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EXECUTIVE SUMMARY 

A 5-year  gravel   removal   study was i n i t i a t e d   i n  mid-1975 t o   e v a l u a t e   t h e  

e f f e c t s   o f   g r a v e l   r e m o v a l   f r o m   a r c t i c  and s u b a r c t i c   f l o o d p l a i n s   i n   A l a s k a .  

The p r imary   pu rpose   o f   t he   p ro jec t  was t o   p r o v i d e   i n f o r m a t i o n   t h a t  will 

ass i s t   resource   managers   i n   m in im iz ing   de t r imen ta l   env i ronmen ta l   e f fec ts  

r e s u l t i n g   f r o m   f l o o d p l a i n   g r a v e l   m i n i n g .  To a c h i e v e   t h i s   o b j e c t i v e  25 ma- 

t e r i a l   s i t e s  were  studied  by a team o f   s c i e n t i s t s  and  engineers. Two major 

p r o d u c t s   o f   t h e   p r o j e c t   a r e  a Technical   Report   which  synthesizes  and  eval-  

u a t e s   t h e   d a t a   c o l l e c t e d   a t   t h e   s i t e s ,  and a Gu ide l i nes  Manual t h a t   a i d s  

the   use r   i n   deve lop ing   p lans  and o p e r a t i n g   m a t e r i a l   s i t e s   t o   m i n i m i z e   e n v i -  

ronmen ta l   e f fec ts .  

Data  from  the 25 s t u d y   s i t e s   w e r e   c o l l e c t e d  and analyzed  by  the  fo l low-  

i n g   s i x   d i s c i p l i n e s :  

River   Hydro logy  and  Hydraul ics  

0 Aqua t i c   B io logy  

T e r r e s t r i a l   E c o l o g y  

Water  Qual i t y  

e A e s t h e t i c s  

Geotechnica l   Engineer ing 

Data   Ana lys is  compared t h e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s   ( d r a i n a g e   b a s i n  

s ize ,   channe l   w id th ,   channe l   con f igura t ion ,   channe l   s lope,   and  s t ream  o r i -  

g i n )  and the  Gravel  Removal A r e a   C h a r a c t e r i s t i c s   ( t y p e   o f   g r a v e l   r e m o v a l  

method, l oca t i on   o f   g rave l   remova l ,  and  age o f   t h e   g r a v e l   r e m o v a l   s i t e )   w i t h  

t h e   m e a s u r e d   e f f e c t s   o f   m i n i n g   a c t i v i t i e s .  

i i i 



The genera l   conc lus ion  reached was t h a t   p r o p e r   s i t e   s e l e c t ' i o n  and 

p r o j e c t   d e s i g n   f a c i l i t a t e   g r a v e l   m i n i n g   w i t h   m i n i m a l   e f f e c t s  on  the  habi-  

t a t s  and  fauna  o f   f loodpla ins.  The k e y   t o   t h e   s u c c e s s f u l   m i t i g a t i o n   o f  

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

and o p e r a t i o n   ( s i t e   l o c a t i o n ,   c o n f i g u r a t i o n ,   p r o f  i le,  schedule,  and  rehabi I-  

i t a t i o n )   w i t h   t h e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s   o f   t h e   s e l e c t e d   f l o o d p l a i n .  

VARIABLES INFLUENCING M I N  ING EFFECTS 

P h y s i c a l   S i t e   C h a r a c t e r i s t i c s  

Among t h e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s ,   c h a n n e l   c o n f i g u r a t i o n  was 

the   mos t   impor tan t .   Po ten t i a l   f l oodp la in   chahge   i s   l eas t   f o r  a b r a i d e d   r i v e r  

and g r e a t e s t   f o r  a s t r a i g h t   r i v e r .   S i z e   o f   c h a n n e l   i s  an impor tan t   f ac to r ,  

w i t h   t h e   l e a s t  change t o  be  expected  in  a large  system and t h e   g r e a t e s t   i n  a 

smal l   system  (assuming  equal ly-s ized  mater ia l   s i tes) .   Combin ing  these  two 

v a r - i a b l e s   ( c h a n n e l   c o n f i g u r a t i o n  and s i re ) ,   g rave l   remova l   opera t ions   can   be  

expec ted   t o   have   t he   l eas t   e f fec t   on   l a rge   b ra ided   r i ve rs  and t h e   g r e a t e s t  

e f f e c t  on s m a l l   s t r a i g h t   r i v e r s .  

O t h e r   i n f l u e n c i n g   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s ,   w h i c h   a r e   r e l a t e d   t o  

c o n f i g u r a t i o n  and s i z e ,   a r e   t h e   a v a i l a b i l i t y  and s i ze   o f   unvege ta ted   g rave l  

bars ,   f loodp la in   w id th ,   and  the   d is tance  tha t   can  be maintained  between  the 

m i n i n g   s i t e  and the   ac t i ve   channe l .  For example, i n  a s m a l l   s t r a i g h t   r i v e r  

sys tem  the   f loodp la in  i s  na r row  and   g rave l   ba rs   a re   ne i the r   p len t i f u l  nor 

la rge.  Thus, t o   e x t r a c t   g r a v e l ,   e i t h e r  a s i g n i f i c a n t   l e n g t h   o f   a c t i v e   f l o o d -  

p l a i n  or t h e   a d j a c e n t   i n a c t i v e   f l o o d p l a i n  and t e r r a c e  must  be d i s tu rbed .   I n  

t h e   l a t t e r  case t h e   n a r r o w n e s s   o f   t h e   f l o o d p l a i n   f o r c e s   t h e   o p e r a t i o n   t o  

c lose ly   encroach upon the   ac t i ve   channe l .   I n   l a rge   r i ve r   sys tems   these  

problems can be   l ess   s ign i f i can t   because   g rave l   ba rs   a re   l a rge r  and, i f  the  

i n a c t i v e   f l o o d p l a i n  or t e r r a c e   a r e  used,   the   w ider   f loodp la in   a l lows  ma in ten-  

ance o f  a broader   und is tu rbed   bu f fe r  zone  be tween  the   mater ia l   s i te  and 

a c t i v e   f l o o d p l a i n .  



Gravel Removal A r e a   C h a r a c t e r i s t i c s  

A l l  of   the   Grave l  Removal A r e a   C h a r a c t e r i s t i c s   w e r e   f o u n d   t o   s i g n i f i -  

c a n t l y   i n f l u e n c e   t h e   e f f e c t s   o f   g r a v e l   m i n i n g .  The l o c a t i o n  of t h e   m a t e r i a l  

s i t e   r e l a t i v e   t o   t h e   a c t i v e   c h a n n e l   i s   c o n s i d e r e d  to  be  the most impor tant  

f a c t o r .  Whether  a m a t e r i a l   s i t e  i s  scraped or p i t -excavated  i s  impor tant ,  

b u t   o f t e n   p i t s   a r e   l o c a t e d  away from an act ive   channe l ,   avo id ing   the   types  

of   changes  that  can b e   a s s o c i a t e d   w i t h   s c r a p i n g   i n   a c t i v e   f l o o d p l a i n s .  

The m a j o r   e f f e c t s   o f   p i t   s i t e s   l o c a t e d   i n   i n a c t i v e   f l o o d p l a i n s  and 

t e r r a c e s   a r e   t h e  loss o f   v e g e t a t e d   h a b i t a t ,   t h e   p o s s i b i l i t y   f o r   t h e   o c c u r -  

rence   o f   f i sh   en t rapmen t ,  a change i n   t h e  appearance  o f   the  f loodpla in ,  and 

long- term  de lay  in   the  re-establ ishment  of pred is tu rbance  cond i t ions .  Where 

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

bends i n  meander ing   sys tems ,   t he   poss ib i l i t y   ex i s t s   f o r   d i ve rs ion   o f   t he  

channe l   t h rough   the   p i t ,   even tua l l y   f o rm ing  a c h a n n e l   c u t o f f   i n   t h e  meander. 

T h i s   h i g h l i g h t s   t h e   i m p o r t a n c e   o f   p r o v i d i n g  a bu f fe r   be tween  the   mater ia l  

s i t e  and the   ac t i ve   channe l .  Where p i t   s i t e s   a r e   o f   s u i t a b l e   s i z e ,   o f   s u f f i -  

c ien t   depth ,  and have  contoured  per imeters,   they  can  increase  loca l   habi ta t  

d i v e r s i t y  and p r o v i d e   c o n d i t i o n s   s u i t a b l e   f o r   f i s h  and va r ious   spec ies   o f  

t e r r e s t r i a l  fauna. 

S c r a p e d   m a t e r i a l   s i t e s   i n   a c t i v e   f l o o d p l a i n s   h a v e   m i n i m a l   e f f e c t s  

on   the   f loodp la in   env i ronment  when only   exposed  gravel   bars  are  excavated 

above  the  water   leve l ,  and when s lope and c o n t o u r s   a r e   m a i n t a i n e d   ( r e s e w  

b l i n g   t h o s e   o f   n a t u r a l   b a r s ) .  Removal of   vegetated  areas  or  banks,  which 

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

spread  over a large  area, i s   n o t   d e s i r a b l e .   D e c r e a s e d   w a t e r   d e p t h ' a n d   v e l o c -  

i t y   i nc reases   sed imen ta t i on   ra tes ,   a l t e rs   wa te r   t empera tu re ,  and a l t e r s  

d i sso l ved   oxygen   l eve l s .   These   changes   i n   aqua t i c   hab i ta t   usua l l y   a f fec t   t he  

l o c a l   d i s t r i b u t i o n  and  comnuni ty   s t ructure of benthos and f i s h ,  

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

and t e r r a c e s   c a n   b e   s i m i l a r   t o   t h o s e   d e s c r i b e d   f o r   p i t s .  However, long-term 



c l o s e d   s i t e  w i l l  f a c i l i t a t e   r e - e s t a b l i s h m e n t   o f   p r e - m i n i n g   v e g e t a t i o n  con- 

d i t   i o n s .  

I f   m a t e r i a l   s i t e s   a r e   l o c a t e d  and  operated t o   p r e v e n t   o r   g r e a t l y   m i n i -  

m i z e   e f f e c t s  on  channel   hydraul ics,  and t o   u t i l i z e   o n l y  exposed  gravel 

ba rs ,   t he   p robab i l i t y   o f   ma jo r   l oca l i zed   changes   t o  a f l o o d p l a i n   g e n e r a l l y  

i s   g r e a t l y  reduced. Where exposed  g rave l   bars   a re   no t   ava i lab le   o r   a re  

inadequate, a t radeof f   dec is ion   be tween  s i tes   must   be  made tha t   we ighs   t he  

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

I n   t h e s e   c a s e s ,   m i n i m i z a t i o n   o f   h y d r a u l i c   c h a n g e   t o   a c t i v e   c h a n n e l s   s h o u l d  

b e   i m p o r t a n t   i n   t h e   d e c i s i o n  -- major  hydraul ic  changes  can  have a g r e a t e r  

l ong - te rm  e f fec t  on t e r r e s t r i a l   s y s t e m s   t h a n   t h e   c o n t r o l l e d   d i s t u r b a n c e s  

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

r a c e  

RECOMMENDED  FUTURE  S;FUD I E S  

Dur ing   the   p resent   s tudy  a number o f   s u b j e c t   a r e a s   w e r e   i d e n t i f i e d  

tha t   shou ld   be   i nves t i ga ted .  

I .  Eva lua t i on   o f   g rave l   m in ing   f rom  coas ta l  and upland  sources; and, 

p repara t i on   o f   gu ide l i nes   f o r   use rs   o f   t hese   sou rces .   These   a l t e rna t i ves   t o  

sources  have  not been s t u d i e d .  

2. E v a l u a t i o n   o f   t h e   e f f e c t s   o f   m u l t i p l e   s i t e s  on  one r i v e r  system. 

Such an i n v e s t i g a t i o n   s h o u l d   b e   a i m e d   a t   d e t e r m i n i n g   t h e   c r i t i c a l ,   s p a t i a l ,  

and  temporal r e l a t i o n s h i p s   o f   m u l t i p l e   s i t e s .   G r a v e l   r e p l e n l s h m e n t   r a t e  

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

3 ,  Severa l   f l oodp la in   g rave l   remova l   s i t es   shou ld   be   i nves t i ga ted  

be fore ,   dur ing ,   and  a f te r   m in ing   to   assess   the  adequacy o f   t h e   G u i d e l i n e s  

Manua I . 
4. Severa l   t op i cs   o f   t he   Gu ide l i nes  Manual s h o u l d   b e   s t u d i e d   i n   d e t a i l  

t o  assess   the i r   adequacy ,   ( i .e . ,   bu f fe rs ,   p i t   des ign ,   and  ac t i ve   channe l  

dredg i ng 1 . 

v i  
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INTRODUCTION 
E. H. Follmanna 

This   Technica l   Repor t  and the  accompanying  Gravel Removal Gu ide l i nes  

Manual f o r   A r c t i c  and Subarc t i c   F loodp la ins   (Gu ide l ines   Manua l )   p resent   da ta  

analyses and c o n c l u s i o n s   r e s u l t i n g   f r o m  a 5-year  study  of  25 f l o o d p l a i n  

m a t e r i a l   s i t e s   i n   a r c t i c  and subarc t i c   A laska,  and p r o v i d e   g u i d e l i n e s   t o  

insure  min imal   env i ronmenta l   degradat ion when s i t i n g ,   o p e r a t i n g ,  and c l o s i n g  

f l o o d p l a i n   m a t e r i a l   s i t e s .   T h i s   s t u d y ,   i t s   r e s u l t s  and  conclusions, and 

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

may a l s o  be a p p l i c a b l e   i n   n o n f l o o d p l a i n   l o c a t i o n s .  

