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THE HYDRAULIC GEOMETRY OF SOME 
ALASKAN STREAMS SOUTH OF THE YUKON RIVER 

By W i l l i a m  W. Emmett 

ABSTRACT 

Channel geometry surveys  were conducted t o  determine 

b a n k f u l l  s t a g e ,  d i s c h a r g e ,  and o t h e r  hydrau l i c  parameters  

a t  2 2  Locations a long t h e  proposed r o u t e  of t h e  t rans-Alaska 

p i p e l i n e  corridor sou th  of the Yukon River .  Combined wi th  

t h e  records  from gaging s t a t i o n s  l o c a t e d  a t  s o m e o f t h e  s i t e s ,  

t h e  data a re  sufficient t o  describe some of t h e  channel and 

f l o w  c h a r a c t e r i s t i c s  t y p i c a l  of each of two major hydro log ic  

areas, t h e  Yukon River Region and t h e  South-Central  Region. 

Although each r eg ion  fo l lows  g e n e r a l  hydro log ic  t r e n d s ,  

least squares  r e l a t i o n s  i n d i c a t e  each e x h i b i t s  i t s  own par- 

t i c u l a r  deviations. 

Average values of t h e  h y d r a u l i c a n d  geometric p r o p e r t i e s  

of rivers w e r e  used t o  illustrate t h e i r  a p p l i c a t i o n  t o  prac- 

t i c a l  eng ineer ing  problems, namely t h e  computation of depth 

of channel  scour  and of bedload d i scha rge .  For des ign  pur-  

poses ,  c a u t i o n  i s  recommended when making computat ions  based 

on average va lues .  I n  t h e  absence of o t h e r  d a t a ,  however, 

t h e  average data become u s e f u l  p r e d i c t i v e  tools. 



THE HYDRAULIC GEOMETRY OF SOME 
ALASKAN STREAMS SOUTH OF THE YUKON RIVER 

INTRODUCTION 

Backqround 

Discovery and development during the l a t e  1960 ' s  of va s t  

petroleum reserves on A l a s k a ' s  North Slope and subsequent  

proposals t o  c o n s t r u c t  a  48-inch d iameter  o i l  p i p e l i n e  from 

Prudhoe Bay t o  t h e  sou the rn  p o r t  city of Valdez have neces- 

sitated an  i n t e n s i v e  effort by earth s c i e n t i s t s  t o  c o l l e c t  

and assess i n fo rma t ion  regarding t h e  t e r r a i n  along t h e  pro- 

posed p i p e l i n e  c o r r i d o r .  The p i p e l i n e  r o u t e  c r o s s e s  n e a r l y  

350 s t r eams ,  and  about one- four th  of these may be c lass i f ied  

as major c r o s s i n g s ;  t h a t  i s ,  t h e  channe ls  are large  enough 

and convey s u f f i c i e n t  vo lmes  of water t o  warrant hydro log ic  

a n a l y s i s  of s t reamflow c h a r a c t e r i s t i c s  and channel  behavior. 

Thus ,  t o  assure adequate  p i p e l i n e  des ign  and c o n s t r u c t i o n  a t  

channel c r o s s i n g s ,  criteria regarding magnitude and f requency 

of r i v e r  f l o w s  m u s t  be a v a i l a b l e .  

Unfo r tuna t e ly ,  a s  i m p o r t a n t a s  r e l i a b l e  p r e d i c t i o n s  f o r  

va lues  of magnitude and f requency of f low may be,  very f e w  

hydrologic  data  e x i s t  t o  de te rmine  t h e s e  v a l u e s  f o r  c h a n n e l s  

t h a t  are of i n t e r e s t  t o  t h e  p i p e l i n e  companies. Prior to 

1970, less t h a n  ten stream-gaging stations were located a l o n q  

t h e  8 0 0 - m i l e  length of t h e  p i p e l i n e  r o u t e ,  and f o r  approxi-  

mately half of t h e  route ( t h a t  p o r t i o n  n o r t h  of F a i r b a n k s ) ,  

no stream-gaging s t a t i o n s  were operated. To h e l p  a l l e v i a t e  

this inadequacy,  s i x  new gaging s t a t i o n s  were cons t ruc t ed  

du r ing  1970 a long  t h e  p i p e l i n e  route n o r t h  of F a i r b a n k s .  I n  



t h e  s o u t h e r n  p a r t ,  e s p e c i a l l y  i n  t h e  Copper R iver  b a s i n ,  

several a d d i t i o n a l  s t a t i o n s  were e i t h e r  e s t a b l i s h e d  or 

r e a c t i v a t e d .  However, it was e v i d e n t  t h a t  da ta  f r o m  t h e  new 

s t a t i o n s  would n o t  p r o v i d e  s u f f i c i e n t  areal coverage o r  be 

operated long e n o u g h t o p r o v i d e  r e a s o n a b l e  measures of strearn- 

f l o w  c h a r a c t e r i s t i c s  needed f o r  p l a n n i n g  and d e s i g n .  T h i s  

d e f i c i e n c y  i n  d a t a  l e d  t o  t h e  p r e s e n t  s t u d y  where in  channe l  

g e o m e t r y i s r e l a t e d  t o  known f l o w  c h a r a c t e r i s t i c s  a t  e x i s t i n g  

gaging stations and,  t h e r e b y ,  p r o v i d e s  a b a s i s  f o r  e s t i m a t e s  

of  f low c h a r a c t e r i s t i c s  a t u n g a g e d  l o c a t i o n s  based on measure- 

ments o f  c h a n n e l  geometry.  The t e c h n i q u e  i n v o l v e s  s u r v e y s  

of  channe l  geometry a t  s e l e c t e d  s i t e s ,  and m a n i p u l a t i o n  and 

computa t ion  of  data. F i g u r e  1 i l l u s t r a t e s  t h e  h y d r o l o g i c  

s u b r e g i o n s  of  Alaska  and t h e  proposed r o u t e  of t h e  t r a n s -  

A laska  p i p e l i n e .  (All f i g u r e s  a r e  i n c l u d e d  i n  appendix  B of 

t h i s  r e p o r t .  ) 
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SELECTION OF STUDY SITES 

The p r i n c i p a l  channel  feature involved i n  t h e  survey of 
channel  geometry i s  t h e  b a n k f u l l  s t a g e , o r t h e  s t a g e  a t  which 

t h e  channel  j u s t  beg ins  t o  overf low t h e  flood p l a i n .  Thus, 

a f lood p l a i n  on one o r  both  banks i s  a  b a s i c  c r i t e r i o n  for 

s i t e  s e l ec t , i on .  The r i v e r  mus tbeunconf ined  by rock w a l l s ;  

if terraces e x i s t ,  t hey  must be d i s t i n g u i s h a b l e  from t h e  

active flood p l a i n .  Theactive f l o o d  p l a i n i s d e f i n e d a s a  f l a t  

area near t h e c h a n n e l ,  c o n s t r u c t e d b y t h e  r i v e r ,  andoverf lowed 

by t h e  r i v e r  a t  a r e c u r r e n c e  i n t e r v a l  of about t w o  years or a 

little l e s s  (Wolman and Leopold, 1957) .  Although t h e  flood 

p l a i n  i s  often d i f f i c u l t  to v i s u a l i z e  i n  the f i e l d ,  o t h e r  

evidence i s  o f t e n  u s e f u l  t o  h e l p  d i s t i n g u i s h  it. Vegeta t ion ,  

for example, i s  e i t h e r  a b s e n t  o r  annua l  on s u r f a c e s  lower 

t han  t h e  f l ood  plain. O n t h e  f l o o d  p l a i n ,  v e g e t a t i o n  may be 

p e r e n n i a l  b u t  i s  g e n e r a l l y  l i m i t e d  t o  t y p i c a l  s t r eams ide  t y p e s  

such as young willow and a l d e r .  The h ighe r - e l eva t ion  s u r f a c e s ,  

i nc lud ing  t e r r a c e s ,  suppor t  more mature woody v e g e t a t i o n ;  

where trees grow a long  n e a r l y  v e r t i c a l  banks l e a d i n g  t o  t h e s e  

h ighe r  s u r f a c e s ,  t h e  b o t t o m o f t h e  t r e e  l i n e  i s o f t e n  ind i ca -  

t i v e  of t h e  f l ood  p l a i n .  (Note t h a t  t h e  b a n k f u l l  s t a g e  as 

def ined  i s  g e n e r a l l y  l e s s ,  perhaps cons ide rab ly ,  t h a n  " f lood  

stage", a t e r m  o f t e n  used by f o r e c a s t i n g  s e r v i c e s .  

With t h i s  f l ood  p l a i n  c r i t e r i o n ,  channel  geometry survey 

data are u s e f u l  a t  three types of l o c a t i o n s .  These a r e :  

1. Gaging station l o c a t i o n s w i t h l o n g - t e r m  r e c o r d s  s u f f i c i e n t  

t o  d e f i n e  t h e  s tage-d ischarge  r e l a t i o n  and w i t h  flood 

frequency and flow d u r a t i o n  ana lyses  a v a i l a b l e .  Such 

l o c a t i o n s  a r e  used t o  relate known flow c h a r a c t e r i s t i c s  

to t h e  channel  geometry. 

2 .  Gaging s t a t i o n  l o c a t i o n s  w i t h  shor t - te rm r e c o r d s .  Data 

from t h e s e  s t a t i o n s  a r e u s e d t o r e l a t e  f low characteristics 



( e x c l u d i n g  f l o w  f requency and d u r a t i o n )  t o  t h e  channe l  

geometry. 

3. Ungaged s t r e a m s  where t h e  c h a n n e l  geometry is surveyed  

and t h e  r e l a t i o n s  e s t a b l i s h e d  a t  l o c a t i o n s  1 and 2 above 

are used  t o  p r e d i c t  f low c h a r a c t e r i s t i c s  based on t h e  

su rveyed  c h a n n e l  geometry,  The s u r v e y s  on ungaged chan- 

n e l s  a r e ,  i n  f a c t ,  a n  a p p l i c a t i o n  of c h a n n e l  geometry 

s u r v e y s  as  a  h y d r o l o g i c  t o o l .  The r e l i a b i l i t y  of f l o w  

p r e d i c t i o n s  based on channel geometry i s  de te rmined  

l a r g e l y  by t h e  c o n s i s t e n c y  of  data o b t a i n e d  a t  gaging 

stations. 

