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ABSTRACT

This report reviews the more accepted or recommended riprap design
metheds currently used to design rock riprap protection against soil erosion
by flowing water. The basic theories used to develop the various methods are
presented. The Riprap Design with Safety Factors Methed is identified as the
logical choice for uranium mill tailings impoundments. This method is
compavred to the other methods and its applicability to the protection
requirements of tailings impoundments is discussed. Other design problems are
identified and investigative studies recommended.






SUMMARY

Pacific Northwest Laboratory (PNL} is studying the mitigation of erosion
through the use of rock revetment, commonly referred to as riprap. This report
reviews the available rock riprap design methods and their development, and
provides a preliminary assessment of their appiicability for long-term protec-
tion of uranium mill tailings impoundments against flood erosion, Other items
regarding the application of riprap {(e.q., placement, causes of failures, rock
gradation, and rock durability) are discussed.

Rock riprap design methods have been developed around the concept of the
initiation of motion of a single particle. Hydrodynamic 1ift and drag are the
primary forces acting on a rock particle subjected to flowing water. The sub-
merged weight of the particle resists these forces. When motion of an indi-
vidual rock is about to occur, the 1lift and drag forces are just balanced by
the resisting force {submerged weight) of the rock. This is the condition of
incipient motion. Three basic approaches are used by engineers to explain and
describe the beginning of particle motion: 1) critical velocity approach,

2) critical shear stress approach, and 3) 1ift force mechanism.

The critical velocity approach considers a force balance on a rock
particle where the flow imposes both a 1ift and drag force that tends to dis-
lodge and entrain the particle. This approach lacks a good definition of an
appropriate velocity and its measurement.

The critical shear stress approach considers a force balance on a water
prism and the resulting shear force over the particle. This approach has been
popular because a critical shear stress can be easily related to flow
parameters.

The 1ift force mechanism involves a pressure difference on the particle,
as well as upward velocity components resulting from turbulence. The pressure
difference is due to the steep gradient along the rock particle. Most of the
work in this area has been in the attempt to understand and describe the Tift
forces on particles, but has not provided any critical 1ift criteria. Another
drawback is that drag forces are ignored.

Most riprap design methods were developed by Federal and state agencies
for application to particular public works projects. Typical projects
requiring riprap protection are highway embankments, bridges, fiood channels,
canals, and stilling basins. The type of project to be protected and the
experience of each agency greatly influence the method chosen,

Six riprap design methods are reviewed in this report. The first method
reviewed is the one most recently developed (by Colorado State University for
the Wyoming Highway Department). This method incorporates the concept of a
design safety factor and provides a much more versatile approach than the other
methods. A stone size is determined through sets of equations developed for
four basic flow conditions. This method offers the most promise as a procedure



to be used to design riprap for the protection of tailings impoundments. Tt
is usually referred to as the Riprap Design with Safety Factors Method.

Two other methods are reviewed in detail to illustrate typical approaches
to riprap design. These are the design procedures recommended by the U.S. Army
Corps of Engineers and the California Highway Department. B8oth procedures use
graphical techniques developed from basic equations to solve for the reguired
stone sizes. This step in the design procedure is relatively simple. The rest
of the design procedure is guided by written specifications and relies heavily
on engineering experience. Three other methods are briefly reviewed for com-
parison, These are the U.S. Bureau of Reclamation and the U.S, Bureau of
Public Roads design methods, and the recommendations of the American Society
of Civil Engineers Sedimentation Manual.

The application of a riprap design method to the Tong-term protection
of tailings impoundments depends on the impoundment location in the drainage
basin. All tailings impoundments are subjected to overland erosional processes
from rainfall runoff. Impoundments located in the lowland watershed areas or
on flood plains can be expected to experience both severe flooding and overland
erosion. Impoundments located in upland watershed areas experience flooding
to a lesser extent. The riprap design methods presented in this report would
normally be used to design riprap for flood protection and not for overland
erosion. However, the Riprap Design with Safety Factors Method can be used to
assist in designing riprap on side slopes when no lateral flow is expected.

The long-term protection requirement for decommissioned tailings impound-
ments introduces three problem areas: 1} the effect of climate changes on a
design flcod magnitude, 2} local scour and hydrodynamic forces on the structure
during floods, and 3) rock durability over long time periods.