BACKGROUND 

A common denominator i n  a l l  resource  and indust r ia l   development  i s  

the   need  fo r   g ranu lar   mater ia l ;   g rave l   i s   used  wor ldwide   fo r   cons t ruc t ion  

p r o j e c t s  and t r a n s p o r t a t i o n   r o u t e s .  I n  t h e   a r c t i c  and s u b a r c t i c ,  however, 

the   p resence  o f   permaf ros t   c rea tes   spec ia l   cons t ruc t ion   p rob lems  tha t   p lace  

a d d i t i o n a l  demands on  the  supply of grave l .  

Even s l i gh t   a l t e ra t i ons   i n   t he   pe rmaf ros t   t he rma l   reg ime   caused  by 

surface  disturbances  can  cause  thawing,  thermokarst   format ion,   subsidence, 

and eros iona l   p rob  lems. Maintenance  of  the  therma I r e g i m e   i s  essen.t i a l  

when b u i l d i n g   o r  

cha rac te r i zed  by 

a reas   a re   h igh l y  

o p e r a t i n g   i n   p e r m a f r o s t   a r e a s ,   b u t   e s p e c i a l l y   i n   r e g i o n s  

f i n e   g r a i n e d   s o i l s   w i t h   h i g h   w a t e r   c o n t e n t .  These l a t t e r  

suscep t ib le   t o   subs idence  when s u r f a c e   d i s t u r b a n c e   a l t e r s  

a E. H. Fol lmann 
B io logy   o f   t he  

i s  p r e s e n t l y   a s s o c i a t e d   w i t h   t h e   I n s t i t u t e   o f   A r c t i c  
Un ive rs i t y   o f   A laska .  
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the  thermal  regime.  In  these  cases,  the  thawed 

which  vehic le  passage  can  be  impossible and  mai 

b i l i t y  of f a c i l i t i e s  becomes d i f f i c u l t .  

ground becomes a morass i n  

n tenance   o f   s t ruc tu ra l   s ta -  

The c u r r e n t   m a j o r   s o l u t i o n   f o r   e l i m i n a t i n g   o r   g r e a t l y   r e d u c i n g  perma- 

f r o s t  thaw i s   t o  use   g rave l   as   e i t he r   pads   f o r   s t ruc tu res  o r  as  roadways. 

Al though  these demands ex is t   e lsewhere ,   the   th ickness   o f   g rave l   requ i red  

i n   pe rmaf ros t   a reas   i s   f a r   g rea te r   t han   i n   nonpermaf ros t   a reas .  The grave l  

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

i 

mat t h a t  was removed or compressed  by  the  gravel f i l l .  Since 

q u a l i t y   o f   t h e   v e g e t a t i v e  mat i s  g rea te r   t han   t ha t   o f  an  equ 

ness  o f   gravel ,  a gravel   pad  must   be  cons iderably   th icker   to  

equivalent  thermal  regime.  Under  these  c i rcumstances  the mos 

c o n s i d e r a t i o n s   f o r   d e t e r m i n i n g   p a d   o r   r o a d   t h i c k n e s s   a r e :   c I  

t 

i 

t h e   i n s u l a t i v e  

v a l e n t   t h i c k -  

m a i n t a i n  an 

impor tant  

m a t i c   f a c t o r s ,  

so i l   sur face  temperatures,   permafrost   temperatures,  and subgrade s o i l   p r o p e r -  

t i e s   ( M c P h a i I   e t   a l .  1975). The o b j e c t i v e   i s   t o   e s t a b l i s h   t h e   f r e e z e   f r o n t  

i n  or s l i g h t l y   b e l o w   t h e   f i l l   ( M c P h a i I   e t   a l .   1 9 7 5 ) .  Where t h i s   i s  accom- 

p l i s h e d ,   p o t e n t i a l  thaw  problems  can  be g r e a t l y   d i m i n i s h e d .  

A r c t i c  and subarc t i c   reg ions   have  been t h e   f o c u s   o f   a t t e n t i o n   d u r i n g  

the  past   severa l   decades  because  o f   the  weal th   o f   natura l   resources known 

o r   t hough t   t o   occu r   i n   t hese   reg ions .  The d i s c o v e r y   o f   o i l  and gas on  Naval 

Petroleum  Reserve No. 4 (now the   Nat iona l   Pe t ro leum  Reserve-A laska)   in  

the  1940's,  at  Prudhoe Bay i n  1968, and i n   n o r t h e r n  Canada has   s t imu la ted  

t h i s   i n t e r e s t  and  expanded i t  t o   i n c l u d e   m e t a l l i c   m i n e r a l s  and coa l .  Expan- 

s i o n   o f   e x p l o r a t i o n   a c t i v i t i e s   c a n  be expected   to   con t inue.  

As resource   deve lopment   in   remote   a rc t i c  and subarc t i c   a reas  becomes 

more   economica l l y   f eas ib le   t he   reg ion ' s   resources  w i l l  be u t i l i z e d   t o  meet 

s o c i e t y ' s   e n e r g y  and m a t e r i a l  needs.  These f u t u r e   p r o j e c t s  w i l l  r e q u i r e  

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

s tab le   subs t ra tes   f o r   va r ious   pe rmanen t  and  temporary f a c i l i t i e s .   F o r  ex- 

ample,   the  gravel   requi rement   for   the  Trans-Alaska  P ipe l ine  System was about 

49 m i l l i o n   c u b i c   m e t e r s  ( m  1 (Michael   Baker,   Inc.   1977).   Smal ler   projects 

r e q u i r i n g   g r a v e l ,   s u c h   a s   e x p l o r a t o r y   w e l l   d r i l l   p a d s  and assoc ia ted  camps, 
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t y p i c a l l y  use up t o  75,000 m . I f ,  however, a i r s t r i p s  and roads  are  assoc i -  

a ted   w i th   t hese   s i t es ,   quan t i t i es   can   i nc rease   t o   seve ra l   hundred   t housand  

cub ic   meters .  Based  on  exper ience  const ruct ing  the Yukon R ive r   t o   P rudhoe  

Bay Haul Road (Haul  Road),  approximately 31,000 m3 o f   g r a v e l   a r e   r e q u i r e d  

p e r   k i l o m e t e r  of  r o a d   c o n s t r u c t i o n ,  and maintenance  requirements  average 

about 700 m pe r   k i l omete r   ( km)   pe r   yea r   f o r   abou t   t he   f i r s t  5 yea rs   (A l son  

persona l   communica t ion) .   A lyeska  P ipe l ine   Serv ice  Company requested  about 

1.5 m i  I l i o n  m’ o f   g rave l   f o r   ma in tenance   o f   t he i r   p ro jec t   ove r  a 5 year 

per iod .  The f i g u r e s   p r e s e n t e d   a b o v e   f o r   t h e   l a r g e   p i p e l i n e   p r o j e c t s   r e p r e -  

sent   g rave l   needs   f rom  bo th   up land  and  f loodp la in   s i tes .   About   ha l f   o f   the  

gravel   used  on  the o i l   p i p e l i n e  was f rom  f l oodp la ins .  

3 

3 

A l l u v i a l   d e p o s i t s   f o u n d   i n   b r o a d   f l o o d p l a i n s   o f f e r  one o f   t he   p r ime  

s o u r c e s   o f   g r a v e l   i n   n o r t h e r n   a r e a s .   I n d i v i d u a l   m a t e r i a l   s i t e s   v a r y   c o n s i d e r -  

a b l y   i n   s i z e ,  as i nd i ca ted   by   t he   range   o f   t hose   cons ide red   f o r   s tudy   i n  

t h i s   p r o j e c t :  7,738 t o  631,000 m of  m a t e r i a l  removed. S e v e r a l   d i f f e r e n t  

s i t e s  may be  necessary t o   s u p p l y   m a t e r i a l   m e e t i n g   t h e   r e q u i r e d   p r o j e c t  

s p e c i f i c a t i o n s  because  one s i t e  may n o t   c o n t a i n  a l l  t y p e s   o f   m a t e r i a l  

needed.  For  example, n o t  a l l  p o t e n t i a l   s i t e s  w i l l  h a v e   m a t e r i a l   s u i t a b l e   f o r  

t opp ing .   A l so ,   s ince   road   and   p ipe l i ne   cons t ruc t i on   p ro jec ts   need   ma te r ia l s  

t h r o u g h o u t   t h e i r   l e n g t h s ,   o n e   s i t e   o r  a s e r i e s   o f   s i t e s   i n  one  area w i l l  

n o t   s a t i s f y   t h e  demands o f   t hese   p ro jec ts .  A hau l   d is tance of 6.5 km o r  

l ess   has   been   es t ima ted   t o   be   economica l l y   e f f i c i en t   f o r   cons t ruc t i on   i n  

Alaska, and hau l   d i s tances   o f  I 3  t o  16 km or   less   a re   p lanned  fo r   ma in ten-  

ance  o f   the  Trans-Alaska  P ipe l ine  System  (A lson  personal   communicat ion) .  

The re fo re ,   ma te r ia l   s i t es   f o r   t hese   t ypes  of pro jec ts   necessa r i l y   mus t   be  

l o c a t e d   a t   r e g u l a r   i n t e r v a l s  due t o  economic  considerat ions.  

3 

To p r o t e c t  an environment  f rom  unacceptable  d isturbance,  the  e lements 

compris ing  the  environment  must be known, the   var ious   e lements   o f   the   p ro-  

posed a c t i v i t y  must  be known, and t h e   e f f e c t s   o f   t h e   a c t i v i t y   o n   t h e   e n v i r o n -  

mental   e lements  separately and  as a whole  must  be known.  Where t h i s   i n f o r -  

mat-ion i s   a v a i l a b l e ,   g u i d e l i n e s   t o   c o n d u c t   t h e   p r o p o s e d   a c t i v i t y   w i t h  a 

i ronmenta l   per turbat ion  can  be  developed.  Where in fo rmat ion   on  

these  elements i s   l a c k i n g   o r   i s   o n l y   p a r t l y   u n d e r s t o o d ,  any 

min 

one 

imum of   env 

or  more  of 
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gu ide l i nes   t ha t   a re   deve loped   a re   based  on es t ima tes  and assumptions whose 

v a l i d i t y  i s  dependent  on  the  experience and p r e d i c t i v e  powers  of  those 

deve lop ing   t he   gu ide l i nes .  The l a t t e r   c o n d i t i o n  i s  t h e   r u l e   i n  most  cas@s 

where  environmental   impacts  are  concerned.  Impacts  f rom  resource  explorat ion 

and  development  have  not  been  studied  as much as i s  necessary t o  make i n t e l -  

l i gen t   dec i s ions   rega rd ing   env i ronmen ta l   impac ts .   Th i s   l ack   o f   research   i s  

p a r t i c u l a r l y   t r u e   i n   a r c t i c  and s u b a r c t i c   r e g i o n s .  The  remoteness  of  the 

area and t h e   h i g h   c o s t   o f   c o n d u c t i n g   r e s e a r c h   h a v e   n o t   f a c i l i t a t e d  an ade- 

q u a t e   d e s c r i p t i o n  of  the  env i ronmenta l   e lements.   Studies  o f   the  env i ron-  

menta l   e f fects   o f   development   have  been  s imi lar ly   h indered.  

E x t e n s i v e   l i t e r a t u r e   r e v i e w   r e v e a l e d   t h a t   t h e   s p e c i f i c   i m p a c t s   o f  

gravel  removal  had  seldom  been  studied and, therefore,   were  poor ly   under-  

s t o o d .   D e s c r i p t i o n  of  impact  had  been  attempted i n   o n l y  a few  cases ( B u l l  

and  Scott  1974, Federa l   Wate r   Po l l u t i on   Con t ro l   Admin i s t ra t i on  1968, 

Forshage  and  Carter 1973, Sher idan  1967) ;   and  these  s tud ies  deal t   spec i f -  

i c a l l y   w i t h   o n l y  one  aspect, e.g., f i she r ies .   LaBe l l e   (1973)   rev iewed   g rave l  

V and  sand a v a i l a b i l i t y   i n   t h e   B a r r o w   a r e a   o f   t h e   N a t i o n a l   P e t r o l e u m  Reser 

Alaska and made recommendat ions  on  gravel   ext ract ion and e v a l u a t i o n s   o f  

po ten t ia l   env i ronmenta l   impact ,   Nor thern   Eng ineer ing   Serv ices  Company 

L i m i t e d  and Aqua t i c   Env i ronmen ts   L im i ted   (1975)   eva lua ted   t he   ma te r ia l  s 

a s s o c i a t e d   w i t h   t h e   T r a n s - A l a s k a   P i p e l i n e   S y s t e m   w i t h   r e f e r e n c e   t o   a q u a t  

e- 

t es 

C 

h a b i t a t .   I n   a d d i t i o n ,   s e v e r a l   r e p o r t s   i d e n t i f i e d   p r o b l e m s   a s s o c i a t e d   w i t h  

g rave l   ex t rac t i on   as   one   o f  many sources of e n v i r o n m e n t a l   p e r t u r b a t i o n s   t h a t  

could  be  expected  f rom new and c o n t i n u e d   e x p l o r a t i o n  and  development i n   t h e  

n o r t h  ( B l i s s  and Peterson 1973, K l e i n  1973, Weeden and K l e i n  1971, West 

1976). None o f   t h e s e   l a t t e r   r e p o r t s   p r e s e n t e d   r e s u l t s   o f  any m a t e r i a l   s i t e  

s tud ies .  

There   have  been  few  s tud ies   on   the   env i ronmenta l   e f fec ts   resu l t ing  

f rom  cons t ruc t i on   o f   t he   T rans -A laska   P ipe l i ne  System.  The J o i n t   S t a t e /  

Federa l   F ish  and W i l d l i f e   A d v i s o r y  Team (JFWAT) prepared a r e p o r t   o n   s u r v e i l -  

lance  exper ience  wi th  gravel   mining  recommendat ions  (Burger and Swenson 

1977). The JFWAT a lso  produced a s e r i e s   o f   r e p o r t s   d e a l i n g   w i t h   e x p e r i e n c e s  

o n   t h e   p i p e l i n e ,   i n c l u d i n g   e n v i r o n m e n t a l   e f f e c t s   s t u d i e s .  However, the  major 
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r e s p o n s i b i l i t y   o f   t h e   m a j o r i t y   o f  JFWAT s t a f f  was env i ronmen ta l   su rve i l l ance  

o f   cons t ruc t ion ,   no t   research   on   env i ronmenta l   e f fec ts .  

