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1.0 INTRODUCTION

Design objectives for the UMTRA Project first became an issue in 1978 under
Public Law 95-604 when responsibility for the remedial action of the inactive
uranium mill tailings sites was placed on the Department of Energy (DOE). After
an intensive research effort by the DOE, NRC and EPA to develop standards, the
EPA identified the major environmental and health problems associated with inac-
tive uranium mill tailings sites and promulgated standards to be met by proposed
remedial actions, which became effective March 7, 1983 (Table 1.1). The stan-
dards establish requirements for radiation protection, for protection of water
quality and for ensuring long-term containment and stability.

u

The release of radon gases from uranium mill Lailings piles is a major con-
cern in the reclamation of existing tailings pilgs. In order to reduce the es-
cape of the gases to acceptable levels into the @tmosphere, as determined by EPA
regulations, the tailings will be covered with to 10 feet of clays, silts,
sands or varying mixtures of the three. The type and thickness of material used
will depend on the material available in close proximity to the site and the phy-
sical properties of the borrow material, 2

In the design of these radon barriers, it is extremely important tha%{?he
integrity of the barrier be maintained for the design life of the facility (1000
years). Processes which threaten the integrity of the barrier are wind and wa-
ter erosion, cracking of the soil due to differential settlement or desiccationf*
roots from plants or trees, and animals burrowing into the soil. In order to
protect against these potentially destructive forces, a rock cover has been in-
corporated into the design. This rock has previously been defined by the median
particle size (Dg,). In order to better define the size of rock required, the
maximum and minhé rock size and the grading of the material have been incorpo-
rated into the proposed procedures.

Depending on the erosive forces for a particular site, a single rock layer
may be the proper size and gradation to meet the criteria for erosion protection
and also serve as a filter for the radon barrier. However, at other sites it
may be necessary to have one or more intermediate sand or gravel layers to pro-
tect against erosion of the radon barrier due to transport of sofl particles
through the rock cover during a storm event,

The design of a cover system that will be effective for a specific site re-
Quires the consideration of each of the following factors:

runofd and
Grain size of fFadon barrier.
Grain size of‘f:;ilable rock.
Velocities ofYfloods that come in contact with cover.
Type of vegetative cover that will establish or will be established.
Wind and water erosion factors,
Infiltration requirements.
Construction requirements,

oco0o000O0

The purpose of this paper is to describe the design procedures that will be
used for the remedial action at the UMTRA project sites, in order to have consis-
tent designs from one site to another. These procedures have been adopted after
a careful review of existing literature and design procedures and incorporate
State-of-the-Art methodology.

* How does rock cover protect agains f dHeventinl settlement?
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2.0 DESIGN METHODOLOGIES

sclnlJ" "J ,\%Q

Before \one can design to the standards established by the\EPA, one must
first decide| on the methodologies that are available to solve the problem. In
the case of /the UMTRA sites the criteria to use a design life of¥1,000 years
without maintenance presents a unique problem. In the design of earthen
retention structures, it is generally assumed that routine maintenance will as-
sure the continued operation of the facility. Relating this to probability
means that the stability per concern_is only one year and to withstand a
100 year event, the :r ability of occurrence is 0.01. C Why enly )ft"d"’?

0

Now, whe n: calculates the recurrence interval for a structure using a de-
sign life of years, using a level of risk fﬂagesponding to a probability
of 0.81; the recurrence interval is approximately 000 years. Clearly, the re -
are no records available to define the methodologies needed to design for such a } [Urid!
large recurrence interval. Also, there is no known way to extrapolate to | ,s
100,000 years based on only 50 or 100 years of record. Therefore, design meth-- .
ods must be adopted which incorporate conservatisms into the design. The design f )
criteria for the stability of the UMTRA Project tailings piles due to erosive pc*""
forces resulting from rainfall runoff across the top and down the sides of the | sgp
stabilized embankment are based on the runoff from the localized Probable Maxi-
mum Precipitation (PMP). For flow occurring as a result of rainfall on the
watershed above the stabilized embankment, the pile is designed to resist the
runoff from the Probable Maximum Flood (PMF) as a result of the PMP, The PMP is
the worst possible event that could occur as a result of a combination of the
most severe meteorological conditions occurring over a watershed at the same
time. Although no recurrence interval can be assigned to this event, it is felt
by most experts that the recurrence interval is in excess of 100,000 years.

comm™"

2.1 Erosion protection design methodology

Erosion protection of cover material at the UMTRA project tailings re-
clamation sites is controlled by the erosive forces associated with the
runoff both on and adjacent to the tailings pile. Based on the PMP/PMF
for a particular site, the cover material can range from a coarse sand and
gravel to large boulder riprap, depending on the size of storm, the size
of the drainage basin and the velocities associated with the runoff. Pro-
cedures investigated for calculating the required mean rock size needed to
provide a stable rock slope during the PMF have included:

o Bureau of Public Roads (Searcy, 1967).

o U.S. Army Corps of Engineers Waterways Experiment Station (U.S.
Army, 1970).

o California Division of Highways (Cal. DPW, 1970).

0 :SCE Task Committee on Preparation of Sedimentation Manual (ASCE,
972).

o0 Bureau of Reclamation (Bur. Rec., 1958).



o Lane's Method (Lane).
o Campbell's Method (U.S. Army, 1966).

o Wyoming State Highway Department (Safety Factors “ethod)(Stevens,
1976).

o Rockfill Hydrolic Engineering (Stephenson, 1979)

A1l of these procedures use one of four basic approaches: 1) criti-
cal velocity, 2) lift and drag force mechanisms, 3) critical shear stress,
or 4) empirical solutions.

The critical velocity equations consider the impact of flowing water
on the particles such that the material of a given size and weight is just
able to move. Inherent in this approach is the lack of good definition of
the bottom velocity and the difficulty in accurately measuring or predict-
ing this velocity. Another difficulty in using this approach is determin-
ing the relationship between bottom velocity and average velocity.

The 1ift force mechanism approach accounts for a pressure differen-
tial caused by the gradient of the velocity. The pressure differences oc-
cur because of steep velocity gradient, where the velocity at the top sur-
face of a particle at rest on a channel bottom is greater than zero, while
the velocity at the bottom surface is zero. This method although im-
portant, has been difficult to develop. Additionally, the critical shear
stress and critical velocity methods implicitly include the lift force
effects.

The critical shear stress equations consider frictional drag of the
flow on the particles and considers the fluid shear stress on a rock layer
to the mean flow velocity., This approach is the best for the UMIRA pro-
ject because mean cross-sectional velocities, depths and flow can be
easily obtained assuming sheet flow characteristics. So'(/f'!d&'t‘v on [’

O s s P nef ,"H'f 7/

er.
The design method which is most applicable to the design of a rock

blanket for erosion protection is the “Riprap Design with Safety Factors
Method" developed for the Wyoming State Highway Department by Stevens et
al, (1976). The theory and formulation of this method are not discussed
as part of this paper since they are well documented in the published pa-
per ¥ This method is based on the theory of critical shear stress and al-
lows more flexibility in design because the designer is able to choose the
factor of safety needed for the design of a particular site and work
through the analysis to determine the required rock size., This flexibil-
ity is particularly important when considering the conservatism associated
with using the PMF as the design storm. As will be discussed in more de-
tail in later sections the t i vailable for shallow flow on
steep slopes is the method proposed by]Stephenson (1979), which is based
on critical shear stress and empirical| solutions and takes into account
interstitial flux, 2 Stephenron sa s ¥ to be ured
f r stable packed rock channe/ /'.".7‘
Additionally since the design of rock covers for the UMIRA Project
are based on the PMF, which is the worst possible flood that could occur
over a particular site, a factor of safety of 1.0 against the PMF is used.
This means that the factor of safety against all other flood events is

¥ Some dsfecfr of the /orouo’we, should he amp Sfied asr vn the
MKE Desipn Maunual. X




2.2

higher than 1.0. This criteria is supported by the CSU Civil Engineering
group (NRC, 1983) and is presented here as one of the project design
criteria.

Riprap design parameters

Information needed to design riprap by the Safety Factors Method are:
o The angle of repose of rock to be used.
o The specific gravity of rock to be used.

o The slope of the bed or sideslope over which the rock will be
placed.

o The velocity of flow over the rock to be used.
o The depth of flow over the rock to be used.

The angle of repose of a rock is dependent on the angularity and diam-
eter of the rock and routinely varies from about 32 degrees to 42 degrees,
with most naturally occurring rocks falling in the range of 34 to 37 de-
grees. This factor has a small effect on the final mean rock size and
wherever data j& not available a conservative estimate of 35 degrees will
be assumed, are

The specific gravity of a rock is dependent on the mineralogy of the
rock and can vary from 2,5 to 2.8, Where data i€ not available a conserva-
tive estimate of 2.60 will be assumed. are

The slope of the bed, side, and topslope will vary and will be part
of the design. Typically, the topslope will be 2 to 5 percent and the
sideslope will be 20 percent or less. The bedslope will be dependent on
the topography.

The velocity (V) and depth of flow (Y) are related to the quantity of
flow (Q) which occurs either on or adjacent to a stabilized tailing pile.
The method used to calculate this quantity is somewhat controversial for
rainfall on the pile itself, This controversy is centered on whether the
flow across the top of the pile and down the sideslopes s in the form of
sheet flow or whether there are flow concentrations which cause the flow
per unit area to increase. The design concepts which have been implement-
ed by the UMTRA Technical Assistance gontractor (TAC) will result in a con-
figuration that, in the case of a relocated, recompacted pile, be placed
and graded in such a way that sheet flow over the pile will occur. At
piles where excessive qltfergntial settlemen re pr to occur, an
increase in the flow due some flow concentration calculated
based on the area of flow and the area of differentia) settlement which
would contribute to the increased flow.

Another point which has lead to some confusion is the method of calcu-
l:tln the shear stress. The most common method adopted is to use equa-
tion 1.

pot overbui
compthrate?

/h



FolMB . ccsecossnsnsessnsansnssnessth
where

[- Average shear stress acting on the wetted perimeter.
¥ w = Total unit weight of water (normally 62.4).

