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APACHE JUNCTION FLOOD RETENTION STRUCTURE 

DOT\WSTREP?I INUKDATION STUDY 

I. PURPOSE OF STUDY 

Discharges from t h e  Emergency Spillway of t h e  Apache Junct ion  FRS a r e  poss ib l e  

i n  t h e  event of p r e c i p i t a t i o n  exceeding a  100-year r e t u r n  period ( t h e  P r i n c i p a l  

Spillway design s torm).  A hypothe t ica l  dam f a i l u r e  a t  a  c r i t i c a l  time and loca- 

t i o n  i s  a l s o  considered i n  order  t o  p re sen t  a  worst-case scenar io .  The extent  

of downstream inundat ion i s  determined f o r  each of t h e  above cases ,  f o r  use i n  

emergency planning. 

11. SCOPE OF STUDY 

The study c o n s i s t s  of rout ing  d ischarge  hydrographs, computing flow depths and 

v e l o c i t i e s ,  and de l inea t ing  inundated a r e a s  f o r  the  spi l lway f lows and breach 

flows a t  two c r i t i c a l  l o c a t i o n s .  Six events  a r e  analyzed: 

Spillway Discharges: 
)/ 

o  Emergency Spillway Hydrograph (ESH) 

o  Freeboard Hydrograph (FBH) 

Dam Breach J u s t  West of Idaho Road: 

o  A t  the  peak r e s e r v o i r  l e v e l  r e s u l t i n g  from t h e  P r i n c i p a l  
Spillway Hydrograph (PSH) 

o  A t  the  peak r e s e r v o i r  l e v e l  r e s u l t i n g  from the  Freeboard 
Hydrograph (FBH), i . e . ,  t h e  top of t h e  dam. 

Dam Breach a t  t h e  Southeast Corner of t h e  Apache Junct ion  FRS: 

o  A t  t h e  peak r e s e r v o i r  l e v e l  r e s u l t i n g  from t h e  PSH 

o  A t  the  peak r e s e r v o i r  l e v e l  r e s u l t i n g  from t h e  FBH, i . e . ,  the top 
of t h e  dam. 

The Idaho Road breach loca t ion  i s  c r i t i c a l  f o r  t h e  inundat ion of developed 

a r e a s  c l o s e  t o  t h e  dam. The breach a t  t h e  southeas t  corner  of t h e  FRS would 

r e l e a s e  water i n t o  a  r e l a t i v e l y  confined channel,  r e s u l t i n g  i n  minimum at tenua-  

t i o n  of t h e  f lood peak and maximum depth and v e l o c i t y  of flow. The do~mstream 

ex ten t  of t h e  mapping i s  l imi t ed  by t h e  a v a i l a b i l i t y  of d e t a i l e d  topography. 

The s tudy a l s o  shows t h e  s e n s i t i v i t y  of the  water l e v e l  computations t o  the  

unce r t a in ty  of t h e  Manning rou&?iness c o e f f i c i e n t  ( 1 1 ) .  



A .  Runoff Hydrographs 

Tri& Apache J u n c t i o n  FRS c o n t r o l s  a  wa te r shed  of 5.79 square  m i l e s .  I n f l o w  

hydrographs  f o r  t h s  p r i n c i p a l  s p i l l w a y  d e s i g n  (PSH) r e s u l t i n g  from t h e  100- 

y e a r  p r e c i p i t a t i o n ,  and f o r  t h e  emergency s p i l l w a y  des ign  (ESH and FBH), r e -  

s u l t i n g  f r o 3  t h e  ESH p r e c i p i t a t i o n  and t h e  pi@, r e s p e c t i v e l y ,  were developed 

i n  t h e  pre:ir.lnary d e s i g n  s t u d y  (Reference  1) u s i n g  t h e  SCS DMS2 computer 

p r o g r a z  (Refe rexcr  2 ) .  ' ihe hydrographs  a r e  shown i n  t a b u l a r  form i n  t h e  re -  

p a r t .  The D.QIS2 ? r a g r a m  a l s o  pro-Aded r o u t e d  s p i l l w a y  d i s c h a r g e  h y d r o g r a p t . ~  

f o r  t h e  ES:4 and FBH events, which c o n s t i t u t e  t h e  u p s t r e a z  boundary c o n d i t i o n s  

fc . r  t h e  f i r s t  two c a s e s  l i s t e d  i n  I1 above.  

