
I. INTRODUCTION 

1.1 The Problem 

The d e s i g n  and  implementat ion o f  a n  adequa te  d r a i n a g e  system b e f o r e ,  

d u r i n g  and a f t e r  s u r f a c e  mining o p e r a t i o n s  i s  e s s e n t i a l  t o  minimize a d v e r s e  

environmental  impacts .  S u r f a c e  mining o p e r a t i o n s  a r e  o f t e n  a  s o u r c e  of w a t e r  

p o l l u t i o n .  Water p o l l u t i o n  from a  s u r f a c e  mine g e n e r a l l y  o c c u r s  i n  two forms: 

chemical  and  p h y s i c a l .  Chemical p o l l u t i o n  i s  t h e  r e s u l t  of m i n e r a l s  exposed 

t o  l e a c h i n g  o r  o x i d a t i o n ,  producir.3 u n d e s i r a b l e  c o n c e n t r a t i o n s  ?f d i s s o l v e d  

m a t e r i a l s .  P h y s i c a l  p o l l u t i o n  is t h e  i n c r e a s e d  sediment  l o a d i n g  from 

e x c e s s i v e  e r o s i o n .  S i n c e  sed iment  i s  a l s o  a  major c a r r i e r  o f  many chemical  

p o l l u t a n t s ,  t h e  two forms of  p o l l u t i o n  o f t e n  o c c u r  s imul taneous ly .  

Compared t o  i n d u s t r i a l  p o l l u t i o n ,  which i s  u s u a l l y  a r e s u l t  o f  by- 

p r o d u c t s  c r e a t e d  w h i l e  t h e  i n d u s t r i a l  p r o c e s s  i s  a c t i v e l y  pursued,  water 

p o l l u t i o n  from s u r f a c e  d i s t u r b a n c e s  can  be  a con t inuous  s o u r c e  of p o l l u t i o n  

f o r  y e a r s  a f t e r  t h e  mine becomes i n a c t i v e .  Runoff from abandoned mine s i t e s  

can  c o n t i n u e  t o  c a r r y  l a r g e  volumes of sediment and c o n c e n t r a t i o n s  o f  chemi- 

c a l s  t o  downstream b o d i e s  of wa te r .  Sediment i n  a  s t r e a m  o r  r e s e r v o i r ,  above 

c e r t a i n  " n a t u r a l "  l e v e l s ,  c o n s t i t u t e s  p o l l u t i o n  and reduces  t h e  u s e f u l n e s s  of 

t h e  wa te r .  The d e p o s i t i o n  of sed iments  reduces  s t o r a g e  volumes, compl ica tes  

f l o o d  c o n t r o l  and power g e n e r a t i o n ,  d e s t r o y s  a q u a t i c  l i f e  h a b i t a t ,  d e c r e a s e s  

t h e  v a l u e  o f  f l o o d p l a i n  a r e a s  f o r  r e c r e a t i o n a l  and  a g r i c u l t u r a l  purposes ,  and 

l e a d s  t o  o b s t r u c t i o n s  t o  n a v i g a t i o n  i n  l a r g e r  r i v e r s .  A d d i t i o n a l l y ,  t h e  dyna- 

mic n a t u r e  o f  d r a i n a g e  systems can  r e s u l t  i n  d r a m a t i c  r e s p o n s e s  i n  downstream 

channe l  a l ignment ,  shape  and  t y p e  t o  i n c r e a s e d  sediment  load ing .  

Drainage p o l l u t i o n  o f  any t y p e  a f f e c t s  n e a r l y  every  t y p e  of water use.  

I t  i n c r e a s e s  c o s t s  t o  i n d u s t r i a l ,  munic ipa l  and  n a v i g a t i o n  w a t e r  u s e r s ,  f o r  

i n s t a n c e ,  by c o r r o d i n g  equipment o r  by r e q u i r i n g  s p e c i a l  w a t e r  t r e a t m e n t .  

A d d i t i o n a l l y ,  r e l a t i v e l y  s m a l l  amounts of p o l l u t i o n  can  p r e v e n t  t h e  u s e  of 

s u r f a c e  w a t e r s  f o r  some r e c r e a t i o n a l  u s e s ,  a s  w e l l  as f o r  f i s h  and  a q u a t i c  

l i f e  p roduc t ion .  According t o  t h e  Appalachian Regional  Commission (1969)  i n  

House Document 9 1  - 160, 

"Over t h e  las t  100 y e a r s ,  c o a l  mining i n  t h e  Appalachian Region h a s  
caused i n c r e a s e d  amounts of a c i d ,  sediment ,  s u l f a t e s ,  i r o n ,  manga- 
nese ,  and hardness  i n  t h e  Region 's  s t r e a m s ,  t h u s  s u b s t a n t i a l l y  
a l t e r i n g  wate r  q u a l i t y .  T h i s  a l t e r a t i o n  h a s  o c c u r r e d  i n  
approximately  10,500 m i l e s  of s t r e a m s ,  p r i m a r i l y  i n  t h e  n o r t h e r n  
h a l f  of t h e  Region." 



The a c t u a l  p a t t e r n  of t h e  s t r e a m s  a f f e c t e d  by mining o p e r a t i o n s  i n  t h e  

Appalachian Region g e n e r a l l y  cor responds  t o  t h e  h i s t o r i c a l  and  p r e s e n t  pa t -  

t e r n s  o f  mining. The d i s t r i b u t i o n  o f  s t r e a m s  a f f e c t e d  by a l l  t y p e s  of mine i s  

uneven among t h e  e i g h t  s t a t e s  i n  t h e  Region t h a t  a r e  a f f e c t e d .  Throughout t h e  

Region, t h e  i n c i d e n c e  o f  a f f e c t e d  s t reams  d e c r e a s e s  from n o r t h e a s t  t o  south-  

w e s t .  T h i s  d e c r e a s i n g  t r e n d  o f  a f f e c t e d  s t reams  toward t h e  sou thwes te rn  p a r t s  

o f  t h e  Region i s  p r i m a r i l y  t h e  r e s u l t  of compos i t iona l  changes  i n  t h e  c o a l  and 

a d j a c e n t  strata, t h e  mining t e c h n i q u e s  used,  and s m a l l e r  amounts o f  mining. 