For  t h e  p r e s e n t  study, site s e l e c t i o n  was  also l i m i t e d  

t o  l o c a t i o n s  s o u t h  of t h e  Yukon R i v e r  and a l o n g  t h e  proposed 

p i p e l i n e  c o r r i d o r .  A t o t a l  of 2 2  s i tes  w e r e  s e l e c t e d .  These  

l o c a t i o n s  are  shown on f i g u r e  2 and l i s t e d  i n  t a b l e  1. ( A l l  

t ab l e s  are i n c l u d e d  i n  appendix  A of  t h i s  r e p o r t . )  S t a t i o n s  

1 t h r o u g h  11 are i n  t h e  Copper River  bas in  of t h e  South- 

C e n t r a l  h y d r o l o g i c  s u b r e g i o n ,  1 2  and 1 3  i n  o t h e r  b a s i n s  i n  

t h e  Sou th -Cen t ra l  h y d r o l o g i c  s u b r e g i o n ,  a n d 1 4  th rough  2 2  a r e  

i n  t h e  Tanana River  or Upper Yukon River b a s i n s  o f  t h e  Yukon 

River  h y d r o l o g i c  s u b r e g i o n .  Ten of t h e  sites a r e a t  long-term 

gaging s t a t i o n s , s e v e n  s i tes  are a t  short-term gag ing  s t a t i o n s ,  

and f i v e  s i tes  a r e o n  ungaged s t r e a m s .  Throughout  t h i s  r e p o r t ,  

frequent compar isons  will b e  made between streams i n  t h e  

"Sou th -Cen t ra l  Region" and t h e  "Yukon River  Region". 

Photographs  1 th rough  2 4  of appendix  C i l l u s t r a t e  each 

of t h e  s t udy  s t r e a m s .  The c a p t i o n  f o r  each photograph des- 

c r i b e s  t h e  l o c a t i o n  of t h e  f l o o d  p l a i n f a  key e lement  in t h e  

a n a l y s i s  of the c h a n n e l  geometry s u r v e y s .  Maps 1 t h r o u g h  11 

of appendix D g i v e  greater topographic  d e t a i l s  a t  t h e  s e l e c -  

t e d  s i tes .  

A l l  s u r v e y s  r e p o r t e d  i n  t h i s  study were conducted  d u r i n g  

a two-week p e r i o d  i n  September ,  1970,  and a two-week p e r i o d  

i n  September,  1 9 7 1 .  



CHANNEL GBOMFTKY SURVEYS 

Complete measurements of channel geometry consist of 

surveying the long profiles of river bed, water surface, 

flood plain, terraces, and highwater marks. In a d d i t i o n ,  a 

discharge measurement ismade and the particle size distribu- 

tion of the bed and bank material is determined. 

The riverbed survey is conducted along the approximate 

center of the channel for a distance equivalent to about 20 

river widths. Sightings are spaced no greater than one river 

width apart. This distance and spacing is generally suffi- 

cient to average out variability due to pools and riffles and 

to determine the mean slope for the surveyed reach of river. 

The water-surface profile isdetermined at the same t imeby the 

rodman's observing the depth of water at each shot location 

and adding this value tothe bed elevation. A s i m i l a r  traverse 

is conducted downvalley on the flood plain through t h e  same 

distance. Profiles of other channel features are surveyed 

the same as for the flood plain. 

If wading is not possible, depths determined by soundings 

f romaboat  may be subtracted from corresponding water-surface 

elevations determined along the shore to obtain the riverbed 

profile. At gaging station locations where average depth at 

the measuring section isknown for the water-surface elevation 

at the time of survey, the riverbed profile may be omi t t ed .  

However, because t h e  measuring s ec t i on  may not be typical, 

average dep th  a t  t h e  time of survey is not as accurately 

determined at this single section compared to the average 

difference in elevation of the r ive rbed  and water-surface 

pro f i l e s .  

All surveying istied into the gage datum (zero of staff 

gage). Channel stationing of the gage location is no ted .  At 

ungaged locations, a reference r n q k e r  is installed and the 

survey datum and channel station.:ng tied to this marker. 



The l o n g i t u d i n a l  p r o f i l e  data are  p l o t t e d  on a r i t h m e t i c  

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

each  s e t  of p o i n t s .  These s t r a i g h t  l i n e s  g e n e r a l l y  must be  

parallel fo r  r i v e r b e d ,  w a t e r  s u r f a c e ,  and flood p l a i n ,  and 

this c r i t e r i o n  i s  c o n s i d e r e d  when d e t e r m i n i n g  t h e  b e s t  f i t .  

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

l o c a t i o n  of t h e  gage ,  t h e  gage h e i g h t  c o r r e s p o n d i n g  t o  t h e  

e l e v a t i o n  of each c h a n n e l  f e a t u r e  c a n  be de te rmined .  Of 

pr imary  i n t e r e s t  i s  t h e  gage h e i g h t  a t  b a n k f u l l  s t a g e  ( f lood  

p l a i n  e l e v a t i o n ) .  

A t  a gag ing  s t a t i o n ,  u s u a l l y  t h e  c r o s s - s e c t i o n  a t  t h e  

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

i n  t h e  r e a c h  su rveyed .  IIowever, t h e  c r o s s - s e c t i o n  a s  d e t e r -  

mined from d i s c h a r g e  measurements may have  t o  be ex tended  

from t h e  w a t e r ' s  edge t o  c o v e r  the f lood p l a i n .  A t  ungaged 

l o c a t i o n s ,  t h e  cross-section i s  surveyed a t  a r e p r e s e n t a t i v e  

r e a c h  w h i l e  t h e  l o n g i t u d i n a l  p r o f i l e  i s  being surveyed .  

Particle s i z e  d i s t r i b u t i o n  of bed m a t e r i a l  from s t r e a m s  

with c o a r s e  p a r t i c l e s  i s  b e s t  sampled by p e b b l e  c o u n t i n g  

(Wolman, 1 9 5 4 ;  Leopold ,  1970;  K e l l e r h a l s  and Bray ,  1 9 7 1 ) .  

A c o u n t  o f  1 0 0  p a r t i c l e s  i s  t a k e n  by pacing a  reach of r i v e r  

and randomly p i c k i n g  up a p e b b l e  a t  each s t e p .  The i n t e r -  

med ia te  a x i s  of t h e  p e b b l e  i s  measured.  Where pool and 

r i f f l e  r e a c h e s  a r e  composed of d i f f e r e n t  size p a r t i c l e s ,  

c o u n t s  a r e  made s e p a r a t e l y  i n  e a c h  reach. Where bed m a t e r i a l  

s i z e s  a r e  f i n e - g r a i n e d ,  a  b u l k  surface sample i s  ob ta ined  

f o r  s i e v e  a n a l y s i s .  L i k e w i s e ,  a sample of  bank m a t e r i a l  i s  

o b t a i n e d  f o r  s i e v e  a n a l y s i s .  

For ungaqed s t r e a m s ,  a  d i s c h a r g e  measurement i s  made a t  

t h e  l o c a t i o n  of t h e  su rveyed  c r o s s - s e c t i o n .  

More d e t a i l s  of t h e  t e c h n i q u e s  f o r  making c h a n n e l  

geometry s u r v e y s  may be  found i n  Leopold, Wolman, and  Miller 

( 1 9 6 4 ) ,  and Leopold and S k i b i t z k e  ( 1 9 6 7 ) .  



ANALYSIS OF DATA 

In the following discussion, the more important data, or 

data available only from the present study, are tabulated 

completely. Datawhich are of lesser importanceorare easily 

obtainable elsewhere are exemplified by a sampling for a par- 

ticular station, generally both tabular and graphically. 

The analysis is based on the assumption that river 

channels are shaped by, and to accommodate, a dominant dis- 

charge, and that this dominant discharge occurs with some 

regularity in frequency. In this study, bankfull discharge, 

as previously defined, was selected as being indicative of 

this dominant discharge. Since it has been assumed that 

bankfull discharges among rivers have a constant frequency 

of occurrence, it is reasonable to assume further that dis- 

charges of magnitude equal to a given percentage of bankfull 

discharge will have aconstant frequency of occurrence. This 

role of b a n k f u l l  discharge has tended to be substantiated in 

the recent literature. See, for examples, Leopald, Wolman, 

and Miller (1964); Leopold and Skibitzke (1967); Brown (1971) ; 

Woodyer (1968) ; Dury (1961) ; Kilpatrick and Barnes (1964) ; 

and Nixon (1959 ) , 

Gaains Stations 

In the first step of the analysis, field notes of indi- 

vidual discharge measurements atagaging station are scanned 

to select five to ten sets of notes which are representative 

of the full range of discharges measured. Pertinent data of 

these measurements are then smarizedasexemplified in table 

2 for the Tonsina River. These data are then plotted in the 

manner described by Leopold and Maddock (1953) to obtain the 
at-a-station hydraulic geometry as exemplified in figure 3 

by the data for the Tonsina River. I t i s  the g r a p h s o f f i g u r e  

3 which enable the determination of surface width, W, in 



f e e t ,  mean d e p t h ,  D ,  i n  f ee t ,  and mean v e l - o c i t y ,  V ,  i n  f e e t  

pe r  second,  f o r  any des i red  d i s c h a r g e ,  Q ,  i n  c u b i c  f e e t  per 

second. 

A s  p r e v i o u s l y  d e s c r i b e d ,  da ta  from t h e  channe l  su rveys  

of long p r o f i l e s  are  then  p l o t t e d  and p a r a l l e l  l i n e s  of b e s t  

f i t  are drawn through t h e  p l o t t e d  d a t a  of bed,  wa t e r  s u r f a c e ,  

f lood p l a i n , a n d  any o t h e r  surveyed s u r f a c e s  such as  t e r r a c e s  

o r  h igh  water marks. I n  de t e rmin ing  the b e s t  f i t ,  b i a s  o r  

prominence was g iven  t o a  s u r f a c e  c o n t a i n i n g t h e  moat surveyed 

p o i n t s  o r  ex t end ing  for t h e  g r e a t e s t  l e n g t h  of  su rvey .  An 

example of such p l o t s  i s  i l l u s t r a t e d  i n  f i g u r e  4 f o r  t h e  

K l u t i n a  River  a t  Copper C e n t e r ,  Alaska.  Bankfu l l  stage i s  

d e f i n e d  as t h e  e l e v a t i o n  of t h e  f lood p l a i n a t  t h e  l o c a t i o n  

of t h e  gage. Bankfu l l  d i s c h a r g e i s  determined from t h e  s t a g e -  

d ischarge  r e l a t i o n  developed f o r t h e  s t a t i o n .  Note t h a t  o n l y  

t h e  f l o o d p l a i n  p r o f i l e  on f i g u r e  4 w a s  used t o  de te rmine  

bankfull s t a g e ;  however, a l l  p r o f i l e s ,  e s p e c i a l l y  t h e  wa te r  

s u r f a c e ,  were i n s t r u m e n t a l  i n  de t e rmin ing  the b e s t  fit t o  

t h e  f l o o d p l a i n  data. Note a l s o  t h a t  a d i f f e r e n t  b a n k f u l l  

gage h e i g h t  would have been determined i f  t h e  average  h e i g h t  

of t h e  f l o o d  p l a i n  above t h e  wa te r  s u r f a c e  was added t o  t h e  

gage h e i g h t  a t  t h e  t i m e  of survey because  t h e  a c t u a l  water 

surface a t  t h e  gage l o c a t i o n  i s  lower by s e v e r a l  t e n t h s  of 

feet than  t h e a v e r a g e  wa te r - su r f ace  p r o f i l e  through t h e  r each .  

