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Methodology for Evaluating Long Term Stabilization Designs
of Uranium Mill Tailings Impounchents

1. Introduction

Design consideratims for long term stability of uraniun mill

tailings impounchents were discussed in detail by Nelson, et al.

(1983). In that document the design parameters were defined and

potential failure modes were discussed.

Se main prpose of that report was to evaluate the imprtance

that the stability period (e.g., 200, 500, or
W h t> t ? years) would havefiv{ in this ref er f.

1000

cm the design criteria. It was sh t regardless of the stability
_

period the a;propriate design flood would be the PMF. Se design of

various elements of protecticn systems for the different failure modes

( should therefore be based on the PMF.

At the end of that investigaticn it was noted that the successful

application of the resulta to the evaluation of designs for the

uraniun mill tailings inpounchent reclamaticn schemes would require

the develognent of a methodology to facilitate its atplication. Se

pirpse of this investigation reported herein was to develop such a

methodology. Se seccnd hase of the investigation will involve the5

aEplicaticn to selected inpoundnents to illustrate its use.
.
..

Qiapter 2 discusses the factors to be taken into consideration in

determinaticn of a PMF and discusses the different types of PMF's that

can be encountered. It does not, hcwever, develop means of predicting

PMF's talt rather discusses the various methods cx>mmcnly used. i
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I,. Gapter 3 discusses the probabilistic risk analysis of long term

stabilizatim and is intended to address the nature of the risk or
hazard that is impsed &e to failure of different elements of the

impotnchent. These factors that are important in evaluating risk on

the basis of probability of failure are discussed in the context of

consequences of failure.

Gapter 4 discusses the potential for failure to occur &e to

fluvial geomorItic aspects. This chapter considers the potential for

failure to occur &e to intrusim of a stream and changes in the

nature of streams and rivers.

maEter 5 discusses the design of inpunchent surfaces to avoid

gully erosion. A methodology of predicting when gully erosion can,

'
initiate is presented. Means of predicting . stable slopes and

threshold values at which gully erosion to begin are developed.
.

Oapter 6 evaluates the potential for surface sheet erosim.

This chapter develops a met.hodology for evaluating erosion potential

from a surface which is sufficiently flat that gully erosim would not

exist.

Gapter 7 discusses the selection of riprap and addresses the

question of evaluating appropriate durability of a riprap naterial.

'(

_2-

-. . . _ _ _ _ _ _. - __ ___ _ _ _- . . -



roug% 6ragt INE report - Q57/W
--- --- q

D - NRC f - rpt.2.1* -'

.

Desion Flood Estimtion

b 2.1 Introduction
i

In a recent document on the design considerations for long term sta-

bilization of tailings impom&ents, Nelson et al., (1983) showed that the
|

design event for evaluating the long-term stability of a reclaimed tailings |
tb t

impm&ert should bdAProbable 2 xista Flood (IHF) . 'Ibe IMF has been

defined by the U.S. Corp of Engineers (1975) as "the flood that may be

expected frcn the nost severe ccabination of critical meteorologic and

hydrologic cx)nditions that are reasonably possible in the region." The

precipitation associated with the IMF is kncwn as the Probabla &ximin Pre-

cipitation (PMP) which is defined as "the theoretically greatest desth of

precipitation for a given duration that is physically pssible mer a par-

ticular drainage basin at a prticular time of year"

Nelson et al. (1983) indicated that for a particular impoundnenty twog
' different situations related to the PMF must be considered. Pbr an

impotmdment located in the IMF flood plain of a major strem or wash, the
eaas4? d"Y

PMF of concern would be that -- 7="-19 the occurrence of the PMP
in ti, e m a 'fs f r e a_m, er Was_h.rs - - - - .. , _ _ y _ , , _ .--

_

'- n ---- "; On the other hand, same sites are located on"--

-r -

the valley or canyon walls or on ridges such that they are outside the IMF

flood plain of a major stream. For these cases, the PMF of concern is that

correspmding to occurrence of the IMP on only that area above the site

that is tributary to the imediate impundnent area.

'!he main INF flows down the main channel and may or may not impact the

toe or face of the impounchent, depending on its magnitude. A smaller PHP
,

results frcn the IMP occurring on the watershed just above the impomdnent.

f 'Ihis flood would have grimary influence on the potential for surface ero-(

i

.
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sion of the cyner system if f1ws are not diverted around the impounchent.

When f1ws are diverted aromd the reclaimed impmchent, the cover design

nust withstand the PMP and subsequent PMF imEacting directly on the site.

'Iherefore, regional, local and on-sight IMF's must be accounted for in the

comprehensive long-term stability analysis.

2.2 Desian Storm

2.2.1 PMP Design Storm

The design storms that are traditionally used to estimate the PMF are

an envelopent of maximized intensity-duration values formulated for cro-

graphic and non-orogra@ic regions across the United States. Eadi region

{ can be evaluated by the influence of the tyre of stom that characteristi-

cally intacts a specific area. The types of storms considered depend upon

location, topograhic influences, potential for convergence, moisture poten-
'

tial and meterorologocial transportation. Cannonly, the one-hour thunder-

storm and six-hour general stom are transpeed over a region or site for

PMF estimates.

A series of generalized precipitation charts have been prepared ty the

National Weather Service to rapidly determine design storm values for any

specific area in the United States. 'Ibe design storm values represent a

conservative u;5er limit of potential gecipitation. Generalized values

have been compiled for areas east and west of the 1050 meridian for general

type storms and for areas west of the 1050 meridian for thmderstorms as

presented by the U.S. Bureau of Recimation (1973) . An example of the PMP
r
1 one-hour thmderstorm values is presented in Fig. 2-1. 'Ibe charts

|

|

-2-
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portraying the IEP thunderstorm values and PMP general-type storm values

were originally deried from Hydtmeteorological Report No. 33. (1976) for
Hydromthercleyce
Subsequent reportdinve been p blishedthe U.S. Army Corp of Engineers. 4

for various regions throughout the United States. hich hwe adjusted thengp

gecipitation estimates,Gc ::, ' __iy .w L. O 097M=

whi&WhMG-estimates.les dha.&outluestesa4niSWL3tates. Figure

2.2 presents the regions in whicti updated PMP studies have been con &1cted

and the reports in which there precipitation est$tes are published. When

more than one set of precipitation estination value/are presented, it is

recomended the more conservative value be used to estinate the IMP.

'[ Regions east of the 105 Meridian in the United States use the six-0

hour general-type storm as the design storm for PMF analysis. The

general-typ storm is derived fra an extensive data base and is 6camonly

extended for periods of 72 hours to 96 hours. The general-type storm

yields large voltnes of runoff. Application of the general-typ storm in
0areas west of the 105 meridian will usually yield a PMF peak discharge

lower than that estimated by the thtmderstorm yet yield a voltzne of rtmoff

greater than the thunderstorm. 'Ihe general-type storm will usually yield

peak rtmoff and rtmoff voltanes values greater than the thtmderstorm in the

eastern United States.

0Regions west of the 105 meridian in the United States must evaltate
_

the PMF with both the general-typ storm and the thtmderstorm. The thtm-

derstorm will generally produce a IMF with peak runoff greater than the
f
t general-type storm. However, if the voltane of rmoff is a consideration,

-3-
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's
*2Dit is recccmended that both WE values be estimated as the general-type L
s

storm volume of runoff exceeds the volume of runoff frca the thtnderstorm. $
- *2.2.2 PMP Rainfall Intensity

e a pouaj fp& \

/n order le 85Hmne run CY ^* be u i N
Whastawlying the: Rational: Method;jsee etion 5. 4 or determini u

i

INffor kwatepd or rhclaime ite wi aimge ar ss thaq $e

hheke, the PMP rainfall intensity nust be formulated. In order to k

determine the IMP rainfall intensity, the incranental IHP rainfall depths
=

for a specific rite must first be derived. Se PMP rainfall depths can be d
9

estimated as a percent of the IMP values for both the 1-hr thtnderstorm and

the 6-hr general-type storm. Table 2.2 gesents the rainfall & ration and
,

[ percent PMP values for determining a@ropriate rainfall depths as recom- k
mended by he NRC Staff Technical Position (1983hNoW ttSt N yhowe Yt,

Es'e < aidMM) h reg ], r)/2e rainfall depth for a specific site is estinated by determifiing the '

rainfall & ration and/or a gropriate time of concentration. S e resulting )
rainfall depth, in inches, is

PMP rainfall depth = (% PMP) x (PMP) (2.1)
sd b' '

nt INP is obtained fran*' icv 0f_-h2 and thewhere the per n=hi PMP is obtainedj

frcza the a@ropriate PMP design storm gesented in Section 2.2.1.
;

|
1

(
,

-4-
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1,ekm2 '

Table h,,- y Iv/ b/

Rainfall Depths for Variable Rainfall Durations

Rainfall Duration % of 1-hr PMP % of 6-hr PMP
mi.s
z.5 35 2 5 1 h
10 3 B 1 4d'O15 4 5 1 7

20 5 3 H lM 8 2 )

30 6 7 E
40 8 3 31
50 SL 3 1j
60 100 3 3

120 , 53-

240 E0-

360 100-g
'

he rainfall intensity, i, in inches per hour an be cmputed as
,

i = (rainfall degh) x rati @ 7 -u
(;w/h,.) G" wuttu)

Se rainfall intensity determined in M. 2.2 is generally a conservative

value and represents the peak rainfall intensity of the design storm. he

resulting rainfall intensity is the input value to Eq. in Section-

5.3.

b W rainfall duration or time of concentration is less than 5 S

minutes, i re_conmended that a rainfall intensity versus rainfall dura-
N ~

tion curve be plotted on-aemilogarithmic pap'er. Se upper end of the curve

can then be extrapolated t on of less than 5 minutes. Because of
/ N '

fthe extranely conservative rainfall intensity values obtained for short
N

durations, it is reconmended that the mini' mum rainfall duraticn be 2.5

-5-
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,

minutes.

2.3 PMP Carnprison Storms

A Comprison of Generalized Estimates of the Probable Maxinun Precipi-

tation with Greatest Observed Rainfall and estimates of the 100 year events

i for areas both east and west of the 105th meridian was gepared by the

National Weather Service (1980). It was reported that in the eastern U.S.,

there are 6500 precipitation reprting stations while in the west there are

about 2100 stations. Se study indicated that 177 separate stom everts
'

!

have been remrded in which the rainfall was greatier than or equal to 50
!

percent of the PMP for stations east of the 105th meridians. Only 66

[ seprate storm events were recorded in the western U.S. where rainfalls

were greater than or agual to 50 percent of the PMP. This study included
4 storm chratims of 6 to 72 hours. |-

[ 2e National Weather Service also reported the neber of storm events
.

i which met or exceeded the 100 years rai.nfall values and compared them with

the regimal PHP values. Table 2.1 stasarizes these rainfall events for 6
|

and 24 hour storms occurring over a 10 square mile area. It is interesting |

1

to note that a storm has not been officially recorded in the western U.S. |

that exceeds 90% of the PMP value. However, it is evident that a ntsober of

storms approacf1 the PHP values thereby substantiating that the g escribed

PMP values are not extranely conservative.

I

(i

l

:
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!

. .

r- , - - - + . -



_ _ _ _ _ _ _ _ _

. ..

e
i rough draft NRC reprt - FV85

D - NRC f - rpt.2.1

Table 2.1 Comprison of PMP with 100-year Rainfalls

.

> 50% > 604 > 70% > 80% > 90%

East of 105th '

Meridian 59 32 19 7 3

West of Continental 77 39 13 4 0
Divide

(From 10AA Tedinical Report WS 25)

A ccsaparison of the hour b to the 100-yr, M m2uare nd31

presented for areas west of the Continental Divide in Figure 2.3. The map

indicates that the mountain and other topographic nasses signifiantly
6 fecY'

fecto- the regional variation in ranfall negnitudes. The PMP to 100 yr

rainfall ratios range from 3 to 8. Ratios of 3-5 prevail in the , uranium,

mining areas.

2.5 PMF Estimation

The Protable Maxinun Flood is an estimate of the rainfall-runoff rele-

tionship for a particular drainage basin with site specific cmditions.

The gecipitation can be estinated as gesented in Section 2.2. Therefore,

the determination of the nagnitude and voltme of the IMF resulting from an

extensive assessment of the agpropriate watershed parameters an be pr-

fomed.
,

Input paraneters corsoonly used in a PMF determination include but are

not limited to the watershed area, average slope, elevation differential,

C
length of watercourse, aoil typ and runoff ptential, type and amotmt of

-7-
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cwer, antemdent moisture mnditions, soil infiltration rates and soil'
ccrnpaction. De flood hazard should also be determined. It is recmoended

that a high hazard analysis be used for evaluating the long term stability

of the reclanation of uranium mill tailing impomdments due to the radime-
Itivenatured 1*

It is reoormended that state-of-the-art goce&res be used to estimate

the Hr. One of the loost camonly accepted gocedures is the triangular

Hydrograpi Proce&re developed by the Soil Conversation Service as

premnted in Design of Snall Dams (1973). 2e SCS gocedure is readily

available and is incorprated as a desicy) option in HEC-1. Another go-

oedure frequently used Id the U.S. Army Corps of Engineers Procedure for{
PMF determination. (8 d. ? )

'Ihe Rational Method can be aglied to determine the PMF peak discharge
s.coneres.

for drainage basins or cwers with area less than m e rile, h
p,r t arge r- a re ar
-aver, it is reconmended that one of the , state-of-the-art Erh be used

when pssible since the Rational Method does not directly account for nany

of the basin grameters.
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3. PFOBABILISTIC RISK ANALYSIS OF II)tG TERM STABILIZATICE

3.1 Introduction

Most engineering designs are presently based on deterministic

M analyses. That is, single values are selected for material parameters -

,

,# y'

/(h , #h and cmpared against the loads aIplied. 'In other words, the, capacity-i

f' f of
Je (,7 the system is compared to the demand placed on it, ,this comparison

,
- r'

is frequently expressed as a factor of safety. Sud an approad .y;fe

{ M the importance -of the variability whid is inherent in all 5
e

parameter values. For exanple, even manmade materials such as steel,"9 I, L e,
[i$ g

whid is subjected to stringent quality control, shw variability in cuko
yield tensile strength. Geological materials and processes sh w and (of

Ugreater variability and to neglect such variability in any engineering *

So e4
design is unreasonable. ed b

b .

Re nt years have seen rapidly grwing researd into applied pro- t/drid
I
i bability and increased interest in applications to geotechnical -

h
jd[;'(iengineeringpractice. Unfortunately, probability still remains a mys- AM

a tery to many engineers, partly because of a language barrier and /g <

@g6gf -
",,,*aI*f $ .

partly from lack of examples shwing hw the methodology can be use

h'g M the decision making process (Whitman, 1984). J4 mcwy
. -

GA l.$ gMf[U|"1
G. 4e juf.'

~
f A probabilistic analysis considers the variability or uncertaintypA -

,.

4W|] 2 central tendency of a parameter is usually ,7 ,p/ ~ ,,v,6 |2 of the parameters. The
Uf .*

7 expressed by the arithmetic mean while the coefficient of variation is A .593C |,

D h' a useful measure of variability or dispersion. The coefficient of

|
\variatica is the ratio of the standard deviation and the meanand is i

& p ;;pg svanda-Q,40 CFR hrf Ff 2, Q 599 : . . .. b /he t , Wht|( |" L

w -,,.,,usur -i.,rs, aas.ew w n m u.|c,, u e

warre,hs eur rej)rainly & eekens sy& Men men
C+. pn e. 5 verah'en s ,dse

ncueari/y <rb'fhat 4wh d shNNmL d*'+*"' 6' *k -fh e. m me.
-.
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] expressed as a percentage.

W e final result of a probabilistic* analysis is expressed as a'

; reliability or probability of failure. h is is a much more realistic

measure upon which to base decisions than a ' factor of safety' which
.

g can only be compared to sone ' acceptable' value.
.

.

i

|
Probabilistic analyses are not a repla.oement for engineering,'

j
- -

,

i judgement. On the contrary, considerable judgement and knowledge of a

.

process or failure mode is required to perform a realistic probabilis-

q -
-

biggest advantage of a probabilistic analysis is /vetet#'hf,tic analysis. Se sys+| - -

m., 4 r M, .\ that it forces the engineer to investigate the variability and uncer--'
'

#

h (.J
% t

M-g,. A M"'']
I tainty of all the contributing forces or parameters to a specific

% 1 failure mode. Even when a precise quantification of probability of g,tysd *
(( j

~

failure is not possible, systematic formulation of a analysis aids
I

greatly in understanding the anjor sources of risk (Whitman,1984).

> W,is A' ' "
a gm J *In a deterministic analysis only one value is selected for a

/"'"[* 'eparameter. His value can be the mean or a 'best estimate', very

/ largef'14"
,

"J' ded
often a conservative value based on jt W at. Although a ,

V &f
f volume of data might have been gathered the variability is neglected rfs/,NM

^g ulah'
[,-delerain deterministic analyses and only one value is used. Bis is tan-

des <*p ~e M
tamount to 'not using all the information' that was gathered &lring an)1 -

pg de-

investigation.

