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MACKENZIE/DEMPSTER HIGHWAY HYDROLOGY STUDY 

Hydraulic  Consultants Ltd.  to s tudy  the streamflow hydrology of the 
region with the  objective -of determining design peak runoff values .  

2 .  APPROACH TO THE PROBLEM 

precipitation data and slope-area analysis based on channel charact- 
e r i s t i c s ;  second, an ind,ication of  rare f l o o d s  f o r  streams with 
v a r i o u s  drainage areas was o b t a i n e d  from flow records for the Yukon 
Territory, 

- 
A l b e r t a ,  and Alaska; and t h i r d ,  an attempt was made 
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estimatc pcctk discharges from an empirical re lat ion  between  meander  
l c n g t h  clnd discharge,  but t h e  results were not used as t h e  method 

ciaclned u n r e l i a b l e  

A s  the f i r s t  s t e p  of t h e   p r o c e s s ,  topographical maps cove r -  
ir lg t he   en t i r e  route were studied and a l l  significant streams located 
and t h e i r - d r a i n a g e  areas de l inea ted .  The d ra inage  b a s i n s  fell i n t d  
t h r e  g e n e r a l  categories: m-quntainaus w i t h  good d r a i n a g e ,  E la t  w i t h  
poor  drainage, and Some smaller bas ins  w i t h  jnt,g-r_r?_gdiaxe s l o p e s  and 
d r a i n a g e  c h a r a c t e r i s t i c s .  In e a c h   r e g i o n ,  about four streams, c o v e r - .  
i n g   t h e  range of d r a i n a g e   a r e a s ,  were selected as b e i n g  t y p i c a l .  These 
were: unnamed c r e e k s  a t  Miles 283 .6 ,  286 ,  288 .3 ,  2 9 0 . 3  and 296 .8  

(mountainous); unnamed creeks a t  Mile 315.4, 9 3 2 . 2  and 941.5 and 
Cabins  Creek at Mile 9 5 4 . 4  ( i n t e r m e d i a t e ) ; a n d  Frog  Creek a t  Mile 3 5 3 ,  
t h e  Rengleng River a t  Mile 913.3, Caribou Creek a t  Mile 940  and Campbell 
Creek a t  M 9 5 6 . 3  ( f l a t ) .  Locations ark shown in Figures  2a, b ,  c and d.  

The s t u d y  was c o n f i n e d   t o  an i n v e s t i g a t i o n  o f  t h e s e  ' s t u d y  
s t reams '  w i t h  t h e  o b j e c t i v e  of developing a des ign  c u r v e . ' r e l a t i n g  
pzak r u n o f f  t o  d r a i n a g e   a r e a  for each dra inage  bas in  c a t e g o r y .  The 
i n d i v i d u a l  s tudy   s t r eamsand  i n  many cases their c o n t r i b u t i n g  d r a i n -  
age areas  were examined i n  t h e   f i e l d .  Where p o s s i b l e  strean cross- 
sections were surveyed in t h e  field by the   Department  o f  P u b l i c  Works * 

p e r s o n n e l .  

3 .   METHODS OF ESTIMATING PEAK RUNOFF 

3.1 General 
A f l o w  w i t h  a 50  y e a r   r e t u r n  p e r i o d  has  been adopted  as t h e  

d e s i g n  f l o o d  f o r  most d r a i n a g e   s t r u c t u r e s  on t h e  highway. However, 
the a v a i l a b l e  data does no t   pe rmi t  a s p e c i f i c  f requency t o  be accurately 
assigned t o  a g iven  f low.  Most of t h e  p r e c i p i t a t i o n  d a t a  has been 
transposed f rom distant r e c o r d i n g   s t a t i o n s  and as such  i s  approximate 
a t  b e s t .  The f l o w s  c a l c u l a t e d  from channel c h a r a c t e r i s t i c s  g ive  an 
i n d i c a t i o n  o f  r a r e  f l o o d s  b u t  a g iven  f requency  cannot  be a t t a c h e d   t o  
t he  cstimates. The d a t a  from A l b e r t a  and Alaska provide Some guidance 
b u t  n o t  d i r e c t  information. I n  summary, t h e  recommended cu rvesg ive  
peak instantaneous f l o w s  f o r  design, but the l ack  of direct d a t a  
qualifies labelling them as  a c c u r a t c l y . a s  .l:SD years.  