With b a n k f u l l  d i s c h a r g e ,  QB, known, v a l u e s  of b a n k f u l l  

w id th ,  WB, dep th ,  DB, and v e l o c i t y ,  v~ can be determined 

from t h e  a t - a - s t a t i o n  cu rves  of h y d r a u l i c  geometry (figure 3 ) .  

F u r t h e r ,  l e t t i n g  
W = E L Q ~  

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

can be computed from e q u a t i o n s  1 through 3 o r  r e a d  from t h e  



graphical presentation (figure 3 ) .  As a check on computa- 

tions, since 

then 

and 

The bankfull values of the hydraulic parameters and the 

exponents, b ,  f, and rn, of hydraulic geometry are listed in 

table 3. 

The curves of hydraulic geometry for some rivers show a 

break in slope at bankfull discharge. That is, at stages 

just over bankfull, width increases rapidly as the flood plain 

becomes inundated. There is a corresponding decrease in the 

sa te  of increase in depth and sometimes i n  velocity. However, 

i n  the present s t u d y  , either t h e  flood plain width was too 

small to indicate this or too few overbank measurements were 

available to document a break in slope. Thus, for the entire 

range of within-channel and overbank flows, single curves 

with slope values of b, f, and m were used to define the 

relations o f  W, D, and V to Q for each stream. 

If the hydraulic geometry data are expressed as  non- 

dimensional ratios to bankfull data, a single dimensionless 

set of hydraulic geometry curves can be expressed as 

Likewise, since flow area A = DW, 

and 



Equa t ions  7 and 11 d e f i n e  d imens ion l e s s  r a t i n g  c u r v e s  based  

on d e p t h  or  cross-sectional area of f l o w .  They a r e  valid 

f o r  s t r e a m s  hav ing  t h e  same va lues  of b and f ( t a b l e  3 )  o r  

s e r v e  as  a v e r a g e  d i m e n s i o n l e s s  r a t i n g s  f o r  r e g i o n s  hav ing  

t h e  same average v a l u e s  of b  and f .  A s  average d i m e n s i o n l e s s  

r a t i n g  curves ,  t h e y  a re  a s  r e l i a b l e  a s  t h e  maximum sca t t e r  i n  

t h e  v a l u e s  of b and f ( t a b l e  3 ) .  G e n e r a l l y ,  i f  t h e  v a l u e  of  

b i s  somewhat less t h a n  a v e r a g e ,  t h e  v a l u e  o f  f  i s  somewhat 

greater .  Thus, t h e  v a l u e s  of b+f among r ive r s  a r e  somewhat 

more c o n s i s t e n t  t h a n  b  a l o n e  and e q u a t i o n  11 may be c o n s i d e r e d  

a l i t t l e  more r e l i a b l e  a v e r a g e  r a t i n g  t h a n  e q u a t i o n  7 .  

T h e  mean v a l u e s  of t h e  exponen t s  b ,  f, and m i n  table 3 

are b = 0.19, f = 0 . 3 9 ,  and m = 0.42.  Although the re  i s  

c o n s i d e r a b l e  v a r i a b i l i t y  in v a l u e s  of  b ,  f ,  and rn among 

i n d i v i d u a l  streams, t h e  a v e r a g e  va lues  f o r a  group of s trcarns 

a r e  g e n e r a l l y  c o n s i s t e n t .  For compar ison,  t h e  a v e r a g e  v a l u e s  

for 1 5 8  gag ing  s t a t i o n s  i n  t h e  Uni ted  S t a t e s  are  b = 0 . 1 2 ,  

f = 0.45 ,  and rn = 0 . 4 3  (Leopold ,  Wolman, and M i l l e r ,  1 9 6 4 ) .  

I n  t h e  upper  Salmon R i v e r  d r a i n a g e ,  Idaho ,  39 s t a t i o n s  gave 

a v e r a g e  v a l u e s  of b  = 0 . 1 4 ,  f = 0 .39 ,  and m = 0.47 (Emmett, 

1 9 7 2 ) .  

U t i l i z i n g  t h e  mean v a l u e s  of b and f from t a b l e  3 ,  f i g u r e  

5 i l l u s t r a t e s  t h e  d i m e n s i o n l e s s  rating c u r v e s  of e q u a t i o n s  

7 and 11 as a v e r a g e  c u r v e s  fo r  t h e  1 7  gag ing  s t a t i o n  loca- 

t i o n s  i n c l u d e d  i n  t h e  p r e s e n t  s t u d y .  

Ungaqed L o c a t i o n s  

The d i m e n s i o n l e s s  r a t i n g  c u r v e s  now e n a b l e  d e t e r m i n a t i o n  

of  b a n k f u l l  d i s c h a r g e  f o r  ungaged l o c a t i o n s .  For t h e s e  sites, 

a t  t h e  t i m e  of the c h a n n e l  geometry survey, a d i s c h a r g e  mea- 

s u r e m e n t  was made as w e l l  as t h e  s u r v e y  of c h a n n e l  cross- 

s e c t i o n .  From t h e  c r o s s - s e c t i o n a l  s u r v e y ,  f low a r e a ,  A n ,  

d e p t h ,  DB,  and s u r f a c e  w i d t h ,  W E ,  a t  b a n k f u l l  s t a g e  a r e  

de te rmined .  Using t h e  d e p t h ,  D ,  and w i d t h ,  W ,  d a t a  from t h e  



discharge measurement, the ratios A/AB and D/DB are computed 

and, using the dimensionless ratings from !figure 5, Q/QR is 

determined using either or both the equation 7 or equation 

11 curve. If there is a significant difference in the two 

(equation 7 versus ll), an intermediate value of Q/QB may 

be assumed. With the value of Q known from the discharge 

measurement, QB may he computed. These computations are 

shown in table 4. These values of bankfull data for the 

ungaged locations are now added to table 3. Values of b, f ,  

and m cannot be determined, but the technique implies that 

each exponent equals the average value of that exponent for 

the region. 

Flow Frequency and Duration 

It now becomes desirable to establish flow frequency 

and duration for the dimensionless ratings of figure 5 .  

Stations which have been in operation for sufficient lengths 

of time to establish flow frequency include seven in the 

South-Central Region and three in the Yukon River Region. 

Flow frequency beyond the length of station record was 

extended by the log Pearson method (U.S. Water Resources 

Council, 1967; Benson, 1968). To establish flow duration, 

there are five stations in the South-Central Region and two 

in the Yukon River Region. For selected values of flow frc- 

quency and duration, tables 5 and 6 list values of discharge 

and the ratio of discharge to bankfull discharge for rivers 

in the South-Central Region. Tables 7 and 8 list the same 

data for rivers in the Yukon River Region. The averaqe values 

for each of the two regions in the study are superimposed an 

the dimensionless ratings as shown on figure 5. 

Further analysis of flow frequency and duration yields 

values at bankfull stage and these are also listed in tables 

5 and 7 for the available stations. The average value of 

bankfull frequency is about 1.5 years and for bankfull dura- 

tion is a little over 1 percent of the time. 



Cross -Sec t ion  Surveys  

Other  da ta  available for t h e  analysis are  the cross- 

s e c t i o n a l  surveys .  T h e i r  u s e f u l n e s s  has been demons t ra ted  

e a r l i e r  i n  the  computa t ion  of bankfull d a t a  a t  ungaqed loca -  

t i o n s .  Anexample o f  c r o s s - s e c t i o n s  f o r  the K l u t i n a  River  a t  

Copper Cen t e r ,  Alaska ,  is i l l u s t r a t e d  i n  f i g u r e 6  by d a t a  from 

d i s c h a r g e  measurements.  Discharge  and f low d u r a t i o n a r e  shown 

f o r  each  of t h e  sets of  d a t a .  Bank fu l l  stage i s  two- ten ths  

of a f o o t  g r e a t e r  t h a n  t h e  h i g h e s t  measurement p l o t t e d .  

P a r t i c l e - S i z e  D i s t r i b u t i o n s  

F i n a l l y ,  t h e r e  e x i s t  t h e  da ta  fo r  t h e  particle-size 

d i s t r i b u t i o n  o f  t h e  bed and bank m a t e r i a l .  B e d  m a t e r i a l  was 

sampled p r i m a r i l y b y p e b b l e  coun t i ng  a n d t h e  s i z e  d i s t r i b u t i o n  

w a s  b a s e d o n t h e  number of p a r t i c l e s .  For f i n e - g r a i n e d  mate- 

r i a 1 , a s i e v e  a n a l y s i s  w a s  made and t h e  s i z e  d i s t r i b u t i o n  w a s  

based a n  t h e  we igh t  of each size c l a s s i f i c a t i o n .  S i z e  c l a s -  

s i f i c a t i o n s  f o r  pebb l e  c o u n t i n g  began w i t h  f o u r  m i l l i m e t e r s  

and each  c a t e g o r y  i n c r e a s e d  by a f a c t o r  e q u a l  t o  t h e  square 

r o o t  o f  two ( 4 ,  5 . 7 ,  8 ,  11 .3 ,  1 6  mrn, e t c . ) .  For t h e  s i e v e  

a n a l y s i s ,  each  s i z e  c a t e g o r y  d i f fe red  by a f a c t o r  o f  two 

( 0 . 1 2 5 ,  0 . 2 5 ,  0 . 5 ,  1, 2, 4 mm, etc.). 

The p a r t i c l e - s i z e  d a t a  w e r e  t h e n  p l o t t e d  as i l l u s t r a t e d  

i n  f i g u r e  7 f o r  t h e  Klutina River  a t  Copper C e n t e r ,  Alaska .  

P e r t i n e n t  da ta  f r o m t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  g r aphs  a r e  

summarized i n  t a b l e  9 f o r  a l l  of  t h e  d a t a  c o l l e c t e d .  The 

p a r t i c l e  s i z e s a t  t h e  f i v e  d i s t r i b u t i o n s  l i s t e d  i n  t a b l e 9  a r e  

t h e  most  common used i n  v a r i o u s  fo rmulas  and a l s o  a r e  s u f f i -  

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

s i z e  a t  o t h e r  percentage d i s t r i b u t i o n s  may be obtained. 



