
V I I I .  ROCK DURABILITY AND SLOPE STABILITY EVALUATIONS 

8.1 Introduction 

Basic geotechnical  techniques and geological  concepts a r e  e s s e n t i a l  t o  

t h e  proper design and maintenance of d ivers ions  and channels on a mining s i t e .  

In  t h i s  s e c t i o n  of t h e  design manual, guidel ines  f o r  evaluat ing  engineering 

and geologica l  c h a r a c t e r i s t i c s  of rocks which a r e  important i n  assess ing  rock 

d u r a b i l i t y  a s  r e l a t e d  t o  r i p r a p  and bedrock channels a r e  given. Following 

t h e  d e t a i l e d  assessment and guidel ines ,  problems of geotechnical  s t a b i l i t y  and 

s i t e - s p e c i f i c  condi t ions  associa ted  with d ivers ions  a r e  addressed. 

8.2 Rock Durabi l i ty  Evaluation 

8.2.1 Purpose and Scope 

The purpose of t h i s  sec t ion  i s  t o  def ine  and demonstrate t h e  u t i l i t y  of a 

sys temat ic  method of  quant i fy ing d u r a b i l i t y  of e a r t h  ma te r i a l s  t o  p r e d i c t  

t h e i r  physica l  behavior i f  used a s  r i p r a p  d ivers ion  channels o r  f o r  o the r  

mining-related a c t i v i t i e s .  It i s  designed predominantly f o r  sedimentary rock 

types which o v e r l i e  coa l  seams i n  t h e  e a s t e r n  coa l  region. The procedure was 

developed wi th  t h e  primary goal  of  producing a r e l i a b l e  and adaptable method 

f o r  eva lua t ing  rock d u r a b i l i t y  which can be conducted economically and time- 

e f f i c i e n t l y ,  mainly i n  t h e  f i e l d .  It is  e s s e n t i a l l y  a three-fo ld  procedure 

based pr imar i ly  on f i e l d  observations,  f i e l d  t e s t s ,  and s e l e c t e d  labora tory  

t e s t s .  Options t o  perform t h e  labora tory  t e s t s  a r e  included and t h e i r  use 

depends on environmental demands, economic considera t ions  a t  a p a r t i c u l a r  

s i t e ,  and a v a i l a b i l i t y  of s u i t a b l e  r ip rap  a t  each s i t e .  

In  considering rock d u r a b i l i t y  r e l a t i v e  t o  t h e  s e r v i c e  l i f e  of r ip rap ,  it 

i s  important t o  recognize t h a t  "nothing l a s t s  forever". Therefore , t h e  

designer must t a k e  a very conservative approach, although most r i p r a p  l i n i n g s  

s t i l l  may r e q u i r e  p e r i o d i c  maintenance, t h i s  manual has chosen a conservative 

approach. The recommended procedure i s  based on conservative values designed 

f o r  a probable lengthy in-service  performance of r iprap .  This t r a n s l a t e s  i n t o  

a higher f a c t o r  of s a f e t y  than i s  sometimes recommended f o r  minimum perfor-  

mance. Albei t ,  it i s  considered expedient t o  be conservative considering t h e  

long term exposure and l i f e  of  a diversion channel. 

With t h i s  i n  mind, t h e  d u r a b i l i t y  evaluat ion  method i s  described and 

discussed below- The step-by-step procedure, beginning with genera l  f i e l d  

cons idera t ions  and progress ing t o  s p e c i f i c  laboratory t e s t s ,  i s  a l s o  presented 



i n  a sinple flaw c h a r t  i n  Figure 8.1. Reference t o  t h i s  c h a r t  may be he lp fu l  

i n  understanding t h e  sequence of  t h e  procedure a s  d e t a i l e d  p o i n t s  a r e  

described i n  t h e  t e x t .  

Following t h i s ,  an  evaluat ion  format f o r  on-s i te  evaluat ion  i s  provided. 

Then, s e v e r a l  rock types  from Kentucky a r e  a c t u a l l y  evaluated us ing  t h e  

prescr ibed format t o  i l l u s t r a t e  and c l a r i f y  proper use  of t h e  method. 

8.2.2 General Considerat ions of Tes t  Procedure 

The d u r a b i l i t y  o r  wea the rab i l i ty  of rock i s  a c r i t i c a l  f a c t o r  whether 

stream d ive r s ion  i s  being const ructed  with a channel i n  unlined bedrock o r  a 

channel with r i p r a p  a s  a l in ing .  Rock p r o p e r t i e s  t o  be considered w i l l  

inc lude  composition of t h e  rock f r a g m n t  o r  rock outcrop and t h e  presence of 

bedding, jo in t s ,  e t c .  a t  t h e  rock mass (rock outcrop) l eve l .  The term 

"discontinuity" w i l l  be used a s  a non-genetic t e r m  f o r  bedding, jo in t s ,  e t c .  

except  where b e n e f i t  i s  der ived from a more s p e c i f i c  terminology. Aside from 

v i s u a l  evaluat ions  t h a t  may be made a t  t h e  s i t e ,  t e s t i n g  w i l l  be pr imar i ly  

t h a t  used f o r  determining t h e  abrasion r e s i s t a n c e  and degradation p r o p e r t i e s  

o f  aggregates. Climatic condi t ions  a t  t h e  s i t e  have a bear ing  on t h e  choice 

of  t e s t s .  Estimates of annual o r  seasonal  r a i n f a l l  and number of freeze-thaw 

cyc les  w i l l  normally be s u f f i c i e n t  i n d i c a t o r s  of c l i m a t i c  condit ions.  In t h e  

a r e a  of i n t e r e s t ,  t h e  e a s t e r n  coa l  region, t h e  c l imate  i s  a temperate, humid 

continental- type where temperatures r a r e l y  exceed 100°F o r  drop below O°F 

(Huddle, e t  a l .  1963). Forty t o  50 inches of  p r e c i p i t a t i o n  a r e  received 

annually,  most of which i s  r a i n f a l l  and t h e  f r o s t - f r e e  p e r i o d  i s  approximately 

175 days between Apr i l  25th and October 15th. 

I n  add i t ion  t o  t h e s e  cons idera t ions ,  es t imates  must be made of t h e  volu- 

m e s  of water  t o  be c a r r i e d  by t h e  d ivers ions  and t h e  nature  and amount of 

sediment t ransported.  

8.2.3 S i t e  Inves t iga t ions  

8.2.3.1 General 

Much can be learned of t h e  d u r a b i l i t y  of rock from an inves t iga t ion  of 

t h e  s i t e .  A f i r s t  s t e p  i n  evaluat ing  a s i t e  is  t o  ob ta in  a l i s t i n g  of the  

rock types occurr ing  i n  t h e  area. This l i s t i n g  may be obtained from geologic 

maps, geologic r e p o r t s  f o r  t h e  a r e a  and d r i l l  hole  da ta  from explora t ion  

d r i l l i n g .  Brief desc r ip t ions  of t h e  rocks normally accompany such l i s t i n g s .  
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Figure 8.1. Fbck d u r a b i l i t y  flow chart :  Procedure f o r  evaluat ing  rock 
. su i t ab le  a s  r i p r a p  and channel l in ing .  
Pa r t  I - S i t e  inves t iga t ion ;  Pa r t  I1 - Laboratory 
inves t iga t ion .  



I f  such d a t a  a r e  n o t  a v a i l a b l e ,  t h e  rock types  and any s e q u e n t i a l  occurrence 

of  them must be determined a t  t h e  s i t e  from exposures.  The s i t e  i n v e s t i g a t i o n  

provides  t h e  oppor tun i ty  t o  observe t h e  rocks  i n  t h e i r  n a t u r a l  s e t t i n g ,  i . e . ,  

c l i m a t e  and landforms. I f  a i r  photos a r e  a v a i l a b l e  f o r  t h e  s i t e  a r e a ,  t h e i r  

u s e  should  be a n  i n t e g r a l  p a r t  of t h e  i n v e s t i g a t i o n .  The s i t e  f e a t u r e s  t o  be 

considered a r e :  landform c h a r a c t e r i s t i c s ,  rock t y p e  o r  t ypes ,  rock mass con- 

d i t i o n s ,  performance r eco rd  and s imple f i e l d  t e s t s .  

