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CROSS-SECTION, VELOCITY, AND BEDLOAD DATA AT TWO EROSION SITES 

ON THE TANANA R I V E R  NEAR FAIRBANKS, ALASKA, 1979 

By Robert  L. Burrows 

ABSTRACT 

I n  an e f f o r t  t o  r e l a t e  r i v e r  processes t o  v e r t i c a l  and l a t e r a l  e ros ion  a t  two 
s i t e s  on t h e  Tanana R i ve r  i n  t h e  v i c i n i t y  o f  Fairbanks, measurements of depth, 
v e l o c i t y ,  and bed load- t ranspor t  r a t e s  were made a t  severa l  sec t i ons  a t  each s i te , .  

To f a c i l i t a t e  comparison o f  t h e  r i v e r  processes and ongoing e ros ion ,  compi la- 
t i o n  and g raph ic  p resen ta t i on  o f  t h e  v e l o c i t y  d i s t r i b u t i o n s  and bed load- t ranspor t  
r a t e s  a re  presented i n  con junc t i on  w i t h  c ross -sec t i on  c o n f i g u r a t i o n  immediate ly  
ad jacen t  t o  t he  area o f  e ros ion .  

Dry s i eve  analyses o f  t h e  bedload samples g i v 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 .  
Approximately 85-95 percen t  o f  t h e  m a t e r i a l  i n  t r a n s p o r t  a t  bo th  s i t e s  was i n  t h e  
sand range ( z 0.062 m i l  1 ime te r  .: 2.0 m i l  1  ime te rs )  . 



INTRODUCTION 

To f a c i l i t a t e  t he  mon i to r ing  o f  t he  f l u v i a l  processes r e l a t e d  t o  e ros ion  on 
t h e  Tanana River ,  t he  U.S. Amy Corps o f  Engineers Cold Regions Research and Engi- 
neer ing  Laboratory (CRREL) requested t h a t  t h e  U. S. Geological  Survey c o l  l e c t  and 
compi le se lec ted  r i v e r - h y d r a u l i c  and bedload- t ranspor t  data a t  two s i t e s  du r i ng  the  
pe r i od  o f  p r i n c i p a l  r u n o f f  i n  1979. 

One o f  t he  s i t e s  i s  near t he  Fairbanks I n t e r n a t i o n a l  A i r p o r t  on the  r i g h t , o r  
n o r t h  bank, and t h e  o t h e r  s i t e  i s  a t  a  d i ke  near  Nor th Pole on the  r i g h t , o r  n o r t h  
bank ( f i g .  1 ) .  The a i r p o r t  l o c a t i o n  i s  t he  s i t e  o f  an experimental  i c e  revetment 
cons t ruc ted  by CRREL i n  January-March 1979, which f a i l e d  du r i ng  sp r i ng  breakup. 
Th is  s i t e  has been sub jec t  t o  r a p i d  e ros ion  which threatens the  a i r p o r t  r a i l r o a d  
spur, and major slumping o f  t h e  bank occurred i n  May 1979. The Sta te  o f  Alaska 
Department o f  T ranspor ta t ion  (A1 aska DOT) constructed a rock revetment a t  t h i s  
s i t e  from J u l y  16 t o  August 29, 1979. The eros ion  s i t e  near  Nor th Pole i s  a t  a  
d i k e  constructed by t h e  Corps o f  Engineers i n  1974-75, and i s  t h e  l o c a t i o n  o f  
several  types o f  experimental  revetment b u i l t  by t h e  Corps and CRREL. 

CRREL requested t h a t  t h e  Survey measure stream v e l o c i t i e s  near  t h e  bank a t  
several  s p e c i f i c  sec t ions  and c o l l e c t  bedload- t ranspor t  data a t  one sec t ion .  
Discharge measurements o f  o n l y  t he  f l o w  immediately adjacent  t o  t he  two s i t e s  were 
t o  be made du r i ng  h igh  and low flow a t  t h e  a i r p o r t  and a t  h igh  f l o w  a t  t h e  d ike.  
The concern was t h e  eros ion  o f  t he  r i g h t  bank a t  both s i t e s .  Therefore, mos t l y  
p a r t i a l  r a t h e r  than complete cross sec t ions  were measured. Measurements and Sam- 
p l  i n g  were done o n l y  i n  the  main channel . 