It is the purpose of this section to investigate the potential

application of probabilistic risk analysis in the long-term stabiliza-

tias planning of uranitun tailings impour4. -a.s. his

review some of the_de_finitions and principles of a probabilistic or
Q gg} nef MP theru de 7nere. %an ,%<& ? h/m'+ yeu nde'ceife +h e Awef f

wWen -w'H 6e a cc
/tt~d 'm*"y %ylaue -le me :

l i i mcdel
/)7 aim;;n, q -tL vax. ewa ys s e r sk-
s ht

ny Na4;Nert & rwa Avta< d em '' * L9 * * d'II h% y% f'vesh'

m,a- 9se~ w w 9snem(.re,4,acm
. - . . - . . - -. - tw ,9. >,,a y
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risk based analysis. Each of the failure nodes identified by Nelson,

et al. (1983) will be investigated and it will be shown in principle

how these can be cast in a probabilistic framework. -

A7/ m it"i C)"L'T N A G:fjggy 9 g j, m e w -ret M tI/ Q g /n e' W M3.2 Infinitions and conceots

h ese y// /* ht!&mye", *r~"**sterrns . A m+g Au0 ""S'3''*Vl-4rm s war a mit;ns i

ne variability /, uncertainty in~the value of any prameter x is,4 eces<<
a, m+aewg

expressed by a probability density distr _ibutio.n, as.shown in Figure ' ' . 3f- /E
-

Ag ;
_

_ ____ _ _, -- -
h lic

jg+ 4 feo ImsQf
'

3.1. We protability that the parameter x will have values less than gg

i f x = a is given by the area under the curve shown shaded in Figure 3.1. */ 'd
7'** f *

2|y n e parameter x can represent the ca p city of the structure to with- opp <.4/x -
8

1 . stand load, e.g. the differential setriement which a cover naterial
kI can withstand before severe cracking will occur. For emple, the

{ shaded area will be the probability that cracking will take place when
I

j j the differential settlement (or demand on the structure) is x = a or

i less. Werefore, if the demand is considered to be a deterministic *'P.x rncc~.S
$ value such as x = a in Figure 3.1 and the capacity is assumed to have <""J '" '" *

'

Q e,nfwm<<.
scme distribution, then the shaded area is the probability of failure. vb /<d "

dt1 f ( H @ ,C *

g We denand cn the structure, e.g. the predicted differential set--

,

p tlement, can also be a variable such as x in Figare 3.1. In this case

one can consider a ' capacity-demand model' as shwn in Figure 3.2.

We probability of failure is a function of the area of overlap (note

the protability of failure is not equal to the area of overlap).

i
'

As a comparison, note that the central factor of safety is

defined as: & jsag ketax, 3,ne, p q y3me u n p erg;ni

rist analys0 Nhieb wHl ed dhe ,le va t ruf uh'enfi r ,
..eep u, n -c,,c ,n c- 4 m u ;

..w
j .swisecx pnutas*ms aa wthemwas <c d te enetu s'<.

+ ~ ,,n n,.w.rs,sm.aaus~
fen c. dEuntion en *hpul pcwamefer.c, me%d*Ir3y
c nes resuths a~4 nerepkue cri/evia s A<utd anel, asaty sis

.b c fe)r ler rm,y
1

w? Or shendg te .pqcrme4tauxmes,g4mp,4n ' ' "
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Instead of using 'a rmation' contained in the probability

distributions the factor of, safety approach only uses two determinis-

i tic values.

'Ihere is one more approach to calculate the probability of

failure on the basis of factor of safety. Consider the distribution

in Figure 3.1 to be the distribution of factor of safety. . Ihe proba-'

bility of failure will then be given by the shaded area if a = 1, i.e.

the probability of. failure is the probability that the factor of

safety is less than unity.

Reliability theory provides a rational framework for accounting

for the uncertainties in both capacity and demand. Reliability theory

also offers the prospect of a systematic method for selecting the
J

safety factor appropriate for a particular application. Historical

precedent or experience an be used to select a suitable reliability

and Waquently a safety factor. It can therefore be concluded that

when there is no standard for a safety factor, but the proble:n is well

mderstood, and there is an adequate data base, reliability theory may

be used to guide selection of a safety factor consistemt with the

degree of safety in other problens (Whitman,1984). There are several

requirements for the formal treatment of reliability (Whitman,1984):

! (i) Clear delineation of the criteria for success or failure. |

l

] (ii) Selectim of a deterministic model relating the basic |
l
'variables to the criteria for success or failure.

(iii) Identification of the uncertainties concerning the 1

,

basic variables.
'

\

-4-
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1

l
I

(iv) Evaluation of the distribution functions or ncunents i

l

of the basic variables.

Im us, there exists a probability of failure for any system that i

; is designed. his probability of failure is a function of the
sr

variability (pncertainty of the capcity (e.g. strength) of the system

and the , itude of the mean capacity c @the demand placed upon the

7 ? |system. T'dd to 7

!
Ibr applications to uranium tailings impoundments the design

denand would be the IMF and forces associated with the RiF. Dat has

been discussed previously. In this case the demand is a deterministic
|value. 1

!-

Pailure of an impoundment, however, can take different forms.,

For example, some erosion could occur and remove a small amount of the l
'

toe of an enbankment with no release of tailings. On the other hand,

a massive loss of a large part of the impounchent could occur releas-
1

ing large volumes of tailings over a large area. Obviously these two

failures would have greatly different consequences. It is necessary,

therefore, to consider not only probability of failure but the conse-

quences of this failure as well. In this regard the concept of ' risk'

and ' hazard' should be introcbced.

3.3 ELSE |
|

Risk may be defined as a compound measure of the probability and |
|

magnitude of adverse effects, or

Risk = Uncertainty * Damage |

-5-
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Other definitims of risk are 'the chance of encountering harm or

loss' or the ' degree of probability of such loss' (Stanford Workshop,

1984).

%e dictionary defines hazard as 'a source of danger'. Hazard,

therefore, simply exists as a source. Risk includes the likelihood of

conversion of that source into actual delivery of loss, injury or some

form of danger, or
|

Risk = Hazard / Safeguards

his implies that risk may be kept as small as desired by

increasing the safeguards. As a matter of practical reality, however,

risk can never be brought to zero (Stanford Workshop,1984).

Hazard is the possibility that some adverse effect might happen

upon exposure. Risk is the probability that hazard will hagen.

Dreith (1982) lists the following four steps to evaluate risks

and define appropriate responses with respect to hazardous waste
|sites:
I

|
i(i) Hazard identification (inventory composition, @ysical
{

and chemical properties, biological properties,

toxicity, carcinogeneity, interaction of wastes).

(ii) Hazard evaluation (disposal methods, prior treatment,

failure modes, transport mechanism, processes acting

on wastes through time).

(iii) Risk evaluation (probability of a failure, concentration

and population at risk, toxicological and epidc=iological

-6-
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levels of potential and actual human exposure, and

information, effects and consequences of dose).

(iv) Risk red 2ction/ response (determine risk situation by

making comparisons with other examples of risks that
'

society is willing to take, determine need for actions,

justify benefits vs. failures, use of critical resources -

costs / time).

A risk assessment and response as outlined above involve a large

number of areas where judgements are required. Some of the results

are often qualitative instead of quantitative in nature.

4
3.$ Probabilistic Risk Assessment

A probabilistic risk assessment (PRA) is an analysis that (NJRD:i-1050,

1984)

|(i) identifies and delineates the combinations of events that, '

if they ocar, will lead to an undesired event;

(ii) estimates the frequency of occurrence for each combination;

and

(iii) estimates the consequences

I
PRA results are useful, provided that more weight is given to the

qualitative and relative insights regarding design and operations,
le

4 ether than the precise absolute magnitude of the numbers generated.
4

I
| A PRA study is multidisciplinary. Depending on .its scope, a PRA may

f require analyms of containing systems, htunan behavior, the progres-
'

,

I

sion of failure modes, radionuclide behavior, and health effects.

-7-
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However, not all the areas of analysis involved have reached the same

level of develognent (WREG-1050,1984). Wis is obviously a concern

and further underscores the or qualitative results.

Based on the schematic outline of the offsite consequences from

the Reactor Safety study given in NUrdG-1050,1984), the schematic in

Figure 3.3 was compiled for evaluating the offsite consequences from a
; uranian tailings release. A review of this schematic clearly indi-

cates the large number of tmknowns associated with the detemination

of a final property damage or health risk. It is therefore not pro-

posed to evaluate these in the probabilistic risk analysis presented
here. Instead it will be more realistic to expend the effort on a

probabilistic analysis of tailings release mechanisms.

W e aIplication of a probabilistic risk analysis based on the

various failure modes, as described below, will be used as a guide for

selecting a safety factor consistent with the degree of safety accept-

able to society and the profession for other failure modes.. Wis

approadi is schematically shown in Figure 3.4. By using an acceptable

probability of failure x = D can be determined based on the informa-

tien about the mean and variability of capacity. Once D is fixed, the

factor of safety, as defined on Figure 3.4, can be calculated. It is

very important to recognize that two structures having the same factor

of safety can have different probabilities of failure due to different

variabilities in the capacity function. It is therefore possible to
have a structure with a factor of safety = 1.3 having a lower proba-

bility of failure than another with a factor of safety 1.5. Or,=

stated differently, factor of safety does not 'use all the informa-

-8-
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l

ticn' as it &es not include the variability of the capacity functim.

However, an important point is the fact that if the safety factor' l.

y #y0tAAW.

gis chosen as unity the probability of failure occurring is 50%. Sus,
etef 1r

[Veven if the design demand is the PMF, a factor of safety greater than
s gf

unity must be utilized to maintain the factor of safety at an g ,i

hE. ^ y low level. %e awropriate value of factor of safety will depend 4e #'kniMabl
(h ') j a #.gi%'

.

{/ c* upon the variability or uncertainty of.the system capacity and its' ,d *

) standard deviation. Also, the acceptable / probability of failure
9 ,.

corresponding to an acceptable level of risk must be taken into #

account. 5 &a/'e/t
8( y(LL2 e value of the probabilistic risk analysis therefore, lies

mainly in serving as a decision making tool to decide upon acceptable

minimura factors of safety.

3.f Failure Modes in Iona-Term Stabilization of Imoundnents

}} does
** * N#d his section investigates the failuremodesdefinedbyNelson,et\
a// p>e mo2ep A
p / ares. al. (1983) and cast these in a probabilistic framework. % e final
/1 '#

result of this section is the ability (in principle) to calculate the
kl"# cachgamed @ a/J oprotability of fai1MeAof the indivi&al failure modes.

h

)e s%ctu4ed .
In mostly 211 of the failure modes described in this section the

demand functim is the runoff from floods. It was concluded by Nel-

son, et al. (1983) that the PKF should be used as the design flood for

all long-term stability evaluations.

An event tree can be used to indicate the variots sequences of

events which may lead to a failure by any of the failure mdes. Fig-

-9-
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ure 3.5 presents an event tree for the failure modes identified by

Nelson. et al. (1984) in evaluating the long term stability of a

uranium tailings impoudment. 21s event tree was compiled assuming

that all the components neant to resist flooding were designed for the

PMF and that failure will not occur if a flood smaller than the PMF

occurs. 21s assumption is obviously not strictly correct because .

floods smaller than the PVE may result in .a, , smaller probability of,
,

failure.

Se overall probability of failure of a structure is given by the

@ probabilities (Pgtopf{}obtainedfromtheeventpfg4" sum of all the
f#

g Neglecting the probabilities of failure due to floods smallertree.

Q pt #*M
than the PMF will therefore result in a lower bound overall probabil-j/ p

Ep ity of failure.

t$ -

2e main purpose of the analysis here is to use probability of

failure of the separate failure mo&s to select the most aIpropriate

factor of safety. S e overall probability of failure is not used in

this approach and no information is therefore lost by making the |
assumpticn above. i

Using the event tree in Figure 3.5, the separate probabilities of I

(pgjtopfailure ) can be calculated. In the concept of using the

PMF as the design flood it is inplicit that the PMF will occur with

certainty. Bus, the probability of failure &e to flood intrusion

given that a PMF has ocx:urred is equal to:

Pf3 = cod intrusicm

|
|

-10-
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6
34.1 Failure Mode 1. Failure due to flooding

h e first concept is the possibility of flood intrusion if the

design flood were to be exceeded and the river or stream course in

questim retrai in its present locatim. We second concept that

must be considered is the geomorphic stability of the existing river

course and the possibility that, over long-term design periods, the

site may or may not remain geomorphologically stable (Nelson, et al.

1 983).

Failure die to flooding can occur when:

(i) %e INF causes high water levels in streams in the vicinity

of the tailings impoundnent so that these overflow and -

.

erode the impomdnent.

(ii) Gullies form in the landscape adjacent to the impoundnent,.

(iii) River sh urs in the vicinity of the imEcundnent .

(Thich can impact upon the impouMn

%e first failure mode should be reformulated for the case when

the design is done on the basis of the PMF. In probabilistic terms it

should be taken as the probability that the PMF will intrude upon the

impoundnent; i.e. the probability that the flood waters will leave the

banks of a river and inmdate portions of the impoundnent located on i

the flood plain. Failure of the impoundnent will take place if the

erosional forces of the intruded flood are of sufficient magnitude to

cause damage.

%e flood magnitude used is the PMF, and it is therefore, a

deterministic value. One would therefore know (deterministically)

-11-
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whether the flood has intruded or not. h is implies that the proba-

bility of failure due to flood intrusion can be taken as the probabil-

ity that erosicnal failure will take place.

Protection against erosional failure is designed so that the

estimated flow velocity will not cause scour. Riprap design pro-

cedures are used. Riprap design methodologies were mostly developed

of enpirical observatials andherefore well suitedon the basis

for deterministic design where a 'ntsnber' is required. It is clear

that there must be considerable variaticn in the capacity functicn for

riprap and uncertainty is therefore built into the design, although

the magnitude is never stated. W ese are unknowns and must be inves-

tigated further to obtain a reasonable estimate of probability of

failure. Only when an ' acceptable' probability of failure is used can

the factor of safety be' selected for the design.

! ne main task is to develop the capacity function for each of the

riprap design procedures. (At the time of this writing, these pro-

oetres have not been finalized and this secticm will therefore be

completed in the near future).

ne second potential failure medianim chie to flood intrusion is

gully formation. Gully erosion may lead to tailings impotmdment

failure in two possible ways. First, gullies could form at a consid-

erable distance downstream from a tailings impotndment and eventuallyi

migrate upstream until they intrude upon the inpoundnent area.

Seccnd, gullies could form within the vicinity of the impoundment

itself and result in a similar failure mode. Because gully erosion is
e

usually rapid and progressive, it is esscutial to prevent gully

~12-
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initiation to assure long-term stability of an area. )
|

We probability of failure &e to gully formatim can therefore

be taken as the probability that a gully will form. It is proposed

that the plot of critical slope to flow-width ratio vs. drainage basin

area presented in Nelson, et al. (1983) be used as a basis for the

analysis. His plot establishes a geomorIhic threshold zme separat-

ing mgullied conditions from gullied conditions. his plot is

repeated in Figure 3.6.

W e scatter in data m Figure 3.6 clearly illustrates the

existence of variability. Consider now the dashed line as an ' aver-

age' line, i.e. a distribution about this line will show that 50% of

the time gullying will take place and 50% of the time it will not.

Ibr any given basin area then there will be a distributim of the

slope-width ratio about this mean value, as is shown for 1 sq km in

Figure 3.6. It is assumed that this distributicn is normal. A mean

value and a coefficient of variation can be obtained from the original

data. (Note that the plot is on a log-log scale and it may therefore

be more reasonable to assume a lognormal distribution. his will be

investigated). Starting with a probability of failure one can there-

fore obtain a allowable factor of safety for design purposes.
|,

Flood intrusion can also take place & e to river shift. Although

a mill tailings site may be located some distance from a river, if the

site is on a flood plain or on a low terrace, potential river shift

could lead to direct river attack on the site and to increased flood

damage. he primary concern with regard to the possibility of river i
l

intrusion would be lateral movement of the stream channel causing '

.

-13-
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unchrmining or erosim of the tailings inpunchent. S us, if there is

evidence. of historical river shift at the site or at locations
upstream or downstream from the site, potential for channel shift must

be carefully evaluated on the basis of the available gemorphic evi-

dence (Nelson, et al. 1983).

.

River channel classificaticms considering the relative stability
'

and types of hazards encountered with each pattern are'shown in Figure'

3.7 (from Appendix C, Nelson, et al.,1983) . Significant engineering

judgment will be required to predict possible changes in channel pat-
5/uttId /Q ~

a3

tern over the time period,tsay 200 years,. for which the design isggg
*D

d ' /'f'derohl
made. However, if the channel is taken as a variable with ' "'7C

f /r,e m dlymaf'.
/, e p 2,o estimated values of mean and ocefficient of variation, probabilities vm.a.fie

) * # " 7'N can be obtained for the overall river width he to shift exceeding
tete years ? ja<nede{*

some value. h is would be the probability of failure if the erosiona w pi,,4 c,wg gygfg

fj , h forces of the river flow are sufficiently high to cause failure. g .,
ty/N(4/ g . pop .# '"

\.F.2
3 Failure Mode 2. Gully Ibrmaticn on Ingounchent Surface

CRP. '

)
l

2e methodology described in the next sections will be used to

evaluate the most reasonable factor of safety for this failure mode.
'

Se main task will again be to develop the variability of the capacity

curve.

S
3.f.3 Failure Mode 3. Water Erosion cm Inpunchent Surface

p q# It was suggested that to protect a cover against surface erosion,

uM [ the Unified Soil Loss Equatik be used, and a factor of safety beat
# ;

applied to protect the surface. 21s approach will guard only against
|
;

l
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sheet erosica. Considerations for gully formtics are presently under
|

developent. i

A similar approach as that used above for the evaluatica of

riprap is proposed. Se variability of the capacity ft.~iction must be

developed to select an allowable factor of safety. Se factor of

fp . [ safety is then multiplied by the cover design thickness obtained from '

./e<'" theI Because of uncertainties in the applicatiin of the USLE a'

relatively large coefficient of variation is expected, e.g. equal to
vy ra rc . #'" dvt.,or larger than 305. 4 y 9 <pefrteir,

4 rage n 6arrivv". JL'"''g my
4<s/anura.s 3 .#.4 Failure Mode 4. Differential Settlement ca.u.<. ./. /us // */f"6"."
og iy a.a y s wo 9 e *M " ~ -
gnr*'/m e

Differential settlement of the cover can lead to failure. Seg, c, i

N "" *'9 " # * main task will again be to develop the ca;mcity function, i.e. the
-lv ictenHQ fgg@p
, cop /(gn- capacity of the soil to resist cracking. For this failure mode it is 7

.g also possible to develop the variability of the demand functica, i.e. / ahY- t h'lle w l'I;

f g
h the variability in expected tailings settlenent. Se capacity-dunand fwrps mk,

gap /<f6s/4 s model demcmstrated in Figure 3.2 can then be used.
4 reme -

9a.1aeh % $
p r/ f 3.d.5 Failure bde 5. Weathering of Riprap
tusb%g amo -,I me

his failure mode is the most difficult to evaluate quantita- "

a)Mnjywjenn j
,4,me acee/rvn- tively. Bowever, qualitative discussions will be presented to evalu- NPf M1

Ie d +e, sis k Wh AW'C.
,, min fc. 1he ate a iactor of aafety awroa&. you sayy'*h
.syr/s Q *Y '

iapint
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I

3.5 Decision Criteria

'Ihe rehults above have been expressed as a probability of

failure. '!hese can also be expressed in terms of an annual frequency
\.

of failure if some ecurrence interval is assumed. As the demand

function consists of a deterministic value, the PMF, a recurrence

N.