8.2.3.2 Landform C h a r a c t e r i s t i c s  

Most rocks  r e s i s t a n t  t o  t h e  mechanical and chemical weathering cond i t i ons  

a t  a s i t e  w i l l  i n  t u r n  be durable  f o r  t h e  cond i t i ons  p r e v a i l i n g  i n  d ive r s ion  

channels .  The c o r r e l a t i o n  of  r i d g e s  and benches o r  rock-cored t e r r a c e s  wi th  

known rock u n i t s  i n  t h e  s i t e  a r e a  i s  a major f i r s t  s t e p  i n  f i n d i n g  du rab le  

rock.  This  i s  done by t h e  combined use  of topographic maps, a i r  photos and 

observa t ion  of known rock types  occu r r ing  i n  t h e  a r ea .  Thus, t h e  eva lua t ion  

o f  t h e  topographic c o n t r o l  e x e r t e d  by t h e  rocks  a t  a s i t e  i s  of prime impor- 

tance.  A geologic  map i s  a u s e f u l  t o o l  f o r  f u r t h e r  des igna t ing  n a t u r a l l y  

durable  rock u n i t s  from t h o s e  unsu i t ab l e  f o r  u s e  i n  c o n s t r u c t i n g  d i v e r s i o n  

channels .  

8.2.3.3 Rock Type 

I n  coal-producing a r e a s  t h e  rock types  i n  which d i v e r s i o n  channels w i l l  

b e  excavated o r  t h e  rocks  which w i l l  be used f o r  r i p r a p  w i l l  be  of sedimentary 

o r i g i n  ( s e e  Sec t ion  8.2.6). Of t h e s e  only t h e  well-cemented sands tones  and 

r e l a t i v e l y  c l ay - f r ee  l imes tones  w i l l  have long-term d u r a b i l i t y .  Sha les ,  

c l ays tones  and mudstones a r e  n o t  s u i t a b l e  f o r  e i t h e r  channel  cons t ruc t ion  o r  

a s  r i p r a p  because o f  poor  ab ra s ion  r e s i s t a n c e  and t h e  tendency t o  s l a k e  and 

weather r ap id ly .  S i l t s t o n e s  may f a l l  i n  t h i s  category a l s o  i f  they  a r e  clay-  

r i c h  and/or poor ly  cemented. A s  s t a t e d  i n  t h e  Ea r th  Manual publ i shed  by t h e  

U. S. Bureau of  Reclamation (1 9 7 4 ) ,  any sedimentary rock wi th  c l a y  must be 

suspec ted  of  poor performance a s  r i p rap .  

8.2.3.4 Rock Mass Condit ions 

The most durable  rock a s  determined by t e s t i n g  i s  only a s  good a s  t h e  

rock mass from which it was obtained.  Sedimentary rocks  by na tu re  have 

d i s c o n t i n u i t i e s  known a s  bedding su r f aces .  In  add i t i on ,  a l l  r ocks  r e g a r d l e s s  



of o r i g i n  have j o i n t s  o r  r e l a t i v e l y  p l ana r  d i s c o n t i n u i t i e s  caused by volume 

r educ t ion  o r  response t o  t e c t o n i c  s t r e s s e s .  J o i n t s  occur  i n  s e t s  o r  many p l ana r  

d i s c o n t i n u i t i e s  p a r a l l e l  t o  one another .  When t h e s e  s e t s  i n t e r s e c t  a bedding 

p l ane ,  they t y p i c a l l y  form blocks  which can be of s i m i l a r  s i z e  o r  a n  a r r a y  of 

s i z e s  and shapes. 

Closely spaced bedding and j o i n t s  a r e  a problem f o r  both excavated channels  

and r i p r a p  sources.  Thei r  o r i e n t a t i o n s  and spacings may be measured. In  exca- 

va t ed  channels t h e  sma l l e r  t h e  block t h e  e a s i e r  t h e  hydrau l i c  quar rey ing  a c t i o n  

w i l l  be. Riprap sources  obviously must have block dimensions g r e a t e r  than  t h e  

design dimensions t o  be s u i t a b l e .  Any tendency t o  have i n c i p i e n t  sedimentary 

p a c t i n g s  w i l l  i n f luence  breakage of blocks i n t o  sma l l e r  b locks  when b l a s t ed ,  

t r a n s p o r t e d  and p l aced  a s  channel  l i n i n g .  Riprap m a t e r i a l  should n o t  e x h i b i t  

d i s c o n t i n u i t i e s  w i th  spacings less than  t h e  predetermined dimension of t h e  

r i p r a p  r equ i r ed  f o r  a g iven  channel  s i z e  and flow. 

Other  s i g n i f i c a n t  c h a r a c t e r i s t i c s  of  t h e  rocks  a r e  a d i r e c t  r e s u l t  of t h e  

sedimentary environment i n  which c o a l  and t h e  ad jo in ing  rock  u n i t s  were 

formed. In a d d i t i o n  t o  be ing  t h i n l y  bedded, t h e  rocks  may c o n s i s t  of i n t e r -  

bedded s h a l e  and sandstone. Interbedded weak and s t r o n g  l a y e r s  of rock broken 

by j o i n t s  w i l l  only be as durable  as t h e  weakest rock exposed. Also, channel 

d e p o s i t s  are p r e v a l e n t  i n  t h i s  sedimentary environment. Because of  t h e i r  

i r r e g u l a r ,  l i n e a r  geometry, d u r a b i l i t y  of t h e  rock mass may e x h i b i t  s i g n i f i -  

c a n t  v e r t i c a l  and h o r i z o n t a l  v a r i a b i l i t y .  Ca re fu l  examination of  t h e  l o c a l ,  

seemingly durable  u n i t s  m u s t  be  made f o r  t h e s e  s p a t i a l  c o n t r o l s  where a chan- 

nel i s  excavated o r  where r i p r a p  is  be ing  quar r ied .  

8.2.3 .5 Performance 

A f a c t o r  t h a t  should  n o t  be overlooked is  t h e  in - se rv i ce  performance of any 

l o c a l  rock u n i t  which h a s  been exposed t o  t h e  elements.  There a l s o  may be 

l o c a l  excavated s i t e s  where t h e  performance over  s e v e r a l  seasons  of both t h e  

rock i n  t h e  excavated f a c e  and s tockp i l ed  m a t e r i a l  can  be evaluated.  Since 

t h e s e  a r e  t h e  cond i t i ons  p r e v a i l i n g  a t  t h e  site, such performance may be a 

b e t t e r  i n d i c a t o r  o f  d u r a b i l i t y  o r  wea the rab i l i t y  t han  many of t h e  l abo ra to ry  

t e s t s .  Evaluat ion o f  i n - se rv i ce  performance of  s e v e r a l  y e a r s  o r  more is 

recommended. The w e a r a b i l i t y  o r  r e s i s t a n c e  t o  abras ion  common t o  exposed 

bedrock i n  a channel  can  be a s s e r t a i n e d  q u a l i t a t i v e l y  from examination of 

exposures of t h e  rock i n  l o c a l  s t ream channels.  I f  t h e  rock forms r a p i d s  o r  



f a l l s  o r  i s  s u f f i c i e n t l y  r e s i s t a n t  t o  have l o c a l i z e d  abrasion-formed potholes  

r a t h e r  t han  complete removal by e ros ion ,  t h e  rock should perform we l l  f o r  t h e  

s e r v i c e  l i f e  of a  d i v e r s i o n  channel.  

