


U N I T E D  S T A T E S  
D E P A R T M E N T  OF T H E  I N T E R I O R  

G E O L O G I C A L  S U R V E Y  

F L O O D  S U R V E Y  A T  P R O P O S E D  T A P S  C R O S S I N G  OF 

Y U K O N  R I V E R  NEAR S T E V E N S  V I L L A G E ,  A L A S K A  

BY 

Joseph M. Childers a n d  R o b e r t  D. L a m k e  

O P E N - F I L E  R E P O R T  

A n c h o r a g e ,  A 1  a s  k a  
1973 



C O N T E N T S  

I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . 

O b j e c t i v e s  . . . . . . . . . . . . . . . . . . . . . . . 
S i t e  d e s c r i p t i o n  . . . . . . . . . . . . . . . . . . . . 

P r i o r  i n f o r m a t i o n .  . . . . . . . . . . . . . . . . . . . 
Methods  o f  s t u d y  . . . . . . . . . . . . . . . . . . . . 
R e s u l t s .  . . . . . . . . . . . . . . . . . . . . . . . . 
S e l e c t e d  r e f e r e n c e s .  . . . . . . , . . . . . . . . . . . 

A p p e n d i x  - F a c t o r s  f o r  c o n v e r t i n g  E n g l i s h  u n i t s  t o  

I n t e r n a t i o n a l  S y s t e m  ( S I )  u n i t s .  . . . . . . . . . . . 

ILLUSTRATIONS 

F i g u r e  1 .  L o c a t i o n  map f o r  p r o p o s e d  T A P S  c r o s s i n g  o f  

Yukon R i v e r  n e a r  S t e v e n s  V i l l a g e ,  A l a s k a .  . 
2 .  C h a n n e l  c r o s s  s e c t i o n s ,  Yukon R i v e r  n e a r  

S t e v e n s  V i l l a g e ,  S e p t e m b e r  1 9 7 2  . . . . . . 
3.  S t a g e - d i s c h a r g e  r e l a t i o n ,  Yukon R i v e r  a t  

p r o p o s e d  c r o s s i n g  n e a r  S t e v e n s  V i l l a g e .  . . 
4 .  F l o o d  m a g n i t u d e - f r e q u e n c y  r e l a t i o n ,  Yukon 

R i v e r  a t  Rampar t .  . . . . . . . . . . . . . 

TABLES 

Page 

1  

1  

2 

4 

4 

6 

1 2  

T a b l e  1.  H y d r a u l i c  p r o p e r t i e s  a t  p r o p o s e d  c r o s s i n g .  . . 



F L O O D  S U R V E Y  AT P R O P O S E D  T A P S  CROSSING O F  

Y U K O N  RIYER N E A R  STEYENS VILLAGE, ALASKA 

By Joseph M .  C h i l d e r s  and Reber t  D .  Lamke 

INTRODUCTION 

The U . S .  Geologica l  Survey  has  a t h r e e f o l d  r e s p o n s i b i l -  

i t  G ; C I - I C _  : - ; r i : p n s e d  roclte o f  t h e  t r a n s - A l a s k a  p i p e l i n e :  

t o  i n v e s t i g a t e  p o s s i b l e  h y d r o l o g i c  h a z a r d s  t o  t h e  p i p e l i n e ,  

t o  i n v e s t i g a t e  p o s s i b l e  i m p a c t s  of  t h e  p i p e l i n e  sys t em on 

wa te r  r e s o u r c e s ,  and t o  d e v e l o p  a b e t t e r  u n d e r s t a n d i n g  of 

A r c t i c  hydro logy .  One of t h e  ma jo r  h a z a r d s  t o  t h e  proposed  

p i p e l i n e  a n d  i t s  a s s o c i a t e d  roads  and f a c i l i t i e s  i s  f l o o d -  

i n g .  Consequen t ly ,  i n f o r m a t i o n  on f l o o d s  a l o n g  t h e  p i p e l i n e  

c o r r i d o r  i s  v i t a l l y  needed t o  a i d  i n  t h e  d e s i g n  and manage- 

ment of t h e  p i p e l i n e  and a s s o c i a t e d  f a c i l i t i e s .  T h i s  r e p o r t  

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

a n a l y s i s  a t  t h e  proposed p i p e l i n e  and highway b r i d g e  c r o s s -  

i n g  of t h e  Yukon Rive r .  

