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PROBLEM & PURPOSE 

Many o f  t h e  performance standards o f  t h e  new Regula- 
t i o n s  are  designed t o  prevent  e ros ion  and, subsequently, 
sedimentat ion.  The problems o f  e ros ion  and sedimentat ion 
on sur face coa l  min ing s i t e s  were descr ibed and quan t i -  
f i e d  i n  Chapter 2. Prevent ing  eros ion and sedimentat ion 
so lves  o r  he lps  t o  so lve  t h ree  o f  t h e  bas i c  problems 
assoc ia ted w i t h  sur face mining. 

1. Sediment i n  sur face waters i s  a d i r e c t  r e s u l t  o f  
e ros ion  and r e s u l t s  i n  ser ious  degradat ion o f  stream 
h e a l t h  and a reduc t i on  i n  t h e  capac i ty  o f  streams t o  
handle f l o o d  f l ows  and many o the r  problems ( 9 ) .  Sedi- 
menta t ion  w i l l  be reduced by e ros ion  c o n t r o l  measures. 

2. Exposure o f  a c i d  o r  t ox i c - f o rm ing  s p o i l .  A 
problem on abandoned mine s i t e s  was the  con t i nua l  
exposure o f  ac id- forming o r  t ox i c - f o rm ing  s p o i l  as a 
r e s u l t  o f  e ros ion  o f  uns tab le  slopes. S t a b i l i z a t i o n  of 
slopes, t o p s o i l i n g  and revege ta t i on  coupled w i t h  
e f f e c t i v e  e ros ion  c o n t r o l  measures w i l l  p revent  the  
exposure o f  new ac id- forming s p o i l s  t o  t he  atmosphere 
and hence r e s u l t  i n  improved c o n t r o l  o f  a c i d  mine 
drainage. 

3. Revegetation. Eros ion r e s u l t s  i n  t he  l o s s  o f  
s o i l  and hence reduces t h e  a b i l i t y  o f  t h e  s i t e  t o  suppor t  
a v igorous vege ta t i on  cover. Reestablishment o f  an 
e f f e c t i v e  vege ta t i on  cover i s  one o f  t h e  p r i n c i p l e s  o f  
e f f e c t i v e  e ros ion  c o n t r o l  and i s  emphasized i n  t he  new 
regu la t i ons .  

"The un i ve rsa l  s o i l  l o s s  equat ion" can be used t o  
es t imate  t he  r a t e  o f  e ros ion  f rom sur face mine s i t e s .  
Th is  equat ion  was developed by t he  U.S. Department o f  
A g r i c u l t u r e  f o r  use on a g r i c u l t u r a l  l and  b u t  g ives  a 
f a i r l y  accura te  es t imate  f o r  s o i l  l o s s  from any a c t i v -  
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turbance o f  t he  l and  sur face.  The use o f  t h i s  equat ion  
i s  descr ibed i n  t h e  U.S. Department o f  A g r i c u l t u r e ' s  
Handbook No. 282 (1965). 
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Where : 
A = S o i l  l o s s  ( tons /acre)  
R = R a i n f a l l  f a c t o r  ( r e f l e c t s  i n t e n s i t y  o f  r a i n f a l l )  
K = E r o d i b i l i t y  f a c t o r  ( r e f l e c t s  s o i l  charac ter -  

i s t i c s  a f f e c t i n g  e r o d i b i l i t y )  
L = Length o f  s lope f a c t o r  ( r e f l e c t s  accumulat ion of 

r u n o f f  on l ong  slopes) 
S = Steepness o f  s lope f a c t o r  ( r e f l e c t s  increased 

r u n o f f  v e l o c i t y  on steep s lopes)  
C = Cropping and management f a c t o r  ( r e f l e c t s  cover, 

p l a n t  residues, mulching, e t c . )  
P = Erosion c o n t r o l  p r a c t i c e  f a c t o r  

I n  some cases, t he  un i ve rsa l  s o i l  l o s s  equat ion  has been 
found t o  g i v e  u n s a t i s f a c t o r y  es t imates  o f  s o i l  l o s s  on 
sur face mine s i t e s .  For instance, on l ong  slopes o f  
dumped s p o i l ,  i t  was found t h a t  r u n o f f  and e ros ion  d i d  
n o t  necessa r i l y  increase as was expected as i t  accumu- 
l a t e d  and gained momentum f l o w i n g  down a s lope. It has 
been suggested t h a t  t h i s  i s  because t h e  coarser  ma te r i a l ,  
when dumped, tends t o  segregate on t h e  lower p a r t  o f  t he  
slope, and t h i s  increases t h e  i n f i l t r a t i o n  and conse- 
quen t l y  reduces the r u n o f f  a t  t h i s  p o i n t .  However, f o r  
s p o i l  which i s  s e l e c t i v e l y  placed, conso l ida ted and top- 
so i l ed ,  t he  un i ve rsa l  s o i l  l oss  equat ion  g ives  a reason- 
ab le  es t ima te  and w i l l  p robab ly  remain i n  use u n t i l  a 
more p rec i se  technique can be developed. 

(i t i e s -  i n v o l v i n g  the  removal o f  vege ta t i on  and t h e  d i  s- 
DISCUSSION & DESIGN GUIDELINES 

E i q h t  major p r i n c i ~ l e s  i n  t h e  c o n t r o l  of e ros ion and 
sedimentat ion-on sur face mine s i t e s  a re  discussed here. 
For  a d e t a i l e d  t a b u l a t i o n  o f  t h e  main requirements o f  t h e  
new Regulat ions [ P a r t  8161 r e l a t i n g  t o  e ros ion  and sed i -  
menta t ion  c o n t r o l  see Table I o f  t h e  Appendix f o l l o w i n g  
Chapter 5. 

1. Min imiz ing t h e  area which i s  d i s t u r b e d  a t  any 
one time. As soon as p r o t e c t i v e  vege ta t i on  i s  removed 
from the s i t e ,  e ros ion  w i l l  begin and w i l l  n o t  s top u n t i l  
an e f f e c t i v e  vege ta t i on  cover i s  reestab l ished.  
Min imiz ing the  d i s t u r b e d  area i s  addressed i n  Sect ion  
816 .45 (b ) ( l ) .  The requirement o f  Pa r t  780 t h a t  t he  
ope ra t i ona l  p l an  i n d i c a t e  t he  phasing o f  opera t ions  and 
rec lamat ion  on sur face mine s i t e s  i s  a l s o  i n  p a r t  
designed t o  make sure  t h a t  t h e  minimum area i s  d i s tu rbed  
a t  any one t ime i n  t he  planned sur face m in ing  opera t ion .  
Segulat ions r e q u i r e  temporary p r o t e c t i o n  o f  spoi  1 p i l e s  
and t o p s o i l  s t o c k p i l e s  t h a t  must remain i n  p o s i t i o n  f o r  
a l ong  t ime. 

2. Ma in ta in ing  b u f f e r  s t r i p s  o f  und is turbed l and  
between t h e  mine area and streams and bodies o f  sur face 
water.  The requirement of t h e  r e g u l a t i o n s  i s  t h a t  no 
l and  w i t h i n  100 f e e t  o f  perenn ia l  streams s h a l l  be d i s -  
tu rbed w i t h o u t  s p e c i f i c  approval .  

3. D i ve rs ion  o f  c lean water around the  d i s tu rbed  
area. The r e g u l a t i o n s  con ta in  p rov i s i ons  f o r  t he  d i v e r -  
s i o n  of  bo th  permanent and ephemeral streams around the  
planned ope ra t i ona l  area. The purpose i s  t o  prevent  
c lean water p i c k i n g  up sediment and o t h e r  p o l l u t a n t s  when 
passing over t he  d i s tu rbed  s i t e .  Care fu l  a t t e n t i o n  t o  
drainage i s  e s s e n t i a l  before any min ing opera t ions  
begin (5). 

4. " I n t e r n a l i z a t i o n "  o f  drainage w i t h i n  t he  d i s -  
tu rbed area. The r e g u l a t i o n s  r e q u i r e  sediment ponds a t  
a l l  p o i n t s  a t  which surface water d ra ins  f rom the  s i t e ,  
and the re fo re ,  i t  i s  i n  t he  i n t e r e s t  o f  t h e  mine opera tor  
t o  t r v  t o  i n t e r n a l i z e  t he  dra inase f rom the  d i s tu rbed  

the  s i t e .  Some p r a c t i c e s  such as dumping s p o i l  on t he  
d ~ w ~ i s l o p e  make i t  ve ry  d i f f i c u l t  indeed t o  c o n t r o l  
sur face water drainage and the re fo re  t h i s  p r a c t i c e  has 
been out lawed i n  t he  Regulat ions.  It i s  much more d i f -  
f i c u l t  f o r  an opera tor  i n  h i l l y  o r  mountainous t e r r a i n  
t o  i n t e r n a l i z e  drainage than f o r  an opera tor  us ing  t h e  
area m in ing  method. Operators may f i n d  i t  e s p e c i a l l y  
d i f f i c u l t  t o  c o n t r o l  sediment caused by t h e  eros ion o f  
excess s p o i l  d isposa l  s i t e s .  However, s tud ies  o f  Head- 
of-Hol low f i l l i n g  techniques have shown a s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  amount o f  sediment genera t ion  (Cu r t i s ,  
1974). Haul roads (Sheet 6:2) a l s o  pose a d i f f i c u l t  
problem l a r g e l y  because o f  t he  d i f f i c u l t y  o f  keeping 
drainage w i t h i n  t h e  d i s tu rbed  area, and l ong  haul  roads 
can i n v o l v e  t he  opera tor  i n  heavy expendi tures on 
sediment c o n t r o l  measures. 

5. Slope s t a b i l i t y .  Placement and compaction o f  
s p o i l  i n  such a way as t o  avo id  i n s t a b i l i t y ,  s l i d e s  and 
s l i p s  i s  c l e a r l y  very  impor tan t  i n  eros ion and sediment 
c o n t r o l .  The cont inued e ros ion  f rom abandoned su r face  
mine s i t e s  i s  caused p a r t l y  by i n s t a b i l i t y  due t o  s l i p s  
and steep slopes where f r e s h  s p o i l  i s  c o n t i n u a l l y  expose( 
t o  e ros ion  and where e f f e c t i v e  vege ta t i on  cover cannot 
g e t  es tab l ished.  Many o f  t he  performance standards i n  
Pa r t  816 a r e  designed d i r e c t l y  o r  i n d i r e c t l y  t o  prevent  
these problems. 

6. Sedimentat ion ponds. Sect ion  816.42(a) (1 ) "A1 1 
su r face  dra inage from t h e  d i s tu rbed  area, i n c l u d i n g  
d i s tu rbed  areas a f t e r  be ing graded, seeded o r  p lan ted  
s h a l l  be passed through a sedimentat ion pond o r  a s e r i e s  
o f  sedimentat ion ponds be fo re  l e a v i n g  t h e  pe rm i t  area." 
Sedimentat ion ponds a r e  requ i red  a t  app rop r i a te  l oca t i on !  
be fo re  any min ing a c t i v i t i e s  s t a r t  and they must be 
r e t a i n e d  u n t i l  a f t e r  r evege ta t i on  i s  complete [816.46(u)l 
Genera l ly  t h e  approach i s  t o  prevent  e ros ion  occu r r i ng  
whenever poss ib le ,  b u t  t o  t r a p  sediment f rom e ros ion  
which does occur, i n  sedimentat ion ponds before  drainage 

larea and t o  minimize t h e  p o i n t s  a t  which i t  f l ows  from leaves the  s i t e . .  Sect ion  816.46 conta ins  s p e c i f i c  
44 



l e t a i l s  on the  design o f  sedimentat ion ponds i n c l u d i n g  
:he sediment s torage volume requ i red,  t he  de ten t i on  t ime 
tnd discharge s t ruc tu res .  For f u r t h e r  d e t a i l s  on the  
ies ign and c o n s t r u c t i o n  o f  sediment ponds see Sheet 6:3. 
I n  t he  past ,  the  performance o f  sedimentat ion ponds has 
leen e r r a t i c ,  bu t  t h i s  has been very  l a r g e l y  due t o  poor 
~ o n s t r u c t i o n ,  poor maintenance, f a i l u r e  t o  remove accumu- 
l a t e d  sediments and a l s o  the  f a i l u r e  t o  remove the  pond 
3 f t e r  the  s i t e  has been revegetated. 

7. Landforms. The amount o f  e ros ion  w i l l  vary  w i t h  
)o th  steepness and l e n g t h  o f  regraded slopes. Even i f  
a n d  i s  t o  be res to red  t o  the  "approximate o r i g i n a l  
:ontour" t he re  are  measures which can be taken t o  reduce 
;lope 1 ength ( t e r r a c i n g ,  d i ve rs ions )  on regraded areas 
:816.102] and c u l t i v a t i o n  techniques t o  improve i n f i l -  
: r a t i on  and t o  reduce t h e  r u n o f f  (see Sheet 7 3 ) ,  

DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
8. Reveaetation. Performance standards r e a u i r i n a  

prompt revege ia t i on  a re  designed t o  reduce e ros idn  and- 
sedimentat ion and o the r  standards are  designed t o  ensure 
t he  qu i ck  es tab l ishment  o f  e f f e c t i v e  vegeta t ion .  These 
i nc lude  the  requirement t o  remove and rep lace t o p s o i l ,  
t o  break up excessive compaction [816.24], and t o  apply 
s o i l  amendments, e t c .  Only a f t e r  e f f e c t i v e  vegeta t ion  
has been es tab l i shed  may sedimentat ion ponds and o the r  
c o n t r o l  measures be removed. Note t h a t  suggest ions t h a t  
earthmoving opera t ions  should be programmed t o  occur 
du r i ng  per iods  o f  low r a i n f a l l  a re  n o t  r e a l i s t i c  on 
sur face min ing s i t e s .  However i t  should be r e a l i s t i c  
t o  program rec lamat ion  opera t ions  t o  f i t  i n  w i t h  
seasonal requirements f o r  r evege ta t i on  ( o r  temporary 
cover) .  

Hydroseeding t o  A t t a i n  Prompt Revegetat ion 
i l 

Breaking Up Excessive Compaction 
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PROBLEM & PURPOSE 

As much as 10% o f  t h e  t o t a l  area a f f e c t e d  by sur face s t r u c t i o n  and maintenance o f  good haulage roads i s  
min ina i s  devoted t o  coal  haulaqe roads (1 ) .  Haul roads c r i t i ' c a l  t o  t he  economics o f  a surface mine. The 
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l e x t e n i  beyond the  ac tua l  mine area and they tend t o  
i n t e r c e p t  c lean r u n o f f  and contaminate i t  w i t h  sediment. 
I n  t he  past,  poor cons t ruc t i on  p r a c t i c e s  o f  haul  roads 

'and at tempts t o  bed down t h e  roads a f t e r  complet ion o f  
m i n i n g  opera t ions  1 ed t o  ser ious  and prolonged e ros ion  
and sediment problems from these sources. I n  many r e -  
spects, coa l  haulage roads a re  s i m i l a r  t o  l ogg ing  roads 
i n  mountainous reg ions.  Experiments a t  Coweeta Hydro- 
l o g i c  Labora tory  near Frank1 i n ,  NC showed t h a t  t he  
eros ion from lumbering opera t ions  i n  Appalachia was 
most ly  due t o  eros ion from logg ing  roads and sk idd ing  
opera t ions  (6 ) .  
Mine haulage costs  o f t e n  represent  up t o  50% o f  t he  
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qua1 i t y  o f  a road a l so  depends very  1 a rge l y  upon how 
w e l l  d ra ined i t  i s ,  b u t  t he re  i s  a l s o  an impor tant  r e -  
l a t i o n s h i p  between t h e  ope ra t i ng  speed and t h e  s a f e t y  of  
opera t ion .  "The bene f i t s  t o  be de r i ved  from safe  haul - 
age road design and cons t ruc t i on  q u i t e  o f t e n  l i e  unseen 
as t h e  i n t a n g i b l e  f a c t o r s  o f  reduced acc idents  and 
i n j u r i e s .  However, i n  many cases, t h e  i n c o r p o r a t i o n  o f  
c o r r e c t  design p r i n c i p l e s  can increase mine produc- 
t i v i t y  " ( 9 ) .  
Some e ros ion  and sedimentat ion f rom haul roads w i l l  
occur on the  run s i t e s ,  even on the  we1 1-managed s i t e s .  
There a r e  4 sources o f  sediment f rom roads: t h e  road 
surface, the  c u t  slope, the  roads ide d i tches,  and the  

J t o t a l  min ing costs  i n  sur face min ing and hence the  con- f i l l  s lope (13;. I 
APPLICABILITY 

r ~ p p l i c a b l e  t o  a l l  min inq opera t ions .  Roads w i t h i n  t h e  standards i n  Sect ions 816.150-816.176. But  a l l  o t h e r  1 

a d e t a i l e d  d e s c r i p t i o n  o f  a l l  roads' t o  be const ruc ted 
w i t h i n  the  proposed pe rm i t  area. I t  should be noted 
t h a t  t he  term "road" does n o t  i nc lude  roadways w i t h i n  
t h e  immediate min ing p i t  area ( D e f i n i t i o n s ,  701.5). 
The drainage from roads w i t h i n  t he  p i t  i s  covered by 
performance standards dea l i ng  w i t h  drainage water and 
t h e  c o n t r o l  o f  sediment f rom t h e  p i t .  The s t r i ngency  
o f  performance standards f o r  roads ou ts ide  t h e  p i t  area 
i s  due t o  1 ) t h e  h i g h  r a t e s  o f  e ros ion and sedimentat ion 
caused by d i r t  roads i n  constant  use by heavy veh i c l es  
and a h i g h  r u n o f f  from these roads due t o  ex tens ive  
consol i d a t i o n  ; and 2 )  the  d i f f i c u l t y  o f  t r e a t i n g  runo f f  
f rom a road because the  r u n o f f  tends t o  be dispersed 
over  a wide area. 
It should be noted t h a t  Sect ion  816.42(a) requ i res  t h a t  
sur face drainage from a l l  d i s tu rbed  areas be passed 
through a sedimentat ion pond, b u t  t h a t  "d i s tu rbed  areas" 
i n  t h i s  sec t i on  does n o t  i n c l u d e  roadways i f  they are  
i n s t a l l e d  i n  accordance w i t h  t he  performance c o n t r o l s  
and t h e  upstream area i s  n o t  o therwise d i s tu rbed  by 
min ing a c t i v i t i e s .  
Th is  sheet covers Sect ions  816.150-816.176 which apply 
t o  roads. Th is  handbook conta ins  general gu ide l i nes  
o n l y  and designers should check each case f o r  conform- 

roads covered 6y t h e  regu la t i ons ,  these are:  
Class I - These a re  roads used f o r  t h e  t r a n s p o r t a t i o n  
o f  coa l .  General ly,  these roads remain i n  p lace f o r  
t he  whole working l i f e  o f  t h e  s i t e  and the  design 
c r i t e r i a  f o r  t h e i r  cons t ruc t i on  a re  t he  most s t r i n g e n t .  
Class I 1  - These a re  roads o the r  than Class I roads 
which a re  t o  be used f o r  6 months o r  longer .  
Class 111 - These are  roads o the r  than Class I roads 
which a re  t o  be used f o r  6 months o r  l ess .  (These 
d e f i n i t i o n s  can be found i n  P a r t  701.5.) 
The performance standards f o r  a l l  c lasses o f  roads 
emphasize the  importance o f  t he  design, l o c a t i o n ,  con- 
s t r u c t i o n ,  maintenance and rec lamat ion  o f  roads t o  
minimize eros ion and sedimentat ion problems. A l l  
c lasses o f  roads have t o  be removed and res to red  a f t e r  
m in ing  opera t ions  un less  approved f o r  post-mining l and  
use o r  f o r  c o n t r o l l i n g  eros ion [816.150(c)]. Class I 
roads have t o  be designed by  a r e g i s t e r e d  p ro fess iona l  
engineer. I n  t he  case o f  Class I 1  roads, a q u a l i f i e d  
engineer need o n l y  be used i f  a l t e r n a t i v e  s p e c i f i c a -  
t i o n s  f o r  t he  road design o t h e r  than those s p e c i f i e d  
i n  the  performance standards a re  t o  be used. A r e g i s -  
t e red  p ro fess iona l  engineer need n o t  be used by mine 

I - opera tors  f o r  t he  design o f  Class I 1 1  roads. 
DISCUSSION & DESIGN GUIDELINES 

Some o f  t he  desiqn c r i t e r i a  descr ibed on t h i s  sheet are  Ho r i zon ta l  and v e r t i c a l  a l inement a re  impor tant  f a c t o r s  
r 
1 
< 
I 

I 

I 

t 

I 

- 

l o t  s p e c i f i c  req;irements o f  t h e  performance con t ro l s .  i n  i n s u r i n g  sa fe  ope ra t i ng  speeds and s topp ing d i s -  
The f o l l o w i n g  re ferences a re  suggested f o r  bas i c  design tances. S k e l l y  and Loy 's  r e p o r t  g ives  t h e  design f o r  
j u i de l i nes  f o r  haul roads: (9) ,  ( 7 )  and (10).  h o r i z o n t a l  and v e r t i c a l  a l inement o f  haul  roads i n -  
[ . LOCATION [815.151, 816.161 AND 816.1711 c lud ing  s topp ing d is tances f o r  var ious  weights o f  
The performance standards r e q u i r e  roads t o  be l oca ted  veh ic les  (F igu re  1). The maximum grades as requ i red  
jo as t o  minimize erosion, sedimentat ion,  and downstream i n  t h e  new Regulat ions are  s i m i l a r  t o  most o f  t he  s t a t e  
f l o o d i n g  as a r e s u l t  o f  t he  cons t ruc t i on .  General ly,  r e g u l a t i o n s  pre-1977 and a re  shown i n  Table 1. Slopes 
fords  are p r o h i b i t e d  f o r  stream cross ings by haul  o f  l ess  than 3% should be avoided, i f  poss ib le  as they  
roads. I f  roads can be l oca ted  along r i d g e l i n e s ,  w i l l  n o t  d r a i n  adequately. 
stream cross ings w i l l  be minimized and t h e  amount o f  .O 

w e r l a n d  f l o w  i n te rcep ted  by t h e  road w i l l  a l so  be min- u 
ima l .  Though t h i s  won ' t  be poss ib le  i n  most cases, 
ca re fu l  l o c a t i o n  t o  avo id  seeps, wet areas and t o  30 

n in imize stream cross ings can save a l o t  o f  money. 
I I. HORIZONTAL AND VERTICAL ALINEMENT 

Cp 25 
E F igure  1. Stoppin 
g .I Hor i zon ta l  and v e r t i c a l  a l inement a re  impor tant  f a c t o r s  - d is tance charac- 

i n  i n s u r i n g  sa fe  opera t ing  speeds and s topp ing d i s -  U t e r i s t i c s  o f  
tances. ",a L" veh i c l es  o f  less  
The small opera tor  should understand the r e l a t i o n s h i p  

> 
10 than 100,000 

between grade steepness and haulage costs.  Sometimes pounds GVW. 
longer  slopes cover ing  the  same v e r t i c a l  d is tance can 5 

g ive  subs tan t i a l  improvement i n  t r u c k  performance. 
Curves j u s t  be fore  o r  a f t e r  a grade can reduce t r u c k  

0 
0 % 100 1% a30 2Jo Mo 3% 4m 4s sw 
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DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
ABLE 1 . 

