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2.0 !{BTHODS

2.1 Hydrograph Synthesis

Watershed boundar ies used to determine runof f  condi t ions at
the  s i t e  a re  shown  on  P la te  1 .  Da ta  ob ta ined  f rom these  wa te r -
sheds  were  i npu t  t o  a  cdmpu 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  l 0 -yea r ,
24 -hou r  s to rm requ i red  fo r  des ign ing  d i ve rs ions .  I n f l ow  hyd ro -
g raphs  to  and  ou t f l ow  hyd rog raphs  f rom the  sed imen ta t i on  pond
were  deve loped  fo r  t he  25 -yea r ,  24 -hou r  s to rm us ing  the  hyd ro -
l ogy  and  sed imen to logy  mode l  SEDIMOT I I  (Warne r  e t  a1 . '  1980 ;
W i l son  e t  d l . , 1980 ) .  Bo th  o f  t hese  codes  mode l  r uno f f  us i ng  t he
ra in fa l l - r uno 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  (L972 ) .

z .L .L  Runo f f  Vo lume.  Acco rd ing  to  the  U .S .  So i l  Conse rva -
t i on  Se rv i ce  (L972 l r  ,  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 j - s tu re  s to raqe r  and  runo f f  can  be
exp ressed  by  the  equa t ions

(1 )

ano

s=t3ff0-ro

where  0  =  d i rec t  runo f f  vo lume ( i nches )
S  =  wa te rshed  s to rage  fac to r  ( i nches )
P  =  ra i n fa l l  dep th  ( i nches )

CN =  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 ,  d 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 j -n 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  i n t r i ns i c  mean ing .

The average curve number for  undis turbed areas was obta ined
f rom the  oak -aspen  cu rve  o f  F i gu re  2  us i ng  a  measu red  cove r
dens i t y  o f  63  pe rcen t  i n  t he  m ixed  moun ta in  sh rub /con i fe r /aspen
vege ta t i ve  commun i t y  ( see  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  5 l  was  thus  ob ta ined '
assuming  a  hyd ro log i c  so i l  g roup  o f  C  (as  i s  t yp i ca l  o f  much  o f
t he  reg ion ) .

n  -  (P -0 .2 i l 2
v -p1g f$s
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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  (L97  2 ' ,  .  Acco rd ing l y ,  a  va lue
o f  90  was  used  fo r  t he  pad  and  road  a reas .

2.L.2 t ln i t  Eydrograph.  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 i angu la r  un i t  hyd rog raph .  o f  t he  U .S .  So i l  Conse rva t i on  Serv i ce
(1 ,9721  .  Th i s  un i t  hyd rog raph  i s  shown  i -n  F igu re  3  a long  w i th  a
t yp i ca l  cu rv i l j - nea r  hyd rog raph .  I t  i s  cha rac te r i zed  by  i t s  t ime
to  peak  (Tp )  ,  r ecess ion  t ime  (Ta ) ,  t ime  o f  base  (Tn ) ,  and  t he
re la t i ons  bb tween  t hese  pa rame te rs  ( i . e . ,  T r= l - . 67Tp ;  Tb=2 .67Tp ' )  .
Thus ,  f rom the  geomet ry  o f  a  t r i ang le ,  t he  i nc remen ta l  runo f f  10 )
can be def ined by the equat ion

O _  (2  .  67 rp )  (qp)

2

or

eptr

where  gp  =  peak  f l ow  ra te  (d imens ioned  acco rd ing  to  Q  and  T )
and  o thb r  pa ramete rs  have  been  p rev ious l y  de f i ned .

When  0  i s  exp ressed  i n  i nches  and  TD in  hou rs ,  gp  w i l l  be
in  i nches  pe r  hou r .  The  f l ow  a t  any  t ime-  0< t<Tr  may  be  de te r -
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 (Tc)  by the equat ion

Tc  +  t  =  L .7Tn (s)

i n  wh i ch  t he  f ac to r  L .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  (L9721 , .

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 ,  Tc  was  de te rm ined  f rom the  fo l l ow ing
equa t ions  (U .S .  So i l  Conse rva t j -on  Serv i ce ,  L972 ] '  z

(6 )

and

Tc= L .67L (71
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where wa te rshed  l age  (hou rs )
hyd rau l i c  l eng th  o f  t he  wa te rshedr  o r  d i s tance  a long
the main channel  to  the watershed d iv ide ( feet )
wa te rshed  s to rage  fac to r  de f i ned  i n  Equa t ion  (2 )
ave rage  wa te rshed  s lope  (pe rcen t )
t ime of  concentrat ion (hours)

2.2 Dlversion Channel Calculations

A  d i ve rs ion  channe l  was  des igned  to  convey  runo f f  f r om an
und is tu rbed  a rea  away  f rom the  d i s tu rbed  s i t e  us ing  the  Mann ing
and cont inu i ty  equat i -ons:

V = R0.67  S0 .50 (8 )

and

0=AV

where  V  =  Ve loc i t y  ( f ee t  pe r  second)
f t  =  hyd rau l i c  rad ius  ( fee t )
S  =  hyd rau l i c  s l ope  ( f ee t  pe r  f oo t )
n  =  roughness  coe f f i c i en t
0  =  d i scha rge  ( cub ic  fee t  pe r  second)
A  =  f l ow  a rea  ( square  fee t )

(e)

Va lues  o f  t he  roughness  coe f f i c i en t  requ i red  fo r  t he  so lu t i on  o f
Equa t i on  (B )  we re  ob ta i ned  by  compar i ng  l oca l  cond i t j - ons  w i t h
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 I .  ( l - 970 )

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  (8 )  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  TRAPI  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 .  ( f 983 ) .  Th i s  code  was  used  t o  de te rm ine  f l ow  cond i t i ons
in  the  d i ve rs ion  channe l  a t  t he  des ign  f l ow  ra te .