B a s i c  d a t a  and computa t ions  s u p p o r t i n g  t h e  i n f o r m a t i o n  

p r e s e n t e d  i n  t h i s  r e p o r t  a r e  i n  t h e  f i l e s  o f  t h e  U.S. 

Geo log ica l  Survey ,  Water Resources  D i v i s i o n ,  Anchorage, 

Alaska .  T h i s  r e p o r t  has been p r e p a r e d  under  t h e  g e n e r a l  

s u p e r v i s i o n  of  Harry H u l s i n g ,  d i s t r i c t  c h i e f .  

OBJECTIVES 

The Department of t h e  I n t e r i o r  has  s t i p u l a t e d  t h a t  t h e  

proposed p i p e l i n e  must be d e s i g n e d  t o  accommodate a  d e s i g n  

f l o o d  based on t h e  concep t  o f  t h e  S t a n d a r d  P r o j e c t  F lood.  

T h e  S t a n d a r d  P r o j e c t  Flood i s  t h e  maximum f l o o d  r e a s o n a b l y  



p o s s i b l e ;  i t  s h o u l d  e x c e e d  a n y  known or e v i d e n t  f l o o d  

( u n l e s s  s u c h  a  f l o o d  c a n n o t  b e  r e a s o n a b l y  e x p e c t e d  i n  t h e  

f u t u r e ) .  However ,  t h e  c o m p u t e d  v a l u e s  o f  t h e  S t a n d a r d  

P r o j e c t  F l o o d  c a n n o t  b e  g u a r a n t e e d  t o  b e  t h e  maximum f l o o d  

r e a s o n a b l y  p o s s i b l e .  F l o o d  r e c o r d s  p r o v i d e  some b a s i s  f o r  

c h e c k i n g  t h e  S t a n d a r d  P r o j e c t  F l o o d ,  b u t  t h i s  c h e c k  i s  

i n a d e q u a t e  b e c a u s e  r e c o r d s  a r e  t o o  f e n  a n d  s h o r t .  

One p u r p o s e  o f  t h i s  s t u d y  was t o  e s t i m a t e  t h e  peak  d i s -  

c h a r g e  o f  t h e  Maximum E v i d e n t  F l o o d  a t  t h e  p r o p o s e d  Yukon 

R i v e r  c r o s s i n g .  The c o m p u t e d  Maximum E v i d e n t  F l o o d  may b e  

u s e d  t o  h e l p  j u d g e  t h e  r e a s o n a b l e n e s s  o f  t h e  d e s i g n  f l o o d .  

A n o t h e r  p u r p o s e  o f  t h e  s t u d y  was t o  p r e s e n t  d a t a  on c h a n n e l  

h y d r a u l  i c f e a t u r e s  a t  t h e  p r o p o s e d  c r o s s i  ng .  B a n k f u l l  chan -  

n e l  d i m e n s i o n s  may a l s o  b e  u s e f u l  i n  a s c e r t a i n i n g  s t r e a m f l o w  

c h a r a c t e r i s t i c s  (Wolman a n d  L e o p o l d ,  1 9 5 7 ;  Emmett ,  1 9 7 2 ) .  

The  t h i r d  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  p r e s e n t  t h e  

s t a g e - d i s c h a r g e  r e l a t i o n  f o r  t h e  p r o p o s e d  c r o s s i n g .  The 

r e l a t i o n  c a n  b e  used  t o  e s t i m a t e  t h e  w a t e r - s u r f a c e  e l e v a t i o n  

f o r  a n y  d i s c h a r g e  ( w i t h i n  t h e  r a n g e  o f  d e f i n i t i o n )  a t  t h e  

p r o p o s e d  c r o s s i n g .  