MAjiIMUM GRADES FOR HAUL ROADS 

Overa l l  P i t c h  Permissable Length 
:oad Class Grade % Grade % o f  P i t c h  Grade 

l a s s  1 10 15 300 (Maximum 
l e n g t h  w i t h i n  
100 f e e t )  

l a s s  2 10 15 300 ( l eng th )  
l a s s  3 10 20 1,000 (consecut ive ly )  
ource: Regulat ions 
11. TRANSVERSE GEOMETRY 
he t ransverse geometry, t he  cross sec t i on  o f  t he  road are  
if g rea t  importance e s p e c i a l l y  i n  ensur ing  good drainage 
f t h e  road and s t a b l e  cons t ruc t i on .  
he Regulat ions s p e c i f y  t he  w i d t h  o f  haul roads r e -  
u i red .  S k e l l y  and Loy ' s  r e p o r t  g ives  t h e  f o l l o w i n g  
lesign guide fo r  veh i c l es  up t o  100,000 pounds gvw. 
he w i d t h  f o r  1- lane (23 f t . )  and 2- lane (40 f t . )  haul 
,oads on curves a re  shown i n  Table 2. 
[ABLE 2 

- - - - -- - - 

RECOMMENDED WIDTHS FOR HAUL ROADS 

urve Radius One-Lane 
(F t . * )  Haul Way 

Two-Lane 
Haul Way 

25 27 48 
50 2 5 44 

100 24 4 2. 
200 23 41 
tangent 23 40 

Source: ( 9 )  
'On t h e  i n n e r  edge o f  t h e  pavement. 
f t h e  area upstream o f  t he  haul  road i s  a l s o  d is turbed,  
11 r u n o f f  f rom the  road must be passed through a sed i -  
en t  bas in  [816.42]. Therefore i t  i s  c l e a r l y  bes t  t o  
r y  t o  concentrate road arainage a t  a few se lec ted 
o i n t s .  Th is  w i l l  mean t h e  use o f  roads ide d i tches,  
s u a l l y  l oca ted  on the  upslope s ide  o f  t he  road, w i t h  a 
everse f a l l  on t h e  whole roadbed so t h a t  a l l  drainage 
lows t o  t he  d i t c h  (F ig .  2 ) .  This  w i l l  mean a c u l v e r t  
nder t h e  road a t  each sag i n  t h e  v e r t i c a l  p r o f i l e .  
n steep t e r r a i n  where most haul  roads w i l l  be on c u t  
nd f i l l ,  a downslope d i t c h  would have t o  be l oca ted  
n fill (Fig .  3) and would be l i a b l e  t o  washout unless 
ined. The reverse f a l l  a l s o  prevents  over land f l o w  
rom upslope areas f l o w i n g  onto  t h e  road. Cross-slope 
o g i v e  r a p i d  drainage o f  sur face water should be %-Ji"/  
't (10) .  However i n  f l a t t e r  t e r r a i n  such an arrange- 
lent o r  a cambered road w i t h  a d i t c h  on bo th  s ides  i s  
l oss ib le  when road i s  i n  t o t a l  c u t  

F igure  3 

Curves on haul roads should normal 1 v be s u ~ e r e l e v a t e  d 
(banked) f o r  g rea te r  safe-operating"speeds: Super- 
e leva t i ons  w i l l  normal ly  be banked i n t o  t he  s lope o f  
t he  l a n d  a t  c r e s t s  and away a t  sags which a l l ows  most 
drainage t o  be handled i n  upslope d i t ches  as suggested 
above. The Regulat ions do n o t  s p e c i f y  superelevat ions,  
b u t  S k e l l y  and Loy 's  r e p o r t  g ives  c r i t e r i a  f o r  ca l cu la -  
t i n g  supere levat ions  necessary on high-speed haul roads. 
The Regulat ions s p e c i f y  maximum slopes f o r  c u t t i n g s  
and embankments on haul roads f o r  Class I and I 1  roads. 
These are  shown i n  Tables 3 and 4. 

TABLE 3 

MAXIMUM CUT SLOPES FOR HAUL ROADS 

Road Class Unconsol idated M a t e r i a l  Rock 

Class I lv:1.5h lv:0.25h 
Class I 1  lv:1.5h lv:0.25h 
Class I 1 1  no standards s p e c i f i e d  

TABLE 4 

MAXIMUM SLOPES FOR EMBANKMENTS IN  HAUL ROADS 

Road Class Unconsol idated F i l l  Rock 

Class I lv :2h  lv:1.35h 
Class I 1  lv:1.5h lv:1.35h 
Class 111 no standards s p e c i f i e d  
T o ~ s o i l i n a  and t e m ~ o r a r v  eros ion c o n t r o l  measures a r e  
requ i red  f o r  c l ass '  I an? I 1  roads i n  t he  performance 
standards f o r  s lopes o f  lv :1.5h o r  f l a t t e r  ( i . e .  those 
slopes n o t  i n  rock  o r  const ruc ted o f  r ock  f i l l ) .  
IV. DRAINAGE 1-816.153, 816.163 AND 816.1731 
On Class I roads the  drainage system must be designed 
f o r  a 10-yr, 24-hr p r e c i p i t a t i o n  event.  Sedimentat ion 
con t ro l  f o r  a l l  c lasses of  roads must comply w i t h  
Sect ions 816.42 and 816.45 r e q u i r i n g  t h a t  a l l  r u n o f f  
from "d i s tu rbed  areas" be passed through sedimentat ion 
ponds; however, Sect ion  816.42(a)(4) notes t h a t  " d i s -  
tu rbed areas" do n o t  i n c l u d e  those areas i n  which 
o n l y  roads a r e  i n s t a l l e d  i f  the area upstream o f  t he  
road i s  n o t  "otherwise d i s tu rbed . "  Natura l  drainage 
channels may n o t  be a1 t e r e d  w i t h o u t  t he  approval o f  
t he  RA and may n o t  be a l t e r e d  a t  a l l  i n  t h e  case o f  
Class I I 1  roads. Drainage s t r u c t u r e s  are  requ i red  
f o r  a l l  stream cross ings.  

4 : l  D i tches are  requ i red  f o r  Class I road (on bo th  
s ides  o f  a th roughcut  and on t h e  i n s i d e  shoulder o f  
a c u t - a n d - f i l l  sec t i on ) .  D i tches a r e  n o t  necessar- 
i l y  r equ i red  f o r  Class I 1  roads where d i tches,  
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foo t  w i l l  be adequate t o  d r a i n  t h e  sur face o f  a l l  
roads. D i tches themselves may be 'V '  shaped o r  
t r apezo ida l  b u t  ' V '  shaped d i t c h e s  a re  eas ie r  t o  
cons t ruc t  w i t h o u t  spec ia l i zed  equipment. Erosion i s  
l i k e l y  i n  d i t ches  w i t h  a  grade o f  over  4%, i n  which 
case they may r e q u i r e  p r o t e c t i o n  w i t h  r i p r a p  o r  
o t h e r  l i n i n g  (Table 5) .  Avoid cons t ruc t i ng  d i t ches  
on f i l l .  

4BLE 5 

ROADSIDE DITCH LINING 

rade L i n i n g  

-3% None requ i red.  
- 5% Seed w i t h  eros ion r e s i s t a n t  grass and pro- 

t e c t  w i t h  j u t e  m a t t i n g  o r  s i m i l a r .  
ver  5% RiDraD t o  a t  l e a s t  6" above max depth o f  

flow: 
ource: (9 )  

As an a l t e r n a t i v e  t o  l i n i n g  d i tches,  where the  
grade i s  t o o  steep i t  can be reduced by cons t ruc t i ng  
checkdams along t h e  l e n g t h  o f  t h e  d i t c h .  These 
checkdams may be const ruc ted o f  logs ,  r i p r a p ,  o r  
gabions, a l though l ogs  a r e  probab ly  t h e  cheapest on 
most f o res ted  s i t e s .  An example o f  a  l o g  checkdam 
i s  shown i n  F igure  4  ( 7 ) .  
Smooth channel l i n i n g s  o r  condu i ts  w i l l  speed up the  
f low o f  water i n  t he  d i t c h  and an energy d i s s i p a t o r  
should be i n s t a l l e d  a t  t he  discharge p o i n t .  F ig .  5  
shows a  dumped rock  energy d i s s i p a t o r  t o  check 
eros ion ( 9 ) .  

F igure  4  

P L A N  

4:2 Cu lver ts .  The maximum spacings f o r  c u l v e r t s  on 
haul roads requ i red  i n  t h e  performance c o n t r o l s  
[816.153. (c ) (v ) ]  are shown i n  Table 6. 

ABLE 6 

MAXIMUM SPACING FOR CULVERTS ON HAUL ROADS 

Where d i t ches  a re  prov ided a  c ross  f a l l  o f  4" per  

I 

w i l l  p revent  t h e  fo rmat ion  o f  a  scour poo l .  

Class I Road Class I 1  Road Class I 1 1  Road 
rade % Maximum Spacing Maximum Spacing Maximum Spacing 

- 3  1,000 1,000 unspec i f i ed  
- 6  800 600 unspec i f i ed  
-10 500 400 unspec i f i ed  
0  & 300 200 unspec i f i ed  
r e a t e r  
ource: (Regu la t ions)  

Cu lver ts  should gene ra l l y  have a  2-4% grade t o  pre-  
vent  c logg ing.  The Regulat ions r e q u i r e  p r o t e c t i o n  
o f  the  c u l v e r t  a t  both upstream and t h e  discharge 
end t o  prevent  eros ion and scour. A  r i p r a p  apron o r  
energy d i s i p a t o r  a t  t h e  d ischarge end o f  t he  c u l v e r t  

t a t i on -even t  be used f o r  t he  design o f  a l l  c u l v e r t s  
on Class I and I 1  roads where the  end area o f  t he  c u l  
v e r t  i s  35 f t 2  o r  l e s s .  Where the end area i s  greate  
than 35 ft2 a 20 y r /24  h r  p r e c i p i t a t i o n  event should 
be used f o r  t he  design. For both  Class I and I 1  
roads the c u l v e r t s  should be covered i n  a t  l e a s t  1  
ft o f  f i l l .  Temporary c u l v e r t s  may be used on Class 
I 1 1  roads. Temporary c u l v e r t s  f o r  Class I 1 1  roads 
should be designed f o r  a  1 y r / 6  h r  p r e c i p i t a t i o n  
event. These c u l v e r t s  can be const ruc ted o f  t imber.  
D e t a i l s  o f  t imber  c u l v e r t s  a re  shown i n  Figures 6  
and 7  which a re  commonly r e f e r r e d  t o  as open-top 
c u l v e r t s .  F igu re  6 c o n s i s t i n g  o f  two logs  he ld  
a p a r t  and p a r a l l e l  by 2" planks sp iked a t  each end 
o f  t he  l ogs ,  and the  second t ype  (F igu re  7) i s  made 
up o f  3" t imbers  assembled i n  a  t r ough  shape w i t h  
spacers o f  1 "  p i pe  b o l t e d  across along the  upper edge 
a t  about 4 '  i n t e r v a l s  f o r  r i g i d i t y  (7) .  A  photo- 
graph o f  an open-top l o g  c u l v e r t  i s  shown i n  F ig .  8. 

f sp'ke .. < $  Toz=:C--- ;* 
not less than 

- L t 4 - 4  J 6" 
at leost 8" 

- T y  
d8omeler log k 

Figure  6  F igure  7 

F igure  8  
Weigle recommends t h e  spacing f o r  open-top c u l v e r t s  
i n  Table 7 (spacing i s  n o t  s p e c i f i e d  i n  t h e  2egula- 
t i o n s  f o r  c u l v e r t s  on Class I 1 1  roads).  

TABLE 7 

SPACING OF OPEN-TOP CULVERTS 

Road Grade (Percent)  Spacing (Feet)  

11 -1 5  100-200 
Note: Spacing must be based on l o c a l  cond i t i ons  and t h e  

type o f  s o i l  and t h e  amount o f  watershed cover 
present  i n  t h e  area. 

Source: ( 7 )  
4:3 Drainage Dips. Drainage d ips  a re  pe rm i t t ed  i n  
;he Regulat ions f o r  Class I 1  roads. Broad-based 
drainage d ips  may be used t o  d i v e r t  r u n o f f  across 
t he  roadbed w i t h o u t  damage ( b u t  n o t  i n  t he  case o f  
permanent o r  ephemeral streams) . These a re  normal 1  y 
20' l ong  w i t h  a  3% reverse grade i n  t he  roadbed. 
The spacing o f  these d ips  i s  recommended t o  be 400'  
d i v i d e d  by s lope percent  p lus  100'  g i v i n g  t h e  
spacing i n  Table 8. 
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RECOMMENDED SPACING FOR DRAINAGE DIPS 

DISCUSSION & DESIGN GUIDELINES (CONTINUED) 

RBLE 8 the performance standards f o r  a l l  c lasses o f  road. 
5:3 Sub-base. The maintenance o f  a  good sur face i s  
dependent upon a  p r o p e r l y  designed and const ruc ted 
sub-base. The Reaulat ions do n o t  ac tua l  l v  soec i fv  ?oad Grade (%)  Spacing ( f t )  

8-10 150-1 40 
Source: ( 6 )  

Broad-based d i p s  a re  cheaper t o  ma in ta in  and more 
oermanent than wooden c u l v e r t s  b u t  r e q u i r e  a  s k i l l e d  
bu l l doze r  ope ra to r  f o r  cons t ruc t i on .  ' ~ i ~ .  9 shows 
t h e  design f a c t o r s  f o r  a  drainage d i p .  

tow&+ 
ovtslope 

jou-. I b d n m d e ~ w  19?a Figure  9 

4:4 Berms. Berms have been used w ide l y  i n  haul  
r o a d c a  s a f e t y  f ea tu re ,  p a r t i c u l a r l y ,  i n  h i l l y  
areas where the re  i s  a  danger o f  veh i c l es  runn ing 
over  t h e  outs lope.  The c o n f i g u r a t i o n  and the  design 
o f  berms i s  discussed i n  S k e l l y  and L o y ' s  r e p o r t  
( 9 ) .  The he igh t  o f  t he  berm i s  t h e  c r i t i c a l  f a c t o r  
and t h i s  must be equal t o  o r  g r e a t e r  than the  
r o l l i n g  rad ius  o f  t h e  v e h i c l e ' s  t i r e .  The use o f  
berms w i l l  a l s o  h e l p  i n  reduc ing t h e  problem o f  
r u n o f f  f l ow ing  over  embankments. 
CONSTRUCTION 
5 : l  Clearance. The Regulat ions r e q u i r e  c l e a r i n g  
vegeta t ion  f rom the  roadbed and the removal o f  top-  
s o i l  f o r  a l l  c lasses o f  haul  roads before  const ruc-  
t i o n .  I t i s  sometimes suggested t h a t  any t r e e s  
and vegeta t ion  should be wind-rowed a t  t h e  base o f  
fill slopes (7 ) .  The Regulat ions do n o t  f o r b i d  
t h i s  p r a c t i c e  b u t  i t  may cause i n s t a b i l i t y  i f  
bu r i ed  by t he  f i l l .  I t  i s  p re fe rab le  t o  c h i p  t he  
c lea red  s lash  and use i t  f o r  eros ion c o n t r o l  on 
c u t  s lopes and embankments as requ i red  i n  816.152 
( c ) ( 3 ) ,  816.152(d)(15),  8 1 6 . 1 6 2 ( ~ ) ( 2 )  and 
816.162(d)(14). 
5:2 Topso i l  removal from the  roadbed i s  requ i red  i n  

sub-base standard;. The requ i red  th ickness o f  sub- 
base i s  u s u a l l y  based on the  C a l i f o r n i a  bear ing  
r a t i o  and S k e l l y  and L o y ' s  r e p o r t  g ives  gu ide l i nes  
f o r  c a l c u l a t i n g  t h e  requ i red  th ickness.  
P l a s t i c  f i l t e r  c l o t h s  are  f r e q u e n t l y  used below 
haul roads t o  prevent  t he  pumping a c t i o n  o f  t r u c k  
t i r e s  pushing stone aggregates i n t o  t he  roadbed, 
r e s u l t i n g  i n  reduced t r a c t i o n  and muddy cond i t i ons ,  
which w i l l  a l s o  increase sediment genera t ion  f rom 
the  road. There are  a  number o f  d i f f e r e n t  makes o f  
these p l a s t i c  f i l t e r  c l o t h s ,  one i s  shown du r i ng  
i n s t a l l a t i o n  inn F iqure  10 (8 ) .  Monsanto, who 
manufactures Bidim' f a b r i c ,  emphasizes t h a t  roadbed! 
i n c o r p o r a t i n g  f i l t e r  f a b r i c  d r y  o u t  more r a p i d l y  
a f t e r  r a i n f a l l .  Wheel loads a re  spread over a  
g rea te r  area when a  f i l t e r  f a b r i c  i s  used. 
5:4 Sur fac ing.  Sur fac ing i s  impor tant  n o t  o n l y  i n  
min imiz ing delays du r i ng  adverse weather cond i t i ons  
and m in im iz ing  haulage t ime b u t  i s  a l s o  an impor tan t  
f ac to r  i n  road sa fe t y .  The s u r f a c i n g  w i l l  a l s o  
a f f e c t  e ros ion o f  t he  road sur face and sediment 
problems which r e s u l t .  
Road sur fac ing o f  g ran i t e ,  crushed rock,  aspha l t ,  
etc. ,  i s  r equ i red  f o r  both  Class I and Class I 1  
roads, b u t  f o r  Class I 1 1  roads i t  i s  s imply  spec- 
i f i e d  t h a t  t he  sur face should be adequate f o r  t h e  
use o f  t he  road. 

F igure  10 
Aspha l t  su r  ac ing  i s  expensive, a  4" surface c o s t i n g  h .  about $5/yd f o r  labor ,  equipment and m a t e r i a l  a t  
1978 p r i c e s  (11).  Aspha l t  surfaces may a l s o  become 
extremely s l i c k  when wet, e s p e c i a l l y  i f  the re  i s  
mud on the  road. Crushed stone i s  f a r  more com- 
monly used on haul roads. Stone aggregate should 
n o t  con ta in  more than 10% f i n e s  t o  prevent  muddy 
cond i t i ons  a f t e r  f r e e z i n g  and thawing. Sometimes 
opera tors  supp ly ing  power p l a n t s  w i t h  coal  may 
arrange t o  haul back c inders  as a  road su r fac ing  
m a t e r i a l .  

V l .  BEDDING DOWN AND RESTORATION 
[816.156, 816.166 AND 816.1761 

The r e g u l a t i o n s  r e q u i r e  as p a r t  o f  t he  r e s t o r a t i o n  per -  
formance standards t h a t  a l l  b r idges and c u l v e r t s  be 
removed from haul  roads. D i t c h  r e l i e f  c u l v e r t s  should 
gene ra l l y  be rep laced by water bars.  These should a l s o  
ang le  downgrade a t  30 degrees a t  t h e  spacing shown i n  
Table 9. The may be a  d i t c h  o r  a  berm (of  e a r t h  o r  
crushed stoney. Ear th  berms a re  useless once they are  
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DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
' ru t ted so t r a f f i c  must be kept  o f f  c losed roads by e rec t -  TABLE 9 
i n g  a bar r icade across them. For Class 1 roads, t he  
rounding o f  c u t  and f i l l  slopes t o  blend w i t h  the  WATER BAR SPACING RECOMMENDATIONS 
surrounding topography (bu t  n o t  regrad ing t o  the approx- 
imate o r i g i n a l  contour) i s  requ i red.  The standards f o r  Grade (%) Spacing ( f t )  
the r e s t o r a t i o n  o f  Class I 1  and Class I 1 1  roads are 
s i m i l a r ,  and i n  a l l  cases, roadbeds are  t o  be top- 2 250 
s o i l e d  and revegetated i n  accordance w i t h  816.111-816.116. 5 135 

10 80 
15 60 
2 0 45 

Source: (7)  
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PROBLEM & PURPOSE 

Runoff  water f rom sur face mine s i t e s  o f t e n  c a r r i e s  a upon the  s i z e  o f  t he  p a r t i c l e .  Large heavy p a r t i c l e s  
heavy sediment l oad  which can cause severe damage i n  s e t t l e  r a p i d l y  b u t  smal l  p a r t i c l e s  may take days t o  
r e c e i v i n g  streams. I f  the  water i s  impounded i n  small s e t t l e .  I n  some cases set t lement  can be speeded by add- 
~ o n d s ,  much o f  the  sediment w i l l  s e t t l e  ou t .  The amount i n q  ' f l o c c u l a n t s '  t o  t h e  water, b u t  u s u a l l y  c a r e f u l  l o -  

MEASURES SEDINENTATION PONDS 

o f  sediment which w i l l  s e t t l e  depends upon the  pe r i od  ca t i on ,  design and management o f  ponds i s  s u f f i c i e n t  t o  
du r i ng  which the  water i s  deta ined i n  t h e  pond and a l s o  meet t he  e f f l u e n t  l i m i t a t i o n s  i n  Sect ion  816.42. 
APPLICABILITY 

1 ~ 1 1  sur face mine s i t e s  must meet t he  e f f l u e n t  l i m i t a -  because, i n  these areas, r u n o f f  i s  more c o n t r o l l a b l e  I 

SM-INE 
- 

OPERATORS 

t i o n s  i n  Sect ion  816.42 and "app rop r i a te  sediment c o n t r o l  and ' i n t e r n a l i z e d '  w i t h i n  t he  pe rm i t  area. Operators 
measures must be designed, const ruc ted and maintained" i n  steep t e r r a i n  w i l l  have more d i f f i c u l t y  i n  meet ing 
[816.45(a)]. It w i l l  gene ra l l y  be eas ie r  f o r  opera t ions  1 i m i t a t i o n s  on suspended s o l  i d s .  I! i 
- 

e c t i o n  780.25 o f  t h e  Regulat ions requ i res  t h a t  "each 
p p l i c a t i o n  s h a l l  i nc lude  a general  p l an  f o r  each pro- 
osed sediment pond." Sect ion  816.42 requ i res  t h a t  a1 1 
u r f a c e  drainage from d i s tu rbed  areas i n c l u d i n g  d i s -  
urbed areas t h a t  have been graded, seeded o r  p lanted,  
h a l l  be passed through a sedimentat ion pond o r  se r i es  
f sedimentat ion ponds before  l e a v i n g  the  pe rm i t  area. 
he sedimentat ion ponds must remain i n  p lace u n t i l  t h e  
i s t u r b e d  area has been res to red  and the  vegeta t ion  re -  
uirements of Sect ions 816.111-816.117 are  met, and the  
u a l  i t y  o f  t he  un t rea ted  drainage f rom the  d i s tu rbed  
rea  meets app l i cab le  S ta te  and Federal water q u a l i t y  
tandards. 
uscharges from the  area must n o t  exceed c e r t a i n  e f -  
l u e n t  l i m i t a t i o n s  [816.42(a)(7) I .  Maximum a l l owab le  
o t a l  suspended s o l i d s  i s  70 mg per  l i t e r ,  b u t  t he  

average d a i l y  va lue f o r  30 consecut ive days must n o t  
exceed 35 mg/l. These l i m i t a t i o n s  do n o t  app ly  i f  t h e  
discharge r e s u l t s  f rom a 10 y r /24  h r  p r e c i p i t a t i o n  event 
o r  l a r g e r .  Note t h a t  t he  e f f l u e n t  standards f o r  sus- 
pended s o l i d s  are  t he  same as those recommended by EPA 
i n  1976 " E f f l u e n t  Guide l ines  and Standards." 
The design standards f o r  sedimentat ion ponds (see F igu re  
1 )  a re  q u i t e  s p e c i f i c .  Other types o f  sediment c o n t r o l  
impoundment can be const ruc ted upstream o f  t h e  requ i red  
sedimentat ion pond b u t  t h i s  does n o t  r e l i e v e  the  oper- 
a t o r  o f  r e s p o n s i b i l i t y  f o r  meet ing t h e  requirement f o r  a 
sediment pond o f  t h e  standard design. The RA does have 
the  d i s c r e t i o n  however o f  reduc ing the  requ i red  s torage 
volume o f  t he  sediment pond i f  i t  can be demonstrated 
t h a t  sediment removed by o the r  measures i s  e ua l  t o  t h e  
reduc t i on  i n  sediment s torage volume [816.46?b)]. 

n f l a t  o r  r o l l i n g  t e r r a i n  t o  meet sediment l i m i t a t i o n s  I 
?EVELANT SECTIONS OF THE REGULATIONS 

- 
>ISCUSSION & DESIGN GUIDELINES 
tach pond s h a l l  be designed and inspected du r i ng  con- 
t r u c t i o n  by a r e g i s t e r e d  p ro fess iona l  engineer." 
316. "6( f ) ] .  It should be noted t h a t  even when sed i -  
w t a t i o n  ponds are  const ruc ted according t o  t he  spec i -  
i c a t i o n s  i n  t h i s  Par t ,  t h a t  t h e  opera tor  i s  s t i l l  
~ b j e c t  t o  t h e  e f f l u e n t  l i m i t a t i o n s  as contained i n  
x t i o n  S?6.42[816.46(f)]. 
i e  design o f  t he  sediment ponds i s  no t  based on a p rec i se  
zthod and inc ludes cons iderab le  s a f e t y  f a c t o r s  b u i l t  
i t o  t h e  design. While i t  i s  poss ib le  t o  determine the  
? t t l emen t  v e l o c i t y  and o the r  f a c t o r s  impor tant  i n  t he  
?s ign  o f  sediment ponds, i t  i s  n o t  poss ib le  t o  t r ans -  

l a t e  these f a c t o r s  i n t o  p rec i se  design c r i t e r i a  because 
o f  t he  many va r i ab les  which a f f e c t  t h e  performance o f  
a sedimentat ion pond. 
The main requirements f o r  t h e  design o f  a sedimentat ion 
pond i nc luded  i n  t h e  Regulat ions a r e  shown on F igu re  1 
which shows a schematic sec t i on  through a pond and t h e  
embankment. When a sedimentat ion pond has an embankment 
which i s  more than 20'  i n  he igh t  o r  a s torage volume 
g rea te r  than 20 a c r e - f t .  , a d d i t i o n a l  design requ i re -  
ments a r e  s p e c i f i e d  i n  Sect ion  816.46(q). These 
l a r g e r  ponds must be designed t o  pass a 100 y r / 2 4  h r  
p r e c i p i t a t i o n  event w i t h o u t  damage. 