'

interval can not be obtained. It has been suggested that a recurrence
s,

interval of 10' years can be adopted for the PMF (Stanford Workshop,

1984). However, to assign a recurrence interval to the design event

| is not conpatible with the philosophy presented regarding the adoption
t

-

of the PMF as the design flood.

i

Other decisial criteria can be established, these include (Stan-
.

|
~

ford Workshop,1984):

-16-
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o Life loss 4sk. W is critericn is very difficult to apply

to the cases described above as direct fatalities are not
.

expe ted. Indire fatalities che to radon emanation, etc.

may occur but it is - possible to quantify this,

o Economic risk. We jor economic consequence of a

failure is the cost of c1 g up the failure and restoring

the cover to the original con 'ticn. Wis approach seems

the most reasonable criterion use. It is also a useful

way of comparing various stabilizat techniques. One can

then use the following expressions to btain total cost:

Total cost = original constructicn cost (probability of

failure) (cost of clean up).

|
l

!
!

!

1

l

|
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4. FLWIAL GD0f0RPHIC IIM,UDKES

Schum (1977) considers an ideal f1wial system in three prts. % eseg

(
are indicated in Figure 4.1. 7%ey include three distinct zones. Zone 1 is

w *

the Fod2ction zone which essentially forms the draimge basin which sup-

plies a major part of the water for the river. Zone 2 is a transfer zone

wherein the water collected in the drainage basin is being transferred to

another point which is known as Zone 3 where deposition would be occurring.

With the currem emI asis on minimizing the upstream drairage areah

abwe uranium mill tailings imptncheds, most of the active sites exist in

a Zone 1. We irective sites may be in either Zone 1 or Zone 2. Were are

essentially no uranium mill tailings impm&eds existing in a Zone 3.

In Zone 1 the major factor cf concern is erosion and instability of:

s, ste such that localized erosion or gullying could encroach on thethe y

impom&ned. On the other hand in Zone 2, a major area of concern would be
,

( flood intrusion. Zone 1 considerations are cwered in Gapter 5 which

discusses gully formation and gemorphic stability of the site.

If the impmdnent however is lomted in Zone 2, the main concern

revolves around the potential for the river channel to move laterally and

intrude upon the impom&ent. Appendix D of Nelson, et al. (1983) presents

a brief discussion of methods of field imestigation to estimate river sta-

bility. This Appendix was prepared by S. A. Schum based on raterial from

"Gemorphic Controls on the Management of Nuclear Waste" by S.A. Schtmsn and

R.J. Gorley (1983). Three distinct phases of imestigation are noted

therein. |,

|

2e first is reconnaisance and field inspection. It is stressed )

therein that both upstream and downstream reaches of the river must be

examined in detail even at locations several miles away frca the site tmder
3

( consideration. Instability of nick points or aggradation can change the

slope arxl sediment characteristim of the river which can influence its

-. - -. - _.- . - _. - . _ _ . - - _ _ _ _ . _ _ . -
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stability as will be discusmd below. -
,

(
The second phase imolves site inspections in the immediate area under

consideration. This would imolve a studf of the channel mor@ ology, bank

erosion, sediment characteristia, and vegetation type for some distance,

both upstrem and dwnstream. Claracteristics of the river including chan-

nel dimensions, pattern, slope, and stability of the banks should be imes-

tigated.

ne third phase consists of a historial study whid would review the

pst and present channel behavior. This $ase includes a review of the

history of nearby bridges whid indicate dannel width danges over the

previous years by comparison of the gesent crose-section daracteristics

with those indiated to have been in existence when the old bridge was corr

structed. Old @otogra@s and comersations with long time residerts of

( the valley gwide indications as to the pst behavior of the river. Newe-

p per reports, railroad compny files, gauging station records and aerial

@otogra@y all gwide additional other important chta. Rates of dannel

shift an also be assessed by determining the age of vegetation and trees

on the flood plain. !

4.1 Triantification of riuvial insdahiliev

A quantitative method for assessing stability can be developed on the

1msis of equations and darts gesented by S&tman (1977). Factors

influencing river morphology include bed-material load, mean water

discharge, median sediment size, dannel slope, and other external gemor-

@ological controls on the werall river sfatem.

Rivers an be classifled irto three types of channels. %ese include

straight, meandering, and braided channels. Factors influencing whether a

( channel will be of one type or another include dannel slope, nean annual

discharge, sediment load, and whether the channel is a bed load, mixed |

2 -

- _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ - _ _ _ - _ _ _ _ _ _ _ _ _______ _ _ _ ______ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _
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Imd, or oediment Iced channel. Fig gu.2 shows these three typ s of,
, _

channels.

In accessing the ptential hazard frcan a river to a tailings impund-

ment, the potential for the channel to invade the imIomdment is the main

item of concern. 'Ihus, the methodology nust consider both horizontal and

vertical stability.

4.1.1. Horizontal Stability

Horizontal stability relates to the ptertial for a river to change

fra one type to another with accepnying change in location.

F,igure {.3 shcws the general effect of slope on the sinuousity for

experimerts that were ccnducted in a flune under controlled ocnditions. In

these experiments the sediment 1 cad and discharge rate were controlled.

At Icw slopes the river is just mpble of carrying the sediment load.

( If the slope were to decrease dJe to developnent of a meancdr for example,

the sediment would deposit and the channel would aggrade. Consequently,

the channel will remain as a straight channel in that region.

As the slope of the channel increases, the river is m;nble of tran-a *rd@gys /en m ean ders ,j* e -

s prting more endiment andhnders mn develop increasing the sinuosity
--

- __ _

' Hcwever, if the sinuosity increases to a point that is too great, the river (

may became metable again. As the s yl increases more, the stream can '7

f'beccane braided and depending upon ficw ocnditions and sediment load
-

changes, the river can fluctuate between braided and meandering. Schtun i

(1977) notes that "....if one can identify the range of patterns along a

river, then within that range the most agpropriate dannel pattern and j |
sinuosity probably an be identified. If so, their engineer an work with )

i

' ithe river to prod 2ce its most efficient or most stable channel. Obviously

( a river an be forced into a straight configuration or it can be made more

sinuous, but there is a limit to the changes that can be irxboed beyond i |
\ \

-}n

_ _ _ _ __ - _L - _ _ ..
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hwhich the channel cannot fmetion without a radical, mort ological adj ust-,

s
ment ....*.

01anges in the sediment icod will also influence the ty p of river

channel that forms. g4 shws the effect of slope and sediment Imd
on channel typ for a given discharge rate. Rese &ta have been conbined

in Figure 4.5 which shows sinuosity as a ftmetion of strem power. Strem
_

power is the go&ct of tractive force and velocity. It is a function of

hydraulic radius, slope, and speific weight of the fluid. Rus, stream

pwer is a prameter which takes irto account the above hydraulogic vari-

ables.

In Figure 4.5, zones that would delineate straight, neandering, and

braided streams are evidert by ccuparison with Figure 4.2.

Another fom of the chta is shwn in Figure 4.6 which plots slope vs.

{ mean annual discharge. %e experimental points shown in Figure 4.6 suggest

that the icwer line defining the threshold between braided and meandering

channels may be the agpropriate line to use. nus, the horizontal stabil-

ity of the river can be assessed by plotting the prameters of the river on

Figures 4.5 and 4.6 for ccuparison with threshold values. This will go-

vide an indiation of the stability of the river and its potential to

change.

I4.1.2 Vertical Stability

Vertical stability relates to the ptertial for the slope to change ,

which can result in downcutting. Downcutting an lead to erosion at tlw

site or cause a channel to change frcn one type to another.

Rivers may be separated into two major group degnding upon their
| freecbm to adjust their shap and gradient. Bedrock controlled channels

,

( are those where the slope of the river is controlled by nick points and
i

outcrops of the bedrock. We slope of these rivers generally is fairly

| +-| -

1
.
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stable.,

'
The other type of channels are allwial channels. Allwial channels

*

flow through a channel having a bed and banks ccanposed of the naterial

transported by the river tnder gesert flow conditions.

%e vertical stability of a bedrock controlled channel will be depen-

dert gimarily upon the resistance of the bedrock forming the nick poirts.

Allwial channel stability, however degnds upon a more ccanplex set of

grameters including the percent of silt and clay in the dannel sediment,

and the percentage of total load that is carried as bedload by the stream.

gy prwides a classification of allwial dannels and indimtes the
relative stability of the different types.

4.2 Tnract of Flood Intrusinn
i

The impet of flood irtrusion will depend to a large extent upon the

i f' flow of the river, the velocities associated with it, and the extent to

which downcutting can occur musing release of tailings or other eleaents

of the impmdnent. In general, hwever, it may be concluded that if the

river channel en come irto contact with prts of the impoundnent, local-

ized erosion will occur to the extent that release of tailings is gobable.

Bus, if the main dannel en be shcwn to encroach upon an impoundnert,

this should be considered irneceptable. On the other hand, if flood waters

having relatively low velocities encroach upon the impoundnent, this type

of ficod intrusion may be acceptable. This situation will be dicussed in

Qialter 5.

4.3 Miticative PreaAnres

If vertical instability is a question, stable base levels an be
manufactured or created artificially. %ese base levels must be suffi-

( ciertly cbrable and stable so as to resist large ficws that may occur tnder
'

WE ccnditions. Creation of base levels must also take into consideration

y--
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- .-- .



..
-

. .

the potertial for horizontal instability to occur which would cause the,

river channel to b pass the artificially created stable base level.f

If horizontal instability is of concern, struct'ures may be constructed

to muse the river to be diverted aromd the impom&ent, even under IMF

conditions. his is pssible only under conditions where the PMF flow and

velocities are of reasonably mall size. For large flows, sud as would

occur on major rivers in the western United States, this would be virtually
.

impssible to acccuplish.

On the other hand, if the river is not large artificial controls can

be instituted to reroute the river channel. In so doing however, the
_

engineer must be cocp11zart of the variables preserted in Section 4.1 ao as

to create a river channel which will be stable. In addition, the effect of

these changes on ptertial variations in such variables must be considered

f so as to avoid channel instability to occur at a later point.

4.4 Methnrbirvw

Application of the methodolocy would consist of initial gathering of

data in accorchnee with Appendix D by S. A. Sdiune (Nelson et al.,1983).
I

Af ter this has been accomplished, the horizontal stability of the site can

be determined by plotting of the apopriate parmeters in Figures 4.3,

4.5, or 4.6. If the reture of the river diannel agrees with that shown by

the regions on which it plots in these figures the river may be considered

to be stable. If the &ta poirts indicate an tmstable condition, the

nature of the instability should be assesed and the potential for river

irtrusion irto the pile must be determined.

An importart parmeter that will be utilized in plotting the above

chta will be the slope of the river. Wis will probably be controlled to a

( large extert by nick points and stable base levels at locations both aboveI

i and below the impounchert. We stability of them nick poirts and the )
:

~ f" -
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ability of the river to migrate laterally and bypss the nick points must-
,.

'

be determired by a competent geologist.

In conclusion, thom parameters which define the stability of a flu-

vial systen have been defined and outlined bf Sdium (1977). However, the

irtergetation of the chta and application of the methodology will require

considerable engineering and geological judgaaent. 'Jhe ocmcepts presented
!

above are based upon threshold considerations and some judgement must be
i

exercised in defining those thresholds.

|

|

|

,

1 -

c
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5. oilly Erosinn

b 5.1 Description

f Gully erosion is the developnent of deep gullies by the dislodging and

transporting of soil particles by ccmoentrated now. Nelson et al (1983)

extensively discussed gully erosion and em;hasized the high potential for

the gully to intrude upon the impomdnent. Dis form of gully erosion is

mused by Goods resulting frm precipitation events occurring on the major
watersheds ' N e impomdnent area. In addition to the poten-

tial for gully intrusion from cffsite activity, gully erosion can also

| occur directly on the imInmdnent surface and, as such, is a potential

failure mode bemuse it an cut through the enbankment and/or the cover

material and disperse tailings downstream. Erosion on the impotmdnent is
on or

mused by rtmoff fra tributary atdment areasA ninediately adjacent to thei

impotmdnent area.7

'
'the developnent of gullies on the impoundnent is associated with ero -

sional forces on immature surfaces. Since reclaimed impoundnem covers are

comgised of locally derived materials which were stockpiled or renwed
|
1fra an adjacent site, the cwer is innature and may require extensive '

periods of time to mature. It is generally assumed that the reclaimed
;

?
cwer will be @e vulnerable to gully intrusion than an in situ naterial

with similar site conditions. 'Dvs n '+ en[oc fo'n % a fu rt " a .ru/,f. g ?

A gully is a relatively deep, recently formed, eroding channel that,

forms on valley sides and on valley noces where no well-defined channel

geviously existed. 'two major gully types have been recopized: (1) the
)valley-side gully, which is a extension of the valley network and which is

incising into soil collwitan and weak bedrodc and (2) the valley-Coor j

gully which may be discontinuous or continuous and which is incising into

. -. _. _ _ . _ . ~ ._ _ ___ _. _ . _ __ _.
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( alluviin.

'Ihe developent of incised channels of all typs, including gullies,

can be considered an aspct of drainage-network adjust: ment. 'Jhe drainage

patterns that develop are assumed to reflect modern climatic and hydrologic

cmditions. In nany areas the channel network does not empletely fill the

valley network, and it is capble of expansion by gullying if erosional
conditions change.

Major site-spcific parameters that influence gully developnent are

topographical features such as slope angle and slope length, the existence

of stable base levels on or near the site, erodibility of the soil, and the,

Good f1w velocity. Stable base levels, or stable slope, are levels belw

which no furtheh osion would be expected. Specific gecznoritic and hydro-

logic conditions that increase the potential for gullying include: steep
7

i alopes, narrw ficw width, and large runoff voltane as related to the
drairage basin area. Site-specific informaticn cmcerning these paraneters

is needed in order to determine the ptedial for gullying on the valley

sides and valley floor areas near the imEntnchent.

Water flowing over a surface will tend to dislodge and transport soil |
particles frcul '/.weafa'orr sf /%i eneenfra /o'o9dnw '

? --_.2 :-_tQ whidMiltanately causes formation of a
could

gully. Because gully erosion is usually rapid and progressive, it is

essential to prevet gully initiation to assure long-tean stability of an

Protective measures based on rtnoff from a gobable maxinaan precipi-area.

tation (PMP) evet should prevert gully fonnation for periods of 200 years

and greater and should provide adequate g otection foe the cumulative
.

effects associated with the mean annual flows. Since the 3NP is based on

I ysical constraits and is not timH5ependet, protection against gullyh(
fonnation for 200 years is, therefore, the sane as providing stability for

-2-
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| ( 500 and 1000 years. This istrue as long as a stable base level is main-
1

) tained at sane point to prevet gully formation as a result of dwnstream

influen s.

It is evident, therefore, that protection against gully formation for

200, 500, or 1000 years entails the see mechanists and design procedures

for ead period. The time frame wer whid stability an be assured will

; be governed by the durability of the materials used to gwide erosion pro-

tection and establish the bam levels.

5.1.1. mlly Intrusion Prediction Procedure

| In order to determine the gully idrusion ptental of an inpoundment

cwer, an extensive field investigation was conducted by Colorado State

University (1985) . A series of reclaimed tailings sites were visited in

whid gullys developed into and in sane instances through the cwer
/~,

t naterial. Data collection included cover soil samples, gully dimension,>

pile dimensicns, gecipitation records and the reclaimed site age.
i 7 Co escribe].

Based upon an (xtensiv[ analysis, a gdlly intrusion n.ediction g o-_

i cedure was developed to estimate the nexistan depth of gully intrusion, the
-

location of the uninun intrusion fran the toe d the slope, and the4

j approximate gully top width at the point of naximum intrusion. This pro-

m&re is based on the assumptions that the toe of the slose is relatively

stable, the vegetaticn coverds__less than 30% and the slope is marginally;

*

y otected. 'the gully imrusion prediction troce&re is as fallas:

5.1.2 Site Specific Infonnation: It is necessary to determine the site specificj

& aracteristics. 'these daracteristics include:

a) Cwer or cap soil mean grain size, d50'
I

in um and uniformity coefficie*, C '
u

\ ( b) Pile dimensions o;se tuAm)f .the slope length, L, slope'

; j
4

-3-

4
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( height, H, slope base distance, X, and $d"

gradied of the initial slope, S ,[pr, or lo pd/[y,% ).2g 7
c) Precipitation records d*,( e.r/,wa/ef 7

d) Time in years wer which the potential gully

irtrusion is to be evaluated.

5.1.3 Tributary Draimge Area: It is necessary to determine the area tributary

or ptentially tributary to any poit where flows may concentrate.