S ITE  D E S C R I P T I O N  

The  p r o p o s e d  c r o s s i n g  o f  t h e  Yukon R i v e r  i s  l o c a t e d  

a b o u t  4 m i l e s  ( 6  km [ k i l o m e t e r s ] )  u p s t r e a m  f r o m  t h e  Ray 

R i v e r ,  a b o u t  1  m i l e  ( 2  km) downs t ream '  f r o m  t h e  e n d  o f  t h e  

TAPS r o a d ,  a b o u t  2 5  m i l e s  ( 4 0  km)  d o w n s t r e a m  f r o m  S t e v e n s  

V i l l a g e ,  a n d  a b o u t  100 m i l e s  ( 1 6 0  km) n o r t h w e s t  o f  F a i r b a n k s  

f i g  1 ) .  The  Yukon R i v e r  f l o w s  w e s t w a r d  i n  an i n c i s e d  

c h a n n e l  p a s t  t h e  p r o p o s e d  c r o s s i n g .  L o o k i n g  d o w n s t r e a m  t h e  

l e f t  ( s o u t h )  bank  i s  s t e e p  and h i g h  w i t h  n o  f l o o d  p l a i n .  

The r i g h t  ( n o r t h )  bank  i s  a f a i r l y  l e v e l  f l o o d  p l a i n  a b o u t  

o n e - h a l f  m i l e  ( 8 0 0  rn [ m e t e r s ] )  w i d e . .  The c h a n n e l  w i d t h s  

shown on t h e  U . S .  G e o l o g i c a l  S u r v e y  t o p o g r a p h i c  map, 
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F i g u r e  I.-- L o c a t i o n  f o r  proposed TAPS c r o s s i n g  of Yukon R i v e r  near  Stevens V i l l a g e .  



L i v e n g o o d  D-6 q u a d r a n g l e  ( s c a l e ,  1  : 6 3 , 3 6 0 ) ,  r a n g e  f r o m  a b o u t  

2,000 f e e t  ( 6 0 0  m) a t  t h e  p r o p o s e d  c r o s s i n g  t o  3,000 f e e t  

( 9 0 0  m )  n e a r  t h e  Ray R i v e r  m o u t h  and  t o  1 ,300 f e e t  ( 4 0 0  m) 

a t  a c o n s t r i c t i o n  a b o u t  1 m i l e  ( 1 , 6 0 0  m) d o w n s t r e a m  f r o m  

t h e  Ray R i v e r .  Channe l  s l o p e  was e s t i m a t e d  as 0 . 0 0 0 1 3  b y  

d i v i d i n g  t h e  c o n t o u r  i n v e r v a l  ( 1 0 0  f e e t  1 3 0  m]) b y  t h e  r i v e r  

d i s t a n c e  b e t w e e n  a d j a c e n t  c o n t o u r s  ( 1 4 7  m i l e s  o r  780,000 

f e e t  1 2 3 7  k m ] ) .  A l l  e l e v a t i o n s  a r e  t o  d a t u m  e s t a b l i s h e d  b y  

t h e  S t a t e  o f  A l a s k a ,  D e p a r t m e n t  o f  R i g h w a y s .  

P R I O R  INFORMATION 

A ~ i s : . . ~ r g e  i r e a s u r e m e n t  o f  1 9 , 5 0 0  ft"/s ( 5 5 0  rn3/s)  was 

made A p r i l  27 ,  1970,  u n d e r  i c e  c o v e r  n e a r  t h e  p r o p o s e d  c r o s s -  

i n g  o f  t h e  Yukon R i v e r .  F o u r  c h a n n e l  c r o s s  s e c t i o n s  w e r e  

s u r v e y e d  w i t h  a b o a t  and  r e c o r d i n g  f a t h o m e t e r  i n  J u n e  1 9 7 0 .  

The n e a r e s t  s t r e a m - g a g i n g  s t a t i o n  o n  t h e  Yukon R i v e r  

was l o c a t e d  a t  R a m p a r t  a b o u t  5 5  r i v e r  m i l e s  ( 8 8  km) down- 

s t r e a m  f r o m  t h e  p r o p o s e d  c r o s s i n g .  T w e l v e  y e a r s  o f  c o n t i n -  

uous  d i s c h a r g e  r e c o r d s  a r e  a v a i l a b l e  f o r  t h e  Yukon R i v e r  a t  

R a m p a r t  (U.S.  G e o l .  S u r v e y  W a t e r - S u p p l y  P a p e r s  1486,  1500,  

1570 ,  1640 ,  1720 ,  1 9 3 6 ,  and  W a t e r  R e s o u r c e s  D a t a  f o r  A l a s k a  

1966,  1 9 6 7 ) .  