R = Hydraulic radius (depth of flow./, for sheet flow)

S = Slope of bed

Another method for calculating the sheer stress is to use equation 2,
which takes into account the average velocity and the ratio of the depth
of flow to mean rock size. This formulation includes the equation for
Manning's “a* and one must be careful when using equations 2 and 3 that
Manning's “n" is checked and reiterations performed until close agreement
is reached.

Te 3 x V2 7034700 (12,21 (VKNZ. o v e e e e e e e (D
where

V = Mean velocity
Y = Depth of flow
K = Mean rock -ize

If equation (1) is used to calculate the shefr strecs, the mean rock
size is then calculated by equation 3.

x-zlx?'/t(cs-l)usz.nn..............(3)

If equation (2) is used to calculate the sheer stress, the mean rock
size is calculated by equation 4,

x-’Z'/(nu(ss-nxaz.z)................<4)

where

N = Stability number calculated from the formulations in the
Safety Factor's Method.

Gs = Specific gravity of the rock

This is also an fiterative process because one has to first assume a
value of K to solve for the calculated K. If they are not equal, the iter-
ation for ‘n' and k continues until they are equal, 1If equation (2) fis
used to calculate the sheflr stress, the formulation for "n® equation 11,
has been incorporated into the equation, necessitating the need to iterate
for both n and k.,

One number which is critical to the solution for the n rock size is
the depth of flow over the rock, which results in a sheffr stress being
exerted on the rocks. In order to calculate the depth of flow, one must
first determine the quantity of flow.



For the case of sheet flow, the quantity of flow (QT)(cfs) is calcu-
lated by equation 5 which is derived from the equation Q = ClA:

I xL
43,560

& 8 8 8 8 8 8 8 8 s 8 s s s 0‘5)

QT =
where

« Area (L x W) amfall '
= mw—"fn‘{:ﬁntmsiu (inches) :-"Mf\"‘f'y te t,e ”
= The length of flow (feet)

C = Constant, Assumed to equal 1.0

W = Width (usually W = 1,0)

A
1
L

The maximum l-hour fintensity is calculated by first determining the
local PMP for the pile locations and then determining the storm rainfall
distribution using the approprigte Hydrometeorological Report based on geo-
?nphlcn' locations., For most™of the UMIRA Project sites, Mydrometeoro-
ogical Report (HMR) No. 49 (Hansen et al., 1977) is the most appropriate.
Next, the time of concentration (t ) is determined. This can be esti-
mated by determining the largest loﬂrbth of flow (L), dividing that length
by 2, and then dividing that length by the estimated flow velocity
(v . Once t_ 1is determined, use this number as the most intense
pe”&o of time for the PMP, Then using Table 1 which is an extrapolation
of the values in HMR choose the appropriate ratio for the calculated
time of concentration/to calculate the intensity by equation 6.

7

Table 1 Incremental rainfall duration percentages

Rainfall duration (min) Percentage of l-hr PMP
5

10 48

2 n

0 84 These valuts
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where

M" A the incremental rainfall amount for the time

c of concentration

t‘ = time of concentration

Next, one must calculate the interstitial flow in the “ock layer. This
s that portion of the flow that occurs within the ro  layer. To calcu-
late this quantity, one must first calculate the velo.ity of flow. One
such equation to calculate the velocity is the one suggested by Leps
(1972), which is shown by equation 7,

- mo.s,o.u

5 & & % 8 & 9 0 % 4 0 8 H DN N D .(7’

v

V = Average velocity of water in the soils of the rock layer

W= Empirical constant (33 for crushed gravel to 46 for polished
marble)

M = Hydraulic mean radius

i = Mydraulic gradient (slope ft/ft)

Using W equal to 33 to be conservative and assuming &noﬂud rock
Table 1 presents the factors that should be used for varfous rock sizes.

Table 2 Empirical correlations for flow in rock

Rock size (inches) ‘0.5 (in/sec)

gz..ﬂ
EaES

This equation should only be used {f the grading of the rock shows that
less than 30 percent of the rock is < 1 finch, If more than 30 percent
of the rock is < 1 inch then the rock layer should be Sesded=ys an earth-
i, analyerd p

Once the velocity s calculated, the quantity of flow per foot can be
calculated by equation 8,

.'l ! lY“'C."""‘”.'oonoocoooooo‘.)



Then once the interstitial flow (Q.) s calculated the flow on top of
:ho rock layer 2 can be calculated b} subtracting the Q* from the total
Tow.

The depth of flow over the rock is then calculated using Manning's
equation for sheet flow as shown in equation 9.

nxQ 3/5
' = ® & & & & & 5 & 0 s s .(’)

1.486 x 8!

where

n = Manning's friction factor

Q = Quantity of flow (cfs)

§ = Slope of bed top or sideslope (feet/feet)
Y = Depth of flow (ft.)

The velocity of the flow is calculated from the results of equations
4 and 9 by equation 10:

v . QIA S 0 & 8 & 5 8 " B B 8 " B By .(10)
where

V = velocity (fps) 2
A=Y x unit width (ft, )

This solution is iterative in that one must first estimate a velocity
to find t_ and then in the end a new velocity is calculated, If the two
elocities are within ten percent then there is no need to fterate; if not
the iterative process is continued, rcp!acinr the estimated velocity with
the calculated velocity until the two velocities are within ten percent,

One number which is critical to making the calculations is Manning's
friction factor (n), This number is very subjective and is usually based
on previous experience. Tables have been published which give valuves of
‘n' for various types of vegetation, Most of these published values are
for river channels or overland flow and are difficult to agply to a tail-
ings pile covered with rock and sparse vegetation.

One method of calculating 'n' is by a formulation developed by the
Corps of Engineers (1970) which is related to the depth of flow and size
of rock as shown by equation 11,

(16

e & % & 5 5 " % 0 " O W S OB .(ll)

23.85 + 21.95 loglo(V/t)



2.3

where

Y = depth of flow (ft.)
k = mean diameter of rock (ft.)

For some combinations of flow depth and rock size this equation gives
the value of 'n' that may be either too conservative or not conservative
enough. Therefore, when using equation 11, a lower bound of .02 and an up-
per bound of 0.06 for “n" should be used, Le;ecl on

Design sequence

Once all of the design parameters have been calculated, they can be
input into the equations for determining the mean diameter rock size, The
Safety Factors Method has four (4) sets of equations depending on the type
of flow. These flow conditions are:

1. Non-horizontal flow on a sideslope
2. Horizontal flow on a sideslope

3. Flow on a plane sloping bed

4. Flow on a horizontal bed

Flow conditions 1, 2, and 4 are used when flood flow from the assoct-
ated drainage area flows adjacent to the pile. Flow condition 3 s used
for flow which occurs due to rainfall which falls on the pile and flows
across the top and down the sideslopes.

Once the flow condition is determined it is a simple calculation to
determine the mean rock size (050) that will be required to protect
against the PMF,

In order to make the calculation of the mean rock size for various de-
sign conditions and changes, a computer program has been developed for the
Safety Factors Method. This program is user oriented, requires minimal in-
put, and will run on most microcomputers. A listing of the program (RIP-
RAP) 1% shown in Appendix A, and example outputs are shown in Appendix B.

As was mentioned in Section 2.1, we feel that the best method
available for shallow flow on slopes in excess of 10 percent is the method
proposed by Stephenson (1979) in the book “Rockfill Mydraulic
Engi‘nuring." This method, which is based on flume studies by Oliver
(1967), is an empirical solution to a series of tests in which different
size rock layers and different slope angles (2 to 20 percent) were tested
to evaluate failure conditions of various size rock and slope conditions

and what factors were involved. ¥® S.e aofe on Stephenron's method onpy.

Based on this work, a formulation for which any slope would not fall
was derived,

%74 e ”/"""‘ Somed 7 ,,flm'n/a‘onr/ in Section 2. /")
nor /5 there ln/ﬂ"'y /n ;ﬁvm/}w/” on the
fdfes‘/r Fackery method re,dro’:'uy such a limi't.

What /s the basy Jor sucha limit?
10



When the situation of steep slopes and shallow flow occurs the
method proposed by Stephenson (19/9) is proposed. The input parameters
'l;r this method are as follows and the formulation is shown as equation

Quantity of flow (cfs)(Q).

Angle of slope ( ).

Constant (C)(varies from .22 to .27).

Specific gravity of rock to be used (B‘).
Angle of repose of rock to be used ( ).
Porosity of rock fill (related to density)(p).

cooo0oo0o0©Co

7/0,1/‘ 2/3
y)%/3

Q(tan )

. . . . (12)
ca772 [(1-p)(Gy-1) Cos (tan = tam

where
k = Mean rock size, 050‘

When this method is used, the D, size rock is conservative and in-
cludes a safety factor on the order M’Q.z to 1.8.

When Stephenson's method s used, the computer program Riprap incorpo-
rates this method as one of its options (Appendix A),

*Wﬁll‘ 0/00{ fﬁc case o-f a St'"/ covey oQVer Vw[
f’”h"l""'/ where y“/// formation 5 /o'l(/,v ?

" WAaf a/;“f "0]‘:‘6" PIO*IC‘;OM A ("{"’/.)

Zbﬂ“ o{ / ere 5«/&'((4‘1 are cevered i/n ﬂg
MKE Deryn /’4""“"/.'/

*“Uhaf Aboat & mAKimum velocity for rjpr e
zo;,,f,.prsfcoud.’

fo tvewm

be congdered! oy
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3.0 ROCK DURABILITY

Durability of rock is defined as the ability of the material under consider-
ation to withstand the forces of weathering. These forces may be eithes chem-
ical or physical. Therefore, the durability of rock riprap is a major concern
in the design and long term stability of erosion barriers. Long term records
(200 to 1000 years) of the weathering of rocks are usually not available.

Factors which affect the durability of rocks are the chemistry of the water
that comes in contact with rocks; the temperature of the water; raindrop impact;
4ad the amount and velocity of windblown sand which impact on tv_va rock; “Amothes ctid
AnportantSactor—4s the effectsof nttin},“ drying temperature
changes., Thest ef fects become) more seridus in climates that experience large
changes in temperature and especially those climates with frequent freeze-thaw
cycles.

