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Introduction 

Work zone traffic management requires consideration of both normal conditions and potential 

emergencies. When a main road or bridge is under construction, communities are often dependent on 

minor roads that are vulnerable to adverse events such as floods, landslides, or forest fires. If an adverse 

event does occur, in some cases construction can be halted and the main route put back into service 

to help first responders and the public address the emergency. In other situations, temporary facilities 

must be established to provide access to the stricken area, support evacuations, or allow traffic to 

bypass damaged facilities. Waterway crossings are often required on these temporary routes.      

Although bridges and culverts are usually the preferred methods for crossing a waterway, there are 

situations where a low-water crossing (LWC), also called a ford, is an acceptable and expeditious way 

to provide temporary or alternate access to a hard-to-reach area. LWCs accommodate low-volume, 

low-speed traffic by allowing shallow water to pass over the road surface. They are especially suitable 

for situations where the waterway is expected to be dry (or nearly so) at the time the temporary route 

is needed. LWCs can often provide temporary access to a community that would otherwise be 

unreachable by road or accessible only via a lengthy detour.  

Most LWCs are firm surfaces or shallow culvert-like structures that allow motor vehicles to cross a 

shallow waterway or dry creek bed. An example is shown in Figure 1. As discussed in more detail in 

the next section, there are three main types of LWC: unvented fords, gabion fords, and vented fords. 

Water normally flows over an unvented ford, through a bed of large stones at a gabion ford, or through 

a set of parallel culverts at a vented ford. After major storms, water flows both through and over gabion 

fords and vented fords. Under normal conditions the driving surface is often wet at an unvented ford 

but remains dry at a gabion ford or vented ford. 

 
© Weston Beggard (Geograph) / Wikimedia Commons / CC BY-SA 2.0 

Figure 1. Unvented LWC and water depth marker. 

https://www.geograph.org.uk/profile/2239
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/2.0/deed.en
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LWCs can sometimes be incorporated into the overall staging plan for a construction project to make 

it easier for the contractor to transfer equipment and materials from one side of the jobsite to the 

other. In the context of this brochure, their main purpose is to provide temporary access or emergency 

access to areas that would otherwise be impacted by construction. Thus, there are two main 

applications for LWCs as a resilience strategy during roadway construction: 

• To provide planned access to a remote area that will be affected by construction. 

• To provide unplanned emergency access to an area that has unexpectedly been cut off by the 

combination of road construction and an adverse event. 

LWCs are sometimes restricted to certain types of traffic, such as emergency vehicles only. For example, 

the hypothetical routes shown in Figure 2 illustrate the importance of a temporary LWC that could 

provide emergency access to part of a community during a bridge replacement project. While general 

traffic would be expected to use a long detour to avoid the bridge closure, day-to-day use of a LWC 

bypassing the closure might be restricted to emergency services personnel (police, fire, and emergency 

medical services) based north of the construction site. This would provide resilience in case the area 

south of the construction site needs to be reached quickly by first responders.  

 
Base image source: © 2022 Google Maps 

Figure 2. Use of a temporary LWC can reduce emergency response time when bridges are out of 

service.  

In this example, the response time from a village to a nearby resort would be about 2 minutes with a 

temporary LWC (Figure 2a). Without the LWC, it would take a responder about 23 minutes to reach 

the resort using back roads (Figure 2b) or 37 minutes via main roads (not shown).  

In the highly floodable area illustrated in Figure 2, installing an LWC might also provide resilience to 

climate-related disasters by speeding up resident evacuation in case of impending high water. The 

LWC would effectively provide additional evacuation options: without the LWC, residents north of the 
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construction site would be limited to evacuating to the north, and residents south of the site would 

only be able to evacuate to the south or west.  

Emergency construction of unplanned LWCs can provide temporary access to facilitate rescue and 

recovery after an adverse event such as a flood or forest fire. In general, this involves building a shallow 

unvented ford using gravel, timbers, construction mats, or the bagged-aggregate technique, which is 

described in a separate brochure in this series. 

Types of Low-Water Crossings 

There are three main types of low-water crossings: 

Unvented fords (also called drifts) are a type of LWC used mainly to cross shallow waterways or dry 

streambeds, especially sites with limited or intermittent water flow. An unvented ford crossing a 

shallow waterway is shown in Figure 3. Unvented fords are suitable for waterways without fish and 

could also be considered in situations where the project will be completed during a time of year when 

aquatic species are not present at the site. In some cases, gaps can be provided in the driving surface 

to allow passage of minnows. 