8.2.4 F i e l d  T e s t i n g  

E i t h e r  t h e  i n h e r e n t  s t r e n g t h  of f r e s h  rock o r  t h e  weakened s t a t e  from 

weathering processes  may be  judged from s e v e r a l  f i e l d  t e s t s .  A hammer, pocket 

k n i f e  and a  10-power hand l e n s  a r e  r equ i r ed  f o r  most simple t e s t s .  Since 

t h e s e  a r e  a l l  empi r i ca l  t e s t s ,  it i s  no t  f e a s i b l e  t o  s t anda rd ize  on one s i z e  

o r  k ind  of hammer, a l though t h i s  has  been attempted. 

Broken p i e c e s  of sandstone (hand specimens) may be examined wi th  a  hand 

l e n s .  I f  t h e  sand-sized p a r t i c l e s  a r e  composed of glassy-appearing q u a r t z ,  

t h e  chemical s t a b i l i t y  and t h e  r e s i s t a n c e  t o  ab ra s ion  of t h e  primary mineral  

g r a i n s  w i l l  be  e x c e l l e n t .  I f  t h e  g r a i n s  appear  t o  be composed of o t h e r  

m a t e r i a l  two p o s s i b i l i t i e s  e x i s t .  The g r a i n s  may be f a i r l y  s o f t  fragments of 

t h e  minerals  t h a t  compose l imestone ( c a l c i t e / d o l o m i t e ) ;  t hey  can be sc ra t ched  

e a s i l y  w i th  a  kni fe .  Otherwise, t hey  may be a  mixture of minera ls  der ived  

from p r e e x i s t i n g  rocks.  These minera ls  may have decomposed, a t  l e a s t  i n  p a r t ,  

t o  c l ays .  Then, they  w i l l  s c r a t c h  e a s i l y  and t h e  rock w i l l  have an  e a r t h y  

smell when brea thed  upon. Only t h e  l a s t  c a s e  can be  c a t e g o r i c a l l y  removed 

from f u r t h e r  cons idera t ion .  

The sand-sized q u a r t z  and limey minera ls  composing a  "sandstone" may pro- 

v i d e  s a t i s f a c t o r y  m a t e r i a l  i f  t h e  cement ho ld ing  t h e  g r a i n s  t o g e t h e r  i s  of suf-  

f i c i e n t  q u a n t i t y  and a  durable  kind. The sand-sized g r a i n s  may be cemented o r  

a t  l e a s t  adhered t o g e t h e r  by such common cements a s  c l ay ,  l i m y  cement 

( c a l c i t e ) ,  i r o n  oxide  ( r e d )  , o r  v a r i e t i e s  of 

of cementation, p l a c e  a  drop of water  on t h e  

absorbed, t he  cementing of  t h e  g r a i n s  i s  no t  

b e  very durable.  

I f  t h e  water  i s  no t  absorbed, check f o r  

and by sc ra t ch ing  t h e  s u r f a c e  wi th  a  kni fe .  

qua r t z .  To determine t h e  degree 

f r e s h  sur face .  I f  it i s  

complete and t h e  rock would n o t  

c l a y  by b rea th ing  on t h e  specimen 

When viewed under t h e  hand l e n s ,  

c l ay  cement w i l l  appear  t o  a l low hardy o r  i n d i v i d u a l  minera l  g r a i n s  t o  be 

r e l e a s e d  from t h e  rock mat r ix  when t h e  s u r f a c e  i s  sc ra t ched  by a  kn i f e .  Such 

rocks  w i l l  n o t  be durable  because of t h e  c l ay .  Limey, i r o n  oxide and q u a r t z  

cements may permi t  some c lay-bear ing  rocks  t o  perform w e l l  and should be 

t e s t e d  f u r t h e r  i n  t h e  l abo ra to ry .  Scra tch  tests range from "easy" f o r  limey 



cement t o  "impossible" f o r  q u a r t z .  Another q u a l i t a t i v e  measure of d u r a b i l i t y  

w i l l  b e  obta ined  by examining t h e  f r e s h l y  broken s u r f a c e  wi th  t h e  hand l e n s .  

Tougher, more durable  rocks  w i l l  break ac ros s  t h e  g r a i n s  and cement, while  

l e s s  durable  b u t  perhaps s t i l l  u s e f u l  rocks  w i l l  t e n d  t o  break around t h e  

g r a i n s  through t h e  cementing ma te r i a l .  

The hammer i s  u s e f u l  i n  s e v e r a l  ways. The h a r d e s t  and probably most 

durable  rock w i l l  have a d i s t i n c t  " r ing"  when s t r u c k  wi th  a hammer. With a 

change i n  e i t h e r  k ind  o f  cement, amount of  cement o r  weathering of t h e  rock 

minera ls  and/or cement, t h e  hammer blow w i l l  be  e i t h e r  a d u l l  r i n g  o r  a "thud." 

S ince  t h e s e  a r e  q u a l i t a t i v e  measures, t h e  terms should be de f ined  by t h e  f i e l d  

i n spec to r  by experimenting on rocks  of known d u r a b i l i t y .  

The h a m r  i s  a l s o  u s e f u l  a s  a means of  breaking a rock sample he ld  i n  t h e  

hand. I f  t h e  rock can  be  broken by hammer blows only w i t h  cons iderable  d i f -  

f i c u l t y ,  t h e  d u r a b i l i t y  of  t h e  i n t a c t  sample should be good. The d u r a b i l i t y  

w i l l  decrease  wi th  i n c r e a s i n g  e a s e  of breakage. Any rock t h a t  breaks  e a s i l y  

when hand h e l d  should  be  cons idered  non-durable and of no va lue  i n  d ive r s ion  

channel  cons t ruc t ion .  Addi t iona l ly ,  because sedimentary rocks may be depo- 

s i t e d  i n  a l aye red  f a sh ion ,  it i s  wise t o  c a r r y  o u t  t h e  breakage test  wi th  

s e v e r a l  sample o r i e n t a t i o n s  i n  t h e  hand. Subsequently,  t h e  weakest or ien-  

t a t i o n  w i l l  c o n t r o l  one ' s  choice  of rock, e s p e c i a l l y  i f  t h e  u s e  i s  r i p r a p  

ma te r i a l .  

Williamson (1978) of  t h e  USDA F o r e s t  Se rv i ce  has  devised  a simple impact 

test  us ing  a 1 lb .  b a l l  peen hammer. I f  t h e  hammer rebounds completely wi th  

no damage t o  t h e  rock,  t h e  rock q u a l i t y  should be  h igh  w i t h  an  e s t ima ted  

compressive s t r e n g t h  >15,000 p s i .  I f  fragments a r e  formed a t  t h e  p o i n t  of 

impact, t h e  q u a l i t y  w i l l  s t i l l  be good (du rab le )  with a s t r e n g t h  e s t ima ted  

between 8,000 and 15 ,000 p s i .  Any impact t h a t  r e s u l t s  i n  den t ing  of  t h e  sur -  

f a c e  o r  complete fragmentat ion w i l l  r e v e a l  rocks  no t  s u i t a b l e  f o r  r i p r a p  chan- 

n e l  cons t ruc t ion .  

8.2.5 Laboratory Tes t ing  

8.2.5.1 General 

Rocks which w i l l  be  e l imina ted  a s  s u i t a b l e  r i p r a p  by v i s u a l  i n spec t ion  o r  

s imple f i e l d  t e s t s  a r e  t h o s e  rocks  which a r e  cemented wi th  c l a y  o r  weathering 

t o  c l ay ,  poorly-cemented sandstone,  o r  c l ay - r i ch  rocks such a s  sha l e ,  

c l ays tone  and mudstone. The remaining rock types  w i l l  range from marginal t o  



e x c e l l e n t  i n  performance. Laboratory t e s t i n g  of  t h e s e  rocks  w i l l  p rovide  a 

b a s i s  f o r  judging in - se rv i ce  d u r a b i l i t y .  