0f importance to the UMTRA Project s a study by Colman (1981) on weather-
ing rates as a function of time for the Colorado front range and San Juan
Mountains, These studies showed that there is a decrease in the rate of weather-
ing with time due to a build up of residue on the surface of the weathering
rock., The implication of this study is that laboratory tests are conservative
and do nopt trul rcpr‘(scnt the weathering or durability of a porn%ulor rock. % ¢,
specitic rater of wearhering pér 200 years be staked

However, in order to get a¥gualitative answer to the question of durabil-
fty, the following section discusses the method of selection and testing re-
quired to determine the relative durability of a rock proposed for use.

3.1 Material selection, testing and placement

The sources from which the rock riprap will be obtained should be se-
lected well in advance of the time when the stone will be required for
placement, The acceptability of the rock should be determined by review
of previous uses and testing and/or suitable tests, If testing is re-
quired, suitable samples of rock should be taken using Standard Practices
for Sampling Aqxdro ate (ASTM D75), at least 60 days prior to the start of
construction, ditionally, the approval of some rock from a borrow area
should not be construed as constituting the approval of all rock taken
from the borrow area.

*

If historical records of service are not available 'or do not exist,
resistance to disintegration from the type of exposure to which the stone
will be subjected should be determined by any or all of the following
tests depending on the rock to be used and the site climatic conditions:

1. One of the parameters needed in the design of the size of rock re-
quired for erosfon s the specific gravity. ditionally, the
specific gravity and absorption (ASTM C127) can be used to eval-
uate the durability of a rock. The specific gravity of a rock is

» an indicator of its strength. The higher the specific gravity

g:u mere ewphdsis bo col] nlmj hirforieal data, Sheld be N1,

Fe lro/m/ohc anelysis is th e',;?nf (Wo. &) /ndveater,
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the better the quality of the rock. The specific gravity is also
a good indicator of a rock's ability to withstand cycles of freez-
fng ard thawing,

Absorption by itself is not a good indicator of a rock's’ freeze-
thaw characteristics., However, a low absorption is a desirable
property to prevent the rapid disintegration by salt action and
mineral hydration.

It is recommended that a suitable rock be one that has a specific
gravity greater than 2.6 and an absorption less than 1 percent,

When riprap must withstand abrasive action from material trans-
ported by streams, or large flow on or adjacent to the pile, the
Los Angeles Abrasion Test should be used. When the abrasion test
in the Los Angeles Machine (ASTM C131 or C535) is used, the stone
shall not have a percentage loss of more than 40 percent after
testing. Additionally, the ratic of the less after 100 revolu-
tions to the loss after 500 revolutions for ASTM (131 and after
200 resolutions to the loss after 1000 revolutions for ASTM (535
should not exceed 20 percent for material of uniform hardness.

In locations subject to freezing or where the stone is exposed to
salt water, the Sulfate Soundness Test (ASTM C88) should be used.
Stones should not have a loss after five cycles exceeding 10 per-
cent if sodium sulfate is used and a loss not exceeding 15% when
magnesium sulfate is used.

A better guide to weathering which may be used in place of 3.
above is AASHTO Test 103 for ledge rock, Procedure A, From thic
test the stone should not bive a loss exceeding 10 percent after
25 cycles of freezing and .hawing. This test should only be used
when a material is questionable since the time and cnst of this
test is expensive.

3., Another method which can be used to evaluate durability of a par-
ticular rock is the hardness test as determined by the Point Load
Test; or the Schmidt Rebound Hammer, If the point load test is
used a value >300 is acceptable. If the Schmidt Hammer is used a
value of >40 is acceptable.

It must be recognized that considerable judgement is required during
site evaluation and evaluation of the laboratory test data. The laborato-
ry or index tests are dependent on the availability of equipment and the
contract testing laboratory. There is sufficient interaction among the
various ’gsts described to provide a basis for the judgement of t ura-

y a rock source with a minimum amount of testing., The greatest
number of tests should be run on rock types that have been judged to be
marginal during site investigations,

Should any of the rock being evaluated for use as erosion protection
not meet the recommended standards for acceptable rock durability, a new
rock source should be evaluated if one is available within a reasonable
distance from the site. Jeare

*’ﬁ f/(cr/azt ,ny,‘f/ /2-1 UM/I ée 7&(/'{! /lu sGr ﬁArlcﬁ.

Such ars j“"‘/ baralt or gNeiss.
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If an alternative rock source of better durability cannot be found,
the size of the rock should be increased to take into account the
degradation of the rock with time, The increase in size is subjective,
but it is proposed that the rock size be increased by a percentage based
on the criteria that the rock fails and whether the rock fail all or only
one or two of the criteria and which ones they are,

When determining the durability of a rock, one should also consider
the geologic setting and age of the rock and make estimates of the erosion
with time that may have taken place.

When placing the rock, each load of riprap should be reasonably well-
graded from the smallest to the maximum size specified. Gradation can be
controlled by visual inspection. If any differences of opinion occur be-
tween the engineer and the contractor, the difference shall be resolved by
dumping and checking the gradation of any two random truckloads of rock.

Alternatively, if the rock size is not greater than 3 inches, the rock can
be physically tested, using U.S. standard sieves of the appropriate sizes.

¥ Because there i mo basis for /ncrean‘oy the rock
stre ndrrect Pnyor!'ion o the /erre-n‘-/c_ ‘/ w‘,‘(A

the rock fals o meet a criferca this approacs
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/Wy run [Thur warf.‘ry Ftu c/:j' gL Zhe
reck oes a/a‘/"ﬂff/rq)(c vl can ée ff//d"af sut
/€ should net be ;e//dcel “betore i of rock o
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4.0 FILTER REQUIREMENTS AND DESIGN

When designing the cover system, one must evaluate the need for a filter
layer between the radon barrier and the erosion protection layer. Most of the
research into the needs and design criteria is over 20 years old and has varied
somewhat, The most uilﬂy accepted design criteria for filters are shown in
equations 13, 14, and

Er——— < 5 """ St.bi“t, CT‘tC"’Oﬂ L 0(13) '“
Dge s011 {tq
85 he¢
D15 filter
5 ( R —— < ‘0 e 4 Pem‘b'lit’ cr'terion L ) 0(1‘)
D, soil
15
050 filter
— £ §§  eecees Separation Criterion . . . . . . . . .(15)
Den soil
50
? (J. 7

It has also been suggested at times that equation 9 be modified as shown in
equat fon 1;

050 filter

12 ( < 58 . L - . - . . . - . . L . . . . - . . - '(16)

7
Recent studies by Sherard et al. (1984) have shown that equation®is con-
servative and has a built-in factor of safety between 1.5 and 2.0 and is support-
ed by experimental data. red
by JRE——— (RC{) e

Results of experiments 4com.the—research have shown that the D !ze of
the sofl (equation 14) has no significant influence on the nroper“q
filter. Additionally, experiments on silts and clays as the base soils shou
that the 015’015 ratio commonly exceeded 1000 for successful tests,

D‘.-,0 soil

The criterigf shown in equations 15, and 16 have also been found to be un-
supported by theory or erimental results, The research by Sherard et al, rec-
ommends that equation wcontinue to be used and that equations 14, 15, and 16
be abandoned. P

Therefore it is recommended that equatfion (I0) be used as the criteria for
~ filters. This criteria can be relaxed in some instances for a clay with a

plasticity or if there are fairly Jow flow gradients, In additio the
* above criteria, the following requirements fgr graded filter should be

o The filter material should pass the 3-inch sieve for minimizing particle
segregation and bridgin? during placement, Smaller maximum particle
sizes may be specified if practical. Also, filters must not have more

than 5 percent the No. 200 mesh sieve, to prevent excessive move-
ment of fines in /the filter.

Pdﬂ'o‘nj
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proximately @erallaTin the range of the fines sizes, because, the sta-
bility and pro unction of protective filte's d.pends upon s __c_;_;\
of the 'g;adotdon cury» of the filter towards t'e fines, giving Support
to the fines in the base matev:al, Additionaliy, ine material should be
reasonably well graded throughout the in-place layvr thickness,

o The gradation cuyr of the filter and tre bate material sho:(ld be ap-

o The minimum thicknes: of the layer should be 6 inches in order to facili-
tate eas: of construction during placement,

When a roc' blasket is to be used over a filter, the rock used theyld e es-

sentially equidimeniional, weii-graded in size, with a maximum size equal to

To0 ~ aboutY@ne-tenth)of tne blanket thickness. The rock blanket should &'so meet the

gtrich  filter criterta of equation 13 so that the fi'ter water al does not migrate

through the voios in the rock. The thilkness of the rock layer should no! be

less than the rpherical d aneter of the :noer limit of 0100 rock or less than

1.5 times the sprerical diameter of the upper limit uf 050 rock, whichever ‘s
greater. (ged, )

When a rock blwnket is to be used on a sidesioge and flow will be hori20n-
tal to the slope, scour at the tor #i1, most ilkeiy occor. To prevent \he
scour, which could cause fai'ure of (he rock '‘unket, .t is recummended " hat a
shallow trench be excavated st the toe of the slope and that the trench be hHack-
filled with the same rock bLlanket material, As  rule of thumb, the dephh of
the trench shouic e A% least two times the tichisss of the blanket and the
width of the trenc’s should be twiia the depth,

It



\‘ y
tne
te f\,!'
] »
-

5.0 OESIGN SEQUENCE

following steps are essential for the design of an adequate cover sys-

tailings embankments,

From the borrow investigation make a composite plot of all the grain
size distributions from the radon barrier cover borrow site, From this
plot determine Lhy practical! upper and lower bounds of what the matseie
&t grain size.wi ' be after & 1s placed.

o ,"kul' 5y the saddtrr,al
Determine The vetorTties chiracteristic of the flood flow on and adja-
cent to the pile after .eclamation. Flood flow on and adjacent to a
pile can occur due to & storm o« curring In the watershed above a p\]e.
resulting in a flood flow adjacent to a pile and by a ftordm occurring
on the pile resulting in sheet flow across the tor &' anag down the
slopes of a pile. Veloc ties and depths and flows «djacent Lo a pile
are normally calculated w th the use of the HEC-2 computer program,
which routes the storm through the watershed.

