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1. LEVEE CONSTRUCTION METHODS 

 

1.1 CLASSIFICATION OF METHODS 

 

1.1.1 LEVEE EMBANKMENTS classified according to construction methods used are 

listed in Table 7-1 for levees composed of impervious and semipervious materials (i.e., 

those materials whose compaction characteristics are such as to produce a well-defined 

maximum density at a specific optimum water content). While the central portion of the 

embankment may be Category I (compacted) or II (semicompacted), riverside and 

landside berms (for seepage or stability purposes) may be constructed by Category II or 

III (uncompacted) methods. 

 

1.1.2 PERVIOUS LEVEE FILL consisting of sands or sands and gravels may be placed 

either in the dry with normal earthmoving equipment or by hydraulic fill methods. Except 

in seismically active areas or other areas requiring a high degree of compaction, 

compaction by vibratory means other than that afforded by tracked bulldozers is not 

generally necessary. Where underwater placement is required, it can best be 

accomplished with pervious fill using end-dumping, dragline, or hydraulic means, 

although fine-grained fill can be so placed if due consideration is given to the low 

density and strength obtained using such materials. 

 
  



 

©  J. Paul Guyer    2018                                                                            2 
 

2. FOUNDATION PREPARATION AND TREATMENT 

 

2.1 GENERAL. Minimum foundation preparation for levees consists of clearing and 

grubbing, and most levees will also require some degree of stripping. Clearing, 

grubbing, stripping, the disposal of products therefrom, and final preparation are 

discussed in the following paragraphs. 

 

2.2 CLEARING. Clearing consists of complete removal of all objectionable and/or 

obstructional matter above the ground surface. This includes all trees, fallen timber, 

brush, vegetation, loose stone, abandoned structures, fencing, and similar debris. The 

entire foundation area under the levee and berms should be cleared well ahead of any 

following construction operations. 

 

2.3 GRUBBING. Grubbing consists of the removal, within the levee foundation area, of 

all stumps, roots, buried logs, old piling, old paving, drains, and other objectional matter. 

Grubbing is usually not necessary beneath stability berms. Roots or other intrusions 

over 38.1 mm (1-1/2 in.) in diameter within the levee foundation area should be 

removed to a depth of 0.91 m (3 ft) below natural ground surface. Shallow tile drains 

sometimes found in agricultural areas should be removed from the levee foundation 

area. The sides of all holes and depressions caused by grubbing operations should be 

flattened before backfilling. Backfill, consisting or material similar to adjoining soils, 

should be placed in layers up to the final foundation grade and compacted to a density 

equal to the adjoining undisturbed material. This will avoid “soft spots” under the levee 

and maintain the continuity of the natural blanket. 

 

2.4 STRIPPING. After foundation clearing and grubbing operations are complete, 

stripping is commenced. The purpose of stripping is to remove low growing vegetation 

and organic topsoil. The depth of stripping  
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Table 7-1 

Classification According to Construction Method of Levees Composed of Impervious 

and Semipervious Materials 
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is determined by local conditions and normally varies from 152.4 to 304.8 mm (6 to 12 

in.) Stripping is usually limited to the foundation of the levee embankment proper, not 

being required under berms. All stripped material suitable for use as topsoil should be 

stockpiled for later use on the slopes of the embankment and berms. Unsuitable 

material must be disposed of by methods described in the next paragraph. 

 

2.5 DISPOSAL OF DEBRIS. Debris from clearing, grubbing, and stripping operations 

can be disposed of by burning in areas where this is permitted. When burning is 

prohibited by local regulations, it needs to be disposed of in an environmentally 

approved manner. 

 

2.6 EXPLORATION TRENCH. An exploration trench (often termed “inspection trench”) 

should be excavated under all levees unless special conditions as discussed later 

warrant its omission. The purpose of this trench is to expose or intercept any 

undesirable underground features such as old drain tile, water or sewer lines, animal 

burrows, buried logs, pockets of unsuitable material, or other debris. The trench should 

be located at or near the centerline of hauled fill levees or at or near the riverside toe of 

sand levees so as to connect with waterside impervious facings. Dimensions of the 

trench will vary with soil conditions and embankment configurations. Backfill should be 

placed only after a careful inspection of the excavated trench to ensure that seepage 

channels or undesirable material are not present; if they are, they should be dug out 

with a base of sufficient width to allow backfill compaction with regular compaction 

equipment. To backfill narrower trenches properly, special compaction procedures 

and/or equipment will be required. Trenches should have a minimum depth of 1.83 m (6 

ft) except for embankment heights less than 1.83 m (6 ft), in which case the minimum 

depth should equal the embankment height. Exploration trenches can be omitted where 

landside toe drains beneath the levee proper constructed to comparable depths are 

employed (toe drains are discussed in more detail later in this chapter). 

 

2.7 DEWATERING. Dewatering levee foundations for the purpose of excavation and 

back filling in the dry is expensive if more than simple ditches and sumps are required, 
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and is usually avoided if at all possible. The cost factor may be an overriding 

consideration in choosing seepage control measures other than a compacted cutoff 

trench, such as berms, blankets, or relief wells. Where a compacted cutoff trench 

involving excavation below the water table must be provided, dewatering is essential.  