1.2 C o n t r o l  of Drainage On a Mine S i t e  

Due t o  t h e  magnitude and  e x t e n t  o f  t h e  p o l l u t i o n  problems t h a t  have 

a r i s e n  a s  a r e s u l t  of p r e v i o u s  mining a c t i v i t i e s ,  and t h e  d e s i r e  t o  minimize 

f u r t h e r  p r o l i f e r a t i o n  o f  such p o l l u t i o n ,  d r a i n a g e  abatement  and c o n t r o l  t ech-  

n i q u e s  have been developed. I n  g e n e r a l ,  abatement  and c o n t r o l  t e c h n i q u e s  can 

b e  grouped i n t o  t h e  c a t e g o r i e s  o f  s o u r c e  c o n t r o l  t o  p r e v e n t  t h e  fo rmat ion  o f  

p o l l u t e d  wate r ,  t r e a t m e n t  p r o c e s s e s  t o  h a n d l e  w a t e r  t h a t  h a s  become p o l l u t e d ,  

d i s p e r s i o n  and  d i l u t i o n  o f  p o l l u t e d  w a t e r  by i t s  c o n t r o l l e d  a d d i t i o n  t o  

u n p o l l u t e d  f l o w s ,  and permanent conta inment  o r  i s o l a t i o n  of contaminated 

w a t e r s  by i n j e c t i o n  i n t o  deep d i s p o s a l  w e l l s .  

The two major c a t e g o r i e s  which encompass t h e  m a j o r i t y  of t h e  p r e f e r r e d  

abatement  and  c o n t r o l  t e c h n i q u e s  a r e  t r e a t m e n t  and s o u r c e  c o n t r o l .  Use of 

w a t e r  t r e a t m e n t  d u r i n g  mining h a s  no e f f e c t  on  t h e  l e v e l s  of w a t e r  p o l l u t i o n  

a f t e r  t r e a t m e n t  c e a s e s  and t h e  mine is  abandoned. Thus, p r e p l a n n i n g  and 

implementat ion o f  s o u r c e  c o n t r o l s  t o  reduce  w a t e r  p o l l u t i o n ,  b o t h  p r e s e n t  and 

f u t u r e ,  i s  c o n s i d e r e d  p r e f e r a b l e .  

Compared t o  o t h e r  c a t e g o r i e s  of p o l l u t i o n  c o n t r o l ,  s o u r c e  c o n t r o l  

measures such  as r e v e g e t a t i o n  and p r o p e r l y  e n g i n e e r e d  d r a i n a g e  s t r u c t u r e s  a r e  

r e l a t i v e l y  inexpensive .  Source  c o n t r o l  measures a r e  f u r t h e r  d e s i r a b l e  i n  t h a t  

t h e y  h e l p  minimize t h e  fo rmat ion  of p o l l u t e d  w a t e r  by p r s v e n t i n g  c o n t a c t  o f  

u n p o l l u t e d  w a t e r  w i t h  areas d i s t u r b e d  by mining o p e r a t i o n s ,  t h u s  l i m i t i n g  ero-  

s i o n  and sediment  l o a d s  c a r r i e d  by r u n o f f ,  c o n t a c t  of runof f  w i t h  ac id -  o r  

t o x i c  mate r ia l -p roduc ing  m a t e r i a l s ,  and d e c r e a s i n g  q u a n t i t i e s  o f  w a t e r  needing 

t r e a t m e n t .  

D i v e r s i o n  p r a c t i c e s  are p a r t i c u l a r l y  s u i t a b l e  i n  t h a t  t h e y  p r o v i d e  f o r  a 

measure of c o n t r o l  o v e r  t h e  watershed.  Using sound e n g i n e e r i n g  des ign ,  d i v e r -  



s i o n  s t r u c t u r e s ,  channel modi f ica t ion  and r e l o c a t i o n s  can be cons t ruc ted  i n  a 

manner t h a t  provides  p o l l u t i o n  and e ros ion  c o n t r o l  through runoff managemen: 

over  a wide range of seasonal  and c l i m a t i c  condi t ions .  Such s t r u c t u r e s  can 

prevent  runoff i n t o  a c t i v e  mine s i t e s ,  t h u s  he lp ing  t o  reduce ponding along 

t h e  bench o r  i n  t h e  p i t  and t h e  r e s u l t a n t  downtime. Properly engineered 

d ive r s ions  reduce e ros ion  by prevent ing  flow over  u n s t a b i l i z e d  s o i l  i n  water- 

ways above highwalls ,  and over  d i s tu rbed  a r e a s  where vegeta t ion  has  not  been 

e s t ab l i shed .  

Diversion i s  by no means a complete p o l l u t i o n  c o n t r o l  measure, but simply 

a n  i n t e g r a l  p a r t  of an  o v e r a l l  p lan .  The need f o r  a complete drainage design 

p l a n  f o r  t h e  permit  a r e a  based on sound engineer ing  knowledge i s  necessary t o  

minimize p o t e n t i a l  environmental damage from s u r f a c e  mining a c t i v i t i e s .  

Fu r the r ,  it is e s s e n t i a l  t h a t  t h e  des igner  r e a l i z e  t h a t  t h e  drainage bas in  i n  

t h e  permit  a r e a  i s  only one p a r t  of a l a r g e r ,  more complex drainage system. 

The drainage network i n  t h e  permit  a r e a  i n t e r a c t s  with o t h e r  p a r t s  of t h e  

l a r g e r  drainage system i n  a complex fashion.  Over t ime t h i s  complicated 

system has  e s t a b l i s h e d  a s t a t e  of balance o r  quasi-equi l ibr ium. The mining 

opera t ion ,  o r  any o t h e r  l a rge - sca l e  d is turbance ,  w i l l  a f f e c t  t h i s  balance o r  

equi l ibr ium and can r e s u l t  i n  dynamic responses throughout t h e  system. The 

des igner  must recognize t h i s  phenomenon i n  o rde r  t o  r e s t o r e  t h e  d i s tu rbed  

topography and drainage t o  a condi t ion  where it w i l l  aga in  proper ly  func t ion  

a s  p a r t  of t h e  l a r g e r  system. 

1.3 OSM Regulations Concerning Water Diversions 

General p rov i s ions  of OSM s tandards  p e r t a i n i n g  t o  s u r f a c e  mine drainage 

s p e c i f y  t h e  b e s t  technology c u r r e n t l y  a v a i l a b l e  should be used t o  minimize 

d i s tu rbances  of t h e  p r e v a i l i n g  hydrologic  balance, water  q u a n t i t y ,  and water 

q u a l i t y .  This  s tandard  i s  app l i cab le  t o  t h e  mine s i t e  a s  we l l  a s  o u t l y i n g  

a r e a s  t h a t  would be a f f e c t e d  by runoff from t h e  mined region.  