Allowances for shifts in the climatic regime may be required in design
flood calcutations. This is based on the fact that a much wetter climate than
that of today existed only about 150 years ago and extended back in time for
several hundred years. The probable maximum flood {PMF) method is recommended
for the determination of a design flocod hut may need to be modified to accomo-
date climatic changes. Local scour would be a result of nonuniform flow
regions caused by the irreqular shape of a tailings impoundment opposing the
passage of a flood wave. This type of scour could severely damage or undermine
the riprap protection. This type of problem is usually investigated through
Taboratory flume studies. Rock durability i1s a measure of the resistance of
the rock material to the process of mechanical weathering or physical disinte-
gration, and chemical weathering or decomposition. Several tests are available
to assist in improving the quality of the selected rock but do not provide an
estimate of the time a rock will resist weathering or remain durable.
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1.0 INTROQUCTION

The long-term protection of uranium mill tailings piles is a serious con-
cern for the uranium mining industry and for Government regulatory agencies.
0f particular concern is the long-term protection from radon gas release.
Radium-226 decays to radon gas and is supported by thorium-230, which has a
half-life of 80,000 years.

The tailings are permanently stored in impoundments, either above-ground
or below-ground, and are usually covered with an earthen cap several feet
thick. The cap serves as a suppression caver to prevent the release of air-
borne pollutants. Because tailings impoundments are often located in flood
plains or along other surface-water pathways, water erosion poses a serious
Tong-term problem. Pacific Northwest Laboratory (PNL) is studying the mitiga-
tion of erosion through the use of rock revetment, commonly referred to as
riprap. Whereas the objective of the overall study, sponsored by the Nuclear
Regulatory Commission {NRC), is to develop and recommend generically applicable
guidance on the effective use of riprap, this report discusses rock riprap
design methods and their applicability for long-term protection against flood
damage.

This report begins with a synopsis of the historical uses of riprap and
the protection requirements of tailings impoundments. Theoretical considera-
tions necessary to the development of design methods are given. Finally,
existing riprap design methods and the applicability of rock protection to
tailings impoundments are discussed. One riprap design method, Riprap Design
with Safety Factors, is discussed in more depth in Appendix A. Appendix B
contains a Tist of definitions used throughout the document.






2.0 CONCLUSIONS AND RECOMMENDATICNS

Riprap design methods currently used to design protection against erosion
by flowing water fcllow a general design procedure that includes hydraulic
computations to determine flow-field characteristics; computations of average
rock size, using a graphical method; and determination of riprap layer design
dimensions from written guidelines and engineering judgment. The written
specifications and design tables (such as those recommended by the Corps of
Engineers and the California Division of Highways) necessary to complete the
design of the riprap blanket dimensions give an indication of the specifica-
fions required for tailings impoundments.

The Safety Factor Method (Stevens, Simons and Lewis 1976} offers a versa-
tile approach based on the concepts of hydrodynamic 1ift and drag and critical
shear stress that is clearly superior to other methods. This method allows
more flexibility in design and couid be adapted to mill tailings impoundments.
The set of equations applicable to typicail conditions at impoundment locations
would be selected and graphical sclutions developed to speed up calculations.
An outstanding feature of this method is the accurate determination of a safety
factor associated with the stone size and weight.

Because of the Tong-term protection requirements and the various irrequ-
lar shapes of tailings impoundments, certain riprap design problems arise.
These include the selection of a representative design flood criteria, rock
durability over long time periods (1000 years or more), and the extent of local
scour from high velocity flood flows that could cause the rock layer to fail,
Several procedures are available for computing peak flood discharges. To
select a method, the length of time riprap protection will be required must be
determined to ascertain if climate changes need to be considered. Computing
the expected flood discharge by the probable maximum flood (PMF)} method appears
to be the best approach whether or not climate change is to be a design factor,
Potential climatic changes could be integrated into the PMF procedure if it
becomes a significant factor. The hydraulic calculations required to deter-
mine the design velocity, water surface elevation, and tractive force exerted
on the rock could be determined through the use of an accepted technique for
backwater computations. Perhaps the best approach is the computer program
HEC-2 (U.S. Army Corps of Engineers 1976), which could adequately describe the
flow field. Local scour conditions would have to be determined by physical
model studies of the flow patterns around an impoundment shape.

Based gn the above conclusions the following research is suggested:

® A physical model study is recommended to evaluate the flow field
around various impoundment shapes to determine local scour problems
and forces on the structure due to the impoundment geometry.

e The calculation of potential flood flows using the PMF approach
should be evaluated to determipe if any modification due to climate
change should bhe included into the procedure.
























































































































































































































