EmnREMENTS @K lN€ DfSlaN OF SEDIMEM P D W .  
F igu re  1 NOT TO 5M-E.  
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he ma in  economic c r i t e r i o n  f o r  t h e  c o n s t r u c t i o n  o f  a  
e d i m e n t a t i o n  pond w i l l  be t o  m i n i m i z e  ear thmov ing .  
h i s  demands c a r e f u l  l o c a t i o n  wh ich  i s  made c o n s i d e r a b l y  
a s i e r  by t h e  a v a i l a b i l i t y  o f  a  good t o p o g r a p h i c  map 
u r i n g  t h e  p r e - m i n i n g  p l a n n i n g  p rocess .  Sediment  ponds 
an be used i n d i v i d u a l l y  o r  i n  s e r i e s  [816.46(a) ] .  They 
u s t  be c o n s t r u c t e d  b e f o r e  any d i s t u r b a n c e  t a k e s  p l a c e ,  
n d  t h e y  may n o t  be c o n s t r u c t e d  i n  t h e  course  o f  
e r e n n i a l  s t reams u n l e s s  approved b y  t h e  RA. 
I. DETENTION TIME 
he t o t a l  volume o f  t h e  pond w i l l  depend p a r t l y  on t h e  
ed iment  s t o r a g e  volume and a l s o  upon t h e  d e t e n t i o n  
ime. The d e t e n t i o n  t i m e  i s  c a l c u l a t e d  u s i n g  a  1 0  y r l  
4  h r  p r e c i p i t a t i o n  e v e n t  and i s  t h e  average t i m e  t h a t  
he d e s i g n  f l o w  i s  d e t a i n e d  i n  t h e  pond. Sed imenta t ion  
onds must  p r o v i d e  a  t h e o r e t i c a l  d e t e n t i o n  t i m e  o f  n o t  
ess t h a n  24 hours .  I n  c e r t a i n  c i r cumstances  [816.46 
c )  ( 1  )I, t h e  RA may approve  a  d e t e n t i o n  t i m e  o f  l e s s  
han 24 h o u r s  b u t  n o t  l e s s  t h a n  10 hours .  Approva l  o f  

s h o r t e r  d e t e n t i o n  t i m e  depends upon t h e  d e s i g n e r  
e i n g  a b l e  t o  demons t ra te  an improved sediment  removal  
f f i c i e n c y  due t o  t h e  pond des ign ,  and t h a t  t h e  pond i s  
apab le  o f  a c h i e v i n g  and m a i n t a i n i n g  e f f l u e n t  l i m i t a -  
i o n s .  The RA may a l s o  approve d e t e n t i o n  t i m e s  o f  l e s s  
han 10 hours  i n  cases where a  chemica l  t r e a t m e n t  p r o -  
ess i s  t o  be used, i f  i t  can be demons t ra ted  t h a t  t h i s  
Nil1 be harmless  t o  f i s h  and w i l d l i f e  and w i l l  a c h i e v e  
nd  m a i n t a i n  e f f l u e n t  l i m i t a t i o n s .  
he d e s i g n  o f  sediment  ponds s h o u l d  i n  t h e o r y  be based 
In t h e  s i z e  o f  t h e  p a r t i c l e s  wh ich  a r e  t o  be t rapped ,  
. h e i r  s e t t l i n g  v e l o c i t y  and hence t h e  d e t e n t i o n  t i m e  
.equ i red .  The s e t t l i n g  v e l o c i t y  i s  a  f u n c t i o n  o f  t h e  
l e n s i t y ,  s i z e  and shape o f  t h e  p a r t i c l e  and a l s o  t h e  
~ i s c o s i t y  o f  t h e  f l u i d .  T a b l e  1  shows how l o n g  i t  w i l l  
take p a r t i c l e s ,  w i t h  a  s p e c i f i c  g r a v i t y  o f  2.65, t o  
; e t t l e  i n  s t i l l  w a t e r  a t  10°C. 
rABLE 1  

DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
I. LOCATION d i s t u r b e d  a r e a  w i t h i n  t h e  upstream d r a i n a g e  a rea .  The 
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SETTLING TIME FOR PARTICLES I N  FLUID 
(S.G. 2.65, a t  10°C) 

l i a m e t e r  (mm) 
Time Requ i red  t o  

S e t t l e  1 '  

1  . O  coarse  sand 3  seconds 
0.1 f i n e  sand 38 seconds 
0.01 s i l t  33 m i n u t e s  
0.001 b a c t e r i a  35 h o u r s  
0.0001 c l a y  230 da s  

Source! 
rom Tab le  1 ,  i t  w i l l  be a p p r e c i a t e d  t h a t  v e r y  f i n e  
01 l o i d a l  p a r t i c l e s  may t a k e  c o n s i d e r a b l y  l o n g e r  t o  
, e t t l e  t h a n  t h e  1  day d e t e n t i o n  t i m e  r e q u i r e d  i n  t h e  
~ e r f o r m a n c e  s t a n d a r d s .  However, i r r e s p e c t i v e  o f  t h e  
*equi rements o f  t h e  per fo rmance  s tandards ,  e f f l u e n t  
i m i t a t i o n s  a p p l y ,  and i f  these  a r e  exceeded, t h e  

r p e r a t o r  may be r e q u i r e d  t o  t a k e  a d d i t i o n a l  measures t o  
.educe t h e  c o n c e n t r a t i o n  o f  suspended s o l i d s .  I n  t h e s e  
:ases, when d r a i n a g e  w a t e r  c o n t a i n s  a  h i g h  percen tage  o f  
l e r y  f i n e  c o l l o i d a l  p a r t i c l e s  i t  may be necessary  t o  add 
I f l o c c u l a t i n g  a g e n t  t o  speed t h e  r a t e  o f  s e t t l e m e n t .  
-here a r e  a  number o f  t h e s e  a v a i l a b l e  and t h e  o p e r a t o r  
;hou ld  c o n s u l t  a  qua1 i f i e d  e n g i n e e r .  
. I I .  SEDIMENT STORAGE VOLUME 
-here  a r e  two methods b y  wh ich  sediment  s t o r a g e  volume 
lay be c a l c u l a t e d .  The f i r s t ,  wh ich  i s  r a t h e r  c o m p l i -  
:ated, i n v o l v e s  t h e  use o f  t h e  " U n i v e r s a l  S o i l  Loss 
:qua t ion  ( s e e  Sheet  6 : 1 ) ,  G u l l y  E r o s i o n  Rates and t h e  
;ediment D e l i v e r y  R a t i o  c o n v e r t e d  t o  sediment  volume." 
-he second method, w h i c h  i s  much s i m ~ l e r .  r ~ n u i r ~ ~  a 
ed iment  s t o r a g e  v 0 l ~ m e  o f  0.1 a c r e - f t .  f o r  each acre o f  

RA may approve  a  s t o r a g e  volume o f  l e s s  t h a n  0.1 a c r e -  
f t .  under c e r t a i n  c o n d i t i o n s  [816 .46(b ) (2 ) ] .  These 
c o n d i t i o n s  r e q u i r e  t h e  o p e r a t o r  t o  demons t ra te  t h a t  
sediment  i s  removed by o t h e r  sediment  c o n t r o l  measures 
equal  t o  t h e  r e d u c t i o n  i n  sediment  s t o r a g e  volume. There 
a r e  a  number o f  measures wh ich  t h e  mine o p e r a t o r  may t a k e  
upstream o f  t h e  s e d i m e n t a t i o n  pond i n c l u d i n g  o t h e r  de- 
t e n t i o n  pond ing  d e v i c e s  emp loy ing  l e s s  e l a b o r a t e  dams 
and : p i l l w a y s  t h a n  t h o s e  r e q u i r e d  f o r  t h e  main s e d i -  
m e n t a t i o n  pond. An e f f e c t i v e  sed iment  c o n t r o l  impound- 
ment, f o r  i n s t a n c e ,  t o  remove l a r g e r  sediments can be  
c o n s t r u c t e d  w i t h o u t  a  t r i c k l e  t u b e  u s i n g  a  permeable 
r o c k  dam w i t h  a  p l a s t i c  f i l t e r  c l o t h .  There a r e  a  
number o f  t h e s e  p l a s t i c  f i l t e r  c l o t h s  a v a i l a b l e .  F i g u r e  
2 shows a  h y p o t h e t i c a l  s e c t i o n  t h r o u g h  a  r o c k  sediment  
c o n t r o l  dam a c r o s s  a  sma l l  d r a i n a g e  channe l .  
I 

, _ I 7 - -  - 

O t h e r  sma l l  sediment  c o n t r o l  impounding d e v i c e s  u s i n g  
gab ions ,  l o g  dams, e t c . ,  may be used above t h e  ma in  
s e d i m e n t a t i o n  pond. Gabions have been used f a i r l y  w i d e l j  
i n  t h e  s u r f a c e  m i n i n g  i n d u s t r y  and i n  some cases have 
been used f o r  f a i r l y  l a r g e  dams. The pho tograph  ( F i g u r e  
3 )  shows a  gab ion  t y p e  s t r u c t u r e  a l s o  used f o r  s i l t  
c n n t r o l  i n  F a y e t t e  County, WV (Source:  1 ) .  

F i g u r e  3 
The N o r t h e a s t  F o r e s t  E x p e r i m e n t a l  S t a t i o n  a t  Berea,  
Kentucky,  conducted exper iments  e a r l y  i n  t h e  1 9 7 0 ' s  t o  
e s t i m a t e  t h e  sediment  g e n e r a t i o n  by l a n d  d i s t u r b e d  b y  
s u r f a c e  m i n i n g .  I n  t h e  e x p e r i m e n t a l  watershed,  wh ich  
c o n t a i n e d  63 ac res  o f  l a n d  a f f e c t e d  b y  s u r f a c e  m i n i n g ,  
t h e  sediment  pond t r a p p e d  0.82 a c r e - f t .  o f  sediment  whic 
was e q u i v a l e n t  t o  0.54"  o v e r  t h e  who le  d i s t u r b e d  a reas .  
P a r t l y  on t h e  b a s i s  o f  t h e s e  exper iments ,  t h e  F o r e s t  
S e r v i c e  and t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  p r e d i c t e d  a  
0.20 a c r e - f t .  sed iment  y i e l d  p e r  a c r e  o f  d i s t u r b e d  
acreage. T h i s  p r o d u c t i o n  i n c l u d e d  a  s a f e t y  f a c t o r  and 
t h i s  was subsequen t l y  used i n  K e n t u c k y ' s  s u r f a c e  mine  
r e g u l a t i o n s .  ( 6 )  
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DISCUSSION & DESIGN GUIDELINES (CONTINUED) 

V. DEWATERING 
'A non-clogging dewater ing device" (e.g. a t r i c k l e  tube 
r i t h  a t r a s h  rack  o r  condu i t  s p i l l w a y )  s h a l l  be l oca ted  
io t h a t  i t s  lower  e l e v a t i o n  i s  below t h e  maximum eleva- 
; ion of  t h e  sediment o f  t h e  sediment s torage volume. 
:816.46(d)l F igu re  4 shows a s imple t r i c k l e  tube 
wrangement w i t h  a t r a s h  rack .  

F igu re  4 

I. SEDIMENT REMOVAL 
iediment must be removed when t h e  volume o f  sediment 
~ccumulates t o  60% o f  t h e  design sediment s torage volume 
-816.46(h)]. Th is  a p p l i e s  un less  t he  sedimentat ion pond 
ias  been designed and const ruc ted w i t h  a d d i t i o n a l  sed i -  
nent o r  water s torage capac i t y  and approved by t h e  RA. 
jediment r e m v a l  i s  most e a s i l y  accomplished us ing  a 
i r a g l  i n e  o r  a clam-she1 1 . Many smal l  opera tors  w i l l  
lave access t o  n e i t h e r  o f  these pieces o f  equipment 
~ l t h o u g h  a long-arm backhoe may be a v a i l a b l e  i n  these 
:ases. It may be more economic t o  cons t ruc t  t h e  sed i -  
nent bas in  w i t h  a l a r g e r  s torage volume as i s  pe rm iss ib le  
i n  Sect ion  816.46(h) i n  o rde r  t o  reduce the  need f o r  
sediment removal. 
/ I .  DAM, EMBANKMENT 
-816 .46 ( i ) - ( p ) ]  The minimum e l e v a t i o n  o f  t h e  t op  o f  
the s e t t l e d  embankment must be 1 ft. above t h e  water 
;urface i n  t he  pond when the  emergency s p i l l w a y  i s  
Flowing a t  t he  design depth. A minimum o f  5% a l low-  
ince f o r  se t t lement  i n  t he  he igh t  o f  t he  dam must be 
i l l owed  du r i ng  cons t ruc t i on .  The minimum top  w i d t h  
)f the  embankment s h a l l  n o t  be l e s s  than the  quo- 
t i e n t  o f  (H + 35) d i v i d e d  by 5 where H i s  t he  he igh t  
i n  fee t  of  t he  embankment as measured from the  up- 
stream toe  o f  t he  embankment. The maximum slopes o f  t he  
~ p s t r e a m  o r  downstream s ides o f  t he  embankment should not  
2xceed 1v:Zh bu t  t he  a d d i t i o n  o f  t he  g rad ien ts  f o r  bo th  

embankments should no t  exceed lv:5h. Dur ing cons t ruc t i o r  
t he  foundat ion  o f  t he  embankment should be c leared o f  a l l  
o rgan ic  ma t te r  and t h e  e n t i r e  foundat ion  area s c a r i f i e d .  
The f i l l  m a t e r i a l  should be f r e e  o f  l a r g e  r o o t s  and other 
vege ta t i ve  m a t e r i a l  and b u i l t  up i n  h o r i z o n t a l  l i f t s  so 
as t o  achieve good compaction. The e n t i r e  embankment 
should be s t a b i l i z e d  a f t e r  cons t ruc t i on  w i t h  a vegeta t ive  
cover, and t h e  a c t i v e  upstream face o f  t he  embankment 
r ip - rapped o r  o therwise s t a b i l i z e d  [816.46(s)]. 

V I I .  INLET DESIGN 
I n l e t  design i s  an impor tan t  f a c t o r  i n  t h e  design o f  
sediment ponds. The performance c o n t r o l s  do n o t  spec i f y  
t h e  design o f  i n l e t s  f o r  sedimentat ion ponds. However 
i n  sec t i on  816.46(c) ( l )  i t  i s  s t a t e d  t h a t  t h e  RA may 
approve a de ten t i on  t ime o f  l e s s  than 24 hours ( b u t  n o t  
l e s s  than 10 hours) i f  an improvement i n  "sediment 
removal e f f i c i e n c y "  can be demonstrated by " i n f l ow  and 
o u t f l o w  f a c i l i t y  l oca t i ons ,  b a f f l e s  t o  decrease i n f l o w  
v e l o c i t y  and s h o r t  c i r c u i t i n g  ...." I f  water en te rs  a t  
one p o i n t  a t  a h i g h  v e l o c i t y ,  sediments a l ready s e t t l e d  
i n  t h e  pond a re  l i k e l y  t o  be d i s tu rbed  and se t t l emen t  
i s  poor. M u l t i p l e  i n l e t s ,  b a f f l e s ,  o r  spreading devices 
t o  reduce i n l e t  v e l o c i t y  a re  recommended. Small m o d i f i -  
ca t i ons  t o  t he  i n l e t  design and consequent ly t h e  pa t te rn  
o f  f l o w  o f  p o l l u t e d  water  through t h e  pond may s i g n i f i -  
c a n t l y  a1 t e r  t he  percentage o f  suspended s o l i d s  removed. 
V I I I .  EMERGENCY SPILLWAY 
The combinat ion o f  p r i n c i p a l  and emergency s p i  1 lways 
must be capable o f  passing a 25 y r /24  h r  p r e c i p i t a t i o n  
event w i t h o u t  damage t o  t he  pond. The e l e v a t i o n  o f  t h e  
c r e s t  o f  t h e  emergency s p i l l w a y  must be 1 f t  above the  
c r e s t  o f  t he  p r i n c i p a l  s p i l l w a y ,  and t h e  emergency s p i l l  
way must be capable o f  passing t h e  design f l o w  w i t h o u t  
damage. 
IX.  REMOVAL OF PONDS 
Sedimentat ion ponds may n o t  be removed u n t i l  t h e  d i s -  
tu rbed area has been r e s t o r e d  and revegetated. The 
drainage e n t e r i n g  t he  pond must meet app l i cab le  S ta te  
and Federal water q u a l i t y  requirements f o r  t he  r e -  
c e i v i n g  stream. I n  c e r t a i n  cases, t he  RA may approve 
r e t e n t i o n  o f  a sedimentat ion pond i n  which case i t  must 
meet t he  requirements f o r  permanent impoundments o f  
Sect ions 816.49 and 816.56. Where t h e  RA has approved 
permanent r e t e n t i o n  o f  sedimentat ion pond, 816.56 re-  
qu i res  t h a t  opera tors  renovate the  pond t o  meet t h e  
c r i t e r i a  s p e c i f i e d  f o r  permanent impoundments 
[816.49(a)]. 
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PROBLEM & PURPOSE 

It i s  u s u a l l y  i n  t h e  i n t e r e s t  o f  t h e  mine ope ra to r  t o  
d i v e r t  c lean r u n o f f  and streamflow from areas upslope o r  
upstream o f  t h e  mine s i t e  be fo re  i t  becomes contaminated 
w i t h  sediment and p o l l u t e d  water on the  mine s i t e  i t s e l f .  
These d i ve rs ions  i n t e r c e p t  runoff and streamflow and con- 
vey i t  around the  mine working area t o  a r e c e i v i n g  water-  
course, downstream. Th is  can r e s u l t  i n  cons iderab le  
savings f o r  t h e  ope ra to r  because a l l  sur face drainage 
from d i s tu rbed  areas must be passed through a sedimenta- 
t i o n  pond L816.421. The s i z e  o f  t h f s  sedimentat ion pond 
has t o  be s u f f i c i e n t  t o  ho ld  t he  f low from upstream f o r  
a 24 hour pe r i od  [816.46(c)]. I f  much o f  t h i s  upstream 

)I MO~ILIZATION AND MINING OPERATIOIS 

DIVERSIONS - OVERLAND FLOW AND EPHEMERAL 
STREAMS 

f l o w  can be d i ve r ted ,  then the  s i z e  requirement f o r  t h e  
pond w i l l  be t h a t  much l ess .  The d i v e r s i o n  i t s e l f  i s  
n o t  p a r t  o f  t h e  "d i s tu rbed  area" and there fore  f low 
through i t  need n o t  be passed through a sedimentat ion 
pond [816.42(a) (4)] .  D i v e r t i n g  over land f l o w  before  
i t  en te rs  t he  mine area w i l l  a l s o  he lp  t h e  ope ra to r  i n  
keeping t h e  working area and t h e  p i t  d r y  and t h e  opera- 
t i o n s  runn ing smoothly. I n  cases where t h e  overburden 
conta ins  ac id- forming ma te r i a l s ,  d i ve rs ions  around t h e  
workings a re  e s p e c i a l l y  impor tant  t o  reduce t h e  poss i -  
b i l i t y  o f  AMD and t h e  poss ib le  need t o  t r e a t  t h e  d i s -  
charge water. 
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I " I 
APPLICABILITY 

These measures app ly  t o  a l l  sur face min ing s i t e s .  They The measures a re  a l s o  e s p e c i a l l y  impor tan t  i n  steep 
a r e  e s p e c i a l l y  impor tant  where the re  i s  a l a r g e  area t e r r a i n  where eros ion problems a re  most ser ious ,  where 
upslope o f  t h e  mine s i t e  f rom which over land f l o w  o r  i t  i s  d i f f i c u l t  t o  keep p o l l u t e d  water w i t h i n  t h e  mine 
streamflow, which then passes over  t he  mine s i t e ,  o r i g i -  s i t e ,  and where con f i ned  p i t  condi tons make a d r y  work- 
nates.  I n  these cases the  requ i red  s i z e  o f  sedimentat ion i n g  area impor tant  f o r  smooth opera t ions .  

[ ~ e f i n i t i o n s ,  701.51 - 
( i )  Ephemeral streams. These c a r r y  water  o n l y  
immediately a f t e r  r a i n  o r  du r i ng  snowmel t, o the r -  
wise they a re  almost dry .  
( i i )  I n t e r m i t t e n t  streams do n o t  c a r r y  water t h e  
whole yea r  b u t  they  d r a i n  a t  l e a s t  one square mi le ,  
r ece i ve  some f l o w  from groundwater as w e l l  as run- 
o f f  and a re  a l s o  below t h e  l o c a l  water t a b l e  f o r  
p a r t  o f  t h e i r  l e n g t h  f o r  some o f  t h e  year.  
( i i i )  Perennial  streams, f l o w  the  whole yea r  round, 
r e c e i v i n g  f l o w  from bo th  r u n o f f  and groundwater. 

The requirements o f  t he  performance standards f o r  ephem- 
e ra l  stream d i ve rs ions  L816.431 are  l e s s  s t r i n g e n t  than 
those f o r  perenn ia l  and i n t e r m i t t e n t  streams C816.441. 
Temporary o r  permanent d i v e r s i o n  channels may be used t o  
d i v e r t  over land f low,  o r  f low i n  ephemeral streams, away 
from d i s tu rbed  areas i n  o rde r  " t o  minimize erosion, t o  
reduce the volume t o  be t r e a t e d  and t o  prevent  o r  remove 
dater  fro; con tac t  w i t h  ac id- forming o r  t ox i c - f o rm ing  
n a t e r i a l s  r816.431 b u t  these d i ve rs ions  do need the  

- - -  - -  
Locat ing  a d i v e r s i o n  f o r  maximum e f fec t i veness  requ i res  
a good topographic map. No areas upslope o f  t h e  d i v e r -  
s i on  may be d i s tu rbed  o therwise f l o w  i n  t he  d i ve rs ion  
dould have t o  be passed through a sedimentat ion pond. 
The Regulat ions s p e c i f y  a l s o  t h a t  no d i v e r s i o n  should be 
l oca ted  so as t o  increase 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  
[816.43(d)]. Th is  i s  p a r t i c u l a r l y  impor tant  when l o -  
c a t i n g  d i v e r s i o n  d i t ches  around t h e  upslope s i d e  o f  
dead-of-Hollow o r  Va l l ey  f i l l s ,  i n  which case these 
d i ve rs ions  should be const ruc ted on s o l i d  ground. 
11. DESIGN CAPACITY 
Temporary d i ve rs ions  must be designed t o  pass s a f e l y  a 
peak r u n o f f  f rom a p r e c i p i t a t i o n  event  w i t h  a 2 y r  
recurrence i n t e r v a l .  For permanent d i ve rs ions  the  re -  
currence i n t e r v a l  must be 10 years.  D ivers ions must 
have channels which a re  capable o f  passing t h e  design 
v e l o c i t y  w i t hou t  causing eros ion.  
The capac i t y  o f  t he  channel i s  based on c a l u c l a t i o n  o f  
t he  peak discharge. Th is  i s  c a l c u l a t e d  i n  t he  normal 
way us ing t h e  r a t i o n a l  formula:  

Q = CiA 
Where: 

Q = discharge i n  c f s ;  
C = r u n o f f  c o e f f i c i e n t ;  
i = i n t e n s i t y  o f  r a i n f a l l ;  
A = drainage area i n  acres. 

The Soi 1 Conservat ion Se rv i ce ' s  "Enqineer ing F i e l d  Manual 
f o r  Conservat ion P rac t i ces "  g ives  several  examples o f  

d i ve rs ions  t o  be const ruc ted w i t h i n  t he  proposed pe rm i t  
areas a re  requ i red  under Sect ion  780.29. 
Sect ion  816.43 conta ins  t h e  var ious  performance standar 
f o r  design and cons t ruc t i on  o f  d i ve rs ions  o f  over land 
f l o w  and ephemeral streams, and they a re  a l s o  discussed 
below. I t  should be noted t h a t  i n  Sect ion  816.42(a)(4) 
i t  s t a t e s  t h a t  " f o r  t he  purposes o f  t h i s  Sect ion  o n l y  
' d i s tu rbed  a rea '  s h a l l  n o t  i nc lude  those areas i n  which 

o n l y  d i v e r s i o n  d i t ches  .... are  i n s t a l l e d  i n  accordance 
w i t h  t h i s  Part ."  Th is  means t h a t  i f  t h e  d i ve rs ions  are  
const ruc ted t o  t he  standards i n  816.43 and approved by 
t he  RA, t h e  f l o w  i n  t he  d i ve rs ions  need n o t  be passed 
through a sedimentat ion pond, and t h e  d i v e r s i o n  w i l l  
a l s o  reduce t h e  s i z e  o f  sedimentat ion ponds which a re  
requ i red.  However. Sect ion  816.43(c) requ i res  t h a t  a l l  
d i ve rs ions  be designed, const ruc ted and main ta ined i n  a 
manner which prevents a d d i t i o n a l  c o n t r i b u t i o n s  o f  
suspended s o l i d s  t o  stream f l o w  and t o  r u n o f f  ou t s i de  
the  pe rm i t  area. 

channels . 
111. CROSS SECTION 
Waterways may be b u i l t  i n  pa rabo l i c ,  t r apezo ida l  o r  V- 
shaped cross  sec t ions .  The pa rabo l i c  cross sec t ions  
have gene ra l l y  proved t o  be t h e  most s a t i s f a c t o r y .  
Waterways w i t h  a t r apezo ida l  cross sec t ion ,  however, a re  
e a s i e r  t o  const ruc t .  Maintenance o f  grassed waterways 
by mowing i s  abso lu te l y  e s s e n t i a l  t o  i n s u r e  t he  maximum 
e ros ion  res i s tance  of  t h e  grass. To enable f requent  
high-speed mowing t o  t ake  place, s i d e  s lopes o f  t r apezo i -  
d a l  sec t i ons  should n o t  exceed lv:3h. 