The U.S. Army, Corps  o f  E n g i n e e r s  h a s  e v a l u a t e d  a  

d e s i g n  f l o o d  f o r  t h e  p r o p o s e d  R a m p a r t  Canyon P r o j e c t .  The 

S t a n d a r d  P r o j e c t  F l o o d  f o r  R a m p a r t  ' i s  1,600,000 ftvs 
(45 ,300  m v s )  ( U . S .  Army, C o r p s  o f  E n g i n e e r s ,  1 9 7 1 ) .  

METHODS OF STUDY 

The s t a g e - d i s c h a r g e  r e l a t i o n  i s  m o s t  r e 1  i a b l y  d e f i n e d  

u s i n g  c u r r e n t - m e t e r  d i s c h a r g e  meas u r e m e n t s  and  c o r r e s p o n d i n g  

gage h e i g h t s  ( w a t e r  s t a g e s )  a t  a s u f f i c i e n t  number  o f  p o i n t s  

t o  d e f i n e  t h e  e n t i r e  r a n g e  o f  t h e  . r e l a t i o n .  A p r i m a r y  g o a l  

o f  t h i s  Yukon R i v e r  c r o s s i n g  s t u d y ,  t h o u g h ,  was e s t a b l i s h i n g  



t h e  f l o o d  d i s c h a r g e  r a n g e  up t o  t h e  S t a n d a r d  P r o j e c t  Flood .  

C u r r e n t - m e t e r  measuremen ts  o f  d i s c h a r g e  d u r i n g  f l o o d s  a r e  

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

c o m p u t e d  f o r  s e l e c t e d  f l o o d  d i s c h a r g e s  u s i n g  t h e  s t e p -  

b a c k w a t e r  m e t h o d  ( A n d e r s o n  and  A n d e r s o n ,  1 9 6 4 ) .  

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

t h e  s t a g e - d i s c h a r g e  r e l a t i o n  a t  t h e  p r o p o s e d  c r o s s i n g  was 

made i n  S e p t e m b e r  1972.  A t r a n s i t - s t a d i a  t r a v e r s e  a n d  

d i r e c t  l e v e l s  w e r e  used  t o  s u r v e y  t h e  c r o s s  s e c t i o n s  a b o v e  

t h e  w a t e r  s u r f a c e .  A 2 4 - f o o t  ( 7  m )  r i v e r b o a t  e q u i p p e d  w i t h  

a r e c o r d i n g  f a t h o m e t e r  a n d  C L ' ~ - : - < . ~ -  t - I ' , E ~ C ;  : . , ~ T F  r ~ i c a s u r i n g  

e q u i p m e n t  was  u s e d  i n  s u r v e y i n g  t n e  c r o s s  s e c t i o n s  b e l o w  t h e  

w a t e r  s u r f a c e .  H o r i z o n t a l  l o c a t i o n  a l o n g  t h e  c r o s s  s e c t i o n s  

on  t h e  r i v e r  w a s  d e t e r m i n e d  b y  t r i a n g u l a t i o n  f r o m  a b a s e  

l i n e  s e t  on s h o r e ,  u s i n g  a s e x t a n t .  The b o a t  was k e p t  on 

l i n e  b y  s i g h t i n g  a l o n g  r a n g e  l i n e s  d e f i n e d  by t w o  o n - s h o r e  

m a r k e r s  s e t  f o r  e a c h  c r o s s  s e c t i o n .  