 

2.8 FINAL FOUNDATION PREPARATION. Soft or organic spots in the levee 

foundation should be removed and replaced with compacted material. Except in special 

cases where foundation surfaces are adversely affected by remolding (soft foundations 

for instance), the foundation surface upon or against which fill is to be placed should be 

thoroughly broken up to a depth of at least 152.4 mm (6 in.) prior to the placement of 

the first lift of fill. This helps to ensure good bond between the foundation and fill and to 

eliminate a plane of weakness at the interface. The foundation surface should be kept 

drained and not scarified until just prior to fill placement in order to avoid saturation from 

rainfall. 
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3. METHODS OF IMPROVING STABILITY 

 

3.1 GENERAL. Levees located on foundation soils that cannot support the levee 

embankment because of inadequate shear strength require some type of foundation 

treatment if the levee is to be built. Foundation deposits that are prone to cause 

problems are broadly classified as follows: (1) very soft clays, (2) sensitive clays, (3) 

loose sands, (4) natural organic deposits, and (5) debris deposited by man. Very soft 

clays are susceptible to shear failure, failure by spreading, and excessive settlement. 

Sometimes soft clay deposits have a zone of stronger clay at the surface, caused by 

dessication, which if strong enough may eliminate the need for expensive treatment. 

Sensitive clays are brittle and even though possessing considerable strength in the 

undisturbed state, are subject to partial or complete loss of strength upon disturbance. 

Fortunately, extremely sensitive clays are rare. Loose sands are also sensitive to 

disturbance and can liquefy and flow when subjected to shock or even shear strains 

caused by erosion at the toe of slopes. Most organic soils are very compressible and 

exhibit low shear strength. The physical characteristics and behavior of organic deposits 

such as peat can sometimes be predicted with some degree of accuracy. Highly fibrous 

organic soils with water contents of 500 percent or more generally consolidate and gain 

strength rapidly. The behavior of debris deposited by man, such as industrial and urban 

refuse, is so varied in character that its physical behavior is difficult, if not impossible, to 

predict. The following paragraphs discuss methods of dealing with foundations that are 

inadequate for construction of proposed levees. 

 

3.2 EXCAVATION AND REPLACEMENT. The most positive method of dealing with 

excessively compressible and/or weak foundation soils is to remove them and backfill 

the excavation with suitable compacted material. This procedure is feasible only where 

deposits of unsuitable material are not excessively deep. Excavation and replacement 

should be used wherever economically feasible. 

 

3.3 DISPLACEMENT BY END DUMPING. 

 



 

©  J. Paul Guyer    2018                                                                            7 
 

3.3.1 FREQUENTLY LOW LEVEES must be constructed across sloughs and stream 

channels whose bottoms consist of very soft fine-grained soils (often having high 

organic content). Although the depths of such deposits may not be large, the cost of 

removing them may not be justified, as a levee of adequate stability can be obtained by 

end-dumping fill from one side of the slough or channel, pushing the fill over onto the 

soft materials, and continually building up the fill until its weight displaces the foundation 

soils to the sides and front. By continuing this operation, the levee can finally be brought 

to grade. The fill should be advanced with a V-shaped leading edge so that the center of 

the fill is most advanced, thereby displacing the soft material to both sides. A wave of 

displaced foundation material will develop (usually visible) along the sides of the fill and 

should not be removed. A disadvantage of this method is that all soft material may not 

be displaced which could result in slides as the embankment is brought up and/or 

differential settlement after construction. Since this type of construction produces 

essentially uncompacted fill, the design of the levee section should take this into 

account. 

 

3.3.2 WHEN THIS METHOD OF FOUNDATION treatment is being considered for a 

long reach of levee over unstable areas such as swamps, the possibility of facilitating 

displacement by blasting methods should be evaluated. Blasters’ Handbook presents 

general information on methods of blasting used to displace soft materials. 

 

3.3.3 THE END-DUMPING METHOD is also used to provide a working platform on soft 

foundation soils upon which construction equipment can operate to construct a low 

levee. In this case, only enough fill material is hauled in and dozed onto the foundation 

to build a working platform or pad upon which the levee proper can be built by 

conventional equipment and methods. Material forming the working platform should not 

be stockpiled on the platform or a shear failure may result. Only small dozers should be 

used to spread and work the material. Where the foundation is extremely weak, it may 

be necessary to use a small clamshell to spread the material by casting it over the area. 

 

3.4 STAGE CONSTRUCTION. 
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3.4.1 GENERAL. Stage construction refers to the building of an embankment in stages 

or intervals of time. This method is used where the strength of the foundation material is 

inadequate to support the entire weight of the embankment, if built continuously at a 

pace faster than the foundation material can drain. Using this method, the embankment 

is built to intermediate grades and allowed to rest for a time before-placing more fill. 

Such rest periods permit dissipation of pore water pressures which results in a gain in 

strength so that higher embankment loadings may be supported. Obviously this method 

is appropriate when pore water pressure dissipation is reasonably rapid because of 

foundation stratification resulting in shorter drainage paths. This procedure works well 

for clay deposits interspersed with highly pervious silt or sand seams. However, such 

seams must have exits for the escaping water otherwise they themselves will become 

seats of high pore water pressure and low strengths (pressure relief wells can be 

installed on the landside to increase the efficiency of pervious layers in foundation 

clays). Initial estimates of the time required for the needed strength gain can be made 

from results of consolidation tests and study of boring data. Piezometers should be 

installed during construction to monitor the rate of pore water dissipation, and the 

resumption and rate of fill placement should be based on these observations, together 

with direct observations of fill and foundation behavior. Disadvantages of this method 

are the delays in construction operation, and uncertainty as to its scheduling and 

efficiency. 