A l i t e r a t u r e  review (Phase I r e p o r t )  i n d i c a t e s  t h a t  measures of rock 

d u r a b i l i t y  d e f i n i n g  durable  rock f o r  t h e  uses  descr ibed  i n  t h i s  manual a r e  n o t  

w e l l  def ined.  However, t e s t s  f o r  r e s i s t a n c e  t o  abras ion ,  freeze-thaw cyc le s  

and s t r e n g t h  used f o r  o t h e r  engineer ing  a p p l i c a t i o n s  a r e  adap tab le  t o  durabi- 

l i t y  assessment  (Appendices E and F, Phase I r e p o r t ) .  Abrasion r e s i s t a n c e  i s  

a major concern when t h e  channel  i s  cons t ruc t ed  i n  rock wi thout  a l i n i n g ,  

a l though response t o  water  and freeze-thaw c y c l e s  i s  of  a d d i t i o n a l  concern. 

The d u r a b i l i t y  of r i p r a p  w i l l  b e  de f ined  more by r e s i s t a n c e  t o  water  and 

f r e e z i n g  and thawing than  by ab ras ion  r e s i s t a n c e .  The tests descr ibed  i n  t h e  

fo l lowing  s e c t i o n s  add res s  t h e s e  a s p e c t s  of d u r a b i l i t y .  A s u f f i c i e n t  number 

o f  t e s t s  a r e  desc r ibed  s o  t h a t  t h e  need f o r  a l a r g e  a r r a y  of s p e c i f i c  t e s t  

equipment i s  reduced. While a l l  a r e  t y p i c a l l y  t o  be run i n  t h e  l abo ra to ry ,  

t h o s e  t h a t  may a l s o  be conducted i n  t h e  f i e l d  w i l l  be  i d e n t i f i e d .  

8.2.5.2 Los Angeles Abrasion Tes t  

The Los Angeles Abrasion T e s t  o r  LA t e s t  i s  used t o  e s t ima te  aggrega te  

ab ra s ion  s u s c e p t i b i l i t y .  A s  s t a t e d  i n  t h e  procedure o u t l i n e d  i n  Appendix F.3, 

a percentage l o s s  o r  LA number l e s s  t h a n  40 pe rcen t  is  cons idered  a s  r e s i s t a n t  

o r  durable .  This  t e s t  fo l lows  t h e  ASTM s t anda rds  (1980).  

8.2.5.3 Po in t  Load Tes t  

Durab i l i t y ,  whether t o  ab ra s ion  o r  wi th  r ega rd  t o  n a t u r a l  weathering 

under c l i m a t i c  cond i t i ons ,  i s  d i r e c t l y  p ropor t iona l  t o  u n i a x i a l  compressive 

s t r e n g t h  of a n  i n t a c t  o r  s o l i d  rock sample. The Po in t  Load T e s t  which is  por- 

t a b l e  and may be used i n  t h e  f i e l d  on hand specimens, determines t h e  t e n s i l e  

s t r e n g t h  which i s  converted t o  u n i a x i a l  compressive s t r e n g t h .  A s  de f ined  i n  

Appendix E.2  o f  Phase I r e p o r t ,  t h e  accep tab le  t h r e s h o l d  va lue  is a value,  

>300, which i s  approximately 7,000 p s i .  This,  i n  t u rn ,  i s  roughly equ iva l en t  

t o  a n  LA number of 30 pe rcen t ,  i n d i c a t i n g  t h a t  t h e  p o i n t  l oad  index va lue  i s  

conse rva t ive  r e l a t i v e  t o  t h e  upper index va lue  of t h e  LA t e s t  ( 4 0 ) .  

8.2.5.4 Schmidt Hammer 

The Schmidt Hammer i s  a n  a l t e r n a t i v e  device  f o r  measuring unconfined 

compressive s t r e n g t h  i n  t h e  f i e l d .  A d e t a i l e d  d e s c r i p t i o n  of t h e  method f o r  



de f in ing  s t r e n g t h  va lues  a s  i n d i c a t o r s  of d u r a b i l i t y  is  given i n  Appendix E.l 

o f  t h e  Phase I r e p o r t .  A Schmidt Hammer Value (SHV) of <25 i s  approximately 

equ iva l en t  t o  7,000 p s i  o r  t o  a n  LA number of 30 percent .  

8.2.5.5 Freeze-Thaw Tes t ing  

I f  t h e  rock t o  be used i n  d ive r s ion  channel  cons t ruc t ion  o r  as r i p r a p  t o  

l i n e  t h e  channel  i s  s u b j e c t  t o  freeze-thaw cyc les ,  some e s t i m a t e  must be made of 

t h e  rock r e s i s t a n c e  t o  mechanical breakdown from t h e  cyc les .  This is a most 

s i g n i f i c a n t  f a c t o r  i n  even short- term d i s i n t e g r a t i o n  of exposed rock. 

S u s c e p t i b i l i t y  of  rock i s  t h e  r e s u l t  of c l ay  con ten t  and p o r o s i t y .  I f  t h e  rock 

i n  ques t ion  i s  n a t u r a l l y  exposed i n  an  a r e a  v i s u a l  examination of  t h e  products  

of  many c y c l e s  of f r e e z i n g  and thawing can  se rve  t o  e l i m i n a t e  t h e  rock and t h e  

t e s t .  However, where rock is  t o  be q u a r r i e d  t e s t i n g  i s  recommended (Phase I 

r epor t ,  p. 10.1 2 ) .  

The equipment r equ i r ed  t o  conduct freeze-thaw tests is  no t  r e a d i l y  

a v a i l a b l e  i n  mobile l a b s  o r  i n  many fixed-based t e s t i n g  l a b s .  Tes t ing  may be 

done on a c o n t r a c t  b a s i s  making c e r t a i n  t h a t  ASTM Standard C666 f o r  e i t h e r  

f r e e z i n g  and thawing i n  water  o r  f r e e z i n g  i n  a i r  and thawing i n  water  is  

followed. Any change i n  t h e  g rada t ion  of t h e  t e s t  can be taken  a s  d e l e t e r i o u s  

f o r  rocks  exposed, a s  i n  d i v e r s i o n  channel  s e rv i ce .  Local weather d a t a  may be 

used t o  o b t a i n  t h e  average  f r e e z i n g  c y c l e s  f o r  comparison wi th  test r e s u l t s  

having been produced by a  s p e c i f i e d  number of  cyc l e s .  Judgment must a l s o  be 

used concerning in-serv ice  c o n t a c t  wi th  moisture,  i . e .  , r a i n f a l l ,  snowmelt, 

exposure t o  sun, channel  flow cond i t i ons ,  e t c .  be fo re  a rock can  be accepted  

o r  e l imina ted  on t h e  b a s i s  of t h e  test  r e s u l t s .  

8.2.5.6 S u l f a t e  Soundness Tes t  

The S u l f a t e  Soundness T e s t  i s  a s a t i s f a c t o r y  s u b s t i t u t e  f o r  t h e  f reeze-  

thaw test  and i s  l e s s  t ime consuming and r e q u i r e s  l e s s  c o s t l y  equipment. The 

t e s t  procedures  a r e  de f ined  i n  Appendix F.4 (Phase I r e p o r t ) .  Conservat ive 

t h r e s h o l d  va lues  f o r  a s s e s s i n g  d u r a b i l i t y  a r e  <5 percent  l o s s  f o r  sodium 

s u l f a t e  t e s t s  and <10 p e r c e n t  for'magnesium s u l f a t e  tests. 

8.2.5.7 Slake D u r a b i l i t y  

I n  t h e  event  c l ay - r i ch  s i l t s t o n e s ,  sandstones and l imes tones  a r e  t h e  only 

a v a i l a b l e  m a t e r i a l s  and they marginal ly  meet t h e  f i e l d  c r i t e r i a  descr ibed  



e a r l i e r  and t h e  preceding  index t e s t s ,  s l a k e  d u r a b i l i t y  t e s t i n g  i s  i n  order .  

