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2.0 IIETEODS

2.1 Eydrograph Synthesis

Watershed boundar ies used to determine runof f  condi t ions at
the s i te  are shown on Plate 1.  Data obta ined f rom these water-
sheds  were  i npu t  t o  a  compu te r  code  deve loped  by  Hawk ins  and
Marsha l f  (1979)  to  genera te  runo f f  hyd rog raphs  fo r  t he  lO-yea r ,
24-hour  s torm requi red for  des igning d ivers ions.  In f low hydro-
g raphs  to  and  ou t f l ow  hyd rog raphs  f rom the  sed imen ta t i on  pond
were developed for  the 25-year ,  24-hour  s torm us ing the hydro-
l ogy  and  sed imen to logy  mode l  SEDIMOT I I  (Warne r  e t  a l . ,  1980 ;
Wi l son  e t  a I . ,  1980 ) .  Bo th  o f  t hese  codes  mode l  runo f f  us ing  the
ra in fa l l - runo f f  f unc t i on  and  t r i angu la r  un i t  hyd rog raph  o f  t he
U .S .  So i l  Conse rva t i on  Se rv i ce  ( t 9721 .

2.1.1 Runof f  Vo1ume. Accord ing to  the U.S.  Soi l  Conserva-
t i on  Se rv i ce  l ] - g72 l  ,  t he  a l geb ra i c  and  hyd ro log i c  r e l a t i ons
be tween  s to rm ra in fa l l ,  so i l  mo is tu re  s to rage ,  and  runo f f  can  be
expressed by the equat ions

(1 )

and

^  1000s=-ei-- i0

d i rec t  runo f f  vo lume ( i nches )
watershed storage factor  ( inches)
ra i n fa l l  dep th  ( i nches )
runo f f  cu rve  number  (d imens ion less )

(21

I t  shou ld  be  no ted  t ha t  ( a )  Equa t i on  (1 )  i s  va l i d  on l y  f o r
P )=0 .2S  (o the rw i se  Q=0 ) ,  ( b )  Equa t i on  (21 ,  as  s ta ted ,  i s  i n
inches ,  w i th  the  va lues  o f  1000  and  10  ca r ry ing  the  d imens ions  o f
i nches l  a l t hough  me t r i c  conve rs ions  a re  poss ib le ,  and  ( c )  CN i s
on l y  a  conv in ien t  t rans fo rma t ion  o f  S  to  es tab l i sh  a  sca le  o f  0
to 100 and has no in t r ins ic  meaning.

The average curve number for  undis turbed areas was obta ined
f rom the  cu rves  p resen ted  i n  F i gu re  2  us i ng  a  measu red  cove r
dens i t i es  as  repo r ted  i n  Chap te r  9  o f  t he  Pe rm i t  App l  i ca t i on
Package  fo r  T rac t  21 .  A  cu rve  number  o f  69  was  thus  ob ta ined

I  f o r  t he  und is tu rbed  a reas ,  assuming  a  hyd ro log i c  so i l  g rouP  o f  C

I  ( see  Append i x  A ) .

a
(P -0 .  2S l '

l t  =  -x  P + 0 . 8 S

I
I
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Figure 2.  Runof f  curve numbers for  forest - range in  the western
U .S .  ( f r om U .S .  Bu reau  o f  Rec lama t i on ,  19771 .
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The  cu rve  number  f o r .  d i s t u rbed  a reas  was  chosen  f r om
pro fess iona l  j udgemen t  and  t abu la ted  va lues  p resen ted  by  t he
u .S .  So i l  Conse rva t i on  Se rv i ce  ( t 9721 .  Acco rd ing l y '  a  va lue
of  90 was used for  the pad and road areas.

2. I .2  Uni t  Hydrograph.  The t rans lat ion of  the runof f  depth
to an out f low hydrograph is  accompl ished in  the codes us ing the
t r iangular  un i t  hydrogiaph of  the U.S.  Soi l  Conservat ion Serv ice
lL972l .  This  uni t  hydrograph is  shown in  F igure 3 a long wi th  a

typ ica l  curv i l inear  hydrograph.  I t  is  character ized by i ts  t ime
to  peak  (To )  ,  r ecess ion  t ime  (T r ) ,  t ime  o f  base  (TU)  r  and  t he
re la t i ons  bE tween  t hese  pa rame te rs  ( i . e . ,  T r=1 .67Tp i  Tb=2 .67Tp ) .
Thusr  f rom the geometry  of  a  t r iangle,  the incrementa l  runof f  10)
can be defined by the equation

I
I
I
I e = (z .67To)  (qo)

2
( 3 )

t or

I ep=%f ( 4 )

t where gp = peak f low rate (d imensioned accord ing to  Q and T)
and oth 'er  p l rameters have been prev ious ly  def ined.