 

3.4.2 PREFABRICATED VERTICAL (WICK) DRAINS. If the expected rate of 

consolidation under stage construction is unacceptably slow, it may be increased by the 

use of prefabricated vertical (wick) drains. Such drains are geotextile wrapped plastic 

cores that provide open flowage areas in the compressible stratum. Their purpose is to 

reduce the length of drainage paths, thus speeding up primary consolidation. The wick 

drains are very thin and about 101.6 mm (4 in.) wide. They can be pushed into place 

through soft soils over 30.5 m (100 ft) deep. Before the drains are installed, a sand 

drainage blanket is placed on the foundation which serves not only to tie the drains 

together and provide an exit for escaping pore water, but as a working platform as well. 
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This drainage blanket should not continue across the entire base width of the 

embankment, but should be interrupted beneath the center. 

 

3.5 DENSIFICATION OF LOOSE SANDS. The possibility of liquefaction of loose sand 

deposits in levee foundations may have to be considered. Since methods for densifying 

sands, such as vibroflotation, are costly, they are generally not considered except in 

locations of important structures in a levee system. Therefore, defensive design 

features in the levee section should be provided, such as wider levee crest, and flatter 

slopes. 
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4. EMBANKMENT CONSTRUCTION CONTROL 

 

4.1 CONSTRUCTION CONTROL OF LEVEES may present somewhat different 

problems from that of dams because: 

 

4.1.1 CONSTRUCTION OPERATIONS may be carried on concurrently along many 

miles of levee, whereas the majority of dams are less than about 0.8 km (0.5 mile) in 

length and only in a few cases are dams longer than 4.8 km (3 miles). This means that 

more time is needed to cover the operations on many levee jobs. 

 

4.1.2 WHILE INSPECTION STAFF AND testing facilities are located at the damsite, 

levee inspection personnel generally operate out of an area office which may be a 

considerable distance from the levee project. 

 

4.1.3 THERE ARE FREQUENTLY FISCAL restraints which prevent assigning an 

optimum number of inspectors on levee work or even one full-time inspector on small 

projects. Under these conditions, the inspectors used must be well-trained to observe 

construction operations, minimizing the number of field density tests in favor of devoting 

more time to visual observations, simple measurements, and expedient techniques of 

classifying soils, evaluating the suitability of their water content, observing behavior of 

construction equipment on the fill, and indirectly assessing compacted field densities. 

 

4.2 ALTHOUGH IT HAS PREVIOUSLY been stated that only limited foundation 

exploration and embankment design studies are generally needed in areas where levee 

heights are low and foundation conditions adequate  (i.e., no question of levee stability), 

the need for careful construction control by competent inspection exists as well as at 

those reaches where comprehensive investigations and analyses have been made. 

Some of the things that can happen during construction that can cause failure or 

distress of even low embankments on good foundations are given in Table 7-2. 
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Table 7-2 

Embankment Construction Deficiencies 
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5. EMBANKMENT ZONING. As a general rule levee embankments are constructed as 

homogeneous sections because zoning is usually neither necessary nor practicable. 

However, where materials of varying permeabilities are encountered in borrow areas, 

the more impervious materials should be placed toward the riverside of the 

embankment and the more pervious material toward the landside slope. Where required 

to improve underseepage conditions, landside berms should be constructed of the most 

pervious material available and riverside berms of the more impervious materials. 

Where impervious materials are scarce, and the major portion of the embankment must 

be built of pervious material, a central impervious core can be specified or, as is more 

often done, the riverside slope of the embankment can be covered with a thick layer of 

impervious material. The latter is generally more economical than a central impervious 

core and, in most cases, is entirely adequate. 
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6. PROTECTION OF RIVERSIDE SLOPES 

 

6.1 THE PROTECTION NEEDED on a riverside slope to withstand the erosional forces 

of waves and stream currents will vary, depending on a number of factors: 

 

6.1.1 THE LENGTH OF TIME that floodwaters are expected to act against a levee. If 

this period is brief, with water levels against the levee continually changing, grass 

protection may be adequate, but better protection may be required if currents or waves 

act against the levee over a longer period. 

 

6.1.2 THE RELATIVE SUSCEPTIBILITY of the embankment materials to erosion. Fine-

grained soils of low plasticity (or silts) are most erodible, while fat clays are the least 

erodible. 

 

6.1.3 THE RIVERSIDE SLOPE MAY be shielded from severe wave attack and currents 

by timber stands and wide space between the riverbank and the levee. 

 

6.1.4 STRUCTURES RIVERSIDE OF THE LEVEE. Bridge abutments and piers, gate 

structures, ramps, and drainage outlets may constrict flow and cause turbulence with 

resultant scour. 

 

6.1.5 TURBULENCE AND SUSCEPTIBILITY to scour may result if levee alignment 

includes short-radius bends or if smooth transitions are not provided where levees meet 

high ground or structures. 

 

6.1.6 REQUIREMENTS FOR SLOPE protection are reduced when riverside levee 

slopes are very flat as may be the case for levees on soft foundations. Several types of 

slope protection have been used including grass cover, gravel, sand-asphalt paving, 

concrete paving, articulated concrete mat, and riprap, the choice depending upon the 

degree of protection needed and relative costs of the types providing adequate 

protection. 
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6.2 PERFORMANCE DATA ON EXISTING slopes under expected conditions as 

discussed above are invaluable in providing guidance for the selection of the type of 

slope protection to be used. 