I 

b h j o r  drainage  structures on the highway may 
1: l . ~ ~  , ;:IO0 ycctr f l o o d s  and minor  structures 1 : 2 5  yea r s , ,  

t i o n  ?ac tors  a r e  recmmended f o r  calculating f l o o d s  va  

frequencies based on the  1:SO year  d e s i g n  curves. 

be designed ' ".. 

Multiplica- 
lues f o r  these 

Peak  f lows may occur as a result of snowmelt, r a i n f a l l ,  , 

o r  3 combina t ion  t h e r e o f .  Estimates of rare f l o o d s  in the mountain-  
ous and intermediate t e r r a i n  are based on t h e  assu.mption  that  the 
cause is a rainfall  event. Annual  h i g h  water or high s t a g e  may 
we11 be associated with snow melt  events o r  i ce  affected streamflow, 
b u t  it is our opinion t h a t  r a r e  f low events will be rainstorm.floods. 
I n  the case of the l a r g e r  f l a t  b a s i n s ,  the design recommendations 
a r e  based s o l e l y  on channel characteristics as the uncertainties in 
r a i n f a l l  runof f  analysis were too great and t h e r e  were absolutely 
RO da ta  r ega rd ing  snowmelt  runoff. 

3 .2  Runoff A n a l y s i s  u s ing  Precipitation Data, 
F i g u r e  3 shows the derived  intensity-duration-frequency 

curves for the study area .  The analysis was based on meteorological 
records  for Yellowknife, Whitehorse, F o r t  McPherson, Inuvik and 
A k l a v i k .  .Recards were available for Yellowknife and Whitehorse 
f o r  durations of 5, 10, 1 5 ,  30 minutes, 1, 2 ,  6 and 2 2  hoursand.for 
d a i l y  p r e c i p i t a t i o n .  Only d a i l y  precipitation records were a v a i l -  
a b l e  for the other s t a t i o n s .  It was assumed t h a t  the short  duration 
i n t e n s i t i e s  f o r  the  study area were comparable to those for Yellow- 
k n i f e  and Whitehorse. This  assumption was based on two f ac to r s .  
F i r s t ,  the 24 hour intensity-frequency  curves f o r  Fort McPherson, 
Inuvik and Aklavik matched those f o r  Yellowknife and Whitehorse 
q u i t e  c l a s e l y , a n d  second,  the rainfall intensity-duration-frequ2ncy 
caps for Canada pub l i shed  by The Canada Department o f  T r a n s p o r t ,  
h l e t eo ro log ica l  Branch (I)", i nd ica t e s  t h a t  short d u r a t i o n  intensities 
in the s tudy  area a re  similar to t h o s e  f o r  Yellowknife and Whitehorse,  
3 s  shorm i n  Table 1, The magnitudes  indicated f o r  the. study area are 
a b o u t  8 0 %  of those for Yellowknife-Whitehorse. The information frorn 
thc meteorlogical maps is o f  questionable  value  considering possible 

a Nuxbers in parenthesis refer to l ist  of references 
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l o c a l  var iLi t ions in p r e c i p i t a t i o n  patterns, but there a r e n o  o t h e r  
d:zta a ~ ~ a i l n b l c .  

Rainfall in i nches ;  2 5  Year R e t u r n  Per iod  

Duration Study  Area Yellowknife Whitehorse 

5 min .13 .15- 175 
. .  