The d u r a b i l i t y  o r  w e a t h e r a b i l i t y  of c l ay - r i ch  rocks  p r e s e n t s  problems because 

t h e  degree of i ndura t ion  may mislead t h e  observer  t o  make a  performance e s t i m a t e  

b e t t e r  t han  what w i l l  a c t u a l l y  occur .  

The Two-Cycle D u r a b i l i t y  T e s t  is  recommended because it is a l r eady  

r equ i r ed  and/or comnonly used by mine engineers  t o  e v a l u a t e  d u r a b i l i t y  of 

rocks  f o r  use a s  r o c k f i l l  embankments. De ta i l ed  explana t ion  and procedures  

a r e  given i n  Appendix F.2 of Phase I r e p o r t .  The recommended th re sho ld  va lue  

f o r  durable  r i p r a p  is  a n  index of >95 percent .  

An a l t e r n a t i v e  t e s t  f o r  a s s e s s i n g  s l a k e  d u r a b i l i t y  i s  t h e  Jar -S lake  Tes t  

(Appendix F . l ) ,  a l though t h i s  t e s t  should n o t  be s u b s t i t u t e d  un le s s  abso lu t e ly  

necessary because it i s  h ighly  q u a l i t a t i v e  i n  na ture .  The i n v e s t i g a t o r  must 

b e  aware t h a t  t h i s  t e s t  i s  n o t  a  d e f i n i t i v e  i n d i c a t o r  nor i s  it proven t o  be 

a s  r e l i a b l e  a s  t h e  Two-Cycle D u r a b i l i t y  Tes t .  

8.2.6 Appl ica t ion  o f  Procedure 

The rock d u r a b i l i t y  eva lua t ion  procedure i s  designed mainly f o r  f i e l d  

use. To i l l u s t r a t e  t h e  s tep-by-step method of  p r e d i c t i n g  t h e  d u r a b i l i t y  of 

overburden, a f i e l d  i n s p e c t i o n  a t  a  c o a l  mine s i t e  is  reviewed and p o t e n t i a l  

r i p r a p  m a t e r i a l  i s  analyzed. Hopefully, t h e s e  examples w i l l  demonstrate t h e  

p r a c t i c a l  and e f f i c i e n t  func t ion  of  t h e  d u r a b i l i t y  eva lua t ion .  

8.2.6.1 General In spec t ion  

Roughly 25 mine o p e r a t i o n s  i n  e a s t e r n  Kentucky were observed, some of 

which were a c t i v e  and o t h e r s  were i n a c t i v e  and reclaimed, p a r t i a l l y  reclaimed, 

o r  not  reclaimed. F i e l d  reconnaissance of overburden c h a r a c t e r i s t i c s  sugges t  

t h a t :  

( a )  overburden "dump rock" i s  commonly used a s  r i p r a p ,  

( b )  much l e s s  overburden i s  used compared t o  t h e  a v a i l a b l e  s p o i l  
fo l lowing  c o a l  excavat ion,  

( c )  excavat ion by b l a s t i n g  usua l ly  produces a  range of rock s i z e s  
f o r  use  a s  r i p r a p .  

8.2.6.2 D u r a b i l i t y  Flow Chart  Evaluat ion 

To g e t  more d e t a i l e d  information on t h e  overburden, s e l e c t e d  rock types  

were descr ibed  and analyzed us ing  t h e  d u r a b i l i t y  eva lua t ion  procedure. The 



da ta  s h e e t s  used t o  compile necessary information t o  a s s e s s  d u r a b i l i t y  a r e  

given i n  Figure 8.2. The flow c h a r t  is  subdivided i n t o  sandstone,  s i l t s t o n e -  

sha l e ,  and l imestone f i e l d  eva lua t ions ,  followed by a flow c h a r t  of labora tory  

t e s t s .  

Two rock types  i n  e a s t e r n  Kentucky have been c o l l e c t e d  and analyzed. 

F i r s t ,  a t y p i c a l  s e c t i o n  of over turden  exposed i n  a highwall  was descr ibed  i n  

d e t a i l ,  a s  i l l u s t r a t e d  i n  F igure  8.3. Then, c h a r a c t e r i s t i c s  of t h e  l i g h t  gray 

sandstone ( lower sandstone i n  F igure  8.3) were eva lua ted  and t h e  r e s u l t s  a r e  

i l l u s t r a t e d  i n  t h e  f i e l d  flow c h a r t  (F igure  8 .4 ) .  This  sandstone i s  a ledge 

former, t h e  d i s c o n t i n u i t i e s  a r e  no t  c lo se ly  spaced, and it does no t  r i n g  when 

s t ruck  wi th  a hammer. The rock sample is moderately hard t o  s c r a t c h ,  smel l s  

very  e a r t h y  and absorbs water  r a p i d l y ,  s o  it i s  " re j ec t ed"  a s  m a t e r i a l  f o r  

r i p rap .  

The upper buff  sandstone descr ibed  i n  F igure  8.3 i s  even more crumbly 

than  t h e  gray sandstone and i t s  c h a r a c t e r i s t i c s  fol low a s i m i l a r  flow l i n e  a s  

t h e  gray sandstone (F igu re  8.4) .  However, a t  c e r t a i n  s e c t i o n s  of t h e  outcrop,  

t h i s  sandstone has  c l o s e l y  spaced c o n t i n u i t i e s  s o  it would be r e j e c t e d  a t  an 

e a r l i e r  p o i n t  on t h e  sandstone flow cha r t .  

F i e l d  obse rva t ions  of  r iprapped  channels  i n d i c a t e  t h a t  some of t h e s e  

sandstones appear t o  be slowly breaking down and crumbling i n t o  smal le r  rock 

fragments and s i n g l e  g r a i n s ,  even though they  have been in-serv ice  f o r  only 

s e v e r a l  years .  Sediment-production and e ros ion  wi th in  t h e  d i v e r s i o n  channel  

can  p o t e n t i a l l y  i nc rease ,  r e s u l t i n g  i n  complete f a i l u r e ,  a l though f u r t h e r  

s tudy  and observa t ion  of longer  s t r e t c h e s  of channel  a r e  r equ i r ed  t o  v e r i f y  

t h e s e  suspec ted  consequences. 

A d u r a b i l i t y  t e s t  was conducted on sandstones which a r e  s t r a t i g r a p h i c a l l y  

equ iva l en t  t o  t h e s e  sandstones.  The samples, t aken  from a nearby mining s i t e ,  

were t e s t e d  f o r  p o s s i b l e  u s e  i n  r o c k - f i l l  embankments u s i n g  t h e  S lake  

Durab i l i t y  t e s t  a s  def ined  by t h e  Kentucky Bureau of Highways (Phase I r e p o r t ,  

Appendix F.2) .  Resu l t s  i n d i c a t e d  t h a t  both sandstones meet t h e  d u r a b i l i t y  

s p e c i f i c a t i o n s  f o r  r o c k - f i l l  embankments which is an index exceeding 90 per- 

cen t .  However, i n  a s s e s s i n g  r i p r a p  d u r a b i l i t y  i n  t h i s  mining a r e a ,  it is 

s t rong ly  recommended t h a t  ( 1 )  a d u r a b i l i t y  index of >95 be used a s  t h e  l i m i t  

f o r  e v a l u a t i n g  s u i t a b l e  r i p r a p  m a t e r i a l  and ( 2 )  r e s u l t s  of d u r a b i l i t y  tests of 

a rock type  should not be e x t r a p o l a t e d  from one mining s e c t i o n  t o  another  



(Flow Chart may be modified by in-service pertumance data) 
Check the appropriate boxes along flow chart lines to define 

the durability of rock in question. 
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Figure 8.2a, Rock durability field flow chart, 



(Flow Chart may be modified by in-service performance data) 
Check the appropriate boxes along flow chart lines to define - -  - 

the durability of rock in question. 
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Figure 8.2a (continued). 
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(Flow Chart may be modified by in-service performance data) 
Check the appropriate boxes along flow chart lines to define 

the durability of rock in question. 