When O is  expressed in  inches and TD in  hoursr  gp wi l l  be
in inches per  hour .  The f low at  any t ime'  O<t<Tr  may 6e deter-
m ined  by  s imp le  l i nea r  p ropo r t i on ing  o f  t he  t r i angu la r  un i t
hyd rog raph .  The  t ime  t o  peak  i s  r e l a ted  t o  t he  f am i l i a r
express ion t ime of  concentrat ion (T. )  by the equat ion

I
I

Tc+  t=1 .7Tp (s)

I i n  wh i ch  t he  f ac to r  1 .7  i s  an  emp i r i ca l  f i nd i ng  c i t ed  by  t he
U .S .  So i l  Conse rva t i on  Se rv i ce  (19721 .

The  t ime  o f  concen t ra t i on  may  be  es t ima ted  by  seve ra l
fo rmu las .  Fo r  t h i s  repo r t '  T "  was  de te rm ined  f rom the  fo l l ow ing
equa t ions  (U .S .  So i l  Conse rva t i on  Serv i ce  ,  L9721  z

I
I

-  o '8  (s+t )o '7rr=ff i ( 6 )

t
I ( 7 )

I
I

and

Tc= L .67L
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Figure 3.  Curvi l inear and tr iangular uni t  hydrographs ( f rom
U.S.  So i l  Conserva t ion  Serv ice ,  L9721 .
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where
" :

S =
Y =

T c =

watershed lage (hours)
hydraul ic  length of  the watershed t  e t  d is tance a long
the main channel  to  the watershed d iv ide ( feet )
watershed storage factor  def ined in  Equat ion (21
average watershed s lope (Percent)
t ime of  concentrat ion (hours)

2.2 Diversion Channel Calculations

A d lvers ion channel  was designed to convey runof f  f rom an
undis turbed area away f rom the d ls turbed s i te  us ing the Manning
and cont inu i ty  equat ions:

R0 .67  S0 .50 (8 )

and

0=AV

where V = ve loc i ty  ( feet  per  second)
Q =  hyd rau l i c  rad ius  ( fee t )
S  =  hyd rau l i c  s lope  ( fee t  pe r  f oo t )
n = roughness coef f ic ient
Q = d ischarge (cubic  feet  per  second)
[  =  f l ow  a rea  ( square  fee t ]

(e)

Values of  the roughness coef f ic ient  requi red for  the so lut ion of
Equa t ion  (  I  )  we re  ob ta ined  by  compar ing  l oca l  cond i t i ons  w i th
tabu la ted  va lues  p rov ided  by  the  U .S .  So i l  Conse rva t i on  Serv i ce
(1956 ) .  An  emp i r i ca l  f o rmu la  deve loped  by  Ande rson  e t  a l .  ( 1970 )

was  used  t o  de te rm ine  t he  roughness  coe f f i c i en t  f o r  r i p rap
l i n i ngs .

Ca l cu la t i ons  w i t h  Equa t i ons  (B )  and  (9 )  we re  pe r f o rmed
us ing  an  i t e ra t i ve  compu te r  code  en t i t l ed  TRAP1  as  ob ta i ned
f rom the  U .S .  O f f i ce  o f  Su r face  M in ing  and  ou t l i ned  by  We ide r
e t  a l .  ( 1983 ) .  Th i s  code  was  used  t o  de te rm ine  f l ow  cond i t i ons
in the d ivers ion channel  a t  the desj .gn f low rate.

2.3 Spil lway Hydraulics

The sedimentat ion pond at  the downstream edge of  the s i te
has  been  des igned  w i th  a  p r i -mary  and  emergency  sp i l lway .  The
pr imary  sp i t lway  cons i s t s  o f  a  CMP r i se r  and  P ipe  th rough  the
embankment  whi le  the emergency sp i l lway consis ts  of  a  r iprapped
overf low at the corner of the embankment.

1 .486
v = n
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where Q =
C=
L=
H=
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At low heads,  the hydraul ic  capaci ty  of  the pr imary sp i l lway
behaves  as  a  we i r .  Acco rd ing  t o  Ba r f i e l d  e t  a1 .  ( 1981 ) ,  t he
equat ion for  wei r -contro l led f low is

O = 91,111' 5

d ischarge (cubic  feet  per  second)
we i r  coe f f i c i en t
length of  the wei r  ( feet )
depth of  water  above the wei r  crest  ( feet )

(10 )

A va lue  o f  t he  we i r  coe f f i c i en t  equa l  t o  3 .1  was  se lec ted
s ince  the  s t ruc tu re  w i l l  ac t  as  a  b road -c res ted  we i r  (Ba r f i e ld
e t  a l . ,  1981 ) .  The  l eng th  o f  t he  we i r  i s  equa l  t o  t he  c i r cumfe r -
ence of  the CMP r iser .

