The LWC sites selected for the detailed analysis, based on the preliminary survey results and the
criteria discussed above, and their details are provided in Table 5.1.
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Table 5.1: LWC Sites Selected for Case Study
County

ID

LWC STR

Latitude

Longitude

Structure Type

Stream

Edgar

Edgar #1

023-4720

39.5084

–87.9236

Above-Grade Vented

North Fork

Edgar #3

023-5324

39.5136

–87.7297

At-Grade Vented

Fork Big Creek

Franklin

Franklin

38.0171

–88.7879

At-Grade Unvented

Tributary to Akin Creek

Logan

Logan

40.0673

–89.5458

At-Grade Vented

Tributary to Salt Creek

Ogle

Ogle

NA
054-LWC001
NA

41.9924

–89.4707

At-Grade Unvented

Pine Creek

5.1.2 Topography and Survey
Topography of the watersheds associated with the LWCs was developed from light detection and
ranging (LiDAR) data obtained from the Illinois State Geological Survey (ISGS) clearinghouse, which
was acquired by the ISGS as a part of the Illinois Height Modernization Program (ILHMP). A digital
terrain model (DTM) was developed based on the LiDAR data, and elevation information was
extracted.
Site surveys were performed to obtain the cross-section data, and LiDAR elevation data was used to
get the elevation of points that were missed during the survey. Cross-sectional surveys for the LWC
sites in Edgar and Logan counties were conducted in the fall of 2015 and for the LWCs in Franklin and
Ogle counties in the spring of 2016. Surveys included structure measurement, channel topography up
to top of bank, and other relevant data. Four cross sections per site, two cross sections upstream and
downstream of the structure, were obtained and then processed.

5.2 HEC-RAS IN LWC STUDY
Hydrologic Engineering Center’s River Analysis System (HEC-RAS) is hydraulic modeling software
developed by the US Army Corps of Engineers, which allows the user to perform one-dimensional
steady and unsteady flow calculations (Brunner 2010a). It was first released to the public in 1995 and
has gained popularity among hydrologic modelers, which is evident by its prevalent use in modeling
dams, bridges, and culverts.
The HEC-RAS system consists of


A graphical user interface (GUI), which helps the user in data entry, editing, file management,
hydraulic analysis and displaying of result



Hydraulic analysis components, where users do all the modeling



Data storage and management



Graphics and reporting capabilities

The current stable version HEC-RAS V 4.1.0 was released in 2010 and supports steady and unsteady
flow water profile computations, sediment transport and water quality modeling (Brunner 2010a).
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Additionally, the US Army Corps of Engineers has also released HEC-GeoRAS, which is an ArcGIS
extension designed to process the geospatial data that can be used by HEC-RAS. It lets the user create
geometry files in ArcGIS from the digital terrain model (DTM), which can then be imported into HECRAS to perform the modeling. HEC-GeoRAS can also be used to plot the inundation depths and flood
extent by using the water surface profile results from the HEC-RAS computation (Ackerman 2012).
The modeling of LWC in HEC-RAS is similar to culvert analysis. Based on the type of LWC, single
culvert, multiple culvert, or bridge analysis is performed. Usually, modeling is done for steady flow
conditions with the appropriate design flood of return period 1, 10, and 25 years. In the case of a
vented ford, weir flow takes place when the LWC is overtopped.

5.2.1 Datasets Required
The input essential for steady-state flow modeling of LWC in HEC-RAS includes geometry properties,
steady flow rate, and flow regime. Table 5.2 lists the datasets required for modeling a LWC in HECRAS and the source from which they were obtained.
Table 5.2: Datasets Required for Hydraulic Modeling in HEC-RAS
Datasets
Elevation
Land Use
Design Flood rates

Source
LiDAR DTM (ISGS Clearinghouse)
Site Survey
NLCD Database
USGS StreamStats

Site surveys were performed to obtain the cross section data, and LiDAR elevation data was used to
get the elevation of points that were missed during the surveys.
Land use data for the selected counties was obtained from USDA Geospatial Data Gateway (USDA
2016) and the surrounding area was clipped. Land use data was used to account for the variation of
Manning’s roughness (n) along the cross section. Manning’s n represents the surface roughness
which provides the resistance to flow. Different values of Manning’s n used for various land cover
conditions are as given in Table 5.3.
Manning’s n for the main channel and flood plains for natural streams is given in Appendix D (Brunner
2010b; Chow 1959).
Table 5.3: Manning’s n Values for Different Land Cover (adapted after Kalyanapu et al. 2010)
NLCD (2011) Code
21
41
82

Land Cover
Developed, Open Space
Deciduous Forest
Cultivated Crops

Manning’s n
0.0404
0.36
0.035

Flow rates for different return periods to use in the HEC-RAS modeling was obtained from USGS
StreamStats application for Illinois.
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5.2.2 HEC-RAS Modeling
Numerical modeling of LWCs can be divided into three categories: HEC-RAS preprocessing, HEC-RAS
processing, and HEC-RAS postprocessing, as shown in Figure 5.1.

Figure 5.1: Steps in HEC-RAS modeling.
HEC-RAS preprocessing is completed in ArcGIS using HEC-GeoRAS add-on. Creation of geometry files
is the first step in the analysis. The RAS geometry toolbox is used to create and digitize the geometry
components such as stream, banks, flow paths, and cross section using the triangulated irregular
network (TIN) files. After the digitization is completed, the geodatabases and geometry files are
exported into HEC-RAS format using the Export RAS Data option.
In the HEC-RAS processing, the geometry files created using ArcGIS are imported and the location of
the LWC is identified and added. Required cross sections are interpolated, and the required input of
Manning’s n values, ineffective flow areas, contraction and expansion coefficients, and loss
coefficients are provided. Then, Steady flow analysis is performed using the design flood in subcritical
regime.
The final phase is the HEC-RAS post processing, in which the results from HEC-RAS simulation are
exported into ArcGIS and the results of flood simulation are displayed using HEC-GeoRAS. The aerial
extent of flood as per the limiting depth is calculated and the resultant area is reported.

5.2.3 Flood Extent Analysis
For the flood extent analysis of the LWC sites, a steady-state run of the HEC-RAS model was
performed and flood inundation analysis was done. The HEC-RAS models were run for the following
flow rates:
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1% exceedance flow
1-year return flow
10-year return flow
25-year return flow

1% exceedance flow and 1-year return flows were run to find out if the present pipes were adequate
to convey the flow. Based on the site conditions and nature of the stream, these flows are used to
select and design the crossing. In this analysis, 1% exceedance flow was taken as the main parameter
to see if the present LWC is adequate or not. 1% flow is expected to be passed through the pipes in
case of vented LWCs and the overtopping depth in case of unvented LWCs is expected to be below 6
in. In some cases, 1-year return flow was used to make additional observations.
10-year and 25-year return flows were used for the flood inundation analysis. The LWC components
apart from the pipes, such as crossing surface, approach roads, riprap, etc. should be designed for
these high flows so that they are not significantly damaged even when the crossing is overtopped by
the flows. The flow to use for analysis depends upon the desired life of the crossing. In this analysis,
we have used 25-year flow to perform the flood inundation analysis.

5.2.4 Sediment Transport Analysis
Sediment transport modeling in HEC-RAS v 4.1 assumes quasi-unsteady flow, in which the flow is
constant for a part of the flow series, making it easier to compute sediment transport (Brunner
2010b). The major data requirements for the sediment modeling include sediment data (bed
gradation) and quasi-unsteady flow data (flow series data and water temperature). Because there
were no flow-gaging stations in any of the study areas, in addition to lack of information about the
bed gradation, this approach could not be utilized in the sediment transport modeling.
Thus, a simplified approach was adopted for the sediment transport analysis. Two critical cross
sections in the immediate vicinity of the crossing were taken into consideration and the change in
bed shear was computed. Values for bed shear stress (lb/ ft2) were obtained from the HEC-RAS model
runs for the different scenarios. Channel bed shear represents the sediment transport capacity of the
stream. Change in bed shear between the present condition and LWC free scenario was computed to
see how the installation of the LWC has affected the sediment transport capacity in the stream.
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5.3 LOGAN LWC
The LWC selected for further study in Logan is centered at 40.0673N, 89.5468W and is located on
1025 - 275th avenue (Figure 5.2, 5.3). It lies in the middle of an agricultural area, and mostly carries
the water discharged by tile drains in the field. The crossing was constructed in the late 80’s and has
performed well, requiring minimum maintenance.

Figure 5.2: Location of LWC in study (vented) in Logan County, Illinois.
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Figure 5.3: LWC (vented) in Logan County, Illinois.

5.3.1 Structure Details
Crossing history

The LWC was constructed as a Missouri crossing and the pipes were
provided to handle the normal flow.

Why was this
structure selected?

The structure was chosen because of its performance and low
maintenance requirements. The LWC is located on a low ADT road,
with less than 25 vehicles per day.

Crossing details

Structure: The structure was designed with a 10-year flood event.
However, the low flow culverts were sized to accommodate the low
flow of the stream. The vented LWC has three concrete pipes of 2 ft
diameter. The crossing is 27 ft wide and has a skew angle of 35 degrees
(Figure 5.3).
Cost: The structure was built in 1988 at a cost of $12,541.
Safety: There have not been any serious accidents at this location.
However, there have been complaints about the roughness of the
approach grades.
Signage: Warning signs saying SLOW and DO NOT ENTER WHEN
FLOODED are present on the approach roads.
Alternative route: When the road is flooded, the adverse travel is only
2 mi.
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Flood and
maintenance history

The crossing is closed for a few hours with each flood event. In case a
larger flood event occurs (i.e. 50-year, 100-year), the road might be
shut down for a day. The crossing requires maintenance after high
flows, which are expected. The maintenance cost is very minimal.

Presence of aquatic
species

This is a very small stream for most of the year, fed mostly by drainage
tiles. There are few, if any, fish in this area. The low-flow culverts
should allow passage of any aquatic species because these culverts are
set along the flowline of the stream.

Public perception

The local citizens have not complained about the low-water crossing.

5.3.2 Watershed
The vented LWC is placed across the stream, which is a tributary to the Salt Creek (Figure 5.4). The
LWC area has a main channel slope of 20.33 ft/mi and the watershed upstream of the LWC has
drainage area of 3.13 mi2 per Illinois StreamStats. It lies within the Salt Creek of Sangamon River
Watershed.