I n  S e p t e m b e r  1972,  a d i s c h a r g e  o f  187,000 f t 3 / s  (5 ,300  

m v s )  was m e a s u r e d  a t  t h e  p r o p o s e d  c r o s s i n g .  I n  J u n e  1973,  

a f i e l d  t r i p  was made t o  t h e  p r o p o s e d  c r o s s i n g  s i t e  t o  

measure  d i s c h a r g e  and d e t e r m i n e  t h e  w a t e r - s u r f a c e  p r o f i l e  

f o r  t h e  d i s c h a r g e  m e a s u r e d  d u r i n g  t h e  h i g h  f l o w s  f r o m  snow- 

m e l t .  T h i s  d i s c h a r g e ,  630 ,000  f t v s  ( 1 7 , 8 0 0  m v s ) ,  a n d  t h e  

1972  m e a s u r e m e n t  a t  187,000 f t v s  (5 ,300 m 3 / s )  d e f i n e  t h e  

med i  urn d i s c h a r g e  r a n g e  o f  t h e  s  t a g e - d i s c h a r g e  r e 1  a t i o n .  

E l e v a t i o n s  o f  b a n k f u l l  s t a g e  and  o f  h i g h - w a t e r  m a r k s ,  m a i n l y  

d r i f t w o o d  a n d  o t h e r  v e g e t a l  d e b r i s  d e p o s i t e d  on t h e  f l o o d  

p l a i n  by t h e  Maximum E v i d e n t  F l o o d ,  w e r e  d e t e r m i n e d .  The 

c r o s s  s e c t i o n s  w e r e  r e s u r v e y e d  t o  d e t e r m i  ne  any s t r e a m b e d  

c h a n g e s  due t o  s c o u r  o r  f i l l  d u r i n g  h i g h  d i s c h a r g e .  A 

s e a r c h  o f  t h e  c h a n n e l  b a n k s  d o w n s t r e a m  a n d  u p s t r e a m  f r o m  

t h e  p r o p o s e d  c r o s s i n g  was made t o  f i n d  i c e  s c o u r  e v i d e n c e .  



The f l o o d w a y  has  an u n v e g e t a t e d  ma in  c h a n n e l  bounded 

e i t h e r  by s t e e p  b e d r o c k  banks  o r  by g r a s s y  o r  b r u s h y  s l o p i n g  

banks .  Overbank a r e a s  a r e  c o v e r e d  w i t h  t r e e s ,  b r u s h ,  o r  

muskeg. The m o s t  d i s t i n c t i v e  f e a t u r e s  o f  t h e  f l o o d w a y  were 
t h e  b o u n d a r i e s  d e f i n e d  by  t h e  edge o f  t h e  m a t u r e  f l o o d - p l a i n  

f o r e s t  n e a r  t h e  t o p  o f  t h e  c h a n n e l  banks .  B a n k f u l l  s t a g e  

was d e t e r m i n e d  by  o b s e r v i n g  t h e  f l o o d - p l a i n  s u r f a c e  ( L e o p o l  d  

and S k i b i t z k e ,  1967 )  and t h e  edge o f  t h e  m a t u r e  f l o o d - p l a i n  

f o r e s t  ( S i g a f o o s ,  1 9 6 4 ) .  

R E S U L T S  

The  c h s n i i e l  c r o s s  s e c t i o n s  a r e  shown i n  f i g u r e  2 ( l o c a -  

t i o n s  a r e  shown i n  f i g .  l ) .  The b a n k f u l l  s t a g e  and  t h e  

e l e v a t i o n  o f  t h e  Maximum E v i d e n t  F l o o d  were  f o u n d  t o  c o i n c i d e  

and a r e  shown on t h e  c r o s s  s e c t i o n s .  The e l e v a t i o n  o f  t h e  

S t a n d a r d  P r o j e c t  F l o o d  i s  a l s o  shown. 

The  Maximum E v i d e n t  F l o o d  a t  t h e  p r o p o s e d  c r o s s i n g ,  

s e c t i o n  6 ,  was d e t e r m i n e d  t o  b e  890,000 f t v s  (25,200 m v s )  

a t  an e l e v a t i o n  o f  301 f e e t  ( 9 2  m). The S t a n d a r d  P r o j e c t  

F l o o d  ( o r  d e s i g n  f l o o d ) ,  a t  1,600,000 f t v s  (45,300 m v s ) ,  

w i l l  r e a c h  an e l e v a t i o n  o f  3 2 2  f e e t  ( 9 8  m )  a t  t h e  p r o p o s e d  

c r o s s i n g .  