The Corps o f  Engineers D i s t r i c t  O f f i ce ,  Anchorage, Alaska, requested t h a t  the  
Survey moni tor  changes i n  t h e  channel c o n f i g u r a t i o n  a t  severa l  o f  t h e  CRREL sec- 
t i o n s  along the  r i g h t  bank a t  t he  a i r p o r t  s i t e .  

This  r e p o r t  i s  p r i n c i p a l l y  a g raph ica l  p resenta t ion  of t he  data c o l l e c t e d  i n  
1979 a t  both s i t e s .  The t e x t  i s  devoted t o  t he  exp lanat ion  o f  f i gu res .  The p r i -  
mary purpose o f  t h i s  r e p o r t  i s  t o  p rov ide  CRREL and t h e  Corps o f  Engineers w i t h  
i n fo rma t i on  r e l a t e d  t o  the  eros ion  occu r r i ng  a t  t he  two s i t e s .  

This  program was funded by t h e  Corps o f  Engineers through a coopera t ive  agree- 
ment w i t h  t he  U.S. Geological  Survey. CRREL prov ided the  surveying, maps, and 
on -s i t e  l o c a t i o n  markers necessary f o r  data c o l l e c t i o n .  A e r i a l  photographs were 
prov ided by the  Corps o f  Engineers. A l l  data c o l l e c t i o n  and compi la t ion  were 
performed by Survey personnel. 

DATA COLLECTION 

Measurements o f  depth and v e l o c i t y  and c o l  l e c t i o n  o f  bedload samples were made 
from a boat. The boat  was pos i t i oned  us ing  sex tan t  readings on a base l i n e  f o r  
cross-channel s t a t i o n i n g  and v i  sual re fe rence t o  range markers on t h e  c ross-sec t ion  
ends f o r  on -s ta t i on  p o s i t i o n i n g .  

Depths were obta ined through the  use o f  e i t h e r  a record ing  fathometer o r  
sounding w i t h  a cable-suspended weight. General ly,  t h e  fathometer was used when 
v e l o c i t i e s  were n o t  being measured. 





V e l o c i t i e s  were measured w i t h  a P r i c e  AA c u r r e n t  meter  us i ng  s tandard Survey 
methods (Buchanan and Somers, 1969). P o i n t  v e l o c i t i e s  were usual l y  obta ined a t  
each o f  severa l  s t a t i o n s  on t h e  s p e c i f i e d  c ross  sec t ions .  To d e f i n e  v e r t i c a l  
d i s t r i b u t i o n ,  v e l o c i t i e s  were determined 1 f t  above t h e  streambed, a t  20, 40, 60, 
and 80 pe rcen t  o f  depth, and near  t h e  sur face.  The mean f o r  each v e r t i c a l  was 
computed by  averaging a l l  t h e  p o i n t  v e l o c i t i e s  i n  t h e  v e r t i c a l .  Sur face v e l o c i t i e s  
were u s u a l l y  measured severa l  t en ths  o f  a f o o t  below t h e  water  sur face;  some o f  
these may be s l i g h t l y  i n  e r r o r  due t o  t h e  bobbing mot ion o f  t h e  boat  a t  s t a t i o n s  i n  
t h e  most t u r b u l e n t  f l ow.  

Main channel d ischarge was determined on June 25, August 16, and October 2 a t  
t h e  a i r p o r t  s i t e ,  and on August 17 a t  t h e  d i k e  s i t e  near  Nor th  Pole.  