As the depth of  water  increases above the r iser ,  the r iser
ac ts  l i ke  an  o r i f j - ce .  The  equa t ion  fo r  o r i f i ce  f l ow  i s  (Ba r f i e ld
e t  a I . '  1981 )

e =  C,A(2gn10 .5

where  C '  =  o r i f i ce  coef f i c ien t

(1r1

[  =  c ross -sec t j -ona1  a rea  o f  t he  i n le t  ( squa re  fee t )
g = grav i ta t ional  constant  ( feet '  per  second squared)

and other  parameters have been prev ious ly  def ined.  A va lue of
0 .60  was  se lec ted  fo r  t he  o r i f i ce  coe f f i c i en t  based  on  gu ide l j - nes
p resen ted  by  Ba r f i e l d  e t  a I .  ( 1981 ) .

P ipe  f l ow  occu rs  when  t he  head  i nc reases  su f f i c i en t l y  t o
cause the out le t  o f  the d ischarge p ie leading f rom the r iser  to
f l ow  fu l l .  The  d i scha rge  capac i t y  o f  t he  cu l ve r t s  under  P ipe
f low condi t ions was determined us ing the equat ion

0  =  A (2gH , )0 .5 /  ( 1+K"+Kg+ t1 "11  0 .5 (12  )

where Hr  = head on the p ipe ( feet )
Ke = entrance loss coef f i -c ient
K5  =  bend  loss  coe f f i c i en t
Kc  =  f r i c t i on  l oss  coe f f i c i en t

and  a l l  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  Va lues
o f  1 .0 r  0 .5 ,  and  0 .062  we re  used  f o r  Ke ,  Kb ,  and  K " ,  r espec t i ve l y
based  on  i n fo rma t i on  p rov ided  by  Ba r f i e l d  e t  a I .  ( 1981 ) -

The  d i scha rge  capac i t y  o f  t he  emergency  sp i l lway  l t as
de te rm ined  us ing  a  me thod  deve loped  by  the  U .S .  So i l  Conse rva t i on
Serv i ce  (1968)  and  expanded  by  Bar f i e ld  e t  a l .  ( 1981)  fo r  b road -
c res ted  we i r s .  Acco rd ing  t o  t h i s  me thodo logy ,  t he  c r i t i ca l
spec i f i c  ene rgy  head  (Hec )  i s  de te rm ined  fo r  se lec ted  va lues  o f
the energy head of  water  in  the pond (Hp)  f rom Figure 4.  The
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F igure 4.  Head re lat ionships for  se lected broad-crest  wei rs-  
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d ischa rge  capac i t y  o f  t he  sp i l lway  i s  t hen  ca l cu la ted  fo r  t he

s i inaara-  100- ioot  wi -ae rectangular  sect ion f rom the equat ion

9r  =  (0 .544)  (go-51  1H. "1 .5 )  (1oo) (13)

where gr  = d ischarge for  s tandard 10O-foot  rectangular  sect j -on
-  

(cubic  feet  Per  second)

and a l l  o ther  parameters have been prev ious ly  def ined-  The f low

is  then correc€ed for  a  t rapzoidal  sect ion us ing the equat ion

q =  (  [1 .5b  +  zEec j  l tSO)  (e r ) (  141

where q = corrected d ischarge (cubic  feet  per  second)
b = bottom with of channel (feet)
z  =  channe l  s ide  s lope  ( run  ove r  r i se  -  d imens ion less )

The  comb ined  ou f l ow  capac i t y  o f  t he  two  sp i l lways  was

determined by summing the out f lows f rom the pr imary and emergency
sp i l lways  a l  sPec i f i c  heads .  The  hyd rau l i c s  o f  t he  sp i l lway

system was dete imined by assuming the pond was dewatered to  the

t -op  o f  t he  sed imen t  s t o rage  l eve l  p r i o r  t o  i n f l ow  f r om the
25-year ,  24-hour  s torm.

2.4 Stabil i ty AnalYses

Due to space rest r ic t ions,  the sediment  pond for  the mine

si te  was designed wi th  upst ream and downstream s lopes both equal
t o  2h : l v .  S lnce  UMC A fZ .46 (m)  requ i res  a  comb ines  s l ope  o f

5h :1v ,  a  s tab i l i t y  ana l ys i s  was  conduc ted  t o  ensu re  t ha t  t he
pond embankment ,  as des igned,  would be s table.

The  s tab i l i t y  ana lys i s  was  conduc ted  us ing  a  m ic rocompu te r
ve rs i on  o f  t he  p rog ram en t i t l ed  STABL2  (S iege l '  1978 ) .  Thq
mod i f  i ed  B i shop -  *e i . nod  was  used  t o  ca l cu la te  t he  f  ac to r  o f
sa fe t y  unde r  bo th  s ta t i c  and  se i sm ic  cond i t i ons .  Se i sm ic
cond i t l ons  were  mode led  us ing  a  ho r i zon ta l  acce le ra t i on  coe f f i -
c i en t  o f  0 .080  and  a  ve r t i ca l  acce le ra t i on  coe f f i c i en t  o f  0 .000 .
S tab i l i t y  was  mode led  assuming  bo th  fu l l  and  empty  ponds ,  bo th
wi th and wi thout  the designed c lay l iner  funct ion ing.
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