 

6.3 SOMETIMES IT MAY BE CONCLUDED that low cost protection, such as grass 

cover, will be adequate in general for a levee reach, but with a realization that there may 

be limited areas where the need for greater protection may develop under infrequent 

circumstances. If the chances of serious damage to the levee in such areas are remote, 

good engineering practice would be to provide such increased protection only if and 

when actual problems develop. Of course, it must be possible to accomplish this 

expeditiously so that the situation will not get out of hand. In any event, high-class slope 

protection, such as riprap, articulated mat, or paving should be provided on riverside 

slopes at the following locations: 

 

6.3.1 BENEATH BRIDGES, SINCE adequate turf cannot be generally established 

because of inadequate sunlight. 

 

6.3.2 ADJACENT TO STRUCTURES passing through levee embankments. 

 

6.4 RIPRAP IS MORE COMMONLY used than other types of revetments when greater 

protection than that afforded by grass cover is required because of the relative ease of 

handling, stockpiling, placement, and maintenance.  Where slopes are composed of 

erodible granular soils or fine-grained soils of low plasticity, a bedding layer of sand and 

gravel or spalls, or plastic filter cloth should be provided beneath the riprap. 

 

6.5 WHEN SUITABLE ROCK IS NOT available within economical haul distances, soil 

cement may provide the most economical slope protection. 
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7. PIPELINES AND OTHER UTILITY LINES CROSSING LEVEES 

 

7.1 GENERAL CONSIDERATIONS 

 

7.1.1 SERIOUS DAMAGE TO LEVEES can be caused by inadequately designed or 

constructed pipelines, utility conduits, or culverts (all hereafter referred to as “pipes”) 

beneath or within levees. Each pipe crossing should be evaluated for its potential 

damage which would negatively impact the integrity of the flood protection system and 

could ultimately lead to catastrophic failure. During high water, seepage tends to 

concentrate along the outer surface of pipes resulting in piping of fill or foundation 

material. High water also results in uplift pressures that may cause buoyancy of some 

structures. Seepage may also occur because of leakage from the pipe. In the case of 

pipes crossing over levees, leakage can cause erosion in the slopes. In addition, loss of 

fill or foundation material into the pipe can occur if joints are open. The methods of pipe 

installation should be understood by the designer to anticipate problems that may occur. 

Some of the principal inadequacies that are to be avoided or corrected are as follows: 

 

7.1.1.1 PIPES HAVING INADEQUATE strength to withstand loads of overlying fill or 

stresses applied by traffic. 

 

7.1.1.2 PIPE JOINTS UNABLE TO accommodate movements resulting from foundation 

or fill settlement. 

 

7.1.1.3  UNSUITABLE BACKFILL materials or inadequately compacted backfill. 

 

7.1.1.4 HIGH PRESSURES FROM DIRECTIONAL drilling that could result in hydro-

fracturing the surrounding materials. 

 

7.1.2 SOME STATE AND LOCAL LAWS prohibit pipes from passing through or under 

certain categories of levees. As a general rule, this should not be done anyway, 

particularly in the case of pressure lines. However, since each installation is unique, 



 

©  J. Paul Guyer    2018                                                                            16 
 

pipes in some instances may be allowed within the levee or foundation. Major factors to 

be considered in deciding if an existing pipe can remain in place under a new levee or 

must be rerouted over the levee, or if a new pipe should be laid through or over the 

levee are as follows: 

 The height of the levee. 

 The duration and frequency of high water stages against the levee. 

 The susceptibility to piping and settlement of levee and foundation soils. 

 The type of pipeline (low or high pressure line, or gravity drainage line). 

 The structural adequacy of existing pipe and pipe joints, and the adequacy of the 

backfill compaction. 

 The feasibility of providing closure in event of ruptured pressure lines, or in the 

event of failure of flap valves in gravity lines during high water. 

 The ease and frequency of required maintenance. 

 The cost of acceptable alternative systems. 

 Possible consequences of piping or failure of the pipe. 

 Previous experience with the owner in constructing and maintaining pipelines. 

 

General criteria for pipes crossing levees are given in Table 8-1. 
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Table 8-1 

Criteria for Pipelines Crossing Levees 

 

7.2  GENERAL CONSIDERATIONS FOR PIPELINES CROSSING THROUGH OR 

UNDER LEVEES 

 

7.2.1 GENERAL. As has been noted previously, it is preferable for all pipes to cross 

over a levee rather than penetrate the embankment or foundation materials. This is 

particularly true for pipes carrying gas or fluid under pressure. Before consideration is 

given to allowing a pressure pipe (and possibly other types of pipe) to extend through or 

beneath the levee, the pipe owner should provide an engineering study to support his 

request for such installation. The owner, regardless of the type of pipe, should show 

adequate capability to properly construct and/or maintain the pipe. Future maintenance 

of pipe by the owner must be carefully evaluated. It may be necessary to form an 
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agreement to the effect that should repairs to a pipe in the levee become necessary, the 

pipe will be abandoned, sealed, and relocated over the levee. 

 

7.2.2 EXISTING PIPES 

 

7.2.2.1 ALL EXISTING PIPELINES must be located prior to initiation of embankment 

construction. As previously noted, inspection trenches may reveal abandoned pipes not 

on record. It is preferable that all abandoned pipes be removed during grubbing 

operations and the voids backfilled. Any existing pipe should meet or be made to meet 

the criteria given in Table 8-1. If this is not feasible and removal is not practical, they 

should be sealed, preferably by completely filling them with concrete. Sealed pipes must 

also meet the criteria given in Table 8-1 relating to prevention of seepage problems. 