Figure 5.4: Stream network in the Logan LWC watershed.
The stream was classified using Chow (1959) to determine the appropriate Manning’s n value of the
reach. The value assigned for Manning’s n was 0.03 within the channel and 0.035 for floodplain
dominated by cultivated crops. The watershed is predominately-agricultural area, with a little bit of
developed area (Figures 5.4 and 5.5; Table 5.13).
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Figure 5.5: NLCD land cover in the watershed associated with the Logan LWC.
Table 5.13: NLCD Land Cover by Percent Area in Logan LWC Site
NLCD Land Cover
Developed, Open Space
Developed, Low Intensity
Cultivated Crops

% Area
2.11
1.19
96.70

5.3.3 Hydrology
The design flows used in the modeling of Logan LWC are 1% exceedance (E1), 1-year flood (P1) and
25-year flood (P25) which have magnitudes of 28.71 ft3/s, 186.01 ft3/s and 970 ft3/s respectively.
More details on how the flow values were obtained can be found in Hydrology section in Appendix G.

5.3.4 Soil
The majority of the watershed has soils in the B or C/D hydrologic group (Figure 5.6, Table 5.14). Soil
group B has a moderate infiltration rate when thoroughly wet. Soil groups with drainage
characteristics affected by a high water table are indicated with a /D designation, where the letter
preceding the slash indicates the hydrologic group of the soil under drained conditions. The main
drainage way is comprised primarily of B soils affected by a high water table (B/D).
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Figure 5.6: Hydrologic soil groups for watershed associated with Logan LWC.
Table 5.14: Hydrologic Soil Groups by Percent Area in Logan LWC Site
Hydrologic Soil Group
B
B/D
C
C/D

% Area
35.68
14.49
13.49
36.34

5.3.5 Results from HEC-RAS Analysis
The existing vented LWC in Logan County was modeled in HEC-RAS using the design flows of 1%
exceedance (E1), 1-year flood (P1) and 25-year flood (P25). Similarly, the model was run for the same
flows for the natural conditions (LWC free). The results of the analyses are presented as water surface
elevation maps in Figure 5.7 and 5.8. From the analysis, the design of the existing LWC is found to be
adequate to pass the design flows.
For the existing LWC, the 1% exceedance flow of 28.71 ft3/s passes through the structure. This flow
will be exceeded 4 days in a year, during which the LWC might be impassable. The 1-year flow of
186.01 ft3/s passes over the structure with an overtopping depth of 1 ft, which has a probability of
occurring once a year, and during this time the LWC will be closed for public use.
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Figure 5.7: Water surface elevation for design flows in Logan LWC.
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Figure 5.8: Water surface elevation for design flows in LWC free scenario.
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The HEC-RAS analysis results were used to compute the flood depth in the LWC area. The results of
the flood inundation study for the LWC site revealed that for the 25-year flow rate of 970 ft3/s, the
floodplain extent was minimally affected by the presence of the LWC (Table 5.15). In fact, it was
found that there is a decrease in the inundated area in the present condition with the LWC compared
to the LWC free scenario. With the present LWC, the area flooded with a depth of 6 in. or greater
totaled 4.64 acres whereas it is 4.79 acres in LWC free condition. This can be justified by the fact that
after the LWC is installed, there is more obstruction to the flow, causing the water to back up more in
depth, which results less area for the same volume of water.
The floodplain map of the inundated area due to the 25-year flood in the present condition is as
shown in Figure 5.9. A portion of the approach roadway, and the surrounding agricultural area is
affected by this flood, which was found to be acceptable.

Figure 5.9: Flood inundation map for 25-year flood in Logan LWC.
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Table 5.15: Results of the HEC-RAS 25-Year Flood Inundation for Logan LWC
LWC
Logan

Scenario
Total area
Area with d > 6 in.

Inundated area (acres)
Present Scenario LWC free scenario
7.37
7.37
4.64
4.79

Percent
change
0.00
-3.23

For sediment transport capacity in the stream, the streambed shear stress output from HEC-RAS
analysis was utilized. The results in Table 5.16 are average bed shear stress for the cross sections
upstream and downstream of the LWC at the 1% exceedance flow of 28.71 ft3/s.
Table 5.16: Results for Bed Shear Stress for Critical Cross Sections in Logan LWC
Scenario
LWC
LWC Free

Shear Stress (lb/ ft2)
U/S Section D/S Section
0.08
0.14
0.34
0.15

There is minimal change in the shear stress in the downstream cross section, before and after the
LWC. However, in the upstream cross section, the shear stress decreases from 0.34 lb/ ft 2 in the LWC
free scenario to 0.08 lb/ ft2 in the present scenario. This means that the LWC is restricting the
sediment transport in the downstream direction, which may lead to sediment deposition.

5.3.6 Summary and Recommendations
The Logan LWC lies in a very small stream fed mostly by drainage tiles. It is an example of a costeffective LWC for locations with agricultural drainage and low road use. It is a good design option as
there is an alternative travel route 2 mi away when the crossing is impassable. Maintenance will be
required across the structure after high flows.

5.4 OTHER CASE STUDIES
Case studies from other sites (Edgar, Franklin and Ogle counties) are included in Appendix G, along
with the site hydrology information for these sites.
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CHAPTER 6: SUMMARY
Low-water crossings have been used in rural, low ADT routes in Illinois as an alternative to culverts
and bridges for a long time. However, with the lack of design guidelines specific to LWCs, there is no
standard practice or design among these LWCs. Historically, LWCs have been selected, designed, and
constructed based on the experience of highway department officials.
Within the past decade, studies have been performed, selection and design criteria have been
established for LWCs by different agencies, and reports have been published (Barnard et al. 2013;
Bates and Kirn 2009; Clarkin et al. 2006; Howard et al. 2011; Lohnes et al. 2001). The current study,
conducted by researchers at University of Illinois at Urbana-Champaign in collaboration with the U.S.
Army Corps of Engineers–Construction Engineering Research Laboratory, includes findings from the
previous studies incorporated with case studies, a LWC survey, and other information specific to
Illinois.
Selection, design, and construction of LWCs depend on consideration of various factors such as
stream type, hydrology, channel conditions, road use, economics, and aquatic organism passage.
LWCs provide a restriction to the flow of water and increase inundation under higher flows but allow
smooth and safe movement of vehicles across the streams. It is a challenge for an engineer to design
a LWC in an economic way that has minimum effects on aquatic organism passage in the stream.
Installation of a LWC in a particular site involves a compromise between human needs and the
environment. Efforts should be directed at posing minimum disturbance to the surrounding
environment when constructing these crossings.
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APPENDIX A: SURVEY QUESTIONNAIRE FOR LWCS IN ILLINOIS
Development of Low‐Water Crossing Design Guidelines for Very Low
ADT Routes in Illinois
Survey Questionnaire
Responses Due: February 20, 2015
This survey is to assist the Illinois Department of Transportation (IDOT) and local public agencies in
determining a safe, cost‐effective, and environmentally friendly design of Low‐Water Crossings
(LWCs) for very low average daily traffic (ADT) routes in Illinois. The focus of this work is to develop
guidelines that can be used to determine appropriate locations and an optimal design of LWCs to
meet traffic needs, while maintaining natural channel function.
As part of this project, we are surveying IDOT, county, and municipal engineers on the current status
of LWCs in Illinois. The survey will provide critical information to effectively determine optimal
design, current practices, and potential design issues impacting natural channel flow and safety.
For Questions, please contact either Niels Svendsen (niels.g.svendsen@usace.army.mil) 217‐373‐
3448 or Heidi Howard (heidi.r.howard@usace.army.mil) 217‐373‐5865.
Definition: The Natural Resources Conservation Service (NRCS) defines a LWC as "a stabilized area or
structure constructed across a stream to provide a travel way for people, livestock, equipment or
vehicles.” These LWCs may consist of an unvented ford, a vented ford, or bridges and culverts
designed to be overtopped by high flows during flooding conditions. For purposes of this survey, as
there are currently no design standards in Illinois, please provide locations which appear to meet the
functional definition of a LWC.

LWC: Unvented ford

LWC: Vented ford
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Respondent Information


Name:



Organization:



Telephone:



E‐mail:

General LWC Questions
1. Please indicate the number of LWCs meeting the above definition within your jurisdiction:
2. Please indicate the number of LWCs proposed for development in 2015 and 2016:
3. Do you have your LWCs located within an available GIS layer (location, name, etc.)?

Individual LWC Questions (See attached spreadsheet for multiple LWCs)
1. Please number the LWCs, and indicate the NBIS Structure Number if applicable. (We will then
assign a tracking number for our database and for future reference):
2. Please indicate the LWC location: [Latitude and longitude are preferred, or an approximate
location (street address/junction)]
3. Please indicate the stream or body of water the LWC is on:
4. Please clearly label and include any photographs of the LWC: (Insert here or attach)
5. Please indicate the LWC type: (Examples; at‐grade structure (vented/unvented), above‐grade
structure (vented/unvented), culvert, low‐water bridge (pier and pillar), etc.:
6. Please indicate the design specifications used for this LWC if applicable:
7. Please indicate the storm event the LWC was designed for, if applicable: (i.e. 15 year, 30 year,
etc.)
8. Please indicate the function and intended use of this LWC:
9. Please indicate the Average Daily Traffic (ADT):
10. Please estimate the number of over‐toppings per year:
11. Does this LWC have advance warning signs?
a. If Yes, what type(s):
b. Please insert any photographs of the warning signs:
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12. Do you experience any maintenance issues with this LWC?
13. Have you experienced any safety issues with this LWC?
14. What is the local public perception of this LWC?

Completed Surveys: Completed surveys may be returned to
heidi.r.howard@us.army.mil
OR
ERDC‐CERL
ATTN: H. Howard
P.O. Box 9005
Champaign, IL 61826
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APPENDIX B: LOW‐WATER CROSSINGS—INITIAL SITE ASSESSMENT SUMMARY
Str. No
Stream
Coles County
Coles 1
Trib. Of
(None)
Hurricane
Cr.

LWC Type

Physical
Condition

Conveyance
Capacity

Location &
Freq. of use

Maintenance
Issues

Geology
of area

At‐Grade
Unvented

Not well
maintained

~ 4 in.
overtopping
depth

None

Farm road
access /
Seasonal use

Pretty
Stable

> 6 in.
overtopping
depth

None

Farm access /
Fairly Used

Approach
surface and
LWC looks
washed away
Some logs on
the surface

Coles 2
(015‐3335)

Hurricane
Cr.

At‐Grade
Vented

Well
maintained

Coles 3
(015‐3336)

East Fork
Hurricane

At‐Grade
Vented

Well
maintained

Flow
overtopping
the LWC str.

None

Fairly Used

LWC
functional /
good surface

Pretty
Stable

No erosion
on banks

Muddy
water
with high
sediment

Christian County
Christian 1
Buckhart
(011‐003)
Cr.