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
The performance standards r e  u i r e  a  f reeboard  o f  no l e s s  
than 0.3 f e e t .  r816.43( f ) (2)? .  
IV. CHANNEL LINING: VEGETATIVE 
The r e g u l a t i o n s  r e q u i r e  t h a t  "channel l i n i n g  s h a l l  be de- 
s igned us ing  standard eng ineer ing  p r a c t i c e s  t o  pass safe-  
l y  t he  design v e l o c i t i e s . "  [ 8 1 6 . 4 3 ( f ) ( l ) ] .  
Grass- l ined d i v e r s i o n  channels a re  gene ra l l y  t h e  most 
economical. There i s  a l s o  cons iderab le  e x p e r t i s e  i n  t he  
design o f  grass channels t o  minimize eros ion.  The USDA 
So i l  Conservat ion Se rv i ce ' s  "Engineer ing F i e l d  Manual f o r  
Conservat ion P rac t i ces "  g ives  an excel  l e n t  guide f o r  t h e  
design o f  grass d i v e r s i o n  channels. Th is  i nc ludes  the  
method f o r  es t ima t i ng  t h e  "retardance" f o r  var ious  types 
o f  vegeta t ion .  Grass channels must be capable o f  w i t h -  
s tand ing t h e  abras ive  a c t i o n  o f  water  w i t h o u t  damage. 
Genera l ly  grass channels have slopes o f  between 1  and 10 
percent.  The pe rm iss ib le  v e l o c i t i e s  f o r  var ious  types 
o f  grass and s o i l  e r o d i b i l i t y  a re  shown on Table 1. 
Note t h a t  t h e  range i s  between 2-6 f ps  w i t h  v e l o c i t i e s  
o f  7-8 f ps  used o n l y  where t h e  sward i s  o f  t h e  h ighes t  
q u a l i t y .  
rab le  I. PERMISSIBLE VELOCITIES FOR CHANNELS LINED 

WITH VEGETATION 

Slope Permiss ib le  v e l o c i t y  lJ 
Cover range / Eros ion re-  E a s i l y  

s i  s t a n t  s o i  1  s  eroded so i  1  s  
(percent )  ( fps)  ( fps)  

0-5 8  6  
3ermuda grass 5-10 7  5  

over  10 6  4 

3ahia 
3 u f f a l o  grass 
ien tucky  bluegrass 0-5 7  5  
Smooth brome 5-1 0  6  4  
31ue grama over  10 5  3  
r a l l  fescue 

i r a s s  m ix tu res  - 2/ 0-5 5  4  
teed canarygrass 5-10 4  3  

-espedeza ser icea 
deeping lovegrass 
Yellow b l  uestem 
Zedtop - 3/ 0-5 3.5 2.5 
l l f a l f a  
Zed fescue 

:ommon lespedeza 4/ 5/ 0-5 
- 3.5 2.5 hdangrass  4J 

- 

IJ Use v e l o c i t i e s  exceeding 5  f p s  o n l y  where good covers 
and proper maintenance can be obtained. 

g/ Do n o t  use on slopes steeper than 10% except f o r  veg- 
e t a t e d  s ide  s lopes i n  combinat ion w i t h  a  stone, con- 
c re te ,  o r  h i g h l y  r e s i s t a n t  vege ta t i ve  cen te r  sec t ion .  

g/ Do n o t  use on slopes steeper than 5% except f o r  veg- 
e t a t e d  s ide  s lopes i n  combinat ion w i t h  a  stone, con- 
c r e t e  o r  h i g h l y  r e s i s t a n t  vege ta t i ve  center  sec t ion .  

4J Annuals--use on m i l d  s lopes o r  as temporary pro tec-  
t i o n  u n t i  1  permanent covers a re  es tab l ished.  

5J Use on slopes steeper than 5% i s  n o t  recommended. 

n e t t i n g s  a r e  on t h e  market and can be used t o  s t a b i l i z e  
grassed waterways a t  t h e  t ime o f  seeding. I n  l a r g e r  
channels where several  w id ths  o f  n e t t i n g  a re  requ i red  
these should over lap  by 2  inches and t h e  ove r l ap  be 
s tap led  4  t o  10 inches apar t .  The ends o f  t h e  r o l l s  
should a l s o  be over lapped and t h e  t o p  ends bu r i ed  i n  
t renches 4 inches deep. A f t e r  l a y i n g  these nets,  they  
should be r o l l e d  w e l l  t o  i nsu re  good con tac t  w i t h  t h e  
s o i l .  
V. REINFORCING VEGETATIVE LININGS 
The e ros ion  res i s tance  o f  a  grass waterway can be i n -  
creased i n  d i f f i c u l t  cases by r e i n f o r c i n g  t h e  sward w i t h  
ny lon  n e t t i n g  o r  by i n t r o d u c i n g  f i b e r g l a s s  eros ion 
checks a t  r e g u l a r  i n t e r v a l s .  Erosion checks a r e  u s u a l l y  
const ruc ted o f  f i b e r g l a s s  ma t t i ng  which i s  i n s t a l l e d  
across t he  waterway. They prevent  t he  fo rmat ion  of  
g u l l i e s  and a i d  i n  t he  es tab l ishment  o f  vegeta t ion .  
P re fe rab l y  t hey  should be i n s t a l l e d  a t  any changes i n  
g rad ien t  and downstream from t h e  conf luence o f  two d i -  
versions. I n s t a l l a t i o n  i nvo l ves  excavat ing  a  1  f o o t  
deep t rench  and i n s t a l l i n g  a  v e r t i c a l  membrane o f  f i b e r -  
g lass .  It i s  secured w i t h  s tap les ,  b a c k f i l l e d ,  compact- 
ed and the  excess f i b e r g l a s s  trimmed o f f  f l u s h  w i t h  t h e  
surface (F igu re  2) .  

1'.  /--" Figu re  2  
V I .  STRAW BALE AND BRUSHWOOD EROSION CHECKS 

(ABOVE GROUND) 
I n  cases where a  grass channel i s  e rod ing o r  t o  he lp  
s t a b i l i z e  a  grass channel var ious  types o f  above-ground 
eros ion checks can be used. 
On channels over  9 f e e t  wide, s t raw ba le  checks as shown 
i n  F igu re  3  may be used. Bales a r e  staked down w i t h  
2  x 2 '6 "  wooden o r  metal  stakes and t i e d  down w i t h  ny lon  
o r  w i re .  Riprap i s  p laced t o  form an apron downstream 
o f  t he  check f o r  a  minimum d is tance o f  4  f e e t  and a t  t h e  
edge o f  t he  channel on bo th  s ides. On channels of l e s s  
than 9 f e e t  i n  w i d t h  t he  smal l  checks shown i n  F igu re  4  
may be used w i t h o u t  an apron. They should be spaced 
about 40 f e e t  apa r t .  Checks must be removed p r i o r  t o  
f i n a l  r e s t o r a t i o n  

f 

Where a  l onge r  l i f e  e ros ion  check i s  requ i red  a  t h ree  
f o o t  cyclone fence i s  n a i l e d  on t h e  upstream s i d e  o f  
4" x  4" wooden stakes across t h e  channel. Straw ba les  
a r e   laced on t h e  upstream s i d e  as shown. These a re  

Papid s t a b i l i z a t i o n  o f  grass d i v e r s i o n  channels f o l l o w -  
i n g  grad ing i s  obv ious l y  essen t i a l  t o  minimize erosion. 
iydroseeding and mulching w i l l  he lp  cons iderab ly  b u t  w i red  toge the r  and t o  t he  fence. R iprap i s  placed as 
i n  c r i t i c a l  areas o t h e r  forms o f  s t a b i l i z a t i o n  may be f o r  s t raw ba le  checks and i n  some cases, t h e  s t raw 
sppropr ia te .  A  v a r i e t y  o f  j u t e ,  paper,  and p l a s t i c  ba les  may be covered w i t h  crushed stone. Th is  i n s t a l l a -  
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cion must a l so  be removed p r i o r  t o  r e s t o r a t i o n .  When 
i t r a w  i s  n o t  a v a i l a b l e  b u t  when the re  a r e  l a r g e  quan t i -  
t i e s  o f  brushwood on s i t e ,  brushwood bundles approximate- 
l y  18 inches i n  diameter can be made up on s i t e  w i t h  #9 
w i r e  and l a i d  i n  staggered format ion  upstream o f  t he  
fence and w i red  t o  t h e  fence. Riprap i s  placed as be- 
f o re .  Wooden stakes ( u s u a l l y  4  i n c h  diameter po les )  may 
a l so  be used i n  va r i ous  conformat ions t o  p rov ide  e ros ion  
checks alone o r  w i t h  s t raw o r  brushwood. These a l t e r n a -  
t i v e s  a re  shown i n  Fig.  5 and F ig .  6. 

WE &ELK WITH 9TIZAw 6bhH CR E~EV~HWOOD. 

'11. CHANNEL LINING - NON-VEGETATIVE 
'emporary d i v e r s i o n  channels may be s t a b i  1  i z e d  w i t h  as- 
) h a l t  concrete,  r i p r a p  o r  o t h e r  non-vegetat i  ve 1  i n i n g ,  
but non-vegetat ive l i n i n g s  may be used f o r  permanent 
l i ve rs ions  o n l y  w i t h  t h e  approval  o f  t he  RA. I n  the  
:ase o f  a  d i v e r s i o n  which has permanent wetness i n  t h e  
)ottom, grass w i l l  n o t  g i v e  good p r o t e c t i o n .  I n  these 
:ases i t  i s  quest ionab le  t h a t  i t  i s  an 'ephemeral' and 
l o t  an i n t e r m i t t e n t  stream. To prevent  e ros ion  a  stone 
:enter d r a i n  o r  underdra in  should be i n s t a l l e d .  A l t e r -  
l a t i v e s  a re  shown i n  Figures 7 and 8. 

V I I I .  DROP STRUCTURES AND CHECK DAMS, ENERGY DISSIPATORS 
These counterac t  g u l l y  e ros ion  i n  waterways by reduc ing 
t h e  e f f e c t i v e  g rad ien t  o f  t h e  channel. They should be 
used when t h e  f l o w  v e l o c i t y  exceeds t h a t  f o r  which vege- 
t a t i o n  can p rov ide  e f f ec t i ve  p r o t e c t i o n .  These may be 
p re fe rab le  t o  t h e  use o f  a  concrete,  aspha l t  o r  r i p r a p  
l i n i n g ,  p a r t i c u l a r l y  f o r  permanent channels when such 
l i n i n g s  r e q u i r e  t h e  approval  o f  t h e  RA. Se lec t i on  o f  
t h e  t ype  o f  drop s t r u c t u r e  o r  check dam and t h e  m a t e r i a l s  
t o  be used w i l l  depend on f l o w  v e l o c i t y ,  cos t ,  performanc~ 
and a e s t h e t i c  aspects. Ma te r i a l s  may c o n s i s t  o f  t imber ,  
rock,  gabions, concrete,  brush o r  sod. To prevent  under- 
c u t t i n g  t he  toe  a l l  s t r u c t u r e s  should be keyed w e l l  i n t o  
t he  e x i s t i n g  ground surface. The approval  o f  t h e  RA 
should be obta ined f o r  t h e  use o f  these s t r u c t u r e s  on 
permanent d i ve rs ions .  F igures  9, 10, and 11 show 
a l t e r n a t i v e  sp i l lways  f o r  d i v e r s i o n  channels. I t should 
be noted t h a t  sec t i on  816.43(f)  ( 3 )  r equ i res  t h a t  energy 
d i s s i p a t o r s  s h a l l  be i n s t a l l e d  where d i ve rs ions  meet a  
n a t u r a l  stream i f  t h e  v e l o c i t y  i n  t h e  d i v e r s i o n  exceeds 
t h a t  i n  t h e  stream. See Sheet 6:2 f o r  d e t a i l s  of  a  dumpe 
rock  energy d i s s i p a t o r .  
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ve rs ion  o f  streams which cross t h e  proposed coa l  ex t rac -  
t i o n  area i s  p a r t i c u l a r l y  impor tant  f o r  c e r t a i n  types o f  
min ing - e.g. area min ing which r e l i e s  on moving the  c u t  
s t e a d i l y  across t h e  s i t e  w i t h o u t  any obs t ruc t i ons .  Where 
overburden i s  t h i c k  any obs t ruc t i ons  on t h e  surface 
(streams, roads, e t c . )  which a re  n o t  d i v e r t e d  o r  r e l o -  
ca ted w i l l  r e s u l t  i n  t h e  s t e r i l i z a t i o n  o f  a  l a r g e  area 
o f  coa l  because o f  t he  b a t t e r  o f  t h e  h igh  w a l l  when 
min ing around obs t ruc t i ons .  
D i ve rs ion  o f  streams t o  reduce t h e  amount o f  f l o w  which 
must be passed throuqh sedimentat ion ponds i s  ver.y 

where i t  w i l l  be d i f f i c u l t  t o  con f i ne  drainage water  t o  
t h e  pe rm i t  area. I n  t h e  case o f  contour  mining, d i -  
vers ions may have t o  c ross  t h e  e x t r a c t i o n  area i n  temp- 
o ra ry  p ipes o r  chutes. 
The d i v e r s i o n  o f  streams t o  reduce t h e  problem o f  de- 
wa te r i ng  t h e  working area and t h e  p i t  w i l l  be most im- 
p o r t a n t  i n  cases where t h e  p i t  i s  conf ined and where much 
equipment i s  working i n  t h e  bottom o f  t h e  p i t .  It i s  a l -  
so very  impor tant  on s i t e s  where t h e  overburden conta ins  
l a r g e  amounts o f  ac id- forming ma te r i a l s .  I t  should be 
noted t h a t  d i ve rs ions  must be approved by t he  RA b u t  t ha t  
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The combinat ion of channel bank and f l o o d p l a i n  conf igura- 
t i o n s  f o r  temporary d i ve rs ions  must be adequate t o  pass 
s a f e l y  t he  peak r u n o f f  from a 10-yr/24-hr p r e c i p i t a -  
t i o n  event, w h i l e  t h e  combinat ion o f  channel bank and 
f l o o d p l a i n  con f i gu ra t i ons  f o r  a  permanent d i v e r s i o n  
must be adequate t o  pass s a f e l y  t he  peak r u n o f f  from a 
100-yr/24-hr p r e c i p i t a t i o n  event. I n  bo th  cases the  
capac i t y  o f  t he  channel must be a t  l e a s t  equal t o  t he  
capac i t y  o f  t he  unmodif ied stream channel immediately 
upstream and downstream o f  t he  d i ve rs ion .  The performance 
standards r e q u i r e  t h a t  t he  l o n g i t u d i n a l  p r o f i l e  o f  t he  
stream channel and t h e  f l o o d p l a i n  be designed and con- 
s t r u c t e d  t o  remain s t a b l e  and t o  prevent  a d d i t i o n a l  con- 
t r i b u t i o n s  o f  suspended s o l i d s  t o  stream f l o w  o r  r u n o f f  
ou t s i de  t h e  pe rm i t  areas. 
11. CROSS SECTION AND CHANNEL LINING 
The requ i red  t reatment  o f  t h e  channel d i f f e r s  between 
permanent and temporary d i ve rs ions .  Some o f  t h e  p r i n -  
c i p l e s  descr ibed on sheet 6:4 o f  us ing grass and o t h e r  
vege ta t i on  t o  s t a b i l i z e  d i ve rs ions  a l s o  app ly  t o  t h a t  
p a r t  o f  these d i ve rs ions  which i s  n o t  permanently wet. 
Sect ion  816.44(b) (1)  requ i res  t h a t  any e ros ion  c o n t r o l  
s t r u c t u r e s ,  such as channel 1  i n i n g s ,  r e t e n t i o n  basins, 
a r t i f i c i a l  channel roughness s t ruc tu res ,  should o n l y  be 
used w i t h  t h e  approval of t he  RA and i t  i s  noted t h a t  
these s t r u c t u r e s  w i l l  be approved f o r  permanent d i v e r -  
s ions  o n l y  where they are  s t a b l e  and w i l l  o n l y  r e q u i r e  
i n f requen t  maintenance. However 816.44(d) requ i res  t h a t  
t h e  l o n g i t u d i n a l  p r o f i l e  and cross-sect ion  o f  a  res to red  
o r  permanent stream d i v e r s i o n  should i nc lude  aquat ic  
h a b i t a t s  ( u s u a l l y  a  p a t t e r n  o f  r i f f l e s ,  poo ls  and drops 
r a t h e r  than un i f o rm  depths) t h a t  approximate premining 
stream c h a r a c t e r i s t i c s .  I t a l s o  r e w i r e s  t h a t  t h e  

PROBLEM & PURPOSE 
E l  

It may be des i rab le  t o  d i v e r t  stream channels e i t h e r  w h i l e  passing over  t h e  working area. 
t empora r i l y  o r  permanently f o r  any o f  t h e  f o l l o w i n g  3. D i ve rs ion  o f  f l o w  from upstream areas reduces 
reasons: t h e  requ i red  capac i t y  o f  sedimentat ion ponds as 

1. To a l l o w  t h e  e x i s t i n g  channel t o  be mined o n l y  t h e  drainage from the  d i s tu rbed  areas w i l l  
through, enab l ing  t h e  e x t r a c t i o n  o f  coal  beneath f l o w  through t h e  pond. 
and r a t i o n a l i z a t i o n  o f  t he  min ing opera t ion .  4. D i ve rs ion  o f  streams away from the  working area 
2. To d i v e r t  unpo l l u ted  stream f l o w  around the  reduces t h e  problem o f  p i t  dewatering, and o t h e r  
mine working, so avo id ing contaminat ion w i t h  sed i -  problems o f  hand l ing  drainage water  on a  sur face 
ment o r  by con tac t  w i t h  ac id- forming m a t e r i a l s  mine s i t e .  

APPLICABILITY 
l ~ h e s e  measures app ly  t o  a1 1  sur face min ing s i t e s .  D i -  d i s tu rbed  l and  above t h e  mine s i t e ,  and i n  h i l l  t e r r a i n  
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t i c a b l e ,  t h e  n a t u r a l  r i p a r i a n  vege ta t i on  on t h e  bank of  
t h e  stream. 
111. BANK CONFIGURATION AND STABILIZATION 
A "na tu ra l  meandering" stream i s  u s u a l l y  c u t t i n g  t h e  
bank on t h e  ou ts ide  o f  bends ( t h e  bank here be ing steep) 
and depos i t i ng  on the  i n s i d e  o f  t he  bend where t h e  bank 
i s  shal low. When c r e a t i n g  a  meandering p r o f i l e  w i t h  
v a r i a t i o n s  i n  t he  depth o f  water,  i t  i s  des i rab le  t o  
copy t h i s  n a t u r a l  s i t u a t i o n .  Steep banks can be con- 
s t r u c t e d  us ing  var ious  techniques and should u s u a l l y  
r e l y  on p l a n t i n g  of n a t u r a l  r i p a r i a n  vegeta t ion  t o  pro-  
v i de  permanent s t a b i l i z a t i o n .  The lower r i p a r i a n  zone 
i n  t he  Nor theast  and Midd le  A t l a n t i c  Sta tes  has a  
n a t u r a l  growth o f  w i l l o w ,  a lde r ,  bu t t on  bush, smal l  
maples, sweet gum and swamp rose. These vege ta t i on  types 
can be used t o  s t a b i l i z e  streambanks. The most commonly 
used of these i s  w i l l ow ,  because o f  i t s  c a p a b i l i t y  t o  
develop r o o t s  from c u t t i n g s  and i t  throws up suckers 
r e a d i l y .  Wi l lows can be p lan ted  e i t h e r  as i n d i v i d u a l  
c u t t i n g s  o r  bound toge the r  i n  var ious  forms, e.g. w i l l o w  
mattresses o r  bundles o r  r o l l s  (F igures  1  and 2) .  
Wi l low r o l l s  (which may a l s o  con ta in  reeds) are  u s u a l l y  
1 ' - 1 ' 6 "  i n  diameter and a r e  const ruc ted o f  w i r e  n e t t i n g .  
A  t rench  1 ' 6 "  wide and deep i s  dug along t h e  bank w i t h  a  
row o f  stakes on t h e  channel s ide.  Wire n e t t i n g  i s  
s t re t ched  across t h e  t rench  and about 4" coarse grave l  
dumped on to  i t  f o r c i n g  i t  i n t o  t h e  t rench.  On t h i s  
should be placed 1  ayers o f  sod, w i l l o w  shoots and reed 
clumps, u n t i l  t he  upper edges o f  t he  w i r e  wi 11 j u s t  
meet. The upper edge o f  t h e  r o l l  should n o t  be more 
than 2" above water l e v e l  f o r  a  reed r o l l  and 1 '  above 
water  l e v e l  f o r  a  w i l l o w  r o l l .  
Wi l low bundles o r  ' f a s c i n e s '  have a  diameter o f  3"-12" 

l impo r tan t  on s i t e s  where t h e r e  i s  a  l a r g e  area o f  un- t h e  RA may a l s o  r e q u i r e  d i ve rs ions  t o  be i n s t a l l e d .  
REVELANT SECTIONS OF THE REGULATIONS 

Sheet 6:4 descr ibed t h e  performance c o n t r o l  and design stream d i ve rs ions .  Bu t  a  d i s t i n c t i o n  i s  made i n  t h e  
gu ide l i nes  f o r  t he  d i v e r s i o n  o f  ephemeral streams and design o f  permanent versus temporary d ivers ions.  It 
over land f low.  Th i s  sheet considers t he  d i v e r s i o n  o f  should be noted here t h a t  Sec t i on  816.42 requ i res  t h a t  
streams w i t h  perenn ia l  o r  i n t e r m i t t e n t  f low.  Both a l l  sur face drainage f rom d i s tu rbed  areas i s  passed 
perenn ia l  and i n t e r m i t t e n t  streams may be d i v e r t e d  through a  sedimentat ion pond b u t  Sect ion  816.42(a) (4 )  
C816.441 b u t  t h e  d i ve rs ions  must be approved by t he  RA. s p e c i f i c a l l y  excludes d i v e r s i o n  d i t ches .  From t h i s  
The a p p l i c a t i o n  must con ta in  p lans of a l l  proposed d e f i n i t i o n  i t  i s  n o t  c l e a r  whether "d i ve rs ion  d i t ches "  
stream channel d i ve rs ions  w i t h i n  t h e  proposed pe rm i t  i nc lude  stream channel d ivers ions.  Sect ions o f  t h e  
area under Sect ion  780.29. Regulat ions which deal s p e c i f i c a l l y  w i t h  t he  design and 
The performance standards make no d i s t i n c t i o n  between cons t ruc t i on  o f  stream d i ve rs ions  a re  discussed below. 
t h e  desiqn requirements f o r  permanent and i n t e r m i t t e n t  
DISCUSSION & DESIGN GUIDELINES 

11. CAPACITY qu i res  t h e  opera tor  t o  r e s t o r e  and enhance, where prac- 

- 
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stream be res to red  t o  i t s  "na tu ra l  meandering shape" w i t h  and con ta in  w i l l o w  shoots and sod and a re  t i g h t l y  bound 
an env i ronmenta l ly  acceptable grad ient .  The Sect ion  r e -  around w i t h  w i re .  On c u t  banks packed fasc ine  cr ib -work  
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(F igu re  3)  can be employed o r  s i n g l e  fasc ines o r  w i l l o w  use o f  w i l l o w  mattresses made from 4 ' - 6 '  w i l l o w  switches. 
r o l l s  can be used (F iqu re  2 ) .  The packed fasc ine  c r i b -  These a r e  he ld  down bv stakes and b ra ided  o r  w i red  t o -  
~ o r k  cons i s t s  o f  l aye rs  o f  bundles,' secured by stakes. gether  and covered l i g h t l y  w i t h  d i r t .  These techniques 
The spaces between the  bundles a re  f i l l e d  w i t h  d i r t  and can be adapted t o  t he  l o c a l  cond i t i ons ,  vegeta t ion  
mo the r  l a y e r  i s  added on top. Another technique i s  t he  and expe r t i se  a v a i l a b l e .  

F igu re  1. Wi l low r o l l  formed o f  F igu re  2. Wi l low r o l l  staked aga ins t  F igu re  3. Crib-work o f  w i l l o w  r o l l s  
t i g h t l y  bound bundle o f  w i l l o w  c u t  bank and throwing ou t  new o r  bundles b a c k f i l l e d  w i t h  s o i l  
shoots, sod and coarse grave l ,  i n  shoots 
w i r e  mesh r o l l .  

I V .  THE CREATION OF STILL SHALLOWS OR REED BEDS 
dost n a t u r a l  stream channels con ta in  s t i l l  sha l low areas 
2nd beds o f  reeds t h a t  a re  impor tant  t o  t h e  b i o l o g i c a l  
:onununity. These w i l l  g radua l l y  develop i n  a  res to red  
j t ream b u t  t h e  development can be hastened by a r t i f i c i a l  
neans. Reed o r  wi 1  low berms can be const ruc ted by throw- 
ing up a  r i p r a p  and e a r t h  embankment t o  j u s t  below the  
nean water l e v e l  which i s  then p lan ted  w i t h  reed r o o t s  
~ n d / o r  w i l l o w  c u t t i n g s  as shown i n  F igure  4. These 
tou ld  be const ruc ted i n  a  wide sec t i on  o f  t he  res to red  
:hannel . 