Of p a r t i c u l a r  importance i n  t h e  aforementioned s p e c i f i c a t i o n  i s  t h e  

phrase  "bes t  technology c u r r e n t l y  a v a i l a b l e , "  de f ined  by t h e  OSM a s  ( 3 0  CFR 

701.5) : 

"equipment, s e r v i c e s ,  systems, methods, o r  techniques which w i l l  ( a )  
p revent ,  t o  t h e  e x t e n t  poss ib l e ,  a d d i t i o n a l  con t r ibu t ions  of 
suspended s o l i d s  t o  s t ream flow o r  runoff ou t s ide  t h e  permit  a r e a ,  
b u t  i n  no event  r e s u l t  i n  con t r ibu t ions  of suspended s o l i d s  i n  
excess  of  requirements s e t  by app l i cab le  s t a t e  o r  f e d e r a l  laws; and 



( b )  minimize, t o  t h e  e x t e n t  poss ib l e ,  d i s turbances  and adverse 
impacts on f i s h ,  w i l d l i f e  and r e l a t e d  environmental va lues  and 
achieve enhancement of t hese  resources  where p rac t i cab le .  The term 
inc ludes  equipment, devices ,  systems, methods o r  techniques which 
a r e  c u r r e n t l y  a v a i l a b l e  anywhere a s  determined by t h e  Direc tors ,  
even i f  they a r e  not  i n  rou t ine  use." 

Other f e d e r a l  laws c o n t r o l l i n g  d ischarges  a r e  t h e  Federa l  Water Po l lu t ion  

Control  Act and t h e  Clean Water Act administered by t h e  EPA. 

S p e c i f i c a l l y ,  OSM r egu la t ions  r e q u i r e  t h a t  d ivers ions  of overland flow o r  

f l w  i n  ephemeral streams a r e  t o  be undertaken i n  a manner which prevents  ero- 

s ion ,  avoids con tac t  wi th  acid-forming and t o x i c  material-forming ma te r i a l s ,  

and reduces t h e  amount of suspended s o l i d s  e n t e r i n g  r ece iv ing  streams o r  o t h e r  

o f f - s i t e  bodies  of water. 

Standard p r a c t i c e s  and c r i t e r i a  r e l a t e d  t o  t h e  

d ive r s ion  of overland flow, and flow i n  ephemeral, perennia l ,  o r  i n t e r m i t t e n t  

s t reams,  a r e  summarized i n  Table 1.1. It is important t o  note  t h a t  t h e  diver-  

s i o n  channel i t s e l f  does no t  neces sa r i l y  have t o  be l a r g e  enough t o  pas s  t h e  

design flow (Table 1.1, p a r t  a ) .  Regulations al low t h a t  t h e  combination of 

channel,  bank and f loodp la in  con f igu ra t ions  be adequate t o  pas s  t h e  requi red  

flows. However, t h e  capac i ty  of t h e  channel i t s e l f  should a t  l e a s t  be equal  

t o  t h e  capac i ty  of t h e  unmodified s t ream channel immediately upstream and 

downstream of t h e  d ivers ion .  

1.4 Applicat ions of Water Diversion S t r u c t u r e s  

Water d ive r s ion  s t r u c t u r e s  a r e  temporary o r  permanent water handl ing 

s t r u c t u r e s  used t o  c o n t r o l  and manage t h e  drainage above and through t h e  

d i s tu rbed  a r e a  of a mine s i t e  inc luding  t h e  channels d i v e r t i n g  and conveying 

t h e  runoff ,  grade c o n t r o l  s t r u c t u r e s ,  e ros ion  c o n t r o l  s t r u c t u r e s ,  e t c .  I n  

t h i s  manual, d ive r s ions  a r e  def ined  a s  t hose  channels used t o  i n t e r c e p t  and 

d i v e r t  s u r f a c e  runof f ,  and those  used t o  r e l o c a t e  o r  r e e s t a b l i s h  ephemeral, 

i n t e r m i t t e n t  o r  pe renn ia l  streams. Perennia l  streams normally c a r r y  water 

throughout t h e  year  because they  e i t h e r  d r a i n  a r e a s  of heavy r a i n f a l l  o r  

i n t e r s e c t  t h e  ground water  t a b l e  a t  some po in t .  I n t e r m i t t e n t  streams flow 



Table 1.1. Design Requirements by Technologies. 

Over land Flows, Shal low Groundwater 
Considerat ions* F l ow s, Ephemeral Streams Perennial and In termi t tent  Streams 

Hydrology 
(a) Recurrence I nterva I-- 

Design Event 

Permanent 

Temporary 

Hydrau l i cs  
(b) Channel Capacity 

(c) Channel Llning 

( d l  Slope o r  Gradlent 

(e) Veioc l t ies  

Geotechnical 
( f  ) Backslopes 

-rat ion 

Permanent 

Temporary 

(h) Enhancement , 

( i )  Shape 

( j )  Longitudinal Prof1 le  
and Cross Section 

(k) Aquatic Habitats 

Peak runof f  f ran design event, 0.3 f t  
freeboard minimum. Protect ion o f  
c r i t i c a l  areas can be more stringent. 

Suitable t o  control  and minimize water 
pol  lutlon. 

Appropr l a t e  fo r  sediment control. 

Regulated t o  control  and mlnlmlze 
water pol lut ion. 

Stable 

None 

Remove regrade topsol I & revegetate. 

None 

None 

(see slopes and capacity) 

None 

Must equal adjacent unmodified stream channel ( f loodpla in  
capacity can be used fo r  passing design event), but not less than 
(a). 

To control  erosion, must be stable and only require Infrequent 
maintenance. 

Longitudinal prof i l e  of  the stream t o  remaln stable and t o  pre- 
vent erosion. 

Regulated t o  control  and minimize water pollution. 

Stable 

Restore o r  maintain natural r i pa r i an  vegetation, including 
aquatic habi ta ts  ( r l  f f les, pools, drops, etc.) tha t  approximate 
premi n i ng character i s t  i cs. 

Same as ephemeral stream 

"Where pract icab let* enhance natural r ipar  Ian vegetation. 

Establ ish or  restore natural meandering shape of an environ- 
mentally acceptable gradient. 

Establish or  restore t o  approximate premining streqm channel 
characteristics ( including aquatic conslderations below). 