C. Rout ing of ESH and FBH Discharges  

B.  honghness C o e f f i c i e n t s  

Roughness c ~ e f f i c i e n t s ,  d e f i n e d  as "3" i n  Manning's e q u a t i o n ,  are n e c e s s a r y  

b o t h  f o r  rcn:ing f l o o i  hydrogre;.hs and f o r  d e t e n i n i n g  depths  and v e l o c i t i e s  

of f l o w s .  KO f i e l d  o b s e r v a t i o n s  of f lows  a r e  a v a i l a b l e  i n  t h e  s t u d y  a r e a  f r o =  

which "n" v a l u e s  cou ld  b e  determined.  F i e l d  e s t i m a t e s  of "n" were made a t  

nlinerous l o c a t i o n s  ups t ream of t h e  f l o o d  c o n t r o l  works and p r e s e n t e d  i n  t h e  

S i g n a l  B u t t e  FRS Design Hydrology (Reference  3 ) .  The es t ima ted  v a l u e s  were  

p l o t t e d  a s  a  f u n c t i o n  of s l o p e ;  t h o s e  i n  t h e  a r e a s  having s l o p e s  of  0.01 t o  

0 .03  ranged  between 0.04 and 0.08. These "nu v a l u e s  may be  assumed a p p l i c a b l e  

t o  c h a n n e l s  i n  t h e  d o v n s t r e a n  s t u d y  a r e a ,  which h a s  s l o p e s  of  .O1 t o  .02. 

Channels a r e  g e n e r a l l y  unvege ta ted  and c o n s i s t  of  f i n e  g r a v e l .  Gverbank a r e a s  

a r e  of sand and c o a r s e r  g r a v e l  and have t h e  " d e s e r t  brush" type  of  v e g e t a t i o n :  

nn" \ .a l u e s  shou ld  be  c o n s i d e r a b l y  h i g h e r .  Thus "n" was taken a s  0.04 f o r  chan- 

n e l s  and 0.08 f o r  overbanks  a s  a minimum. and 0.08 and 0.16 r e s p e c t i v e l y  a s  a 

maxirnurn, and cornputa t ions  were  made n t h  b o t h  s e t s  of v a l u e s .  

i h e  g r a d u z l l y  v a r i e d  s p i l l w a y  d i s c h a r g e  hydrographs  corresponding t o  t h e  ES'rl 

and FBH were r o u t e d  downstream u s i n g  t h e  HEC-I computer program, "Flood Hydro- 

g r a p h  Package" (Refe rence  4 ) .  The Modif ied  P u l s  r o u t i n g  o p t i o n  u s i n g  normal 

d e p t h  s t o r a g e  and o u t f l o w  was used.  Four r o u t i n g  reaches  v e r e  u s e d ,  each  r e p r e -  



sented by a  t y p i c a l  c ross-sec t ion  def ine3  by e i g h t  ground e l eva t ion  po in t s .  

Although t h e  normal depth assumption i s  reassnably  accura t e  f o r  determining 

s to rage ,  i t  does not  produce accura te  depths, s o  t h e  water  su r face  p r o f i l e s  

ca l cu la t ed  by HEC-1 were not  used.  

D. Din Breach Outflows 

The masimm, p o t e n t i a l  f o r  downstreaz f l o o l i n g  would occur i f  a  breach i n  t h e  

dam were t o  f o m  a t  t h e  maximu? r e s e n - c i r  l e v e l  corresponding t o  the  FBH, 

which i s  t h e  l e v e l  of t h e  c r e s t  of t h e  dz?.  Tne p r o b a b i l i t y  of t h i s  event i s  

extremely smel l ,  because t h e  p r o b a b i l i t y  of t h e  FBH storm i t s e l f  is extremely 

smal l .  An a d d i t i o n a l  case considered i s  f a i l u r e  a t  t h e  maximum l e v e l  r e s u l t -  

ing f r m  t h e  PSIi ( i . e . ,  t h e  100-year s t c n ) .  I n  t h i s  case a  breach would have 

t o  be f o m e d  by p ip ing ,  because t h e  water 1e:el i s  nea r ly  10 f e e t  below t h e  

c r e s t  of t h e  dam. Since t h e  r e s e r v o i r  conta ins  water  only f o r  a  period of a  

few days, a  piping f a i l u r e  i s  a l s o  estremsly u n l i k e l y .  