 
© Michael Ely (Geograph) / Wikimedia Commons / CC BY-SA 2.0 

Figure 3. Unvented ford.  

Gabion fords are structures comprised of large stones placed in wire-mesh baskets (Clarkin et al. 2006), 

as shown in Figure 4. Under normal conditions, water flows through the stones; during major storms, 

water can also flow over the gabion baskets and road surface. This type of LWC does not support fish 

passage. Gabion fords are particularly useful for crossing broad, shallow runoff channels, such as sheets 

of water flowing off a hillside or impervious surface. 

 
U.S. Department of Agriculture, Forest Service 

Figure 4. Gabion ford on an intermittent waterway.  

https://www.geograph.org.uk/profile/3464
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/2.0/deed.en
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Vented fords are culvert-like structures, as shown in Figure 5 and Figure 6. Drainage pipes allow water 

to flow under the road during normal weather. During very wet weather, water flows over the roadway. 

This keeps traffic out of the water most of the time. Vented fords are particularly suitable for 

entrenched waterways, or locations where the water ordinarily flows in trench-like channel. Properly 

designed vented fords can support fish passage, provided that the ordinary water depth in the pipes 

is sufficient for the species found at the site. 

 
Johannssen 2008 / © 2008 ILO, https://www.ilo.org/asia/publications/WCMS_100216/lang--en/index.htm 

Figure 5. Vented ford.  

 
U.S. Department of Agriculture, Forest Service 

Figure 6. Upstream side of a vented ford. 

Site Selection 

LWCs are usually used in locations where the amount of water crossing the roadway cannot be handled 

with a trench drain (French drain) and the elevation difference between the waterway and the driving 

surface is not sufficient for a culvert. This can occur, for example, when an expedient roadway needs 

to be established without building up a roadbed, such as in the scenario depicted in Figure 7. 

https://www.ilo.org/asia/publications/WCMS_100216/lang--en/index.htm


5 

 
U.S. Department of Agriculture, Forest Service 

Figure 7. Temporary unvented ford built from Jersey barriers and rock backfill in response to a 

wildfire (California, 2004). 

LWCs are usually designed to limit the depth of the water above the driving surface to less than 6 in. 

during normal weather, which is approximately the wading depth for a typical sedan. Additional 

information about vehicle wading depth can be found at the end of this brochure. 

As with all cross-drainage structures, it is important to select the location for the temporary LWC 

judiciously. Important factors include the slope of the approaches to the waterway, the stability of the 

streambed, right-of-way availability, and the ease of connecting to existing roads. Other important 

considerations include the water flow rate and speed (normally and during storms) and the possible 

need to provide passage for fish and other aquatic species. When locating a temporary LWC, balancing 

the various considerations may involve some trade-offs. For example, it is often possible to fit an LWC 

within the existing right-of-way adjacent to a bridge that is being replaced, but the approach slopes 

might be more favorable at an alternate site. 

Additional site selection criteria are as follows (Johannessen 2008): 

• If possible, the angle between the centerline of the road and the flow of the water should be close 

to 90°, and the site should be on a straight length of the stream (Figure 8). 

• Avoid locations where there are signs of scouring or silting.  

• A crossing with gentle side slopes is optimal so that the slope of the approach roads can be 5% or 

less. 

• Preferably, the site should be on a straight road. 

• The length and elevation of the LWC should match the natural channel so that it does not act as a 

dam.  
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Johannssen 2008 / © 2008 ILO, https://www.ilo.org/asia/publications/WCMS_100216/lang--en/index.htm 

Figure 8. Preferred waterway crossing angle. 

The material used for the driving surface should be selected based on the anticipated velocity of the 

flowing water and the required service life for the LWC. The following should be considered: 

• If a temporary LWC will only be used for just a few weeks and the water flow is relatively gentle, 

an unvented ford with a gravel running surface could be the lowest-cost option. 

• To reduce lateral gravel movement, a gravel running surface can be enhanced with geocell grid, a 

plastic honeycomb that is expanded on site and backfilled with gravel. The use of geocell grid is 

shown in Figure 9 and Figure 10.  