10 e 17 . 2  2 s  

1 5  . 2  . 3 -  . 3 +  
30 . 3 5  . 4 -  . s  
60  . 4  .4 . s  
2 4  h r  2 . -  2 . 5  2 . 0  

TABLE 1. Comparison of Regional Data From t h e  A t l a s  o f  
Rainfall In tens i ty-Dura t ion-Frequency  Data o f  Canada 

Also p l o t t e d  on F igure  3 a r e  data f o r  Alaska ( 2 )  and 
d a t a  f rom the above-mentioned  Canadian  Meteorological A t l a s .  The 
Alaska d a t a  show good agreement for 1 : 5 0  year storms with longer 
d u r a t i o n s  b u t  f o r  s h o r t  duration i n t e n s i t i e s  the Alaska da ta  
i n d i c a t e  magnitudesabout t w o - t h i r d s  those of our analysis. The 
d a t a  f rom the  Canada Meteorological  Atlas a r e f o r  a 25-year r e t u r n  
p e r i o d .  If t h i s  i s  allowed f o r ,  the d a t a  from t h i - s  source ar ' e in  
f a i r l y  good agreement with the Alaska d a t a .  There s h o u l d  be no con- 
Tradiction between t h e  information from the Canadian Meteoralogical 
Atlas and the curves as shown on Figure 3 as bo th  were  der ived  using 
d a t a  f r o m  the same stations. As the latter analysis was based on 
a l o n g e r  p e r i o d  o f  record  it is assumed to be more accurate. 

In the d e r i v a t i o n  o f  the intensity-duratian-frequency 
curves and in t h e i r  subsequent u s e ,  no f a c t o r  was inc luded  f o r  
elevation. Rainfall on t h e  windward s i d e  of  o rograph ic  barriers 
can range up t o  30% higher t han  values f o r  lower e l e v a t i o n s  ( 2 3 .  
On t h e  leeward side, precipitation va lues  cah be 5 t o  1 0 %  lower. 
It i s  f e l t  that: refinements for elevational e f fec t s  were n o t  warranted.  
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was adop tcd  f o r  use .in t h e  present s t u d y .  

t he  Appendix. 

3 . 3  Channel C h a r a c t e r i s t i c s  

3.3a Slope-Area Method 

u s i n g  blannings equa t ion  f o r  s t e a d y  open channel flow. The value of 
blannings I n r  was assessed f rom photographs t aken  du r ing  site visits 
t o  t h e   s e l e c t e d  streams. A l s o  du r ing  the site v i s i t s ,  estimates 
o f  f l o o d  breadths and depths  were made and bank h e i g h t s  and historical 
h i g h  water  marks noted .   S t ream channel s lopes  were o b t a i n e d  from 
s t ream profiles t aken  from topographic maps. I n  several cases surveyed 
stream cross sections were supplied by the Department  cf Public Tllorks. 

E s t i m a t e s  o f  t h e  magnitudes of ra re  f l o o d s  were ca lcu la ted  

‘peak‘  flow: 



1 : ; c~ l ldc~  length i s  related to t h e  farmative discharge  of a r i v e r ,  
t h c  run~g:Izitucie o f  which i s  g e n e r a l l y  t h o u g h t  t o  be c o n s i d e r a b l y  
icss  c. LP;:!? t h c  p e a k  Flow.  It was decided  t h a t  t h e  r e s u l t s  i nd ica t ed  
b y  th is  method were not r e l i a b l e ,  and t h e y  were  not  given f u r t h e r  
c o n s i d c r a t i o n .  

3 .4  h'zter Survey o f  Canada Streamflaw Recerds 
Water Survey of Canada records for the Yukon and Alberta  

were examined and f l o w  values f o r  suitable watersheds noted. There 
were no directly  useful  data, b u t  the records for the Porcupine  and 
Peel Rivers prov ided  some indirect information. 

I 

I 

3.5 Alaska Flood Frequency  Data 
Regional f l o o d  frequency analyses for Alaska carried out 

by t h e  Uni ted  S t a t e s  Geologica l  Survey ( 3 )  provide  some data that 
a r e u s e f u l  for our study area .  F lood  estimates  have been made far 
a SO-year return period for some rivers  and for a 25-year  return 
p e r i o d  for several  others and peak instantaneous  discharges tabulated 
for many s t r eams .   The re  a r e  long-term records for several small 
and medium s i z e d  watersheds, b u t  it is not known how comparable  the 
r e g i o n s  i n  which t h e y  a re  located are  t o  the s t u d y  area. 