Vented
Ford

Not well
maintained
/ recently
flooded

~ 1 ft
overtopping
depth

‘Bridge
Out’ sign
0.5 miles
ahead

Farm access /
rarely used

Pretty
Stable

Banks are
stable;
vegetation
present

Moderate
sediment
in water

Looks like
unvented

Clear Cr.

Vented
Ford

Graveled
surface;
safe to
traffic

No
overtopping

None

Farm access
/moderately
used

Water present
of pits, ditches
in approach
road / needs
maintenance
LWC
functional

Christian 2
(011‐002)

Stable

Banks not
eroded;
vegetation
present

Low
sediment
conc.

Christian 3
(011‐001)

Prairie Fork

Vented
Ford

Good
condition

~ 6 in.
overtopping
depth

None

Farm access
/moderately
used

LWC
Functional;
LWC surface
needs
maintenance

Good

Slight erosion
on d/s side;
vegetation
present

Low
sediment
conc. ,
good
quality
water

Vortex
near the
pipes in
u/s side;
looks like
recently
overtoppe
d
Didn’t see
the pipes

Str. No

Stream

LWC Type

Physical
Condition

Conveyance
Capacity

Signage

Location &
Freq. of use

Maintenance
Issues

Geology
of area

Erosion

Water
Quality

Signage

Edgar County
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Good

Erosion
Erosion
Resistant /
Vegetation
on banks
Banks are OK
/ presence of
vegetation

Water
Quality

Other
Comment

Muddy
water

Rainfall on
7 June

Sediment
laden flow

Couldn’t
see the
pipes d/t
flow
condition
Presence
of jumps
on d/s
side

Other
Comment

Edgar 1
(023‐4720)

North Fork

Above‐
Grade
Vented

Well
maintained

No
overtopping

None

Frequently
used

LWC fully
functional

Good

Edgar 2
(023‐4511)

W. Fork Big
Cr.

At‐Grade
Vented

Looks safe
to traffic

~ 9 in.
overtopping
at the center
of crossing

Fairly used;
Farmland,
residential
access

Both LWC and
road are
functional

Fairly
Good

Edgar 3
(023‐5324)

Fork Big Cr.

At‐Grade
Vented

Looks safe
to traffic

3‐4 in.
overtopping
flow depth

‘Road
may
flood’
sign 0.8
miles
ahead
None

Farmland
access

Approach road
needs
maintenance

Pretty
good

Edgar 4
(023‐5323)

E. Fork Big
Cr.

At‐Grade
Vented

Approach
road needs
repair

< 6 in.
overtopping
depth

None

Farmland
access

Surface needs
to be fixed

Pretty
good

Sediment
deposition on
d/s side;
presence of
vegetation
Vegetation
present

Edgar 5
(023‐4318)

Clear Cr.
South
Branch

At‐Grade
Vented

Safe for
traffic

~6 in.
overtopping

None

Farmland
access

LWC surface
needs
maintenance

Pretty
stable

Vegetation
present

Edgar 6
(023‐4316)

Sugar Cr.

At‐Grade
Vented

LWC
washed out
/ not in use

‘Road
Closed’
sign

Surface
washed
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Vegetation
present;
somewhat
erosion on
banks
Vegetation
on banks

Vegetation
on banks

Moderate
sediment
in water

Built
around 30
years ago

Moderate
– high
sediment
conc. In
water
Moderate
sediment
in water

Few logs
on d/s
side

Moderate
sediment
conc. In
water;
few
sediment
deposition
on d/s
side
High
sediment
conc. in
water

Pipes not
visible

Sediment
rich flow

Water on
the
surface is
wavy in
nature

APPENDIX C: INITIAL SITE ASSESSMENT FOR FEASIBILITY OF
LWC CONSTRUCTION
General Information:
LWC Construction type:

New LWC construction

Replacement LWC

Stream Name: ___________________
Roadway surface:

paved

Road Name/Location: ____________________

gravel

dirt

Speed limit/operating speed: ______________

Types of vehicles: ________________________

Current average daily traffic (ADT) __________

Anticipated trend in ADT over next 25 years:

Increase

Decrease

Stay Constant

Primary access route for: ___ residences (number)

School bus route?

Is there alternative route for access?

Overtopping frequency ___________

Yes

No

Yes

No

Extra time for access by alternative route, if present: __________
Site Assessment:
Stream type:

perennial

intermittent

ephemeral

Typical channel depth (flowline to top of bank): _______________
Debris load at high flows:
Debris type:

light

moderate

large woody debris

crop residue

heavy
other ____________________

Stream bed composition:

clay

silt

sand

gravel

cobble

bedrock

Steam bank composition:

clay

silt

sand

gravel

cobble

bedrock

Apparent trend in stream bed level: stable / degrading / aggrading
Apparent lateral stream‐bank condition: stable / moderately stable / unstable
Located in FEMA‐designated Special Flood Hazard Area?

Yes

No

Flood Zone (A, AE, Floodway, etc.): ______________________
Aquatic Organism Passage (AOP) Considerations:
Is fish and other aquatic organism passage required?

Yes

No

Presence of Threatened or Endangered species in the stream?
If a crossing is present at the location, is it AOP friendly?

Yes
Yes

No
No

USACE Definition of streams: Perennial streams flow 365 days a year in a normal year. Intermittent streams flow for a
substantial portion of a normal year, but may not have flowing water during dry periods of the year. Ephemeral features
flow only during, and a short time after, rainfall events and snowmelt.
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APPENDIX D: MANNING’S N VALUES
Description
1. Main Channels
a. Clean, straight, full, no rifts or deep pools
b. Same as above, but more stones and weeds
c. Clean, winding, some pools and shoals
d. Same as above, but some weeds and stones
e. Same as above, lower stages, more ineffective
slopes and sections
f. Same as “d” but more stones
g. Sluggish reaches, weedy, deep pools
h. Very weedy reaches, deep pools, or floodways with
heavy stands of timber and brush
2. Flood Plains
a. Pasture no brush
1. Short grass
2. High grass
b. Cultivated areas
1. No crop
2. Mature row crops
3. Mature field crops
c. Brush
1. Scattered brush, heavy weeds
2. Light brush and trees, in winter
3. Light brush and trees, in summer
4. Medium to dense brush, in winter
5. Medium to dense brush, in summer
d. Trees
1. Cleared land with tree stumps, no sprouts
2. Same as above, but heavy sprouts
3. Heavy stand of timber, few down trees, little
undergrowth, flow below branches
4. Same as above, but with flow into branches
5. Dense willows, summer, straight
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Minimum

Normal

Maximum

0.025
0.030
0.033
0.035
0.040

0.030
0.035
0.040
0.045
0.048

0.033
0.040
0.045
0.050
0.055

0.045
0.050
0.070

0.050
0.070
0.100

0.060
0.080
0.150

0.025
0.030

0.030
0.035

0.035
0.050

0.020
0.025
0.030

0.030
0.035
0.040

0.040
0.045
0.050

0.035
0.035
0.040
0.045
0.070

0.050
0.050
0.060
0.070
0.100

0.070
0.060
0.080
0.110
0.160

0.030
0.050
0.080

0.040
0.060
0.100

0.050
0.080
0.120

0.100
0.110

0.120
0.150

0.160
0.200

APPENDIX E: ILLINOIS ENDANGERED AND THREATENED SPECIES LIST
FISHES
19 Endangered, 16 Threatened
Endangered
Acipenser fulvescens
Ammocrypta clarum
Etheostoma camurum
Etheostoma histrio
Hybognathus hayi
Hybopsis amblops
Hybopsis amnis
Ichthyomyzon fossor
Lepomis miniatus
Macrhybopsis gelida
Moxostoma valenciennesi
Nocomis micropogon
Notropis anogenus
Notropis boops
Notropis heterolepis
Notropis maculatus
Notropis texanus
Noturus stigmosus
Scaphirhynchus albus**

Lake Sturgeon
Western Sand Darter
Bluebreast Darter
Harlequin Darter
Cypress Minnow
Bigeye Chub
Pallid Shiner
Northern Brook Lamprey
Redspotted Sunfish
Sturgeon Chub
Greater Redhorse
River Chub
Pugnose Shiner
Bigeye Shiner
Blacknose Shiner
Taillight Shiner
Weed Shiner
Northern Madtom
Pallid Sturgeon

Threatened
Ammocrypta pellucidum
Anguilla rostrata
Catostomus catostomus
Coregonus artedi
Crystallaria asprella
Erimystax x‐punctatus
Etheostoma exile
Fundulus diaphanus
Fundulus dispar
Hybognathus hankinsoni
Lampetra aepyptera
Lepomis symmetricus
Lethenteron appendix
Moxostoma carinatum
Notropis chalybaeus
Notropis heterodon

Eastern Sand Darter
American Eel
Longnose Sucker
Cisco
Crystal Darter
Gravel Chub
Iowa Darter
Banded Killifish
Starhead Topminnow
Brassy Minnow
Least Brook Lamprey
Bantam Sunfish
American Brook Lamprey
River Redhorse
Ironcolor Shiner
Blackchin Shiner
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AMPHIBIANS
3 Endangered, 6 Threatened
Endangered
Salamanders
Ambystoma platineum
Cryptobranchus alleganiensis
Desmognathus conanti

Silvery Salamander
Hellbender
Spotted Dusky Salamander

Threatened
Salamanders
Ambystoma jeffersonianum
Hemidactylium scutatum
Necturus maculosus

Jefferson Salamander
Four‐toed Salamander
Mudpuppy

Frogs and Toads
Gastrophryne carolinensis
Hyla avivoca
Pseudacris illinoensis

Eastern Narrow‐mouthed Toad
Bird‐voiced Treefrog
Illinois Chorus Frog
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REPTILES
10 Endangered, 8 Threatened
Endangered
Turtles
Apalone mutica
Clemmys guttata
Emydoidea blandingii
Kinosternon flavescens
Macrochelys temminckii
Pseudemys concinna

Smooth Softshell
Spotted Turtle
Blanding's Turtle
Yellow Mud Turtle
Alligator Snapping Turtle
River Cooter

Snakes
Masticophis flagellum
Nerodia fasciata
Pantherophis emoryi
Sistrurus catenatus

Coachwhip
Southern Watersnake
Great Plains Rat Snake
Eastern Massasauga

Threatened
Turtles
Terrepene ornata

Ornate Box Turtle

Snakes
Clonophis kirtlandi
Crotalus horridus
Heterodon nasicus
Nerodia cyclopion
Tantilla gracilis
Thamnophis sauritus
Tropidoclonion lineatum

Kirtland's Snake
Timber Rattlesnake
Plains Hog‐Nosed Snake
Mississippi Green Watersnake
Flathead Snake
Eastern Ribbonsnake
Lined Snake

Note:
** = federally endangered
Complete list of endangered and threatened species in Illinois can be found at IDNR. Latest list should
be consulted while designing the LWC with specific regard to AOP.
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APPENDIX F: ILLINOIS LOW‐WATER CROSSINGS PERMITTING
Introduction
Development of low‐water crossings must be permitted through several regulatory agencies prior to
commencing construction. Agencies involved in the permitting process for Illinois will include both
national and state agencies such as the U.S. Army Corps of Engineers (USACE), Illinois Department of
Natural Resources (IDNR), Illinois Environmental Protection Agency (IEPA), and can involve local,
regional, or county agencies. The agency responsible for authorizing a permit depends on the type of
permit required. If all required permits are not authorized by the proper permitting agencies,
construction is not allowed.
The quantity and type of permits required for each low‐water crossing may vary depending on
location, project size, and other specifications such as threatened and endangered species. The most
common authorizations required for this type of construction activity are Clean Water Act Section
401 certification, 402 National Pollution Discharge Elimination System, and 404 Dredge and Fill
permits. These controls set water quality standards, authorize discharge into a water of the U.S., and
may allow dredge and fill to a wetland or waterbody. A single low‐water crossing may require one or
all of these authorizations before construction begins.