 

7.2.2.2 IN GENERAL, EXISTING PRESSURE PIPES should be relocated over the 

proposed new levee. Rupture or leakage from such pipes beneath a levee produces 

extremely high gradients that can have devastating effects on the integrity of the 

foundation. Therefore, as indicated by the criteria in Table 8-1, it is imperative that 

pressure pipes be fitted with rapid closure valves or devices to prevent escaping gas or 

fluid from damaging the foundation. 

 

7.2.2.3 ALTHOUGH GRAVITY DRAINAGE lines may be allowed or even required after 

the levee is completed, it is likely that existing pipes will not have sufficient strength to 

support the additional load induced by the embankment. Therefore, existing pipes must 

be carefully evaluated to determine their supporting capacity before allowing their use in 

conjunction with the new levee. 

 

7.2.3 NEW PIPELINES. Generally, the only new pipelines allowed to penetrate the 

foundation or embankment of the levee are gravity drainage lines. The number of 

gravity drainage structures should be kept to an absolute minimum. The number and 

size of drainage pipes can be reduced by using such techniques as ponding to reduce 

the required pipe capacity. 
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7.3 GENERAL CONSIDERATIONS FOR PIPELINES CROSSING OVER LEVEES. In 

the past the term and concept of freeboard was used to account for hydraulic, 

geotechnical, construction, operation and maintenance uncertainties. Pipelines crossing 

over the levee were encouraged to be within the freeboard zone to reduce or eliminate 

many of the dangers that are inherent with pipelines crossing through the embankment 

or foundation. The term and concept of freeboard to account for these uncertainties is 

no longer used in the design of levee projects. Therefore, since freeboard no longer 

exists, pipes must cross over the completed levee cross section. Problems do exist, 

however, with pipelines crossing over the levee. These pipes must be properly designed 

and constructed to prevent (a) flotation if submerged, scouring or erosion of the 

embankment slopes from leakage or currents, and (c) damage from debris carried by 

currents, etc. In some areas climatic conditions will require special design features. 

Guidance on design methods and construction practices will be given later in this 

chapter. 

 

7.4 PIPE SELECTION 

 

7.4.1 THE SELECTION OF A TYPE of pipe is largely dependent upon the substance it 

is to carry, its performance under the given loading, including expected deflections or 

settlement, and economy. Although economy must certainly be considered, the 

overriding factor must be safety, particularly where urban levees are concerned. 

 

7.4.2  THE EARTH LOAD ACTING on a pipe should be determined. Consideration 

must also be given to live loads imposed from equipment during construction and the 

loads from traffic and maintenance equipment after the levee is completed. The 

respective pipe manufacturers organizations have recommended procedures for 

accounting for such live loads. These recommended procedures should be followed 

unless the pipe or roadway owners have more stringent requirements. 
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7.4.3 REQUIRED STRENGTHS FOR standard commercially available pipe should be 

determined by the methods recommended by the respective pipe manufacturers 

organizations. Abrasion and corrosion of corrugated steel pipe should be accounted for 

in design. The design life of a pipe is the length of time it will be in service without 

requiring repairs. The term does not imply the pipe will fail at the end of that time. 

Normally, a design life of 50 years can be economically justified. Corrugated pipe 

should always be galvanized and protected by a bituminous or other acceptable coating 

as outlined in EM 1110-2-2902. Protective coatings may be considered in determining 

the design life of a pipe. 

 

7.4.4 LEAKAGE FROM OR INFILTRATION into any pipe crossing over, through, or 

beneath a levee must be prevented. Therefore, the pipe joints as well as the pipe itself 

must be watertight. For pipes located within or beneath the embankment, the expected 

settlement and outward movement of the soil mass must be considered. Where 

considerable settlement is likely to occur the pipe should be cambered (para 8-7). 

Generally, flexible corrugated metal pipes are preferable for gravity lines where 

considerable settlement is expected. Corrugated metal pipe sections should be joined 

by exterior coupling bands with a gasket to assure watertightness. Where a concrete 

pipe is required and considerable settlement is anticipated, a pressure-type joint with 

concrete alignment collars should be used. The collars must be designed either to resist 

or accommodate differential movement without losing watertight integrity. Where 

settlement is not significant, pressure-type joints capable of accommodating minor 

differential movement are sufficient.  Cast iron and steel pipes should be fitted with 

flexible bolted joints. Steel pipe sections may be welded together to form a continuous 

conduit. All pressure pipes should be pressure tested at the maximum anticipated 

pressure before they are covered and put into use. 

 

7.4.5 DURING THE DESIGN, the potential for electrochemical or chemical reactions 

between the substratum materials or groundwater and construction materials should be 

determined. If it is determined that there will be a reaction, then the pipe and/or pipe 

couplings should be protected. The protective measures to be taken may include the 
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use of cathodic protection, coating of the pipe, or use of a corrosion-resistant pipe 

material. 

 

7.5 ANTISEEPAGE DEVICES 

 

7.5.1 ANTISEEPAGE DEVICES have been employed in the past to prevent piping or 

erosion along the outside wall of the pipe. The term “antiseepage devices” usually 

referred to metal diaphragms (seepage fins) or concrete collars that extended from the 

pipe into the backfill material. The diaphragms and collars were often referred to as 

“seepage rings.” However, many piping failures have occurred in the past where 

seepage rings were used. Assessment of these failures indicated that the presence of 

seepage rings often results in poorly compacted backfill at its contact with the structure. 