Integration of a caer inTo the mtural terrain often requires

cx)2 curing. Although sheet flws are desirable, f1w concentrations
y..s -L1d er w kdt co n clifiOMS ?

ultimately result. Since incipled gully initiation and subsequent

develognent are a function of the drainage area, an estimate of the

area is required. Tributary area determination is as follows:

a) Estimate the largest dgrge area _ tributary _to } g?g{ 4
{

_ M_ et_alo derived fra the reclamation s
__ @ uF4t the

plan cotour map. !
-

-
,

b) Define the longest poted ial watercourse that
_ _

traverses across the cwer to the slope toe. |

|

Capute the agroximate gitutary area fra |

- -3 & 'nt |_ _ _ _'

the rainage DensityJequation presented by |
,

^ Mosley (U{)k?
~

'as

{S.M ff 6D = 0.909 + 22.418 (S ) .g (5.1)

where D is the density of drainage area per
(uni +r ?)

mit length of channelAand Si is the

desicpt or initial slope of the cover.

M n. b*I should be applied to each segment *

/
\ of the watercourse with nimilar slope.

-4-
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( The total tributary area to the outlets

at the toe of the slope is estinated by
)

kotal = D3g+D,y L ,7 + . " '

3 3 (5.2)

when Lj is the potential watercourse

length at a slope of Sj for draimge
density D .

j

5.1.4 Wrimr Delth of Intrusion: Once the site specific characteristim and

draimge area is determined, it is possible to estinate the neximum-

depth of gully idrusion, the location on the slope of the maxinan

intrusion referenced to the slope toe, and the top width of the gully

at the point of ==vi= = idrusion. 'Ibe slope limits are the initial !

slope gradie2, S , and the stable slope gradiet which an bey

tredicted ast
,

0.411 (1+dg)
s " ((PP70.5)) (A) P P > 0 5/7 _-

g
8- .

(5.3)-

7
fC& '

which is r m Figure.5.1. 'lhe estimated stable slopes

generally agree with the slope-draimge area rgonships derived by
,

b' faf e _ [as presented by Nelson et al. (1983).
_

'Ibe slope, S, is the slope of the tanget extending frm the toe-
.

'

of-the-slope to the th ge '}he slope mn be a.
pr nVGsdetermined at a desired poid in time that an be alculated as #

(-kS, t)
"

i* (5.4)

where k is a coefficient and t is the estinated time in
r years. 'Ibe coefficiet, k, was determined to be a function of the(

stable slope, S,, as presented in Figure 5.2. The exponemial

-5-
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.' is a decaying ftmetim that accounts for the decreasing rate of j

|

erosion that occurs as the gully slope decreases over time.-

Knowing the stable slope, it is possible to estimate the location of

the maximtn depth of intrusion measured fran the toe-of-the-slope.

The maximum depth of gullying was found to be a function of the slope,

S, and the soil miformity ocefficient, C , as 1 resented in

Figure 5.3.

The maxinza depth of gully 12rusion, D,, at Lf/L is
estimated as

?=

D, = ( g X (Sg - 5) (5.5)

Since the maximtn gully depth and the location of occurrence is

(.
known, it is possible to determine whether the gully has potemially

4

l penetrated the cap and cover into the tailings.

Once D, is computed, the gully top width can be estimatecl.at

the pit where D, ocx:urs. Figure 5.4 presets the gully top
width relationship to the Iredicted maxian depth cf 12rusion and

uniformity coefficient.

Falk, J., Abt, S.L., and Nelson, J.D., " Gully Intrusion Prediction", work-
( ing pper, Colorado State University,1985.

U D D) V8 2 - 0 5U ,f shy & Sau,,,, pef _
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5.2 Embankment and Sloce Stabilization sino Riprap ),

L
Rock riprap is one of the nest econcaical materials that is comonly ;

used to provide for cover and slope protection. Factors to consider when
{

designing rock riprap are: 1) rock durability, density, size, shape, angu-

larity, and angle of repose: 2) water velocity, depth, shear stress, and '

flow direction near the riprap; and the slope of the abanknent or cover to

be protected. % rough the proper sizing and placement of riprap on any

impoundnent cover, rill and gully erosion can be minimized to ensure long

term stabilizatian.

he primary failure mechanim of concern is the removal of material,

from the impimdment due to shear forces developed by water flowing paral-

1el and/or adjacent to the cover as describe by Nelson et al. (1983). One

p2rpose of the cover is to expedite the removal of precipitation and tribu-

( tary waters away from the cover to minimize seepage and percolation. How-

ever, when surface waters are not properly managed, extrene erosion results

whid may endanger the impoundnent stability. For example, slo' pes are

often designed and constructed to develop sheet flow conditions. After

nany years of exposure, sheet and rill erosion, and localized settlement,

the hydraulic conditions have significantly altered causing flows to merge

or concentrate into drainage dannels. S e greater the concentration of

flow into the drainage channels, the greater the erosion potential.

5.2.1 Bone Protection

he desicy requirements for placing riprap rock on a cover vary,

depending upon cover location. It is suggested that four areas exist on

the cover in whi& different failure medanisms can result from tributary
drainage. He four areas or zones of concern are presented in Figure 5.5

( and include:

_. __ _

7.__
- . _ _

_
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1. Zone I: This zone is considered the toe-of-the-slope-

1

of the reclaimed impomdment. he riprap protecting

the slope toe must be sized to stabilize the slope and

dissipate energy as the flow transitions from the

inpoundment slope into the natural terrain.

2. Zone II: Zone II is the area along the slope which

remains in the major watershed flood plain. 2e

rock protection must resist not only the flow off

the cover, but also floods. %e riprap must serve

as embankment protection similar to river and canal

banks.

3. Zone III: Riprap should be designed to protect steep

slopes and embankments fra potential high velocities

and excessive erosiat. Flows in Zone III are derived

fra tributary drainage and direct runoff from the site.
_

4. Zone IV.: Rock protection for Zone IV is generally

designed for flows from mild slopes. Zone IV will

usually be characterized by sheet flow with low

flow velocities.

Since the rock protection requirements are significantly different on

various locations on the cover, it should be apsarent that each riprap

design proce&re available was formulated to address a specific applica-

tion. Since a single riprap design procedure does not necessarily meet all J

of the cover protection requirements, recomendations will be made indicat- !

ing which zone (s) each riprap design procedure best addresses.
:5.2.2 Design Proce &res{

Presently, several design methods are available to assist the designer

-2-
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L in determining the appropriate rock size for protection of inpounchent mv-

ers, embankments and unprotected slopes from the impact of drainage waters.

j Alternative riprap design methods surrarized herein are

1. Safety Factors Method (1975)

Se SteE enson Method (1979)h2.

3. Se Proposed Nuclear Regulatory Comission Method (1984)

4. U.S. Army Corps of Engineers Method (1970,1971)

5. S e U.S. Bureau of Reclamation Method (1970)

Bese riprap design procechres are but examples of the many nethods

available. Se impomdnent cover designer may utilize vallable method

for determining the a5propriate rock size to ensure cover stabilization.

5.2.2.1 Safety Pactors Method p ? 2
. Re v . < '

he Safety Factors Metho4Kor sizing rock riprap is quite versatile in

that it allws the designer to evaluate rock stability from flw parallel

to the cover and adjacent to the cover. S e Safety Factors Method ,can be

used by assuming a rock size and then calculate the Safety Factor (S.F.) or

allwing the designer to determine a S.F. and then compute the correspond-

ing rock size. If the S.F. is greater than unity, the riprap is considered

safe from failure; if the S.F. is unity, the rock is at the condition of

incipient motion; if S.F. is less than mity, the riprap will fail.

Se follwing equations are given for rock riprap placed on a side i

slope or embankment where the f1w has a non-horizontal (downslope) velo-

city vector. S e safety factor, S.F., is:

<ne e tana
8' * " q ' tan p + sin O cos p (5.6)

where
{

!
1

-3-

.. ___- _ ~~ in , __. . _ __ _ __ i _. _ 2~~ l _ Z. E . ' - - - . . . . , . _ . . _ . __



. _ . _ _ __

,

.- .

rough draft - NRC reprt - 4/4/85
D - NRC f - rpt.abt

.

( y,,ygi + sin (14)j
2 (3,7)

.11 to
9 " (S,-1)yD

(5.8)

and

'

-1 cosip = tan .

2 min O + sin 1n tan 9 ,| (5.9),

n e angle, A, is shown in Figure 5.6 and is the angle between a hor-

izcntal line and the velocity vector component measured in the plane of the

side slope. - Se angle, e, is the side slope angle shown in Figure 5.6 and-

p is the angle between the vector conponent of the weight, W , directed
,

(' down the side slope and the direction of particle movenent. S e angle, pgo@
'

is the angle of repse of the rock riprap, ( is the bed shear stres s

the representative rock size, S, is the specific weight of the roci, and n'

and q are stability numbers. S e forces F and Fd are the lift and drag

forces, and the mcment arms of the various forces are indicated by value

e. Figure 5.7 gives the angle of-repose for riprap material sizes.g

Ripcap is often placed along side slopes where the flow direction is

close to horizontal or the angularity of the velocity cu e nent with the
~

horizontal is small (i.e. A 0) . For this case, the above equations reduce /.

? <-

to: .

tan p = a tan d
; 2 sin 9 (5.10)
i

- k-(S.F.)#j

: (- n= se
L(S.F.) S ,2 jA

!

-4-
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( (5.11),

: where

tan m8m " tan 9
and is the safety factor of the rock particles from rolling down the slope

with no flow. Se safety factor, S.F., for horizontal flow may be
; expressed as:

(( q 2 2 g ,4) 0.5 _g gS.F. = sec

Riprap may also be placed on the cover or side slope. Ibr a cover

sloping in the downstream directicn at an angle, e, with the horizontal,

the equaticns rechce to:

C .'le, re[eren c e (s ).~ - " " *
S.F. .

a tan p sin a
f
' Historic use_ f the Safety Factors Method has indicated that a minimum 4.

, S.F. of 1.5 provides a side slope reliable stability and protection,. It is
reccuranded that the rock riprap thickness be a mininom of twice the d }

50C. e -F E. re em en U I. s' dso)m 2 dog,. '~ ~ " . *

Also, a . bedding or filter layer shouldunderfa.y the rock riprap. Se

filter layer should minimally, range from 6 inches to 12 inches in thick-

ness. In cases where the Safety Factors Method is used to design riprap

along estankments or slopes steeper than 4 H:IV, it is reconnended that the

toe be firmly stabilized. S e S.F. Method is ideally suited for Zone I and

Zone II riprap design.

5.2.2.2 Stephenson Method

he Ste5 enson Method (1979) for sizing rockfill to stabilize slopesh

and estankments is a empirically derived procedure developed for emerging

flows. S e theory i g licabl to a relatively even layer of rockfill
(

acting as a resistant to through and surface flow. It is ideally suited

VSep% con ( 5-) Say.s "
- J

- - . . - - - - -. .
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s
L for the design and/or evaluatim of embankment gradients and rockfill~ |pro-

tection for f1 w s r'aiN1-to the embankments, cover or slope.

Se sizing of the stable stone or rock requires the designer to deter-

mine the maximum f1w rate par unit width, q, the rockfill porosity, n, the

acceleratim of gravity, g, the relative density of the rock, s, the angle j

of the slope measured from the horizontal, e, the angle of frictim, 9, and
|the empirical factor, c. Se unit discharge can be estimated as indicated

-in Section of this report. l,

ne stone or rock size, d, is expressed by Ste@enson as

# "d=
2/3

1/2
(1-n)(S-1) cos O (tan p - tan e) 5/3C

3 (s 13)

k where the factor C varies from 0.22 for gravel and pebbles to 0.27 for
,

crushed granite. S e stone size a lculated in Egn. 5.13 is the represen-

tive diameter, d S e rockfill bild be well gr g3g.

two times the d in thickness. A bedding layer or filter should be.placed *

50 C 72 \qunder the rockfill. p |

\
'

Se Ste@enson Method does not account for uplift of the stones &e to |

Gm ger,1 Sis procedure was developed for f1w wer and through

|rockfill. Berefore, it is reconnended that the Ste@enson Method be

applied as a cwer and embankment stabilization for overflw or sheetf1w )
_

'

ccnditims. Alternative riprap rockfill design proce&res should be con- ,

sidered for toe and bank stabilization. S e Stephenson Method is best

suited for zone III protectim.

5.2.2.3 Proposed NRC Riprap Method

he proposed NRC riprap method has been developed to size rock or

-6-
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slight kneedins sci 6on continued untti the lump crumbles,
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a plastic clay has no reactkm. Inorganic silts, such as a fypical rock It Anally crumbles. the snore potent is the colloidal clay fracten in the
flour,show a moderately qukk reaction. soil. Weakness of the stured at the plastic hmit and quack 109s of

coherence of the lump below the plastic Ilmit indicate either inorsenic
clay of low plasticity, or materials such as ksolin-type clays and organic
clays whkh occur below the A-line.

Hishly organic clays have a wry weak and sponey fleet at the plastic IlenlL
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riprap to protect earthen embankments and covers. It is well suited for

the protection of rock covers frcan sheet and overland flow thereby minimiz-

ing general erosicn and gully initiation.

It is assmed that the design flood depth and peak discharge can be,

estimated. Secticn 5.s of this reprt presents an a method for determining

the discharge and flow depth. Once the design flow depth is quantified,

the average boundary shear that the in-place riprap must resist can be com-

puted. Se shear stress, r, may be expressed as

*"I
( 5.14)

Since R = y for overland and sheetflow,14n. (5.14) can be amended to

*"IY
(5.15)

C
where y is the unit weight of water, y is the depth of flow and S is slope

!

expressed in decinal form. A safety factor, SF, should be introduced to

adjust the design shear stress. Se safety factor will range from 1.0 to

3.0 ccupensating for potential flew concentration, potential uplift of the

stones and rock layer stratification. Recomnended safety factor values are

1.5 to 2.0. 2erefore, the design shear stress, r , can be expressed aso

*o " # * * (5.16)

he representative riprap size, d50, required to resist the design shear
stress may be determined with Lane and Carlson's relaticn (1953)

*ff Q k3c3 h l kt D' W,

d
50 " 0.04 (y, y) { 3 h { , W h d Y P [/ f3y

)

l '

c Eps. s,17<
where y, is the rock specific weight. p,go,
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he propsed NRC Method is applicable to a uniformly deep, well graded

rock layer. Furthermore, it is recomended that a filter layer or gravel

bed underlie the riprap layer, particularly in areas where critical or

super critical flows are expected. It is recocmended that the layer thick-

ness range from 1.5 times the d to 2.0 times the d Consideraticn must50 50

be givet to the size of the available rock source. Generally, the proposed

NRC method will provide a more conservative effective stone size that the

Wbdh $8?S SO VHU S df dheaf (& dffmd.Steyhenson Method.
.

Afo o doer // dom 201'e. b Sd{e & FWhrs /IB|hd :2e propsed NRC method was developed to protect earth cover and

erlankments for overland and sheet flow. It is recomended that this pro-

mdare not be used for toe and bank protection applications. Furthermore,

this procedure should be extensively tested to refine the safety factor.

%e other method is designed for Zone!III applicatims. (C Of E . & ~

} O Gt Y d h 0 9 C.
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?
t.

5.2.2.4 U.S. Army Coros of Engineers Method

he U.S. Army Corps of Engineers, (USACE) has developed perhaps the

most conprehensive nethods and procechres for sizing riprap revetment.

Their criteria are based on extensive field experience and prac'tice (1970).

We USACE method is primarily applicable to enbankment toe and bank protec-

tion.

The toe of a slope or enbankment is generally subjected to the

greatest concentration of erosive forces and therefore nust be protected.

We effective stone size, d50, can be estinated after the depth of flow, y,

and the slope of the energy gradient, S, is determined. We average boun-

dary shear, e, can be ccmputed as

*~T
( 5.18) !f

I
;

where y is the unit weight of water in pcf and R is the hydraulic radius in
!

-

ft. Se design shear stress, v, shall serve as the design shear for the

.:oe and channel bottom.

S e design shear for riprap placed on the channel slope or bank can be

deteriined as

2 ) 0.5 |-5 (1 -
sin g g3,19)

I

.

where

9 = the angle of the side slope with the horizontal

0e = the angle of repose of the riprap (normally about 40 )

The side slope shear, s , is the design shear for sizing the riprapo

revetment.

_p_

. _ .
.

_.
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We average stone size can the'n be determined as
"

T
# 0*04 IT YI(5.20 s

i
' for the toe and channel bottom and

|

I(5.21Y50"To/0.04 (y,M ,

i

for the channel side slopes

where y, is the specific weight of the stone. Se same procedure can

be used for bank protection. A graphic representation of Egn. 5.21 is
1

provided in Fig. 5.8. ;

The USACE Method was developed for channelized flows. Therefore,
,

this proce&re should be used to evaluate and/or design rock protection for

the portions of the cover or entankment that is in the flood plain. Se ;
-

(~ '

USACE Method is ideal for stabilizing cover and embankment toes. However,'

the USACE Method is not necessarily recomen land and sheetflows Y

he to its conservatism and cost. B erefore, the USACE Method is best applied

for zone I and Zone II protection. @8ub a 5 [ [t o M k C M e k d
#

|

I If- e f [. 3) )Riprap Iayer S ickness:
:

S e USACE Method presents the following criteria to determine the riprap

layer thickness: ;
l

1. The thickness should not be less than the spherical diamater :
l

of the upper limit W1oo tone or less than 1.5 times thes

spherical diameter of the upper limit W stone,
50

whichever results in the greater thickness.

2. The thickness should not be less than 12 in.

5. The thickness determined in 1 or 2 should be increased by
i

50% when the riprap is placed underwater.
;

a

-10-
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d nd CLy\4. h thickness should be increased by 6-12 , accorranied,

' '

by-the a@ropriate increase in stohe sizesx hould bes

provided where riprap will'be subject to attack by

| large floating debris.

'Ihe riprap layer thickness.should be%A er lam
,

unlain with a gravel filter for

aye
channel, toe and side slope applications. Filter criteriaile' presented in j

:

Sectica 5.4 of this report.