Velocities and depths of flow for 2 storm occurring on a plle are more
difficult to calculate., When a pile is designed with 2 rock cover and
no topsoil for vegetation, sheet flow hydraulics should be used to cal-
culate the total flow. The local PMP should be calculated using the ap-

pr ria.e WM report. Next, the time of concentration should be calcu-

lated This is an Iterative process based on the vel¢ fy ecross the
1 / N

ptie, Manning's iriction factor, the size of rock ar')‘,'l‘]r;..’_" of flow.

Ther us'nyg the time of concentration compute the maximum one hour

intensity (équat ¢n 6), Once the maximum one hour intensity is calcu-
lated the tota) trow ca¢ bu calculated using equation &
C

qrming the mean rock size needed to resist eros aon of the stabilized
ntle from the calculated velocities and depths of flow. For flow adja-
cent to the pile and across the topslopes the Safety Factors Method us-
ng the computer program RIPRAP should be used, inputting the data
described in Section 2.0. For flow down the sideslopes the Safety
Factors Method should also be used. However, for certain combinations
of velocity, depth of flow and sideslope the Sa’ety Factors Method is
not appropriate. When this occurs Stephenson's method should be used,
al.n /ning the computer program RIPRAP, When determining the rock size
gradation, make sure that the gren siza distribution meets the
crileria ». Section 4.0.

7

{

et

Review the data on the rock borrow source to (vtermine its durability,
if it meets the criteria, no adjustment in the rock size will be need-
ed, If the rock does not meet the criteria, increase the rock sizes
proportionally to the percent that the rock fa led the tests. /Rasir 7)
sor thi
Calculate the filter renuirements for the rock cover and the radon bar-
rier to determine if th:re is a need for a filter between the two lay-
ers. If a filter or jravel layer is needed, again make sure that
filter requ rements »rx met for all cover materials with the most flex-
ibility be‘ng 'n the central filter, g
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1.0 INTRODUCTION

It is noted that the following discussion concerning the methodologies and
analysis of surface hydrology summarizes the design approach presently used by
the TAC to ensure longevity of the final design. This ciscussion in no way con-
cerns itself with impacts of surface water drainage during construction. This
area is the responsibility of the RAC in implementing the final design and in no
way affects the longevity of the final design.

Surface water hydrology at UMTRA sites will be assessed in order to provide
adequate protection for long term stability of the tailings piles. Adequate pro-
tection will prevent dispersal of tailings by natural forces such as wind, rain,
and flood waters. This discussion will concentrate on any upland or upstream
surface water drainage that impacts upon tailings piles. These floodwaters can
be divided into two types of impacts. The first is that which occurs from small
watersheds directly upland from the tailings pile itself. This type of drainage
s usually diverted to control its flow around and away from the pile itself,
The second and most severe impact is that which occurs due to proximity to a ma-
Jor drainage tributary. Flows of this type cannot be diverted and adequate pro-
tection must be afforded if stabilization at the present location is chosen.
Stabilization of sites that .are located in or near flood plains presents unique
problems in design for long-term performance. To accomplish the objective of
long-term flood protection, the standard design approach is to determine the mag-
nitude and potential impacts resuiting from a Probable Maximum Flood (PHF?‘

event, If a design for this event is not practical, then alternative design
events or solutions are assessed.
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2.1

2.0 METHODS

DESIGN EVENT SELECTION

The use of the PM;“;S the design flood event to achieve long-term con-
trol of wuranium tailings is not clearly defined. The Environmental
Protection Agency's (EPA) standards require that control of the uranium
tailings must be effective for 1,000 years (to the extent reasonably
achievable) and, in any case, for at least 200 years. The standards do
not specifically state that a PM event must be used for design in order
to achieve the stated containment life. An analysis of exceedence prob-
abilities for va}ious events with respect to the containment life (Junge
and Dezman, 1983) suggests that design events with a very Tong return peri-
od (e.g., 10,000 years) must be used to meet a long-term containment ob jec~
tive. However, the limited statistical data that are available cannot be
extrapolated accurately to such long return periods. The generally accept-
ed alternative, therefore, is to use maximum credible events, such as the
PM ; for design. ’

By definition, a PMF is based on the most severe combination of crit-
ical meteorologic and hydrologic conditions for a particular area, and has
a very small chance of being exceeded. Therefore, a tailings disposal sys-
tem designed to withstand a Pgitwould have a very small risk of failure
and thus, adequately meets both the intent and containment objective of
the EPA standards.

oS Sébfneﬂdt 2.



2.2 PMP DETERMINATION

Prior to determining the runoff response from the design drainage ba-
sin, the analysis requires determination of the Probable Maximum
Precipitation (PMP) amounts and hydrographs for the various regions in the
drainage basin. Techniques for the PMP and hydrograph determinations have
been developed for the entire United States primarily by the National
Oceanographic and Atmospheric Administration (NOAA, 1977, 1978, 1984) in
the form of hydrometeorological reports for specific regions. These tech-
niques are commonly accepted and provide straight-forward procedures with

a minimum amount of variability,

2.3 SMALL UPLAND WATERSHED

As stated previously, the impact of drainage from small watersheds up-
land of tailings piles is controlled by diversion of such drainage.
Diversion channels must be designed to ensure adequate capacity and ero-
sion protection for the runoff due to a PMP. These channels must also
have sufficient gradient to ensure that smaller storm events will wash out

sediment buildup and maintain the proper capacity.

2.3.1 Hydrologic modeling

For small watersheds two methods are employed to determine

the design runoff discharge:

& e 7[‘,0{/;3& o4 /’d'/



0 The Linear Reservoir Routing Technique (Stubacher, 1975)
using Green-Ampt iniiltration parameters (Rawls and

Brakensiek, 1983).

The Rational Method can be used for watersheds of less than
200 acres while the Linear Reservoir Routing Technique is good up

to 500 acres.

2.3.2 Hydraulic modeling

Once the design discharge is determined, the capacity of the
diversion channel can be checked using Manning's formula (COE,
1970). Ditch velocities are also determined by this formula.
Riprap design techniques, as discussed under erosion protection de-
sign, are then employed to determine the proper rock protection

requirements. '
Nete : M”””"ﬂ“é"bﬂ'k 78 fdatr‘o'f/o./ pr/vl_a//v
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2.4 DRAINAGE TRIBUTARY .

As stated previously flow impacts of this type cannot be diverted.
Typically, those UMTRA sites located in major floodplains have the poten-
tial flood impact of flows several feet up the side of the embankment or



¥

flows completely surrounding the tailings pile. If the tailings pile is

to be stabilized in the floodplain adequate protection must be provided

for longevity.

2.4.1

2.4.2

Hydrologic modeling

The most common and widely used technique for computing the
magnitude of the Pnfaﬁnvolves the use of the U.S. Army Corps of
Engineers HEC-1 model (COE, 1981). The HEC-1 model is designed to
simulate the runoff response of a river basin to precipitation by
representing the basin as an interconnected system of hydrologic
and hydra;lic components, This mode) can be used for those water-
sheds greater than 50 square miles and even as large as several
thousands square miles, e //éC -/ /"04?/ CJ« 7/; A{

u Sed A9 tf‘cq' less Man SO 3
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Hydraulic modeling

Once the HEC-1 modeling is completed, the analysis involves
the consecutive use of the U.S. Army Corps of Engineers HEC-2
(COE, 1982) model. The HEC-2 model is useful in determining
stream hydraulics resulting in water surface elevations and veloc-

ity gradients at the tailings site.

&,L ,!.éé—méc em?f-/
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2.4.3

Geomorphic considerations

When dealing with the EPA longevity requirement, a design
that considers flood encroachment only for existing conditions is
not sufficient. The design philosophy for long-term control must
also consider that geomorphic changes could have a profound effect
on the hydraulic conditions at a site and create a condition in to-

tal variance to existing conditions.

The primary geomorphic concern with long-term stabilization
of sites located in flood plains is the potential for lateral move-
ment of a stream channel causing undermining or erosion of the
tailings impoundment. Stream channel migration can occur gradual-
ly during the design life of the containment. A more severe situa-
tion that can occur, however, is a rapid channel shift in response
to a major flood event. The potential for channel migration must
be carefully evaluated on a site-specific basis using all avail-

able geomorphic data.



3.0 ANALYSIS

3.1 RATIONAL METHOD, Q = CiA

Where Q = Peak rate of runoff, in cfs

C = Weighted runoff coefficient, value of 1.0 is used for

the PMP condition

i = Average intensity of rainfall, in inches per hour; see erosion

protection design for determination of this parameter

A = Drainage area, in acres .

3.2 LINEAR RESERVOIR ROUTING TECHNIQUE

Under this method, rainfall is subjected to infiltration losses, the
magnitude of which depend on antecedent rainfall. The resulting rainfall
excess s multiplied by the watershed area to obtain an instantaneous
hydrograph which is routed through an imaginary linear reservoir with a
routing constant equivalent to the time of concentration to obtain the fi-

nal hydrograph.



A1l rainfall losses are compared to precipitation such that losses
are less than or equal to precipitation. Soil infiltration is accumulated
after each specified time step; therefore, the Green-Ampt infiltration
equation performs a soil moisture accounting and the resulting infiltra-
tion rate is a function of the existing soil moisture conditions. 1In or-
der to obtain conservative discharge estimates it is assumed that the

watershed soils are initially close to saturation.

3.3 HEC-1 MODEL

There are four major input parameters that are estimated in order to

model the basin

_* .
0 Amount and temporal distribution of the PMP

0 Lag times of runoff within the basin

o Computation inten;al for the hydrograph

e 64 less '{
0 Less rate Ayre ipitation within the basin.

© Up & AV'(WM

3.3.1 PMP amount and temporal distribution

Determination is according to procedures outlined in the ap-

propriate hydrometeorological reports as discussed in Section 2.2.

See frobate o py. |



3.3.2 Lagtimes

Lag times for subbasins throughout a watershed are typically
computed using the lag time empirical relationship contained in
Design of Sma’l Dams (DOI, 1977). Experience has indicated that

this relationsnip generally gives longer, less conservative lag
times than what might actually occur during a PMF. The approach
of the UMTRA Project team is to initially calculate lag times with
the above stated relationship. The resulting peak flows for each
subbasin hydrograph are then used with Manning's equation to deter-
mine a better estimate of channel velocities. The velocities are

then used to recalculate the routing lag times.