The d i s c h a r g e s  o r  s t a g e s  g i v e n  above  w e r e  d e t e r m i n e d  

f r o m  t h e  s t a g e - d i s c h a r g e  r e l a t i o n  ( f i g .  3 )  w h i c h  i s  d e f i n e d  

by t w o  c u r r e n t - m e t e r  measurements  and s t e p - b a c k w a t e r  compu- 

t a t i o n s .  The assump t i ons  i n h e r e n t  i n  s t e p - b a c k w a t e r  compu- 

t a t i o n s  and t h e  c o e f f i c i e n t s  s e l e c t e d  were  v e r i f i e d  b y  c l o s e  

agreement  between t h e  w a t e r - s u r f a c e  p r o f i l e s  as computed and  

as o b s e r v e d  when a d i s c h a r g e  o f  630,000 f t v s  (17,800 m3/s)  

was measured.  
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F igure  2.- Channel cross sec t  ions. Y u k o n  R i v e r  n e a r  S t e v e n s  V i l l a g e ,  September 1972. 
( L o o k i n g  d o w n s t r e a m )  
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~ S e v e r a l  h y d r a u l i c  p r o p e r t i e s  a t  t h e  p r o p o s e d  c r o s s i n g  

~ a r e  g i v e n  i n  t a b l e  1 .  

T a b l e  1  . - - H y d r a u l i c  p r o p e r t i e s  a t  p r o p o s e d  crossing, 

a/  Without bridge and road. Discharge i n  main channel - 
estimated as  1,556,000 f t v s .  

Stage 

Highest measurement 

Bankfull & Maximum 
Evident Flood 

S t a n d a r d  P ro j cc t  
~l o o d  

Standar Project  11 Fl ood 

b/ W i t h  bridge and road. - 
NOTE: Backwater a t  sect ion 7 caused by the  bridge and 

roadway was computed a s  0.35 foo t  (0.10 m). All 
flow i s  assumed t o  be i n  channel under bridge. 

The r e l i a b i l i t y  o f  t h e  r e s u l t s  g i v e n  s o  f a r  d e p e n d s  

upon many f a c t o r s .  The  s t r e a m f l o w  r e c o r d  a t  Rampart  i s  

s h o r t ,  o n l y  1 2  y e a r s ,  and t h e  s t a g e - d i s c h a r g e  r e l a t i o n  

t h e r e  h a s  o n l y  f a i r  d e f i n i t i o n  a t  t h e  h i g h - w a t e r  e n d .  T h i s  

r e c o r d  was used i n  t h e  d e t e r m i n a t i o n  o f  t h e  S t a n d a r d  P r o j e c t  

F lood  and t h e  s t a g e - d i s c h a r g e  r e l a t i o n  f o r  i n i t i a l  i n p u t  t o  

t h e  s t e p - b a c k w a t e r  c o m p u t a t i o n s .  

Water 
surface 

e levat ion 
( f t )  

293 

301 

322 

322 

Discharge 
( f tV / s )  

630,000 

890,000 

1,600,03C: 

1,600,000 

Main channel 

Area 
( f t 2 )  

81,700 

99,000 

140,000 

140,000 

Mean 
veloci ty  

( f t / ~ )  

7.7 

9.0 

11.1- a/ 

11.4 

Manning's 
'In I' 

0.025 

.025 

-024 

.024 



The  l a r g e  e x p a n s i o n  o f  t h e  c h a n n e l  n e a r  t h e  m o u t h  o f  

t h e  Ray R i v e r  a n d  t h e  t w o  bends g r e a t e r  t h a n  90 d e g r e e s  i n  

t h e  s t u d i e d  r e a c h  a r e  n o t  i d e a l  c o n d i t i o n s  f o r  r e l i a b l e  s t e p -  

b a c k w a t e r  c o m p u t a t i o n s .  W i t h o u t  d i s c h a r g e  m e a s u r e m e n t s  f o r  