Guidel ines on t h e  s i z e  and r a t e  of f o m a t i o n  of a  breach,  which determine t h e  

peak outf low, a r e  l imi t ed .  For t h i s  s tudy,  a s s m p t i o n s  should be conserva t ive ;  

t h e r e f o r e  i t  i s  assumed t h a t  t h e  dm i s  eroded a l l  t h e  way down t o  t h e  base,  

and t h a t  t h e  breach formation i s  rapid  (5 minutes) .  Fread (Reference 5 )  s t a t e s  

t h a t  t h e  average width of a  breach i n  an e a r t h f i l l  dam ranges from 1 t o  3 t imes 

the  he ight  of t h e  dam. A conserva t ive  width of 3 t imes t h e  he ight  i s  chosen 

f o r  t h i s  s tudy.  For t h i s  c o n d ~ t i o n ,  and breach s i d e  s lopes  of 1:1, F read ' s  

D..1MERE& computer program c a l c u l a t e s  a  maximum outf low of 16,455 c f s  f o r  f a i l -  

u r e  a t  t h e  peak of t h e  FBH s to rage ,  and 5300 c f s  f o r  ' the  PSH case.  

SCS C i rcu la r  No. 1 (Reference 6)  provides tvo  r e l a t i o n s  f o r  a  miniiium accept-  

a b l e  va lue  of t h e  peak d ischarge .  The f i r s t  i s  a s  fo l lows:  

- = 1100 B, 1.35 

where Br = Vs IIJA and 

V, = r e s e r v o i r  s t o r a g e  i~. acre - f t ,  2015 f o r  the FBH; 

&,. = depth of water  a t  t h e  d m  i n  f t ,  20.37 f o r  t h e  FBH; 

A = cross-secr ional  a rea  of t h e  e n b a n b e n t ,  1219 f t  2  

r e s u l t i n g  i n  Qmax = 127,000 c f s  f o r  t h e  FBH case .  This  would.require  a  breach 

of about 450 f e e t  i n  width. Xot ocly 15 such a  breach very  un l ike ly ,  but 



during t h e  time requi red  f o r  i t s  formation, t h e  r e s e r v o i r  s torage  would be  

depleted and t h e  s t age  d r a m  down suc :~  t h a t  t h e  peak discharge would be much 

l e s s .  Therefore t h i s  c r i t e r i o n  i s  not ccnsidcred appl icable  t o  such a  low 

d a i .  AT a l t e r n a t e  c r l t e r i c r i  i s  g e e n  a s :  

This r e l a t i o n  g ives  %ay of 17 ,160  c i s  f o r  t h e  FgH case and 5280 c f s  f o r  the  

PSH case .  These agree very c l o s e l y  with the  r e s u l t s  computed by t h e  D.L%REAK 

prograx,  s o  the  l a t t e r  a r e  used i n  t h i s  s tudy.  

E .  Dan Breach Fioo6 Routing 

The DuZ3?SAI: computer program (Reference 5) was t h e  prefer red  method f o r  ca l -  

c u l a t i o n  of the  dokmstrean propagation of the  breach hydrograph. The progrzn 

s c l v e s  t h e  equat ions of unsteady flow t o  account f o r  t h e  acce lera t ion  components 

of t h e  f lood wave and t h e  inf luence  of unsteady backwater condit ions.  It can 

t r e a t  e i t h e r  s u b c r i r i c a l  o r  s , ~ ? e r c r i t l c . ? i  flow, but not a  t r a n s i t i o n  through 

c r i t i c r l  depth. Ncn-convergence pro3ias  were experienced with rhe model f o r  

both t h e  spi i lway outflow and dam breach hydrographs. The s lope of t h e  down- 

stream t e r r a i n  is  mostly ir, t h e  regior.  t r e a t e d  by t h e  model a s  s u p e r c r i t i c a l  

(over 50 f e e t  per  m i l e ) ,  bu t  because of t h e  l ack  of s i g n i f i c a n t  channels,  t h e  

a c t u a l  f low i s  predominantly s u b c r i t i c a l ,  as revealed by steady-flow p r o f i l e  

c o ~ ~ p u t a t i o n s .  Numerous a t t empt s  t o  achieve convergence by s implifying t h e  

c ross-sec t io?  geometry, vary ing  t h e  Manning c o e f f i c i e n t s ,  increasing t h e  

assuxed i n i t i a l  flow, and Lqposing a  uniform s lope  were unsuccessful.  