: igure  4. Reed o r  w i l l o w  berms c r e a t i n g  areas o f  s t i l l  
sha l low water i n  a  d i v e r s i o n  channel. 

'. THE CREATION OF RIFFLES AND POOLS 
l o s t  n a t u r a l  stream channels w i l l  i nc lude  r i f f l e s  and 
l a t u r a l  j e t t i e s  which r e s u l t  i n  v a r i a t i o n  i n  t h e  depth 
~f water.  The r e c r e a t i o n  of a  n a t u r a l  stream h a b i t a t  
:an be acce lera ted by t he  c r e a t i o n  o f  c e r t i f i e d  
e t t i e s  and r i f f l e s .  These must be c a r e f u l l y  s t a b i l i z e d  
r i t h  n a t u r a l  vegeta t ion  t o  i nsu re  t h e i r  permanence. 
'a r ious  combinations o f  gabions, gabion mattresses, r i p -  

and coarse grave l .  

rap,  t imber  and na tu ra l  m a t e r i a l s  can be used i n  t he  
cons t ruc t i on  o f  j e t t i e s  and r i f f l e s .  F igu re  6  shows a  
s imple w i l l o w  j e t t y  const ruc ted o f  r i p r a p ,  crushed 
rock  and s o i l .  

F igu re  5. Wi l low j e t t i e s  used here t o  s t a b i l i z e  an 
erod ing stream bank w i l l  cause v a r i a t i o n  i n  water depth 

V I .  REMOVAL 
Temporary d i ve rs ions  must be removed and the  a f f e c t e d  
area regraded and revegeta ted t o  t he  same standards as 
o t h e r  d i s tu rbed  areas o f  t he  s i t e .  I f  the  removal o f  the 
d i v e r s i o n  w i l l  cause downstream sedimentat ion ponds 
o r  o the r  t rea tment  f a c i l i t i e s  t o  be overtopped o r  f a i l ,  
they  must be mod i f i ed  o r  removed. 

8 . b .  -..-..-- 
1 )  Tourb ier ,  J. and Westmacott, R., 1974, "Water Resources P r o t e c t i o n  Measures i n  Land Development - A Handbook," 

U n i v e r s i t y  o f  Delaware, Water Resources Center, Newark, DE. 

(1 
I 

SMALL MINE 
OPERATORS 

MEASURES 

MOBILIZATION AND MINING OPERATIONS 

STREAM DIVERSIONS - PERENNIAL AND INTERMITTENT 
STREAMS 

HANDBOOK 
I FOR 



7 1  IIHOBILIZATION AND MINING OPERATIONS ] HANDWOK 
1 4 FOR 

I t  has been shown t h a t  one o f  t he  most impor tan t  f a c t o r s  t o p s o i l  i s  t h i n ,  6" of  s o i l  ma te r i a l ,  i n c l u d i n g  what- 
i n  r e e s t a b l i s h i n g  vegeta t ion  on res to red  mine s i t e s  i s  ever  t o p s o i l  i s  p resent  and the  remainder unconsol ida- 
r e p l a c i n g  the t o p s o i l .  The removal, s torage and replace- t e d  m a t e r i a l  beneath has t o  be removed and t r e a t e d  as 
ment of  topso i  1 a r e  t he re fo re  emphasized i n  t he  p e r f o r -  t opso i  1 [816.22(c)]. 
mance c o n t r o l s  o f  t he  new Regulat ions.  Because much o f  I n  s i t u a t i o n s  where e x i s t i n g  t o p s o i l  i s  t h i n  t h e  over-  
t he  l a n d  planned f o r  coal  e x t r a c t i o n ,  p a r t i c u l a r l y  i n  burden ana l ys i s ,  f o r  which smal l  opera tors  can rece i ve  
Appalachia i s  fo res ted,  t he  c learance of vegeta t ion  and ass is tance under t he  Small Operators Assistance Program, 
grubbing o f  stumps i s  necessary before  t o p s o i l  can be may revea l  s u i t a b l e  t o p s o i l  s u b s t i t u t e s  which may be 
removed. approved by t he  RA. The ope ra to r  w i l l  probably f i n d  
I n  some areas, i n c l u d i n g  most o f  Appalachia, t o p s o i l  t h a t  the  s e l e c t i v e  hand1 i n g  requ i red  t o  p lace t h i s  
i s  t h i n .  The Regula t ions  do n o t  s p e c i f y  t he  th ickness m a t e r i a l  on t o p  o f  regraded areas pays o f f  i n  g r e a t l y  
o f  s o i l  which must be res to red  b u t  i n  areas where improved es tab l ishment  o f  vegeta t ion .  

APPl I r A R I I  ITV 

CLEARANCE OF VEGETATION AND REMOVAL OF TOPSOIL 

l ~ ~ o l i c a b l e  t o  a l l  sur face m i n i m  s i t e s .  There a re  t i o n s  can be c o s t l v  on h e a v i l v  f o r e s t e d  s i t e s  i n  s t e e ~  

SMAL~MNE - 

specia l  performance standards for topso i  1 removal and t e r r a i n .  The ~ e g u i a t i o n s  a l s o  con ta in  a requirement t h a t  
recons t ruc t i on  on pr ime farmland (Pa r t  823). On s i t e s  t he  minimum p r a c t i c a b l e  area i s  d i s tu rbed  a t  one t ime 
which have been fores ted,  removal o f  t o p s o i l  w i t h  a (d is turbance inc ludes removal o f  vegeta t ion  and t o p s o i l )  
scraper  may n o t  be poss ib le .  I n  these s i t u a t i o n s ,  [816.45(b) ( l ) ] .  Requirements o f  t h e  Regulat ions,  t h a t  
e s p e c i a l l y  on steep t e r r a i n ,  a t racked f ron t -end  loader  rec lamat ion  should be as contemporaneous as poss ib le  and 
may have t o  be used t o  grub stumps and remove t o p s o i l .  t h a t  t o p s o i l  should o n l y  be s t o c k p i l e d  i f  immediate re -  
But  t h i s  ope ra t i on  requ i res  l oad ing  the  t o p s o i l  f o r  haul-  d i s t r i b u t i o n  i s  n o t  p r a c t i c a l ,  make i t  impera t i ve  t h a t  
age t o  the  d i s t r i b u t i o n  s i t e ,  whereas a scraper  can d ig ,  vegeta t ion  removal and t o p s o i l  removal a re  planned and 
load, haul and r e d i s t r i b u t e  a l l  i n  one opera t ion ,  as we l l  phased very  c a r e f u l l y  w i t h  o t h e r  opera t ions  on a l l  s i t e s  
as ma in ta in  i t s  own haul  road. Therefore,  these opera- 
REVELANT SECTIONS OF THE REGULATIONS 
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. CLEARANCE OF VEGETATION 
'ew s p e c i f i c  references a re  made t o  t he  c learance o f  
regeta t ion  i n  t h e  Regulat ions.  The clearance o f  vegeta- 
: ion  i s  requ i red  s p e c i f i c a l l y  i n  t h e  Regulat ions o n l y  t o  
tnable t o p s o i l  t o  be s t r i p p e d  [816.22]. Th is  has the  
'o l lowing i m p l i c a t i o n s :  

1. The clearance o f  vegeta t ion  w i l l  have t o  i n -  
c lude grubbing o f  t r e e  r o o t s  t o  enable t o p s o i l  t o  
be removed. 
2. Sect ion  816 .45 (b ) ( l )  r equ i res  t h a t  t h e  sma l l es t  
p r a c t i c a b l e  area i s  d i s tu rbed  a t  any one t ime du r i ng  
t h e  min ing opera t ion .  Sect ion  816.23(a) requ i res  
t h e  t o p s o i l  t o  be s to red  o n l y  when i t  i s  imprac t i -  
cab le  t o  r e d i s t r i b u t e  prompt ly  and t h i s  i s  i n  t he  
o p e r a t o r ' s  i n t e r e s t  t o  avo id  double handl ing.  
Therefore,  t he  t o p s o i l  should be removed i n  a phased 
sequence, and t h i s  should a l s o  app ly  t o  vegeta t ion  
c learance and grubbing. The "d i s tu rbed  area" as 
de f i ned  i n  701.5 inc ludes areas from which vegeta- 
t i o n  has been c leared.  Sect ion  816.42 which re -  
qu i res  t h a t  r u n o f f  from d i s tu rbed  areas :nust pass 
through a sedimentat ion pond a l s o  app l i es  t o  areas 
c lea red  o f  vegeta t ion .  The clearance o f  vegeta t ion  
should be phased w i t h  t o p s o i l  removal t o  d i s t u r b  
t h e  sma l l es t  p r a c t i c a b l e  area o f  t he  s i t e  a t  any 
one t ime. 
3. The performance standards do n o t  spec i f y  what 
t he  opera tor  should do w i t h  t he  c lea red  vegeta t ion .  
Many opera tors  i n  t he  pas t  found i n  s a t i s f a c t o r y  t o  
windrow vegeta t ion  below areas o f  f i l l  as a sediment 
c o n t r o l  measure. However, these windrows tend t o  
i n t e r f e r e  w i t h  o the r  requirements o f  t h e  Regulat ions 
and the  ope ra to r  would be advised t o  c h i p  a l l  
c l ea red  s lash  (ch ips  can be used f o r  mulch) and t o  
burn any unsaleable l o g s  which cannot be used on- 
s i t e  f o r  e ros ion c o n t r o l  s t ruc tu res ,  e t c .  
4. Other s p e c i f i c  re ferences i n  t h e  performance 
standards t o  t h e  c learance o f  vegeta t ion  i nc lude  
r e s t r i c t i n g  t h e  c learance o f  vegeta t ion  f o r  road 
cons t ruc t i on  t o  t he  w i d t h  necessary f o r  road and 
d i t c h  c o r ~ s t r u c t i o n  o n l y  [816.153(a)(3)1. 

I. TOPSOIL REMOVAL 
e c t i o n  779.21 ( S o i l  Resources In fo rma t i on )  requ i res  t h a t  
he a p p l i c a n t  submits a s o i l  survey which must inc lude:  

1. A map d e l i n e a t i n g  d i f f e r e n t  s o i l s ;  
2. S o i l  i d e n t i f i c a t i o n ;  

3. S o i l  desc r i p t i on ;  and 
4. Present and p o t e n t i a l  p r o d u c t i v i t y  o f  e x i s t i n g  

s o i l s .  
Where the  a p p l i c a n t  wishes t o  use se lec ted overburden 
ma te r i a l  as a t o p s o i l  s u b s t i t u t e  he must a l so  submit  
t he  r e s u l t s  o f  c e r t a i n  analyses r e q u i r e d  under Sect ion  
316.22(e). The RA may approve the  use o f  se lec ted  over-  
burden as a s u b s t i t u t e  f o r  t o p s o i l  i f  i t  i s  determined 
t h a t  t h e  s u b s t i t u t e  m a t e r i a l  i s  equal t o  o r  more s u i t a b l e  
f o r  sus ta in ing  vegeta t ion  than the  t o p s o i l  which i s  
a v a i l a b l e .  The determinat ion  w i l l  depend on the  r e s u l t s  
o f  chemical and phys i ca l  analyses o f  overburden and top-  
s o i l ,  which must be c a r r i e d  o u t  by a c e r t i f i e d  l ab -  
o r a t o r y  approved by t h e  RA. The d e t a i l s  o f  t he  t e s t s  
requ i red  a re  inc luded i n  Sect ion 816.22(e). They i n -  
c lude determinat ion  o f  pH, a1 k a l  i n i t y ,  phosphorus, 
potassium, t e x t u r e  and may a l s o  i n c l u d e  o the r  analyses. 
Under t h e  Small Operator Assistance Program, t h e  RA 
wi 11 pay f o r  these overburden analyses by a c e r t i f i e d  
lab .  
The a p p l i c a t i o n  must inc lude:  1. a n a r r a t i v e  exp la in -  
i n g  t h e  topso i  1 handl i n g  and s torage [780 . l l  ( b )  ( 2 ) ]  ; and 
2. t o p s o i l  storage areas must be i n d i c a t e d  on t h e  op- 
e r a t i o n s  p lan  [780.(b)(5)!. It i s  a l s o  requ i red  t h a t  
t h i s  p l a n  be prepared by o r  under t h e  d i r e c t i o n  o f  a 
pro fess iona l  qua1 i f i e d  engineer [780.14(c)]. 
The performance standards con ta in  very  s p e c i f i c  r equ i re -  
ments f o r  removing, s t o r i n g  and d i s t r i b u t i n a  t o p s o i l  
[816.21-816.251. Some o f  these a re  discussed i n  t he  
nex t  sec t i on  below. Topso i l i ng  has been shown t o  be one 
o f  t h e  most e f f e c t i v e  means o f  e s t a b l i s h i n g  vege ta t i on  
on res to red  mined s i t e s .  However most o f  t h e  p o t e n t i a l  
mine l and  i n  Appalachia has shal low i n f e r t i l e  s o i l s  and 
much of i t  i s  a l s o  s teep l y  s lop ing.  Topso i l  i n  t h i s  
area i s  o f ten  t h i n  and i t  may be necessary f o r  operd tors  
t o  c a r r y  o u t  an overburden ana l ys i s  t o  check whether 
t he re  are  s u i t a b l e  t o p s o i l  s u b s t i t u t e s  i n  t he  overburden. 
The performance standards f o r  t o p s o i l  hand l ing  con ta in  
s p e c i f i c  requirements f o r  t he  use o f  t o p s o i l  s u b s t i t u t e s  
[816.22(e)]. It should be noted t h a t  t he re  a re  spec ia l  
p rov i s i ons  f o r  t he  removal and hand l ing  o f  t o p s o i l  i n  
the  case o f  min ing opera t ions  on pr ime farmland. These 
may be found i n  P a r t  823 (Spec ia l  Permanent Program 
Performance Standards - Operat ions i n  Prime Farmland). 
One o f  t he  most s t r i n g e n t  requirements o f  t h i s  P a r t  i s  
t h a t  the  minimum depth o f  s o i l  " t o  be reconst ruc ted f o r  



I .  REMOVAL OF VEGETATION 
I t  i s  i n  t h e  i n t e r e s t  o f  t h e  o p e r a t o r  t o  d i s p o s e  o f  s a l e -  
a b l e  t i m b e r  b u t  t h e  a c t u a l  c l e a r a n c e  t e c h n i q u e  w i l l  depend 
on t e r r a i n ,  t h e  equipment  a v a i l a b l e  and v a r i o u s  o t h e r  
f a c t o r s .  The p r a c t i c e  o f  w indrow ing  s l a s h  and d e b r i s  
around t h e  s i t e  i s  g e n e r a l  l y  n o t  a d v i s a b l e  p a r t i c u l a r l y  
dhere t h e s e  may be  b u r i e d  i n  s p o i l  heaps and cause i n -  
s t a b i l i t y .  It i s  p r e f e r a b l e  t h a t  a l l  s l a s h  be chipped,  
and t h e  c h i p s  used f o r  mu lch  on t h e  r e s t o r e d  a rea .  D i s -  
posa l  of  stumps, w h i c h  a r e  d i f f i c u l t  t o  burn ,  s h o u l d  be 
i n  a  d e s i g n a t e d  d i s p o s a l  s i t e  i n  t h e  p e r m i t  a r e a  i816 .891 .  
An example o f  e f f i c i e n t  u t i l i z a t i o n  o f  c l e a r e d  v e g e t a t i o n  
i s  t h e  Jones and Brague M i n i n g  Company who c h i p  t h e  vege- 
t a t i o n  on t h e i r  s i t e s  and s h i p  i t  t o  a  Mason i te  p l a n t  a t  
Towanda, PA. The company uses a  c h i p p e r  manufac tu red  by 
Morbark I n d u s t r i e s  wh ich  accep ts  t r u n k s  up t o  22" i n  d i a -  
mete r .  ( 2 )  
11. TOPSOIL REMOVAL 
S e c t i o n  816.22 s p e c i f i e s  t h a t  t o p s o i l  s h o u l d  be removed 
p r i o r  t o  any d i s t u r b a n c e  o f  t h e  s i t e  o t h e r  than  c l e a r a n c e  
of  v e g e t a t i o n .  D i s t u r b a n c e  i n c l u d e s  d r i l l i n g ,  b l a s t i n g  
o r  any form o f  m i n i n g .  T o p s o i l  must  be removed i n  a  sep- 
a r a t e  l a y e r .  When t o p s o i l  i s  l e s s  t h a n  6 "  t h i c k ,  a  6 "  
l a y e r  o f  m a t e r i a l  i n c l u d i n g  whatever  t o p s o i l  i s  a v a i l a b l e  
s h o u l d  be  removed and t r e a t e d  as t o p s o i l .  I f  t h e  t o t a l  
u n c o n s o l i d a t e d  m a t e r i a l  i s  l e s s  t h a n  6 " ,  wha tever  i s  
a v a i l a b l e  s h o u l d  be removed and t r e a t e d  as t o p s o i l  
[816 .22(c ) ] .  I n  some cases t h e  RA may d e c i d e  t h a t  t o  
ensure  s o i l  p r o d u c t i v i t y  c o n s i s t e n t  w i t h  t h e  approved  
p o s t - m i n i n g  l a n d  use, i t  i s  necessary  t o  remove and r e -  
d i s t r i b u t e  t h e  s u b s o i l  s e p a r a t e l y  f r o m  t h e  t o p s o i l .  B u t  
u n l e s s  t h e  RA de te rmines  t h i s ,  i t  i s  n o t  r e q u i r e d .  
Where t o p s o i l  s u b s t i t u t e s  a r e  t o  be used ( t h i s  has 
a l r e a d y  been d i s c u s s e d  e a r l i e r  on t h e  s h e e t ) ,  t h e  sub- 
s t i t u t e  m a t e r i a l  s h a l l  be  removed and segrega ted  (and 
s t o r e d ,  i f  immediate r e d i s t r i b u t i o n  i s  n o t  f e a s i b l e ,  
i n  t h e  same way as t o p s o i l ) .  
The o p e r a t o r  may have t o  l i m i t  e i t h e r  t h e  s i z e  o f  t h e  
3rea i n  wh ich  t o p s o i l  i s  removed o r  t h e  t i m i n g  o f  r e -  
j i s t r i b u t i o n  i f  e i t h e r  o p e r a t i o n  r e s u l t s  i n  s e r i o u s  
2 r o s i o n  o r  i f  wet  c o n d i t i o n s  a r e  r e s u l t i n g  i n  damage t o  
t o  s o i l  uneven d i s t r i b u t i o n ,  o r  a r e  c a u s i n g  e r o s i o n  
[ 8 7 6 . 2 2 { f ) ] .  
The d i f f i c u l t y  o f  u s i n g  s c r a p e r s  f o r  t o p s o i l  removal  have 
3 l r e a d y  been ment ioned,  p a r t i c u l a r l y  where a  compara t i ve -  
l y  l o n g  h a u l  i s  r e q u i r e d  and immediate r e d i s t r i b u t i o n  i s  
~ o s s i b l e  on a  regraded  a rea .  ( F i g u r e  1 )  
[ I  I. TOPSOIL STORAGE 
T o p s o i l ,  s u b s o i l  ( i f  r e q u i r e d ) ,  and any t o p s o i l  sub- 
j t i t u t e  s h o u l d  o n l y  be s t o c k p i l e d  where i t  i s  imprac-  
t i c a l  t o  r e d i s t r i b u t e  i t  p r o m p t l y  on r e g r a d e d  a reas  
816 .23(a ) ] .  S t o c k p i l e s  must  be  p l a c e d  on a  s t a b l e  

ires and p r o t e c t e d  f r o m  e r o s i o n  e i t h e r  b y  w a t e r  o r  
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p r ime f a r m l a n d  s h a l l  be 48 i n c h e s . "  F o r  f u r t h e r  d e t a i l s  m i n i n g  on p r i m e  fa rmland ,  t h e  o p e r a t o r  s h o u l d  r e f e r  t o  
on a p p l i c a t i o n  r e q u i r e m e n t s  and per formance s tandards  f o r  P a r t  823. 

wind.  T h i s  i s  b e s t  a c h i e v e d  i n  most  cases w i t h  a  q u i c k -  
g row ing  c o v e r  c r o p  wh ich  s h o u l d  be seeded o r  p l a n t e d  
d u r i n g  f i r s t  "normal  p e r i o d "  a f t e r  p l a c i n g  t h e  s t o c k -  
p i l e  (see Sheet  7 : l l )  [816.23(b)  ( I ) ] .  The per fo rmance  
s tandards  r e q u i r e  t h a t  t h e  s t o c k p i l e s  s h o u l d  n o t  be 
removed u n t i l  t h e  t o p s o i l  i s  r e q u i r e d  f o r  r e d i s t r i b u -  
t i o n  on a  r e g r a d e d  a rea .  T o p s o i l  removal ,  s e g r e g a t i o n ,  
s t o r a g e  and r e d i s t r i b u t i o n  i s  a l s o  s p e c i f i c a l l y  r e q u i r e d  
f o r  c e r t a i n  o p e r a t i o n s  by t h e  per formance s tandards ,  
i n c l u d i n g  t h e  c o n s t r u c t i o n  o f  s t ream d i v e r s i o n s  
[ 8 1 6 . 4 3 ( f ) ( 5 ) ] ,  t h e  d i s p o s a l  o f  excess s p o i l  [816.71 ( c ) ] ,  
and t h e  c o n s t r u c t i o n  o f  r o a d s  Classes I, 11, and 111 
[816.152(e) ,  816.162(e) ,  816.172(e) ] .  
The r e g u l a t i o n s  do n o t  s p e c i f y  any d e s i g n  f o r  t o p s o i l  
s t o c k p i l e s .  Sometimes i t  i s  recommended t h a t  t o p s o i l  
i s  n o t  p i l e d  i n  excess o f  8 ' - 1 0 '  deep, and s h o u l d  p r e f -  
e r a b l y  be p l a c e d  i n  f a i r l y  na r row banks. T h i s  enab les  
a e r o b i c  b a c t e r i a  i n  t h e  s o i l  t o  s u r v i v e .  Some o p e r a t o r s  
have found  i t  use fu l  t o  use t o p s o i l  s t o c k p i l e s  on t h e  
edge o f  t h e  s i t e  t o  sc reen  t h e  o p e r a t i o n  f r o m  t h e  p u b l i c  
r o a d  o r  nearby  r e s i d e n c e s .  T h i s  i s  commonly p r a c t i c e d  
b y  c o n t r a c t o r s  on  N.C.B. s i t e s  i n  G r e a t  B r i t a i n .  

( 1 )  P lass ,  W.T., Mar-Apr 1978, "Rec lamat ion  o f  Coal Mined Land i n  Appalachia,"  J o u r n a l  o f  S o i l  & Water Conserva t ion .  
( 2 )  Dav is ,  H., Dec 1978, "Jones & Brague has been Recognized f o r  E x c e l l e n c e  o f  i t s  Reclamat ion,"  Coal Age, pp. 94-97. 
( 3 )  Smith,  R.M., Summer 1973, "Choosing T o p s o i l  t o  F i t  t h e  Needs," Green Lands Q u a r t e r l y ,  WV S u r f a c e  M i n i n g  and 
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t o  "ap i rox imate  o r i g i n a l  contour,"  and t h a t  " s p o i l  s h a l l  
be t ranspor ted,  b a c k f i l l e d ,  compacted and graded t o  
e l i m i n a t e  a1 1 h ighwa l l s ,  s p o i l  p i l e s  and depressions" 
~816.101 ( b ) ( l ) ] .  Al though the re  may be a c e r t a i n  
amount o f  freedom i n  i n t e r p r e t i n g  t h e  "approximate 
o r i g i n a l  contour" requirement,  l eav ing  t h e  f i n a l  c u t  
open and r e s t o r i n g  s p o i l  dumps i s  c l e a r l y  n o t  s u f f i c i e n t  
t o  meet t h e  requirements o f  t h e  performance standards. 
I n  t h e  supplementary i n fo rma t i on  t o  t he  Regulat ions i t  
i s  s t a t e d  t h a t  s t o c k p i l i n g  and t r a n s p o r t a t i o n  o f  box- 
c u t  s p o i l s  t o  t he  f i n a l  c u t  i s  encouraged. The use o f  
t he  word "encouraged" appears t o  c o n f l i c t  w i t h  t he  spe- 
c i f i c  requirements o f  t he  performance standards t o  
e l i m i n a t e  a l l  s p o i l  dumps. I t  has been a n t i c i p a t e d  t h a t  
i f  t h e  post-mining graded slopes "approximate t he  general  
na ture  o f  t h e  pre-mining topography" [816.102(a)] t h a t  a 
s l i g h t  depression i n  t he  area o f  t he  f i n a l  c u t  and a 
s l i g h t  r i s e  i n  t he  area o f  t he  temporary s p o i l  dump would 
be al lowed, prov ided t h a t  t he  o t h e r  requirements o f  t h e  
performance standards are  met. 
Box-cut s p o i l  r equ i res  expensive double hand1 ing .  I n  
some cases i t  may be appropr ia te ,  i n  t h e  proposed post -  
mining use o f  t h e  land, t o  have a water impoundment o r  
o t h e r  area o f  low t e r r a i n  on the  l o c a t i o n  o f  t he  f i n a l  
c u t  b u t  t h i s  w i l l  r e q u i r e  s p e c i f i c  approval o f  t he  RA 
and may pro long t h e  a p p l i c a t i o n  process [816.49]. 
7n s i t e s  w i t h  a h i g h  swel l  o r  bu l k i ng  f a c t o r  and t h i c k  
werburden [816.105] t he  opera tor  i s  n o t  any worse o f f ,  
IS s p o i l  i n  excess o f  t h a t  r equ i red  t o  achieve approx- 
imate o r i g i n a l  contour  a t  r e s t o r a t i o n  may be disposed 
)r permanently E816.71-816.741. I n  f a c t ,  t h i s  may be 
In advantage i n  t h a t  t he  o r i g i n a l  box-cut s p o i l  may be 
l i soosed o f  oermanentlv and res to red  c lose  t o  t h e  c u t  
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somewhere t o  p u t  t h e  s p o i l  f rom t h e  i n i t i a l  c u t  t o  pro-  t h i s  requ i res  double hand l ing .  Most opera tors  there fore  
v i de  t h e  working space i n  t h e  p i t .  I f  t h e  swel l  o r  would p r e f e r  t o  p lace  t h e  box-cut s p o i l s  permanently and 
b u l k i n g  f a c t o r  o f  t h e  overburden exceeds t h e  volume o f  n o t  have t o  t r a n s p o r t  i t  back t o  f i l l  t h e  p i t .  However, 
coa l  t o  be taken out ,  more s p o i l  may have t o  be removed the  requirements o f  t h e  Regulat ions do r e q u i r e  t h e  
from t h e  p i t  as min ing progresses t o  ma in ta in  working e l i m i n a t i o n  o f  a l l  h ighwal ls ,  s p o i l  p i l e s  and depressions 
space i n  t he  p i t .  Therefore,  a t  t h e  end of  t h e  min ing and t h a t  a l l  d i s tu rbed  areas be re tu rned  t o  t h e i r  
ope ra t i on  t he re  w i l l  tend t o  be a f i n a l  v o i d  and some- "approximate o r i g i n a l  contour" [816.101 ( b ) ]  
where e l s e  on t h e  s i t e  a dump o r  dumps o f  s p o i l .  Th i s  
APPLICABILITY 

App l i cab le  t o  a l l  sur face coal  mine opera t ions ,  bu t  t h e  2. S i t e s  i n  steep t e r r a i n  o f t e n  have few s u i t a b l e  
problem o f  temporary s p o i l  dumps i s  most ser ious  i n  t he  l o c a t i o n s  f o r  temporary s p o i l  dumps which w i l l  n o t  
f o l l ow ing  s i t u a t i o n s :  cause ser ious  i n s t a b i l i t y ,  l a n d s l i p s  and eros ion.  