DISCUSSION OF DATA 

Runoff and Drainage Area 

With t h e  d a t a  now a v a i l a b l e  from t h e  s t reamflow records 

and t h e  channe l  geometry s u r v e y s ,  f u r t h e r  a n a l y s i s ,  i n t e r p r e -  

t a t i o n ,  and comparison of t h e  da ta  a r e  p o s s i b l e .  I f  u n i t  

r u n o f f ,  K, i s  d e f i n e d  as t h e  d i s c h a r g e  per u n i t  of d r a i n a g e  

area,  DA, v a l u e s  of u n i t  r u n o f f  a t  b a n k f u l l  stage, R B I  may 

be computed. For  t h e  s t r e ams  s t u d i e d ,  t h e s e  v a l u e s  a r e  

t a b u l a t e d  i n  table 3 .  F i g u r e  8 i s  a p l o t  of t h e s e  v a l u e s  a s  

a f u n c t i o n  of d r a i n a g e  area. Curves f i t t e d  by t h e  method of 

least-squares i n d i c a t e  d a t a  from the South-Cent ra l  Region 

may be d e s c r i b e d  by t h e  r e l a t i o n  

For t h e  Yukon River Region,  t h e  r e l a t i o n  i s  

C o l l e c t i v e l y ,  t h e  d a t a  may be  d e s c r i b e d  by t h e  approximate  

r e l a t i o n  

The r e l a t i o n s  d e s c r i b e d  by e q u a t i o n s  1 2  and 1 4  c o i n c i d e  

a t  a d r a i n a g e  a r e a  of abou t  100 s q u a r e  m i l e s  and f o r  t h a t  

s i z e  of d r a i n a g e  area i n d i c a t e  a bankfull u n i t  runof f  of 

a b o u t 1 0  c f s  p e r  squa re  mile. For d r a i n a g e  areas s m a l l e r  t h a n  

t h i s  s i z e ,  no data were available f o r  t h e  Yukon River  Region 

t o  test the v a l i d i t y o f e q u a t i o n  1 4 .  For l a r g e r  d ra inage  a reas ,  

u n i t  r uno f f  f r o m  t h e  Sou th-Cent ra l  Region i s  p rogress ive ly  

g r e a t e r  t h a n  f o r  t h e  Yukon River Region. A t  a  d r a i n a g e  a r e a  

o f  20,000 s q u a r e  m i l e s ,  t h e  upper l i m i t  of d a t a  a v a i l a b l e  f o r  

t h e  Sou th-Cent ra l  Region, u n i t  r uno f f  i n  t h e  South-Centra l  



Region i s  approx imate ly  250 p e r c e n t  g r e a t e r  t h a n  f o r  t h e  

Yukon River  Region. T h i s  d i f f e r e n c e  i s  p r i m a r i l y  r e l a t e d  t o  

t h e  p h y s i o g r a p h i c  s e t t i n g  and r a i n f a l l  c h a r a c t e r i s t i c s o f  t h e  

t w o  r e g i o n s .  

F i g u r e  9 shows t h e  f o u r  major  c l i m a t i c  zones f o r  Alaska .  

The d i f f e r e n t i a t i o n  i s  based p r i m a r i l y  on t h e  r e c o r d s  of 

p r e c i p i t a t i o n .  The Sou th -Cen t ra l  Region l i e s  w i t h i n  t h e  

t r a n s i t i o n  and m a r i t i m e  c l i m a t i c  zones.  The Yukon River  

Region i s  w i t h i n  t h e  c o n t i n e n t a l  c l i m a t i c  zone. F i g u r e  10 

i s  a n  i s o h y e t a l  map of  mean a n n u a l  p r e c i p i t a t i o n  f o r  A l a s k a .  

For much of t h e  Yukon R i v e r  Region i n c l u d e d  i n  t h i s  study, 

mean a n n u a l  p r e c i p i t a t i o n  i s  a b o u t  20 i n c h e s  p e r  y e a r .  

Although t h i s  i s  a b o u t  t h e  same p r e c i p i t a t i o n  r e c e i v e d  i n  

t h e  v a l l e y  lowlands  of t h e  Sou th -Cen t ra l  Region,  t h e s e  low- 

l a n d s  are  n e a r l y  su r rounded  by mountainous a r e a s  r e c e i v i n g  

o v e r  80 i n c h e s  of p r e c i p i t a t i o n  p e r  y e a r .  The e f f e c t i v e  

l a r g e - s c a l e  p r e c i p i t a t i o n  i n t h e  Sou th -Cen t ra l  Region i s  more 

t h a n  doub le  t h a t  of t h e  Yukon R i v e r  Region and r e s u l t s  i n  t h e  

g r e a t e r  u n i t  r u n o f f .  

Much of t h e  scatter i n  the v a l u e s  of d a t a  p l o t t e d  i n  

f i g u r e  8 f o r  t h e  Sou th -Cen t ra l  Region c a n  be e x p l a i n e d  by 

t h e  o r o g r a p h i c  e f f e c t s  i n  t h e  p r e c i p i t a t i o n  p a t t e r n .  For  

example, t h e p l o t t i n g  p o s i t i o n  f o r  s t a t i o n  1 3  (Maclaren River  

nea r  Paxson) i s  h i g h e r  t h a n  p r e d i c t e d  by e q u a t i o n  1 2  and t h e  

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

f l a n k  of  t h e  Alaska Range of mounta ins .  C o n v e r s e l y ,  t h e  

p l o t t i n g  p o s i t i o n  fo r  s t a t i o n  7 ( S q u i r r e l  Creek n e a r  Tonsina) 

i s  lower t h a n  p r e d i c t e d b y  e q u a t i o n  12 and i t s  f i e l d  l o c a t i o n  

i s  i n  a l o w  p r e c i p i t a t i o n  a r e a  i n  t h e  Copper R iver  lowlands .  

The combina t ion  of f i g u r e  8 w i t h  f i g u r e  5 a l l o w s  t h e  

approximation of r u n o f f  for any f requency  of o c c u r r e n c e .  For  

example,  i f  t h e  50-year  f l o o d ,  Q 5 0 ,  for a  10 ,000 s q u a r e  m i l e  

d r a i n a g e  area i n  t h e  Yukon River  Region i s  d e s i r e d ,  from 

f i g u r e  8 ,  Rg = 3 . 9  c f s  p e r  s q u a r e  m i l e  o r  Q = 39 ,000  cfs. B 



From f i g u r e  5 ,  o r  t a b l e  8 ,  QS0/QB = 4 . 0  and t h e r e f o r e  

Q50 
= 156,000 c f s ,  

Using t h i s  t e c h n i q u e ,  v a l u e s  o f  r uno f f  w e r e  computed 

for var ious  s i z e s  of dra inage  a r e a s  and f o r  a d u r a t i o n  of  80 

p e r c e n t  of t i m e ,  mean annua l  f l ow ,  b a n k f u l l  s t a g e ,  and t h e  

200-year f l o o d .  The data a r e  tabulated i n  t a b l e  10. Over a 

range  in s i z e  of d r a i n a g e  area from 100 to 100,000 squa re  

m i l e s ,  t h e r e  i s  l i t t l e  change i n  t h e  v a l u e s  of u n i t  r uno f f  

for t h e  South-Centra l  Region b u t  t h e r e  i s  a f o u r - f o l d  d i f -  

f e r e n c e  i n  values of u n i t  r uno f f  i n  the Yukon River  Region. 

The c l o s e s t  agreement between t h e  two hyd ro log i c  r e g i o n s  fo r  

v a l u e s  of u n i t  r uno f f  l i s t e d  i n  t h e  d a t a  of  t a b l e  LO i s  f o r  

a d r a i n a g e  area of abou t  1,000 s q u a r e  m i l e s .  For a g iven  

v a l u e  of Q/QB, it  i s  t h e  difference i n  average v a l u e s  of 

d u r a t i o n  and f requency  of f low between t h e  t w o  r e g i o n s  ( a s  

i l l u s t r a t e d  on figure 5 o r  listed i n  t a b l e s  6 and 8 ) , t h a t  

when combined w i t h  t h e  a p p r o p r i a t e  r uno f f  r e l a t i o n  ( e q u a t i o n  

12 or 1 4 ) ,  t h e  u n i t  r uno f f  f o r  a  given f requency  of f low i s  

m o s t  nearly e q u a l  between t h e  two r e g i o n s  f o r  t h e  runo f f  

from a drainage a r e a  of  1 ,000 s q u a r e  m i l e s .  

The d a t a  of t a b l e  10 can  be compared t o  t h e  d a t a  of 

f i g u r e s  11 th rough  1 3  and f o r  a 1 ,000 s q u a r e  m i l e  d r a i n a g e  

area, t h e r e  i s  r e a s o n a b l e  agreement between t h e  maps and the 

t a b l e  l o d a t a .  Obviously ,  r uno f f  m a p s o f t h e  type illustrated 

i n  f i g u r e s  11 th rough  1 3  must be prepared f o r  a g iven  size 

drainage area ,  but t h e s e  were p r epa red  using a l l  ava i l ab l e  

d a t a .  Thus, it i s  l i k e l y  t h a t  data computed from f i g u r e s  5 

and 8 may g i v e  more r e l i a b l e  v a l u e s  of  u n i t  r uno f f  t h a n  maps 

such  a s  f i g u r e s  11 t h r o u g h  13 .  However, f i g u r e s  11 th rough  

1 3  have the advantage  of showing o rog raph i c  effects. 

I t  shou ld  be remembered t h a t  va lues  of  r u n o f f  d i s c u s s e d  

above are average  v a l u e s .  Annual runoff v a r i e s  wide ly .  For 

example, mean annua l  r uno f f  from t h e  Chena ~ i v e r a t F a i r b a n k s ,  

Alaska, was measured a t  0 . 3 6  c f s  per s q u a r e  m i l e  i n  1958  and 

a t  1 .32 c fs  pe r  square m i l e  i n  1 9 6 2 .  The long-term average  



f o r  mean annua l  runof f  from t h e  Chena River  a t  Fa i rbanks  i s  

0.77 cfs p e r  s q u a r e  m i l e ,  somewhat less t h a n  t h e  average v a l u e  

shown i n  t a b l e  10 f o r  t h e  Yukon River  b a s i n .  

The u se  o f  f requency  and d u r a t i o n  d a t a  as i l l u s t r a t e d  

above must  be accompanied w i t h  c a u t i o n .  ~ e f e r r i n g  back t o  

tab le  6 ,  it i s  no t ed ,  f o r  example, t h a t  t h e  v a l u e  of Q/QB a t  

l a r g e r  r e c u r r e n c e  i n t e r v a l s  i s  much s m a l l e r  f o r  t h e  K l u t i n a  

River  ( s t a t i o n  4 )  t h a n  f o r  t h e  T a z l i n a  River  ( s t a t i o n  3 ) .  

Thi s  d i f f e r e n c e  i s  r e l a t e d  t o  t h e  magnitude of f lows  be ing  

dampened o r  r e g u l a t e d  by ~ l u t i n a  Lake on t h e  K l u t i n a  River  

and be ing  a m p l i f i e d b y t h e  b u r s t i n g  of  glacial ly-dammed lakes 

on t h e  T a z l i n a  River .  About h a l f  of t h e  annua l  peak f lows  

on t h e  T a z l i n a  River  w e r e  c aused ,  i n  p a r t ,  by g l a c i a l  l a k e  

o u t b u r s t s .  Other  t e c h n i q u e s  f o r  e s t i m a t i n g  magnitude and 

f requency  o f  f low c o n t a i n  t h i s  same d e f i c i e n c y .  A method 

u t i l i z i n g  r e g r e s s i c n  e q u a t i o n s  ( C h i l d e r s ,  1970) i l l u s t r a t e s  

t h i s  with t h e  d a t a  o f t a b l e  11. I n  t h i s  i n s t a n c e ,  t h e  SO-year 

f l o o d  b a s e d o n t h e  r e c o r d  f o r  t h e  T a z l i n a  River  is 228 p e r c e n t  

of  t h a t  c a l c u l a t e d  from t h e  r e g r e s s i o n  equa t i on .  For  t h e  

K l u t i n a  R ive r ,  t h e  ratio i s  o n l y  6 1  p e r c e n t .  The f requency  

d i s t r i b u t i o n s  shown on f i g u r e  5 are averages f o r  t h e  regions 

based  on s t a t i o n  d a t a .  When making computa t ions  i n v o l v i n g  

f low f requency  f o r  s t r e a m  channe l s  w i t h  c h a r a c t e r i s t i c s  known 

t o  be d i f f e r e n t  from those of  t h e  "average"  r i v e r  i n  t h e  a r e a ,  

t h e  magnitude and f requency  of f l o w  d a t a  c a n b e m o d i f i e d  u s i n g  

t h e  d a t a o f t a b l e s  5 th rough  8 fo r  t h e  stream which b e s t  fits 

t h e  behav ior  of t h e  stream under  s t u d y .  Further c a u t i o n  i s  

a l s o  suggested i n  e x t r a p o l a t i n g  d a t a  beyond the r ange  of v a l u e s  

p r e s e n t e d  i n  t h i s  s t u d y .  