f l o w s  g r e a t e r  t h a n  630,000 f t 9 5  (17 ,800  m v s ) ,  t h e  e x t r a p -  

o l a t i o n  t o  c o n d i t i o n s  f o r  t h e  d e s i g n  f l o o d  i s  s u b j e c t  t o  

q u e s t i o n .  However ,  o t h e r  r e a s o n a b l e  i n t e r p r e t a t i o n s  o f  t h e  

b a s e  d a t a  show t h a t  t h e  c h a n c e s  a r e  a b o u t  e q u a l  t h a t  t h e  

d e s i g n  f l o o d  s t a g e  a t  t h e  p r o p o s e d  c r o s s i n g  c o u l d  b e  h i g h e r  

o r  l o w e r  t h a n  t h e  322  f e e t  ( 9 8  m) compu ted .  

The f l o o d  m a g n i t u d e  a n d  f r e q u e n c y  r e l a t i o n  a t  t h e  p r o -  

p o s e d  c r o s s i n g  i s  p r o b a b l y  s i m i l a r  t o  t h a t  f o r  t h e  Yukon 

R i v e r  a t  Rampar t  b e c a u s e  t h e r e  i s  l i t t l e  i n t e r v e n i n g  f l o o d -  

f l o w  a n d  p r o b a b l y  l i t t l e  a t t e n u a t i o n  o f  f l o o d  p e a k  d i s c h a r g e s  

b e c a u s e  o f  c h a n n e l  s t o r a g e  b e t w e e n  t h e  t w o  p l a c e s .  S i n c e  n o  

h i s t i r i c a l  f l o o d  p e a k  d i s c h a r g e  r e c o r d s  a r e  a v a i l a b l e  a t  t h e  

p r o p o s e d  c r o s s i n g ,  t h e  f l o o d  magn i tude  f r e q u e n c y  re1  a t i o n s  

f o r  t h e  Yukon R i v e r  a t  Rampar t  a r e  p r e s e n t e d  i n  f i g u r e  4. 

The r e c o r d s  are v e r y  s h o r t  and e x t r a p o l a t i o n  o f  t h e  r e l a t i o n  

i s  n o t  recommended b e y o n d  a b o u t  2 5  y e a r s .  

No i c e - j a m  e v i d e n c e  was f o u n d .  However ,  s c a r s  w e r e  

n o t e d  on t r e e s  a t  a b o u t  e l e v a t i o n  301  f e e t  ( 9 2  m )  on  t h e  

r i g h t  b a n k  a t  s e c t i o n  5 .  T h i s  c l o s e l y  c o i n c i d e s  w i t h  t h e  

Maximum E v i d e n t  F l o o d  s t a g e .  D o w n s t r e a m  a t  Rampar t  t h e  

maximum i c e - j a m  s t a g e  known was 8.7 f e e t  ' ( 2 . 6  m) h i g h e r  t h a n  

t h e  maximum known o p e n - w a t e r  s t a g e .  U p s t r e a m  a t  S t e v e n s  

V i l l a g e  t h e  h i g h e s t  known s t a g e  o c c u r r e d  i n  J u n e  1 9 6 4  d u r i n g  

open w a t e r .  

The  c r o s s  s e c t i o n s  r e s u r v e y e d  i n  J u n e  1 9 7 3  showed n o  

s i g n i f i c a n t  s c o u r  or f i l l  a t  t h e  h i g h e r  f l o w .  
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APPENDIX 

FACTORS F O R  CONVERTING ENGLISH UNITS TO INTERNATIONAL 
SYSTEM ( 5 1 )  UNITS 

Mu1 t i p l y  E n g l i s h  u n i t s  To  o b t a i n  S I  u n i t s  

f e e t  ( f t )  .3048 m e t e r s  (m) 
m i l e s  ( m i )  1 . 6 0 9  k i l o m e t e r s  ( k m )  
s q u a r e  m i l e s  ( m i 2 )  2 .590  s q u a r e  k i l  o m e t e r s  

c u b i c  f e e t  p e r  s e c o n d  
( k m 2 )  

. 0 2 8 3 2  c u b i c  m e t e r s  p e r  
( f t v s )  s e c o n d  ( m v s )  