Illinois Joint Permit Application
Illinois has created a joint permit application option for construction activities to expedite the
permitting process. The joint application may be filed concurrently with IEPA, IDNR, and USACE for
independent review. The Illinois Joint Permit Application for Construction is dual‐purpose application
for both 404 and 401 authorization and certification, as explained below. If a permit is not required
by one of the recipient agencies, the agency will inform the applicant and other agencies. Alternative
permits or certifications may be required depending on the activity or location of the proposed
construction activity. Below is a brief review of the agencies involved in the permitting process,
permitting mandates that they are in charge of and other permits and certifications that a low‐water
crossing may require independent of the joint permit application process.
The joint permit application is available at
https://www.dnr.illinois.gov/WaterResources/Documents/JointpermitApp.pdf.
Further instructions regarding joint permit application is available at
http://www.lrc.usace.army.mil/Portals/36/docs/regulatory/pdf/appinstr.pdf.

IEPA
The state of Illinois is the authorized to administer National Pollution Protection Discharge
Elimination System (NPDES) permits and Water Quality Certification statewide under the national
Clean Water Act (CWA) Sections 402 and 401 respectively.
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402
IEPA Bureau of Water is the delegated state agency by the U.S. Environmental Protection Agency
(USEPA) to regulate wastewater discharges to Illinois streams and lakes. When constructing a low‐
water crossing, or series of low‐water crossings, that exceeds one acre, a 402 or NPDES construction
permit will be required. When applying for a NPDES Construction permit, the permittee is able to
apply under Illinois general permit for construction, NPDES Permit Number ILR10. Submission of a
Notice of Intent (NOI) will be required electronically and is found at:
http://dataservices.epa.illinois.gov/SWConstructionPermit/bowLogin.aspx/. General instructions are
found on the IEPA webpage http://www.epa.illinois.gov/topics/forms/water‐permits/storm‐
water/construction/index/. NPDES Construction permit is NOT covered by the Illinois Joint Permit
Application process.

401
IEPA must approve all discharges made into waters of the United States through 401 certification
before moving forward with USACE CWA Section 404 dredge and fill permit. This is done thru the
Illinois Joint Permit Application process. Water quality certification ensures that the activity will
comply with minimum water quality standards set by the state. If the construction project is
applicable to NWP 14, the applicant should indicate that NWP number on the Joint Permit
Application. If the low‐water crossing construction does not meet requirements provided by NWP 14
or any alternative NWP, an individual permit is required. Individual permit application will require
additional project information not provided in this summary.

USACE
Construction of low‐water crossings will result in dredge and fill of the intersected stream. According
to CWA Section 404, dredge and fill activity requires permitting by USACE. A Section 404 permit is
different from a 402 permit in that it covers infill of a wetland or waterway rather than discharge into
one. The applicant may submit the same Joint Permit Application used for notification to IEPA and
IDNR for Water Quality Certification to the appropriate USACE District office for a Section 404 permit
notification. When filling out the Joint Permit Application, make sure to note the NWP number being
used for the activity, NWP 14 for Linear Transportation is generally the most appropriate for low‐
water crossing installation. More information on NWPs can be found at:
http://www.usace.army.mil/Missions/Civil‐Works/Regulatory‐Program‐and‐Permits/Nationwide‐
Permits/ . 401 Certification by the IEPA is required prior to USACE submission. Figure 1 is an attached
map, which provides boundaries of the Illinois USACE regional districts and contact information.

IDNR
The Joint Application Permit will be reviewed by IDNR. The Office of Water Resources (OWR) of IDNR
is in charge of work within and along; state rivers, lakes and streams, for those activities in and along
public waters, including Lake Michigan, as well as the construction and maintenance of dams.
Construction of low‐water crossings will need to comply with state regulations beyond 401, 402, and
404 requirements per IDNR’s regulatory program. As part of the Floodway/Floodplain Management
regulatory program, construction of a low‐water crossing may fall under rule sets:
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Part 3700 ‐ Construction in Floodways of Rivers, Lakes and Streams
(http://www.dnr.illinois.gov/WaterResources/Documents/3700.pdf)



Part 3704 – Regulation of Public Waters
(http://www.dnr.illinois.gov/WaterResources/Documents/3704.pdf)



Part 3708 ‐ Floodway Construction in Northeastern Illinois
(http://www.dnr.illinois.gov/WaterResources/Documents/3708.pdf).

Unless the low‐water crossing complies with the terms and conditions of IDNR/OWR Statewide
Permits 2, 12 or 13 (https://www.dnr.illinois.gov/WaterResources/Pages/ResManStatewidePermits.
aspx), a copy of the joint permit application should be submitted to IDNR/OWR to apply for an
individual IDNR/OWR permit. Applicants whose sites are located in rural area exempt from Statewide
Permit 2 may use the flowchart below to determine IDNR Floodway Construction Permit eligibility.

OWR Floodway Construction Permit for Rural Low‐Water Crossing Construction (IDNR OWR, 2016)
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The application should include all plans and information necessary to demonstrate compliance with
the Part 3700, 3704 or 3708 rules. Routine maintenance and repair (maintenance does not include
replacing the crossing or raising the roadway above its original height) of legally existing low‐water
crossings (i.e., crossings constructed before July 1, 1985 or with IDNR/OWR authorization) may be
undertaken without further IDNR/OWR authorization.

Soil and Water Conservation Districts
In addition, Section 404 or 402 permits may require coordination with Soil and Water Conservation
Districts. Generally, this coordination is done by the ILEPA or IDNR if they have delegated the County
Soil and Water Conservation District as the educational inspectors. SWCD will review the permit
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regarding proposed erosion and sediment control measures and provide guidance and education
towards successful compliance.

IHPA
Before beginning construction, the applicant must contact the Illinois Historic Preservation Agency
(IHPA) to verify that the site is not part of historic preservation property. The IHPA enforces historical
preservation under Section 106 of the National Historic Preservation Act and the Illinois State Agency
Historic Resource Preservation Act.
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Regulatory Jurisdictional Boundaries and Contact Information
Illinois Department of Natural Resources (2016)
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APPENDIX G: ADDITIONAL CASE STUDIES
G.1 Hydrology
Peak flow statistics for the sites, obtained from Illinois StreamStats, which includes flows for different
return period are given in Tables G.1 through G.5.
Table G.1: Peak Flow Statistics for Logan LWC Site
Statistic
PK2
PK5
PK10
PK25
PK50
PK100

Value
273
518
709
970
1180
1390

Unit
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s

Prediction error (%)
40
40
42
44
47
49

Equivalent years of record
2.7
3.2
3.9
4.7
5.2
5.6

Table G.2: Peak Flow Statistics for Edgar#1 LWC Site
Statistic
PK2
PK5
PK10
PK25
PK50
PK100

Value
531
1010
1380
1890
2290
2720

Unit
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s

Prediction error (%)
40
40
42
44
47
49

Equivalent years of record
2.7
3.2
3.9
4.7
5.2
5.6

Table G.3: Peak Flow Statistics for Edgar#3 LWC Site
Statistic
PK2
PK5
PK10
PK25
PK50
PK100

Value
946
1750
2350
3170
3810
4470

Unit
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s

Prediction error (%)
39
40
42
44
47
49

Equivalent years of record
2.7
3.2
3.9
4.7
5.2
5.6

Table G.4: Peak Flow Statistics for Franklin LWC Site
Statistic
PK2
PK5
PK10
PK25
PK50
PK100

Value
257
467
631
854
1040
1220

Unit
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s

Prediction error (%)
NA
NA
NA
NA
NA
NA
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Equivalent years of record
NA
NA
NA
NA
NA
NA

Table G.5: Peak Flow Statistics for Ogle LWC Site
Statistic
PK2
PK5
PK10
PK25
PK50
PK100

Value
1520
2670
3540
4700
5610
6530

Unit
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s
ft3/s

Prediction error (%)
40
40
42
44
47
49

Equivalent years of record
2.7
3.2
3.9
4.7
5.2
5.6

Flow for different exceedance probabilities as obtained from regional flow duration curves equation
(Over et. al, 2014) is given in Tables G.6 and G.7.
Table G.6: Flow for Selected LWC SITEs for Exceedance Probability of 1%
LWC
Logan
Edgar#1
Edgar#3
Franklin
Ogle

Region
II
III
III
III
I

Drainage area (mi2)
3.13
4.44
13.64
1.3
44.94

Flow (ft3/s)
28.71
72.56
192.04
25.00
298.18

Table G.7: Flow for Selected LWC Sites for Exceedance Probability of 2%
LWC
Logan
Edgar#1
Edgar#3
Franklin
Ogle

Region
II
III
III
III
I

Drainage area (mi2)
3.13
4.44
13.64
1.3
44.94

Flow (ft3/s)
17.54
37.04
105.57
11.77
197.74

Flow for return period of 1.01 years for LWC sites as obtained from partial duration series (PDS)
regional equations (Soong et al., 2004) is given in Table G.8.
Table G.8: Peak Flow Statistics for Selected LWC Sites
for Return Period of 1.01 Years from PDS Equations
LWC
Logan
Edgar#1
Edgar#3
Franklin
Ogle

Hydrological
region
III
III
III
VI
I

Drainage
area (mi2)
3.13
4.44
13.64
1.3
44.94

Main channel
slope (ft/mi)
20.332
29.864
15.34
21.055
15.162
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Flow
%water (ft3/s)
0
186.01
0.078
231.18
0.071
477.16
0
174.27
0.05
1403.83

Standard error
of estimate (%)
45.9
39.6
39.6
39.6
44.1

Table G.9 contains the parameters used to obtain the flow values in Table G.8, and was obtained
from Soong et al. (2004). The parameters and values in Table G.8 were used in conjunction with PDS
regional equations given in section 4.2.3 to obtain the 1.01‐year flow.
Table G.9: Parameters Used to Obtain 1.01‐Year Flow Values from PDS Equations
LWC
Logan
Edgar#1
Edgar#3
Franklin
Ogle

Hydrological region
III
III
III
VI
I

a
207.1
207.1
207.1
87.4
52.6

b
0.645
0.645
0.645
0.822
0.755

c
‐0.524
‐0.524
‐0.524
0.405
0.458

d
NA
NA
NA
‐0.472
‐0.515

Flow (ft3/s)
186.01
231.18
477.16
174.27
1403.83

G.2 Edgar LWCs
Two LWC sites were selected for further study in Edgar County. Both of them are vented fords, lying
in the middle of an agricultural area. They are located near Paris, IL. The location is shown in
Figure G.1.