Mean d a i l y  va lues o f  t o t a l  d ischarge o f  t h e  Tanana ( n o t  i n c l u d i n g  f l o w  i n  
Salchaket Slough) were obta ined from records  f o r  t h e  gaging s t a t i o n  Tanana R i ve r  a t  
Fairbanks ( s t a t i o n  15485500) f o r  t h e  p e r i o d  o f  p r i n c i p a l  r u n o f f  ( f i g .  2 ) .  Stream- 
f l o w  data f o r  t h i s  s t a t i o n  a r e  a v a i l a b l e  i n  t h e  annual pub1 i c a t i o n s  o f  t h e  Survey 
e n t i t l e d  "Water-Resources Data f o r  Alaska." 

Bedload samples were c o l  l e c t e d  us ing  a He1 ley-Smi t h  bedload sampler (He1 l e y  
and Smith, 1971). The Survey has n o t  o f f i c i a l l y  adopted t h e  Hel ley-Smi th  as 
s tandard equipment, and r e s u l t s  ob ta ined  through i t s  use cannot be c e r t i f i e d  f o r  
accuracy. However, t h e  Survey has r e c e n t l y  i ssued  p r o v i s i o n a l  gu i d e l  i nes  f o r  use 
o f  t h e  He1 1 ey-Smi t h  sampler pending f u r t h e r  research and t e s t i n g .  The sampler has 
been used s i nce  1977 on t h e  Tanana R i v e r  (Burrows, Parks, and Emmett, 1979), and a 
f i e l  d de te rm ina t i on  o f  t he  sediment- t rapping c h a r a c t e r i s t i c s  o f  t h e  He1 ley-Smi t h  
bedload sampler (Emmett, 1979) i n d i c a t e s  t h a t  no c o r r e c t i o n  f a c t o r  need be a p p l i e d  
t o  t he  bedload da ta  as c o l l e c t e d .  

Bedload samples o f  30-second d u r a t i o n  were taken a t  every  50 f t  o f  main chan- 
n e l  width.  I n d i v i d u a l  samples were weighed t o  determine t r a n s p o r t  r a tes ,  i n  
( l b / f t ) / s ,  b u t  composites o f  samples were used f o r  d r y  s i e v e  analyses t o  determine 
p a r t i c l e - s i z e  d i s t r i b u t i o n .  Equal weight  was g iven  t o  each sample i n  computing t h e  
average t r a n s p o r t  r a t e .  

A1 1 wate r -sur face  e l  eva t ions  were re ferenced t o  t he  Nat iona l  Geodet ic V e r t i c a l  
Datum of 1929. The water-sur face e l e v a t i o n  was determined d u r i n g  each v i s i t  a t  
s e c t i o n  8+00 a t  t he  a i r p o r t  s i t e  and s e c t i o n  4+50 a t  t he  d ike .  These s i n g l e  water-  
surface e l eva t i ons  were used t o  compute bed e leva t i ons  a t  a l l  c ross  sec t i ons  
measu red. 

DATA FOR AIRPORT SITE AT FAIRBANKS 

F igure  3 i s  an a e r i a l  photograph o f  t h e  Tanana R i ve r  i n  t h e  v i c i n i t y  o f  F a i r -  
banks I n t e r n a t i o n a l  A i r p o r t .  The photograph shows t h e  reach o f  t h e  r i v e r  pas t  t h e  
a i r p o r t  e ros ion  s i t e ,  t h e  s e c t i o n  o f  e rod ing  bank, and, i n  p a r t i c u l a r ,  t h e  a i r p o r t  
r a i l  road spur. 

F i gu re  4 i s  a sketch showing t h e  s t a t i o n i n g  a long t h e  r i g h t  bank, t h e  i c e  
revetment i n  r e l a t i o n  t o  t h e  r a i l r o a d ,  and t h e  edge o f  t h e  bank on two d i f f e r e n t  
dates, as surveyed by CRREL. 





F11o:r h v  \ . o r t ! i  7 n c 1  i I C  F e r  i a i  S ~ ~ r v e y s .  I i ~ c .  

C o u r t e s y  o f  U . S . A r m y  C o r p s  o f  E r ~ g i n e e r s  

Figure 3. -- Data-collection site near airport at Fairbanks. 