1. Open p i t  mines where overburden i s  t h i c k .  I n  Of ten t h e  o n l y  s u i t a b l e  l o c a t i o n s  i n v o l v e  t h e  opera- 
o rde r  t o  p rov ide  s u f f i c i e n t  working space i n  deep t o r  i n  l ong  c o s t l y  hauls.  
p i t s ,  t he  amount o f  s p o i l  removed from the  p i t  i s  3. S i t e s  where t h e  overburden conta ins  l a r g e  quan- 
very  l a r g e  and t h i s  must be s t o c k p i l e d  c l ose  t o  t h e  t i t i e s  o f  ac id- forming ma te r i a l s .  I n  these cases 
p i t  f o r  ease o f  b a c k f i l l i n g .  I n  these cases t h e  the  performance c o n t r o l s  r e q u i r e  t h a t  m a t e r i a l  i s  
problem i s  made worse i f  the  b u l k i n g  f a c t o r  i s  b u r i e d  w i t h i n  30 days a f t e r  i t  i s  f i r s t  exposed. 
la rge,  making i t  necessary t o  take s p o i l  o u t  o f  t h e  Th i s  means t h a t  c a r e f u l  s e l e c t i o n  o f  overburden 
p i t  cont inuous ly  t o  ma in ta in  i t s  s ize .  m a t e r i a l s  f rom the  box-cut s p o i l s  i s  necessary. 

RELEVANT SECTIONS OF THE REGULATIONS 
The Requlat ions a r e  c l e a r  t h a t  s i t e s  must be re tu rned  and any temporary s p o i l  p i l e s  which a re  needed, p laced 
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near t h e  f i n a l  c u t  so reduc ing hand l ing  costs.  
Al though the re  i s  n o t  a Sec t i on  o f  t h e  performance stan- 
dards dea l i ng  s p e c i f i c a l l y  w i t h  temporary s p o i l  and the  
t reatment  o f  temporary s p o i l  dumps, s p e c i f i c  re ference 
i s  made i n  t he  pe rm i t  a p p l i c a t i o n  requirements i n  P a r t  
780 (Permi t  a p p l i c a t i o n  - Minimum requirements f o r  
rec lamat ion  and opera t ions  p lan ) .  Th i s  must i n c l u d e  
C780.11 (b) ]  "a n a r r a t i v e  exp la in ing  t h e  const ruc t ion . .  . 
and removal o f  overburden s torage areas and s t ruc tu res . "  
Th is  must be accompanied by maps and p lans [780.14(b)(5) 
o f  each s p o i l  s torage area and i t  i s  s p e c i f i e d  
[780.14(c)]  t h a t  these maps o r  pians De prepared by O r  
under t he  d i r e c t i o n  o f  a q u a l i f i e d  r e g i s t e r e d  pro fess-  
i o n a l  engineer.  I t  should a l so  be noted t h a t  t h i s  r e f e r  
t o  "s torage areas", which imp l i es  t h e  temporary na tu re  
o f  t he  p i l e s .  Permanent d isposa l  o f  excess s p o i l  i s  
d e a l t  w i t h  separa te ly  i n  t h i s  Sect ion  [780.14(b)(11) 
and 78O.l4(c) ( 2 ) ]  and s p e c i f i c a l l y  i n  t he  performance 
standards i n  Sect ions 816.71 - 816.74. 
The amount o f  l a t i t u d e  t h a t  the  RA w i l l  pe rm i t  i n  i n -  
t e r p r e t i n g  t he  "approximate o r i g i n a l  contour requ i re -  
ments o f  t he  performance standards wi 11 become c l e a r e r  
as t ime goes on. It appears, however, t h a t  temporary 
s t o c k p i l i n g  o f  s p o i l  i s  one o f  t he  opera t ions  f o r  which 
premining p lann ing i s  requ i red  as p a r t  o f  t he  a p p l i c a t i o  
procedure, b u t  t o  which o n l y  general  performance stand- 
ards apply, l eav ing  i t  up t o  t he  d i s c r e t i o n  o f  t h e  RA 
t o  determine t o  what e x t e n t  i t  i s  necessary t o  t he  op- 
e r a t o r  t o  " t r a n s p o r t  box-cut s p o i l  t o  the  fin:l c u t "  
t o  achieve the  "approximate o r i g i n a l  contour.  Never- 
t he less  i t  i s  a u i t e  c l e a r  i n  t h e  oerformance standard< "- 
t h a t  arad ina m i s t  "e l im ina te  a l l  h iqhwal ls ,  s p o i l  p i l e <  

DISCUSSION & DESIGN GUIDELINES 
I. PLACEMENT OF TEMPORARY SPOIL PILES a l l  o t h e r  areas o f  the  s i t e  t o  be d i s tu rbed  [816.22(b)]. 
Temporary s p o i l  p i l e s  should be placed t o  avo id  problems 11. THE PROTECTION OF TEMPORARY SPOIL PILES FROM EROSION 
o f  i n s t a b i l i t v .  The ooe ra to r  w i l l  w ish  t o  o lace temo- I t i s  emphasized t h a t  temporary s p o i l  p i l e s ,  as p a r t  of 
o r a r y  s p o i l  d h p s  so as t o  minimize hand l ing  cos ts .  ' For 
i ns tance  t h i s  might  i n v o l v e  placement c l ose  t o  t h e  f i n a l  
p i t  so t h a t  t h e  s p o i l  can be pushed i n t o  t h e  p i t  r a t h e r  
than a l oad lhau l  opera t ion .  Wi th  these cons idera t ions  
i n  mind, t he  ope ra to r  should avo id  steep areas ( i f  t h e  
s lope i s  i n  excess o f  l v :2 .8h spec ia l  measures may 
be requ i red  t o  s t a b i l i z e  t h e  s p o i l  mass) and a l s o  wet 
areas con ta in ing  seeps o r  spr ings  which may r e s u l t  i n  
i n s t a b i l i t y .  
Topso i l  must be removed from areas on which temporary 
s p o i l  p i l e s  a r e  t o  be placed, i n  t he  same manner as f o r  

t h e  pe rm i t  area, a r e  sub jec t  t o  t h e  var ious  requirements 
o f  t h e  performance standards which r e q u i r e  removal o f  
t o p s o i l  from t h e  d isposa l  area and t h e  c o n t r o l  o f  sed i -  
ment. A l l  sur face drainage from t h e  d i s tu rbed  area 
(which inc ludes temporary s p o i l  p i l e s ) .  . . s h a l l  be passed 
through a sedimentat ion pond. As temporary s p o i l  heaps 
may remain i n  p o s i t i o n  f o r  t h e  whole l i f e  o f  a sur face 
mine s i t e .  It i s  impor tant  t h a t  they  should be placed 
on a s t a b l e  s i t e ,  graded t o  a s t a b l e  s lope and be pro-  
t e c t e d  from e ros ion  by a vege ta t i ve  cover crop. (see 
Sheet 7 : l l )  I n  o rde r  t o  achieve t h i s  some t o p s o i l  may be 



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
requ i red.  Larqe t e m ~ o r a r v  s ~ o i l  o i l e s  w i t h  l onq  Slopes 
are  e s p e c i a l l y ~ v u l n e ~ a b l ~  t o '  e ros ion  and should-be 

' 

t e r raced  (see Sheet 7:2).  
General ly,  t he  design and c o n f i g u r a t i o n  o f  these te r races  
should be s i m i l a r  t o  those f o r  excess s p o i l  d isposa l  
f a c i l i t i e s  (Sheet 6:8).  However, as a1 1 temporary s p o i l  
heaps must be designed by o r  under the  supe rv i s i on  o f  a 
r e g i s t e r e d  p ro fess iona l  engineer,  gu ide l i nes  f o r  l a r g e  
s p o i l  heaps a re  n o t  i nc luded  on t h i s  sheet. 
111. STABILITY OF TEMPORARY SPOIL PILES IN STEEP TERRAIN 
The requirement t h a t  temporary s p o i l  p i l e s  be designed 
by a p ro fess iona l  engineer w i l l  reduce problems o f  i n -  
s t a b i l i t y  [780.14(b)]. However, some general  notes a re  
i nc luded  here on the  p r i n c i p a l  causes o f  s l  ides .  They 
are  based l a r g e l y  on a r e p o r t  by  the  S ta te  o f  Kentucky, 
Department o f  Natura l  Resources and Environmental Pro- 
t e c t i o n  (1 ) .  S l i des  w i l l  tend t o  occur when t h e r e  i s  a 
h igh  shear s t r e s s  and a low shear s t reng th  and w i l l  be 
a r e s u l t  o f  4 main ~ r a c t i c e s .  

1. The removai o f  l a t e r a l  suppor t  may be caused by 
t h e  a c t i o n  o f  streams, weather ing (we t t i ng ,  d ry ing,  
swe l l i ng ,  sh r i nk ing ) ,  f r o s t  a c t i o n  o r  subsidence. 
2. The removal o f  unde r l y i ng  support  may be caused 
by t h e  unde rcu t t i ng  o f  streams, f r o s t  a c t i o n  o r  
underground mining. 
3. Surcharge may r e s u l t  from excess fill on the  
p i l e  o r  be due t o  heavy r a i n  o r  snow r e s u l t i n g  i n  
sa tu ra t i on .  
4. La te ra l  pressure due t o  water o r  i c e  may a l so  
cause i n s t a b i l i t y .  

( imba l l  ( 1 )  suggests t h a t  t h e  sequence of events f o r  t he  
i n i t i a t i o n  o f  s l i d e s  i n  stacked s p o i l  i s :  

a. s tack ing  too  much s p o i l  on an unstab le  s i t e  i n  
a loose and g e n e r a l l y  wet cond i t i on ;  
b. i n i t i a l  slumping of t h e  s p o i l  caused by over-  
l oad ing  o r  f a i l u r e  i n  s p o i l  ma te r i a l  ; 

Figure  3. Temporary Spo i l  P i l e s  
a. Uncon t ro l l ed  

c.  a sudden downpour o f  r a i n ,  r e s u l t i n g  i n  smal l  
s l i d e s  and then: 
i. p i l i n g  a d d i t i o n a l  s p o i l  on t he  s l i p  p l a i n  o f  
smal le r  s l i d e s ;  
ii. development o f  tens ion cracks;  
iii. p e r c o l a t i o n  o f  sur face water  i n t o  t ens ion  
cracks, l ead ing  t o  t he  v e r t i c a l  displacement 
along cracks; 
i v .  slumping due t o  decrease i n  shear s t reng th  
along t h e  s l i p  p l a i n  r e s u l t s  i n  major s l i d e s .  
From t h e  above, i t  i s  apparent t h a t  t he  p r i n c i -  
p l es  i n  ensur ing the  s t a b i l i t y  o f  temporary 
s p o i l  p i l e s  i nc lude  the  fo l l ow ing :  

1. Se lec t i on  o f  a s tab le ,  g e n t l y  s l op ing  s i t e ;  
2. Removal o f  t o p s o i l  and any organ ic  ma t te r  
f rom t h e  d isposa l  s i t e  and i f  necessary a key 
cu t ;  
3. Spo i l  m a t e r i a l  should n o t  be p laced when 
t o o  wet; 
4. placement should be c a r r i e d  o u t  i n  such a 
way t o  ensure good compaction; 
5. A t t e n t i o n  should be p a i d  t o  drainage o f  t h e  
p i l e  p a r t i c u l a r l y  t he  d i v e r s i o n  o f  surface water 
around t h e  base o f  t h e  p i l e .  

I V .  ACID AND TOXIC-FORMING SPOIL IN  TEMPORARY SPOIL PILE5 
If s p o i l  i s  a c i d  o r  tox ic - fo rming,  as i d e n t i f i e d  and 
analyzed i n  the  geology d e s c r i p t i o n  [779.14], i t  should 
n o t  be s t o c k p i l e d  b u t  shou ld  be b u r i e d  w i t h i n  30 days 
a f t e r  i t  i s  f i r s t  exposed on the mine s i t e  as requ i red  
i n  Sect ion  816.48(c). 
Temporary s torage o f  ac id- forming o r  t ox i c - f o rm ing  s p o i l  
may be approved by t he  RA if i t  i s  n o t  f e a s i b l e  t o  bury  
o r  t r e a t  w i t h i n  30 days and if i t  w i l l  n o t  r e s u l t  i n  any 
water p o l l u t i o n  r i s k s ;  however, t h i s  too  must be b u r i e d  
a t  t he  e a r l i e s t  poss ib le  oppo r tun i t y .  

b. Con t ro l l ed  c. Being Removed 

-- 
I ) Kimbal i, L. R., 1975, "Slope S t a b i l i t y ,  Volume 1, Report  and Field-Book," Department OF Natura l  Resources and 
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descr ibed o n ' t h i s ' s h e e t  are  for 'permanent placement I 
APPLICABILITY r Th is  sheet auu l i es  on l v  t o  s i t e s  i n  mountainous o r  On s i t e s  w i t h  t h i c k  overburden and a h iah  b u l k i n a  I 

7 1  
MEASURES I 

. . . . - - . . - - - 

s t eep l y  r o l l i n g  t e k r a i n .  ~ k e  ~ e ~ u l a t i o n s  r e q u i r e  t h a t  
a l l  d i s tu rbed  areas s h a l l  be re tu rned  t o  t h e i r  "approx i -  
mate o r i g i n a l  contour" [816.101]. However t he re  a re  
p rov i s i ons  f o r  o b t a i n i n g  var iances from t h i s  requirement 
i n  cases o f  mountaintop removal [Sect ion 785.141 and i n  
some o the r  s i t u a t i o n s  i n v o l v i n g  steep s lope m in ing  
[Sect ion  785.161. I f  these var iances a re  granted, t he re  

w i l l  be a need t o  dispose o f  l a r q e  q u a n t i t i e s  o f  excess 

f a c t o r  [Sect ion  816.1051 i t  w i l l  n o t  be poss ib le  t o  
- 

regrade t o  t he  approximate o r i g i n a l  contour.  I n  these 
cases, Head-of-Hollow o r  Va l ley  f i l l s  may be used. The 
opera tor  w i l l  p robab ly  w ish  t o  dispose o f  t h i s  box-cut 
s p o i l  permanently i n  a Head-of-Hollow o r  Va l l ey  f i l l  and 
create  temporary s p o i l  dumps as t he  need a r i s e s  t o  main- 
t a i n  working space i n  t he  p i t .  I n  t h i s  way the hau l  
d is tance f o r  t r a n s ~ o r t i n a  m o i l  t o  f i l l  the f i n a l  p i t  i s  
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1. Disposal  o f  excess s p o i l  i n  sur face mine opera t ions  o f  excess s p o i l .  S p o i l  may be i n  excess due t o  
may be necessary f o r  var ious  reasons. Th is  sheet t h i c k  overburden and a h igh  b u l k i n g  f a c t o r  o r  
deals w i t h  t h i s  opera t ion  on s i t e s  i n  steep t e r r a i n  because t h e  RA has a l lowed a var iance from the  
as o f t e n  found i n  Appalachia. Here t he  need f o r  "approximate o r i g i n a l  contour" requirement o f  t h e  
d isposa l  o f  excess s p o i l  i s  o f t e n  c reated by moun- performance standards f o r  regrading. 
t a i n  t op  removal opera t ions .  3. The methods covered on t h i s  sheet do n o t  app ly  t o  

2. Th is  sheet does n o t  cover t he  temporary s t o c k p i l i n g  "durab le  rock  f i l l s 1 '  which a re  covered sepa ra te l y  
o f  box-cut s p o i l  (see Sheet 6:7).  The techniaues i n  t he  performance standards I816.741. 
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I Because t h i s  sheet concentrates on the  design on t h i s  sheet we concent ra te  on f i l l  s o f  
requirements o f  t he  Regulat ions f o r  c o n s t r u c t i n g - ~ e a d - o f -  
Hol low o r  Va l l ey  f i l l s ,  t he  Sect ions  o f  t he  Regulat ions 
con ta in ing  design s p e c i f i c a t i o n s  a re  covered under 
"Guide l ines"  below. 

I t  i s  emphasized t h a t  t he  design o f  "Va l l ey  and 
Head-of-Hollow f i l l s "  must be c e r t i f i e d  by a p ro fess iona l  
engineer.  It i s  s t a t e d  i n  t he  Regulat ions [78O. l 4 ( c )  ( 2 ) ]  
t h a t  s p o i l  d isposa l  f a c i l i t i e s ,  maps, plans, and cross 
sec t ions  may o n l y  be prepared by a r e g i s t e r e d  professional  
engineer. Sect ion  780.35 s p e c i f i e s  t he  a p p l i c a t i o n  re -  
quirements f o r  t h e  d isposa l  o f  excess s p o i l .  It should 
be noted t h a t  t h e  Regulat ions a re  gene ra l l y  more s t r i n -  
qent f o r  s p o i l s  l a r g e r  than 1,000,000 cub i c  yards  b u t  

1,000,000 cub i c  yards  [816.72(b)(3)1. 
The Regulat ions con ta in  general  requirements 

r816.711 cover ing  the  d isposa l  o f  excess s p o i l .  These 
i nc lude  the  placement o f  s p o i l  i n  a manner t o  prevent  
degradat ion o f  sur face and ground water and t o  i nsu re  
t h e  s t a b i l i t y  o f  t h e  f i l l .  

The Regulat ions d i s t i n g u i s h  between "Va l l ey  f i l l s  
and "Head-of-Hollow f i l l s " .  The V a l l e y  f i l l s  do n o t  
completely f i l l  the  v a l l e y  between t h e  r i d g e  l i n e s  
which i s  a requirement o f  Head-of-Hollow f i l l s .  The 
Regulat ions cover ing  Val  l e y  f i l l s  [816.72] a l s o  app ly  
t o  Head-of-Hollow b u t  t he re  a re  a d d i t i o n a l  performance 
standards f o r  Head-of-Hol low f i l l  [816.731. 
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I n  March 1978, EPA pub l ished an assessment bv p r a c t i c e  o f  windrowinq c lea red  vege ta t i on  a t  t he  t o e  of 
Skel  l y  and Loy comparing' t he  methods o f  ~ e a d - o f - & l  low 
f i l l  i n  West V i r g i n i a  and Kentucky. The r e p o r t  i nc luded  
the  consu l tan ts  recommendations. The Regulat ions a re  
very  s i m i l a r  t o  these recornendat ions and much o f  the  
i n fo rma t i on  and data  f o r  t he  drawings on t h i s  sheet are  
de r i ved  from t h a t  r e p o r t  ( 1 ) .  
I. SITE SELECTION 

App l i ca t i ons  must i nc lude  a geotechn ica l  i n v e s t i -  
g a t i o n  and a s t a b i l i t y  ana l ys i s  [780.351. Sec t i on  
816.7l(e) requ i res  t h a t  d isposa l  areas be l oca ted  on 
t h e  most moderate s lopes ava i l ab le ,  and the% s i t e s  w i t h  
few seeps o r  drainage channels w i l l  reduce the  amount 
o f  under-drainage requ i red.  When the  average slope o f  
t he  d isposa l  s i t e  exceeds lv :2 .8h (36%), keyway cu ts  o r  
rock- toe bu t t resses  a re  requ i red  [816 .7 l ( i ) ] .  I t i s  
noted t h a t  S k e l l y  and Loy 's  recommendation i s  t h a t  
s t a b i l i z i n g  s t r u c t u r e s  should be u t i l i z e d  when " t he  
s lope o f  t he  ho l l ow  a t  t he  proposed toe o f  t he  f i l l  
exceeds 10°," l v :5 .7h (1) .  Sect ion  816.71 ( h ) ( l )  does 
n o t  s p e c i f y  t he  s i z e  o f  keyway cu ts  o r  rock  t oe  b u t t -  
resses and o n l y  requ i res  t h a t  t he  s i z e  be based on a 
s t a b i l i t y  ana l ys i s .  I n  cases where the t o e  o f  t he  s p o i l  
r e s t s  on a downslope, t he  d e t a i l s  shown i n  F igures  1 and 
2 shou ld  be taken o n l y  as guide1 ines ,  and s i t e  s p e c i f i c  
designs must be c a r r i e d  o u t  by the  p ro fess iona l  engineer.  
11. PREPARATION 

Sect ion  816.71(c) requ i res  t h a t  vege ta t i ve  and 
organ ic  ma t te r  be removed from the  d isposa l  area and 
t h a t  t h e  t o p s o i l  be removed, s to red  and rep laced 
r816.21-816.251. The RA may a l l o w  organ ic  m a t e r i a l  t o  
be used as a mulch t o  c o n t r o l  s o i l  e ros ion  b u t  t he  

t he  s lope i s  n o t  s p e c i f i c a l l y  mentioned and probab ly  
would n o t  be a l lowed bv t he  RA. S k e l l v  and Lov 's  
assessment o f  ~ead-of- 'F lo l  low f i  11 prac' t ices p G n t s  o u t  
t h a t  c a r e l e s s l y  p laced windrows may be bu r i ed  by f i l l  
m a t e r i a l  and r e s u l t  i n  i n s t a b i l i t y  o f  t he  f i l l  mass. 
(Spec ia l  performance standards f o r  steep slopes 
[Par t  8261 f o r b i d  bu ry ing  woody m a t e r i a l s  i n  t h e  back- 
f i l l e d  areas.)  

S p e c i f i c  r e g u l a t i o n s  f o r  t he  cons t ruc t i on  o f  sed i -  
ment basins w i t h  Va l ley  o r  Head-of-Hollow f i l l s  a re  
i nc luded  i n  Sect ions 816.71-816.73 b u t  i t  i s  spec i f i ed  
t h a t  leachate  o r  t he  r u n o f f  must n o t  exceed the  e f -  
f l u e n t  l i m i t a t i o n s  i n  Sect ion  816.42. That Sect ion 
requ i res  t h a t  "any sur face drainage f rom the  d i s tu rbed  
area . . . s h a l l  be passed through a sedimentat ion pond 
before  l eav ing  the  pe rm i t  area1' [816.42(a)(1)1. S k e l l y  
and Loy recommend t h a t  "sediment c o n t r o l  ponds must be 
const ruc ted near t he  proposed toe  of t he  f i l l "  (1 ) .  
111. DESIGN 

Sect ion  816.71(d) requ i res  t h a t  d i v e r s i o n  d i t ches  
conform t o  t he  requirements o f  Sect ion  816.43. I n  addi-  
t i o n  t o  t h e  main underdrain,  l a t e r a l  d ra ins  must be 
b u i l t  t o  any spr ings ,  water  courses o r  seeps. The main 
underdra in  and these l a t e r a l s  must be p ro tec ted  w i t h  a 
f i l t e r  system. The Regulat ions do n o t  s p e c i f y  t he  m i n i -  
mum s i z e  o f  l a t e r a l  d ra ins .  The main underdra in  may be 
made o f  durab le  non-acid rock  (no more than 10% may be 
l e s s  than 12 inches i n  s i z e  and none l a r g e r  than 25% o f  
t he  d r a i n  w id th ) .  The w i d t h  and he igh t  o f  underdrains 
f o r  f i l l s  o f  l e s s  than 1,000,000 cub ic  yards are  shown i r  
Table 1. 