Figure G.1: Location of LWCs in study (vented) in Edgar County, Illinois.
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G.2.1 Edgar#1 LWC
This above‐grade vented LWC in Edgar County is centered at 39.508N, 87.924W, and is located on N
200th street (Figure G.2). It lies across the North Fork Embarras River in the middle of an agricultural
area. The LWC is located on low volume road and has been functioning well.

Figure G.2: Edgar#1 LWC after a rainfall event (left), same LWC during dry months (right).

G.2.1.1 Structure Details
Why was this
structure selected?

The structure was chosen because of its better functioning and low
maintenance requirements. The LWC is located on a low ADT road,
with fewer than 25 vehicles per day.
Structure: The LWC is an arched structure made up of corrugated
metal with a span of 8.75 ft and a rise of 2.5 ft. The crossing is 20 ft in
width, and has a skew angle of 15 degrees.

Crossing details

The LWC has suffered from scouring at the downstream end, and traps
logs and branches of trees after heavy rainfall events (Figure G.2).
Cost: Not known.
Safety: There have not been any severe safety issues in the crossing.
Signage: None present.

Flood and
maintenance history

The crossing is closed a couple of times a year, for up to 24 hours
depending on the flood event. The crossing needs to be maintained
after heavy rainfall events, the cost of which is very low.

Presence of aquatic
species

None known.

Public perception

The local citizens feel the LWC is better than having no crossing at all,
and the crossing is very useful for the vehicle movement.
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G.2.1.2 Watershed
The LWC is located across the North Fork Embarras River, which is a major tributary to the Embarras
River (Figure G.3). The LWC area has a main channel slope of 29.86 ft/mi and the watershed
upstream of the LWC has a drainage area of 4.44 mi2 per Illinois StreamStats. It lies within the
Embarras/Middle Wabash River Watershed.

Figure G.3: Stream network in the Edgar#1 LWC watershed.
The stream was classified using Chow (1959) to determine the appropriate Manning’s n value of the
reach. The value assigned for Manning’s n was 0.04 within the channel, 0.1 for floodplain dominated
by heavy timber stands and 0.05 for scattered brushes. The watershed is predominantly agricultural
area, with a little bit of pasture and forested area (Figure G.3, G.4; Table G.10).
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Figure G.4: NLCD land cover in the watershed associated with the Edgar#1 LWC.
Table G.10: NLCD Land Cover by Percent Area in Edgar#1 LWC Site
NLCD land cover
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Deciduous Forest
Hay/Pasture
Cultivated Crops

% area
4.38
0.96
0.05
0.05
7.93
5.28
81.35

G.2.1.3 Soil
The majority of the watershed has soils in the “C” or “B/D” hydrologic group (see Figure G.5 and
Table G.11). Soil group C has a slow infiltration rate when thoroughly wet. Soil groups with drainage
characteristics affected by a high water table are indicated with a “/D” designation, where the letter
preceding the slash indicates the hydrologic group of the soil under drained conditions. The main
drainage way is comprised primarily of “B” soils affected by a high water table (“B/D”).
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Figure G.5: Hydrologic soil groups for watershed associated with Edgar#1 LWC.
Table G.11: Hydrologic Soil Groups by Percent Area in Edgar#1 LWC Site
Hydrologic soil group
B
B/D
C
C/D

% area
19.59
35.00
41.80
3.61

G.2.1.4 Results from HEC‐RAS Analysis
The vented LWC in Edgar County (Edgar#1) was modeled in HEC‐RAS using the design flows of 1%
exceedance (E1), 1‐year flood (P1) and the 25‐year flood (P25). The model was also run for the same
flows for the natural condition (LWC free). Results of the analyses are presented as water surface
elevation maps in Figure G.6, G.7. From the analysis, the design of the existing LWC is found to be
adequate to pass the design flows.
For the existing LWC, the 1% exceedance flow of 72.56 ft3/s passes through the structure. This flow is
expected to be exceeded 4 days in a year, during which the LWC might be impassable. The 1‐year
flow of 231.18 ft3/s passes over the structure with an overtopping depth of 1 ft, which has a
probability of occurring once a year, and during this time the LWC will be closed for public use.
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Figure G.6: Water surface elevation for design flows in Edgar#1 LWC.
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Figure G.7: Water surface elevation for design flows in LWC free scenario.
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Figure G.8: Flood inundation map for 25‐year flood in Edgar#1 LWC.
The HEC‐RAS analysis results were used to compute the flood depth in the LWC area. The results of
the flood inundation study for the LWC site revealed that for the 25‐year flow rate of 1890 ft3/s, the
floodplain extent was minimally affected by the presence of the LWC (Table G.12). It was found that
there is an increase in the inundated area by around 5% in the present condition with the LWC
compared to the LWC free scenario. With the present LWC, the area flooded with a depth of 6” or
greater totaled 5.13 acres whereas it is 4.85 acres in the LWC free condition.
The floodplain map of the inundated area due to the 25‐year flood in present condition is as shown in
Figure G.8. The area inundated by this flood includes the surrounding forested area and a small
portion of farmland, which was found to be acceptable.
Table G.12: Results of the HEC‐RAS 25‐Year Flood Inundation for Edgar#1 LWC
LWC
Edgar#1

Inundated area (acres)
Scenario
Present scenario LWC free scenario
Total area
6.76
6.47
Area with d > 6” 5.13
4.85
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Percent
change
4.48
5.77

For sediment transport capacity in the stream, the streambed shear stress output from HEC‐RAS
analysis was taken into consideration. The results in Table G.13 are average bed shear stress for the
cross sections upstream and downstream of the LWC at the 1% exceedance flow of 72.56 ft3/s.
Table G.13: Results for Shear Stress for Critical Cross Sections in Edgar#1 LWC
Scenario
LWC
LWC Free

Shear stress (lb/ft2)
U/S section D/S section
0.02
0.11
0.42
0.11

There is minimal change in the shear stress in the downstream cross section, before and after the
LWC. However, in the upstream cross section, the shear stress decreases from 0.42 lb/ft2 in the LWC
free scenario to 0.02 lb/ft2 in the present scenario. This means that the LWC is restricting the
sediment transport in the downstream direction, which may lead to sediment deposition.

G.2.1.5 Summary and Recommendations
This vented LWC is a good choice for the site located in a small drainage watershed. The crossing is
functioning well, and there is very little effect in the environment.
Periodic maintenance is required in the LWC, as the pipes tend to get clogged by the logs and
branches of trees that tend to get trapped at the crossing.
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G.2.2 Edgar#3 LWC Site
This at‐grade vented LWC in Edgar County is centered at 39.5136N, 87.7297W, and is located on E
300th Road (Figure G.9). It lies across the East Fork Big Creek, in an agricultural region. The LWC is
located on a low ADT road, with fewer than 25 vehicles per day.

Figure G.9: Low‐water crossing and the approach, sediment deposition upstream,
undercutting on downstream end (clockwise direction from top).
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G.2.2.1 Structure Details
Why was this
structure selected?

The structure was chosen because it is functioning poorly. An
alternative design for the LWC has been provided, which is expected to
perform better than the existing LWC.
Structure: The LWC has two one‐ft diameter corrugated metal pipes.
The crossing is 11.5 ft in width, and has a skew angle of 15 degrees.
There is sediment deposition on the upstream side of the LWC, and
undercutting by water under the structure (Figure G.9).

Crossing details

Cost: Not known
Safety: There have been several incidences where people tried to cross
when they shouldn't and were washed off. There have been deaths at
the slabs, but it’s due to people trying to swim during high water, and
not from cars being washed downstream.
Signage: None present.

Flood and
maintenance history

The crossing is closed a couple of times a year, for up to 24 hours
depending on the flood event. The crossing must be maintained after
heavy rainfall events.

Presence of aquatic
species

None known.

Public perception

The local citizens feel that LWC is better than having no crossing at all.
The LWC is good for a vehicle, but unreliable, as LWCs cannot be
always depended upon.

G.2.2.2 Watershed
The LWC is placed across the East Fork Big Creek, which is a tributary to the Big Creek and eventually
drains to the Wabash River (Figure G.10). The LWC area has a main channel slope of 15.34 ft/mi and
the watershed upstream of the LWC has a drainage area of 13.64 mi2 per Illinois StreamStats. It lies
within the Embarras/Middle Wabash River Watershed.
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Figure G.10: Stream network in the Edgar#3 LWC watershed.
The stream was classified using Chow (1959) to determine the appropriate Manning’s n value of the
reach. The value assigned for Manning’s n was 0.04 within the channel, 0.10 for floodplain dominated
by heavy timber stands and 0.06 for light brushes and trees. The watershed is mostly dominated by
agricultural area, with a little bit of pasture and forested area (Figure G.10, G.11; Table G.14).

Figure G.11: NLCD land cover in the watershed associated with the Edgar#3 LWC.
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Table G.14: NLCD Land Cover by Percent Area in Edgar#3 LWC Site
NLCD land cover
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Barren Land
Deciduous Forest
Herbaceous
Hay/Pasture
Cultivated Crops

% area
0.08
4.98
1.67
0.06
0.02
16.93
0.89
13.24
62.13

G.2.2.3 Soil
The majority of the watershed has soils in the “B”, “C” or “B/D” hydrologic group (Figure G.12, Table
G.15). Soil groups A, B and C have a high, moderate and slow infiltration rate respectively when
thoroughly wet. Soil groups with drainage characteristics affected by a high water table are indicated
with a “/D” designation, where the letter preceding the slash indicates the hydrologic group of the
soil under drained conditions. The main drainage way is comprised primarily of “A” and “B/D” soils,
affected by a high water table.