DISTANCE ALONG RIGHT BANK, IN HUNDREDS OF FEET (2+00 = 200 FEET) 

0 - FEET 
0 40 80 120 METERS 

Figure 4. -- Plan sketch showing location of ice revetment and edge of bank at airport site as surveyed 
by CRREL on indicated dates. 



Figures 5a-f  show the  c ross  sec t i ons  and p a r t i a l  c ross  sec t i ons  a long  t he  
r i g h t  bank a t  t h e  a i r p o r t  s i t e .  The cross-channel s t a t i o n i n g  shown was measured 
from the  r i g h t  bank reference, which i s  t he  r a i l r o a d  spur. 

Sect ions a re  shown i n  downstream order .  I n  those cases where bo th  soundings 
and fa thometer  t r aces  were obta ined,  bo th  s e t s  o f  r e s u l t s  were p l o t t e d .  The d i f -  
ferences between these r e s u l t s  a r e  due more t o  t h e  d i f f i c u l t y  o f  r e p o s i t i o n i n g  t h e  
boa t  a t  a  g i ven  l o c a t i o n  on t he  c ross  s e c t i o n  than t o  inaccurac ies  i n  e i t h e r  method 
o f  measuring depth. 

Cross-sect ion da ta  c o l l e c t e d  a t  sec t i ons  6+00, 8+00, and 10 t00  be fo re  and 
a f t e r  Alaska DOT cons t ruc ted  a  rock  revetment a r e  shown i n  f i g u r e s  6, 7, and 8. 
Th is  revetment extends from s t a t i o n  1+50 t o  15+00. The work was n o t  completed 
u n t i l  August 29, b u t  t h e  revetment  a t  s e c t i o n  6+00, 8t00, and 10+00 had been 
f i n i s h e d  when da ta  were c o l l e c t e d  on August 16. Add i t i ona l  m a t e r i a l  was p laced 
near  s e c t i o n  2+00 on October 2, 1979. 

I n  a d d i t i o n  t o  t h e  da ta  presented i n  these f i g u r e s ,  severa l  i n d i v i d u a l  depths 
a long o t h e r  sec t i ons  a t  t h e  a i r p o r t  s i t e  were measured. These measurements were 
made a t  t he  reques t  o f  Alaska DOT d u r i n g  and f o l l o w i n g  c o n s t r u c t i o n  o f  t h e  reve t -  
ment. While depths and e leva t i ons  shown below a r e  accurate,  d is tances  from t h e  
bank a r e  est imated. A l l  measurements a r e  g iven  i n  f e e t .  

Sect ion August 16 September 6  October 2 
D i s t .  Depth Elev. D i s t .  Depth Elev. D i s t .  Depth Elev. 
f rom from from 
bank bank bank 

V e r t i c a l  v e l o c i t y  d i s t r i b u t i o n s  a t  c ross  s e c t i o n  6+00 a r e  shown i n  f i g u r e s  9a 
and b y  8+00 i n  f i g u r e s  10a-d, and l o t 0 0  i n  f i g u r e s  1  la -d .  V e l o c i t i e s  a re  shown a t  
points,and t h e  mean f o r  each v e r t i c a l  i s  shown above t h e  s t a t i o n .  

V e l o c i t i e s  a t  80 percen t  o f  t h e  depth and bed load- t ranspor t  r a t e s  across t h e  
channel a t  s e c t i o n  8+00 f o r  June 25 and August 16 a r e  shown i n  f i g u r e s  12 and 13. 
V e l o c i t i e s  were taken from measurements made on t h e  two dates. Bedload- t ranspor t  
r a t e s  were computed from the  weights  of samples c o l l e c t e d  a t  t h e  p o i n t s  shown. The 
c ross  sec t i ons  i n  t h e  t op  o f  t h e  f i g u r e s  a l l o w  comparisons between depth, ve loc-  
i t i e s ,  and t r a n s p o r t  r a tes .  The t r a n s p o r t  r a t e  a t  s t a t i o n  560 f o r  June 25 may be 
anomalously h i g h  f o r  t h e  corresponding v e l o c i t y .  Neg lec t ing  t h i s  sample, t h e  
average t r a n s p o r t  r a t e  across t h e  s e c t i o n  i s  0.079 ( l b / f t ) / s .  I n c l u d i n g  t he  Sam- 
p le ,  t he  average t r a n s p o r t  r a t e  i s  0.083 ( l b / f t ) / s .  The lower  va lue i s  shown on 
f i g u r e  12. 