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
Table 1 i s  al lowed a t  t he  head o f  t he  f i l l  t o  i n t e r c e p t  runoff  

Minimum Dimensions o f  Underdrain and discharge i t  through o r  over t he  rock  chimney d ra in .  
S k e l l y  and Loy ' s  r e p o r t  notes t h a t  surge ponds l oca ted  
a t  t he  head o f  t h e  rock  core i n  West V i r g i n i a ' s  f i l l s ,  

Type o f  F i l l  Size Of  Drain (feet) though n o t  in tended t o  r e t a i n  t he  water, d i d  so w i t h  
Width He ight  r e s u l t a n t  i n s t a b i  1 i t y  problems when water sa tu ra ted  t h e  

10 4 
f i l l .  

Sand Stone The design c r i t e r i a  f o r  t he  f i l l  mass as shown i n  
Shale 16 8 F igure  1 app ly  both  t o  Va l l ey  and Head-of-Hollow f i l l s .  

But i n  t h e  case o f  Head-of-Hollow f i l l s ,  which must 
Note - these dimensions are  t he  same i n  t h e  case of  completely f i l l  t h e  d isposa l  s i t e  t o  t h e  e l e v a t i o n  o f  

sha le  as S k e l l y  and Loy 's  recommendations ( 1 ) .  t h e  r i d g e  l i n e ,  t h e  sur face drainage o f  t h e  f i l l  may be 
Sect ion  816.71(g) permi ts  no depressions o r  impoundments d i r e c t e d  inwards t o  a rock  chimney d r a i n  as shown i n  
on the  f i l l  mass. However, an except ion  i s  made f o r  F igure  2 [816.73(a)]. 
Head-of-Hol low f i l l s .  A "drainaqe pocket"  [816.73(e)(3)1 

- - - -_  
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1 )  S k e l l y  and Loy, Mar 1978, "Environmental Assessment of  Surface Min ing Methods: Head-of-Hollow F i l l ,  Mountain 
Top Removal ," I n t e r i m  Report, U.S. EPA C inc inna t i .  

!) Ch i ron is ,  N.P., Nov 1977, " B e t t e r  Ways t o  B u i l d  Hol low F i l l s , "  Coal Age, pp. 104-110. 
3 )  K imbal l ,  L.R., 1975, "Slope S t a b i l i t y , "  Volume I Report  and F i e l d  Book, Dept. Nat. Res. & Env. P ro tec t i on ,  KY. 
$1 Hamil ton,  L.W., Sep 1974, "Reclamation i n  Steep Slope Surface Mining," Min ing Congress Journa l ,  60(9) .  
5 )  Huang, Y.H., Mar 1978, " S t a b i l i t y  of  Spo i l  Banks and Hol low F i l l s  Created by Surface Mining," IMMR, U n i v e r s i t y  
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rom the  o p e r a t o r ' s  p o i n t  o f  view, k e e ~ i n q  the  p i t  f r e e  I t i s  est imated t h a t  i n  t he  Appalachian req ion  6,000 tons 
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HANDLING PIT WATER, ACID MINE DRAINAGE 

f water i s  impor tant  t o  minimize delays and t o '  improve 
o r k i n g  cond i t i on .  Water which accumulates i n  t he  p i t  
s l i k e l y  t o  be h e a v i l y  p o l l u t e d  w i t h  sediment o r  d i s -  
o l ved  s a l t s  o r  both. Therefore,  p i t  dewater ing i s  l i k e -  
y t o  r e s u l t  i n  heavy p o l l u t i o n  loads i n  t he  r e c e i v i n g  
a te rs .  I n  add i t i on ,  i f  the coal  l i e s  below the  ground- 
a te r ,  pumping t o  keep the  p i t  d r y  may lower t he  water 
ab le  which may reduce the y i e l d  o f  we l l s ,  spr ings  and 
eeps. There a re  p rov i s i ons  i n  t he  Regulat ions f o r  
i v e r t i n g  sur face water  around d i s tu rbed  areas so t h a t  
t w i l l  n o t  c o n t r i b u t e  t o  the  problem o f  dewater ing t he  
it. Water may e n t e r  t he  p i t  f rom var ious  sources: 

1. Groundwater: i f  coa l  i s  below t h e  water t a b l e  
t he  f low o f  groundwater i n t o  t he  p i t  may be more o r  
l e s s  cont inuous and consequently t he  p i t  may requ i re  
cont inuous dewatering. 
2. Abandoned deep mine workings : f requent1  y ,  abar- 
doned deep mine workings a re  encourntered du r i ng  sur-  
face min ing and may r e s u l t  i n  sudden f l o w  o f  l a r g e  
volumes o f  water  i n t o  t he  p i t .  Th is  water may be 
s e r i o u s l y  po l l u ted .  
3. R a i n f a l l  and runof f :  heavy r a i n f a l l  and r u n o f f  
w i l l  r e s u l t  i n  t h e  accumulation o f  q u a n t i t i e s  o f  
water  i n  t h e  p i t  and i n e v i t a b l y  t h i s  w i l l  c a r r y  
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heavy sediment loads. 
Whatever t he  source, t h e  water i n  t h e  p i t  bot tom w i l l  
come i n t o  con tac t  w i t h  coa l  and o the r  m a t e r i a l s  which 
f r e q u e n t l y  a r e  h igh  i n  p y r i t e  and o the r  t ox i c - f o rm ing  
o r  ac id- forming ma te r i a l s .  Therefore p i t  water i s  
u s u a l l y  a se r i ous  p o l l u t i o n  hazard and, i n  order  t o  min- 
im ize  t h e  need f o r  t h e  t reatment  o f  drainage water, t h e  
ope ra to r  should make every e f f o r t  poss ib le  t o  d i v e r t  
water be fo re  i t  f l ows  i n t o  t h e  p i t  as i t  i s  l i k e l y  t h a t  
water pumped from t h e  p i t  w i l l  need some form o f  t r e a t -  
ment before  i t  i s  discharged from t h e  pe rm i t  area. 
When water comes i n t o  con tac t  w i t h  p y r i t e ,  which i s  i r o n  
s u l f i d e  (Fe S Z )  i n  t h e  presence o f  oxygen, f e r r i c  s u l -  
f a te  (FeSO,,) and s u l f u r i c  a c i d  are  formed. The reac- 
t i o n  and t h e  speed o f  t h e  r e a c t i o n  depends p a r t l y  on t h e  
presence o f  c e r t a i n  bac te r i a .  Un fo r tuna te l y  p y r i t e  
occurs n a t u r a l l y  and i n  c l ose  p r o x i m i t y  t o  coa l  seams i n  
many coa l  min ing areas p a r t i c u l a r l y  i n  t he  Northern 
Appalachians. Min ing exposes q u a n t i t i e s  of p y r i t i c  
m a t e r i a l s  t o  t h i s  o x i d a t i o n  process. Prevent ing oxygen 
and water coming i n t o  con tac t  w i t h  p y r i t i c  m a t e r i a l s  
t h e r e f o r e  i s  u s u a l l y  t h e  approach taken t o  c o n t r o l l i n g  
a c i d  mine drainage (AMD) and o n l y  i f  t h i s  i s  i n e f f e c t i v e ,  
i s  t rea tment  of  a c i d  water  considered. The problem i n  
t h e  pas t  has been t h a t ,  due t o  t h e  method of  removal o f  
overburden, ac id- forming m a t e r i a l s  tended t o  end up on 
t o p  o f  s p o i l  heaps where they were exposed both  t o  
oxygen and t o  t h e  leach ing a c t i o n  and r u n o f f  o f  water.  
I n s t a b i l i t y  o f  these s p o i l  heaps a l s o  tended t o  expose 
f r e s h  ac id- forming m a t e r i a l s  cont inuous ly  t o  weather ing.  
AMD problems a re  ser ious  i n  reg ions where the re  i s  a h igh  
content  o f  p y r i t e  i n  coa l  seams and i n  overburden s t r a t a .  
The s t a t e s  of  West V i r g i n i a  and Pennsylvania i d e n t i f i e d  
a c i d  mine drainage as t h e i r  wors t  water  p o l l u t i o n  prob- 
lem. I n  f ac t  AMD i s  cons iderab ly  worse i n  t h e  no r the rn  
113 of  t h e  Appalachian coal  f i e l d  than i n  t he  southern 
213. Th is  i s  p a r t l y  due t o  t he  f a c t  t h a t  t he re  i s  more 
coa l  mined i n  t h e  no r the rn  Appalachia than i n  t h e  south 
b u t  t he  amount of  s u l f u r i t i c  m a t e r i a l  exposed f o r  each 
t o n  o f  coal  mined i n  t h e  n o r t h  may be g rea te r  than i n  t he  
south (21).  See F igure  1 i n  sec t i on  on A p p l i c a b i l i t y .  
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o f  s u l f u r i c  a c i d  i s  being produced d a i l y  through t h e  
o x i d a t i o n  o f  p y r i t e  and t h a t  t he  a c i d  drainage from 
s t r i p  mines accounts f o r  about 15% o f  t h e  t o t a l  a c i d  
product ion .  Note t h a t  t h i s  was i n  1971 (4 ) .  
Another s tudy found t h a t  a c i d  produced i n  Appalachian 
area coa l  mines (1969) was t h e  g rea tes t  f rom abandoned 
deep mines (53%).  A c t i v e  underground mines produced 
19% and abandoned sur face mines o n l y  11% ( 7 ) .  The 
p a t t e r n  o f  a c i d  discharge i s  e r r a t i c .  Stream damage may 
be caused by cont inuous a c i d  discharges caused u s u a l l y  
a t  low and moderate l e v e l s  b u t  a l s o  by extremely h igh  
discharges caused by dewater ing o f  mines du r i ng  per iods  
of h i gh  p r e c i p i t a t i o n  which o f t e n  causes dramat ic stream 
damage (21). The low pH r e s u l t i n g  f rom a c i d  mine d ra in -  
age may n o t  be a problem i n  i t s e l f .  Low pH does make 
c e r t a i n  heavy metals excess ive ly  a v a i l a b l e  t o  p l a n t s  and 
cause t o x i c i t y .  Manganese and a1 uminum a re  two cases. 
Other heavy metals i n  t o x i c  amounts may a l s o  be found 
i n  a c i d  mine water and c e r t a i n  meta ls  a re  found assoc i -  
a ted  w i t h  a h igh  suspended s o l i d  concent ra t ion  o f t e n  
assoc ia ted w i t h  a c i d  mine drainage. Fe, Zn and N i  were 
gene ra l l y  found t o  be more abundant i n  f i n e  sediment i n  
mine r u n o f f  (19) .  There i s  cons iderab le  work i n  progress 
t o  t r y  t o  assess the  m o b i l i z a t i o n  o f  heavy metals by 
a c i d  mine water  and a l s o  t h e i r  a v a i l a b i l i t y  t o  p l a n t s  
(19).  
However, ex tens ive  n e u t r a l i z a t i o n  o f  a c i d  drainage o f t e n  
occurs w i t h i n  t h e  coa l  regions. I n  f a c t  Biesecker and 
George r e p o r t  t h a t  a c i d  drainage i s  most se r i ous  i n  head 
water streams near a c t i v e  o r  abandoned mines b u t  t h a t  th r  
m ix tu re  of a l k a l i n e  streams w i t h  mine drainage waters 
even tua l l y  n e u t r a l i z e  a l l  a c i d  streams i n  Appalachia. 
N e u t r a l i z a t i o n  i s  u s u a l l y  due t o  t he  presence o f  c e r t a i n  
so lub le  rock  minerals,  i n c l u d i n g  ca lc ium b icarbonate  
(CaCo3), which a re  i n  s u f f i c i e n t  q u a n t i t i e s  t o  neut ra-  
l i z e  dra inage water.  A problem i s  t h a t  t h i s  process 
increases t h e  t o t a l  hardness o f  t h e  water through t h e  
a d d i t i o n  o f  ca lc ium and magnesium. 
When t h e  a c i d  stream con tac t s  an unpo l l u ted  o r  a l k a l i n e  
stream, i t  i s  p a r t l y  n e u t r a l i z e d  and t h e  i r o n  begins t o  
p r e c i p i t a t e  o u t  as f e r r i c  hydrox ide f roming a y e l l o w  
coa t i ng  on t h e  streambed, l o c a l l y  known as "ye l low boy." 
As i r on ,  aluminum and manganese a r e  a c i d  so lub le ,  mere ly  
n e u t r a l i z i n g  t h e  water  ( i nc reas ing  t h e  pH) w i l l  a l s o  
p r e c i p i t a t e  these ions  b u t  as, i s  noted by Walmer, 
t h i s  i s  n o t  as easy as i t  sounds, as several  f a c t o r s  
compl ica te  t h e  p r e c i p i t a t i o n .  But  t h e  approach t o  
s o l v i n g  a c i d  dra inage problems i s  t o  prevent  oxygen and 
water coming i n t o  con tac t  w i t h  p y r i t i c  m a t e r i a l s  and 
t r e a t i n g  o n l y  as a l a s t  r e s o r t .  Treatment has t h e  ad- 
vantage o f  r e s u l t i n g  n o t  o n l y  i n  a water w i t h  a h ighe r  
pH, b u t  i t  a l s o  tends t o  p r e c i p i t a t e  o u t  some o f  t h e  
heavy meta ls  such as i r on ,  aluminum and manganese. 
Even i f  a c i d  drainage f rom new sur face min ing opera t ions  
can be c o n t r o l l e d  e f f e c t i v e l y ,  t h e  problem o f  a c i d  
drainage from abandoned underground mines and f rom 
abandoned sur face mines w i l l  remain f o r  many years .  
There i s  a oppo r tun i t y  f o r  new surface mine opera t ions  
t o  reduce some o f  these problems as p a r t  of ongoing 
sur face m in ing  a c t i v i t i e s :  i n  t h e  case o f  abandoned 
underground mines by d a y l i g h t i n g  and sea l i ng  t h e  o l d  
working; and i n  t he  case o f  abandoned sur face mines by 
s h i f t i n g  and bury ing abandoned s p o i l  p i l e s  i n  t h e  work- 
i n g  p i t .  



APPLICABILITY 

EXPLANATION 

Appalachm boundan. ar 
defined In Pubhe Law 
89-4 (1965) 

The problem o f  p i t  dewater ing w i l l  
app ly  t o  a l l  s i t e s .  But t h e  impact 
o f  dewater ing on water p o l l u t i o n  and 
the  groundwater hydrology w i l l  vary  
g r e a t l y .  The groundwater in format ion  
requ i red  as p a r t  o f  t h e  i n fo rma t i on  
i n  t h e  a p p l i c a t i o n  procedure [Sect ion  
779.151 w i l l  i n d i c a t e  whether any 
coal  l i e s  below the  water t a b l e  and 
consequently whether p i t  dewater ing 
i s  l i k e l y  t o  a f f e c t  groundwater y i e l d .  
The "Geology descr ip t ion , "  a l s o  re -  
q u i r e d  as p a r t  o f  t he  a p p l i c a t i o n  pro-  
cedure t o  i d e n t i f y  p o t e n t i a l  ac id  
forming m a t e r i a l s  i n  t he  overburden 
o r  p i t  water i n  order  t o  c o n t r o l  AMD. 
Therefore,  t he  a p p l i c a b i l i t y  o f  these 
measures depends l a r g e l y  on the  hy- 
d r o l o g i c  and geo log ic  c h a r a c t e r i s t i c s  
of t he  area. Measures t o  c o n t r o l  
p o l l u t i o n  f rom p i t  water and AMD a p p l j  
t o  a l l  s izes  o f  opera t ion  bu t  smal l  
mine opera tors  should note  t h a t  t he  RP 
w i l l  pay f o r  a  l abo ra to ry  t o  analyze 
t e s t  bor ings  and t o  assess the  l i k e l y  
impact o f  opera t ions  on the  hydrology 
and water q u a l i t y  o f  t he  area. 
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iEVELANT SECTIONS OF THE REGULATIONS 
he requirements f o r  a  "Geology d e s c r i p t i o n "  which i t o r i n g  when surface min ing a c t i v i t i e s  may a f f e c t  ground- 
d e n t i f i e s  (amongst o t h e r  t h i n g s )  p o t e n t i a l  ac id -  water  o r  sur face water systems. Th is  would be the  case 
orming m a t e r i a l s  i n  t he  overburden [Sect ion  779.141 where cont inuous pumping i s  requ i red  t o  keep t h e  p i t  f r e e  
nd f o r  groundwater in format ion  which i d e n t i f i e s  t he  of  groundwater i n f l o w .  A l l  d ischarges f rom the  pe rm i t  
ep th  o f  t he  p i t  below t h e  sur face and the  h o r i z o n t a l  area must meet e f f l u e n t  l i m i t a t i o n s  C816.421 and a l l  
x t e n t  o f  t he  water  t a b l e  and s q u i f e r s  [Sect ion  779.151 drainage from d i s tu rbed  areas must be passed through a  
ave a l ready been mentioned. There a re  p rov i s i ons  i n  sedimentat ion pond. If t h i s  i s  n o t  s u f f i c i e n t  f o r  d ra in -  
he Small Operators Assistance Program f o r  r e s u l t s  o f  age water t o  meet e f f l uen t  standards "adequate f a c i  1  i t i e s  
e s t  bor ings  t o  be analyzed and assessment o f  poss ib le  s h a l l  be i n s t a l l e d ,  operated and main ta ined t o  t r e a t  any 
y d r o l o g i c  impact t o  be made by a  c e r t i f i e d  l a b  and water  discharged from t h e  d i s tu rbed  area so t h a t  i t  com- 
a i d  f o r  by t he  RA. p l i e s  w i t h  a l l  f ede ra l  and s t a t e  regu la t i ons . "  I f  the  
e c t i o n  816.48 s p e c i f i c a l l y  addresses t h e  problem o f  pH of t h e  water i s  below 6.0 an automat ic l ime  feeder 
and l i ng  ac id- forming and tox i c - f o rm ing  m a t e r i a l s .  Th is  i s  requ i red  unless t h e  f low i s  i n f requen t  i n  which case 
roblem i s  covered i n  more d e t a i l  i n  t h i s  Handbook on t h e  RA may au tho r i ze  t he  use o f  a  manual l i m e  feeder 
heet  6:lO. [816.42(c)]. 
e c t i o n  816.52 requ i res  sur face and groundwater mon- 
)ISCUSSION & DESIGN GUIDELINES 
l e  approach t o  c o n t r o l  o f  a c i d  drainage . in  t h e  Regula- t o  9.0, some form o f  t rea tment  w i l l  be necessary. An 
ions  i s  based l a r g e l y  upon t h e  s e l e c t i v e  hand1 i ng ,  automat ic l i m e  feeder o r  o the r  automat ic n e u t r a l i z a t i o n  
Arying and sea l i ng  o f  ac id- forming s p o i l s  (see Sheet process i s  requ i red  by t he  RA unless t h e  f l o w  of a c i d  
: l o ) ,  exposed coal  seams and o l d  deep mine workings, water i s  i n f requen t  and "presents smal l  and i n f r e q u e n t  
i d  gene ra l l y  prevent ing  drainage water f rom coming i n -  t rea tment  requirements t o  meet app l i cab le  standards. " 
I con tac t  w i t h  ac id- forming s p o i l s .  Measures on Sheet The drainage water f rom sur face mine s i t e s  i s  u n l i k e l y  
:5 t o  d i v e r t  water around d i s tu rbed  areas w i l l  he lp  t o  be h i g h l y  a c i d i c  and t h e r e f o r e  some o f  t h e  processes 
ms ide rab l y ,  b u t  i t  w i l l  n o t  be f e a s i b l e  t o  prevent  which have been developed f o r  a c i d  mine drainage o r i g i -  
i t i r e l y  water coming i n t o  con tac t  w i t h  ac id- forming n a t i n g  from underground mines a r e  i napp rop r i a te  t o  t h e  
i t e r i a l s .  Runoff f rom a l l  d i s tu rbed  areas must be m i l d l y  a c i d i c  water f rom sur face mines. These i n c l u d e  
issed through a  sedimentat ion pond before  l eav ing  t h e  reverse osmosis and o t h e r  e labo ra te  t rea tment  tech- 
m n i t  area [816.42(a)] which w i l l  remove suspended niques. Al though i t  may be necessary t o  prov ide some 
, l i ds .  But i f  the  drainage water f a i l s  t o  meet t h e  s e t t l i n g  pond i n  which i n s o l u b l e  s a l t s  can s e t t l e  a f t e r  
F f l u e n t  standards s e t  o u t  i n  816.42(a)(7) p a r t i c u l a r l y  n e u t r a l i z a t i o n ,  t h e  d isposa l  o f  a c i d  b r i nes  o r  b r i n e  
i respec t  t o  pH, which must be w i t h i n  t he  range o f  6.0 s ludge which r e s u l t s  f rom t h e  n e u t r a l i z a t i o n  process of 
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DISCUSSION & 

s t r o n g l y  a c i d  
DESIGN GUIDELINES (CON7 
mine waters, w i l l  genera 

'INUED) 
l l y  be un- 

necessary. 
I n  t he  cases where the  RA permi ts  manual t rea tment  and 
the  water can be e a s i l y  impounded, i t  may be poss ib le  t o  
spread l i m e  manual ly from baqs onto  the  sur face o f  t h e  
impounded water. However l i m e  i s  n o t  r e a d i l y  s o l u b l e  
i n  water and some form of m ix ing  must be app l i ed  t o  
o b t a i n  s a t i s f a c t o r y  u t i l i z a t i o n  o f  t h e  l ime .  Th is  i s  
most e a s i l y  accomplished by i n s t a l l i n g  a  pump a t  one 
end o f  t he  pond b u t  t he re  may be a  problem on some min- 
i n g  s i t e s  where no e l e c t r i c a l  o u t l e t s  a re  a v a i l a b l e  a t  
t h e  pond s i t e .  A f t e r  t rea tment  t h e  t r e a t e d  water should 
be t r a n s f e r r e d  t o  a  s e t t l i n g  bas in  t o  remove t h e  sus- 
pended s o l i d s  and sludge p r i o r  t o  discharge. 
Automatic feeders t o  dose a c i d  drainage w i t h  l i m e  s l u r r y  
have automat ic pH c o n t r o l s  and gene ra l l y  use hydrated 
l ime.  I f  l imestone can be used i n  t reatment p l a n t s  i n -  
stead o f  l ime  s i g n i f i c a n t  savings can occur, b u t  t he re  
i s  a  drawback i n  t h a t  l imestone has a  slow r e a c t i o n  r a t e  
and o f t e n  a  coa t i ng  o f  i r o n  hydroxide forms on the  sur-  
face o f  the  l imestone. The problem o f  coa t i ng  can be 
so lved by some s o r t  of  abras ive  o r  tumbl ing a c t i o n  
which a l so  breaks o f f  f ines  and exposes a  r e a c t i v e  
l imestone surface. Tumbling drums are  an e f f e c t i v e  
means o f  t r e a t i n g  a c i d  mine drainage i n  cases where 
the re  i s  enough hyd rau l i c  head t o  power t he  drum. 
Limestone i s  conta ined i n  t he  drum which i s  d r i ven  by 
a  waterwheel. The ou ts ide  diameter o f  the  waterwheel 
should be 1.5 t imes the  diameter o f  t he  tumbl ing  drum 
(F igure  2 )  (15) .  Tumbling drums are  gene ra l l y  most 
s u i t a b l e  f o r  complete n e u t r a l i z a t i o n  of m i l d l y  a c i d i c  
mine water i n  c o n t r a s t  t o  l imestone b a r r i e r s  which a re  
more s u i t a b l e  f o r  p a r t i a l  n e u t r a l i z a t i o n  o f  h i g h l y  
a c i d i c  waters.  