Weeden and K l e i n  (1971:481) s ta ted :  "As w i t h  so many other  problems 

o f   t und ra  management, t h e   d e s i g n   o f   c r i t e r i a   f o r   m i n i n g   o p e r a t i o n s   i n   g r a v e l  

lags   fa r   beh ind   p resent   need  because  de ta i led   knowledge  o f   f i sh   popu la t ions  

-- where  they  are, when they  migrate,   where  they spawn, t h e i r   v u l n e r a b i l i t y  

t o  added s i l t  l o a d i n g s   o f   r i v e r   w a t e r s ,   e t c .  -- i s   l a c k i n g " .  By e a r l y  1975, 

the  state  of   knowledge  had  not  progressed  or  expanded  great ly.   This  fact ,  

c o u p l e d   w i t h   t h e  dependence  on g r a v e l   f o r   a r c t i c  and subarc t i c   cons t ruc -  

t i o n ,   s t i m u l a t e d   t h e  U.S. F i s h  and W i l d l i f e   S e r v i c e   t o   i n i t i a t e  a p r o j e c t  

t o   i n v e s t i g a t e   t h e   e f f e c t s   o f   g r a v e l   r e m o v a l  on f loodp la in   sys tems.  The 

p r o j e c t   o b j e c t i v e  was t o   p r o v i d e  a comprehensive  in format ion  rev iew and data  

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

g rave ls .  The p u r p o s e   o f   t h e   p r o j e c t   i s   t o   p r o v i d e  an in fo rmat ion   base  tha t  

w i l l  assist   resource  managers  to  formulate  recommendat ions  concerning  oper-  

a t i o n s   t h a t  w i l l  m in im ize   de t r imen ta l   env i ronmen ta l   e f fec ts   o f   g rave l   re -  

moval  from a r c t i c  and subarc t i c   s t reams,  

PHILOSOPHY 

L i t t l e   i s  known abou t   t he   na tu ra l   changes   wh ich   occu r   i n   r i ve r ine  

systems i n   a r c t i c  and s u b a r c t i c   r e g i o n s .   T h e r e f o r e ,   d e t e r m i n i n g   t h e   e f f e c t s  

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

i n te rp lay   o f   na tu ra l   changes  and  man-induced  disturbances. The b a s i s   f o r  

t h i s   s t u d y  was the   assumpt ion   tha t   g rave l   remova l   opera t ions   in  a f l o o d p l a i n  

cause  change, the  magni tude  o f   change  depending  pr imar i ly   on  the  f loodpla in  

c h a r a c t e r i s t i c s ,   t h e   l o c a t i o n   o f   t h e   s i t e ,  and the  method  o f   gravel   ext rac-  

t i o n .   S i n c e   a l m o s t   a l l   r i v e r i n e   s y s t e m s   i n   a r c t i c  and s u b a r c t i c   r e g i o n s   h a v e  

evolved  to   the  present   through  natura l   change  and.wi thout   man- induced  d is-  

turbances, a l l  changes  due t o   g r a v e l   r e m o v a l   i d e n t i f i e d   i n   t h i s   s t u d y   w e r e  

cons idered  undes i rab le .  To m a i n t a i n  a r i v e r  system i n   i t s   n a t u r a l   o r   n e a r -  

n a t u r a l   s t a t e  was considered  the  essence  of   guidel ines  development and 

prov ided  the  best   conceptual   base  f rom  which  to   min imize  env i ronmenta l  

degradat ion.  However, i t  i s   r e c o g n i z e d   t h a t   t h e r e  may be s i t u a t i o n s  where 
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resource  managers may w i s h   t o   e x e r c i s e   o t h e r   o p t i o n s .  Any s i t e   c h a r a c t e r -  

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

d i t i ons   were   cons ide red   f o r   imp lemen ta t i on  as g u i d e l i n e s .  

The p r e s u p p o s i t i o n   t h a t   a l l  changes  due to   g rave l   remova l   a re   undes i r -  

a b l e  does not,   by  necessi ty,   cause  the  data  analyses and  recommendations 

t o  b e   i m p r a c t i c a l .   I t   i s  a foregone  conclus ion  that   changes w i l l  occur 

when g r a v e l   i s  removed  from a f l o o d p l a i n .  To note  that   changes  f rom  the 

na tu ra l   s ta te   were   l ess   a t   one   s i t e   t han   ano the r   sugges ts   t ha t   t he   f o rmer  

s i t e  was o p e r a t e d   m o r e   c o n s i s t e n t l y   w i t h   c h a r a c t e r i s t i c s   o f   t h e   s y s t e m  

than  the   la t te r ,   thereby   reduc ing   the   magn i tude  o f   change.  The f l o o d p l a i n  

and g rave l   remova l   cha rac te r i s t i cs   a t   s i t es   t ha t   p roduced   these   m ino r  

changes  fo rmed  the   p r imary   bas is   fo r   deve lopment   o f   cons t ruc t ive   gu ide l ines  

t o   m i n i m i z e  change,   Converse ly ,   the   f loodp la in  and gravel   removal   character-  

i s t i c s   a t   s i t e s   w i t h   m a j o r  changes  supported  development  of   guidel ines 

p r i m a r i l y   o f  a p recau t iona ry   na tu re .  

The analyses  in   succeeding  chapters   t reat   the  changes  that   were meas- 

u r e d   a t   i n d i v i d u a l   s t u d y   s i t e s .   T h e r e   a r e   s i t e s ,   f o r  example,  where  species 

d i v e r s i t y   i n c r e a s e d   a s  a r e s u l t   o f   s i t e   d i s t u r b a n c e .   I n  some contex ts ,  

t h i s   i n c r e a s e d   d i v e r s i t y   w o u l d  be  considered a b e n e f i c i a l   e f f e c t   o f   g r a v e l  

removal. However, i n   t h e   c o n t e x t  of t h i s   p r o j e c t ,   t h i s   e f f e c t   i n i t i a l l y  was 

eva lua ted   equa l   to   one  wh ich   caused  an   equ iva len t   decrease  in   spec ies   d iver -  

s i t y  because i t  r e f l e c t e d  a change   f rom  the   na tu ra l l y   evo l ved   cond i t i on .  

T h i s   p r o j e c t   t r e a t s   a l l  changes  cons is ten t ly  and o b j e c t i v e l y  as a 

change  f rom  the   na tura l ,   and  spec ia l   in te res t   perspec t ives   a re   ne i ther  

recommended nor  encouraged,  However, i t  i s   r e c o g n i z e d   t h a t  a resource  man- 

age r   i n   ce r ta in   c i r cums tances  may b e   g r e a t l y   i n f l u e n c e d   b y   t h e   n e e d   t o  

cons ider  a s i t e   f r o m  a mu l t i p le   o r   op t ima l   use   s tandpo in t .   Fo r   examp le ,  

subsequent to   g rave l   remova l  a deeply dug s i t e   m i g h t  be  considered  as a 

water   source   in   a reas   where   w in te r   supp l ies   o f   water   a re   min ima l .   Severa l  

s t u d y   s i t e s   w e r e  deep p i t s   t ha t   con ta ined   wa te r   t h roughou t   t he   yea r .   Fo r -  

ma t ion   o f  a p i t  r e p r e s e n t s  a major   change  f rom  the   na tura l   s i tua t ion  and t h e  

s i t e  w i l l  n o t   r e v e r t  back t o  a n a t u r a l   s i t u a t i o n  for many years, i f   a t   a l l .  
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I n   t h e   c o n t e x t   o f   t h i s   p r o j e c t ,   p i t s   r e p r e s e n t  a ma jor   d ivergence  f rom  the  

n a t u r a l .  However, when cons ide red   f rom  the   s tandpo in t   o f   mu l t i p le   use   o r  

h a b i t a t   d i v e r s i f i c a t i o n ,  a resource  manager may e l e c t   t o  recommend or ap- 

p rove  a p e r m i t   f o r   t h i s   f o r m   o f   g r a v e l   r e m o v a l .   I n   t h e s e   s i t u a t i o n s   t h e  

resource  manager w i l l  b e   a b l e   t o   p r e d i c t   t h e   r e s u l t s   o f   s u c h  an o p e r a t i o n  by 

r e v i e w   o f   t h e   f o l l o w i n g   s e c t i o n s   i n   t h i s   r e p o r t .  

PROJECT DESCRIPTION 

A 5-year  gravel  removal  study was i n i t i a t e d   i n  mid-1975 t o   e v a l u a t e  

the   e f fec ts   o f   g rave l   remova l   f rom  a rc t i c   and  subarc t i c   s t reams  in   A laska.  

The p r imary   pu rpose   o f   t he   p ro jec t  was t o   p r o v i d e  an i n fo rma t ion   base   t ha t  

w i l l  a s s i s t   r e s o u r c e  managers i n   f o rmu la t i ng   recommenda t ions   f o r   m in im iz ing  

d e t r i m e n t a l   e n v i r o n m e n t a l   e f f e c t s   o f   r e m o v i n g   g r a v e l   f r o m   a r c t i c   a n d  sub- 

a r c t i c  streams. To ach ieve   t h i s   t he   f o l l ow ing   ob jec t i ves   were   me t :  

A comprehens ive   l i t e ra tu re   rev iew  and s y n t h e s i s  was conducted t o  

e v a l u a t e  known and c o n j e c t u r e d   e f f e c t s  o f  gravel  removal and o t h e r  

s i m i l a r   d i s t u r b a n c e s  on f loodp la in   env i ronments .  

P h y s i c a l ,   c h e m i c a l ,   a n d   b i o l o g i c a l   c h a r a c t e r i s t i c s   o f   s e v e n   s i t e s  

i nhab i ted   by   f i sh   a f te r   g rave l   remova l   were   eva lua ted   i n   modera te  

d e t a i l  on a sho r t - te rm  bas i s .  

Physi .cal ,   chemical ,  and b i o l o g i c a l   c h a r a c  

re f lec ted   var ious   remova l   methods ,   s t ream 

complet ion  o f   operat ions  were  determined 

shor t - te rm  bas is .  

t e r i s t i c s   o f  18 s i t e s   t h a t  

types, and t imes   s ince  

d e t a i l  and  on a i n   g r o s s  

a Re la t i onsh ips   be tween   pa ramete rs   re la ted   t o   g rave  

g e o m o r p h i c   c h a r a c t e r i s t i c s  of streams,  water  qual 

evaluated.  

I remova 

i t y ,  and 

I opera t ions ,  

b i o t a   w e r e  

The s tudy   o f   t h ree   s i t es   p r i o r   t o ,   du r ing ,   and   immed ia te l y   a f te r   g rave l  

removal was an o r i g i n a l   p r o j e c t   o b j e c t i v e   t h a t  was e l i m i n a t e d  due t o  a lack 

o f  s u i t a b l e   s i t e s   m e e t i n g   p r o j e c t   s c h e d u l e s .  
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A thorough and broad-spectrum  evaluat ion  of   the  impacts  gravel   removal  

can  have i n   f l o o d p l a i n s   r e q u i r e s  assessment  from a number of d i s c i p l i n e s .  

To look   a t   on l y  one  element  could  lead t o   c o n c l u s i o n s  and recommendations 

that  might  cause  major  changes  to a r i v e r i n e  system  on a long-term  basis.  

There fore ,   the   approach  taken  in   th is   s tudy   inc luded  ana lyses   in   the   fo l low-  

i n g   s i x   d i s c i p l i n e s :  

River   Hydro logy and Hydrau I i c s  

Aqua t i c   B io logy  

a T e r r e s t r i a l   E c o l o g y  

Water Q u a l i t y  

e Aes the t i cs  

0 Geotechnica l   Engineer ing 

Th is   approach  no t   on ly   a l lowed  ana lys is  by i n d i v i d u a l   d i s c i p l i n e ,   b u t   p e r -  

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

a t i o n s  of d is tu rbances   to   na tura l   env i ronments .   fo r   example ,   g rave l   m in ing  

techn iques   tha t   wou ld   avo id   e f fec ts   on   aquat ic   b io ta   cou ld   requ i re   remova l  

o f   impor tan t   f l oodp la in   hab i ta t   used  by t e r r e s t r i a l  fauna  or be i m p r a c t i c a l  

f rom  geotechnica l   cons iderat ions.  

These d i s c i p l i n e s  were  selected  for   the  study  because  they  were be- 

l ieved  to   cover   the   var ious   impacts   tha t   were  known o r   s u r m i r e d   t o  be associ -  

a ted   w i th   g rave l   remova l .  Due t o  a pauc i ty   o f   background  in fo rmat ion ,  i t  

was n o t   p o s s i b l e   t o  be   assured  tha t   a l l   s ign i f i can t   impacts   were   addressed 

by   t hese   d i sc ip l i nes .  