Rod Gradation: the gradation of rocks in riprap revetment affects
i:
1

the riprap's resistance to erosion. h stone should be reasonably well !
1

. graded througout the layer thickness. 'Ihe following criteria provide
iguidelines for establishing gradation limits.
3

(1) The lower limit of W50 rock should not be less than the weight of
lj rock required to withstand the design shear forces. j

( (2) h upper limit of W rock should not exceed that weight which4

50
,

can be obtained economically from the quarry or that size which will
|

satisfy layer thickness requirements. '

!

(3) 'Ihe lower limit of W rock should not be less than two times1oo

the lower limit of W rock. |3a

i (4) '1he upper limit of W100 rock should not exceed: five times the i

ilower limit of W rock, that size which can be obtained economically from3a

the quarry, or that size which will satisfy layer thickness requirements.
i

(5) '1he lower limit of W15 rock shocid not be less than one-sixteenth

the upper limit of W100 rock.

(6) '1he upper limit of W15 rock should be less than the uppper limit

of W50 rock as required to satisfy criteria for graded stone filters.

(7) 'Ihe bulk volume of rock lighter than the W rock should not13

( exceed the volume of voids i vetment without this l'ighter rock.

-11-
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(8) W to W
J o 25 rock nay be used instead of W rock in criteria (5),
t 15

(6), and (7) if desirable to better utilize available rock sizes. Design

memorandum and specifications should indicate the permissible stone grada-

tien limits.

A graphical representation relating rock weight to rock spherical
diameter was presented by Nelson et al. (1983).
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5.2.2.5 U.S. Bureau of Reclamation Method
!
L h U.S. Bureau of Reclamation (USBR) Method (1978) for riprap design

1

was developed for the prevention of damage in and near stilling basins.

Se USBR procedure is enpirically based upon extensive laboratory testing |

and field observations. Riprap failure was determined to occur because

alternative design procedures underestimate the required stone size in

highly turbulet zones and Ehat there is a tendency for inplace riprap to

be smaller and more stratified than specified. W USBR method is a velo- '

;

city based design procedure. j

Stone-Size Determination
l

% e USBR method estimates the maximum stone size, dgoo, as a function |

of the bottom velocity of flow, V in feet per second. One means of

predicting t gheo hcg _the stones is using the Mavis and Iaushey )_

g g/104 18 M'[dC/?[ h6 d
(1948) proced2re where

= 0.5 (d )0.5 g, func[iOM of 6 ?-'

y g ,,)
-

- - & not of s/ t & qs 7_ __

-

as d is the particle d'iameter in an and s is the particle specific g av-3
_

ity.

We stone size and stone weight can be determined by entering Fig. 5.9

with the bottom velocity, V . S e resulting stone size is conservative.b

He riprap should be canposed of a well graded mixture of stone. Riprap

should be placed on a filter blanket or bedding layer. W e riprap layer

should be 1.5 ties as thick as the largest stone diameter. h filter

blanket should be at least 6 inch thick.
des:pt

It is reca mended that the USBR method be considered only for 4ase-
of r0 ck

4 along the toe-of-)t(e-slope, Zone I, or where flow concentrations require i

{ substantial energy dissipation. %is method would be well suited in areas

. _ _ _ _ - -

_
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where a hydraulic jump may occur. The USBR rnethod is not necessarilye

%

recomended for bank and cover protection due to it conservation.
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5.2.2.6 Airernative Desian Methods |

<

The riprap or stone design nethods presented are but a few of the

procedures available to the cover designer. Alternative methods include:

1. Bureau of Public Roads Method

2. California Division of Highways Method (1970)
,

3. Iane Method (1953)

4. Shen and Lu Method (1983)

It is reccmaended that each method be evaluated as to its

applicahility to an appropriate segment of the cover design. However, cost
,

effectiveness of cover stabilizatim must be taken into account in the

.

design process.

? 7
Peterences -yy ,,

'

#
Shen, H.W. and Lu, J.Y., a velognent and Predicticn of Bed Armorin

ASCE J. of the Hyd. Division, Vol.109, No. 4, pp 611-629, April 1983.

California Divisiat of Highways, Bank and Shore Protection in California

Hichway Practices . Business and Transportation Agency., Department of X
Public Works, Sacramento, Cal.,1970.

(

.
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|
*- 5.3 Sloce Transition Protection

Observation of several reclaimed tailings inpoundments in which gully

erosion occurred indicated that cover protection is warranted at major

slope transitions. Most of the sites were characterized by top covers with

flat slopes (i.e. less than 0.05) transitioning to steep slopes (i.e. 0.10

- 0.30) around the inpoundment perimeter. In most of these cases, the

gully extended 2-5 feet up-gradient frca the transition. It was evident

that the long-term gully potential was significant.

It is reconmended that the slope transition areas be protected (i.e.

riprap, rock muldi, etc.) at least ten (10) feet up grade and down grade of |

the slope break. Se slope transitional area is vulnerable to sheet and
i

concentrated flows. Design discharges will often transiticn from suberiti-,

!
cal to critical or supercritical flows resulting in a high potential for

erosicn. He reconnended protection will provide an armouring that will I

resist degradation, particularly from unexpected, ccncentrated flows.

,

.

E

I
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5.5 Flow throuch'Riorao Pockfill

Nhen a riprap layer is used to stabilize a sloped mver, it is advan-

tageous to determine the discharge through the rockfill. 2 e analysis of

flow through a riprap rockfill is complex and does not comply with Darcy's

Law except at extremely low gradients. S e following design guideline for

estimating flow through riprap rockfill closely conforms to the laws of
'turbulent flow.

Flow through granular ' material is dependent on_the-gecinetry, structure

media.I[krschfeld"itiji973{ Lejv
.N

~
-

and flow properties of the porous
Tpresented a basic equaticn for turbulent flow through rockfill as % IO f ]ggo0.5V -Wy (5.24)

i

( where V is the average velocity of water in the voids of the rockfill, Wy

is an enpirical constant for a specific riprap material, m is the hydraulic

mean radius and i is the hydraulic gradient. W e void velocity, V ,. deter-
y

mined in Egn. 1.24 is presented in in./sec. Table 5.1 presents a series

of enpirically derived values for the hydraulic mean radius, m, and the !

Hirschfeld q,. Se hy)draulic gradient/p ana P.ubs Cl973he G-
W ,0*5 parameter as presented

will range from 0 to 1.0. We dominant rock size for flow calculatims was
considered to be the 50% size, d Although Egn. 5.24 was derived and50

applicable to a uniformly graded rockfill, the procedire is considered
1

applicable to well graded rockfill provided that the udnus 1-in. material

is less than 30%. ^'-Rindicated that if more than 30% of the minus

1-in. naterial is present, the rockfill should be treated as earthfill.

Se mit discharge, g, per foot of width can be estimated as
e
t.

phere a re pp. |-l ? Sec 5.V }
_,_

us on p.9
_
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e V
s q= d

r (5.25)

where d is the rock thickness in ft. and q is expressed in cubic feetg per

second (cfs).
,

Hirschfeld, R.C. and Poulos, S.J.', Erbankment-Dam Enoineering, John Wiley
.

Sons, pp. 87-107, 1973.
.

Table 5.1

Empirical Derived Values for Eqn. 5.24

m .5 W ,0.5
0Rock size a

(in.) (in.) (in.1/ 2) (in./sec.)

3/4 0.09 0.30 10

( 2 0.24 0.49 16

6 0.75 0.87 28

8 0.96 0.98 32

24 3.11 1.76 58

48 6.43 2.54 84

.

.

-8-
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f

E 5.4 Filter Criteria

It is reconmended that a layer or blanket of well graded gravel should

be placed over the enbanknent or cover slope prior to riprap placement.

Sizes of gravel in the filter blanket should r ?!M in.-to. an upper

limit depending on the gradation of the riprap with maximum sizes of

a @roximately 3 to 3 1/2 inches. 'Ihe filter thickness shall vary depending

upon the riprap thickness, but should not be less than 6 to 9 inches.

Filterg(b ck-w.sr eps! tot-are cne-half the riprap layer thickness is reconmended.Sug-
,

3

9ested specifications for gradation of the filters are as follows:

D15 (Filter) grtvep*mrf of Mb);M ri
a nb

15 .; --
' -m-

.

Das ( se)

$ |0 fo pre vent e rs sa% e S | a de n ha rr,'e r f o(ow
'

(Se e Sh e rtted 19 9 +)
*

y

-

_.

5 L e var b J~ L . , Dunn y an, L P., a~s [/h f, f.R lfarcy
.

;P ,, e,fter e4 Sdit d 44 Srue{ 5'// err] ASC &}

Jiu rns / ef Mte See + uf ur ca / &y ,,, p g,,.a ./]w.r, o13
'

.\b I. / / 0, //c C, J'u n 1, /T N.

.

(

-9-
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5.10 Permissible Velocities,

( Evaluatim of proposed reclamatim alternatives should include an

analysis of the cover material critical erosion potential. Erosion poten-

tial can be determined based upon the properties of the reclamation materi-

als as well as the degree of capaction in which the material is placed.

We permissible [gpproadi consists of specifying a velocity cri-

teria thatL ro cb 1 an w prevent scour. A

comparison of the actual or design flw velocities to the permissible velo-

cities associated with overland flows, sheetflows or channel flows deter- 1

|

mine the erosion potential. When the design flow velocity meets or exceeds |
lthe permissible velocity, cover protection should be considered.
I2e permissible velocity values presented were developed from experi- )

Iments performed primarily in canals and stream beds. B erefore. the fol-
,

1

(~ lowing permisible velocities should provide a mnservative estimate for
s

!evaluating the erosion resistance of the reclaimed covers over the long

term. In cases where a range of permissible velocities are presented, it

is recomended that the lower velocity be used for determining erosion j

potential.

A series of permissible maximtun canal velocities was developed by For- |

tier and Scoby (1926) -quere-adapted by Lane (1955). Se Iane maximum %
permissible velocities, ace presented in Table 5.6 and are applicable to

colloidal silts. Sese velocity values were developed for channels without
1

sinuosity. Lane reconmended a reductim of the velocities in Table 5.6 by '

13 percent if the canal / channel is moderately sinuous.

Iane also presented a series of maxinun allowable velocities for sandy.

based materials. Table 5.7 presents the allowable velocity ranges for
,

i these materials.

_ _ _
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f Lane adaged limiting velocities for cohesive materials according to
L

conpactness for materials with less than 50 percent sand content. Table

5.8 presents these limiting, or upper bound velocities.

'Ihe U.S. Department of Agriculture (1984) presentedJEseriesd max-
Q FC,

inun permissible velocities for well naintained grass covers as presented Kn

in Table 5.9. It should be noted that these velocity limits pertain to

slopes ranging from to 10 percent.

Ibrtier, S., and Scobey, F.C., ' Permissible Canal Velocities'. Transac-

tiens, ASG, Vol. 99, paper no. 1533, 1926.

Iane, E.W., ' Design of Stable 01annels', Transactions, AS3, Vol. 120,

pper no. 2276, pp.1234-1279,1955.

U.S. Dep rtment of Agriculture, Soil Conservaticri Service, ' Engineering

Field Manual',1984.

i~

-
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Table 5.6

Maximum Pennissible Velocities in Erodible Channels

'

Water Transporting
Owinel Materini Colloidal Silts.

. .v (ft/sec)

fine sand, colloidal 2.50

sandy loam, non-colloidal 2.50

silty loam, non-colloidal 3.00

allwial silts, non-colloidal 3.50

firm loam 3.50

volcanic ash 3.50

stiff clay, colloidal 5.00

allwial silts, colloidal 5.00
'

.

shales and har4ans 6.oo
,

_

fine gravel 5.00

graded loam to cobbles, non-colloidal 5.00

graded silts to cobble, colloidal 5.50

coarse gravel, non-colloidal 6.00

; cobbles and shingles 5.50

_

04,y cw 4uk" W r n za[aLR z u,, c ssM
% J s}. s k .. A J Ab b~ .h Au< up.

; d sk @ sM kJ 4 M ap e L A-

LpJ 4~ h h a ,kts t; .

.

I
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.
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!
t Table 5.7

Maxinun Allowable Velocities
Velocity

Material (ft/sec)

very light sand of quicksand character N 0.75 to 1.00

very light loom sand 1.00 to 1.50

ooarse' sand to light sandy soil 1.50 to 2.00

sandy soil 2.00 to 2.50

sandy loam 2.50 to 2.75

average loam, alluvial soil,
volcanic ash 2.75 to 3.00

firm loam, clay loam 3.00 to 3.75

stiff clay soil, gravel soil 4.00 to 5.00 '

coarse gravel, cobbles shingles 5.00 to 6.00
' congicrnerate, cemented gravel,

soft slate, tough harchtn,
soft medimentary rock 6.00 to 8.00

-

+ W v s ~ xa y , nt=. an-.

ei pw4 y A, ev -m 4.

!

l

(

_4_
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:
L Table 5.s

Limiting Velocities in Cohesive Materials

Coroactness of Bed
Principle cohesive Very

material Icose Fairly. Compact Compact Compact

Velocity Velocity Velocity Velocity
(ft/sec) (ft/sec) (ft/sec) (ft/sec)

sandy clay 1.48 2.95 4.26 5.90

hMN'Mhclayeysoils 1.31 2.79 4.10 5.5:

clays 1.15 2.62 3.94 5.41

k00') [ ' clayey soils ' 1.05 2.30 3.44 4.43

,_

-

-5-
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Table 5.9

Marinrn Permissible Velocities in Channels Lined with Uniform Stands
of Various Well-Maintained Grass Covers (5)

MAXIMJM PERMISSIBLE
VELOCITIES IN IT./SEC. IDR:

COVER
Slope Erosion- Easily-
Range resistant eroded
% soils soils

Bermudagrass . . . . . . . 0-5 8 6
5-10 1 5
Over 10 6 4 y

Buffal ra ss . . . . . . . 0-5 7 5 /
Kentuc bluegrass . . . . 5-10 6 4
Snooth brome . . . . . . . Over 10 5 3
Blue grama . . . . . . . . 0-5 ( 2) 5 4
Grass mixture 5-10 (2) 4 3. . . . ..

Lespedeza sericea . . ..

Weeping lovegrass . . ..

Yellow bluestem 0-5 (3) 3.5 2.5. . . ..
! h&u ..........

Alfalfa .........
1

Crabgrass ........
Cormurt lespedeza (4) 0-5 (3) 3.5 2.5. .. -

Sudangrass (4) . . . . ..
i

(1) Use velocities over 5 f.p.s. only where good covers and
proper maintenance can be obtained.

;

(2) Do not use at slopes steeper than 10 percent.

(3) Use on slopes steeper than 5 percent is not reconnended.

(4) Annuals, used on mild slopes or as temporary protecticn until
permanent covers are established.

1

(5) U.S. Department of Agriculture, Soil Conservation Service ;
Engineering Field Manual, 1984. I

l

I
l

-4-
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5.6 Hydraulic Coroutations

In order to aIpropriately analyze general flow conditims for overland

or sheet flows and open channel flows, it is recomended that the Manning

formula be considered. Se Manning formula was developed for steady,

incocpressible flow and can be applied to a variety of field situations and

omditims. %e Manning formula was empirically derived and can be

expressed as

2/3 1/2y 1.486 R 3n (5.26)

where V is the average velocity at a specified cross section, R is the

hydraulic radius, S is the slope of the channel bottom or loss per mit

length of channel, and n is a surface roughness coefficient. Representa-

7tive values of Manning coefficients are present in Section 'Ib.
,

! determine the discharge, Q. Egl. can be modified to 7e
g 1.436 g /3 32 1/2 e

n (5.27).

where A is the cross sectional area of flow.

When the area of flow is limited to mit width, the mit discharge, q, I

can be determined. A mit discharge approach is oten used for application
;

to sheet or overland flows.

It is evident that although the Manning formula is simplistic, it

yields a good estimate of the discharge and/or velocity of flow. However,

alternative procechres cuch as the Gezy formula or many other sophisti- '

cated n eerical models may also be used.

|

( ,

1

I

,m. _ ~ .---- - _ ---,.m ,-
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' 5.7 Determination of the Mannino Rouchness coefficient

%e greatest difficulty in applying the Manning formula is the deter-

minaticn of the boundary roughness coefficient, n. S e n value is an esti-

mate of the f1w resistance.to-which there is not an exact procedure or

method for determinaticng of Ou ' Yes irh ce ,

he n values conmonly available were formulated for flms in natural

and artificial channels. Factors affecting Manning's roughness coefficient
I include surfam roughness, vegetation, channel irregularity, channel align-

ment, silting and scouring, obstructions and channel shape. 01ow (1959)

and the U.S. Geologic Survey (1967) present a comprehensive list of n

values for open channel applications. Manning's n values range from 0.017

for smooth diannels free from growth to 0.07 for cobble bed streams.

( te Manning Equation is conmonly used to estimate discharge for over-,

land f1w, particularly over large areas in which rtmoff channelization has

not yet initiated. Overland or sheet f1w is characterized by flow depth

less than 1.0 ft. and is significantly influenced by the boundary shear or

resistance to f1w. Coefficients of roughness for overland f1w are

presented in Table 5.2 .

Morris and Wiggert (1972) published a list of n values that have been
dPC

adopted by the U.S. Bureau of Reclamation anc}{ presented in Table 5.3.

Sese values apply to well-seasoned, straight channels on mild slopes with
y

f1w depths less than 3.0 ft.

A series of Manning Coefficient, n, values were adopted by the U.S.

Depr.rtment of the Interior (1975) for natural channels and streams. Sese

values are presented in Table 5.4.

One of the most difficult Manning's roughness values to determine is

for riprap. Riprap serves as an alternative surface stability technique

-2-
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that provides considerable resistance to flow resulting in velocity and

energy dissipation. An expression for determining the Fanning coefficient,

n, value for riptap (f975) is -
#

n = 0.03 95 (d50) /H fnc 6fth 6 Ou) 0 ff ( 5.28)

is the mean rock sizhnhb
'

where d A graEhical representation for determin-3o .

ing 'n' is presented in Fig. 5.10 .