Figure G.12: Hydrologic soil groups for watershed associated with Edgar#3 LWC.
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Table G.15: Hydrologic Soil Groups by Percent Area in Edgar#3 LWC Site
Hydrologic soil group
Water
A
B
B/D
C
C/D
D

% area
1.93
0.06
25.16
29.37
42.67
0.30
0.51

G.2.2.4 Results from HEC‐RAS Analysis
The existing vented LWC in Edgar County (Edgar#3) was modeled in HEC‐RAS using the design flows
of 1% exceedance (E1), 1‐year flood (P1) and 25‐year flood (P25). Similarly, the model was run for the
same flows for the LWC free scenario and alternate design. The results of these analyses are
presented as water surface elevation maps in Figure G.13, G.14 and G.15. From the analysis, the
design of the existing LWC is found to be inadequate to pass the design flows. Thus, another
alternative design has been presented.
For the existing LWC, the 1% exceedance flow of 192.04 ft3/s passes over the structure with an
overtopping depth of 1.5 ft, and 1‐year flow of 477.16 ft3/s has an overtopping depth of 2.5 ft. Since
the 1% exceedance flow is expected to flow under the road surface through pipes, the design is found
to be insufficient.
The alternative design for this LWC is a single cell rectangular concrete box culvert with a span of 8 ft
and rise of 4 ft with a cover of 8 in. The culvert was centered at the middle of the roadway and the
minimum high chord of the road was raised to an elevation of 606.9 ft from the current 602.1 ft in
the design. 1% exceedance flow in this case passes through the box culvert whereas the 1‐year flood
has an overtopping depth of 11 in. With this design, the LWC is expected to be impassable for fewer
than 4 days in a year, during which the LWC will be closed for public use.
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Figure G.13: Water surface elevation for design flows in Edgar#3 LWC.
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Figure G.14: Water surface elevation for design flows in LWC free scenario.
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Figure G.15: Water surface elevation for design flows in Edgar#3 LWC alternate design.
The HEC‐RAS analysis results were used to compute the flood depth in the LWC area. The results of
the flood inundation study for the LWC site revealed that for the 25‐year flow rate of 3170 ft3/s, the
floodplain extent was minimally affected by the presence of the current LWC (Table G.16). It was
found that there no change in the inundated area in the present condition with the LWC compared to
the LWC free scenario. With the present LWC, the area flooded with a depth of 6” or greater totaled
2.92 acres. With the alternative design, the inundated area with a depth of 6” or greater was
increased to 3.13 acres. The floodplain map of the inundated area due to the 25‐year flood in present
condition and alternate design is as shown in Figures G.16 and G.17. The area inundated by this flood
includes the surrounding forested area, which was found to be acceptable.
Table G.16: Results of the HEC‐RAS 25‐Year Flood Inundation for Edgar#3 LWC
LWC
Edgar#3
Edgar#3 Alternative

Inundated area (acres)
Scenario
Present scenario LWC free scenario
Total area
3.72
3.72
Area with d > 6” 2.92
2.92
Total area
4.15
3.72
Area with d > 6” 3.13
2.92
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Percent
change
0.00
0.00
11.55
7.19

Figure G.16: Flood inundation map for 25‐year flood in Edgar#3 LWC.

Figure G.17: Flood inundation map for 25‐year flood in Edgar#3 LWC alternate design.
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For sediment transport capacity in the stream, the streambed shear stress output from the HEC‐RAS
analysis was utilized. The results in Table G.17 are average bed shear stress for the cross sections
upstream and downstream of the LWC at the 1% exceedance flow of 477.16 ft3/s.
Table G.17: Results for Shear Stress for Critical Cross Sections in Edgar#3 LWC
Scenario
LWC
LWC Free
Alt Design

Shear stress (lb/ft2)
U/S section D/S section
0.11
0.08
0.67
0.08
0.02
0.08

There is minimal change in the shear stress in the downstream cross section, before and after the
LWC and in the alternate design. However, in the upstream cross section, the shear stress decreases
from 0.67 lb/ft2 in the LWC free scenario to 0.11 lb/ft2 in the present scenario and to 0.02 lb/ft2 in the
alternate design. This means that the LWC is restricting the sediment transport in the downstream
direction, which leads to sediment deposition in the upstream region and scour in the sediment
starved downstream region.

G.2.2.5 Summary and Recommendations
This LWC in Edgar County is an example of a poorly designed LWC. Although the crossing is located on
a low ADT road, it is not big enough to pass the 1% exceedance flow through it. The crossing also acts
as a sediment trap. There is also scouring underneath the structure, which needs to be addressed.
Alternate design analysis has been done using the concrete box culverts. Possible improvement in the
crossing might include replacement by a suitable alternative LWC, as the drainage area of the
watershed is relatively large giving a significant amount of flow.
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G.3 Franklin LWC
The at‐grade unvented LWC is centered at 38.0171N, 88.7879W and is located on an old farm road
(Figure G.18, G.19). It is placed across a tributary to Akin Creek, and lies in the middle of an
agricultural area, providing access to one house.

Figure G.18: Location of LWC in study (unvented) in Franklin County, Illinois.
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Figure G.19: Franklin LWC site, crossing surface,
sediment deposition downstream, signage (clockwise).
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G.3.1 Structure Details
Crossing history

Why was this
structure selected?

Crossing details

Flood and
maintenance history

The unvented LWC was a replacement for the culvert pipes that were
washed out. The road commissioner at the time pulled the pipes out,
cut the bank back, and poured concrete in the bottom.
The unvented structure was chosen because of its better performance
and low maintenance requirements. The flow of water over the
structure is very low most of the time, and it is located on a low ADT
road with fewer than 25 vehicles per day.
Structure: The crossing is 11.5 ft in width. The crossing has gravel
approaches, and the crossing surface has worn out (Figure G.19)
Cost: Not known.
Safety: There have not been any accidents at this location.
Signage: Sign that reads “LOW WATER CROSSING” is present on the
approaches, about 375 ft from the crossing.
The crossing is closed once or twice a year when the creek it flows into
backs up during a heavy rain, during which it is impassable for about 12
hours. Not much maintenance has been performed on the crossing.

Presence of aquatic
species

None known.

Public perception

The crossing provides service for one house. The resident says it’s a
little bumpy, but if the water gets high, there is another road where he
can detour.

G.3.2 Watershed
The LWC is placed on a gravel road across a tributary to Akin Creek, which is a tributary to the Middle
Fork Big Muddy River (Figure G.20). The LWC area has main channel slope of 21.055 ft/mi and the
watershed upstream of the LWC has drainage area of 1.3 mi2 per Illinois StreamStats. It lies within the
Big Muddy River Watershed.
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Figure G.20: Stream network in the Franklin LWC watershed.
The stream was classified using Chow (1959) to determine the appropriate Manning’s n value of the
reach. The value assigned for Manning’s n was 0.035 within the channel and 0.035 for floodplain
dominated by pasture and cultivated crops. The watershed is predominantly agricultural area, along
with some pastureland (Figure G.20, G.21; Table G.18).

Figure G.21: NLCD land cover in the watershed associated with the Franklin LWC.
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Table G.18: NLCD Land Cover by Percent Area in Franklin LWC site
NLCD land cover
Developed, Open Space
Developed, Low Intensity
Deciduous Forest
Herbaceous
Hay/Pasture
Cultivated Crops

% area
6.55
1.06
5.79
1.49
26.12
58.99

G.3.3 Soil
The majority of the watershed has soils in the “C” or “C/D” hydrologic group (Figure G.22, Table
G.19). Soil group C has a low infiltration rate when thoroughly wet. Soil groups with drainage
characteristics affected by a high water table are indicated with a “/D” designation, where the letter
preceding the slash indicates the hydrologic group of the soil under drained conditions. The main
drainage way is comprised primarily of “B/D” soils, which are affected by a high water table.

Figure G.22: Hydrologic soil groups for watershed associated with Franklin LWC.
Table G.19: Hydrologic Soil Groups by Percent Area in Franklin LWC Site
Hydrologic soil group
Water
B/D
C
C/D
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% area
10.36
3.24
51.95
34.45

G.3.4 Results from HEC‐RAS Analysis
The unvented LWC in Franklin County was modeled in HEC‐RAS using the design flows of 1%
exceedance (E1), 1‐year flood (P1) and 25‐year flood (P25). Similarly, the model was run for the same
flows for the LWC free scenario. The results of this analysis are presented as water surface elevation
maps in Figure G.23 and G.24. From the analysis, the design of the existing LWC is found to be
adequate to pass the design flows.
For the existing LWC, the 1% exceedance flow of 25 ft3/s passes over the structure with overtopping
depth of 6 in. This flow is expected to be exceeded 4 days in a year, during which the LWC might be
impassable. The 1‐year flow of 174.27 ft3/s has an overtopping depth of 2 ft, which has a probability
of occurring once a year, and during this time the LWC will be closed for public use.
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Figure G.23: Water surface elevation for design flows in Franklin LWC.
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Figure G.24: Water surface elevation for design flows in LWC free scenario.
The HEC‐RAS analysis results were used to compute the flood depth in the LWC area. The results of
the flood inundation study for the LWC site revealed that for the 25‐year flow rate of 854 ft3/s, the
floodplain extent was minimally affected by the presence of the LWC (Table G.20). It was found that
there is slight decrease in the inundated area in the present condition with the LWC compared to the
LWC free scenario. With the present LWC, the area flooded with a depth of 6” or greater totaled 1.30
acres.
The floodplain map of the inundated area due to the 25‐year flood in present condition is as shown in
Figure G.25. A portion of the approach roadway and the surrounding agricultural area is affected by
this flood, which was found to be acceptable.
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Figure G.25: Flood inundation map for 25‐year flood in Franklin LWC.
Table G.20: Results of the HEC‐RAS 25‐Year Flood Inundation for Franklin LWC
LWC
Franklin

Inundated area (acres)
Scenario
Present scenario LWC free scenario
Total area
2.20
2.24
Area with d > 6” 1.30
1.30

Percent
change
‐1.78
0.00

For sediment transport capacity in the stream, the streambed shear stress output from HEC‐RAS
analysis was utilized. The results in Table G.21 are average bed shear stress for the cross sections
upstream and downstream of the LWC at the 1% exceedance flow of 25 ft3/s.
Table G.21: Results for Shear Stress for Critical Cross Sections in Franklin LWC
Scenario
LWC
LWC Free

Shear stress (lb/ft2)
U/S section D/S section
0.03
0.61
0.17
0.61
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There is no change in the shear stress in the downstream cross section, before and after the LWC.
However, in the upstream cross section, the shear stress decreases from 0.17 lb/ft2 in the LWC free
scenario to 0.03 lb/ft2 in the present scenario. The results indicate that the LWC is restricting the
sediment transport in the downstream direction, which may lead to sediment deposition.