3.3.3 Hydrograph computation interval

The selection of a computation interval "T" must meet the cri-

teria that it be less than 0.25 x Tpeak (COE, 1981).

where 1.7 x Tpeak =T+ Tc

Tpeak =.time to hydrograph peak

T = time of concentration

A computation interval of one hour ugunl%j’igg;g/;his crite-
“"9 -l // /M/
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Engineeri}unter, Davis.»Cachrn/i'a. :ﬂti}mtm less

than-one hour would be_too detailed for a PNF analysis,
v g g b ok

e 13
3.3.4 Less rate o/‘ precipitation
AN

Soils in any watershed are classified by the Soil
Conservation Services (SCS) into four hydrologic soil groups.
Each soil group has recommended ranges of minimum infiltration
rates after saturation. Uniform loss rates can then be selected
from this information. This selection can be greatly aided with
recommendations from the Corps of Engineers for specific drainage

bﬂS'ﬂS. -

3.4 HEC-2 MODEL
The primary input parameters for this model are as follows:
0 Boundary geometry of the floodplain s specified in terms of
ground surface profiles (cross-sections) and the measured dis-

tances between-them (reach lengths),

0 Values of roughness coefficient (Manning's *“n") are specif.ed for

the channel and overbank &reas.

10



3.4.1

3.‘.2

Boundary geometry

Cross-sections are located at intervals along a stieam to
characterize the flow-carrying capability of the stream and its ad-
jacent floodplains. They should extend across the entire flood-
plain and should be perpendicular to the anticipated flow lines.
Occasionally it is necessary to lay out cross-sections in a curved
or dog-leg alignment to meet this requirement., Every effort
should be made to obtain cross-sections that accurately represent
the stream and floodplain geometry (COE, 1982). Ildeally 2 foot
contour maps are necessary but not always available. In lieu of
this USGS 15 minute Quad maps in addition to field observation

must be relied upon.

Roughness coefficient

Values of Manning's roughness coefficients “n" are varied to
account for conveyance differences and to impose constrictions
where topography alone would not adequately define flow paths.
The basis of determination of n values is 0.020 to 0.025 for clear
channels and 0.050 to 0.100 for flood plain including mid-channel
islands. It is assumed that normal floodplains would be covered
at great depth and vegetation, buildings and other topographic fea-
tures would be submerged or removed, greatly reducing in values.
As a rule an n value of 0.025 is used where depths are greater

than five feet and 0.05 where less than five feet; although some

11



variance from this rule occurs in order to achieve reasonable con-

veyance values for differing topographic conditions along the

profile.

3.4.3 Design considerations

Due to the assumptions that are required in this analysis, un-
tertainties exist in both the hydrologic and hydraulic modeling.
As discussed in Section 2.4.3, geomorphic conditions can produce

unpredictable results.

In order to compensate for the uncertainties the following

items are implemented for the design.

0 Flow characteristics are oetermined for flow discharges
greater and less than the design PMF flow rate. This
checks the sensitivity of the system to changes in hydrolo-

gic characteristics to ensure a conservative design,

o It is assumed that during a PME*%eposition and scour will
occur such that mean channel depth and velocity is ap-

proached across the entire flow width.

0 Mean channel depths and velocities are used for the ero-

sion prote.tion design.

* gwf\nwt&'“f?‘/
1

2
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Riprap protection is provided to bedrock or to depth or

scour; or provided as a thickened apron with sufficient
quantity to extend to bedrock or scour depth if undercut-

ting occurs.

Riprap provided as a thickened apron is designed for the
mean chaonel depth and velocity using an assumed 2:1

sideslope for the potential undercut condition.

Sensitivity of the required rock size is also performed by
varying the energy gradient to ensure a conservative

design.

The riprap design is based on the riprap design with-safe-
ty factors method as discussed in the erosion protection

design section,
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. 1.0 INTRODUCTION

In order to meet the EPA standards at each UMTRA site, many different areas
of engineering design are involved. This process becomes quite complex when try-
ing to account for all areas into one cohesive design. The following discussion
summarizes many of the design considerations taken into account for the three

types of stabilization.

o Stabilization in place
o Stabilization on site

0 Relocation to an alternate site for stabilization.

.



2.0 GROUND WATER PROTECTION

Stabilization in place is possible/wly/if there is no degradation of the
‘"{l"”‘*a *.
ground water regim'(occunm due to actual contact with the tailings. If this
is the case then the entire tailings pile must be raised above the ground water
FTING T TN ——
for stabilization on site to be viablef(' This is performed by excavating the
tailings and placing fill to at or above the ground water surface. A capillary
break layer and clay liner are then laid down prior to replacing the tailings on

top of the prepared foundation."”e

If relocation to an alternate site becomes the chosen alternative then it
is first assumed that the chosen site has no ground water near the surface.
Partial below grade disposal is usually the prime choic'fm;!t':,:ake_use of

for the or s'te grading.
in-situ materials p< radon covenp Generally the excavated ground is reconstitut-
ed to act as a partial liner but additional protection with a capillary break or
clay liner are deemed unnecessary. Upon further investigation, the ground water
may be nearer to the surface than originally assumed. If this occurs than par-
tial below grade disposal may not be possible or a capillary break and/or a clay

liner may be necessary.**

*A S/urry wall cou /a, /solate fAéjrcanJ ée/pw {‘( %ﬂ"/fﬂ//
'{;OM ‘”\e Jrvundwa“", M4[,‘.y ;{ué.'/,;.,-{,‘m /N /O/I(e /o‘rsié/p.

**H Cdfi//lr//rea,é may not be neec/pc( inall carér.

A clay liner wl’/‘ mt be needed f the fm‘/:'n// ave
P/aced/o!bou f/oof?QmA;n:lmc‘g%}éw %77{'2’ c/d/

cover of suffiertu f/)r Lows /ermuér/; y.
2



3.0 PILE CONFIGURATION

Under stabilization in‘-phce an attempt is made to reconfigure the tailings
pile to stable slopes with a minimum movement of tailings. In conflict with min-

imum tailings movement, however, is the goal to minimize the final pile area

A balance should be achicved Yetween
that will remain restricted. AW drainage and erosion con-

and the cancept That <hul‘l v
stdentions.}\sidelslopes mluy‘,\mx mize‘? and topslopes minimized for greater

volume to pile area ratio.

Under stabilization on site and relocation, there is more flexibility on fi-

nal pile shape since the entire pile is being picked up and moved anyway. the

ed on
final pile area can be minimized greatly.(XA general width to height restriction
is maintained by attempting to keep the ratio greater than 20 to 1. In general

the higher the pile becomes the less economical the volume increase is per foot
* -

of height increase. iy =
g / ') orse

THETs 2k trae A all cmes,
CPlease demensfrate.]
For stabilization on site the final pile location is usually determined by

the flattest open area with minimal contamination that part of the foundat;y

can be easily prepared with minimal rehandling of contaminated materials.

-

remainder of the work would continue in sequence. —
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4.0 SLOPC STABILITY/ SETTLEMENT

n,'m‘nn?:)y eﬁkd’ con b€ a’%‘(u/f o ensure
Slope stability andAsettlement/{ue—ﬁmee%-h-eem}-uith the stabiliza-

tion in place option. Since the goal with this option is minimum tailings move-
ment, Tlarge concentrations of slimes may still exist. If the slime
concentration is large enough, slope stability may be difficult to achieve and

, may cal€ preblems, €.9.
hrge/r settlement‘nu-%create unpredictagle drainage flow concentrations. In se-
caveodion
Slans !

vere cases, preloading of the entire tailings pile(fay be necessary or

recom .d(_’{l(’h
and +ons of large portions of the pi lz

Ideally, stabilization on site and relocation provide the greatest control.
- ’r
These options allow for Ycomplete mixing of slimes with sand )o(proper compac-

tion of the entire tailings pile.

;-,.)pro\/:‘ov tAe falyf‘n/f Se {{/p,,(,,‘f
v staéz/,é/ properties, g, & g



5.0 RADON COVER

The pile configuration and type of stabilization can greatly affect the re-

area
quired amount of radon cover. If the pile),be’\'s minimized then radon emis-
wll be x On the ofher hand, the

sions pre pconcentrated over a smaller area. eloum&.—#——he,‘contaminated

o materi}ls )vizfayéfr'ed with the lesser contaminated material on top, D‘"‘! “’]‘eyﬂ."-
tendiny fo reduce _ ,
%radan cover w«%"«tféﬁ:'/’"” regucven; tnks,

Stabilization in place provides the least amount of control over the loca-

tion and layerinmwher contaminated materials. Alsy, more datalmust be ob-

“yeyardive Thia e,
U”K{#M existing pile ontaminatioﬂin order to properly design the radon

of I |evel contamination
cover. At best under this option, any windblown mterialsAshould be spread even-

ly over the tailings pile in order to reduce the necessary radon cover. .

Stabilization on site and relocation result in complete mixing of the tail-

ings. This aids and simplifies the design by allowing averaging of concentrated

of [ow (pve! contaminefion
slime areas over the entire depth of tailings. Windblown mterialsAshould still

placed
be Mumw/\over the top of the tailings.

*I.s this rcally .‘mpo»‘l'awt? Cover re{u,'nmul‘r are

”’N@ J(/%JM)" on f/g raJ:‘onc;‘r've /n/e/d)Lﬂﬁ
top /0 feet o tailings, not what /7 below the

top /0 Leet. (See Jummary K UMTRA Teclvno/q/f)
/1%50-17¢4)



6.0 SURFACE WATER HYDROLOGY

Under stabilization in place or on site there are greater restrictions with
regard to improving surface water drainage conditions. Upland watershed drain-
age is generally diverted around the stabilized pile but in severe cases reloca-
tion may become necessary. If a tailings pile is to be stabilized in a major
floodplain, then the design becomes very difficult and a major point of conten-
tion. Relocation to an alternate site m‘{preferred alternative quite.
gasily.for severe situations.