{gf $hou,Y {r Si f 'h k : A'i

<

-
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Q10w, V.T., 'Ocen-Oannel Hydraulies', McGraw-Hill Book Compny,1959.

Barnes, H.H., Rouchness G aracteristics of Natural Channels, Geological

Survey Water-Su @ly Ptter 1849, 1967.

Fig. 5.10 - Manning's Coefficient for Riprap
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Table 5.2
!

|

Coefficients of Rougness for Overland Flow
'

Surface Value of n

Pavements and paved shoulders 0.01 |
Bare packed soil free of stone 0.10
Sparse grass cover, or moderately rough bare surface 0.20 |
Average grass cover 0.40 !

Dense grass cover 0.80 1

(M U.S. Army and Air Ebree 'Surfam Drainage Pacilities for
Airfields and Heliports' TM 5-820-1 or AFM 88-5, Chapter 1,19

7
.
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L
Table 5.3

Manning Coefficient, n fay raagb o CS
7

*

Qiannel Manning
Material Coefficient,'n

Fine sand, colloidal 0.020
Sandy loam, ncn-colloidal 0.020
Silt loam, non-colloidal 0.020
Alluvial silts, ncm-colloichl 0.020
Ordinary firm loam 0.020,

" Volcanic ash 0.020
Stiff clay, very colloidal 0.025
Alluvial silts, colloidal 0.025
Shales and harctana 0.025
Fine gravel 0.020
Graded loam to cobbles,

nal-colloichl 0.030
Graded silts to cobbles,

colloidal 0.030

[
Coarse gravel, non-colloidal 0.025
Cotbles and shingles 0.035.

Morris, H.M. and James M. Wiggert ' Applied Hydraulics in Engineering';

2nd edition 1972 publ. Wiley Sons. -

1

|

|

1

|

|

|

1

|

|

k)

1

.
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%

b EC hQ h 9 5.3)Table 5.4

Manning Coefficient, n, for Natural Channels

NNIUPAL CIhNEL CONDITION VALUE OF n

Snoothest natural earth channels, free fra growth with 0.017
straight alignment

Smooth natural earth channels, free from growth, little 0.020
curvature

Average, well-constructed, moderate-sized earth channels 0.0225
in gmd omdition

Small earth channels in good conditim, or large earth chan- 0.025
nels with s ee growth on banks or scattered oobbles in bed

Earth dannels with considerable growth, natural streams 0.03 0
with good alignment and fairly constant section, or large
floo&ay channels well maintained

1

7- Earth channels considerably covered with small growth, or 0.035
cleared but not continously maintained floo &ays

1

,

Mountain streams in clean loose cobbles, rivers with vari- 0.050
able cross-section and see vegetation growing in banks, -

or earth dannels with thick aquatic growths

Rivers with fairly straight alignment and cross-section. 0.075
badly obstructed by small trees and underbrush
or aquatic growth

Rivers with irregular alignment and cross-sectim, moder- 0.100
ately obstructed by small trees and mderbrush

Rivers with fairly regular alignment and cross-section, 0.100
heavily obstructed by small trees and underbrush

Rivers with irregular alignment and cross-secticn, covered 0.1 25
with growth of virgin tirber and occasional dense patches
of bashes and small trees, some logs and dead fallen trees

i

Rivers with very irregular alignment and cross-section. 0.200
many roots, trees, large logs, and other drift on bottom,
trees continually falling into channel due to bank caving

U.S. Department of the Interior, MESA ' Engineering and Design Manual
( for Coal Refuse Disposal Pacilities' 1975

.

-7-
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l

5.8 Cover Erosion Resistance Evaluationg

he mver design should be evaluated to determine if the unprotected

slope (s) can withstand overland or sheet flow with a minimum of erosion.

Based upon the site specific cover and precipitation parameters, the design

sheet flow velocity can be estimated. A comprison of the design flow

velocity with the cover permissible flow velocity can be performed. Furth-

ermore, the design velocity can be used to determine the sediment discharge

using the Universal soil Ioss Equaticn (see Sec. 6) and for sizing stone l

l
protection (see Sec. 5.2). )

Determinaticn of the Design Velocity:

2e design velocity will be determined from the peak discharge gen-

erated from the Probable Maximan Flood (PMF). % e PMF can be estimated by

a) Using nodels (HEC-1, USACE, etc.), that are widely accepted by

( . the engineering professicm

b) Applying the Rational Method for tributary areas on the 0 gV

cover that are less than or equal to one square mile

QQ. bg{
2e rational formula is coumonly expressed as 1

M (5.29)Q = cia

where Q is the maximtra or design discharge in cfs C is a runoff coeffi-

cient, i is the rainfall intensity expressed in inches per hour and A is

the tributary area expressed in square miles. When a unit width approac:h

is taken, the area C.N-be expressed as the slope (s) length times the unit
~

width. B erefore, Egn. would be presented as
7

9 - Cix -
( 5.3 0)

for a unit width analysis.
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( 5.8.1 'C' Coefficient

%e rtnoff coefficient, C, is related to the type of terrain to |

|
include the material, cover permeability and storage potential. Example |

|

values of the coefficient 'C' values are presented in Table 5.5 (1958).

Table 5.5 Values of Coefficient C
,

|

Tvoe Area Value of C '

Flat cultivated land, open sandy soil 0.20
Rolling cultivated land, clay-loam soil 0.50
Hill land, forested, clay loam soil 0.50
Steep, inpervious slope 0.95

It is recomended that a conservative estimate of, C, for PMF ccanputations

gi/s) consnien _ VduUf fh by Gffic( oE Eu,rOct Minchy )n ;4 N.-is 1.0. -i i > + ' '
(dHM ed '5.8.2 Rainfall Intensity

,

( In order to determine the rainfall intensity, i, the time of concen-

traticn, t , nust be estimated. % e time of concentrati<n can be approxi-c

nated by: -

a) Applying one of the accepted mathematical models

b) Assuming that the average sheet or overland flow

velocity down the entire length of slope is

a wroximately equal to 1/2 of the design

velocity. Se time of concentraticn is
J

slo e len d I(seconds)t =c ave. velocity ( 5.31) I.

l

where the time of concentraticn, t , should be converted
c

to minutes.

c) Using the Soil Conservaticn Service (SG)

( Triangular Hydrograph neory ( ), the

-

-2-

*
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Table 3.3.j Rational Runoff Coefficients
f (af ter Schwab et al. , 1971).
1

values of C in O = ciaTopography
_ soil Texture

,

and Open Sandy Clay and Silt TightVegetation Ioam Loam Clay

Woodland
Flat 0-5% slope 0.10 0.30 0 40Rolling 5-10% slope 0.25 0.35 0.50Hilly 10-30% slope * 0 30 0.50 0.60
_ Pasture
Flat ~ 0.10 0.30 0.40Rolling 0.16
Hilly 0.36 0.550 22 0.42 0.60.

_C_ ultivated
Flat e-r1 0 30 0.50 0 60Rolling s -Jef, Ny 0.40 0.60 0.70( Hilly sc -joy, 0.52 0.72 0.82

* Values are not available for steeper slope conditions, so when
applying the Rational Forna21a to steeper slopen this limitationmust be realized.

% k} . S& a \UE 3> h/n%+ !WA
Se % 6 19 0'- 1

'

US h o - 0- I& "t

O$a 4 Sufm Nu -

.

1 |

t
s

i
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{ tine of concentration is
9iF 3' %

|m.t o.3 85 g e.. .,* . H J ).,
L ( 5.3 2)

s 0 007F L * S ~ ' " N'"T.'f!" b k 0" N Ib bly
E O/hoh y;__I870where L is the length of the longest water course from the) ( P.H. fe ro'd9

point of interest to the tributary divide, in miles. H is

the difference in elevation in feet between the point of

interest and the tributary divide, in feet.

ne time of concentration will be expressed in hours

and should be converted to minutes.

Once the rainfall cbratim or time of concentraticn is determined, the

rainfall depth can' be computed based on the PMP intensity values estinated

in Sec. 2.2.2.

f 5.8.3 Tributarv A'rea

2e tributary area shall be expressed in a init width format. here-

fore, the area is the length of the longest expected or measured water

course nultiplied by the mit width converted to square miles.

5.8.4 Sheet' Flow Velocity

We design velocity can be estinated by solving the Manning formula
7

presented in Rin. It is assumed that the Bydraulic Radius, R, is.

aproxinntely equal to the flow depth, y, and that the design discharge is

equal to that estimated by the rational method. W erefore, the depth of

flow is
3/5

r m
'

I~ 172
L1.436 S ,1 (5.33)

S.: n fx e,.t!e design velocity is estimated as
_

-3-,

, -- - . _
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i( VDesign - M (R/sec) ( 5.3 4)
1
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( 5.9 Plow Concentrations

Despite the extensive efforts of the impundment reclamatim designer,

reviewer, contractor and inspector, the topographic features of the cover
I will alter over time without continual naintenance. Cover modifications

will result from differential settlements, collapsing soils, narginal qual-

ity emtrol in cover placement, erosim, major hydrologic events and mmi-

toring disturbance. Because of these unpredictable and generally moon-

trollable events, tributary drainage areas evolve that were not originally
designed or constructed. Be* b that the peak discharge and vol me

of rmoff exceed design levels and increase the erosion potential. Se

ratio of the actual peak discharge at a design point on the cover to the

design peak discharge is considered the flew concentratim and can be

expressed as

Qacttal iF.C. = g h,.c

design (5.55)/

|
-

Se peak discharge at a design point is a fmetim of the amount of
;

i

precipitatim, the tributary drainage area, the slope of the drainage |

tasin, the basin contouring, the cover naterial and cover protection. Any

'modificaticri in me or more of these parameters can inpact the outlet peak

discharge. Se cover design must account for these potential changes in

the form of a cmcentratim or safety factor. S erefore, a flow concentra-

tion factor abould be incorporated into the design process to adequately

evaluate the soil resistance to erosicri, to adequately select and evaluate

alternative protective measures and to size riprap when warranted.

; It is difficult to accurately predict the value of the flow concentra-

tion factor since little information is currently available to substantiate

1
1

-5-
|
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{ design upper limits. However, it is reasonable to assume that values

between 2 and 3 are attainable with only a slight evolutionary change in

cover. It is remmended that a conservaticn concentration factor be used

until additional research can justify a reasonable range of valuesj or d4

To incorgerate the flow concentratim factor into the stone sizing \
\

procedure of any riprap design method, multiply the design peak discharge
t

by the flow concentraticn factor. All subsequent comEutations, i.e. velo-

city and depth estimate, stone size determination, etc., will reflect the

influence of the flow concentratim factor.
- 3--

Grenedy o vedu/N /s af"'" ' '

se We w nd- /
-

-
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)
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6.0 EVALUATING TIE POIDTI'IAL EDR SURFACE S!!EET EIOSION

6.1 Intrxiuction
i

Due to the fine-grained noncohesive nature of uranium tailings, these

materials are highly erodible when subjected to the erosive forces of wind

and water. The high potential for sheet erosion and the potential for

transportation of eroded tailings away from the impoundment area are the

principal concerns dictating the need for sound engineering design and

proper construction of a stable cover material over the tailings naterial.

This chapter presents a discussion of the engineering analysis techniques

that will be used in the Phase II study effort to evaluate the surface ero-

sian gtial and predictive capabilities for estimating the life of pro-

tective covers.

6.2 Background ,

.

/~ Soil particles can become detached when the impact of rainfall, or the

stresses caused by wind or water, are in excess of the ability of the soil

to rennin stable. Factors which tend to stabilize the soil and retard or

resist such erosive forces include natural vegetation (ground cover) and

protective rock covers. The design of any protective soil cover over

uranium tailings must consider this detachment process and properly con-

sider this erosion potential over the entire period covered by the reclama-

tion.

'Ihe aplication of the Universal Soil Ioss Equation (USLE) is con-

sidered to offer the most rational approach to evaluate the long-term ero-

sion potential from an upland area similar to that of the area covering a ,

1

Ireclaimed tailings pond. Recent investigations into appropriate methods of

modeling major types of sheet erosion (Nelson, et al., 1983; Nyhan and

Iane, 1983; and Walters, 1983), indicate that whereas other, more

_ . _ _ . _ . _ _ _ _ _ ___. _ _ _ _ . _ . . _
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mthematically rigorous, models do exist to simulate erosion as 'a function
,

r
' of time, the use of the USLE has a strong precedent since it has a 30 year

history of basic runoff and soil loss data.

6.3 The Universal Soil Ioss Ecuation

6.3.1 Description of the Equation

n e USLE is a mathenatical model based on field determined ooeffi-

cients that is used to evaluate average soil losses for certain types of

slopes as a function of time. We basic developent of the USLE does not

consider the potential for gully developent or intrusion as discussed in

Qiapter 5 since the topographic features of the relationship are assumed to

remain constant with time. We USLE is defined as follows:

A = RKLSCP(

where.

A = the emputed loss per unit area, expressed in the units
selected for K and for the period selected for R, usually
selected so that they compute A in units of tons per acre
per year;

R = the rainfall factor which is the number for rainfall erosion,

index units plus a factor for snowmelt, if applicable:

K = the soil erodibility factor, which is the soil loss rate per
erosion index unit for a specified soil as measured on a unit a
plot, which is defined as a 72.6-ft length of uniform M /
slope continuously in cleartilled fallow;

,

L = the slope-length factor, which is the ratio of soil loss from
the field slope length to that from a 72.6-ft length under

'

ptherwiseTaenTiHIjconditip /o ff e s/,7 e ua g e e c<nNh'd Nov.
~-

quose o
S = the slope-steepness factor, whi ratio of soil loss

from the field slope gradient to that from a M slope under
(otlibivise~t6enttcQcondity /c 1%e o f {{1e S{sj e a nOr con (*$Crd

~ EH-

C = the cover ranagement factor, which is the ratio of soil loss

-2-
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from an area with specified cover and management to that from
6 an identical area in tilled continuous fallow;
s

P = the support factor, which is the ratio of soil loss with a
support practice like contouring, striperopping, or terracing
to that with straight-row farming up and down slope.

Since its developnent in 1954, the USLE has been the focus of on going

continuous research and verification, which is the main reason for its con-

sideration in evaluating the design of tailings covers. Since 1965, the

| USLE has been expanded for use in different climatic conditions, and addi-

tional land uses and management practices. h bulk of the on going

research indicates.that although the variables affecting the input parame-

ters to the USLE, in particular the erosion factors, vary considerably

about their means, the effects of random fluctuations tend to average out

over extended periods. 'Ihese results suggest that the application of the

USLE is less acx: urate in estimating losses for a specific storm than for
!
\ the prediction over longer periods.

,

6.3.2 h Rainfall and Runoff Factor (R)

As noted by previous research at Ios Alamos National Laboratory (Nyhan

and Lane, 1983), the R factor as used in the USLE is often misinterpreted

only as a rainfall factor. In reality, it must the raindrop

impact and provide information on the amount and rate of runoff likely to

be associated with the rain. More specifically, the R factor is described

as a rainfall and runoff factor and is computed as the prodict of rainfall

storm energy (E) and the maximtml 30-minute rainfall intensity (I30). How-

ever, for the Phase 2 studies, it will be assumed that rainfall intensity
-

_
- T-Uk ndt?

records areg_availableIor theystudy site. Data for the R value will be

..
chosen from an appropriate value shown on which presents con-

'

tours of average annual values of the rainfall erosion index for the
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a

from an area with specified cover and managerent to that from
an identical area in tilled continuous fallw;

k P = the support factor, which is the ratio of soil loss with a
support practice like contouring, striperopping, or terracing
to that with straight-row farming up and down slope.

Since its developaent in 1954, the USLE has been the focus of on going

continuous research and verification, which is the main reason for its con-

sideration in evaluating the design of tailings covers. Since 1965, the

USLE has been expanded for use in different clinatic conditions, and addi-

tional land uses and management practices. We bulk of the on going

research indicates that although the variables affecting the input parame-

ters to the USLE, in particular the erosion factors, vary considerably

about their neans, the effects of random fluctuations tend to average out

over extended periods. W ese results suggest that the application of the '

'

USLE is less accurate in estimating losses for a specific storm than for
|

the prediction over longer periods. |

6.3.2 % e Rainfall and Runoff Factor (R)

As noted by previous research at Los Alamos National Laboratory (Nyhan
,

and Lane, 1983), the R factor as used in the USLE is often misinterpreted

only as a rainfall factor. In reality, it must quantify both the raindrop

impact and provide informatim on the amount and rate of runoff likely to

be associated with the rain. More specifically, the R factor is described

as a rainfall and runoff factor and is ocuputed as the prochet of rainfall

storm energy (E) and the maximLan 30-minute rainfall intensity (I30). How- .

ever, for the Phase 2 studies, it will be assumed that rainfall intensity

%e<3e"R records are not avance for the study site. nata for the R value win be
ouy not be
gcaleM chosen from an appropriate value shown on 6.1, which presents con-

{ tours of average annual values of the rainfall erosion index for the

y W6 cam get sife-specifre Iyo . Cm
we also co lca/A .nYe-speco f. c E " p h , ye n *(

.

Q,g instead aF u.siqy a veray-3- R- talae.S, W rned'h a ve(t7e O valaes .
Q kscd en Zyofte,whatIp values are used fw sveme annual e-va/aes.):i
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M' #( 6.3.3 he Soil Erodibility Pactor (K)

he soil erodibility factor (K) recongnizes the fact that the erodi-

bility potential of a given soil is dependent on its compositi6nal makeup,

whid in turn reflects the grain size distribution of the soil. W e factor j

also considers the percentage of organic natter present, the type of soil

structure, and a class of permeability. A ncrnogra@ for use'in determining ;

the K factor is presented in gure6.2) 7
1

6.3.4 he (bmbined 'Ibpographic Factor (IS)

Although the effects of both length and steepness of slope have been

investigated separately in different researd efforts, it is more con-

venient for analytical purposes to cm bine the two into one topographic

i factor, IS. Wischmeier and Smith (1973) develcped plots correlating the

topographic factor for slopes up to 500 meters in length at slope inclina-

tiens from 0.5% up to 50%. The slepe effect & art is presented in Figure'

.