I1Establ i sh or  restore...usual l y  a pat tern of pools, r i f f l e s  and 
drops.. .that approximate premi n l  ng character1 sties.** 

'Where not  spec i f i ca l l y  indicated, temporary and permanent requirements would be the same. 



s t e a d i l y  f o r  only a p a r t  of t h e  year  and a r e  seasonal ly  dry. Ephemeral 

streams a r e  normally dry and flow only i n  response t o  p r e c i p i t a t i o n  o r  

s nowme lt . 
Diversion of su r f ace  runoff (over land  f low) ,  shallow ground water flow 

and e p h e m r a l  streams he lps  t o  c o n t r o l  e ros ion ,  reduces con tac t  t ime with 

acid-and t o x i c  material-forming ma te r i a l s ,  and reduces t h e  suspended sediments 

e n t e r i n g  downstream bodies  of water.  Diversion of i n t e r m i t t e n t  and pe renn ia l  

s t reams i n t o  new channels is  p e r f ~ r m e d  t o  reduce seepage i n t o  c r  f l ood ing  of 

t h e  work a r e a ,  and t o  allow t h e  mining opera t ion  i n  t h e  reg ion  of t h e  o r i g i n a l  

stream channel. Diversion of i n t e r m i t t e n t  o r  pe renn ia l  s t reams is allowed 

only wi th  s p e c i f i c  approval  from t h e  regula tory  a u t h o r i t y  due t o  t h e  p o t e n t i a l  

adverse  environmental impacts. 

Diversion d i t c h e s  above t h e  highwall o r  open c u t  a r e  o f t e n  por t rayed  i n  

s u r f a c e  mining pub l i ca t ions  a s  a common method o f  d ivers ion;  however, t h i s  

a p p l i c a t i o n  is not  always p rac t i ced .  Water d ive r s ion  channels  can a l s o  occur  

w i th in  and through t h e  d i s tu rbed  a r e a  t o  r e e s t a b l i s h  drainage p a t t e r n s .  

Applicat ion of d ive r s ion  channels and r e l o c a t i o n s  t o  contour ,  a r e a  and moun- 

t a i n t o p  removal methods a r e  i l l u s t r a t e d  i n  Figures  1.1, 1.2 and 1.3, respec- 

t i v e l y .  Diversions a r e  a l s o  used below s p o i l  s lopes  t o  d i r e c t  runoff t o  

sediment ponds and a s  conveyances of n a t u r a l  drainage around excess  s p o i l  s lo -  

p e s  and on roadways t o  p r o t e c t  t h e  lower p o r t i o n s  of t h e  h i l l s i d e  o r  roadway 

from h igh ly  e ros ive  flows. Figure 1.4 i l l u s t r a t e s  t h e  t y p i c a l  s u r f a c e  

drainage c o n t r o l  techniques used f o r  a n  excess  spoil f i l l .  

Usually t h e  channel is  loca t ed  i n  t h e  g ro in  a r e a  a s  sham. I3ue t o  

t h e  s t e e p  s l o p e  topography t y p i c a l  of t h e  Eas te rn  Coal Province, t h e s e  chan- 

n e l s  m u s t  be c a r e f u l l y  designed and cons t ruc ted  i n  o r d e r  t o  remain s t a b l e .  

Another d ive r s ion  technique f o r  excess  s p o i l  f i l l s  found unique t o  t h e  

Eas te rn  Coal Province is t h e  use  of an i n t e r n a l  rock c o r e  drain.  This  tech- 

nique i s  employed i n  l i e u  of a s u r f a c e  d ive r s ion  t o  convey runoff from t h e  

s u r f a c e  of t h e  f i l l  and from a r e a s  above t h e  f i l l  where t h e  f i l l s  a r e  no t  

c a r r i e d  t o  t h e  r idge  l i ne .  The i n t e r n a l  d r a i n  is used f o r  handl ing both t h e  

s u r f a c e  and subsurface water. The s u r f a c e  water  p e r c o l a t e s  through t h e  rock 

c o r e  much l i k e  a french dra in .  



Figure 1.1. Drainage i n  contour mining. 
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Figure 1 . 2 .  Relocated channel i n  area  mining. 
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Figure 1.3. Drainage pa t t e rns  i n  the  mountain removal method. 
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Based on c u r r e n t  p r a c t i c e s  o f  s u r f a c e  conveyance c o n s t r u c t i o n  observed on 

s u r f a c e  mine o p e r a t i o n s ,  a t  l e a s t  f o r  t h e  s h o r t  t e r m ,  rock c o r e  d r a i n s  may be 

a more f e a s i b l e  method f o r  d i v e r t i n g  wate r  around s p i l l  f i l l s .  However, t h e r e  

w e r e  no s t a n d a r d i z e d  methods of d e s i g n  o r  a n a l y s i s  found i n  l i t e r a t u r e  

reviews.  The c o n s t r u c t i o n  t e c h n i q u e s  are a l s o  most ly  l e f t  up t o  t h e  o p e r a t o r .  

A d d i t i o n a l l y ,  many concerns  have been r a i s e d  a s  t o  t h e i r  long-term func- 

t i o n i n g .  No p u b l i s h e d  r e s e a r c h  was found t o  conf i rm o r  d i s p u t e  t h i s  concern.  

There fore ,  no d e s i g n  technology f c r  rock  c o r e  d r a i n s  i n  s p o i l  f i l l s  is  pre-  

s e n t e d  i n  t h i s  manual. 

I n  most c a s e s ,  d i v e r s i o n  is  a n  economical  form of e r o s i o n  c o n t r o l .  It i s  

n o t  meant a s  a complete  e r o s i o n  c o n t r o l ,  b u t  a s  a n  i n t e g r a l  p a r t  o f  a n  e r o s i o n  

c o n t r o l  p l a n .  The f o l l o w i n g  a r e  some of  t h e  f a c t o r s  t h a t  can s i g n i f i c a n t l y  

a f f e c t  t h e  c o s t  o f  d i v e r s i o n  systems: 

1 .  Topography - Unusually s t e e p  topography,  dense  f o r e s t  cover  o r  rock 
f o r m a t i o n s  m y  i n c r e a s e  t h e  c o s t  o f  s u r f a c e  t r e n c h i n g .  

2 .  Equipment - A v a i l a b i l i t y  o f  adequa te  equipment can s i g n i f i c a n t l y  
a f f e c t  t h e  c o s t  o f  d i v e r s i o n  d i t c h e s .  

3 .  Condi t ion  of S o i l  - Mck f i s s u r e s  and h i g h l y  permeable s o i l  may 
n e c e s s i t a t e  t h e  u s e  of a n  impermeable m a t e r i a l  f o r  t r e n c h  cons t ruc-  
t i o n .  

Smal l  temporary d i v e r s i o n  s t r u c t u r e s  may i n c l u d e  t h e  u s e  o f  s t r a w  b a l e s ,  

tires, downpipes, b r u s h  and o t h e r  temporary measures i n  a d d i t i o n  t o  some per-  

manent measures t o  a c h i e v e  g rade  and e r o s i o n  c o n t r o l .  However, a f t e r  a n  

o p e r a t i o n  i s  complete,  temporary d i v e r s i o n  channe l s  and s t r u c t u r e s  must be 

conver ted  t o  permanent s t a n d a r d s  o r  removed and t h e  a f f e c t e d  l a n d  regraded ,  

t o p s o i l e d  and  r e v e g e t a t e d  i n  t h e  same way a s  o t h e r  d i s t u r b e d  areas of  t h e  

s i te.  