Under the relocation option, the primary goal is to lycate an alternative

site that is not only outside of arz, floodplain byt is also at or near the head
el ;7 ¢ P ﬂiflﬂj t"_fo.«“,bn-

end of a drainage area.” /k(-“‘*&r_,__. £TE relet albeve bl e
Sr-wld bf ars jf *v) &5 /r) 7 icad c T st .,,_*7?-‘:‘,\ o, BEAPT .

f . - 4 - j T — 7
(!" :’n, ’;y l? Ir. &tV rsTiis T arez Eoplp (ERAch and g iy oprlogss

Under any of the options, the pile configuration is very important in af-
fecting the on pile surface runoff. Consideration must be given to splitting up
the topslope drainage to avoid concentration of large drainage areas down one
sideslope. Drainage of the topslope can also be pitched away from one side to

avoid drainage down a longer sideslope.



/.0 EROSION PROTECTION

Erosion protection requirements are primarily deiermined-basc an the sur-
face water hydrology, €eadite

As discussed in Section 6.0/location of a tailings pile beliw a Targe up-
sl
land watershed of within a major floodzlain can become extremely critical in

terms of erosion protection.

With regard to the on-pile surface runoff, the erosion protection is primar-

ily affected by slope, drainage length and flow concentrations.

-

the
The steeper the slope e greater the impact of surface drainage andAlarger
he
‘s\rock protection ')( requirad. F: v to one iideslopes have been chosen as the max-

% fac/fate a~d shp? obil 'ty and wi/ sernerall)
imum slopes jorAvolum contain nt,uhat reque reason bly sized rock protec-

tion?é e g £ for those sites Mdr:’uc reck is not reasonably available in
Slatde

the area, A *slopes,(h{ve to be considered to reduce ercsion protection

requirements,

With regard to flow concentratlons. these can occur if settlement occurs
ame i S mok-compencated '{ sverd

within the pile{ Flow concentrations a dffficult to predict and can greatly

increase the size of tie rock protection. Flow concentrations can become severe

with long drainage lengih off the pile. If at all possible, the pile should be

configured such that drainage langths are minimized, especiatlyaway—fromtonqe- -
4ideslopes

*F ve tv one J/oo’ may wf be af’ro/ona ‘n Some cAser
e




5.0 SUMMARY

#Tihough many different design considerations can be standardized with gen-
eral gu'lelines, it is still quite obvious from this discussion that the process
is quite complex. Many different design combinations can occur from the variety
of considerations. The design must be site specific in order to account for all
the design considerations.

[;eeccn-nhu/ that o Md’)’:’( ;f a,tr CD;'J7.°’€"'2"I~’/" ansaf

desired o/d’/,“/n Joaé be /o/mea' /)ere._]
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CHAPTER 4
SITE DRAINAGE

4.1 INTRODUCTION

This chapter includes:

0 the types of drainage facilities to be designed for UMTRA
sites;

The types of data required for design of drainage facilities:
and,

Details of the procedures to be used for design of ditches and
retention basins.

Procedures are presented for determining capacity requirements for
ditches, retention basins, and emergency spillways. Site drainage
includes all necessary facilities to 1) control runoff and
construction wastewater at the site and 2) divert off-site flows away
from the site. Primary considerations are to control all runoff and
wastewater that may be contaminated, to 1imit erosion and prevent
sediment transport to offsite locations.

Design criteria are expected to vary from site to site, because
different federal, state and Indian triba) regulations will apply. An
important source of site drainage criteria will be the permit guidance
documents provided by the permitting agencies. Therefore, site
drainage design should be coordinated with the permitting task.
Minimum criteria for all sites have been established by the DOE (Ref.
4-1). The type and number of facilities required at each site also
will vary, depending on site conditions and design criteria.

4.2 FACILITIES

Drawings and specifications will be required for one or more of the
following types of drainage facilities:

A. Permanent Drainage Facilities
Ditches (sections, locations, grades ...
Outlet to natural drainage course
Crossings for maintenance vehicles
Fence or barrier crossings
Permanent diversion facilities

B. Construction Drainage Facilities
1. Ditches Tcontaminated water directed to retention basin,
uncontaminated water diverted away from site)
2. Silt fences
3. Sumps and pumps (where gravity drainage is infeasible)
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Dewatering facilities for excavations
Retention basin

a. Inlet

b. Basin

c. Emergency spillway

d. Outlet to natural drainage course
Wastewater treatment facilities

Flood control berms

Vehicle crossings (e.g., culverts)
Fence crossings

4.3 DATA REQUIREMENTS

The following data will be needed for the design of drainage
facilities:

A‘

Permanent Drainage Facilities

1. Conceptual design site plan and grading plan (with countours)

[see Remedial Action Plan (RAP) and coordinate with final

design of site plan and grading plan.]

?53; 3 criteria [to be presented in Design Basis Memorandum

(1) UMTRA general (see Refs. 4-1 and 4-10)

(2) Site-specific (e.g., State or COE Requirements) [see RAP
and coordinate with permitting task.

Probable Maximum Precipitation (PMP) intensity [see Processing

Site Characterization Report (PSCR), and check PMP using

sources and procedures recommended by the NRC. (Ref. 4-2)]

k:ggtion of outlet(s) to natural drainage course (see PSCR and

Locations of drainage courses with a potential for the

Probable Maximum Flood (PMF) and PMF data for site (average

velocity, water surface elevation, mean channel slope). (See

PSCR and RAP)

Proposed embankment cover material (i.e., rock or grass) and

cover type in areas outside of embankment (usually native

grasses)

Construction Drainage Facilities

b. Site-specific (e.g., State or COE requirements) [see RAP

Conceptual design layout of construction facilities and
interim and final grading plans (with contours) (see RAP and

V. Design criteria (to be presented in DBM)
a. UMTRA general (see Refs. 4-1 and 4-10)
and coordinate with permitting task.
g. Existing topography (contours)
coordinate with final design)
4. Site design storms (Ref. 4-12)

a. 10-year, 24-hour precipitation - minimum retention basin
c;iteria (Ref. 4-1) - Check site specific requirements
also.



b. 10-year precipitation intensity versus duration, for
events in the range of anticipated times of concentration
(can be obtained from 24-hour intensity). Use for ditch
capacity determinations.

c. 25-year storm data, use for minimum retention basin
spillway capacity, (Ref. 4-1). Also, check site specific
requirements.

d. Other storms required by any site-specific requirements.

. Desi?n floods (water surface eélevations which could affect the
site).

a. 10-year flood - minimum requirement for construction
protection (Ref. 4-1).

b. Other site-specific requirements.

6. Dewatering data (if excavation dewatering is anticipated).

a. Excavation plan

b. Ground-water levels (see PSCR)

¢c. Subsurface and material data (e.g., material types,
structures, puap test results)

7. Construction schedule (see RAP and coordinate with final
design). Use for estimating volume of sediment that will
accumulate in retention basin

8. Construction facilities and layout requirements (for
coordination of all facilities; i.e., access may be restricted
to one side of site, certain areas may require excavation of
contaminated material, certain areas could be used as borrow
sources, etc.).

9. Evaporation data (preferably monthly averages). Possibly
necessary in sizing retention basin and determinin
feasibility of pumping basin dry between storms. ?See PSCR)

4.4 DESIGN PROCEDURES FOR DITCHES AND RETENTION BASINS

Procedures to be used for design of ditches and retention basins are:

A.

Ditches
1. Calculate required ditch capacities using the methods, tables
and formulae listed in Table 4-, and following a format
similar to that presented.
2. Determine cross-section shape (triangular or trapezoidal) and
side slope(s).
3. Determine cross-section dimensions and lining.
a. Grass - or synthetic-lined (temporary condition only) -
Use Manning's formula (e.g., see Ref. 4-3). If velocity
exceeds allowable velocity for the 1ining, use riprap.
b. Riprap-lined - Perform iterative calculations relating
depth of flow, riprap size and Manning's n, as outlined in
Chapter 5
4. Check superelvation and riprap size requirements where ditches
change direction and at ditch intersections.
5. iugmarize results in a format similar to that shown in Table
6. Draw typical sections for construction drawings.



B. Retention Basins

T. Runoff voTume - Perform hydrologic calculations to determine
volume required to store runoff, using the Santa Barbara Urban
Hydrograph Computer Model (Ref. 4-4) as modified by T. J. Ward
(Ref. 4-11) (available in MKE computer program library).

b.

Input

(1) Name of the site

(2) Total drainage area (acres)

(3) Portion of total area assumed to be impervious (acres)

(4) Time of concentration (tc) (minutes). Suggested
methods for determining t. are Figure 30, Method C
(Ref. 4-5) and SCS Velocity Method (Ref. 4-6).

(5) Time increment (hedrs) and rainfall depth (inches).
Time increment duration and number of increments [See
(9) below] are chosen as necessary to accurately
define rainfall distribution with time.

(6) Initia)l and saturated volumetric soil moisture
contents, each expressed as a fraction. (Volumetric
moisture content is defined as volume of water divided
by total volume.) The volumetric soil moisture
contents should be determined from data given in the
site specific documents, if possible, or from
information presented in Ref. 4-7.

(7) Soil suction head (inches) should be based on (a) USDA
textural classification and information in Ref. 4-7,
(b) data in the site specific documents, or (c) both.

(8) The effective hydraulic conductivity, which is taken
as one-half the saturated hydraulic conductivity.

Site specific hydraulic conductivity data should be
used, if possible, or hydraulic conductivity can be
based on the USDA textural classification and
information in Ref. 4-7.

(9) Number of rainfall increments (as needed to accurately
model rainfall distribution with time, up to a maximum
of 100 increments).

(10) Number of output steps (as needed to accurately

model the outflow hydrograph, up to a maximum of
200 steps).

Output

(1) The outflow hydrograph (flowrate versus time).

(2) The total volume of outflow (acre-ft.)

2. Sediment storage volume

b.

Sufficient volume should be provided to store total
sediment to be collected during entire construction
period, if feasible, to avoid need for cleaning.
Use method given in Ref. 4-8 to estimate volume of
sediment.

3. Spiliway Capacity - Perform hydrologic and hydraulic
calculations to determine the required size of emergency
spiliway usin? the modified version of Santa Barbara Model

. above

i ~prnutes
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Input
(1) Retentign basin surface area (acres) and side
slopes.
(2) Emergency overflow ditch (i.e. spillway) side slopes.
(3) Emer?ency overflow ditch grade (fraction)
(4) Manning's n value (e.g. see Ref. 4-3)
Output
(1) Maximum depth of water in the retention basin (feet).
(2) ?:ximgm depth of flow in the emergency overflow ditch
eet).