Al though  the  main  purpose  of   th is  gravel   removal   study was t o   p r o v i d e  

an in format ion  base  for   recommendat ions  to   be made by resource  managers, 

a n o t h e r   i m p o r t a n t   c o n t r i b u t i o n   i s   t o   p r o v i d e  a  base f o r  subsequent  long- 

term  s tud ies.   For  example,  a p rob lem  need ing   ex tens i ve   s tudy   i s   t he   e f fec t  

of   removing  gravel   f rom many s i t e s   i n  one r i v e r  system,  as  occurs  along 

highways and p i p e l i n e s  when t h e y   p a r a l l e l   f l o o d p l a i n s   f o r   r o u t i n g   o r  geo- 

t e c h n i c a l   r e a s o n s .   T h i s   p r o b l e m   i s   n o t   t r e a t e d   i n   t h e   p r e s e n t   s t u d y  and, 

i n   f a c t ,  was consc ious ly   avoided when s i t e s  were  selected. 
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APPROACH  AND METHODOLOGY 
E .  H .  Foilmanna 

SITE SELECTION 

The s i t e   s e l e c t i o n   p r o c e s s  began i n   J u l y  1975 and i n i t i a l  work  in- 

vo l ved   con tac t i ng   va r ious   agenc ies  and  groups t o   l o c a t e   p o t e n t i a l   s t u d y  

s i t e s .  Among those  contac ted ,   the   ma in   sources   o f   in fo rmat ion   were   the  

Bureau  of  Land Management, t h e   A l a s k a   P i p e l - i n e   O f f i c e ,   t h e   A l a s k a   D i v i s i o n  

o f  Lands,  and t h e   S t a t e   P i p e l i n e   C o o r d i n a t o r ' s   O f f i c e .   I n   a d d i t i o n ,   t h e  

Alaska  Department  of  Highways  (now  Alaska  Department  of  Transportat ion and 

P u b l i c   F a c i l i t i e s )   p r o v i d e d  a cons iderab le  amount of  in fo rmat ion .  

A t o t a l   o f  575 p o t e n t i a l   s i t e s   w e r e   i d e n t i f i e d  and  subd iv ided  in to  

t h r e e   a r e a s   n o r t h   o f   L a t i t u d e  66' -- the  Nor th   S lope,   the  Yukon R iver   Bas in ,  

and t h e  Seward Peninsula -- t o   o b t a i n   r e p r e s e n t a t i v e   s i t e s   t h r o u g h o u t   a r c t i c  

and s u b a r c t i c   A l a s k a .   L a t e r   i n   t h e   p r o j e c t   t h e  Yukon R i v e r   B a s i n   s i t e s  

w e r e   s e p a r a t e d   i n t o   N o r t h e r n   I n t e r i o r  and  Southern I n t e r i o r   s i t e s .   F o l l o w i n g  

i d e n t i f i c a t i o n   o f   t h e s e   s i t e s ,   f i e l d   r e c o n n a i s s a n c e  was i n i t i a t e d   t o  assess 

t h e   s u i t a b i l i t y   o f   t h e   s i t e s   f o r   t h e   s t u d y  and t o   c h a r a c t e r i z e   t h o s e   s i t e s  

c o n s i d e r e d   p o t e n t i a l   c a n d i d a t e s  fo r  the   s tudy .   S i x t y - fou r   s i t e5   rema ined  

as   cand ida tes   f o l l ow ing   f i e ld   reconna issance .  

To augment the   d ra inage and m a t e r i a l   s i t e   d e s c r i p t i o n s   d e v e l o p e d   i n  

t h e   f i e l d   f o r   t h e  64 s i t e s ,   a d d i t i o n a l   i n f o r m a t i o n   o n   g r a v e l   r e m o v a l   a c t i v i -  

t i e s  and w a t e r s h e d   c h a r a c t e r i s t i c s  was obta ined  f rom  var ious  agencies,  

a 
E. H. F o l l m a n n   i s   p r e s e n t l y   a s s o c i a t e d   w i t h   t h e   I n s t i t u t e   o f   A r c t i c  
B i o l o g y   o f   t h e   U n i v e r s i t y   o f   A l a s k a .  



topographic  maps, and other   data  sources.   Based  on  more  complete  s i te  des- 

c r i p t i o n s ,   p r e l i m i n a r y   v a r i a b l e s   w e r e   e s t a b l i s h e d   w i t h   w h i c h   t o  compare  and 

s e l e c t   s i t e s .  

S i t e   c o m p a r i s o n s   w e r e   r e s t r i c t e d   t o   s i t e s   w i t h i n   t h e  same r e g i o n   t o  

insure   adequate   representa t ion  of t he   Nor th   S lope ,   t he   Nor the rn   I n te r i o r ,  

S o u t h e r n   I n t e r i o r ,  and t h e  Seward P e n i n s u l a .   S i x   s i t e s   w e r e   s e l e c t e d   t o  

rep resen t   t he  Seward P e n i n s u l a ,   e i g h t   f o r   t h e   N o r t h   S l o p e ,   s i x   f o r   t h e  

N o r t h e r n   I n t e r i o r ,  and f i v e   f o r   t h e   S o u t h e r n   I n t e r i o r   ( F i g u r e  I ) .  The s i t e s  

were  categor ized  by  the  presence  or   absence  o f   f ish  on  the  bas is   o f   f ie ld  

o b s e r v a t i o n  and r e l i a b l e   b a c k g r o u n d   i n f o r m a t i o n .  The s i t e s   t h a t   w e r e  known 

t o   c o n t a i n   f i s h   a f t e r   g r a v e l   r e m o v a l   w e r e  compared to   de te rm ine   wh ich   shou ld  

r e c e i v e   a d d i t i o n a l   s t u d y .  

A l l  s i tes   were   p rev ious ly   m ined.  As s t a t e d   e a r l i e r ,   s i t e s   c o u l d   n o t  be 

i d e n t i f i e d   w h i c h   w o u l d   a l l o w   s t u d i e s   ( w i t h i n   p r o j e c t   s c h e d u l e s )   b e f o r e ,  

dur ing ,  and a f te r   g rave l   remova l   ope ra t i ons .  A l l  s i t e s   w e r e  named i n  ac- 

cordance  w i th   the  U . S .  Board  of  Geographic Names. However, two s i t e s  oc- 

cu r red   on  unnamed streams  and  were  assigned  project names of   Skeetercake 

Creek  (unnamed t r i b u t a r y   t o   t h e   T o o l i k   R i v e r )  and  Aufeis  Creek (unnamed 

t r i b u t a r y   t o   t h e  Kuparuk  River) .  When two  s tudy   s i tes   occur red   on   the  same 

r iver ,   they  were  des ignated  upst ream and  downstream r e s p e c t i v e   t o   t h e i r  

l o c a t i o n s .  

M a j o r   V a r i a b l e   M a t r i x  

F o l l o w i n g   s i t e   s e l e c t i o n   t h e   p r e l i m i n a r y   v a r i a b l e s   u s e d   t o  compare 

s i t e s  were   rev iewed  to   de termine   wh ich   shou ld   be   cons idered  ma jor   var iab les .  

I n i t i a l l y ,   n i n e   m a j o r   v a r i a b l e s   i d e n t i f i e d   a s   e i t h e r   s i t e   c h a r a c t e r i s t i c s   o r  

m i n i n g   c h a r a c t e r i s t i c s   w e r e   s e l e c t e d   t o   d e s c r i b e  each o f   t h e  25 s i t e s  

(Woodward-Clyde Consu l tan ts  1976) .  These  parameters  were  chosen  because 

they  were  thought  to  be  important  f rom  the  standpoint  of assess ing  gravel  

remova l   e f fec ts ,   they   bes t   descr ibed  the   s i tes ,  and t h e y   a l l o w e d   s e l e c t i o n  

o f   s i t e s   w h i c h   e x h i b i t e d   t h e   g r e a t e s t   v a r i e t y   o f   v a r i a b l e s .  The v a r i e t y  was 

espec ia l l y   impor tan t   because i t  i n s u r e d   t h a t   s i t e s   w e r e   d i f f e r e n t ,   t h u s  
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F i g u r e  1 .  Locat ion of the 25 gravel  removal study s i t e s  in  Alaska. 



p e r m i t t i n g  assessment o f   t he   e f fec ts   o f   va r ious   g rave l   remova l   p rocedures   on  

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

The ma jo r   va r iab les   were   aga in   rev iewed   fo l l ow ing   t he   f i e ld   i nves -  

t i g a t i o n ,  when d e t a i l e d   s i t e   c h a r a c t e r i s t i c s   w e r e   a v a i l a b l e   t o   d e t e r m i n e  

which  were s t i l l   s u i t a b l e   f o r   c o m p a r i n g   t h e  25 m a t e r i a l   s i t e s .  The seven 

v a r i a b l e s   s e l e c t e d   f o r   t h e   f i n a l   M a j o r   V a r i a b l e s   M a t r i x   i n c l u d e d :  

e Dra inage  bas in   s ize ,  

e Channel$  width, 

e Channel c o n f i g u r a t i o n ,  

e Channel  slope, 

e St ream  o r lg in ,  

0 Type of   gravel   removal ,  and 

e L o c a t i o n  of gravel   removal .  

These  parameters   were   ca tegor ized   as   e i ther   Phys ica l   S i te   Charac ter is t i cs  

or   Gravel  Removal A r e a   C h a r a c t e r i s t i c s .  Each o f   t h e   s i t e s  was c h a r a c t e r i z e d  

a c c o r d i n g   t o   t h e s e   v a r i a b l e s   ( T a b l e  I ) .  D e f i n i t i o n s   o f   t h e s e   v a r i a b l e s  

a re   i nc luded   i n   t he   G lossa ry .  

P h y s i c a l   S i t e   C h a r a c t e r i s t i c s .   D r a i n a g e   b a s i n   s i z e  and  channel  width 

a r e   s i g n i f i c a n t  because  the  impact   o f   gravel   removal   could  d i f fer   depending 

on  the amount o f  d i s t u r b a n c e   i n   p r o p o r t i o n   t o   t h e   s i z e  of  stream and flood- 
pla in .   A lso,   systems  hav ing  greater   d ischarge and  bed  load movement c o u l d  

be  expected t o   r e g e n e r a t e  a m a t e r i a l   s i t e  more r a p i d l y   t h a n  a sys tem  w i th  

smal le r   d ischarge and less  bed  load movement assuming  the amount of m in ing  

d i s tu rbance  i s  p r o p o r t i o n a t e   i n   t h e  two  streams.  Categories  used  were  small ,  

medium, and large  based  on  the  drainage  area  above  the  s i te and smal l ,  

medium, and large  based  on  the  channel   top  width  wi th in   the  s tudy  reach 

a t  mean annual  f low.  Although  from a h y d r o l o g i c a l   s t a n d p o i n t   c a t e g o r i z a t i o n  

on ly   accord ing   to   d ra inage  bas in   a rea   wou ld   have been s u f f i c i e n t ,  we con- 

s i d e r e d  i t  impor tan t   to   inc lude  channe l   w id th   because  w id th  i s  a t a n g i b l e  

measurement t h a t  can  be  observed a t  a s i t e   l o c a t i o n .  
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%e Kavik River was m i n d  during two periods: tSGs -1589 ad 1873  -1074. 



Channel con f igu ra t i ons   va ry   f rom  s t ra igh t   moun ta in   s t reams   to   b ra ided  

r i ve rs .   Fac to rs   assoc ia ted   w i th   va r ious   t ypes   o f   s t reams   such   as   bed   l oad  

movement, bank eros ion,   and  water   f luc tuat ion  were  cons idered  impor tant .  

C o n f i g u r a t i o n s   i n c l u d e d   i n   t h i s  stu,dy were   b ra ided,   sp l i t ,   meander ing ,  

sinuous,  and s t r a i g h t .  

Channe l   s lope ,   a long   w i th   o the r   va r iab les ,   i s  a ma jor   fac to r   govern ing  

water   ve loc i ty ,   d ischarge,  and  sediment   t ranspor t ,   Therefore,   s t reams  wi th  

s l o p e s , c a t e g o r i z e d  as mild,   moderate,  and steep  were  included. 

Stream o r i g i n  was considered  because i t  governs  aspects   o f   s t ream 

hyd ro logy .   S t ream  o r ig in  a l s o  i n f l u e n c e s   t h e  amount o f   bed  load  mater ia l  

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

a s t ream,  and  the  avai lab i l i ty   o f   suspended  sediment   that   could  deposi t  

i n  a gravel   removal   area.   Categor ies  used  were  mounta in,   footh i l l ,   coasta l  

p l a i n ,  and g l a c i a l .  

Other   factors   such  as  s t ream  bed  mater ia l ,  bank vegeta t ion ,  and water-  

shed cha rac te r i s t i cs   a re   impor tan t ,   bu t   were   no t   cons ide red  as  majo r   va r i -  

ab les.  To a l a rge   ex ten t   t hese   f ac to rs   a re   accoun ted   f o r   by   t he   ma jo r   va r i -  

ab les  and t h e   p h y s i o g r a p h i c   p r o v i n c e s   o c c u r r i n g   w i t h i n   t h e   r e g i o n s .  

Gravel  Removal A rea   Charac te r i s t i cs .  Two major  types  of   gravel   removal  

o p e r a t i o n s   u s e d   i n   f l o o d p l a i n   a r e a s   a r e   p i t s  and  scrapes,  d ist inguished 

p r i m a r i l y  by  depth of  excavat ion  and  permanent  inundat ion  by  water  af ter  

s i t e   c l o s u r e .   D u r i n g   s i t e   v i s i t s  i t  was apparen t   t ha t   p i t s   were   e i t he r  

connected or not  connected t o  an ac t ive   s t ream  channe l .  Because  magnitude 

of  change t o  a s y s t e m   c o u l d   b e   g r e a t l y   i n f l u e n c e d   b y   t h i s   f a c t o r ,   p i t s  

were   charac ter ized   as   e i ther   connected   o r   no t   connected .  

Locat   ion  o f   gravel   removal  s i  

degree  of  impact  and  the  regenerat 

t i n c t i o n s   w e r e  made between s i t e s  

and  separated  from a channel. 

t e s   w i t h i n  a f l o o d p l a i n   i n f l u e n c e s   t h e  

i v e   p o t e n t i a l   o f  a s i t e .   T h e r e f o r e ,   d i s -  

l o c a t e d   i n  a channe l ,   ad jo in ing  a channel, 
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To determine  the  impact  of  gravel  removal  over  t ime and the  regenera- 

t i v e   c a p a c i t y   o f   v a r i o u s   t y p e s   o f   s t r e a m s ,  i t  was necessary t o   o b s e r v e  

s i t e s   t h a t   w e r e   a c t i v e   d u r i n g   d i f f e r e n t   y e a r s .   I n f o r m a t i o n  was n o t   a v a i l a b l e  

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

b u t  was f o r   s i t e s   r a n g i n g  back t o   t h e   l a t e  1950's. 