Permanent d i v e r s i o n  s t r u c t u r e s  used f o r  t h e  r e e s t a b l i s h m e n t  of a d ra inage  

sys tem a f f e c t e d  by s u r f a c e  mining must pe r fo rm adequa te ly  w i t h o u t  t h e  a s s u r e d  

b e n e f i t  o f  p e r i o d i c  maintenance. S e r i o u s  env i ronmenta l  problems have r e s u l t e d  

i n  many p r e v i o u s l y  mined a r e a s ,  p a r t i c u l a r l y  i n  s t e e p  s l o p e  r e g i o n s ,  due t o  

i n a d e q u a t e  d e s i g n  of t h e  d r a i n a g e  network and a s s o c i a t e d  d i v e r s i o n  s t r u c t u r e s .  

P l a t e  1.1 i l l u s t r a t e s  t h e  r e s u l t  o f  improper d i v e r s i o n  channe l  d e s i g n  i n  f i l l  

m a t e r i a l .  Combined w i t h  s t e e p  s l o p e  c o n d i t i o n s  and r e l a t i v e l y  l a r g e  annua l  

p r e c i p i t a t i o n ,  channels  t h a t  a r e  n o t  p r o p e r l y  des igned  o r  p r o t e c t e d  become 

d e e p l y  i n c i s e d  i n  t h e  e r o d i b l e  f i l l  m a t e r i a l ,  t h u s  becoming a con- 





t i n u o u s  s o u r c e  of w a t e r  p o l l u t i o n .  However, even moderate ly  s l o p e d  channe l s  

( P l a t e  1 .2)  c a n  e rode  and become i n c i s e d ,  i l l u s t r a t i n g  t h e  need f o r  p r o p e r  

d r a i n a g e  i n  a l l  c a s e s .  The i n c i s i o n  shown i n  P l a t e  1.2 i s  n o t  s e r i o u s  i n  i ts 

c u r r e n t  c o n d i t i o n ;  however, i t  h a s  p robab ly  r e s u l t e d  from r e l a t i v e l y  s m a l l  

f lows .  I f  a  100-year e v e n t  d i d  occur ,  a much g r e a t e r  i n c i s i o n  c o u l d  be  

expected.  

T y p i c a l  d r a i n a g e  systems a r e  shown i n  F i g u r e s  1 .5  and 1 .6  i l l u s t r a t i n g  

t h e  r e l a t i o n s h i p  of ephemeral ,  i n t e r m i t t e n t  and p e r e n n i a l  s t r eams .  

Rees tab l i shment  of ephemeral  s t reams  is t h e  beg inn ing  and p e r h a p s  t h e  most 

c r i t i c a l  s t e p  i n  r e s t o r i n g  t h e  h y d r o l o g i c  ba lance  o f  s t e e p  s l o p e  mining a r e a s .  

I f  ephemeral  s t r e a m s  do n o t  pe r fo rm a d e q u a t e l y ,  s i g n i f i c a n t  e r o s i o n  can occur  

i n  t h e  ups lope  r e g i o n s ,  r e s u l t i n g  i n  l a r g e  volumes of sediment  be ing  d e l i v e r e d  

t o  downstream i n t e r m i t t e n t  and p e r e n n i a l  s t r eams .  The i n c r e a s e d  sediment  

l o a d i n g  c a n  c a u s e  a  dynamic response  and r e a d j u s t m e n t  of t h e s e  s t reams  as t h e  

e n t i r e  d r a i n a g e  network moves t o  r e e s t a b l i s h  a  b a l a n c e  o r  quas i -equ i l ib r ium.  

1.5 Problems Unique t o  OSM Regions I and I1 ( E a s t e r n  Coal Prov ince)  

1.5.1 Geographic C o n s i d e r a t i o n s  

The d i v e r s i t y  i n  t e r r a i n ,  c l i m a t e ,  b i o l o g i c ,  chemical  and  p h y s i c a l  con- 

d i t i o n s  th roughout  mining r e g i o n s  o f  t h e  c o u n t r y  was recognized  i n  t h e  S u r f a c e  

Mining C o n t r o l  and Reclamation Act of 1977. The most d ramat ic  d i f f e r e n c e s  a r e  

a p p a r e n t  between t h e  mining o p e r a t i o n s  of t h e  humid e a s t e r n  s t a t e s  and t h o s e  

o f  t h e  a r i d  and  s e m i a r i d  wes te rn  s t a t e s .  The d e f i n i t i o n s  o f  humid, a r i d  and 

s e m i a r i d  a r e  g e n e r a l l y  based  on p r e c i p i t a t i o n ,  a l t h o u g h  a  v a r i e t y  o f  

c l i m a t o l o g i c a l  and env i ronmenta l  f a c t o r s  i s  involved.  According t o  OSM regu- 

l a t i o n s ,  t h e  100th Meridian i s  d e f i n e d  a s  t h e  l e g a l  boundary of t h e  " a r i d  and 

semi-a r id  a r e a . "  T h i s  d e f i n i t i o n  i s  commonly a c c e p t e d ,  a l though  it i g n o r e s  t h e  

humid P a c i f i c  c o a s t  and t h e  s n o w f a l l  of h igh mountain r e g i o n s .  

Dryland l andscapes  a r e  q u i t e  d i f f e r e n t  from t h o s e  of more humid r e g i o n s .  

The topography and landforms a r e  more a b r u p t ,  t h e  s o i l s  a r e  t h i n n e r ,  t h e  

bedrock exposures  a r e  u s u a l l y  n o r e  pronounced and t h e  s t r e a m s  a r e  s m a l l e r  and 

a r e  l i k e l y  t o  be  d ry  f o r  a t  l e a s t  p a r t  o f  t h e  y e a r .  O v e r a l l ,  t h e  p h y s i c a l  

environment r e f l e c t s  t h e  l a c k  o f  wa te r  and t h e  predominance of mechanical  

wea ther ing  and e r o s i o n  o v e r  chemical  wea ther ing  and s o l c t i o n .  

I n  a  humid environment h i g h  p r e c i p i t a t i o n  produces  v e g e t a t i o n  and  s o i l s  

t h a t  a r e  w e l l  developed s n d  s t a b i l i z e d .  Under t h e s e  n a t u r a l  c o n d i t i o n s ,  
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Figure 1.5.  Plan view of contour mining drainage plan. 