. No. 66 (Reference 7)  provides dimensionless so lu t ions  t o  danbreak equa- 

t i o n s  based on t h e  Att-Kin hydrologic method and t h e  method of c h a r a c t e r i s t i c s .  

This approach has  t h e  disadvantage of only t r e a t i n g  a  s i n g l e  reach,  by averag- 

ing t h e  s to rage  c h a r a c t e r i s t i c s  of a l l  cross-sect ions wi th in  the  reach. How- 

ever ,  s i n c e  v a r i a t i o n s  i n  t h e  downstream topography a r e  not d r a s t i c ,  T.R. 66 

is  a s u i t a b l e  a l t e r n a t i v e  t o  t h e  D k h S W  program. 

The a 2 p l i c a t i o n  of T.R. 66 involves  f i r s t  t h e  determinat ion of whether a  cur- 

v i l i n e a r  o r  t r i a n g u l a r  hydrograph i s  appropr ia te .  Since the  flow j u s t  down- 

stream of t h e  breazh i s  s u b c r i t i c a l ,  t h e  c u r v i l i n e a r  hydrograph appl ies .  

Second, t h e  s to rage  c h a r a c t e r i s t i c s  cf the  dormstream reaches a r e  resolved i x t o  



the  paraneters  "m" and "k" by the  method of averages, f o r  a  range of flows 

spanning t h e  a n t i c i p a t e d  v a r i a t i o n  of the  peak flow. F ina l ly ,  peak flows and 

t i ~ e s  of peak a t  s e l e c t e d  d o m ~ s t r e a .  s e c t i o s s  a r e  detemined from t h e  provided 

noxsgrapl; a s  a  func t ion  of n  and k .  T.R.  66 presents  the above technique a s  

a  step-by-step procedure. 

F. Computation of Water Surface ~ r o f i i e s  and Flow Veloci ty 

Xone of the  roiit ing methods discussed above can compute accura te  water depths 

because of the necess i ty  of s i n p l i f y i n g  crzss-sect ion da ta .  Since t h e  t e r r a i n  

i s  q u i t e  f l a t  i n  t h e  d i r e c t i o n  perpenZicular To t h e  flow, accura te  p r o f i l e s  

a r e  bpor t an :  ; a  one-foot r i s e  i n  water l e v e l  can r e s u l t  i n  the  inundation of 

man:: a d d i t i o n a l  a c r e s .  Therefore,  water sur face  p r o f i l e s  were ca lcula ted  f o r  

a  range of s teady flows us ing  t h e  EL̂ -? cmpute r  program (Refereace 8) .  

Fcr e z c t  of the  t h r e e  downstreaz flow pa ths ,  cross-sect ions were se lec ted  a t  

Fr , t~ . r ;a l s  cf i O  :a 20 f e e t  o i  e l eva t io2 .  Each sec t ion  wes extended u n t i l  suf-  

f i c i e z t  a rea  was contained between t h e  e l eva t ion  of t h e  r i d g e s  and t h e  channel 

bor tons  t o  convrp t h e  a n t i c i p a t e d  f lows.  Generally t h e r e  were no more than 

6 f e e t  of d i f f e rence  between t h e  high and low ground e l eva t ions  f o r  most sec-  

t i o n s .  The E C - 2  progran was run t o  compute p r o f i l e s  f o r  a  range of s teady 

flows and f o r  t h e  low (.04 and .08) and high (.08 and .16) Manning "n's". 

Re la t ive ly  low a r e a s  o r  obvious channels  were designated a s  "channels" with 

t h e  lower n  va lues ,  f o r  t h e  purpose of ca l cu la t ing  maxinun v e l o c i t i e s  of flow. 

Typica l ly ,  25 t o  5076 of t h e  width of a  s ec t ion  was designated a s  "channel" and 

t h e  r e s t  a s  "overbank." Although t h e  upper limits of n va lues  ( i . e . ,  0.08 

f o r  chaailels an2 0.16 f o r  overbanl:~) s e a  high compared t o  normal usage, i t  

shwdld be noted t h a t  the  f low w i l l  be e x t r e e l y  shallow, e s p e c i a l l y  i n  over- 

bank a r e a s ,  so t h a t  r e l a t i v e l y  smal l  roughness elements w i l l  have a  s i g n i f i c a n t  

e f f e c t  on t h e  flow. Therefore t h e  e f f e c t i v e  roughness i s  probably higher  than 

the  t e r r a i n  would i n d i c a t e .  