S p e c i f i c   d e s c r i p t i o n s   o f   t h e   r e g i o n a l   c h a r a c t e r i s t i c s ,   p h y s i c a l   S i t e  

c h a r a c t e r i s t i c s ,  and c h a r a c t e r i s t i c s  of the   g rave l   remova l   ope ra t i on   a t  

t h e  25 s t u d y   s i t e s   o c c u r   i n  a subsequent  sect ion.  

DATA  REVIEW 

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

o t h e r   s i m i l a r   d i s t u r b a n c e s   i n   f l o o d p l a i n s  was rev iewed,   In fo rmat ion  was 

s o l i c i t e d   f r o m  many Federal  and  most State  agencies,   f rom  var ious  Canadian 

groups,   and  f rom  l i terature  sources.  Due t o  a minimum o f   i n fo rma t ion   on  

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

g ions,  some o f   the   p rocesses   invo lved  had  to   be   d iscussed  f rom a t h e o r e t i c a l  

s tandpo in t .  

The r e s u l t s   o f   t h i s  work   were   inc luded  in  a Pre l im inary   Repor t   p repared 

i n  1976 (Woodward-Clyde Consu l tan ts  1976). T h i s   r e p o r t   s h o u l d   b e   r e f e r r e d   t o  

i f  a r e v i e w   o f   a v a i l a b l e   l i t e r a t u r e  i s  des i red.  

FIELD STUDY OF  SELECTED MATERIAL SITES 

P r e p a r a t i o n   f o r   t h e   f i e l d   p r o g r a m  began i n   S p r i n g  1976 and t h e   l a s t  

s i t e  was v i s i t e d   i n  March 1979. S i t e   v i s i t s  were s p l i t   o v e r   t h r e e  summers 

w i t h  7 s i t e s   s t u d i e d   i n  1976, I O  s i t e s   i n  1977, and 8 s i t e s   i n  1978. I n  

a d d i t i o n ,   s e v e n   s i t e s   w e r e   v i s i t e d   d u r i n g   t h e   w i n t e r s  of 1977-1978 and 

1978-1979 to   de te rm ine   t he   p resence   o r   absence   o f   f i sh ,   t o   reco rd   wa te r  

qua l i t y   parameters ,  and t o   d e s c r i b e   t h e   o c c u r r e n c e   o f   i c i n g   c o n d i t i o n s .  

Dur ing   t he  1976 f i e l d  program f i e l d  teams rep resen t ing   R ive r   Hyd ro logy  

and  Hydrau l i cs ,   Aquat ic   B io logy ,   and  Ter res t r ia l   Eco logy   worked  each  s i te  
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s imu l taneous ly .  The Aqua t i c   B io logy  team a l s o   c o l l e c t e d   w a t e r   q u a l i t y   d a t a .  

S i m u l t a n e o u s   e f f o r t   o f   f i e l d  teams was considered  advantageous  dur ing  the 

f i r s t   f i e l d  season t o   i n s u r e   c o o r d i n a t i o n   o f  work  where  necessary.  In ad- 

d i t ion ,   s imu l taneous  work   permi t ted   on-s i te   d iscuss ion   o f   methodo logy  

changes  by a l l  d i s c i p l i n e s ,   t h u s   f u r t h e r   i n s u r i n g   c o o r d i n a t i o n  and CO- 

operat ion.   Dur ing  subsequent   f ie ld   seasons,  some o f   t h e   s i t e s   w e r e   v i s i t e d  

b y   i n d i v i d u a l   f i e l d  teams, b u t   a l l  teams v i s i t e d   t h e   s i t e s   d u r i n g   t h e  same 

summer. These i n d i v i d u a l   v i s i t s   a l l o w e d  each  team t o   v i s i t   s i t e s   d u r i n g  peak 

e v e n t s   f o r   p a r a m e t e r s   a s s o c i a t e d   w i t h   t h e i r   d i s c i p l i n e .   D a t a  and  sample 

c o l l e c t i o n   a r e a s   w e r e   f l a g g e d   t o   f a c i l i t a t e   c o l l e c t i o n  of  da ta   a t   t he  same 

s i t e s   d u r i n g   s u b s e q u e n t   v i s i t s  by e i t h e r   t h e  same o r   d i f f e r e n t  teams. I n  

add i t i on ,   t he   hyd ro logy  and h y d r a u l i c s  and t e r r e s t r i a l  teams placed  semi- 

permanent  posts a t  each s i t e   f r o m   w h i c h   t o   i n i t i a t e   s u r v e y s   f o r   f u t u r e  

s tud ies .  

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

p rograms  conducted   dur ing   the   f ie ld   e f fo r t .   Programs  a re   descr ibed  on ly  

fo r   R ive r   Hyd ro logy  and Hydrau l i cs ,   Water   Qua l i t y ,   Aquat ic   B io logy ,  and 

Te r res t r i a l   Eco logy   because   t hese   were   t he   on l y   d i sc ip l i nes   f o r   wh ich   da ta  

w e r e   s p e c i f i c a l l y   c o l l e c t e d .   G e o t e c h n i c a l   E n g i n e e r i n g  and A e s t h e t i c s   r e l i e d  

comple te ly  on f i e l d   i n f o r m a t i o n   c o l l e c t e d  by  other  groups. 

River   Hvdro loav  and  Hydraul ics  

In t roduc t ion .   Emphas is   o f   the   f ie ld   p rogram was on d e s c r i b i n g   l o c a l  

f l u v i a l  geomorph ic   p rocesses ,   ob ta in ing   ev idence  o f   pas t   f lood   h is to r ies ,  

measur ing   r i ve r   hyd rau l i c   pa ramete rs ,   i nves t i ga t i ng   sed imen t   t ranspor t  

p r o p e r t i e s  of the   channe ls ,   desc r ib ing   r i ve r   p rocesses ,  and i n v e s t i g a t i n g  

spec i f i c   e f fec ts   o f   g rave l   remova l   on   t hese   f ac to rs .   Pho tog raphs   were   t aken  

for   documentat ion of s i g n i f i c a n t   f e a t u r e s ,   H y d r a u l i c  and hyd ro log i ca l   da ta  

c o l l e c t i o n   w e r e   c o o r d i n a t e d   w i t h   t h e   w a t e r   q u a l i t y ,   a q u a t i c   b i o l o g y ,  and 

t e r r e s t r i a l   e c o l o g y   s t u d i e s .  

Hydro log i ca l  and g e o m o r p h o l o g i c a l   l i t e r a t u r e   p e r t a i n i n g   t o  each s i t e  

and i t s  dra inage  bas in,  e.g., h y d r o l o g i c a l   r e c o r d s ,   s u r f i c i a l   g e o l o g y ,  
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and a e r i a l   p h o t o g r a p h i c   i n t e r p r e t a t i o n s   w e r e   a l s o   u s e d   i n   t h e   a n a l y s  

o f  each s i t e .  

Geology  and  Geomorphology.  Using  topographic maps, s t e r e o   a e r i a  

s 

photo- 

graphy, and s u r f i c i a l   g e o l o g y  maps, a b r i e f   a n a l y s i s   o f  each  drainage  basin 

was made t o   e v a l u a t e   t h e   g e o m o r p h o l o g y   o f   t h e   r i v e r   v a l l e y ,   t h e   r i v e r   t e r -  

races, and the   p resen t  and p a s t   r e g i m e   o f   t h e   r i v e r .  The morphologica l   fea-  

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

i n   t h e   f i e l d .  

Hydrology. The U.S. Geological  Survey  Water  Resources  Records  were 

rev iewed  fo r   f low  measurements   w i th in  a s t u d y   s i t e ' s   d r a i n a g e   b a s i n .  Where 

f l o w  measurements   were   representa t ive ,   var ious   key   d ischarges   w i th   the  

respec t i ve   s tages   were   es t ima ted  and  documented. I n   t h e   f i e l d ,   e v i d e n c e s  

o f   f loods   were   inves t iga ted .  Where s u f f i c i e n t   d a t a   c o u l d   b e   o b t a i n e d   a t  

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

f requency   ana lys i s   were   i nc luded   i n   t he   da ta   package .   Fo r   t he   r i ve rs   t ha t  

had  no  past   f low  records,   the  hydro logy was syn thes ized  us ing  a r e g i o n a l  

f l o w   a n a l y s i s  (Lamke 1979). 

Hydrau l i cs .   Hyd rau l i c   pa ramete rs   f o r ,each   r i ve r   channe l  and f l o o d p l a i n  

were  measured i n   t h e   f i e l d .  A t  each  s tudy   s i te   c ross   sec t ions   were   surveyed 

upstream  f rom,  wi th in,  and  downstream  from  the  area  of  gravel  removal ( i n  

c o n j u n c t i o n   w i t h   t h e   a q u a t i c   e c o l o g y   p r o g r a m )   t o   m e a s u r e   t h e   f o l l o w i n g  

hydraul ic   parameters:   w idth,   depth,  and  area. A l l  c r o s s   s e c t i o n   l o c a t i o n s  

were  documented  and e l e v a t i o n s   r e f e r e n c e d   t o   t e m p o r a r y  benchmarks.  The 

l o n g i t u d i n a l   s l o p e   o f   t h e   w a t e r   s u r f a c e  and, where  possible,  the  bed  were 

surveyed. A l l  surveys  used  s tandard  survey ing  techniques.  The d i scha rge   a t  

the   t ime of the  survey was measured  using  standard  techniques  (Buchanan and 

Somers 1969). 

M a t e r i a l s  and  -Sed iment .   Representa t ive   samples   o f   the   r i ver ' s   f lood-  

p l a i n   s u r f a c e   m a t e r i a l   w e r e   o b t a i n e d   u p s t r e a m  and  downstream  from  the  gravel 

removal   area  us ing  the  photographlc-gr id   method  (Kel lerhals  1971). These 

were   cons ide red   t o   be   rep resen ta t i ve   o f   t he   channe l   bed   ma te r ia l .  The s i r e  
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d i s t r i b u t i o n  was determined  by  the  frequency-by-number  method. I n   a d d i t i o n ,  

t h e   u n d e r l y i n g   m a t e r i a l  was measured  us ing   hydrau l i c   s ieves  and t h e   s i z e  

d is t r ibut ion  determined  by  percentage-by-weight .  

The r i v e r  bank m a t e r i a l s   w e r e   d e s c r i b e d   a t   c r o s s   s e c t i o n   l o c a t i o n s  

based  on a s u b j e c t i v e   e v a l u a t i o n  and  photographed  for  documentation. Ma- 

t e r i a l   g r a d a t i o n  samples  of r i v e r   b a n k   m a t e r i a l s   w e r e   n o t   o b t a i n e d .  

Channel  Processes. The f l u v i a l   m o r p h o l o g y   a t  each s i t e  was assessed 

u s i n g   c o m p a r a t i v e   a e r i a l   p h o t o g r a p h y .   I n   t h e   f i e l d ,   f l u v i a l   m o r p h o l o g i c a l  

f e a t u r e s   w e r e   v e r i f i e d  and  documented i n  more d e t a i l ,  e.g., g rave l   bar  

types,  bed  format ions,  scour  holes,  and  sediment  deposi t ion.   Degradat ion 

and/or  aggradation  upstream  from,  and  downstream  from  the  gravel  removal 

s i t e  were   inves t iga ted .  

River   Ice.  In  the   f ie ld ,   ev idences   o f   i ce   p rocesses   (b reakup jams, 

ice  scour,  gouging, and au fe i s )   were   documen ted   t o   he lp   eva lua te   t he   ro le  

o f   i c e  on   the   r i ver   morpho logy .  

Water Oua I i t v  

Water qual i ty   parameters  measured  were  temperature ( C), d i s s o l v e d  0 

oxygen  (ppm),  conductivi ty  (micromhos/cm ) ,  t u r b i d i t y  ( J T U ) ,  suspended 

s o l i d s   ( m g / & ) ,   o x i d a t i o n - r e d u c t i o n   p o t e n t i a l  ( M V ) ,  and pH (Tab le  2). Water 

q u a l i t y  measurements  were  taken a t   t he   aqua t i c   mac ro inve r teb ra te  sample 

s i t e s .   U s u a l l y  t h e  measurements  were  taken  along a t r a n s e c t   a c r o s s   t h e   r i v e r  

o r   p i t   w i t h   t h e  number o f   r e p l i c a t e s   w i t h , i n  a s i t e   a d j u s t e d   t o   t h e   s i z e   o f  

the  water  body. The  measurements  were  normally  within 30 cm o f   t he   wa te r  

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

2 

A q u a t i c   B i o l o g y  

In t roduc t i on .   F ie ld   emphas is  was p l a c e d  on a q u a t i c   i n v e r t e b r a t e s ,  

changes i n   f i s h   d i s t r i b u t i o n   i n   r e l a t i o n   t o   t h e   g r a v e l   m i n e d   a r e a ,  and 

p o t e n t i a l   f i s h  spawning  and r e a r i n g   h a b i t a t   d u r i n g   t h e   i c e - f r e e   p e r i o d .  
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Table 2. Methods  Used for   Measur ing  Water   Qual i ty   Parameters  wi th   the 
Number o f   R e p l i c a t e s  Taken per  Study Area 

Par ame t er 
Method  of 

de te rm ina t ion  

Rep I i ca tes  
per   s tudy 

area 

Dissolved  oxygen Y S I  Model 57 DO meter 3 - 15 

Temperature Y S I  Model 57 DO meter 3 - 15 

C o n d u c t i v i t y  Hach Model 2510 c o n d u c t i v i t y   m e t e r  3 - 15 

T u r b i d i t y  Hach Model 21 

Suspended s o l i d s  M i  I I i p o r e   f i  
(5 pm f 

O x i d a t i o n - r e d u c t i o n   D e l t a   S c i e n t  
p o t e n t i a l   m e t e r  

i 

OOA t u r b i d i m e t e r  

te r   p rocedure  
I t e r )  

f i c  1212-P2 ORP 

2 - I I  

1 - 3  

2 - 5  

PH D e l t a   S c i e n t i f i c  1212 pH meter 1 - 5  
Hach pH k i t  I 
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A d d i t i o n a l   v i s i t s   w e r e   c o n d u c t e d   t o   s p e c i f i c   s i t e s   i f   p o t e n t i a l   o v e r -  

w i n t e r i n g   h a b i t a t  or  suspected  spawning  areas  were  present   wi th in   the  mined 

area. 