Figure 1 .6 .  Plan view of a contour mine drainage plan. 



s t reams  g e n e r a l l y  c a r r y  low suspended sediment l o a d s ,  r e f l e c t i n g  t h i s  s t a b i l -  

i t y  i n  t h e  upland watersheds .  A d d i t i o n a l l y ,  h i g h  p r e c i p i t a t i o n  produces  a  

d i l u t i o n  e f f e c t  on t h e  sed iments  t h a t  a r e  eroded.  

I n  c o n t r a s t ,  d r y l a n d  s t reams  normally c a r r y  q u i t e  h igh  sediment  l o a d s  

from e r o s i o n  by b o t h  wind and water .  The p r e c i p i t a t i o n  g e n e r a t i n g  t h e  e r o s i o n  

i n  a d r y l a n d  environment u s u a l l y  r e s u l t s  from s m a l l  s t o r m  c e l l s  t h a t  may be 

l i m i t e d  i n  a r e a l  e x t e n t ,  b u t  can produce h igh  i n t e n s i t y  and r a i n f a l l  energy.  

T h i s  t y p e  o f  s to rm produces  "f1ask.y" runof f  w i t h  pronounced cay- ic i ty  f o r  s e d i -  

ment removal and t r a n s p o r t a t i o n .  Only r a r e l y  does  a  s i n g l e  s to rm produce 

runof f  i n  a l l  p a r t s  of a  d r y l a n d  s t r e a m  b a s i n ,  and extended p e r i o d s  may p a s s  

w i t h  no s t reamflow a t  a l l .  Many d r y l a n d  s t reams  f low o n l y  d u r i n g  t h e  s p r i n g  

runof f  and immediately a f t e r  major s torms.  There fore  i n  d r y l a n d s  even s t reams  

d r a i n i n g  l a r g e  b a s i n s  a r e  o f t e n  i n t e r m i t t e n t  o r  ephemeral ,  whi le  i n  a  humid 

r e g i o n  most l a r g e r  s t reams  would be  p e r e n n i a l .  

However, i n  any c l i m a t e  one o f  t h e  most impor tan t  f a c t o r s  a f f e c t i n g  s e d i -  

ment y i e l d  i s  l a n d  use .  Wilson (1972)  shows t h a t  t h e  impact of s u r f a c e  mining 

on t h e  humid e a s t e r n  s t a t e s  produces  sediment  y i e l d s  from t h e  a f f e c t e d  a r e a s  

t h a t  a r e  s i m i l a r  t o  t h o s e  of a r i d  r e g i o n s .  There fore ,  h i g h e r  sediment  y i e l d s  

from d i s t u r b e d  mining s i t e s  i n  OSM Regions I and  I1 r e l a t i v e  t o  t h e  n a t u r a l  

s t a b i l i t y  of t h e s e  wa te r sheds  must be  c o n s i d e r e d  i n  d i v e r s i o n  channe l  des ign .  

1 .5 .2  S p e c i f i c  Problems Observed i n  OSM Regions I and  I1 ( E a s t e r n  
Coal  Prov ince)  

Based on mine s i t e  v i s i t s  d u r i n g  Phase I ~f  t h i s  p r o j e c t ,  some g e n e r a l  

o b s e r v a t i o n s  w e r e  made and  s p e c i f i c  problems i d e n t i f i e d .  I n  most o f  t h e  

s t e e p e r  s l o p e d  a r e a s ,  s u r f a c e  mining i s  r e l a t i v e l y  h i g h  i n  t h e  watershed,  s o  

d i v e r s i o n s  above t h e  h ighwal l  c o n t r o l l i n g  upper  watershed d r a i n a g e  are n o t  

u t i l i z e d .  However, even i n  more moderate ly  s l o p e d  a r e a s  where l a r g e r  upper 

wa te r shed  d r a i n a g e s  e x i s t ,  such d i v e r s i o n s  a r e  n o t  u t i l i z e d  f o r  d ra inage  

c o n t r o l .  Water and sediment  c o n t r o l  i s  u s u a l l y  below t h e  s t r i p  i n  t h e  form of 

d i v e r s i o n  s t r u c t u r e s  l e a d i n g  t o  sediment  ponds. The u s e  o f  d i v e r s i o n  channe l s  

t o  r o u t e  f low through o r  around f i l l  a r e a s  (head-of-hollow o r  v a l l e y  f i l l s )  i s  

a  common a p p l i c a t i o n .  C u l v e r t s  and o t h e r  c l o s e d  c o n d u i t  s t r u c t u r e s  were n o t  

obse rved  f o r  d i v e r s i o n  a p p l i c a t i o n s .  

I n  genera l ,  a  common problem w i t h  d i v e r s i o n  channe l s  a p p e a r s  t o  be 

c o n s t r u c t i o n  t e c h n i q u e s  and t h e  l a c k  of p r o p e r  s u p e r v i s i o n  and i n s p e c t i o n  of 



cons t ruc t ion  work. For example, when r i p r a p  was used, it o f t e n  was not  pro- 

p e r l y  designed o r  placed. F i l t e r  b lankets  beneath t h e  r i p r a p  were not  

observed i n  any app l i ca t ion .  Addi t iona l ly ,  t h e  r i p r a p  l a y e r  was t y p i c a l l y  

mounded i n  channels r a t h e r  than  being p laced  i n  a  manner t h a t  maintained a  

b a s i c  channel shape ( P l a t e  1 . 3 ) .  Consequently, t h e  channel design capac i ty  

was g r e a t l y  reduced, fo rc ing  l a r g e r  flows o u t s i d e  t h e  channel boundary ( P l a t e  

1 . 4 ) .  The lack  of g rada t iona l  p a r t i c l e  s i z e s  i n  t h e  r i p r a p  l a y e r  was a l s o  a  

c o m n  problem. Typica l ly ,  only rock of l a r g e  diameter was used f o r  r i p rap .  

P a r t  of t h e  problem appears  t o  be  t h e  d i f f i c u l t y  i n  p l a c i n g  r i p r a p  on 

s t e e p  s lopes .  C a t e p i l l a r  D-9 bul ldozers  wi th  14-foot b lades  a r e  used f o r  

earthmoving work, inc luding  d ive r s ion  channel cons t ruc t ion .  In  many 

in s t ances ,  t h i s  p i e c e  of machinery i s  t o o  l a r g e  f o r  e f f e c t i v e  o r  e f f i c i e n t  

channel cons t ruc t ion  based on permit  design. For example, t h e  t y p i c a l  tech- 

nique f o r  s teep-s lope  r i p r a p  placement i s  end-dumping a t  t h e  upslope end of 

t h e  channel and then  working a  D-9 downslope t o  p o s i t i o n  t h e  r ip rap .  However, 

t h e  r e s u l t  i s  usua l ly  a  channel t h a t  i s  l e v e l  o r  mounded and f u l l  of rock. 