4 RESULTS 

r! I 1 Gener'al 
The estimates of peak runoff  rates were based on f o u r  

sources o f  d a t a :  precipitation records,.observed or measured stream 
channel character'istics,  streamflow  records from Water Survey of 
Canada and f l o o d  frequency data from  Alaska. The da ta  on stream 
channel characteristics a r e  n e a r l y  a l l  approximations and 
the o t h e r  d a t a  w e r e  all transposed from considerable distances, thus 
fairly wide  confidence limits must be aZlowed in the interpretation 
0 5  the r e s u l t s .  

The d i scha rge  values  obtained  using  the  various methods' I 

a r e  shawn on Figure 4 and in Table 2. Sample calculations a r e  inc luded  
i n  t h e  Appendix.  
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4 . 2  Rainstorm Runoff Analysis 

7 .  

2 s  v e r y  approximate. 

4 . 2 . 2  b1oun"linous T e r r a i n  
It was assumed  that the methods used to estimate .the 

a b o u t  5 square miles. 
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4 .  '7.3 TntcrmediatC T c r r a i n  
C o n s i d e r i n g  the p o o r l y  defined dra inage  p a t t e r n s  in -the 

L : ; ~ ~ > c I -  :~rc::s o f  the watersheds and t h e  fact t h a t  t h e  c h a m e l s  of 
t he  srnnllcr streams were heavily vegetated, i t  was obv ious  t h a t  t h e  

. usual  mt.thods would u n d e r - e s t i m a t e  the times of  concentration, SO 
t h e  times were increased arbitrarily by a f a c t o r  o f  about  1.5. The 
r u n o f f  coefficient was s e t  a t  0 . 5 .  The r a t i o n a l  method only '  was 
a p p l i e d  t o  two watersheds  and i n  bo th  instances it indicated.relatively 
h i g h  f l o w  va lues .  Because of the  assumptions i nvo lved ,  wide con- 
f idence  limits mus t  be a p p l i e d  t o  these results. 

4 . 2 . 4  F l a t  
It was'  decided that  rainfall runoff analysis would n o t  

p r o v i d e  meaningful results for the large flat bas ins .  The areas  
were too l a r g e  to  apply  the  rational method t o ,  and there were un- 
c e r t a i n t i e s  r e g a r d i n g  factors involved  i n  the USSCS method. 

The above n o t w i t h s t a n d i n g ,  the USSCS method was a p p l i e d  
to t h e  Rengleng b a s i n  to obtain an o r d e r  of magnitude figure. AS 

t h e  channel is long and well-defined, it was assumed that t he  
c a l c u l a t e d   t i m e  o f  cancentration was a reasonable estimate. A 

r u n o f f  coefficient of 0.3 was used.  The  calculated 1:50 year  peak 
f law was comparable to the estimate based an slope-area. 

4.3 Channel  Characteristics 
Also shown on Figure 4 and in Table 2 are the r e su l t s  of 

the slope-area method. Considerable  scatter is evident.  in t h e  p l o t ,  
which i s  t o  be ex,pected under these  circumstances, but generally 
t?.e slope-area method indicates lower flows. 

The channels of t h e  streams at Miles 3 1 5 . 4 ,  9 3 2 . 2  and 941.5 
*:.'ere so  p o o r l y  d e f i n e d  and heavily vegetated that: actual slope-area 
z s l c u l a t i o n s  were meaningless. The r e s u l t s  l i s t e d  i n  Table 2 under  
Slope-Area f o r  these  streams a r e  r o u g h  estimates  based on approximate 
cross-sectional areas of flow and e s t i m a t e d  average f l o o d  velocities. 
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4.1 tV:~tcl- Survey o f  Canada 
L.itt1e J a t x  i s  a v a i 1 3 b l E :  f o r  small o r  medium-sized water- 

5h;Js in tile ' n o r t h e r n  p a r t  o f  A l b e r t a .  There is, however,  a n  
cnvclope curve f o r  msiinuln flows t h a t  have been recorded on v a r i o u s -  
s i z e d  dra inage  areas  t h r o u g h o u t  A l b e r t a .  The curve  was not der ived  
f o r  t h e  r e g i o n  including t h e  study a r e a ,  nor is it i m p l i e d   t h a t  it 
i s  v a l i d  f o r  t h e  s tudy-area  b u t  it was included in o u r  a n a l y s i s  as 

i t  was thought  t o  g i v e  some indication o f  very r a r e  d i scha rge  v a l u e s  
v e r s u s  d r a i n a g e   a r e a , a t  l e a s t  i n  t h e  mountainous r e g i o n .  , Although 
p r e c i p i t a t i o n   i n t e n s i t i e s  a r e  g r e a t e r  in Alber t a ,  l o s s e s ,  due t o  
infiltTation, r e t e n t i o n  and n o n - c o n t r i b u t i n g  a.reas,  a r e  also g r e a t e r  
2nd these  f a c t o r s  t end  t o   c a n c e l .  