The average t r a n s p o r t  r a t e s  shown i n  f i g u r e s  12 and 13 g i v e  loads  o f  1,690 
tons per  day and 330 tons per  day on June 25 and August 16 r e s p e c t i v e l y .  Water 
d ischarge measured i n  t h i s  channel was 28,600 f t 3 / s  and 38,200 f t 3 / s  on these two 
days. 
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Figure 10c. -- Velocity distribution, near right bank, at cross section 8+00, 
airport site. 
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Figure 12. -- Cross section 8+00 showing velocity distribution and bedload-transport rates, 
airport site, June 25,1979. Top: velocity distribution at 80 percent of depth. 
Bottom : bedload-transport rates. 
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Figure 19a.--Velocity distribution near right bank, at cross section 4+50, 
dike site. 
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dike site. 
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Figure 2Oa.--Velocity distribution near right bank, at cross section 7+00, 
dike site, 

465 
b 
W 
h 

E z- 460 

s 
E 
4 
k- w 455 
I4 
W 

450 

445 

- 7.4 6.8 7.8  6.2 5.8 

6.8 6.1 
7.8 7.1 6.8 

4.4 
- 

6.5 5.8 3.0 !7 : 
7.1 2.4 6.1 7.1  

- 
6.1 7.1 7.0 

3.9 6.1 
- 6.1 

4.8 3.8 
August 17,1979 

V = MEAN VELOCITY 
VELOCITIES IN FEET PER SECOND 

I I I I I I 
160 140 120 100 80 60 4 0 20 

E 
W 
W 
F 
5 460- 

2- 

4 455- > 
W 
I4 
U 

450 

445 

4.6 
5.4 5.3 

5.0 
5.3 

5.0 5.4 2.6 - 

4.5 

- - 

= MEAN VELOCITY 
VELOCITIES IN FEET PER SECOND 

I I I I I I 
160 140 120 100 80 60 40 20 

DISTANCE FROM RIGHT BANK REFERENCE, IN FEET 

Figure 20b.--Velocity distribution near right bank, at cross section 7+00, 
dike site. 



BEDLOAD-TRANSPORT RATE, 
IN POUNDS PER FEET PER SECOND ELEVATION, IN FEET 

1 1 1  
0 Pil bb rn 00 

VELOCITY AT 80 PERCENT DEPTH, 
IN FEET PER SECOND 





REFERENCES CITED 

Buchanan, T. J., and Somers, W. P., 1969, Discharge measurements a t  gaging s t a -  
t i o n s  : U.S. Geolog ica l  Survey Techniques o f  Water Resources I n v e s t i g a t i o n s ,  
book 3, chap te r  8, 65 p. 

Burrows, R. L., Parks, Bruce, and Emmett, W .  W., 1979, Sediment t r a n s p o r t  i n  t h e  
Tanana R i ve r  i n  t h e  v i c i n i t y  o f  Fairbanks, Alaska,  1977-78: U.S. Geolog ica l  
Survey Open-File Report  79-1 539, 37 p. 

Emmett, W .  W., 1979, A f i e l d  c a l i b r a t i o n  o f  t h e  sediment- t rapping c h a r a c t e r i s t i c s  
of t h e  He1 ley-Smi t h  bedload sampler: U.S. Geolog ica l  Survey Open-Fi l e  Report  
79-41 1 , 96 p. 

Helley, E. J., and Smith, Winchel l ,  1971, Development and c a l i b r a t i o n  o f  a pres- 
su re -d i f f e rence  bedload sampler: U.S. Geolog ica l  Survey open-f i l e  r e p o r t ,  
18 p. 