More e f f e c t i v e  cons t ruc t ion  techniques w i l l  have t o  be implemented t o  i n s u r e  

adequate  drainage i n  t h e s e  s i t u a t i o n s .  For example, t h e  d ive r s ion  channels 

could be b u i l t  concurrent ly with t h e  f i l l  i n s t e a d  of a f t e r  completion of t h e  

f i l l .  A s  each l i f t  i s  completed, t h e  channel and r i p r a p  l i n i n g  could be 

cons t ruc ted ,  t hus  s imp l i fy ing  cons t ruc t ion .  

P l a t e s  1.5 and 1.6 show t h e  use  of l a r g e  boulders  p l aced  p a r a l l e l  t o  t h e  

channel t o  prevent  meandering. Under t h e  low flow cond i t i ons  e x i s t i n g  when 

t h e  p i c t u r e s  were taken,  t h e  design may appear reasonable.  However, under 

h ighe r  flow condi t ions ,  t h e s e  boulders  would probably not  con ta in  t h e  flow. 

Although t h e  boulders  themselves would n o t  move, t h e  s t ream would move o u t  of 

t h e  r iprapped  channel by c u t t i n g  a  new course between any given p a i r  of 

boulders .  

P l a t e  1 .7  i l l u s t r a t e s  another  case  where excess ive ly  l a r g e  rocks have 

been used. The p i c t u r e  shows t h e  en t rance  t o  a  f i l l  s l ope  d ivers ion .  Under 

high f lows most of t h e  water would probably be fo rced  around t h e s e  boulders ,  

thereby  missing t h e  r iprapped  channel e n t i r e l y .  

Given t h e  d i f f i c u l t i e s  i n  des igning  and p l a c i n g  r iprapped  d ivers ions ,  

s o m  a t tempts  have been made t o  avoid t h e  problem e n t i r e l y .  p i a t e  1.8 

i l l u s t r a t e s  a  c a s e  where t h e  n a t u r a l  d ra inages  were completely blocked. The 

reasoning  behind t h i s  design i s  t h a t  water caught behind t h e  blockage w i l l  
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slowly i n f i l t r a t e  and move through t h e  f i l l  a s  groundwater. Forcing overland 

f low from t h e  upper watershed t o  groundwater flow can r e s u l t  i n  s l o p e  s t a b i -  

l i t y  problems on t h e  f i l l .  This  design could a l s o  c r e a t e  s e r i o u s  problems i n  

t h e  f u t u r e .  I f ,  through time, t h e  ground s u r f a c e  i s  s e a l e d  by depos i t i on  of 

f i n e  silts and c l a y s ,  ponded water  could over top  t h e  b a r r i e r ,  causing 

excess ive  e ros ion  on t h e  f i l l  s l opes .  

Some examples of proper ly  designed and cons t ruc t ed  channels  were 

observed. P l a t e  1.9 shows a small channel l ead ing  t o  a sediment pond. The 

r i p r a p  appears  t o  have been hand-placed; however, t h e  important  concept is  

t h a t  t h e  b a s i c  shape of t h e  channel  has  been maintained. This  b a s i c  concept 

i s  c r i t i c a l  t o  a succes s fu l ,  l ong - l a s t ing  channel.  P l a t e  1.10 shows another  

example of  a l a r g e r  channel on a s t e e p e r  s lope .  Again, t h e  r i p r a p  was prob- 

ab ly  hand-placed, which is  not  economically f e a s i b l e  on a l a r g e r  s c a l e .  

Regardless of t h e  placement technique,  t h e  b a s i c  channel shape must be main- 

t a i n e d  i n  o r d e r  f o r  t h e  channel t o  ope ra t e  a s  designed. 

Some examples of l a rge r - sca l e  channels t h a t  have been proper ly  designed 

and cons t ruc t ed  were observed i n  t h e  mountains of Colorado. P l a t e  1.11 i s  a 

s t e e p  dra inage  channel  a long  I n t e r s t a t e  70 on Va i l  Pass.  Note how t h e  rocks 

a r e  p laced ,  probably by machinery ( i . e . ,  no t  hand-placed),  i n  a manner t h a t  

maintained t h e  b a s i c  channel shape. P l a t e  1.12 shows another  approach us ing  

wire  gabions t o  s t a b i l i z e  a s t e e p  s lope  drainage. 

1.6 Design Manual Organizat ion and Use 

1.6 .1  Design Manual Organizat ion 

The Design Manual i s  organized i n  two p a r t s .  Both p a r t s  a r e  contained i n  

t h i s  volume and t h e  chap te r s  a r e  consecut ive ly  numbered f o r  easy re ference .  

P a r t  I1 begins  wi th  Chapter X I .  P a r t  I cons iders  design methodologies t h a t  

a r e  p r i m a r i l y  a p p l i c a b l e  t o  t h e  Eas te rn  Coal Province. Addi t iona l ly ,  it pre- 

s e n t s  t h e  o t h e r  genera l  information and background knowledge r equ i r ed  t o  

complete a good design. P a r t  I1 con ta ins  supplemental des ign  information 

r equ i r ed  t o  des ign  channels  i n  sandy s o i l  reg ions .  

Due t o  t h e  predominantly s t e e p  s l o p e  cond i t i ons  t h a t  e x i s t  i n  t h e  Eastern 

Coal Province, P a r t  I g ives  s p e c i a l  cons ide ra t ion  t o  design procedures  f o r  

s t e e p  s l o p e  channels (Chapter V ) .  However, mild s l o p e  channels  a r e  a l s o  con- 

s i d e r e d  (Chapter  V I ) .  Rock r i p r a p  channels a r e  emphasized due t o  t h e i r  

c u r r e n t  widespread use. 
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Due t o  t h e  s i g n i f i c a n t  d i f f e r e n c e s  i n  s t ream morphology between t h e  humid 

e a s t e r n  s t a t e s  and t h e  dry land  environment of t h e  western s t a t e s ,  P a r t  I1 pre- 

s e n t s  t h e  a d d i t i o n a l  information r equ i r ed  t o  design channels  i n  sandy s o i l s .  

Bed form cond i t i ons  common i n  sand-bed channels and t h e i r  e f f e c t  on r e s i s t a n c e  

t o  flow a r e  d iscussed  i n  Chapter X I I .  Chapter X I 1 1  d i s c u s s e s  a l l u v i a l  channel 

concepts ,  p a r t i c u l a r l y  movable boundary hydraul ics .  The design of l a r g e  rock 

r i p r a p  drop s t r u c t u r e s  is d iscussed  i n  Chapter XVI and t h e  design of d ikes  i n  

Chapter X V I I .  