S tudy   s i t es   were   ca tegor i zed   i n to   two   g roups .   E igh teen   s i t es   were  

v i s i t e d  once  during  the  open  water  season. Seven s i t e s   w i t h  known f i s h  

u t i l i z a t i o n   i n   t h e   m i n e d   a r e a   w e r e   s u b j e c t   t o   a d d i t i o n a l   f i e l d   s t u d y .  These 

seven   s i t es   were   v i s i t ed   on   t h ree   separa te   occas ions   du r ing   open   wa te r  

c o n d i t i o n s   o f  I ca lendar   yea r .   I n   add i t i on ,   seven   p i t   s i t es   where   w in te r  

u t i l i z a t i o n  by f i s h  was s u s p e c t e d   w e r e   v i s i t e d   t o  document o v e r w i n t e r i n g .  

The 18 s i t e s   s u b j e c t   t o  a less i n t e n s i  " 

I 

ve f i e l d  program  were v i s i t e d  

e a r e a s   w e r e   s e l e c t e d   a t   a l l  

o n l y  once. 

S e l e c t i o n   o f  SamDle Areas.  Three samp 

s i t e s :  upstream, w i th in   t he   m ined   a rea  

stream and  downstream  sample  areas was 

and t e r r e s t r i a l   c h a r a c t e r i s t i c s   e x h i b i  

removal .   Select ion  o f   sample  areas was 

, and  downstream. S e l e c t i o n  o f  up- 

based  on s i m i l a r i t y   t o   t h e   a q u a t i c  

t e d   i n   t h e   m i n e d   a r e a   p r i o r   t o   g r a v e l  

made so that   subst rate,   depth,   width,  

a r   a t   t he   ups t ream and  downstream 

ed a t   l e a s t  400 m above  the  mined 

v e l o c i t y ,  and p o o l : r i f f l e   r a t i o  were  s imi 

l o c a t i o n s ,  

The  upstream  area was t y p i c a l l y   l o c a  

area and t h e  downstream  area was between 400 and 800 m below  the  mined 

a rea .   Se lec t i on   o f   t he  400 rn c r i t e r i a  was based  on  the  assumption  that 

the   hydro log ica l   e f fec t   o f   g rave l   remova l   wou ld   be   min ima l   tha t   fa r  up- 

s t ream.   Se lec t ion  of  a downstream  area  between 400 and 800 m below  the 

was based   on   t he   p robab i l i t y   t ha t   changes   occu r red   i n   t h i s   a rea  

i n g  or immedia te ly   a f te r   g rave l   remova l .  

mined  area 

e i t h e r   d u r  

A t  s i  t e s   w i t h  more  than  one  mined  area,  addit ional  sample  areas  were 

se lec ted   t o   assess   e f fec ts .   S im i la r   se lec t i on   c r i t e r i a   were   used .  

S e l e c t i o n   o f  Sample  Gear. F i s h  and  aquat ic   macro inver tebra te   sampl ing  

g e a r   w e r e   s e l e c t e d   r e l a t i v e   t o   t h e   t y p e s   o f   h a b i t a t   p r e s e n t .   F e a t u r e s   s u c h  
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as wid th ,   dep th ,   s t ream  ve loc i t y ,   sho re l i ne   con f igu ra t i on ,   s t ream bank 

vegeta t ion ,   obs t ruc t ions ,   channe l   subs t ra te ,  a n d   p r e s e n c e   o f   p i t s   a f f e c t e d  

the   gea r   se lec t i on   p rocess .  Sample  gear  used a t  e a c h   s t u d y   s i t e  i s  l i s t e d  

i n   T a b l e  3. 

Sample  Program. I n f o r m a t i o n   r e c o r d e d   i n   t h e   f i e l d   i n c l u d e d   s t r e a m  

name, sample l o c a t i o n  and d e s c r i p t i o n ,   d e s c r i p t i o n   o f   t h e   d i s t u r b e d   a r e a ,  

and the   da te ,   t ime,   and  ex is t ing   weather   cond i t ions .   V isua l   surveys   were  

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

ence  o f   f ish.  

Sample C o l l e c t i o n ,   D i s p o s i t i o n ,  and  Analysis.  A v a r i e t y   o f   s e i n e s   w i t h  

square mesh (3.2 mm), 6 t o  I O  m long  and 1.8 m deep, were  used.  Seines 

were  extended  across  the  stream  f rom bank t o  bank  and p u l l e d  downstream 

in   nar row  s t reams.   In   la rger   s t reams  and  p i ts   the   quar te r -hau l   techn ique 

was u s e d .   E x p e r i m e n t a l ,   m u l t i f i l a m e n t   g i l l   n e t s  15 x 1.8 m, w i t h   p a n e l s   o f  

12.7, 25.4, 38.1, 50.8, and 76.2 mm square mesh, were  anchor-set i n   p i t s ,  

and, i n  one  case, i n   t h e  deep, s low-moving  sect ion  of  a l a r g e   r i v e r .  

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

methods, was used i n   a p p r o p r i a t e   w a t e r c o u r s e s .   S t r e a m   w i d t h   p e r m i t t i n g ,  

a prese lec ted   leng th   o f   s t ream was b l o c k e d   w i t h   s e i n e s  and the  enc losed 

area   shocked  repeated ly   un t i l   f i sh   were   no   longer   cap tured  or observed. 

The area   o f   the   shocked  sec t ion  was u s u a l l y  measured t o   a l l o w   f o r   d e n s i t y  

es t ima t ion .  

Minnow t r a p s   s e l e c t i v e   f o r   j u v e n i l e  and sma l l   adu l t   f i shes   were   used  

t o  samp le   aqua t i c   hab i ta t s .   T raps   were   l oca ted   I n   poo ls ,   r i f f l es ,  and p i t s  

and  were   ba i ted   w i th   sa lmon  eggs .   T raps   were   usua l ly   f i shed  f rom 12 t o  

24 hours. 

A d i p   n e t  was used a t  one s i t e   t o   c a p t u r e   j u v e n i l e   f i s h e s   f o r   i d e n t i -  

f i ca t ion .   V isua l   surveys   were  made a t  each s i t e   t o   r e c o r d   d i s t r i b u t i o n  

and  unusual  events  or c r i t i c a l   h a b i t a t s ,  such  as  spawning  areas. 
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Table 3. Aquat ic  Biology  Sampl ing  Methods Used a t  Each S tudy   S i te  

Study s i t e  

M a c r o i n v e r t e b r a t e  

Surber  Ponar  Minnow G i l l  E l e c t r o -  Hook & Set 
samp I e r   g rab   t rap   Se ine   ne t   shocker   l ine  I i ne  

samp I i ng  gear  Fish sampl ing  gear 

Sewar d Pen i nsu I a 

Gold  Run Creek 
Sinuk  River  
Washington  Creek 
Oregon  Creek 
Penny R i v e r  
Nome R i  ver 

N o r t h  S I ope 

Ugnurav ik   River  
A u f e i s  Creek 
Kuparuk  River 
Skeetercake  Creek 
Sagavan i r k   t o k  R i ver 
l v i shak   R ive r  
Shav iov ik   R iver  
Kav ik   R ive r  

N o r t h e r n   I n t e r i o r  

D i e t r i c h  River-US 
D i e t r i c h  River-DS 
M.F. Koyukuk  River-US 
M.F. Koyukuk  -River-DS 
J i m  R i v e r  
Prospect  Creek 

Sou the rn   I n te r i o r  

W.F. Tolovana  River 
McManus Creek 
Tanana  River-DS 
Tanana River-US 
Phe I an  Creek 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ + 
+ 
f "b 

4" 
+ 
+ 
-k 
+ 

+ 

+ + 
+ 
+ 
+ f 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

-e + 
+ 
+ 
+ 
+ 
+ 

+ + + 
+ f 
+ + 
+ + + 
+ 4- 

+ 
+ 

+ 
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Captured  f ishes  were  ident i f ied,   measured  ( fork   length) ,   weighed,  

and re leased  except  when preserved  fo r   re fe rence.   Data   co l lec ted   were   used 

t o   d e t e r m i n e   s p e c i e s   c o m p o s i t i o n ,   s i r e   d i s t r i b u t i o n ,  and r e l a t i v e  abundance; 

es t ima tes   o f   dens i t y   were  made. These eva lua t ions   were  compared w i t h i n  

and  between  gravel   removal   s i tes.  

Macro inver tebra tes .  A 30-cm square  Surber  sampler was used t o   c o l l e c t  

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

b o t t o m   t y p e ,   c u r r e n t   v e l o c i t y ,  and o t h e r   v a r i a b l e s   t h a t  may have  been  corre- 

l a t e d   w i t h   b e n t h i c   d i s t r i b u t i o n .  A t  most   s tudy   a reas   th ree   sampl ing   s i tes  

were   se lec ted   and   f i ve   rep l i ca te   samp les   were   co l l ec ted   a t  each  sampling 

s i t e .  Two s a m p l i n g   s i t e s   w e r e   s e l e c t e d   i n  a few  cases  where  there  were 

mu l t i p le   m ined   a reas  or w h e r e   t h e   r i v e r  was n o t   d i r e c t l y   a f f e c t e d  by  gravel  

removal,  e.g., a p i t   s i t e  away f r o m   t h e   s t r e a m   c h a n n e l ,   w i t h   f i v e   r e p l i c a t e s  

t a k e n   p e r   s i t e .  

A Ponar  grab was used t o   c o l l e c t   m a c r o i n v e r t e b r a t e s   i n   p i t s .   S i n g l e  

g rabs   were   t aken   a t   seve ra l   s ta t i ons   spaced   to   cove r   t he   ma in   dep th   reg ions  

w i t h i n   t h e   p i t s .  Ponar  grab  samples  were  c leaned,  separated  ( the  s lurry 

passed  through a U.S. Standard No. 30 s i e v e ) ,  and p l a c e d   i n   l a b e l e d  con- 

t a i n e r s .  

Samples c o l l e c t e d . w i t h   t h e   S u r b e r   s a m p l e r   w e r e   p l a c e d   d i r e c t l y   i n t o  

labe led   con ta iners .  A l l  s a m p l e   c o n t a i n e r s   w e r e   f i l l e d   w i t h  70 pe rcen t   a l -  

coho l   to   p reserve   spec imens  fo r   la te r   examinat ion .  Samples  were  picked 

and s o r t e d   i n   t h e   l a b o r a t o r y .   O r g a n i s m s   w e r e   s o r t e d   i n t o   m a j o r   c a t e g o r i e s  

and p l a c e d   i n t o   l a b e l e d   v i a l s   c o n t a i n i n g  70 p e r c e n t   a l c o h o l .   I d e n t i f i c a t i o n  

was to   t he   l owes t   p rac t i ca l   t axonomic   l eve l .  

Da ta   f rom  quan t i t a t i ve   samp les   were   used   t o   ob ta in   t o ta l  and i n d i v i d u a l  

taxon  densi ty .   Data  on  s tanding  crop and number of taxa  were  evaluated; 

comparisons  were made w i t h i n  and  between  sample s i t e s .  

P i t  Sampling  Program.  Four p i t s , w e r e   v i s i t e d   d u r i n g  March 1978 t o  

assess t h e   p o t e n t i a l   f o r   f i s h   e n t r a p m e n t  and ove rw in te r ing .   Dur ing   t he  
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f o l l o w i n g  summer t h e s e   p i t s ,   p l u s   t h r e e   a d d i t i o n a l  ones,  were v i s i t e d   t o  

assess i f   f i s h  were  present. The p i t s  w e r e   t h e n   r e v i s i t e d   d u r i n g  the  1978-79 

w i n t e r   t o   a s s e s s   i f   f i s h   r e m a i n e d   i n   t h e   p i t   a f t e r   f r e e z e u p   o r  moved i n t o  

t h e   r i v e r .   I f   f i s h   r e m a i n e d   i n   t h e   p i t ,   s u b s e q u e n t   v i s i t s   w e r e  made t o  

determine i f  f i sh   cou ld   su rv i ve   t he   w in te r .   Samp l ing  was conducted  wi th  

a v a r i e t y   o f   g e a r   t y p e s   i n c l u d i n g  minnow t r a p s ,   s e t   l i n e s ,   g i l l   n e t s ,  hook 

and l i n e ,  and obse rva t i on .   I n   add i t i on ,  an underwater   te lev is ion   sys tem 

was used  for   surve i l lance  under   the  ice  a t   two  p i ts .   D isso lved  oxygen and 

temperature  were  measured when water  was present .  Ice  th ickness,  presence  or 

absence  of   f lowing or open  water, or both,  and f o r m a t i o n   o f   a u f e i s  by over-  

f low  were  recorded. 
- 

T e r r e s t r i a l   E c o l o g y  

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

f e c t e d  by gravel   removal   operat ions and  assessed  the  impact o f  h a b i t a t  

m o d i f i c a t i o n  o n   a s s o c i a t e d   w i l d l i f e .   Q u a l i t a t i v e  and q u a n t i t a t i v e   s u r v e y s  

were  conducted  dur ing a 3-day f i e l d   e f f o r t   t o   c h a r a c t e r i z e   t h e   p l a n t  com- 

m u n i t i e s  and se ra l   s tages   p resen t   on   d i s tu rbed  and undisturbed  areas.  WiId- 

l i f e   u t i l i z a t i o n   o f   t h e s e   h a b i t a t s   a l s o  was evaluated.  The und is tu rbed 

s i t e s  encompassed sera l  s t a g e s   l i k e l y   t o   d e v e l o p   w i t h   t i m e  on t h e   d i s t u r b e d  

s i t e ,  and were   be l i eved   t o   be   mos t   rep resen ta t i ve   o f   t he   d i s tu rbed   a reas  

p r i o r   t o   g r a v e l   r e m o v a l .  