Water Survey of Canada has gauged the Porcupine River  below 
the B e l l  River confluence and a t  Old Crow for abou t  t e n  yea r s .  A s  

t h e  mounta inous  r e g i o n  o f  t h e  study area  is a d j a c e n t  t o  t h e  Porcupine  
B z s i n ,  these r e c o r d s   p r o v i d e  an  i n d i c a t i o n  of r e g i o n a l  r u n o f f  cha r -  
a c t e r i s t i c s .  The maximum mean daily discharges r eco fded  a t  t h e  two 

stations a r e  shown on Figure 4. The p e r i o d  o f  record i s  n o t  
s u f f i c i e n t l y  l o n g  t o  p r e d i c t  a 1 : 5 0  y e a r  flood, but t h e  maximums 
shown g i v e  a good i n d i c a t i o n  f o r  t h e  location of the upper  end of 
t h e  design curve .  A l s o  shown is the maximum recorded mean daily. 
discharge o f  t h e  Peel River   above Canyon Creek, This-point agrees  
~ e 1 1  with t h e  Porcup ine   R ive r   da t a .  

There  a re  no WSC s t r e a m f l o w   d a t a   a v a i l a b l e  on which an 
i n d i c a t i o n  of peak flows for the  other r e g i o n s  of the s t u d y  area may 
be  based ,  

; . 5  Alaska F l o o d  Frequency Data 
Instantaneous peak flood es t ima tes   and  recorded i n s t a n t -  

L:::eozs meximums for f o u r  r ivers  i n  the  general v i c i n i t y  o f  Fairbanks, 
.:.lasktl are a l s o  shown on F igu re  4 .  Accord ing   t o  Reference ( 2 )  , the 
:.rex p-ear Fairbanks i s  s u b j e c t  t o  storms with i n t e n s i t i e s  a b o u t  3/2 

" A  

25 great as t h o s e  i n  t h e  s t u d y  a rea  ( e x t r a p o l a t e d  estimate). However, 
1 . ~  ' C  our.derived i n t e n s i t y - d u r a t i o n - f r e q u e n c y  curves a r e  accepted ,  then 
t h e  precipitation r a t e s  of  Fa i rbanks  a n d   t h e  study a r e a  a r e  camp" a4 able 
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It is n o t  known how t h e  a rcas  compare w i t h  regard to infiltration 
311~1 ~ e t c r z t i o u  losses. The various Alaska d a t a  show reasonable 
;I &,' . > L ~ c ~ ~ ; ~ i ~ ~  I. 3 - ~ s i - ~ h  t h e  A l b z r t a  and Yukon T e r r i t o r y  data. 

4 .  6 I Rccon~t1~c.ndcd D e s i g n  Curves . , 

-The d e s i g n  curves were drawn through t h e  iarious d a t a  by 
e y e ,  , g i v i n g  S r e a t e r  we igh t  generally to the s lope-area  r e s u l t s ,  with 
s l o p e s  based on the i n d i c a t i o n s  given by the WSC and Alaska da t a .  
Only T K O  d e s i g n  cu rves  a re  g i v e n  as the r e s u l t s  f o r  the intermediate 

r e g i o n s  p l a t t e d  in one b road  band and it was f e l t  t h a t  the 
of t h e  estimates d i d  not warrant  distinguishing between 

ARY 

R e g i o n a l  r e l a t i o n s h i p s  f o r  es t imated 1:50 year  peak 
i c s t a n t a n e o u s  runoff  r a t e s  ver sus  dra inage  area have been determined. 
They were based on f l o w  estimates made % o r  s e v e r a l  s t u d y  .<- streams 
using r u n o f f  analysis and slope-area calculations, AS no s h o r t  
d u r a t i o n  precipitation records  were available f o r  she r e g i o n ,  
assumptions concerning precipitation were necessary and con t ra -  
d i c t i o n s  a r e  appa ren t  between v a r i o u s  sources o f  da t a .  