S i n c e  f i g u r e  8 i n d i c a t e s  d i f f e r i n g  v a l u e s  o f  u n i t  r uno f f  

between the South-Central Region and t h e  Yukon River  Region, 

i t  would b e i n t e r e s t i n g  t o  know whichof  t h e  h y d r a u l i c  geometry 

pa ramete r s  c o n t r i b u t e  t o t h e  d i f f e r e n t  v a l u e s  of u n i t  r u n o f f .  

F i g u r e s  1 4  th rough  17 are  g r aphs  of t h e  b a n k f u l l  v a l u e s  of  



w i d t h ,  d e p t h ,  c r o s s - s e c t i o n a l  f l o w  area,  and v e l o c i t y ,  respec- 

t i v e l y ,  as a  f u n c t i o n  of d r a i n a g e  a r e a .  Least-squares fit 

t o  t h e  p l o t t e d  data  g i v i n g  the f o l l o w i n g  r e l a t i o n s :  

A.  Sou th -Cen t ra l  Region 

W = 9.00 DA 0.48 
(17)  

D = 0.68 DA 0.30 
(18) 

A = 6.16 DA 0.77 
(19) 

V = 1.89 DA 0.20 
(20) 

B ,  Yukon R i v e r  Region 

C.  A l l  d a t a  

Lines f i t t e d  according to  e q u a t i o n s  17 th rough  28 a r e  

shown on t h e  a p p r o p r i a t e  g r a p h s  of  f i g u r e s  14  through 17.  

Although t h e  r e l a t i o n s  developed u s i n g  a l l o f t h e  data c o l l e c -  

t i v e l y ,  e q u a t i o n s  25 th rough  28 are n o t  g r e a t l y  d i f f e r e n t  

from t h e  r e l a t i o n s  developed for e a c h  r e g i o n ,  t h e  s e p a r a t e  

r u n o f f  v e r s u s  drainage area r e l a t i o n s  shown on f i g u r e  8 

d i c t a t e  t h a t  a single set  of e q u a t i o n s  ( such  as  e q u a t i o n s  

25  th rough  28)  a r e  n o t  adequate t o  express the w i d t h ,  d e p t h ,  

a r e a ,  and v e l o c i t y  v e r s u s  d r a i n a g e  area plots of f i g u r e s  1 4  

th rough  17.  I n s p e c t i o n o f t h e  c u r v e s f o r  t h e  s e p a r a t e  r e g i o n s  

as shown on  f i g u r e s  1 4  th rough  1 7  shows t h e  f o l l o w i n g  r e l a t ive  

t r e n d  for values  of t h e  h y d r a u l i c  parameters: 

Drainage  R a t i o  (Sou th -Cen t ra l  Region/Yukon R i v e r  Reqion) 
Area 
(sq m i )  Width Depth ' Area - V e l o c i t y  

1 0 0  1.17 0 . 6 2  0 . 7 3  1 . 3 3  
10,000 1 .47  . 80  1.17 1 . 8 9  



Genera l ly ,  f o r  t h e  South-Centra l  Region compared t o  t h e  Yukon 

River  Region, s t r eam wid ths  a r e  somewhat g r e a t e r ,  d e p t h s  are 

somewhat less,  f low a r e a s  a r e  abou t  t h e  same, b u t  v e l o c i t i e s  

are cons iderab ly  g r e a t e r .  Thus, t h e  larger v a l u e s  of runof f  

i n  t h e  South-Centra l  Region are accommodated more by h i g h e r  

s t ream v e l o c i t i e s  t h a n  by l a r g e r  s t r eam channe l s  ( f low a r e a ) .  

Apparen t ly ,  t h e  steeper average channe l  slope i n  t h e  South- 

C e n t r a l  Region (0.0072 f t / f t  v e r s u s  0.0012 f t / f t )  more t h a n  

compensates f o r  t h e  smaller (smoother)  mean bed p a r t i c l e  

s i z e  i n  t h e  Yukon River  Region (13.5  mrn v e r s u s  33.5 mm). 

But r e g a r d l e s s  of cause  and e f f e c t ,  maximum r e l i a b i l i t y  for 

f i g u r e s  1 4  through 1 7  c a n  be assumed by u s ing  t h e  a p p r o p r i a t e  

r e g i o n a l  r e l a t i o n s  ( e q u a t i o n s  17  through 2 4 ) .  

Hydrau l ic  Geometry i n  Downstream D i r e c t i o n  

The downstream h y d r a u l i c  geometry i s  a l s o  p l o t t e d  as 

sugges ted  by Leopold and Maddock (1953). Since  t h e  d i s c h a r g e  

a x i s  of t h e  p l o t  must be for d i s c h a r g e s  of a g iven  f requency  

of occu r r ence ,  b a n k f u l l  d i s c h a r g e  w a s  used.  ~ i g u r e s  1 8  

th rough  2 1  r e l a t e  b a n k f u l l  va lues  of width, d e p t h ,  f low a r e a ,  

and velocity t o  b a n k f u l l  d i s c h a r g e .  Least-squares f i t  t o  

the plotted data give t h e  fo l l owing  r e l a t i o n s :  

A .  South-Centra l  ~ e q i o n  

WB = 2.55 QB 0.50 

D, = 0.33 QB 0.30 

AB = 0.85 QB 0.80 

VB = 1.19 Qg 0.20 

B. Yukon R i v e r  Region 





Wllcn bank full discharge is determined as previously 

described, bankfull values of the other parameters may be 

read from the curves in figures 18 through 21. Maximum 

reliability can be assumed by using the separate relations 

established for the two regions of study. 



APPLICATION OF RESULTS 

The d a t a  available f r o m t h e c h a n n e l  geometry surveys  and 

gaging s t a t i o n  r eco rds  enab le  de t e rmina t ion  of  v a l u e s  of t h e  

hydrau l i c  and geometr ic  parameters  f o r  any reasonably  homo- 

geneous reg ion .  The h igher  t h e  degree  of  homogeneity between 

sub-areas  a€ t h e  region, t h e  more n e a r l y  equa l  are t h e  v a l u e s  

of a g iven  exponent ,  and hence t h e  more representative t h e  

value becomes. Graphs i l l u s t r a t i n g  characteristics of  t h e  

hydrau l i c  geometry for t h e  channels  inc luded  i n  t h i s  s tudy  

i n d i c a t e  t h a t  average r e l a t i o n s h i p s  are  r e l i a b l y  p r e d i c t i v e  

f o r  t h e  parameters  involved.  Sepa ra t e  r e l a t i o n s h i p s  are 

needed t o  d e s c r i b e  d i f f e r e n c e s  between r eg ions  of d i f f e r e n t  

physiographic  s e t t i n g .  For example, i n  t h e  present s t u d y ,  a 

s i n g l e  curve r e l a t e s  runoff  t o  d ra inage  a r e a  fo r  a l l  s t reams  

measured i n  t h e  South-Centra l  ~ e g i o n ;  however, a d i f f e r e n t  

curve i s  needed t o  d e f i n e  t h e  r e l a t i o n  for a11  streams meas- 

ured i n  t h e  Yukon River Region. 

Channel Scour 

These average type  data  may now be used i n  var ious  f o r -  

mulas t o  p r e d i c t  o t h e r  channel  behav io ra l  phenomena. T h e  

problem of determining d e p t h o f  r i v e r b e d  scour (as a s s o c i a t e d  

w i t h  t h e  dep th  of b u r i a l  of a p i p e l i n e  a t  a r i v e r  c r o s s i n g )  

was one q u e s t i o n  which prompted t h e  p r e s e n t  study. Formulas 

f o r  de te rmin ing  denth of channel  scour  a r e , a t b e s t ,  a n  empir- 

ical fit t o  a ve ry  l i m i t e d  amount of d a t a .  However, t h e  

purpose of t h i s  paper i s  no t  t o d i s c u s s  t h e  v a l i d i t y  of scour  

formulas ,  b u t  t o  i l l u s t r a t e  t h e  u se  of t h e  acqui red  d a t a  w i t h  

any a v a i l a b l e  formula. One equa t ion  available t o  compute 

channel scour  i s  a m o d i f i c a t i o n  of t h e  Laursen (1963) formula ,  

w h e r e Y i s  dep th  of scour  i n  f e e t , q  i s  t h e  d i scha rge  i n  cub ic  



feet per second per foot of width,dis the mean bed material 

particle size (d ) in feet, and D is the mean depth. Since 
50 

q varies with drainage area, DA,recurrence interval, RI, and 

region, and d is variable, Y is a function of region, DA, RI, 

and d. 

In graphical presentations of computed values of scour, 

one ofthe above parameters must be held constant as the other 

three are plotted. For maximum reliability, separate curves 

mustbe prepared for each regionof study. Forthe South-Central 

Region, figure 22 illustrates the computed value of scour 

from equation 41 for a constant size of drainage area (1,000 

sq mi) as a function of recurrence interval and particle size. 

Alternatively, the influence of recurrence interval on the 

computed values of scour could be shown by holding particle 

size constant and allowing size of drainage area to vary. 

For most engineering purposes involving computations of 

channel scour, a design flood is known. Thus, perhaps the 

most useful presentation is illustrated in figures 23 and 24 

for a constant recurrence interval (50 years), and depth of 

scour is presented asafunction of particle size and drainage 

area. Figure 23illustrates values computed from equation 41 

for the South-Central Region and figure 24 illustrates values 

computed from equation 41 for the Yukon River Region. Figure 

25, acornparison of the two regions, well illustrates the need 

to use themost reliable input data. Especially as bed material 

particle size increases, the more competent streams in the 

South-Central Region (larger discharge per foot of width of 

channel) have the ability to scour greater depths. 