LIMESTONE v 

9 

Does not 
"ringn when 
hit with 
hammer 

I 
I 

I 

I 
I 

I 

"Grainy*' 
appearance 

strong 
Earthy 

Ledge or 
ridge former 

Reject 0 

Gentle slope 
or valley 

Dense 

former 

Closely spaced Lab 
. discontinuities test 
* - J 

*'Rings1* when 
hit with 

difficulty 

appearance 

Little or Slightly I / jqg  W] 
Accept 0 

Figure 8.2a (continued) 



(Flow Chart may be modified by in-service performance data) 
Check the appropriate boxes along flow chart lines to define 

the durability of rock in question. 
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Figure 8.2b. Rock durability laboratory flow chart. 



Interbedded b lack  and gray s h a l e s ,  mudstones 
and white-gray sandstone;  s h a l e s  and mudstones 
con ta in  mudclasts ,  f lu temarks ,  r i p p l e  marks; 
very  t h i n  beds (2-3 mm) 

White-gray, medium-fine g ra ined ,  noncalcareous,  
we l l  s o r t e d ,  we l l  indura ted  qua r t z  sandstone;  
green minera ls  ( c h l o r i t e ? ) ,  b lack  minera ls  
(Fe? ) ,  and FeO m o t t l e s  occu r r ing  s p o r a t i c a l l y ;  

2  
beds between 1-1/2' t h i c k  

Buff - rus t ,  medium-fine gra ined ,  noncalcareous,  
moderately w e l l  i ndu ra t ed ,  Fe cemented, q u a r t  
sandstone;  b lack  minera ls  (Fe?) ;  FeO mot t l i ng  
abundant;  i rons tone  mudclasts and n o i u l e s  and 
mica on bedding p lane ;  beds a r e  <5" t o  5 '  t h i c k ;  
c r o s s  bedded; massive t o  s l i g h t l y  jo in ted ;  
v e r t i c a l  j o i n t s  spaced 20-30 f e e t ;  sandstone 
grades t o  green ,  f r i a b l e  sandstone 

i Coal and interbedded s h a l e  

HAZARD 5 A  COAL SEAM 

Figure 8.3. S t r a t i g r a p h i c  d e s c r i p t i o n  of overburden a t  a 
mine site i n  e a s t e r n  Kentucky. 



(Flow Chart may be modified by in-service  performance d a t a )  
Check the  appropr ia te  boxes along flow c h a r t  l i n e s  t o  def ine  

t h e  d u r a b i l i t y  of rock i n  quest ion.  

SANDSTONE v 
I"""" '1 

r idge  former 

F ie ld  (j 
Reject  n 

"Rings" when h i t  

with hammer 

Knife sc ra tch  

Figure 8.4. Rock d u r a b i l i t y  f i e l d  flow char t :  example. 
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because rocks  can vary s i g n i f i c a n t l y  (both  l a t e r a l l y  and v e r t i c a l l y )  w i th in  

very s h o r t  d i s t ances .  

The second rock type  exemplifying t h e  use of t h e  d u r a b i l i t y  flow c h a r t  

i s  a  gray l imestone used a s  r i p r a p  a t  an  i n a c t i v e ,  p a r t i a l l y  reclaimed s i t e .  

A s  shown i n  t h e  c h a r t  (F igu re  8 . 5 ) ,  t h i s  specimen r i n g s  when h i t  wi th  a  

harrrmer, i s  d i f f i c u l t  t o  break,  and has  a  dense appearance, b u t  it has  a  

s l i g h t l y  ea r thy  smel l  sugges t ing  clayey mat r ix  ma te r i a l .  Theref o re ,  f u r t h e r  

labora tory  t e s t s  should be conducted, such a s  t h e  d u r a b i l i t y  t e s t  and LA abra- 

s ion  t e s t  (F igu re  8.1 ) . 
The f i e l d  performance of t h i s  p a r t i c u l a r  l imestone i s  no t  known. A s  

i n d i c a t e d  by t h e  t o p  of t h e  flow c h a r t s ,  i n - se rv i ce  performance over  an  

extended p e r i o d  may o v e r r i d e  t h e  r e s u l t s  of t h e  flow c h a r t  and t h e s e  f i e l d  

d a t a  should be  c a r e f u l l y  eva lua t ed  i f  a v a i l a b l e .  

8.2.7 Summary and Conclusions 

Of equal  importance t o  s i z i n g  rock r i p r a p  i s  t h e  de te rmina t ion  of durabi- 

l i t y .  S u i t a b l e  m a t e r i a l  i s  o f t e n  a v a i l a b l e  on s i t e  and e f f o r t  should be made 

t o  s e l e c t  t h e  most durable  rock types.  

A t h ree - fo ld  procedure f o r  eva lua t ing  rock d u r a b i l i t y  on c o a l  mining 

s i t e s  has  been presented .  Rock types  s u i t a b l e  a s  r i p r a p  can be i d e n t i f i e d  by 

inco rpora t ing  f i e l d  obse rva t ions  wi th  simple geotechnica l  information.  In  

reviewing t h e  d e t a i l e d  procedure, one s i g n i f i c a n t  component i s  t h e  " in-serv ice  

performance" eva lua t ion  over  a n  extended pe r iod  because it al lows judgment of 

a  rock type  based on i t s  "ac tua l "  f i e l d  performance, r a t h e r  t han  "probable" 

performance p r e d i c t e d  by t h e  o t h e r  eva lua t ions .  

I t  must be recognized t h a t  cons iderable  judgment is  r equ i r ed  f o r  use  of 

s i t e  eva lua t ions  and l abo ra to ry  t e s t i n g  procedures  descr ibed  here in .  A l l  eva- 

l u a t i o n s  should  u t i l i z e  a l l  of t h e  s i t e  i n v e s t i g a t i o n s .  However, s e l e c t e d  

labora tory  o r  index t e s t s  should be run on rock types  t h a t  have been judged t o  

be  marginal  du r ing  s i t e  i n v e s t i g a t i o n s .  The g r e a t e s t  number of t e s t s  should 

b e  run on t h e s e  marginal rock types  and genera l ly  t h e r e  i s  s u f f i c i e n t  i n t e r ac -  

t i o n  among t h e  va r ious  t e s t s  descr ibed  t o  provide  a  b a s i s  f o r  judging durabi-  

l i t y  on a  mininum of t e s t s .  

I t  must be emphasized t h a t  index t e s t s  a r e  designed f o r  s o l i d  o r  i n t a c t  

samples. High spac ing  frequency and number of d i s c o n t i n u i t y  s e t s  can make a  

rock exposure u s e l e s s  f o r  e i t h e r  an  exposed rock channel o r  f o r  r i p r a p .  



(Flow Chart may be modified by in-service performance data) 
Check the appropriate boxes along flow chart lines to define 

the durability of rock in question. 
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Figure 8.5. Rock durability field flow chart: example. 



The u l t i m a t e  goa l  of any of t h e s e  t e s t s  o r  methods is  t o  accu ra t e ly  pre- 

d i c t  d u r a b i l i t y  and p reven t  consequent ia l  e ros ion  hazards.  The method recom- 

mended u s i n g  informat ion  i n  F igure  8.1 i s  an  e f f o r t  t o  r e l a t e  f i e l d ,  a s  we l l  

a s  l abo ra to ry  t e s t s ,  t o  a c t u a l  s e r v i c e  l i f e  of r i p r a p  o r  channels.  This  pro- 

cedure  w i l l  f a c i l i t a t e  de te rmina t ion  of  s u i t a b l e  r i p r a p  f o r  u s e  a t  mining 

s i t e s  a s  economic and environmental demands i n t e n s i f y .  