The program was expanded t o  5 days a t  one r e p r e s e n t a t i v e   s t u d y   s i t e  

( r e g i o n a l   r e p r e s e n t a t i v e   s i t e )   i n  each   o f   f i ve   geograph ica l   a reas :   A rc t i c  

C o a s t a l   P l a i n   ( N o r t h   S l o p e ) ,   A r c t i c   F o o t h i l l s   ( N o r t h   S l o p e ) ,  Seward Penin- 

s u l a ,   N o r t h e r n   I n t e r i o r ,  and S o u t h e r n   I n t e r i o r .  The increased  t ime  a t   these 

s t u d y   s i t e s   a l l o w e d   f o r   a d d i t i o n a l   s a m p l i n g   e f f o r t s   u s i n g   t h e  same sampl ing 

procedures. 

- S o i l s .   S o i l   s a m p l i n g  was conduc ted   w i th in  each h a b i t a t  on d i s t u r b e d  

and   und is tu rbed   s i t es   t o   eva lua te   t he   g row ing   cond i t i ons  and t h e   p o t e n t i a l  

f o r   r e v e g e t a t i o n .   W i t h i n  each h a b i t a t   o r   d e f i n a b l e   s o i l   u n i t ,   t h e   c h a r a c t e r  

o f   the  upper   hor izon,   depth  o f   organic   layer ,   sur face  dra inage,  and  domi- 
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nant   vegetat ion  were  recorded.   Approx imate ly  I5 subsamples  were  col lected 

w i t h  a s o i l  auger- tube  sampler  f rom  the  ground-cover  root ing zone (app rox i -  

mately  the  upper 20 cm).  These  subsamples  were  combined t o  form  one compos- 

i t e  sample f o r  each so i l   un i t .   Composi te   samples  were a i r  d r i e d  and  ana- 

l y z e d   f o r  pH, percent   o rgan ic   mat te r ,  and percent  n i t rogen,  phosphorus, 

and potassium. A p a r t i c l e   s i z e   d i s t r i b u t i o n   a n a l y s i s  was conducted t o   d e t e r -  

mine  the  percent sand, s i l t ,  and c lay  in   the  composi te   sample.  

Vegeta t ion ,   Vegeta t ion   surveys   de l ineated   the   ma jor   cover   ' t ypes   w i th -  

i n   t he   s tudy   a rea .   W i th in   each   hab i ta t ,   t he   se ra l   s tage  of development 

was noted and the  p lant   spec ies  were  recorded.  

Q u a l i t a t i v e   s i t e   d e s c r i p t i o n s  were  augmented  by l i m i t e d  use  of quan- 

t i t a t i v e   s a m p l i n g  methods  that  employed a sys temat i c ,   nes ted   p lo t   des ign  

(James 1978). S t r a n d   o r   p a t c h   h a b i t a t s   r e q u i r e d   " s p o t "   l o c a t i o n  of  nested 

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

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

eters:   dominant and subord ina te   t ree   spec ies ,   average  he igh t  and DBH (diam- 

e t e r   a t   b r e a s t   h e i g h t )  of  t he   s tand  and stand  components,   and  representat ive 

ages  by  species and h e i g h t   c l a s s .  A l i m i t e d  number o f   c i r c u l a r  plots (0.04 

ha)  were  used t o   q u a n t i t a t i v e l y  sample  each h a b i t a t .   F o r e s t e r ' s   c a l i p e r s  

or a d iameter   tape,   or   both,   were  used  to   determine  t ree DBH; t r e e   h e i g h t  

was es t imated and  an  increment  borer  or  cross-sectioning  method was employed 

t o  determine  the age of woody p lants .   Increment   cores  and  cross  sect ions 

w e r e   r e t u r n e d   t o   t h e   l a b o r a t o r y   f o r   s t a i n i n g  and  age de te rm ina t ion  when 

necessary. 

Shrub  g rowth   w i th in   each  hab i ta t  was descr ' ibed   by   iden t i f y ing   spec ies  

composi t ion and r e l a t i v e   d e n s i t y ,   a v e r a g e   h e i g h t  by species,  and representa-  

t i v e  ages  by spec ies  and h e i g h t   c l a s s .  Stem and  clump densi ty   counts   were 

conducted  on a l i m i t e d  number o f   s y s t e m a t i c a l l y   l o c a t e d ,  0.004-ha c i r c u l a r  

p lo ts .   Se lec ted   shrubs   were  aged  by cross-sect ion ing  above the r o o t   c o l l a r .  

Ev idence  o f   herb ivore   b rows ing  was noted. 
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Ground   cove r   samp l ing   i den t i f i ed   spec ies   compos i t i on   w i th in  each  habi- 

t a t  and p rov ided  an es t imate   o f   percent   sur face   coverage  fo r  each  taxon. 

Percent  surface  coverage was v i s u a l l y   e s t i m a t e d   i n   s y s t e m a t i c a l l y   l o c a t e d ,  

0.0004-ha p lo ts .   F jercent   sur face  coverage was e s t i m a t e d   a s   f o l l o w s :   i f  

on l y   one   p lan t   o f  a given  taxon was present  and i t s  coverage was very  

sparse, i t  was r a t e d  a t  I percent  coverage; i f  more  than  one  plant of a 

g iven  taxon was p resen t ,   bu t   i t s   cove rage  was less  than I O  percent  of t he  

p l o t ' s   s u r f a c e   a r e a  i t  was r a t e d   a t  5 percent  coverage;  the  percent  coverage 

o f  a l l  other   taxa  was es t imated  in   inc rements   o f  IO. 

W i l d l i f e .   E v i d e n c e   o f   w i l d l i f e   u s e   o f   d i s t u r b e d  and und is tu rbed  a reas  

was r e c o r d e d   a t  each s i t e .   D i r e c t   o b s e r v a t i o n s  and  evidence  of   use  ( t racks,  

t r a i l s ,   n e s t s ,  dens,  runways,  food  caches,  and  scats)  were  keyed t o   t h e i r  

presence i n  s p e c i f i c   s e r a l   s t a g e s .   H i s t o r i c a l   u s e   o f  a cover  type was no ted  

( i . e . ,  hedged  growth  form of  p r e f e r r e d  browse  species)  and  seral  stages 

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

d i s t u r b e d   a r e a  was examined fo r   the   p resence of s p e c i a l   a t t r a c t a n t s   o r   d e t e r -  

r e n t s  t o  w i l d l i f e  u s e   o f   t h e   s i t e .  

An avian  census was conduc ted   i n   d i s tu rbed  and u n d i s t u r b e d   h a b i t a t s  

a t  a l l  s tudy   s i tes ;   a t tempts   were  made t o   v i s i t   t h e   f i v e   i n t e n s i v e   s t u d y  

s i t e s   d u r i n g   t h e  peak a v i a n   a c t i v i t y   p e r i o d .  The census i n  homogeneous 

h a b i t a t s  employed a M o d i f i e d   S t r i p   P l o t   t e c h n i q u e   f o r   t h r e e   c o n s e c u t i v e  morn- 

i n g s   ( f i v e   m o r n i n g s   a t   t h e   i n t e n s i v e   s i t e s )   t o   o b t a i n  d a t a  on the   spec ies  

present  and h a b i t a t   u t i l i z e d .  S m a l l ,  i s o l a t e d   h a b i t a t s   w e r e   q u a l i t a t i v e l y  

surveyed  to   ascer ta in   av ian   spec ies   occur rence.   Water fowl ,   shoreb i rds ,  and 

game b i r d s   w e r e   i n v e n t o r i e d  by t o t a l   c o u n t s  when areas   o f   concent ra t ion   were  

c l e a r l y   v i s i b l e .  

Small mammals (shrews,   vo les,   and  lemmings)   were  inventor ied  a t   a l l  

s i t e s   i n   d i s t u r b e d  and   und is tu rbed   hab i ta t s   us ing  a t r a p  and  removal  tech- 

nique. A * ' I  i n e "   o r   * t s p o t "   t r a p p i n g   c o n f i g u r a t i o n  was used i n  a1 I cover 

types.  Trapping was c o n d u c t e d   f o r   t w o   n i g h t s   a t   n o n i n t e n s i v e   s i t e s  and fou r  

n i g h t s   a t   r e g i o n a l   r e p r e s e n t a t i v e   s i t e s   w i t h   t h e  t raps  checked,  baited, 

and r e s e t  each  day. The species,  sex, age, and weight of captured  specimens 

were   reco rded   to   assess   occu r rence   and   cha rac te r i s t i cs   by   hab i ta t .  
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C o l l e c t i o n   o f   t e r r e s t r i a l   i n v e r t e b r a t e s  was c o n d u c t e d   a t   a l l   f i s h  

i n t e n s i v e   s i t e s  and a t   t h e   r e g i o n a l   r e p r e s e n t a t i v e   s i t e s .   C o l l e c t i o n s   w e r e  

made a d j a c e n t   t o   t h e   w a t e r c o u r s e   a t   t h e   d i s t u r b e d   s i t e  and near  the  upstream 

a q u a t i c   s a m p l i n g   s t a t i o n   t o  assess t h e   a v a i l a b i l i t y   o f   p o t e n t i a l   f o o d  

sources for  the  aquat ic  environment.  Sweep ne ts   were   used   t o   co l l ec t   i nve r te -  

brates.   Specimens  were  preserved  in 40 percent   a lcohol  and r e t u r n e d   t o  

t h e   l a b o r a t o r y   f o r   i d e n t i f i c a t i o n .  

DATA BASE 

The data base, t h e   t h i r d  end  product o f  the  gravel   removal   s tudy,  

( the  Technica l   Repor t  and Gu ide l i nes  Manual 

c o n s i s t s   e s s e n t i a l l y   o f  a l l  i n f o r m a t i o n   c o l  

f i e l d   d a t a   c o l l e c t i o n .   I n f o r m a t i o n   f o r  each 

0 Case h i s t o r y   i n f o r m a t i o n   i n c l u d i n g   m i n  

ab le; 

a r e   t h e   f i r s t  two 

e c t e d   d u r i n g   s i t e  

o f   the  25 s tudy  s 

ng p lans  and  perm 

end  products)  

s e l e c t i o n  and 

i t e s   i n c l u d e s :  

i t s ,   i f   a v a i l -  

a B i o l o g i c a l ,   h y d r o l o g i c a l ,  and w a t e r   q u a l i t y   f i e l d   d a t a ;  

0 Geotechnica l   eva luat ions;  

e Tabu la t i on  of data summat ions; 

Computer p r i n t o u t s   f o r   a q u a t i c   e c o l o g y  and hydro logy and hyd rau l i cs ;  

0 D r a f t   s i t e   d e s c r i p t i o n   r e p o r t s ;  

S i te   photographs ,   inc lud ing   bo th   g round and a e r i a l ;  

e Topographic maps showing s i t e   l o c a t i o n ;  and 

e D e p i c t i o n  of a c t u a l   d a t a   c o l l e c t i o n   a r e a s   w i t h i n  each s i t e .  
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The i n f o r m a t i o n  i s  i n  a f o r m   t o  a 

t he   da ta  was co l lected,   what   data 

o f   t h a   o r i g i n a l   i n v e s t i g a t o r .  

Th is   da ta   base i s  on f i l e  w i  

low any 

was c o l  I 

h t h e  U. 

I t  w i l l  n o t   b e   d i s t r i b u t e d   r o u t i n e l y   w i t h  

p ro fess iona l   t o   eva lua te   where  

ected, and the   genera l   conc lus ions  

S .  F i s h  and W i l d l i f e   S e r v i c e .  

the  Technical  Report  and  Guide- 

l i n e s  Manual. Due t o   t h e  mass o f   i n f o r m a t i o n   a v a i l a b l e ,  a s p e c i f i c  need 

w i l l  have t o  be i d e n t i f i e d   b e f o r e   t h e   d a t a   r e l e v a n t   t o   t h a t  need  can  be 

p rov  i ded. 

TECHNICAL REPORT 

Analyses   o f   f ie ld   da ta ,   beyond  the   immedia te   da ta   reduc t ion   a f te r  

s i t e   v i s i t s ,  began i n   w i n t e r  1977-78. T h i s   i n i t i a l   e f f o r t   p r e p a r e d   d e s c r i p -  

t i ons   o f   each  of  t h e   s t u d y   s i t e s   v i s i t e d   i n   p r e v i o u s  summers and  analyzed 

d a t a   s p e c i f i c  t o  each s i t e .   B r i e f  summaries o f   e s s e n t i a l   i n f o r m a t i o n   r e l e -  

van t   to   each of t h e  25 m a t e r i a l   s i t e s   s t u d i e d   d u r i n g   t h i s   p r o j e c t   a r e   i n -  

c luded  in   the   subsequent   chapter .   These  a re   inc luded  to   o r ien t   the   reader  

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

Data  syntheses  for  a l l  s i t e s   d i d   n o t   b e g i n   u n t i l   a f t e r   t h e  1978 f i e l d  

season.  Analyses  of  combined s i t e   d a t a   a r e   c o n t a i n e d   t o t a l l y   i n   t h i s   r e p o r t .  