2.3 Spil lway Hydraulics

The sedimentat ion pond at  the downstream edge of  the s i te
has  been  des igned  w i t h  a  p r ima ry  and  emergency  sp i1 lway .  The
p r ima ry  sp i J . lway  cons i s t s  o f  a  CMP r i se r  and  p iPe  t h rough  t he
embankmen t  wh i l e  t he  emergency  sp i l lway  cons i s t s  o f  a  r i p rapped
over f low at  the corner  of  the embankment .
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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
equa t ion  fo r  we i r - con t ro l l ed  f l ow  i s

0 = 91,91 '  5

where  Q  =  d i scha rge  ( cub ic  fee t  pe r  second)
C  =  we i r  coe f f i c i en t '
L  =  l eng th  o f  t he  we i r  ( f ee t )
H = 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  t he  s t r uc tu re  w i l l  ac t  as  a  b road -c res ted  we i r  (Ba r f i e l d
e t  d l . ,  l - 981 ) .  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  o f  t he  CMP r i se r .

As  the  dep th  o f  wa te r  i nc reases  above  the  r i se r r  t he  r i se r
ac t s  l i ke  an  o r i f i ce .  The  equa t i - on  f o r  o r i f i ce  f l ow  i s  (Ba r f i e I d
e t  aL . ,  1 -981 )

a =  C 'A  (2gu1  0 .  S

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

( 11 )

A  =  c ross -sec t i onaL  a rea  o f  t he  i n le t  ( squa re  fee t )
g  =  g rav i ta t i ona l  cons tan t  ( f ee t  pe r  second  squared )

and  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  A  va lue  o f
0 .60  was  se lec ted  f o r  t he  o r i f i ce  coe f f i c i en t  based  on  gu ide l i nes
p resen ted  by  Ba r f i e l d  e t  a l  .  ( l - 9B l - ) .

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  ou t l e t  o f  t he  d i scha rge  p ie  l ead ing  f rom the  r i se r  t o
f l ow  f u11 .  The  d i scha rge  capac i t y  o f  t he  cu l ve r t s  unde r  p i pe
f l ow  cond i t i ons  was  de te rm ined  us ing  the  equa t ion

O =  A (2gH , \0 .5 /  ( 1+K"+xp+6o110 .5 ( rz1

where  H '  =  head  on  the  p ipe  ( fee t )
Ke  =  en t rance  l oss  coe f f i c i en t
Kb = bend loss coef  f  ic ient  j  7z - , ,
Kc = f r ic t j -on loss coef  f  ic ient  * r "n /1 . /d ' '  

/  ' )

z/t-4'qz' t <€

and  a l l  o the r  pa rameg&s  have  been  p rev ious l y  de l i ned .  Va lues
o f  1 .0 ,  0 .5 ,  and  0 .062  we re  used  f o r  Ke ,  Kb ,  and  Kc ,  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  a1 -  ( l - 981 ) .

The  d i scha rge  capac i t y  o f  t he  emergency  sp i l lway  was
de te rm ined  us ing  a  me thod  deve loped  by  the  U .S .  So i l  Conse rva t i on
Se rv i ce  (1968 )  and  expanded  by  Ba r f i e l d  e t  a l .  ( 198L )  f o 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  ene rgy  head  o f  wa te r  i n  t he  pond  (Ho)  f rom F igu re  4 .  The
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d i scha rge  capac i t y  o f  t he  sp i l lway  i s  t hen  ca l cu la ted  f o r  t he
s tandard  l -0O- foo t  w ide  rec tangu la r  sec t i on  f rom the  equa t ion

9 r  =  (0 .544 )  ( g0 .51  1H . .1 .51  1100 ) (13 )

where  g r  =  d i scha rge  fo r  s tandard  100 - foo t  rec tangu la r  sec t i on
(cub ic  fee t  pe r  second)

and  a l l  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  The  f l ow
is  then  co r rec ted  fo r  a  t rapzo ida l  sec t i on  us ing  the  equa t ion

q  =  ( [ ] - . 5b  +  zHec ) / t so ] (e r )  ( 14 )

where  q  =  co r rec ted  d i scha rge  ( cub ic  fee t  pe r  second)
b  =  bo t tom w i th  o f  channe l  ( f ee t )
z  =  channe l  s i de  s l ope  ( r un  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 t  spec i f i c  heads .  The  hyd rau l i c s  o f  t he  sp i l lway
system was determined by assuming the pond was dewatered to  the
top  o f  t he  sed imen t  s t o rage  l eve1  p r i o r  t o  i n f l ow  f r om the
25-yea r ,  24 -hou r  s to rm.