6.3.5 We Cover Management Pactor (C)

S e C factor is the most difficult factor to estimate in the USLE-

since it involves so many interrelated factors. In its original develop-

ment, a value of C equal to unity is assumed for an area that is tilled and

continuously fallow. Based on field experience and limited researd data,

Meyer and Ports (1976) published C factors that have direct applicability

protective cover options which are reproduced in hle 6.h C factorsfor

for other typical types of vegetative canopy supported!on the protective

7
.
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-6.3.3 %e soil Erodibility Pactor (K)

We soil erodibility factor (K) remngnizes the fact that the erodi-

bility potential of a given soil is dependent on its compositi6nal rrakeup,

which in turn reflects the grain size distribution of the soil. h e factor

!also considers the percentage of organic matter present, the type of soil

structure, and a class of permeability. A ncznogra@ for use in determining

the K factor is presented in gure6.2) '/

6.3.4 he Combined Topogra@ic Factor (IE)

'

Although the effects of both length and steel: ness of slope have been

investigated separately in different research efforts, it is more mn-

I venient for analytical purposes to combine the two into one topographic

factor. IS. Wischmeier and Smith (1978) developed plots correlating the
'

topographic factor for slopes up to 500 meters in length at slope inclina-

tiens from 0.5% up to 50%. The slope effect dart is presented in Figure

.

6.3.5 h e Cover Management Pactor (C)

n e C factor is the most difficult factor to estimate in the USLE

siace it involves so many interrelated factors. In its original develop-

ment, a value of C equal to unity is assumed for an area that is tilled and

continuously fallow. Based on field experience and limited researd data,

Meyer and Ports (1976) published C factors that have direct alplicability

for protective cover options which are reproduced in ble 6. b C factors
d

b for other typical types of vegetative canopy supported. cui the protective

7
.
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cover are presented in Table 6.2. {g

Q ,_ '
-

6.3.6 %e Support Practice Pactor (P)

W e support practice factor is the ratio of soil loss with a specific

support pra tice .to the corresponding loss of upslope and downslope

straight-row farming. Since the application of the USLE for the present

study does not assume that any practice will occur once a site has been

reclaimed, the support factor to be used should follow that recxxtmended by

Wischneier and Smith (1978), which is reproduced as Table 6.3. Sese data
'

g--

indicate that the P value is simply a functicn of the ultimate slope of the
. . _

reclaimed surface.
_.

.-..
:~ u .

6.4 Procosed Methodoloav
.

a %. .. 3,

f
'

% e main application of the USLE to the evaluation of cover integrity
u .- - . .

21 s to; evaluate whether it is possible for sheet erosion to penetrate the
< ; ,a ;- -

tailings cover, thereby exposing bare tailings and constituting a failure
- lof the cover _.1 % e Phase 2 study effort will concentrate on using the USLE

., :. . , , + . .

f or sev ral Elternate cover designs in order to evaluate whether the pro- ~ '$f
'

J
- - fw. u. n. cs . *~~5 m n m. m . . .

n@ sed 'iutalyt .
.

: ce
- approach can be successfully used to ure the long-term. :

7 y; y y y x m , ~n -

{ jintegrityofhotective soil covers for uranim tailings reclamation.
: .a. W s; , M. i z. ;;.

B %1ternstive ~5esigns1will Abe compared, both from a standpoint of overall' ' '

[ E5tegr and tr ion fficulty. - .

~

; %' [ 'F : } ; k . =y - i %.. Q .:_
*'' I._ c E E i_ s .

i- it b'' ,- As%ti 'pr$fiously; the applicatiion of:the USLE does

*

not enable
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7. Selecticn of Riprap [fo g5 ,

v# g. Wu ~n7 .1 Introduction a

h is section provides a nethodology for selecting and oversizing
1

|riprap. Long-term performance objectives may be achieved with either high

quality, weather resistant rock or suitably oversized marginal quality rock ;

which is less resistant to weathering processes. However, marginal quality )

rock shoulci be excluded from use in certain critical areas (see Secticn

5.2). Oversizing may be accomplished in either of two ways: 1) by

increasing the design size of indivi&al stones or 2) by increasing the

thickness of the riprap blanket.

Oversizing indivichal stones of marginal quality rock will not com-

pletely remove tncertainty in meeting performance objectives. Weathering
( traties of marginal quality rock (especially when placed in positions of

exposure) cannot be determined with any degree of reliability. S us, over-

sizing adds cnly an unknown incremental degree of Icng-term erosion protec-

tion.

%ere is evidence to suggest that increasing the thickness of a riprap

blanket is a{ effective alternative to oversizing the sto@. Hanegan (1984) X

damy/scafefdiscusses the use of marginal quality riprap cm the outer shell of a
in _

%e outer 3 feet of the shell had deteriorated badly within seven years
7

after planamant. Se next 3 feet showed only hairline crackina and below

that littia or no deterioration was observed. Hanegan believes that the

buried rock experienced little alteraticn because temperature and moisture

content fluctuations were minimal.

. - -- ._ . .. - -
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The riprap selectim methodology developed in this sectim assumes
,

i reasonable care in quarrying, transportation, and placenent of rock. Per-

hformance of riprap is as much related to hangioes_ as --
- _yit is to g

yed.g ,-
'

selection of raw materials. It is the responsibility of the licensee to
|

k([~ ~~

exercise reasonable care in the handling of riprap. Without proper han-
(Fdling even the most carefully selected rock may fail to perform up to s

,'

4g6(MtAexpectatim. '

7.2 Micro-Environmental nsiderations

Basically there are two distinctly different envirmments affecting

the durability of riprap in the uranium mill tailings management area.

'Ibey are: 1) the relatively small but frequently saturated areas at and

near the downstream toe of an embankment dam, 2) the scznewhat larger areas

that are occasionally saturated & ring flood events, and 3) the much larger,

i

areas farther up the ernbankment face that are rarely saturated during

extreme events on the tailings cover and in periferal drains which are used

infrequently to divert run-off water away from the tailings. The upper

elevatir.s of frequently and occasimally saturated zmes may be defined as
|

the annual and 20 year flood evert.s. respectively.

Zoned construction of riprap blankets will be a practical necessity at

most uranium mill. tailings management areas in the United States. Fre-

quently saturated a:eas will require erosion protectim by highly &rable

riprap which is generally not locally available (Nelson and others,1983).

Small quantities of good riprap can be transported significant distances
,

'India I
without placing an undae burden on the licensee. However, to hold costs -

4
within reason local sources of marginal quality riprap should be considered

for protecting the much larger areas that are infrequently or rarely

I

J -2-
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saturated.
r

i
7.3 Riprap for Frequently Saturated Areas

.

7.3.1 Reco:: mended Rock Types |

Only highly cbrable rock should be considered for use in frequently
sr es r e4 . t cs+. X'

saturated areas. ahns (1982); suggests that rocks meeting the specifica-

ticns of superior building stone for exterior use should be relatively

resistant to weathering. Table 7.1 lists these rocks in three priority

groupings. Groups 1 and 2 are igneous and metamor @ ic rocks of hefer
and acceptable rank, respectively. Group 3 rocks are carbonates which are .g.g

vulnerable to deccrnpositicn in an acidic environment. '1hus, Group 3 rocks ),

should not be considered for use in stabilizing hge zones of ,

y umru s(inf"t-d e xfech/ 65 "acidic tailings impoundnents (Nelson and other,1983).
'

,
~~

7.3.1.1 Prospecting - -

Extensive chta files are available for locating sultabl_e and assess-
_

able igneous and metamorphic rock auarries in western United States._ Among

them are the open-file of the U.S. Army Corps of Engineers (00E), the U.S.

Bureau of Reclamation (USBR), and various state highway deprtments. '!hese

cbta provide quarry locaticn, petrographic analyses, results of various

durability tests, and intended uses for the rock. Also, Esmiol (1968) pro-

vides an analysis of performance of riprap at 149 USBR dams. It should be

fpossible to identify several candidate sour s of durable riprap within

of a mill tailings site. f'

|

C
'
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Table 7.1 Rock priority groupings for external
use as bujiding stone. (Souron Jahns, 1982),

L
. .....-....................-............-............-..... ...........

Group Type .

1

1 Quartzites, ncncalcareous slates, fine- to medium-grained
felsic granites or granitic gneisses

1

2 Coarser grained granites or gneisses, dense basalts /or )diabases
|
|

3 Marbles, limestones, dolomites
'

........... -....--- ....- - - - - - ---.....-..- . .................

In general it will not be practical to open a new quarry closer than,

existing quarry in cases where relatively small quhities of riprap are yan

required. Exploration and developnent costs would likely exceed the say-

ings in transportaticn costs that might be adiieved from hauling a rela- I
l

( tively small volume of rock.

Carwiidate sources of riprap should be studied in place for comparison

of lithologic and structural features, outcrop characteristics, and rela-

tive degrees and styles of weathering. Rese rocks should also be studied

in quarry spoil piles, nearby talus accizoulations, at dams, other struc-

tures and nunuments where they were used.

7.3.1.2 Selection

De quality of candidate sources of riprap can be compared with one

another by examining the results of standard durability tests. Depuy and

Ensign (1965) proposed a list of acceptance criteria (Table 7.2) for vari-4

ous durability tests. Results of most of the tests in Table 5.2 as well as

petrographic analysis are available from 00E, USBR, or state highway4

4_

__

. _ - - _ - - - 3. -
-. .- [ _ _ _ _ _ __ __ _
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department open-file data. 'Ihus, preliminary comparisons and acceptability
(, candidate sources of riprap c[be made without performing additionalamong

tests. Depuy (1965) also rated the ability of & rability tests to accu-

rately predict rock quality (Table 7.3). At present, the USBR places even

greater importance on petrographic analysis than that indicated in Table

7 .3 .

'IWo facts must be kept in mind regarding standard &rability tests and

open-file data. First, most tests are performed on small specinens

intended for use as concrete aggregate. Second, Depuy and Ensign's accep-

tance criteria were developed for riprap to be used as upstream slope pro-

tectim against erosim by waves.

7. + )%/,,n,st)ry eccej(zmc c cr[g cair d(o o fe r, 3||gy//f ra

be y&//cuip/ fiy sfeokc |urab' fr/ h. 73e f n p p ,1I o

a ,e ,,, a s a - e a a u n t deye da m" n c.md, de

ryc,, , w, // w< de <, e sLu/d k nwen4ya/e/ Ay
fi' o n'-

-f a f-,- g6 + y epus ed siie cx n di

.

|

|
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Table 7.2 U.S. Bureau of Reclamation standards for judging
riprap dJrability (Depuy and Ensign 1965).

- . . _ _ . _ _____ __ ._

onlity

'Itst Poor (1) Fair (2) Good (3)

Ultrasonic cavitatim rating 0 to 5 5 to 7 7 to 10
Bulk specific gravity 2.5 2.5 to 2.65 2.65

Adsorptim % 1.0 0.5 to 1.0 0.5

Freeze-thaw weight loss, %(a) 5 0.5 0 to 0.5

Na SO weight loss, % 10 5 to 10 52 4 ,

Ios Angeles abrasim loss, %(b) 10 5 to 10 5

Schmidt impact hanmer 40 40 to 60 60

Scleroscope 30 30 to 50 50

Coefficient of restitutim(c) 0.5 0.5 to 0.7 0.7

Tensile strength, psi 500 500 to 1,000 1,000
;

Compressive strength, psi 15,000 15,000 to 20,000 20,000
,

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

(a) 250 cycles
(b) 100 revolutims

( (c) rebound harchess
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h ble 7.2 U.S. Nreau of Reclamatica 5*anarde fnrjudging
, ,

.( riprap cbrability (Depuy and Ensign 1965).
.

.

C12ality

'Ibst Poor (1) Fair (2) Good (3)

Ultrasonic cavitaticn rating 0 to 5 5 to 7 7 to 10

Bulk specific gravity 2.5 2.5 to 2.65 2.65

Adsorpticn % 1.0 0.5 to 1.0 0.5

Freeze-thaw weight loss, %(a) 5 0.5 0 to 0.5

Na SO weight loss, % 10 5 to 10 52 4
los Angeles abrasica loss, %(b) 10 5 to 10 5

Schmidt impact hanner 40 40 to 60 60

Scleroscope 30 30 to 50 50

Coefficient of restituticn(c) 0.5 0.5 to 0.7 0.7

'lensile strength, psi 500 500 to 1,000 1,000

Cor.pressive strength, psi 15,000 15,000 to 20,000 20,000

Son'.c velocity, ft/sec 15,000 15,000 to 17,000 17,000

( (a) 250 cycles
(b) 100 revoluticns

(c) rebound hardness

i

I

|

l

i

i

|

|
|
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Table 7.3 Comparative rating of selected riprap chrability tests for
f determining rock quality. ne ability of a test to accurately predict

rock quality is rated against a determinaticn of rock quality using'

petrogra@ic examinaticn (Depuy 1965). ;

_. _ __ _

Percent Agreement
Rating Test Method With Rock Quality

1 Petrogra@ic examination 85,

2 h nsile strength 84

3 Specific gravity 80

4 Schmidt hanmer 79

5 Absorption 75

6 Freeze-thaw 70

6 Compressive strength 70

6 Scleroscope 70

6 Sulfate soundness 70

10 Coef. restituticn 65

11 Pulse velocity 60

( 11 Cavitaticn 60

13 L.A. abrasion 50

he acceptance criteria of Table 7.2 and the rating system of Table

7.3 require modification in response to special envircomental conditicns

alcog an embankment toe. It is expected that such areas will be chtani-

cally subject to greater tensile stresses frr.m frost wedging, salt cry-

stallizaticn, absorpticn-desorption, and greater chemical weathering rela-

tive to reservoir embakments being protected from waves. On the otherhand,

inpact, abrasicn, and compressive str{ses will be less important. Impact /
and abrasive stresses will occur infrequently in response to occasional

flood events. Table 7.4 is a suggested new rating system. Table 7.5 pro-

vides acceptance criteria for petrographic analysis in addition to other

criteria listed by Depuy and Ensign.

-7-
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Overall quality test scores ($) for candidate sources of riprap can
te determined from Tables 7.2, 7.4, and 7.5. W e same number (2 to 4,

depending on available information) of tests should be selected from each

of the three categories in Table 7.4 for comp rative analysis. 'Ihen their

quality scores (N , N-1, 2, and 3 for por, fair, and good) are nultipliedg

by their weighting factors (W ) and sunmed to obtain their overall test
1

n
scores ( 1N W).=

g g

If a riprap source has a test score exceeding 80% of the maxima pos-

sible score it would be considered conditionally ao ptable for use at the

toe of an enbankment. hus, an acceptable test score may range from 10.8

to 21.7 depending on' the number of durability tests available in the scor-

ing process.

To assure that a correct choice has been made several additicnal dara-

bility tests are reconrmnded. Wo of these tests are more detailed petro-

graphic analyses and a third is a freeze-thaw test cn block sarr.ples. Also,

any available test results not used to ccrpile test scores should be taken
,,

p / '

into ccnsideraticn. //ov/. .
.

-8-

_ _ - - - _ _ _ . . _ _ _ _ _ . . _

_
_



.

I

Table 7.4 @mparative ratings and weighting factors of selected riprap
durability tests (itdified after Depuy 1965).'

.

Weighting
Category Test Method Factor

General Bulk cotipsitim
_

1.00
weathering Secondary mineralization and weathering 1.00
potential Fracture density 1.00.

Specific gravity - 1.00

Tensile Tensile strength 0.75
strength Sulfate soundness 0.75

Freeze-thaw 0.75
Absorgien - 0.75

Compressive Schmidt hanmer 0.50
strength, Cbmpressive strength 0.50
inpact, p Scleroscope 0.50
abrasim Coef. of restitutim -0.50

I Based on petrographic analysis.
,

2 Other tests in the third category are pilse velocity, cavitatim, and
Los Angeles abrasim tests. '1hese are less reliable tests according toi

Depuy.

/
Table 7.5 i' mal petrograItic analysis acceptance criteria.

Ibor (1) Fair (2) Good (3)-

1Bulk compositim Group 3, other Group 2 Group 1

Secmdary mineralization Carbonates Other clays No clays or pj
and weathering and/or smecktites // n.,r.m e//e7 carbonates

>1/30 cm 1/30 cm>F (1/mFracture density
_____ ______. . ___ __ __ _____ ______ _____ _______d_>1/m_ _ _ _ _ _ _ _ _ _ _ _ _ _

1 Groups 1, 2, and 3 rocks, see Table 7.1.

Lutton and others (1981) states that freeze-thaw tests m 5 on (2 in)

slabs often fail to predict the performance of riprap in place. Standard-

ized freeze-thaw tests were designed to analyze the quality of rock for use
1

as emcrete aggregate. Lutton suggests that freeze-thaw tests on full
(
'~ sized blocks weighing up to a metric ton are more accurate indicators of

_ _ .

~9-
|
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riprap performance than are similar tests on 5 cm slabs.

X-ray diffraction analysis should be performed on f(ah candidate
- .

sources of riprap being[ serious 1 @ ed,for use. If smecktite clay

minerals or carbonate minerals are identified by X-ray analysis, further

chemical tests will be necessary. h e ethylene glycol test is standard in

many 00E districts when the presence of smecktites is suspected (Lutton and

others, 1981). Joints in rocks are often sealed by secondary mineraliza-

tion. Carbonate mineralization is the meend most comon form of secondary

mineralizaticn (quartz veins being most coman). W eir presence could be

ascertained by placing fairly large rock specimens in a strongly acidic

soluticn. Acceptance criteria for these tests are provided in Table 7.6.
T

Sfenf Aeaction to either ethylene glycol or acid should result in rejection.