nr. RESCLTS OF smay 

A. Routings of Outflow Hydrogra~hs  

F s p k  discharges  an? the  t r a v e l  t imes of the peaks were d e t e n i n e d  a s  f a r  down- 

strear? a s  t h e  l k ~ i t s  of t h e  a v a i l a b l e  d e t a i l e d  topography. The HEC-1 p l ' o g r a ~  



was uscd f o r  t h e  spi l lway d ischarges ,  and the  T.R. 66 procedure f o r  t h e  Idaho 

Roz: a23 Southeast Corner breaches;  t h e  r e s u l t s  a r e  shown i n  Figures 1, 2 ,  ar.d 

3 ,  r e spec t ive ly .  The unce r t a in ty  i n  t h e  ?fanning c o e f f i c i e n t s  r e s u l t s  i n  s i g -  

n ; ~ ,  ,.--...it n;. d i f f e r e n c e s  i n  t r a v e l  t imes. Fcr t h e  purpose of emergency planning. 

the s h o r t e r  t r a v e l  t i ~ e s  corresponding t o  the low "n" va lues  should be used. 

B.  \Cater Snr f i ce  P r o f i l e s  and Channel Veloc i t ies  

Fro- t i e  peal: discharge cunres i n  Figures 1, 2 ,  end 3 ,  flows were in t e rpo la t ed  

f o r  each of the  cross-sec?ions used i n  t h e  water surface p r o f i l e  conputatioi:s. 

For ti..:se f lows,  correspondins water  su r face  elevat ions and mean channel velo-  

c i t i i s  were inter;lzte2 f r m  the  da ta  produced by the EEC-2 ntns .  Thc r e s u l t s  

arE skom i n  TaJles  1 ,  2 ,  and 3,  and continuous h ? t e r  su r face  p r o f i l e s  a r e  

pl;.z:er: i n  F igurss  4 ,  5, and 6 .  AlThough the peak discharges a r e  lower when 

h i r 5  "z"  va lues  a r e  uscd,  the  water  l e v e l s  a r e  higher e t  most l oca t ions  beceuse 

of t?t redcce? coniTey2nce of t h e  section (by oore  than a  foo t  i n  saxe a r e a s ) .  

rl- ~ r . =  higher wzter le-.-els a r e  used t o  d e l i n e a t e  potent ra l  i m n d a t i o n .  Finw 

vel?r i : ies  rangt  up t o  a b u t  8 f t  per  second with the  low "n" va lues  and 6 f t  

per :&:on3 with the  hi$ "n's" f o r  t h e  FEZ3 events. These v e l o c i t i e s  do not  

re:reient poss ib l e  loca l i zed  h igher  v e l o c i t i e s  r e su l t ing  f r m  eddies  o r  small  

chz:.~l-1s. 

Thre? inundat ion maps h m e  beer! prepared f o r  t h e  spillway and t h e  two breach 

loca r ions ,  b a s e l  on t h e  p r o f i l e s  shown i n  Figures 4 ,  5 ,  and 6 ( f o r  t h e  high 
I I  I ,  n x-alues). Sone engineering judgment was necessary i n  a r e a s  where t h e  ccc- 

putei water su r face  e l eva t ion  exceeded a l l  ground e leva t ions  i n  t h e  se l ec t e?  

c ross-sec t ions ;  a l s o  i n  a r e a s  where channels disappeared, o r ig ina ted ,  or  t r ave led  

dia:?r;;lly t o  t h e  flow path  between cross-section loca t ions .  The inundated 

arc25 shorn on the  naps a r e  dependent on t h e  accuracy of t h e  topogra?Iyc. 

Therziore they w i l l  not  r e f l e c t  any f u t u r e  changes r e s u l t i n g  from developnent,  

cons:rdction, o r  poss ib l e  changes i n  drainage pa t t e rns  r e s u l t i n g  from l o c a l  

hea::; ra instorms.  