G.3.5 Summary and Recommendations
Franklin LWC is located on a road that serves only one residence. The crossing is located in an
ephemeral stream with very low flow most of the time. If the water gets high, there is another road
nearby for a detour. This unvented ford is a good example where the local highway authority does
not have enough money to construct a culvert or other alternatives.
Unvented fords are easy to maintain, and the surface of the crossing requires periodic maintenance
after larger precipitation events.
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G.4 Ogle LWC
The at‐grade unvented LWC is centered at 41.9924N, 89.4707W and is located on a park road in the
White Pines Forest State Park (Figure G.26, G.27). The hardened crossing lies across Pine Creek, and is
used by the visitors to get around the park. Another similar LWC is located about 750 ft downstream
of the structure. The road is used seasonally, and is closed in the winter. Riprap on the streambanks
have been used as a best management practice and a weir is provided to dissipate the energy in the
crossing.

Figure G.26: Location of LWC in study (unvented) in Ogle County, Illinois.
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Figure G.27: Low‐water crossing under study and warning sign.

G.4.1 Structure Details
Crossing history

The original fords were constructed in 1927. Those were replaced with
the current fords in 1955. Remnants of the original ford are still visible
immediately downstream of the current ford.

Why was this
structure selected?

The structure was chosen because of its performance, low
maintenance, and popularity among users.
Structure: The ford is a concrete monolith founded on a grid of timber
piles driven into the stream bed. The crossing is 16.5 ft in width,
located on a low ADT road of about 50 vehicles per day.
The crossing performs well during periods of normal flow. Normal flow
results in an approximate water depth of 6 in. in the center.

Crossing details

Cost: Not known.
Safety: The crossing is for vehicles only. Wading and swimming in the
creek is prohibited. Pedestrians cross using the pedestrian bridge
approximately 100 ft east of the ford. However, once in a while a car
with low clearance will get turned sideways by the current.
Signage: Since the surface of the crossing is very slippery, there is a
warning sign present on the entrance (Figure G.27).

Flood and
maintenance history

The ford can be closed for periods of a few days to several weeks
depending on precipitation patterns. This is common in the spring with
the snow melt and rain. The ford is closed during cold weather months
due to ice. Even with the creek flowing normal in cold weather, the
approaches become slippery from ice.
The crossing is virtually maintenance free. The concrete surface has
been patched in the past.
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Presence of aquatic
species

The fish population of the creek includes bass, sunfish, crappie, carp,
and suckers. Keeper size trout are released in the spring and fall.
There are no known threatened and endangered species in the area of
the park. Invasive zebra mussels are not present in Pine Creek.

Public perception

It is a very popular and unique novelty to most visitors. People like
driving through the water.

G.4.2 Watershed
The LWC is placed across Pine Creek, which is a tributary to the Rock River (Figure G.28). The LWC
area has a main channel slope of 15.102 ft/mi and the watershed upstream of the LWC has a drainage
area of 44.94 mi2 per Illinois StreamStats. It lies within the Rock River Watershed.

Figure G.28: Stream network in the Ogle LWC watershed.
The stream was classified using Chow (1959) to determine the appropriate Manning’s n value of the
reach. The value assigned for Manning’s n was 0.04 within the channel and 0.10 for floodplain
dominated by brush and timber stands. The watershed is predominantly agricultural area, with a little
bit of developed area and forests (Figure G.28, G.29; Table G.22).
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Figure G.29: NLCD land cover in the watershed associated with the Ogle LWC.
Table G.22: NLCD Land Cover by Percent Area in Ogle LWC Site
NLCD land cover
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Deciduous Forest
Evergreen Forest
Hay/Pasture
Cultivated Crops
Woody Wetlands

% area
0.05
4.74
2.33
0.50
0.16
5.58
0.11
4.15
82.36
0.02

G.4.3 Soil
The majority of the watershed has soils in the “B” or “B/D” hydrologic group (Figure G.30, Table
G.23). Soil group B has a moderate infiltration rate when thoroughly wet. Soil groups with drainage
characteristics affected by a high water table are indicated with a “/D” designation, where the letter
preceding the slash indicates the hydrologic group of the soil under drained conditions. The main
drainage way is comprised primarily of “B” soils affected by a high water table (“B/D”).
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Figure G.30: Hydrologic soil groups for watershed associated with Ogle LWC.
Table G.23: Hydrologic Soil Groups by Percent Area in Ogle LWC Site
Hydrologic soil group
Water
A
A/D
B
B/D
C
D

% area
1.01
0.35
0.22
62.60
17.05
17.85
0.92

G.4.4 Results from HEC‐RAS Analysis
The unvented LWC in Ogle County was modeled in HEC‐RAS using the design flows of 1% exceedance
(E1), 1‐year flood (P1) and 25‐year flood (P25). Similarly, the model was run for the same flows for
the LWC free scenario. The results of this analysis are presented as water surface elevation maps in
Figure G.31 and G.32. From the analysis, the design of the existing LWC is found to be adequate to
pass the design flows.
For the existing LWC, the 1% exceedance flow of 298.18 ft3/s passes over the structure with an
overtopping depth of 1 ft. This flow is expected to be exceeded 4 days in a year, during which the
LWC might be impassable. The 1‐year flow of 1403.83 ft3/s has an overtopping depth of 2 ft, which
has a probability of occurring once a year, and during this time the LWC will be closed for public use.
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Figure G.31: Water surface elevation for design flows in Ogle LWC.
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Figure G.32: Water surface elevation for design flows in LWC free scenario.
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The HEC‐RAS analysis results were used to compute the flood depth in the LWC area. The results of
the flood inundation study for the LWC site revealed that for the 25‐year flow rate of 4700 ft3/s, the
floodplain extent was minimally affected by the presence of the LWC (Table G.24). It was found that
there is an increase in the inundated area with a depth of more than 6” in the present condition with
the LWC compared to the LWC free scenario. With the present LWC, the area flooded with a depth of
6” or greater totaled 5.51 acres whereas it is 4.92 acres in the LWC free condition.
The floodplain map of the inundated area due to the 25‐year flood in present condition is as shown in
Figure G.33. A significant portion of the approach roadway and the parking lot area is affected by this
flood.

Figure G.33: Flood inundation map for 25‐year flood in Ogle LWC.
Table G.24: Results of the HEC‐RAS 25‐Year Flood Inundation for Ogle LWC
LWC
Ogle

Inundated area (acres)
Present scenario LWC free scenario
Scenario
Total area
6.24
6.21
Area with d > 6” 5.51
4.92
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Percent
change
0.48
11.99

For sediment transport capacity in the stream, the streambed shear stress output from HEC‐RAS
analysis was utilized. The results in Table G.25 are average bed shear stress in the main channel for
the cross sections upstream and downstream of the LWC at the 1% exceedance flow of 298.18 ft3/s.
Table G.25: Results for Shear Stress for Critical Cross Sections in Ogle LWC
Scenario
LWC
LWC Free

Shear stress (lb/ft2)
U/S section D/S section
0.11
0.66
0.36
0.66

There is no change in the shear stress in the downstream cross section, before and after the LWC.
However, in the upstream cross section, the shear stress decreases from 0.36 lb/ft2 in the LWC free
scenario to 0.11 lb/ft2 in the present scenario. This means that the LWC is restricting the sediment
transport in the downstream direction, which may lead to sediment deposition in the upstream
region.

G.4.5 Summary and Recommendations
The low‐water crossing performs well during periods of normal flow, and is serving its intended
purpose. Normal flow results in an approximate water depth of 6 in. in the center. It has required
very little maintenance, and has had negligible impact on the aquatic environment.
Since the LWC is closed in the events of heavy precipitation during spring and over winter, the LWC is
functioning adequately. This is one case where the LWC might be closed for more than 25% of time in
a year.
The crossing is located in a park, and the roads are closed to the public when there is no staff in the
park, which makes flash flooding and the safety of the public less of an issue.
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APPENDIX H: DESIGN EXAMPLES
Design examples for unvented and vented fords are presented in this section. The sites in the case
study have been used in these examples. All the examples have been designed for an allowable flow
depth of 6 in. (15 cm) over the LWC. Most of the LWCs have been designed for a closing period of 1%
(4 days in a year).
For vented fords, minimum pipe size is 1 ft diameter and 1 ft of cover above pipe is assumed.

Example 1: Ogle LWC
Data
LWC site
: Ogle County, IL (Region I)
Location
: 41.9924N, 89.4707W
Drainage area
: A = 44.94 mi2
Stream slope
: S = 0.00287
Channel roughness : n = 0.04
Stream width
: w = 65 ft
Design discharge
: Q = 69.67 ft3/s
Exceedance probability: e = 10
This is a special case in which the LWC has been designed for 10% exceedance flow. This is because
the crossing is located in a park, where it is closed for a significant amount of time during winter and
spring when flow in the river is high.
Design:
1)

Unvented ford
/
/

1.486

0.04 ∗ 69.67
1.486 ∗ 65 ∗ 0.00287
.
2)

.

/
/

, unacceptable

Raised unvented ford
0.233

.

.
.

0.233 ∗ 69.67
.

∗ 65

.

.

The flow depth for a raised unvented ford is 4.53 in., which is less than the maximum allowable depth
of 6 in. Thus, a raised unvented ford is recommended for the site.
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Example 2: Franklin LWC
Data
LWC site
: Franklin County, IL (Region III)
Location
: 38.0171N, 88.7879W
Drainage area
: A = 1.3 mi2
Stream slope
: S = 0.00398
Channel roughness : n = 0.035
Stream width
: w = 11.5 ft
Design discharge
: Q = 25.00 ft3/s
Exceedance probability: e = 1
Design:
1)

Unvented ford
/
/

1.486

0.035 ∗ 25
1.486 ∗ 11.5 ∗ 0.00398
.
2)

.

/
/

, unacceptable

Raised unvented ford
0.233

.

0.233 ∗ 25
.

.
.

∗ 11.5

.

.

The flow depth for a raised unvented ford is 5.76 in., which is less than the maximum allowable depth
of 6 in. Thus, a raised unvented ford is a good fit for the site.
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Example 3: Logan LWC
Data
LWC site
: Logan County, IL (Region II)
Location
: 40.0673N, 89.5468W
Drainage area
: A = 3.13 mi2
Stream slope
: S = 0.00385
Channel roughness : n = 0.03
Stream width
: w = 10 ft
Design discharge
: Q = 28.71 ft3/s
Exceedance probability: e = 1
Design:
1) Unvented ford
/
/

1.486

0.03 ∗ 28.71
1.486 ∗ 10 ∗ 0.00385
.