Site v i , s i t s  were car r ied  out to all o f  t h e  study streams 
t o  o b t a i n  necessary  information r e g a r d i n g  stream channel charac te r -  
i s t i c s .  Streamflow records and ana lyses ,  p a r t i c u l a r l y  t h o s e  f o r  the 
P o r c u p i n e  R i v e r ,  provided some s u p p o r t i n g  evidence. It was pointed 
o u t  ? h a t  some c a u t i o n  must be exe rc i sed  i n  referring to -the r e -  
zonrncnded d e s i g n  c u r v e s  as 1:SO year  curves. 

1. The d r a i n a g e  s t r u c t u r e s  on t h c  Dempster Highway between the 
Northrv.est T e r r i t o r i e s - Y u k o n  border a n d A r c t i c  Red River  and 
o n  t h e  Mackenzie Highway between Arct ic  Red River and Inuvik  
s h o u l d  be'designed in accordance w i t h  the Recommended Design 

6. RECOMXENDATXONS 
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Curves shown i n  F igu rc  4 .  There i s  no f ac to r  of s a f c t y  as 
such inc luded  i n  the Design Curve; ,  

, -  

3 ,  . > I L ~ C  3YS.3. 111esc c ross ; ings  s h o u l d  perhaps  b e  tre3tc.d as a \ I .  111  

s . ing le  c r o s s i n g  wi th  B single dra inage  s t ruc tu re  ( o r  twin 
st ruCtul*cS) .  Taken individually, the s t ream t o  t h e  nor thwes t  
{ c l r ~ i n a g c  3rca of  5 . 2  sq  mi) s h o u l d  be designed f o r  2 5 0 0  cfs  and 
t h e  stream t o  t h e  n o r t h e a s t  (area of 13.3 sq  mi) 4 3 0 0  c f s .  Taken 
to.gcther (area of 1 8 . 5  s q  mi) t h e  design discharge  would be 
a b o u t  5 2 0 0  c f s .  

3 .  N i l e s  294  t o  3 0 3 .  The peak runoff  r a t e s  will s t a r t  t o  decrease 
a t  a b o u t  Mile 2 9 4  because t h e  s lopes become l e s s  s t e e p  and t h e  
percentage of t h e  dra inage  areas v e g e t a t e d  increases. The 
mountain r e g i o n  curve s h o u l d  be used, b u t  t h e  des ign  discharges 
i n d i c a t e d  co.uld be  reduced about; 5 0 % .  

4 .  Flile 3 2 9 . 7 .  The d r a i n a g e  a rea  of t h i s   s t r e a m  (shown on F igure  
2b) was r e p o r t e d  t o  u s  as about  55 sq mi, bu t  c lose  inspection 
of b o t h  1:50 ,000 and 1 : 2 5 0 , 0 0 0  maps ra ises  questions.. Some or 
211 o€ The f low from t h e  dra inage  a rea  p r o b a b l y r e a c h e s  the Peel 
River th rough  ano the r   channe l   l oca t ed  about seven miles t o  t h e  
s o u t h .  A f i e l d  inspection shou ld  be  made to determine  the  a c t u a l  - 
dra inage  a r e a .  

If the road embankment were to be built as a d i k e ,  perhaps a l l  
o f  the f low could be   d iver ted  through t h e  o t h e r   c h a n n e l ,  t hus  
e l i m i n a t i n g  a major drainage s t r u c t u r e .  

5 .  Mile 3 5 3  (Frog Creek), The design d i scha rge  value f o r  Frog 
C r e e k  can be  somewhat lower t h a n   i n d i c a t e d  by t h e  lower design 
c u r v e .  The watershed i s  ve ry  f l a t ,  and the  many marshes and 
Izkes ,  p a r t i c u l a r l y  Nevejo Lake ,  have’ a s i g n i f i c a n t  damping 
effect,. A d ischarge  v a l u e  about  5 0 %  o f  t h a t   i n d i c a t e d  could 
be  used .  