Considerable caution shouldbe exercised in using curves 

of the types in figures 22 through 25. Itmust be remembered 

that computed values of scour are for the "average" river in 

the region. Some rivers will have less scour a n d o t h e r  rivers 

will have more scour. Furthermore, few observations of scour 

are available for Alaska streams. Fortunately, several factors 



of safety are built in. Primarily, these are that as scour 

progresses, the finer-sized particles will be removed first 

and lead to axmoring of the streambed and a resistance to 

further scouring, and by the fact that ak greater depths of 

scour the channel may be geologically constrained by bedrock 

against further scour. 

One should not be lulled into a false sense of security 

by the design flood. For example, the recurrence intervalof 

50 years used in figures 23 through 25 may be adequate for a 

secondary road bridge, but not for major engineering works. 

If the useful life of the engineering works is known, the 

probability of the design flood occurring during the useful 

life can be predicted (Markowitz, 1971; Laursen, 1969). To 

illustrate, assume the useful life of the project is 50years. 

The probability that the 50-year flood will occur within 50 

years is about 62 percent, that it will occur twice within 50 

years is about 27 percent, and that it will occur 3 times in 

50 years is about 8 percent. These odds are, perhaps, suffi- 

cient for  the secondary road bridge,butfor aprojectlikethe 

proposed trans-Alaska pipeline, a failure would result in 

economic and ecologic damage. Assuming a useful life of this 

project of about 50 years, even the 1,000-year flood has a 

probability of about 5 percent of occurring within 50 years. 

Considering the number of rivers crossed by the pipeline,the 

chances that the 1,000-year flood will occur on one of the 

streams are increased. These probabilities have led the 

pipeline companies to use the Standard Project Flood (in 

essence, a flood with a recurrence interval greater than 

1,000 years) for design purposes at pipeline river crossings 

(Alyeska Pipeline Service Corp., 1971). 

~ y w a ~ o f  c o m p a r i s o n w i t h t h e L a u r s e n  formula (equation 41), 

Blench (Alyeska Pipeline Service Corp., 1971) has proposed a 

modification of his basic scour equation (Blench, 1966) for 



use  w i t h  gravel bed streams i n  A l a s k a .  T h i s  e q u a t i o n  t a k e s  

t h e  form 
4/5 

( 4 2 )  

where Y ,  q ,  and d are  the same p a r a m e t e r s  as i n  t h e  Laursen  

f o r m u l a .  For  t h e  Sou th -Cen t ra l  Region,  f i g u r e  26 p r e s e n t s  

computed v a l u e s  of s c o u r  for a r e c u r r e n c e  i n t e r v a l  of 50 

y e a r s  and f i g u r e  2 7  compares t h e s e  v a l u e s  to t h e  v a l u e s  

de te rmined  by t h e  Laursen  e q u a t i o n  ( f i g u r e  2 3 ) .  For  t h e  

middle r a n g e  of s i z e  of drainaqe a r e a  ( v a l u e s  of q )  and of  

bed p a r t i c l e  s i z e s ,  t h e  agreement  between t h e  t w o  e q u a t i o n s  

i s  v e r y  c l o s e .  The Laursen  e q u a t i o n  y i e l d s  s l i g h t l y  h i g h e r  

values of s c o u r  f o r  l a r g e r  drainage a r e a s  (q 6/7  v e r s u s  q 4 /5 )  

and for smaller p a r t i c l e  s i z e s  (d1I3 v e r s u s  d ) The Blench 

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

sizes. A degree of  v a l i d i t y  i s  g i v e n  t h e  t w o  methods of 

computing scour by t h e i r  c lose  agreement  for t h e  r a n g e  of 

p a r t i c l e  s i z e s  and dra inage  a r e a s  i l l u s t r a t e d .  

An a d d i t i o n a l  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  t h e  above 

computed v a l u e s  of s c o u r .  The p r e v i o u s  a n a l y s i s  h a s  l e n t  

itself t o  t h e  u s e  of mean d a t a  from gag ing  s t a t i o n s .  R e f e r r i n g  

t o  f i g u r e  28, t h e  c r o s s - s e c t i o n  f o r  the T a z l i n a  R i v e r ,  a  g i v e n  

wid th  of channe l  has a  d e e p e r  mean d e p t h  t h a n  f o r  t h e  e n t i r e  

wid th  and a l s o ,  a t  some p l a c e  a c r o s s  t h e  w i d t h ,  a maximum 

d e p t h  o c c u r s .  The n e t  e f f e c t  of these s e c t i o n s  of d e e p e r  

depths i s  t o  i n c r e a s e  t h e  a r e a  of f l o w  and v e l o c i t y  and re- 

s u l t s  i n  a  h i g h e r  d i s c h a r g e  per  foot of  width. Values  of 

scour computed from equations 4 1  and 4 2  a r e  a c c o r d i n g l y  

h ighe r .  Computat ions of c h a n n e l  s c o u r  have been made f o r  t h e  

T a z l i n a  R i v e r  u s i n g  t h e  deep s e c t i o n  da ta  f r o m  the l e f t  bank 

t o  t h e  bridge pier ( a b o u t  70  feet wide - see f i g u r e  28) and 

fo r  t h e  maximum d e p t h  a t  a p o i n t  ( u s i n g  t h e  w i d t h  c e n t e r e d  

around a single v e l o c i t y  measurement,  u s u a l l y  a b o u t  10 f e e t ) .  

These computa t ions  show d e p t h s  of s c o u r  i n  the deep s e c t i o n  



t o  be approximately 1 6 5  p e r c e n t  of t h e  mean scour dep th  and 

t h e  maximum point scour  i s  approximately  210 p e r c e n t  of t h e  

mean dep th  of scour. The f i r s t  va lue  above i s  i n  agreement 

wi th  a va lue  of 170 p e r c e n t  sugges ted  by Blench (1966) .  I t  

should benoted  t h a t  t h e  above percen tages  are n o t  s a f e t y  fac- 

t o r s  b u t  t a k e  into account  v a r i a b i l i t y  of scour depth  a c r o s s  

t h e  channel  widths .  To minimize t h i s  v a r i a b i l i t y ,  one would 

plan a design f o r  a long ,  s t r a i g h t  reach  of channe l ,  and t o  

minimize average scour ,  one would cons ide r  a wide reach of 

r i ve r .  Any sa fe ty  factor would be added t o  computed values 

of scour .  

Bedload Transpor t  

Another example of  t h e  u s e f u l n e s s  of t h e  hydrau l i c  geom- 

e t r y  d a t a  provided by t h e  p r e s e n t  s tudy  i s  i n  computation of 

bedload t r a n s p o r t .  Again, a h o s t  of  formulas  i s  a v a i l a b l e  

f o r  computation of bedload t r a n s p o r t ,  b u t  t h e r e  e x i s t  few 

f i e l d  data f o r  v e r i f i c a t i o n  (Jordan, 1965; Vanoni, 1971) .  

The formula s e l e c t e d  f o r  t h e  p r e s e n t  paper  i s  t h e  one by 

Schok l i t s ch  ( S h u l i t s ,  1935).  The va lues  p r e d i c t e d  by t h i s  for- 

mula o f t e n  approximate t h e  va lues  p r e d i c t e d b y o t h e r  equations. 

The basic Schok l i t s ch  equa t ion  i s  

where qy i s  t h e  bedload d i s c h a r g e  i n  pounds p e r  second p e r  

f o o t  of width, S i s  t h e  channel  s l o p e  i n  feet p e r  f o o t ,  and 

q and d a r e  as de f ined  fo r  t h e  scour computations.  For a 

r ecu r r ence  i n t e r v a l  of 50 years and a channel  slope of 0.005 

f t / f t ,  f i g u r e  29 i l l u s t r a t e s  bedload discharge, qy, as a func- 

t i o n  of bed m a t e r i a l  p a r t i c l e  s i z e  and d ra inage  a r e a .  F igu re  

30 i l l u s t r a t e s  t h e  same d a t a  a s  t o t a l  bedload d i scha rge  over  

t h e  f u l l  w i d t h  of channe l ,  Qy, i n  t o n s  p e r  day. The quanti- 

ties of t o t a l  bedload discharge are s t agge r ing .  For example, 



for  R I  = 50 y e a r s ,  S = 0.005 f t / f t ,  dg0  = 1 0  mm, and 

UA = 20,000 square miles, Qy is approximately one million 

t o n s  p e r  day.  

A l t e r n a t i v e l y ,  in figure 31 ,  t h e  bedload d i s c h a r g e  i s  

presented f o r  a c o n s t a n t  bed p a r t i c l e  s i z e ,  d50 = 20 mm, and 

recurrence i n t e r v a l ,  RI = 50 years,  as a f u n c t i o n  of channel 

s lope  and d r a i n a g e  a r e a .  Figure 32 p r e s e n t s  t h e  same data 

as t o t a l  bedload d i s c h a r g e .  The i n f l u e n c e  of  channe l  s l o p e  

i s  very a p p a r e n t .  For a  d r a i n a g e  area of about 5,000 s q u a r e  

miles, t h e  t e n - f o l d  i n c r e a s e  i n  slope (from 0.001 t o  0.01 

f t / f t )  i s  responsible for about a 40-fold  i n c r e a s e  i n  total 

bedload discharge.  

A s  a  final e x e r c i s e ,  t h e  bedload d i s c h a r g e  from f i g u r e s  

29 through 32 for R I  = 50 y e a r s ,  S = 0.005 f t / f t ,  dS0 = 20 mrn 

and DA = 1 ,000  s q u a r e  m i l e s  i s  about  4.0 pounds p e r  second 

per foot of width (36,000 tons p e r  d a y ) .  Channel scour  f r o m  

f i g u r e  2 7  f o r  R I  = 50 years, d50 = 20 mm, and DA = 1 ,000  

square m i l e s  i s  a b o u t  5 . 4  f e e t  (average of Blench and Laursen  

equations). A t  1 0 0  pounds per cubic foo t  for the immersed 

weigh t  of sed iment ,  t h e  bedload d i s c h a r g e  i s  0 . 0 4  c u b i c  f e e t  

per  second p e r  f o o t  of  width. This volume divided by t h e  

5.4-foot dep th  of scour  g ives  a downstream sediment  velocity 

of 0.0074 feet per  second o r  26 .7  feet pe r  hour. T h i s  descrip-  

t i o n  of channe l  scour i s  i n  agreement w i t h  a n  e a r l i e r  d e s c r i p t i o n  

( E m m e t t  and Leopold,  1965) which states: "Scour i s  a s s o c i a t e d  

w i t h  d i l a t i o n  of t h e  g r a i n  bed through t h e  s c o u r  d e p t h ,  b u t  

individual p a r t i c l e s  may move i n t e r m i t t e n t l y ,  and a t  a speed 

much less t h a n  t h a t  of t h e  w a t e r .  The volume of t h e  mater ia l  

scoured and moved may be l a r g e ,  b u t  because  of i t s  low mean 

speed downstream, t h e  whole volume does n o t  move e n t i r e l y  

o u t  of a  long r e a c h  b u t ,  in e f f e c t ,  i s  s h i f t e d  downstream 

o n l y  a l i m i t e d  d i s t a n c e . "  



CONCLUSIONS 

Gaging s t a t i o n  records were u t i l i z e d  t o  develop dimen- 

s i o n l e s s  r a t i n g  curves  of dep th /hankfu l l  dep th  and flow a rea /  

bankfu l l  f low a r e a  a g a i n s t  d i s cha rge /bankfu l l  d i s cha rge .  