 

7.5.2 WHERE PIPES OR CONDUITS are to be constructed through new or existing 

levees: 

 

7.5.2.1 SEEPAGE RINGS or collars should not be provided for the purpose of 

increasing seepage resistance. Except as provided herein, such features should only be 

included as necessary for coupling of pipe sections or to accommodate differential 

movement on yielding foundations. When needed for these purposes, collars with a 

minimum projection from the pipe surface should be used. 

 

7.5.2.2 A 0.45-M (18-IN.) ANNULAR THICKNESS of drainage fill should be provided 

around the landside third of the pipe, regardless of the size and type of pipe to be used, 

where lands ide levee zoning does not provide for such drainage fill. For pipe 

installations within the levee foundation, the 0.45-m (18-in.) annular thickness of 

drainage fill shall also be provided, to include a landside outlet through a blind drain to 

ground surface at the levee toe, connection with pervious underseepage features, or 

through an annular drainage fill outlet to ground surface around a manhole structure. 

Figure 8-1 shows typical sections of drainage structures through levees. Figure 8-2 

shows typical precast conduits through the levee.  
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Figure 8-1 

Typical sections, drainage structures through levees 

 

7.6 CLOSURE DEVICES 

 

7.6.1 ALL PIPES ALLOWED TO PENETRATE the embankment or foundation of a 

levee must be provided with devices to assure positive closure. Gravity lines should be 

provided with flap-type or slide-type service gates on the riverside of the levee. 

Automatic flap-type gates are usually used where the water is likely to rise to the "Gate 

Closing Stage" rather suddenly and where the water stage is likely to fluctuate within a 

few feet above and below the "Gate Closing Stage" for prolonged periods of time during 

flood season. Automatic gates are also required on slower rising streams or bodies of 

water where frequent visits from operating personnel are not practical. 

 

7.6.2 SLIDE-TYPE GATES ARE USUALLY preferred as service gates where the rate 

of rise of the water during major floods is slow, enough (minimum of 12-hr flood 

prediction time) to give ample time for safe operation. The principal advantages of the 
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slide gate in comparison with automatic flap gates are greater reliability of operation and 

the ease with which emergency closure can be made in event obstructions prevent 

closure of the gate. Usually emergency closure can be made by filling the manhole with 

sandbags. The obvious disadvantage of slide type gates is that personnel must be on 

hand for their operation. Also their initial cost is generally greater than that for a flap-

type gate. 

 

Figure 8-2 

Typical precast conduit (levees) 

 

7.6.3 A SLIDE-TYPE GATE with a flap-type gate attachment is often used and affords 

the advantages of automatic flap gate operation with the added safety of the slide-type 

gate. Such installations usually eliminate the need for a supplemental emergency gate 

as described below. 

 

7.6.4 EXPERIENCE HAS SHOWN THAT service gates occasionally fail to close 

completely during critical flood periods because of clogging by debris, mechanical 

malfunctions, or other causes. This, of course, can cause flooding of, the protected 

areas. Supplemental emergency gates are intended to minimize these risks insofar as 

necessary and economically practical. For an emergency gate to be effective it must be 

located so that its controls are accessible during flood stage. Provisions required for 

emergency protection of other areas should be consistent with the risks and cost 

involved. 
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7.6.5 PRESSURE PIPES should be fitted with valves at various stations that can be 

closed rapidly to prevent gas or fluid from escaping within or beneath a levee should the 

pipe rupture within these areas. Provisions for closure of pressure pipes on the water 

side must also be provided to prevent backflow of floodwater into the protected area 

should the pipe rupture. These requirements should generally be followed in other 

areas, but may be relaxed to be consistent with the risks and costs involved. 

 

7.7 CAMBER. The alignment of a gravity structure must be such as to provide for a 

continuous slope toward the outlet. Settlement of the embankment and foundation can 

significantly alter the initial grade line of a pipe. Therefore, the expected settlement of 

the levee must be considered in establishing the initial grade line. If the settlement will 

result in an upward gradient in the direction of flow or not allow the desired gradient to 

be maintained, the pipe should be cambered. The amount of camber required can 

usually be taken as the mirror image of the settlement curve along a line established by 

the final required grade. The camber should then be laid out, preferably as a vertical 

curve, on a grade such that all parts of the pipe will slope toward the outlet when 

installed. If the gradient of the pipe is limited and the camber will initially result in a slope 

away from the outlet, the portion of the pipe from the inlet up to the point of greatest 

load may be installed level. The remaining portion of the pipe is then installed on a 

vertical curve tangent to the first portion of the pipe. Regardless of the type of pipe 

selected, movements at the joints must be considered. 

 

7.8 INSTALLATION REQUIREMENTS 

 

7.8.1 GENERAL. The installation of pipes or other structures within the levee or 

foundation probably requires the greatest care and the closest supervision and 

inspection of any aspect of levee construction. Most failures of levee systems have 

initiated at the soil-structure interface and therefore every effort must be made to ensure 

that these areas are not susceptible to piping. Of overriding importance is good 

compaction of the backfill material along the structure. Pipes installed by open trench 

excavation should be installed in the dry and a dewatering system should be used 
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where necessary. Pipes installed by directional drilling, microtunneling, or other 

trenchless methods require special consideration. 

 

7.8.2 PIPES CROSSING THROUGH OR BENEATH LEVEES 

 

7.8.2.1 THE PREFERRED METHOD of installing pipes within the embankment or 

foundation of a levee has historically been by the open cut method. Preferably, new 

levees should be brought to a grade about 610.8 mm (2 ft) above the crown of the pipe. 