* Model is to be modified to include retention basin side slopes.
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TABLE 4-1

REQUIRED DITCH CI*IHES

(EXAMPLE FORMAT FOR CALCULATIONS)

Flow

Drainage Area Characteristics
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NOTES:

Assume C = 1 for permanent ditches.

Use Table 3.3, Ref. 4-9 for temporary ditches.

Method 1 = Figure 30, Method C, Ref. 4-5; Method 2 = SCS Velocity Method (Ref. 4-6).

2.

Use rainfall intensity for duration equal to smallest values for T. for each ditch.

3.

(f.e., area-weighted average C).



TABLE 4-2
SUMMARY OF DITCH DESIGN RESULTS

(EXAMPLE FORMAT)
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CHAPTER 5
EROSION PROTECTION
5.1 RIPRAP DESIGN

A, Introduction

1. Use of Riprap - Riprap is required for erosion protection of
the following site features:

0 On the top and sides of the covered tailings pile.
o In drainage swales and ditches.
2. Design Method - The design method presented herein is the

Safety Factors Method (Ref. 5-10). The riprap is to have a minimum
safety factor of 1.0 for each of the following conditions:

o Available shear resistance divided by average shear stress
due to runoff from Probable Maximum Precipitation (PMP),
and

o Available shear resistance divigced by peak shear stress due
to runoff from 200-year storm.

Key details for applying the Safety Factors Method are as follows:

o Flow in the riprap voias is deducted from the total runoff
to give the flow used to size the riprap.

0o Manning's formula is used to calculate the average velocity.

o The Corps of Engineer‘s formula (kef. 5.11) is ' “ed to
compute Manning's n. This formula accounts for c¢epth of
flow and average rock size so that iteration involving
these parameters is required.

0 Average shear stress is computed from

T = 7~RS. where unit weight of water,
R = hydraulic radius, and
S = slope.
0 Peak shear stress is computed from
T = Y5, where y = depth of flow.

o Rill and gully formation is assumed on the top and sides of
the pile when topsoil is provided over the riprap,

0 Sheet flow is assumed on the top and sides of the pile when
no topsoil is provided.

§-1



o The Safety Factors Method gives minimum D50 for a given
condition. The remaining gradation limits, Dyo0)pins
0; 00 max* 025).i" and layer thickness are then
determined using the Corps of Engineer's method (Ref. 5-11).

B. Input Data and Parameters

1. Runoff Calculations - The following input is required to
calculate design runoff parameters:

0 Plan view of tailings pile, adequately dimensioned or to a
scale that is satisfactory for determining areas and
lengths, with contours, and elevations of key points.

0 Plan view of ditches, swales, and area contributing to
runoff, meeting the same requirements as specified for the
plan of the tailings pile.

o0 Cross-sections of tailings pile, cover, swales and gitches.

0 Ground cover and topographic characteristics in sufficient
detail for determination of roughness coefficients.

o Location of the site (latitude and longitude).

2. Riprap Size Calculations - The following input is required to
determine optimum riprap sizes:

o Specific gravity (Gg) of available stone of adequate
durability.

0 Angle of internal friction (@) of riprap.

C. Methodology
1. Precipitation Intensity

a. Probable Maximum Precipitation (PMP) - The PMP is
determined as follows:

(1) Plot location of site on appropriate figure (Figures 15,
17, or 20) given in Chapter 3, Section B in Design of Small Dams
(Ref. 5-12) and also included as Appendix 5A.

(2) kead probable maximum precipitation of 1-hour or 6-hour
duration, whichever governs, from Figure used in (1) above.

(3) Obtain incremental rainfall amounts, Q. in inches/hour
using time of concentration from below, and NRC Staff Technical
Position WM-8201 (Ref. 5-14, page 6).



b. Two Hundred-Year Storm - The 200-year, 30-minute
precipitation is determined as follows:

(1) Plot the 2-, 5-, 10-, 25-, 50-, and 100-year, 30-minute
precipitation values from Ref. 5-13 on log normal or
extreme-value probability paper (Ref. 5-13, page 6).

(2) Draw a straight line, fitting the above values, and
extrapolate to 200 years.

(3) Using Ref. 5-1, page 141, Table 4-1, adjust the
extrapolated value to determine the precipitation
corresponding to the time of concentration determined below.
¢. Time of Concentration - Obtain initial value of time of

concentration, Tc. For top slope L 0.0078 L0-775-0.385

(Ref. 5-4, page 8.5) or Tc = 5 minutes, whichever is larger, where
L = length of travel in feet and S = slope. Design Tc will be a
function of calculated velocity as shown in step h below. For side

slope Tc is the sum of Tc) + Tc)

top side’

2. Top and Sides of Pile With No Topsoil Provided

a. Tne sheet flow approach is used; i.e., calculations are
performed for a 1-foot wide strip of slope length, L.

b. The intensity of runoff for a strip 1-foot wide by length
L, in cfs, is: q = qu/43,560 (Ref. 5.15, page 15),
where q, corresponds to Tc‘

C. Assume a trial DSO’ thickness of riprap layer,
t=1,5 D50 or 12 inches, whichever is greater, and
porosity, p.

d. Compute through-flow in the riprap voids, Qs using
q, = PA YV,

where p = porosity,
A = cross-sectional area,
=t x 1 for 1-foot wide strip,



J.

and v

" velocity in voids,

wnl+ 5 s0-5% (pef. 5.5 p. 90),

where X = empirical constant,
m = mean hycraulic radius,
and S = slope.

Figure 5-1 gives values of Itlo's.

Compute net flow Uet™ - 9y

. Select trial value of depth cof flow, y.

. Compute v = qnet/’ and design Tc = L/v for the top of

the pile, and (L/v)
pile.

top . ‘L/')side for the side of the

. The factor (L/v)top in this equation should correspond to

the portion of the top slope directly above the side slope
design section. Compare design Tc to initial value of

Tc’ If design Tc = f{nitial Tc. 0.k. Otherwise

obtain new q, and repeat steps b through h until

resolution is achieved.

Compute trial value of Manning's Coefficient, n, from:
n = y'/8/123.85 + 21.95 10, (y/Dgy)] (Ref. 5-11,
p. 111-7)

Check depth of flow assumed using:
y = (qq n/1.486)%-5/(tan )03
(based on Ref. 5-15, pp. 15-16).

Compute stability factor, Ngs from:

ng= cos (1- tans¢/tan @)

where o = slope angle (Ref. 5-10, p. 643).



1. Compute DSO from:
D50 - ZlyS/[ns(Gs - 1)),
which is based on b, * 21 ts/[(ss -1)
and L yS

m. Compute t = 1.5 DSO‘

n. Compare t, y and D50 to assumed values. Repeat Steps b
through m until resolution is achieved.

3. Top and Sides of Pile With Topsoil Provided:

a. The gully development approach 1s used.

b. The length of a given slope, L, defines the maximum length
of potential gully for that slope.

¢. The ratio W/L, where W = spacing of potential gullies on
the slope, is determined from Figure 5-2. Then
W= (W/L) XL.

d. The drainage area for a top slope gully is W X L. Side
slope gullies may have a different spacing. The worst case
for a side will be a gully which crosses the top and
extends down the side, having a total drainage area =
ut Lt + H’ Ls (t and s indicate top and sides,
respectively).

e. The design flow rate, Q, is given by:
Q=C1A,
where C=1.0,
i = precipitation intensity (compute for both
200-year and PMP)
and A = drainage area.




f.

h.

Assume a trial 050’ thickness of riprap layer,
t=1.51X D50 or 12 inches, whichever is greater, and

porosity, p.

Assume gully base width B = 2 X 050. side slopes 2
horizontal to 1 vertical.

Compute flow in the riprap voids from:
Q = PAY,

where p = porosity,
Av = Bt, and

v, = W05 s0-54 (pet. 5.5, p. 90)
where Wn®:® = factor from Figure 5-1,

and S = slope.

Compute net flow Qnet = Q-ch.

Select trial value of flow depth, y.

+ 0.5y, and hydraulic radius,

Compute area of flow, A = 2y2
R = (2y° + 0.5y)/4.5y + 0.5).

Compute Manning's coefficient, n, from:
n = R"/%123.85 + 21.95 109 10 (R/Dgy))

solve Q = 1.486 ARP-87 s%5/n for y by trial.

Compute average shear stress on riprap. The riprap is the base

of a trapezoidal channel. In most situations the ratio of base

width, B, to flow depth, y, will be larger than 0.5, so that the
average stress on the base can be conservatively approximated by
the maximum shear stress on the boundary of the section,

Bhas YW ® Cpg YRS where Cpp = factor

given by Figure 5-3 (Ref. 5-2, p. 13) .



0. Compute n = 2] Ty ) max/[(Gg = 1) Y'psol
(Ref. 5.10, p. 641).

p. Compute SF = cosdtanﬂl(n‘ tan P + sine)
(Ref. 5.10, p. 643).

q. If SF # 1.0, repeat Steps f through p until resolution s
achieved.

r. It is not necessary to repeat the calculation for peak stress,
because only the riprap on the base of the trapezoida)
cross-section is subjected to shear stress.

Swales and Ditches

a. Design flow rate for a given swale is given by:
Q=C1A
where C = 1.0
1 = intensity of 5-minute PMP
and A = drainage area.

b. Assume triangular cross-section with a trial 050. depth
of flow, y, thickness of riprap layer, t = 1.5 Dso or
12 inches, whichever is larger, and porosity p.

¢. Compute through flow from
Ath = P AtnVen
where p = porosity
At" =N (2yt + tz) [Conservative approximation)
where N = side slope of ditch (N Worizontal: 1 Vertical)
and vy, = W% 054 (ret. 5.5, pg 90)
where Huo’s = factor from Table 5-1 or Figure 5-1

and S = slope.