Station f low frequency and d u r a t i o n  ana lyses  w e r e  used  t o  

a s s i g n  frequency of occurrence and d u r a t i o n  of f low t o  t h e  

dimensionless  r a t i n g s .  Channel geometry surveys  were conduc- 

t e d  t o  determine bankf u l l  s t a g e  and d i scha rge .  Bankful l  

discharge has a r ecu r r ence  i n t e r v a l  of about  1 . 5  years and a 

d u r a t i o n  of about  1 p e r c e n t  of t h e  t i m e .  The channel geometry 

surveys a t  ungaged l o c a t i o n s  provided b a n k f u l l  d a t a  f o r  un- 
gaged streams. The h y d r a u l i c  and geometric parameters  (wid th ,  

depth,  v e l o c i t y ,  etc.) w e r e  plotted against dra inage  area and 

b a n k f u l l  d i s cha rge .  R e l a t i o n s h i p s  between these parameters  

were e s t a b l i s h e d ,  and i n  same cases t hey  approximate c l o s e l y  

t h e  averages  found f o r  o t h e r  l o c a t i o n s  i n  t h e  United S t a t e s .  

For dimensional  p l o t s ,  s e p a r a t e  r e l a t i o n s  a r e  needed t o  des- 

cribe d i f f e r e n t  major d ra inage  b a s i n s  depending on their 

physiographic  setting. I n  t h e  p r e s e n t  study, t h e  major phys- 

i og raph ic  factor was t h e  o rog raph ic  e f f e c t  on p r e c i p i t a t i o n  

p a t t e r n s  and t h i s  r e s u l t e d  i n  a g r e a t e r  u n i t  runoff  i n  t h e  

South-Central  Region than  i n  t h e  Yukon River Region. Another 

e f f e c t  i s  t o  dec rease  t h e  va lue  of d i s cha rge /bankfu l l  d i s cha rge  

i n  t h e  South-Central Region over t h a t  in t h e  Yukon River  Region 

as both flow frequency approaches  ve ry  rare e v e n t s  and as f low 

d u r a t i o n  approaches very  common flows.  

Average v a l u e s  of t h e  hydrau l i c  and geometr ic  p r o p e r t i e s  

of r i v e r s  w e r e  used t o  i l l u s t r a t e  t h e i r  a p p l i c a t i o n  t o  prac- 

t i c a l  eng inee r ing  problems, namely, t h e  computation of dep th  

of channel scour  and of bedload d i scha rge .  For design pur- 

poses ,  c a u t i o n  i s  recommended when making computations based 

on average va lues .  I n  t h e  absence of o t h e r  data, however, 

they become u s e f u l  p r e d i c t i v e  tools. 
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LIST OF SYMBOLS 

f l o w  a r e a  of s t r e am,  square fee t  

mean depth  of stream, feet  

discha 'kge o f  stream, cubic  f e e t  per second 

unit r u n o f f ,  cubic f e e t  per second p e r  square 
m i l e  

stream s l o p e ,  f ee t  per foot 

mean v e l o c i t y  o f  stream, f e e t  p e r  second 

surface width of stream, feet 

dep th  of  channe l  s c o u r ,  f e e t  

a , c lk  c o e f f i c i e n t s  of channel geometry 
p a r t i c l e  s i z e ,  i n t e r m e d i a t e  a x i s ,  m i l l i m e t e r s  

d i s c h a r g e ,  cubic feet  per  second per foot of  
s t r e am width 

DA dra inage  area, square m i l e s  

311 recurrence i n t e r v a l ,  y e a r s  

S u p e r s c r i p t s  

b ~ f t m  exponents  of h y d r a u l i c  geometry 

S u b s c r i p t s  

B 

Y 

reference t o  value a t  b a n k f u l l  s t a g e  

r e f e r e n c e  t o  bedload discharge 



APPENDIX A 

TABLES OF DATA 

Tables 1-11 



S t a t i o n  
No 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
15  
16 
1 7  
1 8  
1 9  
20 
2 1  
2 2  

Table 1.- S t a t i o n  Number, N a m e ,  and Drainage 
area of Rivers Inc luded  in Study 

USGS 
N o .  

(15- ) S t a t i o n  N a m e  

Gakona R a t  Gakona 
Gulkana R a t  Gulkana 
Tazlina R n r  G l e n a l l e n  
K l u t i n a  R a t  Copper C e n t e r  
Little Tonsina  R nr Tonsina 
Tonsina  R a t  Tonsina 
S q u i r r e l  C r  a t  Tonsina  
Bernard Cr nr  Tonsina  
Copper R n r  C h i t i n a  
T i c k e l  R n r  T i e k e l  
Stuart C r  n r  T i e k e l  
Lowe R n r  Valdez 
Maclaren R nr Paxson 
Hess Cr nr Livengood 
Yukon R a t  Rampart 
Tanana R a t  Harding Lake 
Salcha R n r  S a l c h a k e t  
Chena R n r  Two Rivers  
Little Chena R n r  Fairbanks 
Chena R a t  F a i r b a n k s  
Tanana R a t  Nenana 
Chatanika R n r  Fairbanks 

Drainage  
A r e a  
DA 

(sq mi) 



Date 
of 

Measurement 

Table 2 . -  Sampling of Discharge Measurement 
Notes for Tonsina River at Tonsina, Alaska 

Discharge 
Measurement 

N u d e r  

Flow 
Gage Discharge Area 

Heigh t  Q 
( ft (cfs) 

4 
(ft ) 

Surface  Mean 
Width V e l o c i t y  

W v 
(ft) ( f p s )  

145 4 . 3 2  
1 7 2  4.92 
135 2.84 
180 5.98 
1 7 9  7.11 
1 1 7  1 . 6 1  
192 8.16 

Mean 
Depth 
D=A/W 

(f t) 



Station 
No. . 

Slope 
S 

(ft/f t) 

0 . 0 0 4 1  
.0042  
. 0 0 3 1  
. 0 0 4 0  
. ( I005 
.0044 
. 0156  
.0200  
.0015  
.0062  
.0159  
. ( I040 
. 0007  
.0020  
.0004  
.0015  
. 0 0 0 8  
. 0 0 1 7  
.0020 
. 0 0 0 7  
.0001 
. 0 0 1 7  

Table  3 .- Summary of FQnkfull Stage Data 
for Rivers Included in Study 

Flow 
Discharge A r e a  

QB A3 

( c f s )  ( f t2) 

4 , 5 0 0  770 
18 ,000  1,650 
2 2 , 2 5 0  2,698 

7,050 7 3 7  
220 1 0 8  

5,400 738 
300 6 1 
860 117 

1 5 8 , 0 0 0  1 7 , 2 5 0  
760 2 2 1  
245 78 

4 , 0 0 0  568 
5 , 7 0 0  1,150 
5,000 1 , 0 3 5  

408,000 5 6 , 5 5 0  
6 9 , 0 0 0  7 , 9 5 0  
1 3 , 0 0 0  2 , 9 7 4  

5 , 7 5 0  9 0 7  
2 ,600 1 , 3 8 0  
9 , 1 1 0  2 ,254  

8 0 , 0 0 0  1 0 , 9 0 0  
3 , 8 7 0  517 

Width 
(Surf ace) 

w~ 
(ft) 

2 0 0  
500 
355  
1 5 2  

4 5  
1 8 0  

38 
45 

750 
8 0  
37 

1 6 7  
295 

9 0  
1 , 9 5 0  

5 3 0  
325  
224 
1 2 0  
280 
6 4 5  
1 5 2  

Depth 
(A,/W, 

D3 
(ft)  

3.85  
3.30 
7 .60  
4 . 8 5  
2 . 4 0  
4 .10  
1 . 6 0  
2 .60  

23.00 
2.75 
2 .10  
3 .40  
3 . 9 0  

11 .50  
29 .00  
1 5 -  0 0  

9.15 
4 . 0 5  

1 1 . 5 0  
8 . 0 5  

1 6 . 9 0  
3 . 4 0  

Velocity Runoff 
(QB/AB 

- Q3 
v~ R~ - DA 



Table 4 . -  Summary of Data and 
computations at Ungaged Locations 

Discllarge Measurements 
Q A W D S t a t i o n  

v 
Number (cfs) ( f t2)  (ft) - (ft) ups) 

Cross-sectional Survey 

A~ A/AB W~ D~ D / D ~  

(£ t2 )  - -- (ft) (ft) 

~imensionless R a t i n g  Curve Data 

Q/QB QIQB QIQB QB v~ 
(Area) (Depth) (avg) (cfs) ( f p s )  



Table 5 . -  Values of Discharge in cfs at Selected 
Flow Frequency and D u r a t i o n ;  South-Centra l  Region 

S t a t i o n  Number 
Even t  1 3 4 - - - 6 - 7 - 9 - 1-3- -- 
Recurrence  Interval (yr) 

1 . 0 1  2,520 10 ,180  5,080 2,770 235  122 ,770  3 ,440  

Durat ion (percent of t i m e )  

Avg. Annual 909  4,143 1 ,686  8 7 1  

Bankf uL1 4,500 22,250 7,050 5,400 300 158,000 5 ,700 1 
Recurrence 1 . 5 5  1 .65 2.00 2.00 1 .20  2.25 1 . 7 0  ~ 
Duration 0.8 0.7 1 . 5  0 . 5  0.5 



T a b l e  6 . -  Values  of R a t i o  of Discharge to Bankfull Discharge 
a t  Selected F l o w  Frequency and D u r a t i o n ;  S o u t h - C e n t r a l  Region 

Station Number 
E v e n t  1 6 7  - 3 - 4 - - - 9 - 1 3  Average - 
Recur rence  

1 . 0 1  
1 . 0 5  
1.11 
1 . 2 5  
2 .0  
5 

1 0  
25  
5 0  

1 0 0  
2 0 0  

Duration 
0 . 5  

I n t e r v a l  ( y r )  
0 .56  0 . 4 6  0 . 7 2  0 . 5 1  0 . 7 8  0 . 7 8  0 . 6 0  0 . 6 4  

(percent of time) 
1 . 0 7  1 . 1 0  2.08 1 . 0 1  (N/A)  -98 (N/A) 1 . 0 5  

Avg .  A n n u a l  - 2 0  . 1 9  . 2 4  . 1 6  (N/A) " 2 3  (N/A) - 2 0  



Table 7 . -  V a l u e s  of Discharge i n  cfs a t  Selected 
Flow Frequency and Dura t ion ;  Yukon River Region 

S t a t i o n  Number 
E v e n t  1 5  - 20 - 2 1  - 
R e c u r r e n c e  

1 . 0 1  
1 . 0 5  
1.11 
1 . 2 5  
2 . 0  
5 

1 0  
25 
50 

1 0 0  
200  

I n t e r v a l  (yr) 
258,530 5,560 

Duration (percent of t i m e )  
0 . 5  7 4 0 , 0 0 0  1 2 , 0 0 0  

Avg .  A n n u a l  1 2 9 , 8 0 0  1 , 5 2 0  

Bankf ull 4 0 8 . 0 0 0  9 . 1 1 0  

Recurrence 1 . 2 5  1 . 6 5  
D u r a t i o n  5 . 2  1 . 4  



Table 8.- Values of Ratio of  Discharge t o  Bankfull Discharge 
a t  S e i e c t e d  F l o w  Frequency and Dura t ion ;  Yukon River Region 

S t a t i o n  Number 
Event - 20 l5 - 21 Average - 

? 
Recurrence I n t e r v a l  (yr) 
1.01 0 . 6 3  0.61 

Duration (percent  of 
0.5 1.81 
1.0 1.58 
2 1.35 
5 1.03 

10 .77 
20 - 5 9  
30 .43 
50 .12 

I 80  .05  

time) 
1.32 (N/A) 
1.14 

I Avg. Annual . 3 2  . 1 7  .31 



T a b l e  9 . -  Summary of Par t ic le  S i z e  Data 

Station 
N o .  