Wo alternatives to rejecticn are pssible in cases where smecktites
(

or carbonates are identified by X-ray diffraction analysis but no cherrical

reacticus occur. Stones could be oversized or, where carbonates are

premnt, crushed limestone could be placed between blocks of riprap to

buffer any acid soluticns coming in contact with them.

Table 7.6 Acceptance criteria for X-ray
diffracticn analysis and chemical tests.

|

l

i

Reject Conditional Accept

6?ttep,Reacticnto Either smecktites Neither smecktites ]? ethylene glycol or carbonates nor carbonates .

*
or acid are present are present

Test scores cannot be compared on an industry wide basis. We types

of durability tests run on quarry stone tend to be relatively uniform

-10-
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within given USBR and COE districts or state highway departrents but thiy

.' may vary between districts and states. For example, freeze-thaw tests arei
s

rarely performed in southern Texas and wetting and drying tests are rou-

tinely performed only where freeze-thaw tests are not performed, generally

in the southeastern states and Texas (Lutton and others,1981).

7 .3 .1. 3 Oversizing

Riprap containing smecktites may require oversizing. Groups 1 and 2

I rocks containing these clay minerals may not perform well when tested by

absorptim, freeze-thaw or wetting and drying. Solving the problem by sim-

ply oversizing indivichial stones has two serious . limitations. According to
<

the USBR the maximLIn practical size is about one cubic meter. Furthermore,'

the weathering rate is mknown. S us, increasing the stone size has no

i raticnale on whict to base a decisicn.

More positive protecti can be provided by thickening the riprap

blanke# as well. Hageman (1984) suggests that the rate of deterioration ofi
t

i
marginal quality riprap is a function of the depth of burial. Marginal

quality rock exposed at the surface deteriorates rapidly. Se see rock

placed at depths where temperature and meisture fluctuaticns are minimal

experiences little or no deterioration.

A riprap blanket utilizing marginal quality stone can be designed

based on the ALARA principle. First, a design thickness base course is

enplaced. Ren, the bem course is protected by atop course of oversized

stones emplaced to a thickness sufficient to protect the base course from

frost penetraticn. Maxinun practical stone sizes should be used for this

pirpose. Snaller sized stones should be added to the top course to provide

-11-
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additimal insulaticn es wall cs to control noisture content in the base

( course.

.

7.3.2 Alernative Rock Types

Coarse cobblestones and small boulders excavated from nearby abandoned

or existing stream channels are the nest widely considered alternatives to

quarried rock. Desert armor and glacial outwash deposits are less conmon

alternatives. Coarse allwium has been used at a ntrnber of UmPAP sites.

Examples are the Gunnison and Grand Junctim tailings piles in Colorado and

at Riverton, Wyoming.

Oiannel and outwash deposits and desert armor are inferior to quarried

igneous and metamorphic rocks because of their heterogeneity and size limi-

taticns. Cotblestones are most likely to be Group 1 or Group 2 rocks of

( Table 7 .1. For example, Wind River gravels are mainly igneous and

metamor@ic rocks washed cbwnstream from distant sources high in the Wind

River Mountain Range. Much coarse allwium is reworked heterogeneous gla-

cial outwash material that was transported downstream during more p1wial

periods of the late Pleistocene. Much & sert armor is a lag deposit of

glacial till or allwium wherein finer graned materials have been removed

by wind erosion. Boulder sizes may range up to about 30 cm.

Although channel deposits are heterogeneous they seldom contain sub-

stantial amounts of ncodurable rock. Except for a few kilcmeters down-

stream from its area outcrop nonchrable rockhonembbles- is [
conspictously absent from alluvial and outwash deposits because it rapidly

disintegrates by shaking, abrasion, inpact and freeze-thaw.

( 7.3.2.1 Prospecting

~12-
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Generally, suitable alluvial deposits cre found only on terraces, ,

|
;

{ flood plains, and channels of major streams whose headwaters originate high'

in nearby nountain ranges. We three (HrRAP mills previously cited are

adjacent to the Gunnison, Colorado and Wind rivers. Many abandoned

(LMPRAP) and older operating mills are located adjacent to streams. Fewer

than half of these strams contain adequate riprap resources. None of the

newer mills is located near a major stream.

A few mills may be able to utilize glacial outwash or desert armor as

riprap. Glacial outwash'and desert armor are found in Washington and the

desert southwest, respectively.

Data sources for the locaticn of gravel pits and durabnity tests for

coarse aggregate are the same as those listed in Section 7.3.2.
.

.

( It may be worthwhile to develop local sources of alluvium or desert

armor. Se fluvial gecmor@ ology of a region should be studied in an

attenpt to find new sources of channel deposits. 'Ibpogra@ic maps and -

aerial @otogra@s are the best sources of information. Desert armor is

difficult to identify from maps and photogra@s and more extensive ground
.

.

reconnaissance will be required to locate it.

7.3.2.2 Selection

A rigorous selection process like that described in Section .7.3.2 is

unwarranted for evaluating glacial outwash deposits, alluvium, or desert

armor. Linlike rock quarried in place, the above deposits are lithologi-

cally heterogeneous so that representative sampling will be difficult to

achieve.

| (
;

-13-
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In any event these rocks survived sporadic transport over rnany

( thousands of years from outcropping source rocks located up to several hun-'

dred kilcraeters away. nese rocks have been subjected to natural long-term

durability tests in a harsh environment that could never be duplicated in

the laboratory. Weir lithology and degree of rounding suggests that their

source beds were located at distances suggesting that considerable time was

required to transport them to their present locaticn.

Several alluvial sources of coarse aggregate should be evaluated for

selecticn as riprap. 01aracteristics of deposits vary from one stream to

another in terms of grain size distribution and lithology. After design

size criteria Mye been met the lithology should be examined in more
,

detail.

_
n e pirpose of a lithologic study is to determine the percentage of

- Hoa is ,% b be ren oveof on h(
rock so that the cost of its(anovalbbe estimated. Samples fr.hcksncndurable

v
'should be drawn from each potential source populaticn and examined for the

(5'e
presence of Group 1 and 2 rocks (Table 7.1). Rock samples can be identi- f15.)
fied by breaking open and observing the fresh surfaces. h e percentage of

cbrable rocks (D ) is the sum of the nurrber of Group 1 (R ) and Group 2p y

(R ) rocks which break with difficulty divided by the total nurrber of rocks2

[R3+R21
sampled (T ): D x 100. e standard deviation should be=

K p T
r

reported to determine whether differences in composition between sources

are real or are the results of sampling error. Large ntunbers of samples

recbce the likelihood of sampling error and may be required to deterr.ine

whether differences in composition are real. If there are no real differ-

ences in ccznpositicn, selection should be based on land acquisition, exca- ;

i vation, and transporation economics.

l

-14- I
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Non&rable rocks, organic debris,' and fine grained material nust be

f removed before alluvitrn can be used as riprap. Nondurable rocks (for exam-
L

ple, sandstone) will not survive a trip through a grizzley. Rock fragments
'

and fine grained material can be washed through a screen and larger frag-
- C'or ct a d'uc+; c n h a r. y .7

ments of organic debris can be d ed by __han[Channe deposits from

present streams will require a minimum of washing but they may have more i

nonirable rocks in them depending on the downstream distance from sand-

stone outcrops.

7.3.2.3 Oversizing

If all the nonirable rock is removed oversizing should not be neces-

sary. If sme nedurable rock remains the riprap blanket's thickness could

be increased in proportion to the percent of nondurable rock present.

' 7.4 Riorno for Occasionally Saturated Arman

7.4.1 Recomended Rock Types

Any rock that is accephble for use in occasionally saturated areas.

However, highly durable rock sudi as that described in Section 5.3 may not

be locally available in sufficient quantity to protect the larger but occa-

sionally saturated areas.

7.4.2 Alternative Rock Types

. The most conman local sources of riprap are sandstone and siltstone.
|

Occasionally, carbonate rock may also be locally available. 'Ibese rocks |
1

are of generally poorer quality in relatim to those previously discussed.

7.4.3 Prospecting

.

-15-
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Prospecting for suitable sandstone, siltstone or carbonate rock is
7 7

( outlined by Foley and others (1985). is a flowchart showing .

,

stepc leading up to laboratory testing. W e first step is to find ledge

forming strata with talus slopes consisting of fresh rock. Geologic maps

and aerial photogra@s are suitable for locating resistant strata.

he age of talus deposits may be difficult to determine, however,-

there are several methodologies. Absolute age can be determined by the use
,

of radiocarbon dating and dendrochronology. Other features that could be

used as evidence of substantial age include the presence of desert varnish

or surfaces dulled by oxidation, hydroloysis, and growth of lichens.

Apparently resistant ledges of rock should be examined in detail for a

number of other features. Joint spacing should be noted and the rock

(,
should be broken with a hamer. Easily broken rock and rock with closely

spaced joints should be rejected. Rock containing abundant organics, clays

or carbonate minerals should be considered undesirable but possibly accept-

able in the event a clean indurated sandstone cannot be fomd.

7.4.4 Selectim

Acceptibility criteria can be relaxed for the use of marginal quality !

rock in occasionally saturated areas. Sudi areas will experience slower |

'rates of chemical weathering and re&ced deterioration from cyclic freeze-

thaw and wetting and drying. Furthermore, impact and abrasion from flood

events will occur less often.

Relaxatim of standards is accomplished with two modifications to the

Itsthodology developed in Section 7.3.1.2. First, the weighting factor in

( the tensile strength category is re&ced to 0.50. Second, a test score

-16-
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cxceeding 60% of the maxinum possible score would be mnsidered conditicn-

(, ally acceptible for use in occasionally saturated areas. Sus, an accept-

able test score may range from 7.2 to 14.4 depending on the number of cbra-

bility tests available in the scoring process.
|>

i

One difficulty arises in attempting to aIply this methocblogy to local ;

sources of sandstone, siltstone or carbonate rock. Established quarries
1

will not likely be nearby. h erefore, it may be necessary to evaluate 1

stratigraphic analogues from more distant sources. :

Confirmation of acx:eptability of a nearby source will still be

required. Eis can be acconplished by: 1) appraising its general weather-

ing potential (Table 7.4), 2) either performing tensile strength tests

(Table 7.4) or slake-aorasion tests as described by Foley and others

(1985), and 3) performing a series of mineralogical-chemical tests.
.

Mineralogical-chemical tests include X-ray diffraction analysis,

ethylene glycol tests, and response to intersion in acid. S e same

acceptance-rejection criteria would be required as described in Section

7.3.1.2. If carbonate minerals are present but the rock does not react

vigorously with acid, then carbonate aggregate could be placed in inter-

stices between blocks of riprap to buffer any acidic soluticns that might

be present. 'Ihis would not be required for carbonate riprap which would be

self-buffering. If smecktite clay minerals are present but there is little

reaction to ethylene glycol oversizing would be an acceptable alternative

to rejecticn.

7.4.5 Oversizing

[[ Oversizing methodology is the same as that descr d in Section

-17-
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7 .3 .1.3 .

7.5 Riprap for Generally Unsaturated Areas
.

We methodology is essentially the same as that developed for Section
n aha+ t ow

7.4. %e only diffrence is the further relazaticn of acceptance criteria

in response to diminishing frequency of freeze-thaw, wetting and drying,

impact and abtasion. It is suggested that cbrability test scores exceeding

50% of the maximum possible score would be ccmditionally acceptable for use

in seldom saturated areas.
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Comments Regarding Chapter 7 - Selection of Riprap *, from
6 ' Methodology for Evaluating Long Tenn

Stabilization Designs of Uranium Mill Tailings Impoundments"'

Comment No.1 - Increasing Thickness of Riprap Blanket to Compensate
for Marginal Quality of Rock (Page 1, Section 7.1): The fact that the
rock below a depth of six feet showed little or no deterioration within
seven years after placement does not indicate the thickness of extra
rock that should be placed for a 200-year design. The deteriorated
rock could be removed by storms early in the design period. Unless it
can be shown that this approach will provide 200-year protection it
will probably be more cost effective to use the calculated blanket
thickness, based on maximum particle size, and face the problem of
adding additional rock if it later becomes necessary. To place an
arbitrary extra thickneTs' of rock during remedial action may be a waste
of funds and resources.

A more rational approach involving increasing the size of the rock to
be provided is recommended by PNL (Ref.1, page 5). The weight loss
expected for the design period is determined from slake-abrasion tests
on rocks which have been exposed to various periods of the local
climate (to account for chemical effects). This approach could be
augmented, as follows: For locations subjected to freeze-thaw cycles,
include weight loss due to freeze-thaw cycles on full size block
samples; for locations subjected to sulfate in the local environment
include weight loss determined from sulfate soundness tests; and fore

t cases involving wetting and drying without abrasion include weight loss
determined by wetting-drying tests.

Comment No. 2 - Depuy and Ensign's Acceptance Criteria for Riprap (Page
5, Section 7.3.1.2): The statement is made that Depuy and Ensign's
acceptance criteria were developed for riprap to be used as upstream
slope protection against erosion by waves. How should the criteria be
modified to apply to erosion protection for UMTRA sites?

Comment No. 3 - U.S. Bureau of Reclamation Standards for Judging Riprap
Durability (Page 6, Table 7.2): These standards do not account for
variations in rock type. The importance of rock type is shown in Ref.
2 (Table 6.7, Pages 53 and 54), where, for example, sandstone with a
specific gravity of 2.50 has a quality rating of " good", even though
this value is below the lower limit for " good" rock given in Table 72.

,

If possible, different standards should be given for different rock'

types, possibly grouped as shown in Table 7.1.

i

Comment No. 4 - U.S. Bureau of Reclamation Standards for Freeze-Thaw'

Weight Loss Results (Page 6, Table 7.2, Item 4): The quality rating to
be assignea for weight loss values between 0.5 and 5.0 is not given.

* Rough Draft NRC Report, dated 3/7/85.
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Comment No. 5 - Comparative Rating of Riprap Durability Tests (Page 7,
(' Table 7-3): It should be made clear that the tests are rated against a

rock quality which is based on petrographic evaluation, " modified asA-

appropriate by the results of the other tests" (Ref. 3, Page 35).
[This is why the petrographic examination alone can have a % agreement
of 85% rather than 100%.]

Comment No. 6 - Overall Quality Test Score (Page 8, top paragraph):
Why require that the same number of tests be selected from each
category? This could mean omitting an important result. As long as
the acceptance criterion is based on 80% of the maximum possfble score
this restriction is not needed.

Comment No. 7 - Additional Durability Tests (Page 8, Section 7.3.1.2,
last paragraph): It would clarify the report to state in this
paragraph that the additional petrographic procedures recommended are
x-ray diffraction analysis and the ethylene glycol test,. and that these
procedures would only be req 1f red in borderline cases.

.

Conment No. 8 - Modified Comparative Ratings (Page 9_ Table 7.4):t

Footnote 1 does not apply to 411 of the tests linked to " General
Weathering Potential", only tE~Eulk composition, secondary
mineralization and vcathering, and fracture density; i.e., not to
specific gravity.g.

t

Comment No. 9 - Freeze-Thaw Tests on Full Size Blocks (Page 9, last
paragraph): It should be stated that the block size used for testing
should be the largest size riprap proposed for a site, not simply " full
size blocks weighing up to a metric ton." Should the results of these
tests be substituted for the results of the freeze-thaw tests on
smaller samples in computing the overall quality rating, or used in
some other fashion? Also, can tests on large size samples be run
during construction (is it practical), or just during design?

Comment No.10 - X-Ray Diffraction Analysis (Page 10, first full '

paragraph: X-Ray diffraction analysis should not be required for rocks
for which the results of petrographic analysis are definitive; i.e.,
indicate the definite presence or absence of carbonates or smectites.

,' X-ray analysis should only be required for suspected (borderline) cases.;
.

;

Comment No.11 - Acceptance Criteria for X-Ray Diffraction Analysis and'

Chemical Tests (Page 10, Table 7.6): Reaction to ethylene glycol or
acid should be labeled "(chemical test)"; the other two entries should*

be labeled "(x-ray diffraction)".

(
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Coment No.12 - Weathering Rate (Page 11, Section 7.3.1.3, first
/ paragraph): The statements, "The weathering rate is unknown," and,

"Thus increasing the stone size has no rationale on which to base a'

decision", conflict with statements in Ref.1 (Page 5, last paragraph)
concluding that it is possible to " estimate the weight loss", and
" oversize less-durable rock so that it meets riprap design requirements
at the end of the containment period." ( Also see Coment No.1, second
paragraph.)

Comment No.13 - Thickening of Riprap Blanket (Page 11, Section
7.3.1.3, second and third paragraphs): See Coment No.1.

Comment No.14 - Channel Deposits (Page 12, Section 7.3.2, second
paragraph): The statement, " Channel and outwash deposits and desert
armor are inferior to quarried igneous and metamorphic rocks because of
their heterogeneity and size limitations", is too strong. For example,
channel deposits of metamorphic rock may be more durable than certain
types of freshly quarried igneous rock.

Comment No.15 - Sandstone as a Nondurable Rock (Page 15, Top
Paragraph): Not all sandstone is "nondurable", as implied.

Comment No.16 - Riprap for Occasionally Saturated Areas (Page 15,
f

Section 7.4.1): First sentence is incomplete.g

Comment No.17 - Steps Leading to Laboratory Testing (Page 16, Top
Paragraph, Section 7.4.3): Figure 5.1 not provided. (Same as Figure 1
on page 8 in Ref 17)

Comment No.18 - Addition of Carbonate Aggregate to Buffer Acidic
Solutions (Page 17, Section 7.4.4, last paragraph): To implement the
suggestion that carbonate aggregate could be placed between blocks of
riprap to buffer any acidic solutions present would require research
beyond the scope of design for the UMTRA Project.

'
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