Compute net flow 0”“ = °'°u.-

Compute area of flow, A = uyz. and hydraulic radius,
R = Ny/[2 N1eN%),

f. Compute Manning's coefficient, n, from
n = R176/[23.85421.95 1og,, (R/Dg))

g. Solve omt' 1.486 “0.6750.5,“ for y by trial, and
compute R,

YRS

h. Compute average shear stress ‘t.". ® Y

‘M'o ,". po ‘0)
i. Compute nge 21 t“'/[(ﬁs-l) v'Dm] (Ref. 5-6, p. 641),

J. For relatively 81? invert grade (S __%*) compute SF from SF =
(S/2)0(E, + 4)7*7 - E]
where E = s. ng sec 0,
S, * tand/tano,

and U = gide slope of swale or ditch,

k. 1f SF # 1.0, repeat Steps b through j until resolution is
achieved,

1. Repeat Steps a through k using rainfall intensity for a 200-year
storm and peak shear stress
'o’ux . C. Y, ¥ S5, where C' = factor given by Figure 5-3,

5. Gradation

a. Compute Wgo) . = "6 v.p:‘/t (assuming
spherical rock pleces).

. *Maximum slope for which this equaton applies 1s to be determined.



b. Compute "wo’m =2 Hso)."‘ (Ref. 5-11, p. 42).
%100 max = 5 %50 min
W25'min = "100'max/1®

¢. Compute l"l()O’lin' DIOO,IOI and °2s)-1n from
D= [su/(-c, v.)]"’.

d. Plot upper and lower bound gradation curves, adjust if necessary
to utilize gradations already produced locally, and determine
ranges for the following sieve sizes:

Sieve Size Percent Finer By Weight
%00 max -
sufficient sizes to -t ___
define curves, in even -t __
inches L
1 inch -t __
1/2 inch I,
No. 4 -t

6. Filters and Bedding Material

a. Compute governing filter sizes from:
() D“), <$ ()M,)b (Ref. 5-12, p. 235)

where b = base material (below filter)

(use gradation of portion passing No. 4 sieve) (Ref. 5-10,
p. 236)

(3) 0,5), « 20 D“)b for uniform base material (c“< 4q)
(Ref, 5<17, p. 7-8-14), or



<40 Dls)b for broadly graded base material (C“ > 4).
(5) Pmax < 3 inch (Ref. 5-12, p. 236).

(6) To avoid internal movement of fines, filter material should
have no more than 5% passing No. 200 sieve (Ref. 5-12, p.
235).

(7) Based on recent studies (Ref. 5-18), strict compliance with
filter criteria shown under a(1) will be required, but those
shown under a(2) and a(3) could be relaxed.

Check need for second stage filter by considering first stage
(from a.) as base and overlying riprap as filter in equations (1)
through (4) above. Design 2nd stage filter, 1f required.

Plot upper and lower bound gradation curves for filter(s), aajust
if necessary to utilize gradations already producea locally, and
determine ranges for the following sieve sizes:

Sfeve Size Percent Finer By Weight

000" max 100

2 inches — to___

1 inch -t
1/2 inch e TR
No. 4 -t
No. 4 W
No. 16 s T
No. 30 -t
No. 50 o
No. 100 g Nt
No. 200 — o __
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5.2 RIPRAP MATERIALS SELECTION
A. Introduction

Before completing specifications for erosion protection elements, the Site
Design Engineer should review the potentially available quantities and the
durability characteristics of local materials. It may be necessary to modity
the computed gradation limits and thickness requirements in order to develop a
balanced, practica) design. Guidelines for the investigation of available
materials are presented herein,

B. Input Data
In the beginning of the investigation, it is necessary to know:

Quantities and Sizes of Material - Approximate required quantities

and sizes of erosion protection material can be estimated from thickness of
rock protection required for similar sites and from rough calculations for the

area of the site in question.

2. Riprap Durability - The data presented in Tables 5-2 and 5-3 are
included as guidelines to judge the suitability of a rock source for use as
riprap.

C. Methodology

The material selection process is divided into two phases: 1) Data Collection
and 2) Data Analysis.

1. Data Collection - Much available data can be obtained via telephone
and written correspondence with local quarry operators. Most operating local
quarries have test results and quantity estimates on file. In adaition,
independent sources such as local highway departments, U.S. Army Corps of
Engineers, and local governments may have valuable data for local sources.
Generally, only results for tests two through six in Table 5-2, and
petrographic analysis will be available. Communications regarding existing
data should include inquiries into past local uze of each type of rock in
question, especially regarding length of exposure. Such data can be extremely
valuable in judging long-term durability.

After an initial screening of the data available by telephone and mafl,
potential borrow sites should be visited. A site visit will permit visual
examination, testing with a geologist's hammer, and independent selection of
sangles for gradation and rock qu 1ity testing. Tests two through six in
Table 5-2 and petrographic analvses should be performed at a reputable
laboratory. In addition, the rearch for cases where each rock type has been
subfoctod to long-term exposur: should be extended and these sites visited to
evaluate the rock's performance It is important to identify during the early
stages of design any potential jroblem in obtaining suitable erosion
protection materials within an economic hauling distance from the site.

2. Data Analysis - Gradation requirements determined, using the
procedures presented in Section 5.1, should be plotted and compared with

5§ -1



gradations commercially groduced. Without compromising performance, the
gradation limits should be adjusted to make maximum use of available
gradations. When necessary to ensure satisfactory results, layer thicknesses

may be increased, if economically justified.

Presented below are guidelines for assessing the suitability of rock sources
as erosion protection material.

0 Wherever possible, a particular source of riprap should be
specified. Priority should be given to specific rock types that
have been exposed for periods of 50 to 100 years and have suffered
essentially no deterioration. As a quality control measure, the
minimum specific gravity, maximum absorption, sulphate soundness
weight loss, and abrasion loss values should be specified as
acceptance criteria at each site.

0 Specifications for materials, for which observable evidence
regarding long-term performance is not available, should be
selected using the third column in Table 5-2 (good quality rock),
ana then modified to allow for unusual characteristics of
particular rock types. For example, the specific gravity of
certain rock types (gabbro, gneiss, etc.) is consistently greater
than 2.9. Therefore gabbro with a value of 2.65, while acceptable
according to Table 5-2, could perform in an unsatisfactory manner.

0 Because there are currently no physical tests that can predict the
performance of rock or gravel after 200 to 1000 years exgosure.
some judgment will have to be used to supplement the test data in
selecting acceptable quality rock.

W Form of Specifications - The gradation limits developed in Section
5.1 should be TncTuced in the technical Specifications.

Rock quality criteria used for the acceptance of riprap, bedding, and filter
materials may be prescribed in the following format:

0 Representative samples of riprap material shall meet the following
requirements:
Tests Designation Requirements
Specific Gravity ASTM (127-8) S.G. (SSD) not less than
and Absorption Absorption not more than ___ %
Soundness ASTM CBB-76 Maximum weight loss _
(sodium-sul fate
method)
Abrasion ASTM C131-81 Maximum loss of material finer
than #12 sieve is __ %

5«12



5.2
5-1

5-4
5-5

5-7

5-8
5-9

5-10

o Samples of bedding and filter materials shall meet the
following requirements:

Tests Designation Requirements
Specific Gravity ASTM C127-81 Greater than
(SSD): or

ASTM C128-79

Soundness ASTM C88-76 Less than percent
(sodium-sul fate loss of weight after
method): 5 cycles
Abrasion ASTM C131-81 Less than percent loss of

weight after 500 revolutions
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TABLE 5-1

CHECK LIST - AREA DRAINAGE AND EROSION PROTECTION DESIGN

(Sheet 1 of 2)
Name of site, state:
Approximate Coordinates: Processing Site
Disposal Site
Basic Data:
a) Correct Base Map/Topo (1" 200')

b) Hydro-Met Data (Precipitation, Evapor-
ation, Temp, etc.)

c) Information on Nature of Vegetation
d) Stream Flow Data
e) Drainage Area Topo (1" 200')

Slope Protection Materials Sand

Available

Not Available

Gravel

Riprap

a) Potential Sources

b) Required Quantities (c.y)

¢) Available Quantities (c.y)

d) Test Data Attached

Reference Showing Contar.iated
Material Boundary

Reference Showing Geometry of
Tailings Piles

Reference Showing Site Layout
(Plan and X-Section)
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TARLE (-1
(Sheet 2 of 2)

8. Review of Conceptual Design in RA? Yes

a) Design Sufficiently Detailec for leview
Purposes

b) A1l Supportive Data & Docs. Availahle
¢) Minor Change from Draft RAP, Need Not Redesign
d) Major Change from Draft RAP, Need to Reuesign

9. a) If Redesigning, State Reasons _

&

b) Schedule for Redesign: Start Finish

¢) Proposed Method or Methods of Design

d) Manual Computation/Computer Solution i

10. Other Data

11. Comments



TABLE §-2

U.S. TUREAU OF RECLAMATION STANDARDS
FOR JUDGING RIPRAP DURABILITY
(REF. 5-19)

Test

Ultrasonic cavitation rating
Bulk specific gravity

Absorption, %

Freeze-thaw weignt loss, 3(a) .5

Ne:SO4 weight loss, % to 10

Los Angeles abrasion loss, ¢(b) 5 to 10

Schmidt impact hammer 40 to 60
Scleroscope 30 to 50
Coefficient of restitution(c) ' 0.5 to 0.7
Tensile strength, psi 500 to 1,000
Compressive strength, psi 15,000 to 20,000

Sonic velocity, ft/sec 15,000 to 17,000

(@) 250 cy-les
(b) 100 revolutions

(€) pebound hardness




TABLE 5-3

COMPRESSIVE STRENGTH OF VARIOUS ROCKS
(REF. 5-19)

__Rock Type

J Diabase and some basalts and quartzites

Fine-grained granite, diorits, hasalt, quartzite,

well-cemeted sandstone anc 1imestone

Average sandstone and limestone, coarie-grained
granite and gnefiss

Porous tsandstone &nd ! imestone, shales

Tuff, talc, siltstone, v'ry porous sandstone

.x“-‘!?‘

5-18

_Stirength, psi

Over 40,000

25,000 to 40,000

10,200 to 25,000

5,000 to 10,000

Under 5,000
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APPENDIX 5A

PROBABLE MAXIMUM PRECIPITATION AND
THUNDERSTORM MAPS OF THE UNITED STATES
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