This allows the soil to be preconsolidated before excavating the trench. The trench 

should be excavated to a depth of about 610.8 mm (2 ft) below the bottom of the pipe 

and at least 1.2 m (4 ft) wider than the pipe. The excavated material should be 

selectively stockpiled so that it can be replaced in a manner that will not alter the 

embankment zoning if there is some or will result in the more impervious soils on the 

riverside of the levee. 

 

7.8.2.2 AFTER THE TRENCH HAS BEEN excavated, it should be backfilled to the pipe 

invert elevation. In impervious zones, the backfill material should be compacted with 

mechanical compactors to 95 percent standard density at about optimum water content. 

 

7.8.2.3 FIRST-CLASS BEDDING SHOULD BE USED for concrete pipe and other rigid 

pipe,  except no granular bedding should be used in impervious zones. For flexible pipe, 

the trench bottom should be flat to permit thorough tamping of backfill under the 

haunches of the pipe. Backfill should be compacted to 95 percent standard density at 

about optimum water content. The backfill should be brought up evenly on both sides of 

the pipe to avoid unequal side loads that could fail or move the pipe. Special care must 

be taken in the vicinity of any protrusions such as joint collars to ensure proper 

compaction. Where granular filter material is required, it should be compacted to a 

minimum of 80 percent relative density. In areas where backfill compaction is difficult to 

achieve, flowable, low strength concrete fill has been used to encapsulate pipes in 

narrow trenches. 
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7.8.2.4 IN EXISTING LEVEES, the excavation slopes should be stable, meet OSHA 

criteria, but in no case be steeper than 1V on 1H. The excavated material should be 

selectively stockpiled as was described for new levees. The pipe is installed as 

described in the previous paragraphs. Impervious material within 0.61 m (2 ft) of the 

pipe walls should be compacted to 95 percent standard density at optimum water 

content, with the remainder of the backfill placed at the density and water content of the 

existing embankment. 

 

7.8.2.5 INSTALLATION OF PIPES IN EXISTING levees by directional drilling, 

microtunneling, tunneling or jacking may be considered. It is recognized, that in some 

instances, installation by the open cut method is not feasible or cannot be economically 

justified. Where trenchless methods are allowed, special considerations are required. 

 

7.8.2.6 PIPES UNDER LEVEES. 

 

7.8.2.6.1 GENERAL. PIPES CROSSING beneath levees also require special 

considerations. Such crossings should be designed by qualified geotechnical engineers. 

Pipes constructed with open excavation methods should proceed in accordance with 

the requirements stated in the above paragraph, Pipes Crossing Through or Beneath 

Levees. If directional drilling or other trenchless methods are used, seepage conditions 

may be aggravated by the collapse of levee foundation material into the annular void 

between the bore and pipe. Penetration through the top stratum of fine-grained 

materials may concentrate seepage at those locations. Pipes constructed with 

trenchless methods should proceed only after a comprehensive evaluation of the 

following: comprehensive understanding of the subsurface soil and groundwater 

conditions to a minimum depth of 6.1 m (20 ft) below the lowest pipe elevation, locations 

of the pipe penetration entry and exit, construction procedure, allowable uplift 

pressures, on-site quality control and quality assurance monitoring during construction 

operation, grouting of the pipe annulus, backfilling of any excavated areas, and repair 

and reinstatement of the construction-staging areas.  
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7.8.2.6.2 PIPES INSTALLED BY DIRECTIONAL DRILLING. The pipe entry or exit 

location, when located on the protected (land) side, should be set back sufficiently from 

the land side levee toe to ensure that the pipe penetrates some depth of a pervious 

sand stratum but is no less than 91.5 m (300 ft) from the centerline of the levee crest. 

The pipe entry or exit location, when located on the unprotected (river) side, should be 

located at least 6.1 m (20 ft) riverward of the levee stability control line. This is the 

distance between the river side levee toe and an eroding bank line which will maintain 

the minimum design criteria for slope stability. If directional drilling is to be used, the 

depth of the pipe under the levee should be at a level to maintain an adequate factor of 

safety against uplift from the pressurized drilling fluid during the drilling operation. A 

positive means of maintaining an open vent to the surface should be required whether 

through bored holes or downhole means while installing the drill pipe. The drilling fluid 

should consist of a noncolloidal lubricating admixture to ensure suspension and removal 

of drilling cuttings. The pilot hole should be advanced at a rate to maintain a continuous 

return flow. The annular space should be sufficient to ensure that no blockage occurs 

with the drilling cuttings. The prereamer boring diameter should be of sufficient size to 

ensure that the production pipe can be advanced without delay and undue stress to the 

surrounding soils. The prereamer boring operation should be continuous for the down-

slope and up-slope cutting segments. Excessive drilling fluid pressures can hydraulically 

fracture the levee foundation and levee embankment and should be avoided. Where 

economically feasible, the pipeline should be bored through rock where the pipeline 

crosses the levee centerline. The maximum allowable mud pressure acting against the 

borehole wall should be evaluated using the Delft equation. During construction, the 

actual mud pressure existing in the borehole must be measured by a pressure 

measuring device located on the outside of the drill string no more than 5 ft from the drill 

bit. The drilling operator should be required to monitor these pressures and adjust the 

drilling mud pressure so as not to exceed the maximum pressure determined by Delft 

equation. Where the casing pipe is carrying multiple fibre optic cables and each cable is 

installed within its own HDPE inner duct, the detail shown in Figure 8-3a should be used 

to prevent preferred seepage path (both external and internal). The casing pipe must 

end in the encasements. The directional drilling contract should be required to show 
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proof that all of his pressure sensors and readout devices have been calibrated by a 

national standard within the last 6 months. A full time inspector, not on directional 

drilling contractor’s payroll, should be required to observe the construction. The drilling 

fluid should be processed through an active drilling mud conditioning unit to remove the 

cuttings from the drill fluid and maintain its viscosity. 