Assessment of t h e  b e s t  technology c u r r e n t l y  a v a i l a b l e  f o r  a p p l i c a t i o n  t o  

s u r f a c e  mine ope ra t ions  a s  presented  i n  t h i s  Design Manual was based on a 

comprehensive l i t e r a t u r e  review. For t h o s e  methodologies a p p l i c a b l e  t o  t h e  

Eas te rn  Coal Povince a w r i t t e n  l i t e r a t u r e  review was prepared  a s  t h e  Phase I 

r e p o r t  f o r  t h i s  p r o j e c t .  Se l ec t ion  c r i t e r i a  f o r  i n c l u s i o n  i n  t h e  Design 

Manual from t h e  broad range of design methodologies a v a i l a b l e  inc luded  con- 

s i d e r a t i o n  of t h e  phys i ca l  environment a t  s u r f a c e  mine ope ra t ions ,  c u r r e n t  

design procedures  employed, t h e  problems wi th  e x i s t i n g  d ive r s ion  s t r u c t u r e s ,  

and t h e  l e v e l  of e f f o r t  r equ i r ed  t o  produce a n  adequate  d ive r s ion  design.  

Many of t h e  s t a t e -o f - the -a r t  procedures  t h a t  provide  t h e  b e s t  p o s s i b l e  design 

a r e  t o o  complicated and l abo r ious  t o  be used and a r e  not  inc luded  i n  t h e  

manual. In  c o n t r a s t ,  many of t h e  s i m p l i f i e d  procedures ,  i nc lud ing  some 

methods i n  common use,  produce inadequate  des igns  t h a t  probably would no t  sur-  

v ive  t h e  h igh  f lows r equ i r ed  f o r  permanent s t r u c t u r e s  by OSM regu la t ions .  

Therefore,  t h e  o b j e c t i v e  was t o  produce a u sab le  document t h a t  provides  

r e l i a b l e ,  a c c u r a t e  design procedures  f o r  cond i t i ons  t h a t  e x i s t  on a s u r f a c e  

mine opera t ion .  

Information i n  both t h e  Phase I r e p o r t  and t h e  Phase I1 Design Manual, 

P a r t  1 and P a r t  2 ,  concen t r a t e s  on permanent water  d ive r s ion  s t r u c t u r e s  due t o  

t h e i r  g r e a t e r  long-term importance. Many p u b l i c a t i o n s  a r e  a v a i l a b l e  provid ing  

design gu ide l ines  f o r  temporary d ive r s ion  design. Culver t s  and o t h e r  c losed  

condui t  conveyance s t r u c t u r e s  were a l s o  no t  considered.  These s t r u c t u r e s  may 

r ep resen t  v i a b l e  a l t e r n a t i v e s  a s  a short- term,  temporary water  conveyance 

method; however, t h e i r  permanent, long-term use  cannot be considered r e l i a b l e  

due t o  maintenance requirements.  Addi t iona l ly ,  due t o  concre te  requirements ,  

t h e i r  cons t ruc t ion  can be very l abo r  i n t e n s i v e ,  making them r e l a t i v e l y  

i n f e a s i b l e  f o r  use  on s u r f a c e  mine s i t e s .  



1.6.2 Design Manual Use 

A t  f i r s t  glance t h e  Design Manual m y  appear d i f f i c u l t  t o  use wi th  

complex and e l a b o r a t e  design procedures;  however, upon c l o s e r  examination t h e  

u s e r  should r e a l i z e  t h a t  throughout  t h e  manual an  e f f o r t  has  been made t o  

s i m p l i f y  t h e  design procedures  a s  much a s  reasonably poss ib l e .  It may be t h a t  

t h e  Design Manual appears  complex only r e l a t i v e  t o  t h e  procedures  c u r r e n t l y  

used. To overcome t h i s  p o t e n t i a l  problem, a flow c h a r t  has  been prepared and 

numerous examples a r e  given. The flow c h a r t  (F igu re  1 .7)  i l l u s t r a t e s  t h e  

o v e r a l l  o rgan iza t ion  and decision-making p roces s  involved i n  t h e  design of 

d i v e r s i o n  channels  and r e l o c a t i o n s .  F a m i l i a r i t y  wi th  t h i s  flow c h a r t  w i l l  

g r e a t l y  a i d  t h e  des igner  i n  u t i l i z i n g  t h e  manual. For example, t h e  flow c h a r t  

i n d i c a t e s  t h e  f i r s t  and perhaps most important  dec i s ion  i n  t h e  design p roces s  

i s  whether o r  no t  t h e  s lope  cond i t i on  i s  h y d r a u l i c a l l y  s t e e p  o r  mild. Note 

t h a t  t h i s  d e f i n i t i o n  of s l o p e  i s  i n  t h e  hydrau l i c  and no t  t h e  topographic 

sense.  This  s l o p e  d e f i n i t i o n  i s  assumed throughout t h e  Design Manual. The 

hydrau l i c  s l o p e  is  based on t h e  Froude number (Sec t ion  4.2.5) which depends on 

v e l o c i t y  and depth of flow. However, both v e l o c i t y  and depth  of flow depend 

on t h e  channel s i z e  and roughness. Therefore,  t h e  des igner  must f i r s t  assume 

a s l o p e  cond i t i on  based on topographic cons ide ra t ions  and proceed with t h e  

design.  A t  a l a t e r  p o i n t  i n  t h e  design process  t h i s  i n i t i a l  assumption is  

checked t o  i n su re  t h e  c o r r e c t  procedures  have been followed. A good assump- 

t i o n  t o  make i s  i f  t h e  s lope  i s  g r e a t e r  t han  10 pe rcen t  t h e  s t e e p  s lope  proce- 

dures  should be followed; however, t h e  des igner  must r e a l i z e  t h a t  i n  some 

c a s e s  s l o p e s  a s  low a s  f o u r  t o  f i v e  pe rcen t  may be h y d r a u l i c a l l y  s t eep .  

The comprehensive-examples given i n  Chapters X and I X X  i l l u s t r a t e  t h e  

a p p l i c a t i o n  of t h e  design procedures  t o  cond i t i ons  t y p i c a l  of e a s t e r n  and 

western s t a t e  mining ope ra t ions ,  r e s p e c t i v e l y .  Users of t h e  Design Manual a r e  

encouraged t o  c a r e f u l l y  review t h e s e  examples and t h e  o t h e r  examples w i th in  

each chapter  t o  b e t t e r  understand t h e  design methodologies. With a l i t t l e  

p r a c t i c e  t h e  complete design p roces s  w i l l  become f a m i l i a r  and s t r a igh t fo rward .  
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Figure 1.7. Flow chart illustrating design manual organization. 
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