G .  X i l e  9 5 6 . 3  (Campbell Creek). The d e s i g n  discharge indicated i s  
valid, b u t  t h e  hydraulic d e s i g n  o f  t h e  structure must a l low f o r  
I E r g a  backwater e f f ec t s  from Campbell Lake, 

1 



7 .  

8 .  

9. 

12. 

Iiigll ;.:ltes of  sed iment ,  t r a n s p o r t ,  which c o u l d  cause difficulties 
at t h c  d r a i n a g e  structure, may be  a s s o c i a t e d  with t h e  flow i n  
sone o E  -ihc 1nountai.n s t r e s w .  C a r e f u l   a t t e n t i o n  s h o u l d  be  p a i d  

ELI t k i s  ~:IC:OOT in des i g n .  

E f f o r t s  shou ld  be made to c o l l e c t  streamflow and precipitation 
d a t a  , i n  t he  r e g i o n  t o  facilitate f u t u r e  h y d r a u l i c  d e s i g n .  

It 2s d o u b t f u l  if the'accuracy of the recommended 1 1 5 0  year  
curves  w a r r a n t s  t h e  a p p l i c a t i o n  o f  f ac to r s  f o r  obtaining 1:lOO 
year  o r  1 : 2 5  year  estimates. If, however, such f ac to r s  are to 
be a p p l i e d ,  suggested values  a r e :  1 : 2 5  y e a r ,  . 8  and 1:lOO y r ,  1 . 2 .  
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APPENDIX 



SAMPLE CALCULATIONS  FOR UNNAMED 

A 1  RAINFXLL  RUNOFF AN-\LYSIS 

A l . l  Basin Data 
Drainage area = 2.8 s q  m i  

= 1800 acres 

Length = 4.0 mi 
= 21,000 ft 

= 1800 Relief 

A l .  2 R a t i o n a l  Method 

a) Time of concen t r a t ion  

I .0078 L 77 
tc s*385 

- 

CREEK AT MILE 290.3 

Where tC = time o f  concentration i n  minutes 

L , = basin length in feet 
S = basin slope 

- .0078 (21,000)'" 
tc 

- *  

1800 x 03'' 

.0078 (2100) 
39 

4 2  minutes 

Wlzer e Qs0 = flow with 5 0  year  return per iod  

C = runoff coefficient 
= 1 (maximizing assumption) 

. ,  



L~~ = intensity of rainfall f o r  d u r a t i o n  = t, 
w i t h  50 year return p e r i o d  

A = b a s i n  a rea  in acres 
= 1800 acres 

From Intensity-Duration-Frequency Curves 

is0 (for D = 4 2  min) = 1.0 inslhour 

Area-depth correction fac tor  for duration of 4 2  minutes 
and dra inage  area of 2 . 8  sq m i  = 1.0 [i.e. no correction 
necessary) 

Q S o  = (1.0)  (1.0) (1800) 

= 1 8 0 0  cfs 

Where 

Q50 = '1 D 
484 A RE 
7 + 0.6 t, "- 

Q s o  = flow with 50 year  return  period 

C1 = area-depth fac tor  
= near 1.0 (small area) 

A = basin area in square miles 
= 2.8 s q  mi 

RE = t o . t a l  runoff in inches 

D = rainfall excess period in hours 

tc 
= time of concen t r a t ion  
= 0 . 6 5  hrs (from a nomograph, an SCS gu ide ,  

shown as Figure 13 i n  Design of Small Darns) 



. .. 

This  must be 
maximized by trying various values for D: 

. 7 5  h r s  

For 

F o r  

Maximum 

-4.2 SLOPE-AREA ANALYSIS 

Q 
n 
d 
b 
S 

Q 

0.96  i n s / h r  (from intensity-duration- 
frequency curves) 
(0.96) (. 45) 

' 0 . 7 2  (assumes no losses) 

( l350)  (. 72)  m -+ . 3 9  

1270 cfs  

0.61. ins 

(1350) (0.61) 
25 f . 3 9  

1300 c f s  

- 3 3  hrs 



I ". 