 

7.8.3 PIPES CROSSING OVER LEVEES. Pipe crossings on the surface of the levee 

should be designed to counteract uplift of the empty pipe at the design high water stage. 

This may be accomplished by soil cover, anchors, headwalls, etc. All pipes on the 

riverside of the levee should have a minimum of 305 mm (1 ft) of soil cover for 

protection from debris during high water. It is desirable for pipe on the landward side to 

also be covered with soil. Pipes crossing beneath the levee crown should be provided 

with sufficient cover to withstand vehicular traffic. Depth of cover should also be at least 

the depth of local frost protection. Where mounding of soil over the pipe is required, the 

slope should be gentle to allow mowing equipment or other maintenance equipment to 

operate safely on the slopes. The approach ramps on the levee crown should not 

exceed 1V on 10H in order to allow traffic to move safely on the crown. The trenching 

details for pipelines cross-up and over-levees are shown in Figure 8-3b and Figure 8-3c. 

 

7.9 ACCESS ROADS 

 

7.9.1 ACCESS ROAD TO LEVEE. Access roads should be provided to levees at 

reasonably close intervals in cooperation with state and local authorities. These roads 

should be all-weather roads that will allow access for the purpose of inspection, 

maintenance, and flood-fighting operations. 

 

7.9.2  ACCESS ROAD ON LEVEE. Access roads, sometimes referred to as patrol 

roads, should be provided also on top of the levees for the general purpose of 

inspection, maintenance, and flood-fighting operations. This type of road should be 

surfaced with a suitable gravel or crushed stone base course that will permit vehicle 

access during wet weather without causing detrimental effects to the levee or 
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presenting safety hazards to the levee inspection and maintenance personnel. The 

width of the road surfacing will depend upon the crown width of the levee, where 

roadway additions to the crown are not being used, and upon the function of the 

roadway in accommodating either one- or two-way traffic. On levees where county or 

state highways will occupy the crown, the type of surfacing and surfacing width should 

be in accordance with applicable county or state standards. The decision as to whether 

the access road is to be opened to public use is to be made by the local levee agency 

which owns and maintains the levee. 

 

7.9.2.1 TURNOUTS. Turnouts should be used to provide a means for the passing of 

two motor vehicles on a one-lane access road on the levee. Turnouts should be 

provided at intervals of approximately 762 m (2500 ft), provided there are no ramps 

within the reach. The exact locations of the turnouts will be dependent upon various 

factors such as sight distance, property lines, levee alignment, and desires of local 

interests. An example turnout for a levee with a 3.65 m (12-ft) levee crown is shown in 

Figure 8-4. 

 

7.9.2.2 TURNAROUNDS. TURNAROUNDS should be provided to allow vehicles to 

reverse their direction on all levees where the levee deadends, and no ramp exists in 

the vicinity of the deadend. An example turnaround for a levee with a 3.65-m (12-ft) 

crown is shown in Figure 8-5. 
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Figure 8-3 

Details of pipeline levee crossing 
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Figure 8-4 

Example of levee turnout 
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Figure 8-5 

Example of levee turnaround 

 

7.10 RAMPS 

 

7.10.1  RAMPS SHOULD BE PROVIDED at sufficient locations to permit vehicular 

traffic to access onto and from the levee. Ramps may be located on both the landside 

and the riverside of the levee. Ramps on the landside of the levee are provided to 

connect access roads leading to a levee with access roads  at other convenient 

locations to serve landowners who have property bordering the levee. Ramps are also 

provided on some occasions on the riverside of the levee to connect the access road on 

top of the levee with existing levee traverses where necessary. The actual locations of 

the ramps should have the approval of the local levee agency which owns and 

maintains the levee. When used on the riverside of the levee, they should be oriented to 

minimize turbulence during high water. 

 

7.10.2 RAMPS ARE CLASSIFIED as public or private in accordance with their function. 

Public ramps are designed to satisfy the requirements of the levee owner: state, county, 
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township, or road district. Private ramps are usually designed with less stringent 

requirements and maximum economy in mind. Side-approach ramps should be used 

instead of right angle road ramps because of significant savings in embankment. The 

width of the ramp will depend upon the intended function. Some widening of the crown 

of the levee at its juncture with the ramp may be required to provide adequate turning 

radius. The grade of the ramp should be no steeper than 10 percent. Side slopes on the 

ramp should not be less than 1V on 3H to allow grasscutting equipment to operate. The 

ramp should be surfaced with a suitable gravel or crushed stone. Consideration should 

be given to extending the gravel or crushed stone surfacing to the levee embankment to 

minimize erosion in the gutter. In general, private ramps should not be constructed 

unless they are essential and there is assurance that the ramps will be used. Unused 

ramps lead to maintenance neglect. 

 

7.10.3 BOTH PUBLIC AND PRIVATE RAMPS should be constructed only by adding 

material to the levee crown and slopes. The levee section should never be reduced to 

accommodate a ramp. 
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