1 
2  

P a r t i c l e  size 

d16  d 3 5  - - 
8 . 7  15.5 
3.5 1 1 . 0  
2 . 2  4 . 8  

1 7 . 5  3 2 . 0  
- 4  6 . 4  

e. 1 0  .11 
1 3 . 5  2 2 . 5  

4 . 3  1 5 . 0  
. 5  2 . 7  

3 .7  5.6 
< . l o  4 - 1 0  

1 7 . 0  3 7 . 0  
6 . 0  1 1 . 5  
6.6 2 2 . 0  
4 . 0  3 8 . 0  
6 . 0  1 4 . 0  

2 1 . 0  3 5 . 0  
2 . 7  5 .6  

. 3  a 1 . 8  
4 . 0  7 . 0  

. 5  5 .5  
c . 1 0  4 . 1 0  
4 . 0  l o c o  

6 . 8  9,5 
c.10 < . l o  
8 . 2  14.5 
4 9 13,O 

. 7  1.9 
4 . 2  1 0 . 0  

. 0 4  .12 
<. 0 2  4 - 0 2  
4 . 0  1 3 . 0  

(mm) a t  qiven percentage 

d 5 0  d 6 5 '  d84 

R e m a r k s  
7 L ) d  Material - Pebble Count 
( 2 )  Bed Material Fines  - Sieve A n a l y s i s  
( 3 )  Bank Material - Sieve Analysis 
( 4 )  N o  coarse pa r t i c l e s  on bed 

Remarks -- 
(1) 
(1) 
( 2 )  
(1 
( 2 )  
( 3  
(1) 
( 2 )  
( 3 )  
(1) 
( 3 )  
(1 
(1 1 
(1) 
(1) 
(1) 
(1) 
(1) 
( 2 )  
(1) 
( 2 )  
( 3  
(1 
( 2 )  
( 3 )  
(1 1 
(1) 
( 2 )  
(1) 
(21  
( 2 )  , ( 4 )  
(1 1 

Note: N o  samples a t  s t a t i o n s  9 ,  1 6 ,  and 20; particle s i z e  
p r e d o m i n a n t l y  1 mm and less. 



T a b l e  1 0 . -  Comparison of Values of Runoff for S e v e r a l  Occurrences 
of Flow; South-Central ~ e g i o n  v e r s u s  Yukon ~ i v e r  Region  

U n i t  Runoff i n  cfs/sq. mile 
Drainage 80% mean annual ( 3 5 % )  bankfull (1.5 yr) 200 yr 

Area South-Cen. Yukon R. South-Cen. Yukon R .  South-Cen. Yukon R.  South-Cen. Yukon 



Table 11.- Summary of Magnitude of Floods; S t a t i o n  
Data Versus Regression Equation Computation 

Discharge in cfs -- 
Flow 

Frequency 
(yr 

Tazlina River Klut ina R i v e r  
Station Eauation Station Eaua t i on  

S t a t i on  Data as  Percen t  of Computed Value 

Tazlina River K lu t ina  River  



APPENDIX B 

ILLUSTRATIONS OF DATA 

Figures 1-32 
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P a r t i c l e  s i z e  in mi l l imeters  

Figure 7 . - -Part i  c l e - s i z e  d i s t r i b u t i o n s  f o r  the Klutina River a t  Copper Center, Alaska. 





Figure  9 .  - -  C l  i m a t o l  o g i  c a l  z o n e s .  









Figure 13.--Mean annual peak runoff. 
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Figure 29. - -Bedload per f o o t  of  channel width as a  funct ion  o f  p a r t i c l e  s i z e  
and drainage area .  











APPENDIX C 

PHOTOGRAPHS OF STUDY SITES 

P h o t o g r a p h s  1-24 





Photograph 1.- Gakona River a t  Gakona, Alaska. View i s  down- 
stream; f lood p l a i n  on l e f t  bank and approximately 
corresponds t o  h ighes t  e l eva t ions  on i s l a n d  g rave l  ba r .  

Photograph 2.- Gulkana River a t  Gulkana, Alaska. View i s  
downstream; f lood p l a i n  corresponds t o  t h e  lower vege- 
t a t e d  su r face  on r i g h t  bank po in t  bar .  



Photograph 3 . -  Taz l ina  River near  G lena l l en ,  Alaska. V i e w  
i s  downstream; f l ood  p l a i n  i s  v i s i b l e  a long both banks 
and i s  approximately t h r e e  f e e t  h i g h e r  t han  g r a v e l  ba r .  

Photograph 4.-  K lu t ina  River a t  Copper Cente r ,  Alaska. V i e w  
i s  upstream; narrow f lood  p l a i n  i s  v i s i b l e  a long  bo th  
banks and vege ta t ed  p o r t i o n  of d i s t a n t  g r a v e l  ba r s .  



Photograph 5.- Little Tonsina River near Tonsina, Alaska. 
View is upstream; flood plain corresponds to bottom 
of leaning trees on left bank. 

Photograph 6.- Tonsina River at Tonsina, Alaska. View is 
downstream; flood plain corresponds to vegetated sur- 
face on left bank point bar and distant gravel bar. 



Photograph 7. -  S q u i r r e l  Creek a t  Tonsina ,  Alaska.  V i e w  i s  
downstream; f l o o d  p l a i n  i s  hidden by v e g e t a t i o n  b u t  
cor responds  t o  t h e  bottom of  t h r e e  t r u n k s  a d j a c e n t  t o  
t h e  channe l s .  

Photograph 8.- Bernard Creek nea r  Tonsina ,  Alaska.  V i e w  i s  
downstream; f l o o d  p l a i n  cor responds  t o  t h e  e l e v a t i o n  of  
d e b r i s  on r i g h t  bank g r a v e l  b a r .  



Photograph 9 . -  Copper River near ~ h i t i n a ,  Alaska, a t  gaging 
s t a t i o n  cableway. View i s  across  channel t o  narrow 
f lood p l a i n  on l e f t  bank which corresponds t o  vegetated 
sur face  with v e r t i c a l  c u t  face.  

Photograph 1 0 . -  Copper River seve ra l  miles upstream of above 
photograph. Note braided p a t t e r n  compared t o  confined 
flow above. View i s  downstream; f lood p l a i n  corresponds 
t o  vegetated su r face  on i s l a n d  sand bar .  



Photograph 11.- T i e k e l  River near  T i e k e l ,  Alaska. V i e w  i s  
downstream; f l ood  p l a i n  corresponds t o  vege ta t ed  s u r f a c e  
on r i g h t  bank g r a v e l  b a r s  i n  foreground and d i s t a n c e .  

Photograph 12.- S t u a r t  Creek near  T ieke l ,  Alaska. V i e w  i s  
downstream; f l o o d  p l a i n  corresponds t o  vege ta t ed  s u r f a c e  
on r i g h t  bank g r a v e l  ba r .  



Photograph 13.- Lowe River near Valdez, Alaska. View i s  
downstream; f lood p l a i n  corresponds t o  vegetated s u r -  
face  on r i g h t  bank. Co l luv ia l  s lopes  near b lu f f  merge 
i n t o  f lood p l a i n .  Bear Creek t r i b u t a r y  has i n c i s e d  
i n t o  f lood p l a i n  i n  r i g h t  foreground. 

Photograph 1 4 . -  ~ a c l a r e n  River near Paxson, Alaska. View i s  
upstream toward Maclaren Glac ier ;  f lood p l a i n  corresponds 
t o  vegetated su r face  i n  background and on cen te r  i s l a n d .  



Photograph 15.- H e s s  Creek near  Livengood, Alaska. View i s  
upstream; f l ood  p l a i n  corresponds t o  t h e  s u r f a c e  of  
lower v e g e t a t i o n  on r i g h t  bank p o i n t  ba r .  

Photograph 16.- Salcha River near  Sa lchake t ,  Alaska. V i e w  
i s  upstream; f l ood  p l a i n  corresponds t o  t h e  s u r f a c e  of 
lowest  v e g e t a t i o n  on r i g h t  bank a t  o u t s i d e  of curve  and 
smal l  pa tch  of v e g e t a t i o n  a t  extreme r i g h t  on l e f t  bank 
p o i n t  ba r .  



Photograph 17.- Yukon River near proposed trans-Alaska pipe- 
line crossing. View is upstream; flood plain is just 
below surface of decidious trees on left bank. 

Photograph 18.- Yukon River near proposed trans-Alaska pipe- 
line crossing. View is downstream toward proposed 
crossing; flood plain corresponds to small patch of 
lower vegetation on left bank foreground. 



Photograph 19.- Tanana River a t  Harding Lake, Alaska. V i e w  
i s  a c r o s s  and upstream; f l ood  p l a i n  corresponds approxi- 
mately t o  s u r f a c e  of s c a t t e r e d  pa tches  of v e g e t a t i o n  on 
i s l a n d s  i n  t h e  bra ided  channel .  

Photograph 20.- Tanana River a t  Nenana, Alaska. View i s  
upstream; f l o o d  p l a i n  corresponds t o  vege ta t ed  s u r f a c e  
about  t h r e e  f e e t  above h i g h e s t  mud f l a t .  



Photoyraph 21.-  Chena River near Two Rivers , .Alaska.  View 
i s  upstream; f lood p l a i n  corresponds t o  vegetated 
su r face  on l e f t  bank. 

Photograph 22.-  L i t t l e  Chena River near Fairbanks,  Alaska. 
View i s  upstream; f lood p l a i n  corresponds approximately 
t o  bottom of vegeta t ion  on r i g h t  bank. 



Photograph 23.- Chatanika River near Fairbanks, Alaska. View 
is downstream; flood plain corresponds approximately to 
bottom of streamward-most trees and beginning of vege- 
tation on right bank gravel bar. 

Photograph 24.- Chena River at Fairbanks,'~laska. 



A P P E N D I X  D 

TOPOGRAPHIC MAPS O F  STUDY S I T E S  

Maps 1-11 
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