D. Other Breach Locations 

It i s  ev id fn t  f ro?  the  inundaricn maps f o r  t h e  two FBH cases  t h a t  aLm.ost, a?? 
I 



I loc2t ion wi th in  t h e  mapped a rea  downstream from the  FRS could be flooded by 

a breach a t  the  peak of t h e  FBH. For lower reservoi r  l e v e l s  such a s  t h e  PSH 

I case shswn, t h e r e  would be numerous dry a reas .  It is not  considered p r a c t i c a l  

t o  d e l i n e a t e  a l l  of t hese .  These breach events could only occur a s  a r e s u l t  

1 of major r a ins to rms ,  which would cause considerable f looding i n  t h e  same area  

i f  t h e  Fit? were not i n  p lace .  
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LOT: N H I G H  li 
DIS CP-SCE STAGE vE;** . DISC%.UGE STAGE VKL** 

( c f s )  ( f t .  MSL) ( f t / s e c )  (cf s) ( f t .  S X L )  ( f t / s e c )  

E:EP,GF?;CY S?ILLWAY HYDRCIGFAI'II 

iS9Q;: 1785.27  2 .8  1898* 1786.42 1. 8 

*Computed flow - otSers  i n t e rpo la t ed  
**:'!em v e l o c i t y  i n  deeper channel a r eas  



TABLE 2 

I D i S i S y C T  LO:' 5 H I G H  Y 
FRO?f LC' DISCti;.RGL STAGE VE~** ' DI S Ch.UGE STAGE VEL** - 

(?XI) ( c f s )  ( f t .  M5L) ( f t l s e c )  (cfs) (ft. ?EL) ( f t l s e c )  

BRL-1CE k lTH PSH 

530?* - - 5302* - - 
5060 1779.33 6 . 2  4.880 1780.18 3 . 2  

4800 1773.37 4 .3  4610 1773.63 3 .2  

4560' 1765 .25  3 . 8  4205* 1766.02 1 .8  

4270 1750.12 3 .8  3880 1750.28 2.9 

4080j; 1729.34 5 .9  3500* 1730.22 2 .6  

3900 i 7 1 6 . 6 2  3 . 0  3300 1716.66 2 .4  

3710" 1706.42 5 . i  3075* 1707.13 2.4 

3 3 6 J  1686.34 4 .6  2780 1686.16 4 . 5  

3183* 1673.47 2 . 8  2545* 1674.00 1.3 

2900 1655.41 5.5 2320 1655.26 5.2 

2757* 1638.12 2.7 2175* 1638.46 1 .7  

I BREaCH WITH FBH 

G 16455" - - 16455* - - 1 0 . i  15890 1780.64 8 .2  15890 1781.61 5 . 3  

0 .16  15570 1774.29 6.8 1557 0 1775.37 4.4 

0 . 2 9  15140* 1766.39 5 . 0  15140* 176,.50 2 . 8  I 0.52 14k00 1751.09 5 .7  14200 1751.76 3 . 8  

0 .83  13300* 1730.54 7.5 12830* 1731.42 3 .8  1 1 .Q3  12890 1717.24 4 . 8  12120 1717.88 3 . 6  

1 . 2 1  12500* 1707.66 6.9 11520* 1708.86 3 . 5  1 1 . 5 5  11583 1586.94 7.0 10540 1687.25 5.7 

1 . 7 ,  11025* 1674 .40  3.7 10040* 1675.21 1.9 

I 2.09 10470 1656.56 5 . 7  9250 1656.50 5.4 

2.44 9873* 1639.70 4.0 8560* 1640.30 2 .9  

*Computed flow - o t h e r s  i n t e r p o l a t e d  
**?lean v e l o c i t y  i n  deepe r  channe l  a r e a s  



TABLE 3 

DAM BREACH DISCHARGE PROFILES FOR 
BREACH AT SOUTHEAST COWER OF F.R.S. 

DISTANCE 1 FRO. DAM 
(MI) 

1 :: t:: 

LOW N HIGH N 
DISCHARGE STAGE VEL"" DISCHARGE STAGE VEE* 

(cfs) (ft. MSL) ( f t l s e c )  (cf s )  ( f t .  MSL) ( f t / s e c )  

BREACH WITH PSH 

5302* - - 5302* - - 
4990 1762.48 4 .1  4880 1783.18 2.7 

4666* 1772.89 4.6 4400* 1773.43 3 .1  

4230 1758.85 6.3 3870 1759.96 3.4 

3870* 1737.71 4.0 3390* 1738.00 2.9 

3500* 1718.05 4.0 3075* 1718.74 2.3 

3330 1704.70 6.3 2790 -1704.81 4.6 

3181* 1694.45 4.1 2598* 1694.98 2.1 

3060 1684.40 4.8 2460 1684.44 3.9 

2863* 1673.55 1.7 2280* 1673.85 1.1 

BREACH WITH FBH 

* Computed f low - o t h e r s  i n t e q o l g t e d  
**&an v e l o c i t y i n  deeper  channel a r e a s  
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