8.3 Geotechnical  S t a b i l i t y  Cons idera t ions  

8.3.1 In t roduc t ion  

I n  t h e  fo l lowing  s e c t i o n ,  major f a c t o r s  caus ing  s lope  f a i l u r e  a r e  

descr ibed  which may in f luence  s t a b i l i t y  of rock and s o i l  s l o p e s  of channels.  

P o t e n t i a l  problems t h a t  may be encountered i n  t h e  f i e l d  a r e  addressed.  Hence, 

it i s  hoped t h a t  s l o p e  f a i l u r e  mechanisms a t  a p a r t i c u l a r  s i t e  can be iden- 

t i f i e d  t o  f a c i l i t a t e  t h e  design and maintenance of s t a b l e  channels .  

8.3.2 Slope S t a b i l i t y  Fac to r s  

It i s  d i f f i c u l t  t o  s p e c i f y  exac t  procedures  t o  p r e d i c t  s lope  s t a b i l i t y  

because s t a b i l i t y  w i l l  vary on a s i t e  s p e c i f i c  b a s i s  a s  a func t ion  of n a t u r a l  

weathering p roces ses  under a p a r t i c u l a r  c l imate ,  t ype  of rock,  and use;  

hcwever, gene ra l  f a c t o r s  a r e  known t o  i n t e r a c t  wi th  each o t h e r  and determine 

s t a b i l i t y  of s lopes .  Assessment of t h e s e  f a c t o r s  c a n b e  a va luab le  t o o l  i n  

t h e  pre l iminary  a n a l y s i s  of  des ign  channels and d ive r s ion  d i t c h e s .  

The fo l lowing  ques t ions  a r e  impor tan t  t o  cons ider  p r i o r  t o  and dur ing  

i n i t i a l  f i e l d  obse rva t ions  and eva lua t ion  of s l o p e  s t a b i l i t y  a t  a p a r t i c u l a r  

d ive r s ion  s i t e :  

Are s l o p e s  a t  t h e  s i t e  c u r r e n t l y  s t a b l e ?  

W i l l  t h e  proposed cons t ruc t ion  a c t i v i t y  i n f luence  s lope  s t a b i l i t y  a t  
t h e  s i t e ?  

Could p o t e n t i a l  f u t u r e  changes i n  land use  o r  t h e  environment 
decrease  s lope  s t a b i l i t y  a t  t h e  s i t e ?  

I f  t h e  s i t e  i s  c u r r e n t l y  uns t ab le ,  what countermeasures can be 
implemented t h a t  would make t h e  s i t e  s u i t a b l e  f o r  d ive r s ion  
channels? 

I f  t h e  s i t e  is  c u r r e n t l y  s t a b l e  b u t  cons t ruc t ion  o r  f u t u r e  a c t i v i -  
t i e s  w i l l  make t h e  s i t e  uns t ab le ,  what countermeasures a r e  
necessary? 



8.3.2.1 Natura l  Ground Surface Slope 

One of t h e  major f a c t o r s  t o  cons ider  is t h e  e x i s t i n g  ground s u r f a c e  

s lope .  A s  p rev ious ly  mentioned, t h e  s l o p e  s t eepness  of n a t u r a l ,  i n  s i t u  rock 

o r  s o i l  m a t e r i a l  i s  usua l ly  a  r e l i a b l e  i n d i c a t i o n  of t h e  i n h e r e n t  s t a b i l i t y  o r  

ang le  of repose  of t h e  rock o r  s o i l .  

Before a  n a t u r a l  s lope  f a c e  i s  c u t ,  t h e  angle  of repose should be 

measured. Af t e r  t h e  c u t  t h e  "new" s l o p e  should be graded t o  t h e  o r i g i n a l  

s lope .  A guide f o r  determining t h e  h o r i z o n t a l  o r  v e r t i c a l  e x t e n t  of a  pro- 

p e r l y  graded c u t  s l o p e  a f t e r  a 10-foot c u t  is  made and is i l l u s t r a t e d  i n  

F igure  8.6. 

8.3.2.2 Ear th  Ma te r i a l  Type 

An important  f a c t o r  i n t e r a c t i n g  wi th  t h e  n a t u r a l  s lope  is  t h e  type,  

s t r u c t u r e ,  and s t r a t i g r a p h y  of rock o r  s u r f i c i a l  ma te r i a l .  Deta i led  a n a l y s i s  

and eva lua t ion  of durable  and ' l s tab le"  rock types  f o r  use  a s  r i p r a p  o r  bedrock 

channels  a r e  given i n  t h e  rock d u r a b i l i t y  s ec t ion .  F igures  8.7 and 8.8 

i l l u s t r a t e  s i t u a t i o n s  of p o t e n t i a l  s lope  f a i l u r e s  on f avorab le  and unfavorable  

bedding p l ane  o r i e n t a t i o n s .  I n  cons ider ing  s l o p e s  cons t ruc ted  i n  uncon- 

s o l i d a t e d  d e p o s i t s  and s o i l s ,  genera l ly  t h e  g r e a t e r  t h e  backslope g rad ien t  and 

t h e  more ground water  p re sen t ,  t h e  l e s s  s t a b l e  w i l l  be t h e  s lope .  Table 8.1 

g ives  gene ra l  gu ide l ines  f o r  s u i t a b l e  s i d e  s l o p e s  of channels b u i l t  i n  unl ined  

and l i n e d  unconsol idated ma te r i a l s .  General gu ide l ines  f o r  backslopes of c u t  

s e c t i o n s  through rock a r e  given i n  Table 8.2. 

I n  s t e e p  s lope  a r e a s  i n  t h e  Appalachian Basin, most s o i l s  a r e  very 

shallow and l a r g e r  c u t s  w i l l  c o n s i s t  mostly of sha l e ,  sandstone o r  l imestone 

backslopes.  Where t h e  backslope c o n s i s t s  of i n t e r m i t t e n t  l a y e r s  of sha l e ,  

sandstone o r  l imestone,  it i s  poss ib l e  t h a t  t h e  exposed s h a l e  s t r a t a  w i l l  

weather and erode,  thereby  undercut t ing  t h e  more durable  l aye r s .  Gent le r  

s l o p e s  designed f o r  t h e  most incompetent m a t e r i a l  a r e  r equ i r ed  t o  avoid t h e s e  

condi t ions .  

8.3.2.3 Ground Water 

Near-surface flow of water  can induce ( 1 )  excess ive  p r e s s u r e s  a long  

bedding p l a n e s  o r  d i s c o n t i n u i t i e s ,  ( 2 )  e ros ion  of rock by chemical s o l u t i o n  o r  

mechanical ab ra s ion ,  and ( 3 )  increased  weathering r a t e s  and d i s i n t e g r a t i o n  by 
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Figure 8.7. Unfavorable orientation of bedding planes 
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Table 8 .1 .  Stable  Side Slopes f o r  Channels Bu i l t  i n  Various Kinds 
o f  Materials (from Chow, 1959) . 

Material 

- - 

Side  Slope 

S t i f f  c l a y  o r  earth with concrete l i n i n g  1/2:1 t o  1 : l  

Earth with stone l i n i n g ,  o r  earth f o r  large  channels 1: l  

F i r m  c l a y  o r  earth f o r  small d i t ches  1 1/2:1 

Loose sandy earth 2: 1 

Sandy loam o r  porous c lay  3: 1 



Table 8 . 2 .  General Guidelines for Cut Sections Through Rock. 