.

/
/

, unacceptable

2) Raised unvented ford
0.233

.

.

0.233 ∗ 28.71
.

.

∗ 10

.

3) Vented ford
3.562 .
3.562 ∗ 10
23.69

.

, unacceptable

.

28.71

23.69

.
From design curve, the required pipe to accommodate this flow is a 1 – 1.5 ft diameter corrugated
metal pipe.
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Example 4: Edgar#1 LWC
Data
LWC Site
: Edgar County, IL (Region III)
Location
: 39.508N, 87.924W
Drainage area
: A = 4.44 mi2
Stream Slope
: S = 0.00565
Channel roughness : n = 0.04
Stream width
: w = 26 ft
Design discharge
: Q = 72.56 ft3/s
Exceedance probability: e = 1
Design:
1) Unvented ford
/
/

1.486

/

0.04 ∗ 72.56
1.486 ∗ 26 ∗ 0.00565

/

, unacceptable
2) Raised unvented ford
0.233

.

.

0.233 ∗ 72.56
.

.

∗ 26

.

3) Vented ford
3.562 .
3.562 ∗ 26
52.02

.

, unacceptable

.

72.56

52.02

.
From design curve, the required pipe to accommodate this flow is a 1 – 2 ft diameter corrugated
metal pipe.
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Example 5: Edgar#3 LWC
Data
LWC Site
: Edgar County, IL (Region III)
Location
: 39.5136N, 87.7297W
Drainage area
: A = 13.64 mi2
Stream Slope
: S = 0.00290
Channel roughness : n = 0.04
Stream width
: w = 35 ft
Design discharge
: Q = 192.04 ft3/s
Exceedance probability: e = 1
Design:
1) Unvented ford
/
/

1.486

0.04 ∗ 192.04
1.486 ∗ 35 ∗ 0.0029
.

/
/

.

, unacceptable

2) Raised unvented ford
0.233

.

.
.

0.233 ∗ 192.04
.

∗ 35

.

3) Vented ford
3.562 .
3.562 ∗ 35
66.44

.

, unacceptable

.

192.04

66.44

.
From design curve, the required pipe to accommodate this flow is a 3 to 3 ft diameter corrugated
metal pipes or two 3.5 ft diameter pipes. Also, other vented options such as a box culvert might be
considered for the site.
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APPENDIX I: LWC INVENTORY AND INSPECTION CRITERIA
LWC Inventory
The system of LWC inventory described below is suggested to use for all the existing and newly
constructed LWCs to achieve uniformity in the inventory, and to include all the LWCs in the LWC
database. Most of the data to be entered in the Inventory Report are coded so that they can be easily
put in a GIS shapefile. The inventory is based on the Culvert Inventory and Inspection Manual
(NYDOT, 2006).
When an existing LWC is replaced by a new structure, original LWC Identifier (LID) should be used and
the “Year Built”, “Contract No”, and “Description” fields should be updated. The description of
replaced LWC and new LWC should be entered under “Inventory Comments” field. Remaining fields
should contain data from the new LWC.
Description and coding of the inventory items are as given below:
LWC Identifier (LID): The LWC Identifier (LID) is a unique LWC identification number, it is
alphanumeric. The first character is “L”, which denotes a LWC and cannot be changed. The next three
characters are numeric and represent the Illinois County Federal Information Processing Standard
(FIPS) code. The numeric character after that represents the type of LWC. The final three numeric
characters represent the unique three‐digit code assigned for the LWC structure by the County
Highway office or any other authority. An example of representation of an unvented ford in
Champaign County is as given below:
LID: L 019 1 001

L
019
1
001

Denotes LWC (cannot be changed)
Champaign County FIPS code
Identifier for unvented ford
Unique three‐digit identifier of the structure

LWC Type: Enter the type of LWC in words (Unvented Ford, Vented Ford or Low‐water Bridge).
County: Enter the name of the County in which LWC is present.
Route: Enter the Interstate, State, County or Township highway number of the road in which LWC is
located (Alphanumeric).
No. of Lanes: Enter the total number of full width traffic lanes in the road (numeric).
Stream: Enter the name of the stream across which the LWC is located.
Skew Angle: Enter the skew angle of the LWC in degrees (numeric). It is the angle with respect to the
flow going through the LWC and a line perpendicular to the cross sections bounding the LWC.
Year Built: Enter the year in which LWC was originally constructed (4 digits, year only).
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Contract No: Enter the contract number under which the LWC was originally constructed.
GPS Coordinates: Enter the GPS coordinates of LWC in Latitude, Longitude format (numeric only).
Description: Enter a brief description of the LWC.
Maximum Span Design: Enter the “design type” of the maximum span, such as “Circular Pipe
Culvert”, “Single Box Culvert”, “Low Profile Arch”, etc.
Maximum Span Material: Enter the type of material used for the LWC such as “Corrugated Steel”,
“Corrugated Metal Pipes”, “Concrete, Reinforced”, etc.
No. of Pipes/Spans: Enter the number of pipes (for Vented) and spans (for Low‐water Bridge)
(numeric).
Size of Opening: Enter the diameter of the pipe or the opening size of the box culvert (numeric).
Depth of Cover: Enter the total depth of cover over the LWC to the nearest ft (numeric).
Signage: Enter “Y” if signage is present and “N” if it is not present.
Restrictions on Vehicles: Enter the information on vehicles not allowed on the road.
Stream Bed Material: Enter the most predominant stream bed material in the area of the LWC based
on the following coding (numeric).
0 – Other
1 – Bed Rock
2 – Large Stones
3 – Gravel
4 – Sand
5 – Silt
6 – Clay
Bank Protection: Enter “Y” if bank protection measures are present and “N” if not present.
Owner: Enter the agency responsible for the construction or replacement of the LWC.
Maintenance Responsibility: Enter the agency responsible for the maintenance of the LWC.
Special Access: Enter if special access is required to inspect the LWC.
Inventory Comments: Enter any comments relating to the inventory of the LWC.
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Illinois LWC Inventory Report

Date:

LID:

LWC type:

County:

Route:

No. of Lanes:

Stream:

Skew angle:

Year Built:

Contract No:

GPS Coordinates:
Description:

Maximum Span Design:

No. of Pipes/Spans:

Maximum Span Material Used:
Depth of Cover:

Size of opening:

Signage:

Restrictions on vehicles allowed:

Stream Bed Material:

Bank Protection:

Owner:
Maintenance Responsibility:

Special Access:
Inventory Comments:
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LWC Inspection
Low‐water crossings require routine inspection and maintenance to achieve their design service life.
Regular inspection of the LWC structures can help in identifying and correcting the minor problems,
thus significantly reducing the risk to public safety and saving the repair or replacement costs.
Inspections also help in identifying the long‐term maintenance requirements.
A complete inspection of the LWC should be performed, which should include the channel running
through the LWC, approach roads and crossing surface, embankments, guardrails, etc. The inspection
of LWCs should consider (i) structural integrity, (ii) hydraulic performance and (iii) roadside
compatibility to make sure that the structure is functioning well (Beaver & Richie, 2016).
i) Structural Integrity: LWCs should be inspected for any structural or material problems,
including presence of cracks, corrosion of the pipes. Indirect as well as direct evidences of
potential structure failure should be noted down and maintenance should be done to prevent
the road closure.
ii) Hydraulic Performance: LWCs in inspection should be checked for hydraulic performance
including adequacy in water conveyance. Inadequate hydraulic performance may result in
safety hazards such as flooding of adjacent areas, failure of embankment, erosion of sediment
from downstream side, etc.
iii) Roadside Compatibility: It includes the condition and safety of the roadway of the LWC. The
roadway above the culverts or pipes in vented fords and low‐water bridge and the crossing
surface in unvented fords should be inspected for approach dip, abrupt drop offs, steep
embankment, etc. which may cause safety issues to the passengers using the LWC.
The inspector should assess the LWCs based on the inspection schedule which takes into account the
size of the openings in vented ford, condition rating of the structure, age of the structure, ADT,
environmental conditions and special considerations such as AOP. A four‐tier inspection system is
suggested per Beaver & Richie (2016), which includes:
i) Initial Inspection: This is the first of inventory inspection of the LWC, typically performed after
the completion of the LWC construction. The information collected at this time serves as the
baseline for the future information comparisons.
ii) Routine Inspection: It is performed on a defined time interval, and this inspection is used to
document the condition of the LWC over its lifetime.
iii) Special Inspection: It is performed to monitor special distress situations in the LWC or in‐depth
review by a qualified inspector, in addition to the routing inspection.
iv) Damage Inspection: It is performed to assess the damage to the structure after flooding
events, accidents, etc.
It is recommended to perform routine inspections at least every 5 years.
The revised condition rating system from FHWA Culvert Inspection Manual (Arnoult, 1986), as given
in Beaver & Richie (2016) is given in Table 1. The rating system is based on a scale of 1‐5, with rating
of 1 indicating a good (like new) component and a rating of 5 indicating failure of component. These
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ratings are based on the comparison between existing condition and the as‐designed condition. The
poorest rating should be selected while describing the condition of a LWC component, and
appropriate action should be taken to improve its condition as given in Table I.1.
Table I.1: Rating Scale and Associated Action
RATING SCALE AND ASSOCIATED ACTION
2
3
4
FAIR
POOR
CRITICAL
Very poor
Significant
conditions
Like new, with Some
deterioration
that indicate
little or no
deterioration,
and/or
possible
deterioration, but
functional
imminent
structurally
structurally
inadequacy,
failure which
sound and
sound and
requiring
could
functionally
functionally
maintenance or
threaten
adequate.
adequate.
repair.
public
safety.
No immediate
Corrective
Team Leader
action is
action is
recommended, (Inspector)
required and
evaluates need
No action is
but more
urgent.
for corrective
recommended. frequent
Engineering
Note in
inspection may action and
evaluation is
inspection
be warranted. makes
required to
Maintenance
recommendation
report only.
specify
in inspection
personnel
appropriate
report.
should be
repair.
informed.
1
GOOD

CONDITION

ACTION
INDICATED

5
FAILED

Failed or
nonfunctional
condition.

Emergency
action is
required to
address
public safety
hazard.
Roadway
closure is
typical.

References
Arnoult, J.D., 1986. Culvert inspection manual. US Department of Transportation, Federal Highway
Administration, Report# FHWA‐IP‐86‐2.
Beaver, J.L., Richie, M.C., 2016. Culvert and storm drain system inspection manual. Transportation
Research Board.
NYDOT, 2006. Culvert Inventory and Inspection Manual. New York State Department of
Transportation.

141