• For unvented fords, the stability of the driving surface can be enhanced by using timbers or bagged 

aggregate (described in a separate brochure in this series) for the sub-base. Since timbers and 

aggregate bags are slippery when wet, a surface course of gravel, asphalt, concrete, paving blocks, 

or similar materials is desirable.   

• Concrete slabs or pavers are often preferred for permanent unvented fords, especially those prone 

to scour from flash flooding. Gaps between the slabs or pavers can sometimes accommodate the 

passage of minnows and other small aquatic species. 

• Several brands of proprietary prefabricated tied concrete block revetment are available for 

unvented fords requiring rapid deployment. These products are often sold in rolls or large mats 

that consist of a matrix of pre-positioned concrete paver blocks that are permanently attached to 

a grid of wires, ropes, or bands.  

• Vented fords allow passage of fish, amphibians, and other small aquatic species, as illustrated in 

Figure 11. For wildlife health, it is desirable to preserve the natural channel as much as possible 

(Singler et al. 2012). Culverts that are undersized, too shallow, or perched above the natural stream 

elevation should be avoided. 

https://www.ilo.org/asia/publications/WCMS_100216/lang--en/index.htm
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© Zwiadowca21 (Radosław Drożdżewski) / Wikimedia Commons / CC BY-SA 3.0  

Figure 9. Geocells can reduce erosion of gravel-surfaced low-water crossings. 

 
U.S. Department of Agriculture, Forest Service  

Figure 10. Geocells partially exposed by traffic and water movement. 

 
Missouri Office of Administration 

Figure 11. Typical vented ford. 

Traffic Control Devices 

If an LWC will remain in service for more than a few days, Type III barricades and appropriate signs 

should be kept nearby so that the LWC can be closed to traffic in case of heavy flooding or fast-moving 

water. This equipment includes barricades and ROAD CLOSED (R11-2) signs for both sides of the LWC.  

ROAD CLOSED AHEAD (W30-3) signs should be provided to give advance notice of the closure on the 

approaching roadways. A water depth marker, as shown in Figure 1, should also be provided. 

https://commons.wikimedia.org/wiki/User:Zwiadowca21
https://commons.wikimedia.org/
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Special Considerations for Emergency LWCs 

When possible, an LWC should be planned as part of the overall design for a construction project. This 

will provide sufficient time for consideration of all relevant structural, hydraulic, and environmental 

factors and for the acquisition of any required real estate or temporary access rights.  

LWCs implemented as emergency measures are generally installed quickly using low-cost, locally 

available materials such as gravel. In these cases, agencies generally act under emergency powers that 

temporarily override some aspects of the design and permitting process. In these situations, it is 

generally preferable to make sure that the LWC can easily be removed (and the site restored to its 

prior condition) after the emergency situation has been resolved.  

Additional design and legal considerations are discussed in the Expedient Roads and Trails Overview 

brochure in this series. Also see the references listed below. 

Vehicle Wading Depth 

The maximum depth of the water a vehicle can drive through is called its wading depth. Wading depth 

is vehicle-specific and is affected by vehicle characteristics such as weight, ground clearance, tire size, 

and the location of the air intake. 

According to the U.S. National Weather Service, 6 in. of water will reach the bottom of most sedans, 

12 in. of water will float many vehicles, and 24 in. of rushing water can carry away most vehicles, 

including sport utility vehicles (SUVs) and pickup trucks (NOAA n.d.).  

An automotive industry source reports that typical wading depths (in stationary or slow-moving water) 

are 6 to 8 in. (100 to 200 mm) for sedans, 8 to 16 in. (200 to 400 mm) for crossovers, and 16 to 30 in. 

(400 to 760 mm) for most SUVs and pickup trucks (Nissan Motor Corporation 2019). 
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Disclaimers 

This material is based upon work supported by the U.S. Department of Transportation under 

Cooperative Agreement No. 693JJ31750003. 

Any opinions, findings and conclusions or recommendations expressed in this publication are those of 

the author(s) and do not necessarily reflect the view of the U.S. Department of Transportation. This 

publication does not constitute a national standard, specification, or regulation. 

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers’ 

names appear in this document only because they are considered essential to the objective of the 

document.  
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