Type of Rock Back Slope 

Hard and medium sandstone and limestone 114 : 1 

Soft sandstone, medium hard shale, limestone, 
siltstone 112: 1 

Soft shale interbedded with siltstone or lime- 1 : 1 
stone having AASHO M-145-49 granular ( 1  1/2:1 if 
classification height of 

cut < 25 ft) 

Soft shale having AASHO M-145-49 silty clay 1 1/2:1 
classification ( 2 : l  if 

height of 
cut < 25 ft) 



freeze-thaw and wet-dry cyc les .  Therefore,  water  c o n t r o l  i s  an  important  con- 

s i d e r a t i o n  and must be eva lua t ed  on a  s i t e - s p e c i f i c  b a s i s .  F i e l d  inves t iga -  

t ions should  inc lude  obse rva t ions  of seepage and s u r f a c e  dra inage  p a t t e r n s ,  

a long  wi th  u t i l i z a t i o n  of d a t a  from w e l l  logs .  This  is  important  i n  a s s e s s i n g  

p o s s i b l e  changes i n  t h e  water  t a b l e  and seepage from load ing  (produced by 

d ive r s ion  s t r u c t u r e s  and s p o i l  placement) . 

8.3.2.4 Design Flow 

The above f a c t o r s  a r e ,  i n  t u r n ,  modified by t h e  amount of water  which is 

t o  be c a r r i e d  by t h e  d i v e r s i o n  channel. In  genera l ,  t h e  h ighe r  t h e  conveyance 

f a c t o r ,  t h e  lower t h e  channel  g rad ien t  should be t o  r e s i s t  ab ra s ive  and o t h e r  

f o r c e s  and remain s t a b l e .  Addi t iona l ly ,  t h e  v e l o c i t y  of flow is c r i t i c a l  t o  

s t a b i l i t y .  In genera l ,  v e l o c i t i e s  should be maintained l e s s  than  15 f p s  t o  

i n s u r e  long-term s t a b i l i t y  i n  a  bedrock o r  rock r i p r a p  channel.  

8.3.2.5 Other S t a b i l i t y  Fac tors  

Seve ra l  o t h e r  f e a t u r e s  and environmental cond i t i ons  should be considered 

when e v a l u a t i n g  t h e  degree of s t a b i l i t y  w i t h i n  channels.  These f a c t o r s  

include:  (1 ) t h e  amount of  p r e c i p i t a t i o n  o r  peak d ischarge  of storms and 

extended wet pe r iods ,  ( 2 )  i n f i l t r a t i o n  c h a r a c t e r i s t i c s  of surrounding t e r r a i n ,  

( 3 )  v i b r a t i o n  from b l a s t i n g  o r  earthquake, and ( 4 )  loading  of t h e  head o r  t o e  

of t h e  s lope .  These f a c t o r s  can  be a s ses sed  by con tac t ing  t h e  l o c a l  o r  s t a t e  

weather s e r v i c e ,  t h e  D i s t r i c t  S o i l  Conservation Se rv i ce  and by e v a l u a t i n g  

ope ra t ions  a t  t h e  mining s i t e .  

8.3.3 S t a b i l i t y  Problems Unique t o  t h e  Appalachian Basin 

C e r t a i n  s t a b i l i t y  problems a r e  unique t o  t h e  Appalachian reg ion  due t o  

t h e  l i t ho logy  i n  t h e  bas in .  These problems should be considered when 

des igning  d ive r s ions  through t h e s e  k inds  of ma te r i a l s .  

8.3.3.1 Shale  

Shales  have been c i t e d  by numerous sources  a s  a  cause of s lope  i n s t a b i l -  

i t y  and s l i d e  a c t i v i t y  i n  t h e  Eas te rn  Coal Province. These s h a l e s  a r e  h ighly  

s u s c e p t i b l e  t o  chemical and phys i ca l  weathering and breakdown. S lak ing  i s  a 

common p roces s  occurr ing  i n  mining a reas  when t h e s e  s h a l e s  a r e  wet ted and 

loaded (Shamburger, P a t r i c k  and Lutton, 1975; F i she r ,  Fanaff ,  Picking,  1968).  



8.3.3 .2 Sandstone 

Weakly cemented sands tones  have been recognized a s  a  problem i n  West 

V i r g i n i a  and Kentucky because they  a r e  very  s u s c e p t i b l e  t o  weathering and 

d i s i n t e g r a t e  i n t o  loose  sands a f t e r  placement. An example eva lua t ion  of a  

sandstone from e a s t e r n  Kentucky i s  given i n  F igure  8.4.  

8.3.3.3 Co l luv ia l  Deposi ts  

Colluvium is depos i t ed  by g r a v i t y  and i s  genera l ly  l oose ly  depos i ted  and 

h a s  a  low shea r  s t r eng th .  This  i s  of p a r t i c u l a r  concern when constructJng 

sed imenta t ion  c o n t r o l  s t r u c t u r e s  which o f t e n  produce changes i n  t h e  ground- 

water  l e v e l .  Data from t e s t  d r i l l  c o r e s  a t  a  mining s i t e  may provide  in fo r -  

mation on t h e  depth and geometry of colluvium. Typica l ly ,  t e r r a c e d  s lopes  

f a i l  a t  t h e  colluvium/rock i n t e r f a c e  and f a i l u r e  i s  dependent on t h e  depth of 

colluvium. Ex i s t i ng  s l o p e s  which a r e  <30° most o f t e n  r e s u l t  i n  f a i l u r e  a long  

t h e  f i l l / c o l l u v i u m  i n t e r f a c e  r e g a r d l e s s  of t h e  depth of colluvium. 

8.3.3.4 Aquifers  and Underclays 

- Aquifers  o r  water-bearing seams o f t e n  l e a d  t o  s t a b i l i t y  problems, 

e s p e c i a l l y  when a s s o c i a t e d  wi th  underc lays  and sha l e s .  The mining engineer  

should be  aware of t h e  presence  of water-bearing u n i t s  and no te  any sp r ings  

and seeps  a t  t h e  coal /underclay boundary. Dewatering may be a  necessary p a r t  

of t h e  mining ope ra t ion  t o  avo id  adverse  mining cond i t i ons  and s l i d e  a c t i v i t y .  

Water w e l l  l ogs  and domestic w e l l  i n f o r m t i o n  should be accessed  p r i o r  t o  

mining and post-mining d i v e r s i o n  cons t ruc t ion .  

8.3.3.5 E x i s t i n g  Landsl ides  

E x i s t i n g  l a n d s l i d e s  o r  a r e a s  undergoing c reep  (which can occur  on s lopes  

a s  g e n t l e  a s  50 )  may r e a c t i v a t e  o r  a c c e l e r a t e  when i n c i s e d  by d ive r s ion  s t ruc -  

t u r e s .  The mining r e g u l a t i o n s  comment a g a i n s t  t h e  s i t i n g  of d ive r s ions  i n  a  

manner such t h a t  t h e  p o t e n t i a l  f o r  l a n d s l i d e s  i s  increased.  To eva lua t e  

l a n d s l i d e  hazards j ud ic ious ly  before  cons t ruc t ion  of d ive r s ions ,  t h e  fo l lowing  

p o i n t s  summarize c r i t e r i a  i n d i c a t i n g  p a s t  o r  p r e s e n t  s lope  movement o r  

sugges t ing  p o t e n t i a l  i n s t a b i l i t y .  These c r i t e r i a  can be a s ses sed  both i n  t h e  

f i e l d  and by use  of a e r i a l  photography. Fur ther  explana t ion  can be found i n  

P i t e a u  and Peckover ( i n  p r e s s )  and Phase I r e p o r t ,  Sec t ion  10.3.2. 
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Figure 8.9.  Schematic topographic diagrams of f i v e  landforms 
t h a t  a r e  highly suscept ib le  t o  lands l ides .  



1 .  Existence of an old escarpment; indicated by vegetative and 
topographic pat terns  (Figure 8 .9 ) .  

2 .  Existence of cracks a t  the top and near the toe of the slope. 

3 .  Springs and seeps. 

4 .  Erosion near the  toe of the slope. 

5. Soil  piping. 
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