\ Figure 2 

.itnestone b a r r i e r s  a r e  probab ly  t h e  most commonly used 
nethod o f  AMD t reatment .  Experiments c a r r i e d  ou t  by 
'earson and McDonald t es ted  t h e  e f f ec t i veness  o f  f o u r  
types o f  b a r r i e r  and l e d  t o  a  suggested design procedure 
For l imestone b a r r i e r s  which can be found i n  re ference 
11. See a1 so F igure  3. 
Some experiments have been done t o  t r y  t o  i n h i b i t  the  
a c t i v i t i e s  o f  b a c t e r i a  which are  respons ib le  f o r  the  
format ion o f  a c i d  i n  mine water.  I r o n  o x i d i z i n g  bac- 
t e r i a  (Th iobac i l  l u s  fe r ro-ox idans and Thiobaci  11 us t h i o -  
>xidans) a re  a c t i v e  i n  t he  product ion  o f  s u l f u r i c  a c i d  
From i r o n  p y r i t e ,  and i t  has been found t h a t  c e r t a i n  
i e te rgen ts  and organ ic  ac ids  can i n h i b i t  t he  a c t i v i t y  
)f these bac te r i a .  However, gene ra l l y  t he  use o f  these 
techniques i s  s t i l l  i n  exper imental  stages and i s  no t  
j u f f i c i e n t l y  r e l i a b l e  t o  j u s t i f y  general  use. 
I t h e r  bac te r i a  a re  respons ib le  f o r  t h e  breakdown o f  
dastewater cons t i t uen ts  and a  dev ice  c a l l e d  " t he  r o t a -  
t i n g  b i o l o g i c a l  contac tor "  u t i l i z e s  these micro- 
wganisms f o r  t rea tment  o f  a c i d  drainage. Th is  dev ice  

F igure  3. Limestone B a r r i e r s  Source: (11) 

prov ides a  l a r g e  sur face area f o r  t h e  attachment and 
c o l o n i z a t i o n  o f  t h e  b a c t e r i a  which o x i d i z e  f e r rous  i r o n  
i n  a c i d  water t o  an i n s o l u b l e  form which p r e c i p i t a t e s  
ou t .  However, t h i s  dev ice  has a  h igh  c a p i t a l  c o s t  and 
a t  p resent  i s  i napp rop r i a te  f o r  use f o r  small sur face 
min ing opera t ions .  
It was noted p rev ious l y  t h a t  t he  most e f f e c t i v e  method 
o f  sea l i ng  ac id- forming s p o i l  from o x i d a t i o n  i s  t o  bury  
i t  i n  s p o i l  ma te r i a l  and conso l i da te  it. Shumate and 
Brant  (1971) s ta tes  t h a t  " I t  i s  u n l i k e l y  t h a t  m a t e r i a l  
bu r i ed  severa l  f e e t  o r  more beneath t h e  sur face can under 
go s i g n i f i c a n t  o x i d a t i o n  because o f  t h e  r e s t r i c t i o n  
o f  oxygen d i f f u s i o n  t o  these depths" ( 4 ) .  The use of 
o the r  sur face sea lants  has n o t  been p a r t i c u l a r l y  success- 
f u l .  Lime, gypsum, sodium s i l i c a t e  and var ious  rubber 
l a t e x  sea ls  have sometimes been e f f e c t i v e .  They r e q u i r e  
repeated a p p l i c a t i o n  and maintenance and are  n o t  recom- 
mended f o r  general use. Water b a r r i e r s  can prov ide an 
e f f e c t i v e  seal  aga ins t  o x i d a t i o n  o f  p y r i t e ,  b u t  a  safe- 
t y  f a c t o r  t o  a l l ow  f o r  evapora t ion  i s  necessary. Also, 
i f  th ings  go wrong, sea l i ng  ac id- forming m a t e r i a l s  w i t h  
water may i n  i t s e l f  r e s u l t  i n  ser ious  p o l l u t i o n  o f  sur-  
face o r  groundwater. 
Some experiments have been done us ing  i r r i g a t i o n  o f  
t r e a t e d  a c i d  mine water t o  f u r t h e r  improve i t s  q u a l i t y .  
It was found i n  one study t h a t  a c i d  mine drainage 
f i l t e r i n g  through 40 inches o f  calcareous s o i l  r e s u l t e d  
i n  a  pe rco la te  t h a t  had a  s l i g h t l y  a l k a l i n e  r e a c t i o n  
and was completely devoid o f  Fe, A1 , Mg , Zn & Cu. 
Even a c i d  s o i l s  were e f f e c t i v e  i n  improving water a l -  
though n o t  as e f f e c t i v e  as calcareous s o i l s  ( 1 ) .  The 
use o f  a c i d  mine water  f o r  i r r i g a t i o n  on p a r t i c u l a r l y  
d ry  rec lamat ion  s i t e s  may r e s u l t  i n  improved qua1 i t y  
o f  vegeta t ion  and p r o t e c t i o n  aga ins t  erosion. 
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3s contemporaneously as pract icable w i t h  mining opera- 
tions," and the need t o  minimize double handling, makes 
it necessary t o  plan the b a c k f i l l i n g  operat ion t o  occur 
ss p a r t  o f  the task o f  overburden removal. The way i n  
~ h i c h  b a c k f i l l i n g  and rough grading are ca r r ied  out  may 
have a major e f f e c t  on both groundwater recharge and 
streamflow. Not on ly  must the spo i l  be regraded so t h a t  
i t  can remain s tab le but  i t should be regraded so as t o  
na inta in  i n f i l t r a t i o n  and percolat ion o f  r a i n f a l l  so as 
t o  recharge groundwater sources on which both dry  
weather streamflow, water supply t o  springs and seep 
areas, and the safe y i e l d  o f  springs and we l l s  depend. 
It may a lso affect the establishment o f  an e f f e c t i v e  
vegetat ion cover, p a r t i c u l a r l y  o f  t ree  species, as the 
amount of i n f i l t r a t i o n  w i l l  a f f e c t  the a v a i l a b i l i t y  o f  
water f o r  plants. 
The amount o f  compaction o f  the spo i l  which occurs during 
regrading w i l l  a f f e c t  the amount o f  runo f f  and conse- 
quently w i l l  a f f e c t  erosion. Therefore, p r i o r  t o  f i n a l  
grading i t  may be necessary t o  pass a r i p p e r  over the 
s i t e  t o  reduce consol idat ion o f  rough-graded spoi l  which 
may occur during f i n a l  grading operations, c u l t i v a t i o n ,  
etc. (see Sheet 7:3) This process should be car r ied  ou t  
along the contour t o  achieve an optimum leve l  o f  i n f i l -  
t r a t i o n  and t o  minimize erosion. 

i n f i l t r a t i o n  o f  surface water i n t o  the ground. "Where 
scrapers have dumped spo i l  and the heavy t i r e s  compacted 
the spo i l ,  the i n f i l t r a t i o n  may be one o r  two orders 
o f  magnitude less than i n  cases where a dragl ine dumps 
the spo i l s "  (13). Therefore, i t  may be i n  cases where 
rough grading i s  ca r r ied  ou t  on spo i l s  cast  by a drag- 
l i n e  using a bul ldozer o r  even a dragl ine bucket, 
subsoi l ing using a r ipper  may no t  be necessary t o  
reduce the amount o f  compaction. 
Generally, the Regulations requi re regrading t o  
"approximate o r i g i n a l  contour". The degree o f  approx- 
imation which w i l l  be permitted by the RA w i l l  depend 
upon a number o f  fac to rs  inc lud ing the approved post- 
mining land use, the impact o f  any change on the 
natural drainage pattern, hydrology and landscape of 
the area, etc. 
The sequence i n  which b a c k f i l l i n g  o f  spoi l  mater ia ls  
i s  ca r r ied  ou t  and the methods used are o f  v i t a l  im- 
portance i n  minimizing AMD. 
Acid-forming mater ia ls  are f requent ly  found i n  asso- 
c i a t i o n  w i t h  coal, usual ly  w i t h i n  the coal i t s e l f  and 
i n  s t r a t a  close t o  the coal. Careful handling i s  the 
key t o  preventing ac id  drainage i n  order t o  prevent 
ox idat ion and the forming o f  ac id  so lu t ion  by exclud- 
i n g  a i r  and water. 
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REVELANT SECTIONS OF THE REGULATIONS 

11. BACKFILLING AND ROUGH GRADING. post-mining land use and they must be "appropriate sub- 
s t i t u t e s  f o r  construct ion o f  lower grades on the re -  
claimed land." Further discussion on the use o f  t e r -  

PROBLEM & PURPOSE 

l ~ h e  requirement o f  816.100 " t h a t  a l l  reclamation, occur carry  ou t  rough grading has an important impact on the 

A de ta i led  t imetable f o r  the completion o f  each major step 
i n  reclamation, inc lud ing  a p lan f o r  b a c k f i l l i n g  and 
grading, i s  required as p a r t  o f  the reclamation plan 
[780.18]. The plan f o r  b a c k f i l l i n g  and grading should 
consis t  o f  contour maps and/or cross sect ions t h a t  show 
the ant ic ipated f i n a l  surface conf igurat ion o f  the pro- 
posed permit area. 

Reclamation e f f o r t s ,  including.. . b a c k f i l l i n g  and 
grading ... sha l l  occur as contemporaneously as pract ica-  
b l e  w i t h  mining operations" [816.100]. Section 816.101 
a c t u a l l y  speci f ies time 1 i m i t s  f o r  rough b a c k f i l l i n g  and 
grading o f  surface mine s i tes .  I n  the case o f  contour 
mining, backfi 11 i n g  and grading must fo l l ow coal removal 
by no t  more than 60 days o r  1,500 feet .  I n  the case o f  
area s t r ip-min ing 180 days i s  allowed fo l low ing  coal re-  
moval, bu t  rough grading may be more than 4 spo i l  r idges 
behind the p i t  which i s  being worked. I n  the case of 
open p i t  mining the t iming o f  b a c k f i l l i n g  and grading 
must be i n  accordance w i t h  the time schedule approved by 
the RA. Section 816.101 (b) contains the requirement 
t h a t  a l l  disturbed areas sha l l  be returned t o  t h e i r  
"approximate o r i g i n a l  contour." It also requires t h a t  
a1 1 spo i l  sha l l  be transported, backf i 1 led, compacted 
and graded t o  e l iminate a l l  highwalls, spo i l  p i l e s  and 
depressions, the term "approximate" impl ies a ce r ta in  
l a t i t u d e  i n  i n t e r p r e t i n g  t h i s  requirement and Section 
816.102 states t h a t  "post-mining f i n a l  graded slopes 
need not  be uniform but  sha l l  approximate t o  the general 
nature o f  the pre-mining topography." I t also requires 
t h a t  f i n a l  graded slopes sha l l  no t  exceed the grade o f  
the pre-mining slopes but  t h a t  b a c k f i l l i n g  and grading 
should be car r ied  out  t o  the most moderate slope possi- 
b le .  Cut and f i l l  terraces are only  permissible i n  
s i tua t ions  expressively i d e n t i f i e d  i n  Section 816.102 
and requi re approval from the RA. To obta in t h i s  
approval, terraces must be compatible w i t h  the approved 

races f o r  water conservation and erosion contro l  can be 
found on Sheet 7:2. 
11. BACKFILLING AND GRADING (THIN OVERBURDEN - 

SECTION 91 6.104). 
The performance standards contain d i f f e r e n t  requirements 
f o r  b a c k f i l l i n g  and grading i n  s i tua t ions  o f  " t h i n  over- 
burden and t h i c k  overburden. " Thin overburden appl ies 
t o  s i tua t ions  where the f i n a l  thickness (T f )  i s  less 
than 0.8 o f  the i n i t i a l  thickness (T i ) .  Where T i  = the 
sum of the pre-mining thickness o f  the overburden (Tb) 
+ the thickness o f  the i n - s i t u  coal (Tc). The f i n a l  
thickness ( T i )  = the product o f  the pre-mining thickness 
o f  the overburden (Tb) x the bulk ing fac to r  (K). 

Thus: T i  = Tb + Tc. 
T f  = Tb x K. 

Section 816.104 appl ies when T f  i s  less than 0.8 x T i .  
I n  these s i tua t ions  there i s  u n l i k e l y  t o  be s u f f i c i e n t  
spo i l  avai lab le t o  achieve the grades which approximate 
o r i g i n a l  contours. I f  t h i s  i s  the case, the grading 
must achieve adequate drainage and a l l  acid-forming and 
toxic-forming mater ia l  must be covered as required i n  
Section 816.103, i.e., w i t h  a minimum o f  4 '  o f  non- 
t o x i c  spo i l  o r  non-toxic mater ia l .  
A l l  highwal ls must be e l iminated by grading o r  back- 
f i l l i n g  t o  s tab le slopes which may no t  exceed lv:2h 
(50%) unless steeper slopes are approved by the RA 
[816.104(b) (Z)]. I n  s i tua t ions  where spo i l  i s  i n s u f f i -  
c i e n t  t o  achieve the approximate o r i g i n a l  contour, a 
comnon technique f o r  grading the s i t e  i s  t o  leave an 
impoundment i n  the area o f  the f i n a l  cut.  An impound- 
ment which i s  planned must be approved by the RA and 
t h i s  approval i s  condi t ional  upon the impoundment being 
su i tab le  f o r  the approved post-mining land use. Approva 
o f  an impoundment i n  the area o f  the f i n a l  c u t  does no t  



r 

ac id- forming ma te r i a l s .  ~ h e s e - a r e  Sect ion 816.48 (Hydro- dards cover ing the  handl i n g  and disposal  o f  coal  proc- 
l o g i c  Balance: Acid-forming and tox ic - forming s p o i l s )  ess ing wastes see Sect ions 816.81 t o  816.93. 
DISCUSSION & DESIGN GUIDELINES 
I. BACKFILLING AND ROUGH GRADING. t i o n s  by most operators.  An example i s  V e c e l l i o  & 
B a c k f i l l i n g  and rough grading, i n  o rde r  t o  meet t he  re -  Grogan who were c i t e d  f o r  exce l lence i n  rec lamat ion by 
quirements o f  the Regulat ions f o r  contemporaneous West V i r g i n i a ' s  Dept. o f  Natura l  Resources f o r  t h e i r  
reclamation, have t o  be planned as p a r t  o f  the task  o f  285-acre mountaintop removal operat ion near Beckley, 
overburden removal. I n  order  t o  minimize double handling, WV, where rec lamat ion goes on cont inuous ly  as coal  i s  
the techniques of  ach iev ing contemporaneous b a c k f i l l  i n g  mined. It i s  a loader/haul  t r u c k  operat ion w i t h  
and reqrad inq w i l l  varv  w i t h  the  tvDe o f  minina ooerat ion. scraoers used t o  remove and reo lace 2 ' -4 '  o f  s o i l  on 

REVELANT SECTIONS OF THE REGULATIONS (CONTINUED) 
r e l i e v e  the  operator  o f  t he  requirement t o  e l im ina te  the  and 816.103 ( B a c k f i l l i n a  and Gradina: Coverinq coal  and 
h ighwal l .  Where the  RA approved a permanent impoundment 
as p a r t  o f  t he  r e s t o r a t i o n  plan, i t  must meet t he  re -  
quirements o f  Sect ion 816.49. 
111. BACKFILLING AND GRADING (THICK OVERBURDEN - 

SECTION 81 6.105) 
Sect ion 816.105 o f  t he  performance standards app l i es  
where the  f i n a l  th ickness o f  overburden i s  greater  than 
1.2 o f  t h e  i n i t i a l  th ickness us ing the  same method o f  
c a l c u l a t i o n  as i n  t he  previous paragraph. That i s ,  i t  
app l i es  when T f  i s  more than 1.2 x T i .  
Th is  Sect ion [816.105] app l i es  i n  those s i t u a t i o n s  where 
the  volume o f  s p o i l  i s  demonstrated t o  be "more than 
s u f f i c i e n t "  t o  achieve t h e  approximate o r i g i n a l  contour.  
I n  these cases, t he  mine area should be graded t o  the 
approximate o r i g i n a l  contour and any excess s p o i l  should 
be hauled and disposed o f  i n  excess s p o i l  d isposa l  areas 
i n  accordance w i t h  the  re levan t  sect ions of t he  per for -  
mance standards L816.71-816.741. As i s  t he  case f o r  a l l  
o t h e r  sur face mines, h ighwal ls  and depressions must be 
e l iminated.  
I V .  SELECTIVE HANDLING OF ACID-FORMING MATERIALS. 
I d e n t i f i c a t i o n  and ana lys i s  o f  p o t e n t i a l  acid-forming, 
t ox i c - fo rm ing  o r  a l k a l i n i t y - p r o d u c i n g  ma te r i a l s  a re  
requ i red  as p a r t  o f  t h e  Geology Desc r ip t i on  
[779.14(b) (1 )]. These w i l l  p rov ide the  operator  w i t h  
a good bas is  f o r  p lann ing the  s e l e c t i v e  handl ing o f  
these ma te r i a l s ,  as i s  requ i red  i n  t he  performance 
standards, and o f  t he  p o t e n t i a l  b u f f e r i n g  o r  n e u t r a l i z -  
i n g  capac i ty  o f  o the r  s t r a t a  i n  t he  overburden. Sect ion 
780.18(b)(7) requ i res  as p a r t  o f  t he  rec lamat ion p lan  
"a d e s c r i p t i o n  o f  measures t o  be employed t o  i nsu re  
that . .  .a1 1 acid-forming and tox i c - fo rm ing  m a t e r i a l s  are  
disposed o f  i n  accordance w i t h  Sect ion 816.103." There 
are  two sect ions i n  t he  performance c o n t r o l s  which 
s p e c i f i c a l l v  cover t he  handl i n s  o f  t ox i c - fo rm ing  o r  

ac id- forming 'and tox i c - i o rm ing  ma te r i a l s ) .  - 
Sect ion 816.48 s p e c i f i e s  t h a t  acid-forming o r  t o x i c -  
forming s p o i l s  must be bu r ied  w i t h i n  30 days of ex- 
posure on the  mine s i t e .  I n  some cases temporary 
storage o f  acid-forming s p o i l s  may be approved by 
the RA i f  b u r i a l  i s  un feas ib le  w i t h i n  30 days, b u t  
o n l y  i f  t h i s  w i l l  n o t  r e s u l t  i n  water p o l l u t i o n  
problems. 
Sect ion 816.103 requ i res  t h a t  acid-forming and t o x i c -  
forming m a t e r i a l s  and a l l  exposed coal  seams a f t e r  
min ing are  covered w i t h  a minimum o f  4 '  o f  " t he  bes t  
a v a i l a b l e  non- tox ic  ... mate r ia l . "  I f  necessary these 
ma te r i a l s  must be t r e a t e d  t o  n e u t r a l i z e  t o x i c i t y  and i n  
some cases the  RA may spec i f y  t h i c k e r  cover and spec ia l  
compaction and i s o l a t i o n  measures t o  prevent con tac t  
w i t h  groundwater. 
The requirements o f  Sect ion 816.52(a) and ( b )  , t h a t  
groundwater and sur face water be monitored, means t h a t  
i f  s e l e c t i v e  handl i n g  o f  acid-forming o r  t ox i c - fo rm ing  
ma te r i a l s  i s  n o t  e f f e c t i v e  and groundwater o r  surface 
water p o l l u t i o n  r e s u l t s  t he  RA w i l l  be ab le  t o  t r a c e  
the  source o f  the problem [816.104(b)(2)]. 
The performance c o n t r o l s  cover ing the  d isposa l  o f  excess 
s p o i l  i n  Sect ions 816.71 t o  816.74 do n o t  s p e c i f i c a l l y  
prevent t he  d isposa l  o f  acid-forming o r  tox ic - forming 
ma te r i a l  i n  Va l l ey  o r  Head-of-Hollow f i l l s .  But t he re  i s  
a general requirement i n  Sect ion 816.71 t h a t  " t he  leach- 
a t e  and sur face r u n o f f  from the  f i l l  w i l l  n o t  degrade t h e  
sur face groundwaters o r  exceed the  e f f l u e n t  l i m i t a t i o n s .  
Also, acid-forming o r  t ox i c - fo rm ing  ma te r i a l s  a re  spec i f -  
i c a l l y  outlawed f o r  use i n  under-drainage systems i n  
excess s p o i l  d isposal  s i t e s .  
Coal processing wastes a re  a major source o f  water 
p o l l u t i o n  i n  min ing areas. Th is  problem i s  n o t  s p e c i f i -  
c a l l y  covered i n  t h i s  Handbook. For performance stan- 

I n  contour mining, t h e - p r a c t i c e  o f  haulback wa; be ing 
used by many min ing companies p r i o r  t o  1977. The haul-  
back method o f  sur face mining, by b a c k f i l l i n g  simul t a -  
neously w i t h  excavation, cu ts  the  area o f  d i s tu rbed  
lands by two- th i rds  (3 ) .  I n  doing so, t h i s  method a l so  
meets the  requirement o f  SMCRA f o r  contemporaneous rec-  
lamation, and reduces the  d i s tu rbed  area c o n t r i b u t i n g  
t o  erosion. It was found t h a t  haulage d is tance f o r  
s p o i l  i n  s i n g l e  seam haulback operat ions averaged 500' .  
(The Regulat ions a1 low 1,500'. ) Th is  operat ion i nvo l ves  
3 d i s t i n c t  operat ions:  loading, haulage, and regrading. 
This, however, makes s e l e c t i v e  handl i n g  and rep1 acement 
o f  overburden poss ib le  and a l so  can achieve much more 
compaction o f  s p o i l  than i n  cases o f  overburden cas t  
w i t h  a d rag l i ne  o r  shovel. Greater compaction o f  ac id-  
forming ma te r i a l  s can s i g n i f i c a n t l y  reduce a c i d  forma- 
t i o n  by exc lud ing a i r .  
General ly,  smal ler  operators  w i l l  n o t  be i nvo l ved  i n  
mountaintop removal operat ions. The l a r g e  amounts o f  
overburden t o  be removed i n  these cases makes very  
ca re fu l  p lanning, programming and contemporaneous rec la -  
mat ion essen t i a l .  Usua l l y  a l s o  the re  i s  a need f o r  
disposal  of excess s p o i l  (see Sheet 6:8); consequently, 
even p r i o r  t o  the 1977 Act, contemporaneous rec lamat ion 
was p r a c t i c e d  as p a r t  o f  mountaintop removal opera- 

reclaimed areas (4) .  
I n  area min ing being c a r r i e d  o u t  w i t h  a drag l ine,  t he  
operat ion o f  b a c k f i l l i n g  i s  o f  course p a r t  o f  the over- 
burden removal process. Rough grading i s  usual l y  
c a r r i e d  o u t  w i t h  dozers. Spo i l  cas t  by a d rag l i ne  i s  
unconsol idated and the re fo re  may be l i a b l e  t o  s e t t l e -  
ment f o r  several  years a f t e r  mining. Th is  may cause 
problems when revegeta t ing due t o  excess ive ly  r a p i d  
pe rco la t i on  o f  water and d ry ing  out.  Unconsol idated 
s p o i l  i n  areas a f f e c t e d  by area o r  open p i t  min ing has t h  
p o t e n t i a l  f o r  underground water storage, i n  e f f e c t  by c r e  
a t i n g  an aqu i fe r .  
The problem o f  hand l ing and regrad ing o f  box-cut s p o i l s  
was discussed on Sheet 6:7. I n  area mining, there  may 
be more f l e x i b i l i t y  i n  p lann ing the  du ra t i on  and sequence 
o f  working so as t o  minimize the d is tance between the  
temporary s p o i l  dump and the  f i n a l  cu t .  Some double 
handl ing o f  box-cut s p o i l s  t o  e l i m i n a t e  the  h ighwal l  and 
o the r  requirements o f  Sect ion 816.101 ( B a c k f i l l  i n g  and 
Grading: General Requirements) i s  unavoidable. 
Se lec t i ve  handl ing o f  overburden when i t  contains ac id-  
forming ma te r i a l s  i s  n o t  easy w i t h  a drag l ine.  Placement 
o f  the acid-forming ma te r i a l ,  consol i d a t i o n  and sea l i ng  
w i t h  a r e l a t i v e l y  impermeable s p o i l  ma te r i a l  cannot be 
c a r r i e d  o u t  w i t h  a d rag l i ne  o r  a s t r i p p i n g  shovel. The 
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:he overburden may j u s t i f y  a change i n  the method o f  
 pera at ion and machinery chosen. 
lough grading o f  unconsol i dated drag1 i n e  spoi 1 s can be 
ccomplished using dozers w i t h  very wide blades, and some 
n te res t ing  innovations have been t r i e d  ou t  t o  increase 
.he c a p a b i l i t i e s  o f  bul ldozers i n  t h i s  operation. The 
lush-Tow concept i s  described by Howland o f  the Pi t tsburgh 
md Midway Mining Co. 
lnder the Push-Tow concept, app l i ca t ion  o f  addi t ional  
lorsepower t o  the angle blade i s  made through a s ing le  
boint h i t c h  t o  the leading edge o f  the blade. Through 
l i r e c t i o n a l  changes, the lead t r a c t o r  helps counteract 
;ide t h r u s t  forces imposed upon the angle blade and 
'pushu t rac to r .  With a 40 degree angle o f  attack, the 40' 
,lade has a maximum e f fec t i ve  width o f  30' for  spo i l  re- 
locat ion west o f  the centerl ine, as shown i n  the above 
I l l u s t r a t i o n ,  and 30' east  o f  the cen te r l i ne  on the 
.eturn pass when t r a c t o r s  are moving north. 
ieneral l y ,  acid-forming spo i l  which i s  compacted and 
:overed w i t h  r e l a t i v e l y  impermeable mater ia l  and a 
minimum o f  4 '  o f  non-toxic overburden requires no other 
sealant t o  prevent oxidat ion. I n  the past, various 
;ealants have been t r i e d  t o  prevent the ox idat ion o f  
) y r i t e  i n  acid-forming spoi ls .  I t was found t h a t  
jeneral l y  compacted c lay  i s  the most cos t -e f fec t i ve  
nethod o f  achieving th is .  More expensive materials,  
including concrete, b i  tumin and various 1 atex sealers, 
qave been t r i e d  bu t  the r e s u l t s  have genera l ly  been 
variable and t h e i r  use i s  n o t  recomnended f o r  covering 
surface mine spoi ls,  a1 though i n  some cases t h e i r  use 
i s  recomnended f o r  seal ing deep mine workings. 
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