Each o f   t h e   s i x   d i s c i p l i n e s   i n c l u d e d   i n   t h e   p r o j e c t ,   ( R i v e r   H y d r o l o g y  and 

Hydrau l i cs ,   Aqua t i c   B io logy ,   Te r res t r i a l   Eco logy ,   Wate r   Qua l i t y ,   Aes the t i cs ,  

and  Geotechnica l   Engineer ing) ,  i s  d i scussed   i n   separa te   chap te rs .  These 

chap te rs   i nc lude  some i n t e g r a t i o n   w i t h   o t h e r   d i s c i p l i n e s .   F o r  example, 

Aqua t i c   B io logy  i s  dependent,  for some o f   i t s   d a t a   i n t e r p r e t a t i o n ,   o n   t h e  

Water Qua l i t y   pa ramete rs  measured,  and  on the  phys ica l   changes  that   are 

d e s c r i b e d   i n   t h e   R i v e r   H y d r o l o g y  and H y d r a u l i c s   s e c t i o n .  

An i n t e r d i s c i p l i n a r y   o v e r v i e w   o f   t h e   e f f e c t s   o f   g r a v e l   r e m o v a l  f o l  lows 

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

p l i n e s   i n   t e r m s   o f   t h e   s i m i l a r i t i e s  and d i f f e r e n c e s   t h a t   a r e   e v i d e n t .  An 

important  aspect o f  t h i s   c h a p t e r  i s  d i scuss ion  of  t h e   t r a d e o f f s  and com- 

p a r i s o n s   b e t w e e n   d i s c i p l i n e s   t h a t   m u s t   o c c u r   w i t h   r e s p e c t   t o   t h e   s i t i n g ,  
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opera t ion ,  and c l o s i n g   o f   m a t e r i a l   s i t e s .  Where p o s s i b l e ,   t h e   s i m i l a r i t i e s  

i n  a p p r o a c h   o f   t h e   v a r i g u s   d i s c i p l i n e s   t o   m i n i m i z e   d i s t u r b a n c e  from grave l  

removal   are  emphasized  because  these  condi t ions  maximize  protect ion  of  

f loodp la in   env i ronments .  

GU I DEL I NES MANUAL 

The Gu ide l i nes  Manual ( p r i n t e d   s e p a r a t e l y )  i s  based  on  the  evaluat ions 

and  recommendations  contained in   t he   Techn ica l   Repor t ,   on   t he   p re l im ina ry  

gu ide l i nes   deve loped   i n  an e a r l i e r  phase of t h i s   p r o j e c t  (Woodward-Clyde 

Consu l tan ts  19761, and  on s t i p u l a t i o n s  and  recomnendations used b y   c e r t a i n  

resource  agencies when r e v i e w i n g   m a t e r i a l   s i t e   a p p l i c a t i o n s  and p r o j e c t s .  

The gu ide l ines   a re   in tended  to   p rov ide   gu idance  to   the   persons   respon-  

s i b l e   f o r   w r i t i n g   m a t e r i a l   s i t e   p e r m i t s  and fo r   p lann ing   resource   o r   indus-  

t r i a l  development i n   l o c a l i z e d   a r e a s .  The g u i d e l i n e s  also a r e   h e l p f u l   t o  

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

p lann ing  a p r o j e c t   c h a r a c t e r i z e d  by   min ima l   env i ronmenta l   per tu rba t ions .  

The gu ide l i nes   a re   no t   des igned  as s t i p u l a t i o n s   t o  be   a t tached   to  

each  permit  granted. I f  used i n   t h i s  manner c o n t r a d i c t i o n s   i n   s i t i n g ,   o p e r a -  

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

of  t he   gu ide l i nes .  I t  i s  i n tended   tha t   t he   gu ide l i nes   use r   eva lua te   t he  

p r o p o s e d   p r o j e c t   w i t h i n   t h e   c o n t e x t   o f   t h e   g u i d e l i n e s ,  and the  proposed 

a r e a   f o r   t h e   m a t e r i a l   s i t e ,   t o   i n s u r e   t h a t  i t  will develop i n  an environmen- 

t a l l y   a c c e p t a b l e  manner. 

The gu ide l ines   were   deve loped  fo r   use  by p e r s o n n e l   w i t h  some background 

i n  an environmental   science. Ease of  use was considered  necessary  because, 

a t   l e a s t  on l a rge   p ro jec ts   such  as p i p e l i n e s  and  roads,  permit  agencies 

can be i n u n d a t e d   w i t h   a p p l i c a t i o n s   r e q u i r i n g   q u i c k   c o n s i d e r a t i o n .  A s e t   o f  

g u i d e l i n e s   t h a t   a r e  cumbersome  and i n e f f i c i e n t   t o  use,  under  these  circum- 

s tances ,   cou ld   f os te r   d i s rega rd  of t h e   g u i d e l i n e s   o r   t h e i r   m i s u s e  e.g . ,  

a t t a c h i n g   t h e   g u i d e l i n e s  as s t i p u l a t i o n s   t o  B permi t .  
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The g u i d e l i n e s ,  as ment ioned,   were  developed  wi th   the  assumpt ion  that  

t he   po ten t i a l   use r   has  some exper ience  wi th   env i ronmenta l   problems and 

issues and, t h u s ,   a p p r e c i a t e s   t h e   p o t e n t i a l   c o m p l e x i t i e s   a s s o c i a t e d   w i t h  

a ma te r ia l   remova l   p ro jec t .  I t  i s   s t r o n g l y  recommended tha t   t he   use r   read  

the  Technica l   Repor t  and understand why and how the   gu ide l ines   were   deve l -  

oped. A comprehens ion   o f   the   to ta l   p roJec t  i s  considered  necessary  for  

i n t e l l i o e n t .   e f f i c i e n t .  and  exDedit ious use o f   t h e   a u i d e l i n e s .   W i t h o u t   t h i s  

understanding,   the  gu ide l ines  could  be  v iewed  out   o f   context   and  used  inap-  

w o w  i a t e  I v. 

. .   . .  . . 
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DESCRIPTION OF STUDY RIVERS 
L. L. Moulton, Ed. 

As prev ious ly   ment ioned,  25 s i t e s  were  selected for study. These s i t e s  

occu r red   i n   f ou r   geograph ica l   reg ions  of Alaska and inc lude  a w i d e   v a r i e t y  

of P h y s i c a l   S i t e   C h a r a c t e r i s t i c s  and  Gravel Removal Area   Cha. rac ter is t i cs  

(Tab le  I ) .  S i t e  l o c a t i o n s   a r e  shown  on F igu re  1 .  Table 4 sumnarizes  d is-  

turbed  area  s i re ,   vo lume of gravel   removal ,  and p e r i o d  of a c t i v i t y   a t  each 

s i t e .  

SEWARD PENINSULA 

General Oescr i p t   i on   o f   Reg ion  

The r e g i o n   o f  Seward P e n i n s u l a   c o n t a i n i n g   t h e   s i x   s t u d y   s i t e s  i s  i n  

t h e   f o o t h i l l s  of  the   K ig lua ik   Mounta ins ,   charac ter ized  by  broad  rounded 

h i l l s   w i t h   e l e v a t i o n s   o f  250 t o  700 m ( F i g u r e  2 ) .  The s u r f i c i a l   g e o l o g y   a t  

Sinuk  River,  Washington  Creek,  and Nome R ive r   i s   domina ted  by  remnants of 

h i g h l y   m o d i f i e d   m o r a i n e s  and a s s o c i a t e d   d r i f t   r e s u l t i n g   f r o m   P l e i s t o c e n e  

g l a c i a t i o n .  Gold  Run Creek  however, i s   j u s t   o u t s i d e   t h e   n o r t h e r n  edge of  

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

c o l l u v i a l   d e p o s i t s   w i t h  r a r e  bedrock  exposures. A t  Oregon  Creek  and  Penny 

R i v e r   t h e   s u r f i c i a l   g e o l o g y   i s   C h a r a c t e r i z e d  by coarse and  f ined-gralned 

depos i t s  o f  a l l u v i u m  and co l l uv ium  assoc ia ted   w i th   modera te   t o   s tesp -s loped  

mountains and h i l l s .  Bedrock  exposures  are c m o n  on  the  upper  slopes and 

c r e s t s .  The r e g i o n   i s   g e n e r a l l y   u n d e r l a i n   w i t h   p e r m a f r o s t  of v a r i a b l e   t h i c k -  

ness.  Normal  temperatures  range  from 3 t o  13 C i n   t h e  summer and -23 t o  

-13OC i n   t h e   w i n t e r .  The annual p r e c i p i t a t i o n   o f   t h e   r e g i o n   i s   a b o u t  30-40 

cm, i nc lud ing   app rox ima te l y  130 cm as snow. 

0 
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Table 4. Size  and Quant i t y   Va lues  of t h e  25 S tudy   S i tes  

Drainage bas i n   Area  of Gravel  volume  VolumelDrainage  Average Per i o d  o f  
area  gravel  ramoval  removed  basin i ndexa 
(km .I l h a l  IIOCX, m I 

depth  gravel  removal 2 3 Iml 

Seward  Pen i nsu t a 
Gold Run Creek 
Sinuk River  
Wash i ng t on  Creek 
Oregon  Creek 
Penny R i v e r  
Nome River  

North  Slope 
Uanuravik  River 
A i f e i s  Creek 
Kupar uk R i ver 
Skeetercake  Creek 
Sagavan i r k  tok  River 
l v ishak   R iver  
Shaviov ik   Rivec 
Kavlk   River  

N w t h e r n   I n t e r i w  
Diet r   ich  River-Upstream 
D i e t r i c h  River-Downstream 
Middle Fork  Koyukuk  River-Upstream 
Middle  Fork  Koyukuk  River-Downstream 
J i m  River  
Prospect  Creek 

S o u t h e r n   I n t e r i w  
West F w k  Tolovana River  
McManus Creek 
Tanana River-Ownstrean 
Tanana River-Upstream 
Phe I an  Creek 

67 
540 
29 
31 
62 

1 3 0  

279 
255 

0500 
82 

4700 
3600 
410 
89 1 

520 
667 

2400 
4100 
687 
248 

754 
14 

44,600 

83 
313,700 

4 
88 

3 
7 

15 
2 

1 
4 6  
14 
IO 
35 
40 

40 
" 

35 
8 

20 
28 
I 1  
6 

a 

e 
4 

9 
95 

8 
1 74 
49 
27 

58 -- 

< 23 
57 0 
41 
30 

43 I 
I I9 

247 
I16  

63 1 
I29 
I77 
215 
I35 
e4 

I 32 
< 75 
310 
I 35 
57 5 

I .2 

17.0 
3.2 

8.8 
8.2 
" 

< O .  8 
22.0 
0. I 
4.6 
0.9 
0.3 

2.7 
2.8 

12.0 

0.7  
I .9 

0.5 
2.0 
3.4 

< 54.0 
9.8 

1.0 
t .o 

70. Q 

0.2 t963-65 
0.2 I96066 
I .6 1960-63 
0 . 4  196065 
0.3 1960-65 
" Late  1950's 

<2.3 1969 
I . 2  t972  and 1974 
0.3 1969 

1.2 
0.4 I966 

0 . 3  1972 and 1974 
1974-75 

I972 -_ 
0.6 1968-69 and  1973-74 

I .8 1974-77 
I .7 I975 
0.9 r 974 
0.8 1975-76 
I . 2  1974-76 
I .4 1974-75 

I . ?  I975 
< 1.9 1 9 6 1  

3 . 9  1971 
I .5  1962-65 
0.6 1975-76 



F i g u r e  2. Typ ica l  Seward P e n i n s u l a   t e r r a i n .  

V e g e t a t i o n   w i t h i n   t h e   f l o o d p l a i n s   c o n s i s t s   o f  dense  mature  wi l low 

t h i c k e t s   i n t e r s p e r s e d   w i t h   l e s s  advanced  mixed  woody-herbaceous  communities. 

The v a l l e y   w a l l s   c o n t a i n   o c c a s i o n a l   w i l l o w  and a l d e r   t h i c k e t s   i n   t h e   m o i s t  

r a v i n e s  and pockets, and shrub-tussock  tundra  on  the  s lopes. The r i v e r  

systems  conta in   both anadromous  and r e s i d e n t   f i s h  s,pecies.  Typical anad- 

romous  spec ies  ' inc lude  Arct ic   char ,   p ink,  chum, coho,  and  sockeye  salmon and 

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

r e s i d e n t   A r c t i c   c h a r ,   n o r t h e r n   p i k e ,   A l a s k a   b l a c k f i s h ,  and s l i m y   s c u l p i n .  

D e s c r i p t i o n   o f   S t u d y   R i v e r s  - L o c a t i o n  and Gravel Removal Area 

C h a r a c t e r i s t i c s  

Gold Run Creek.  Gold Run Creek i s  a s m a l l ,   s i n u o u s   r i v e r   w h i c h   o r i g i -  

n a t e s   i n   t h e   f o o t h i l l s   o f   t h e   K i g l u a i k   M o u n t a i n s   a t  an e l e v a t i o n   o f  427 m 

and f l o w s   t h r o u g h   r o l l i n g   h i l l s   f o r  23 km t o  i t s  conf luence  w i th   the   B lue-  

s tone   R ive r .  The s t u d y   s i t e  i s  approximately 7 km f rom  the  mouth  a t  an 
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e l e v a t i o n   o f  100 m. Gravel was removed  from t h i s   s i t e   f o r   c o n s t r u c t i o n  of 

t h e  Nome-Tel l e r  Highway.  Gravel  removal  occurred  by  sha I low scrap ing   over  

approx imate ly  3.5 ha  between 1963 and 1965 w i t h  7,738 m3 o f   m a t e r i a l  ex- 

t rac ted .   Scrap ing   occur red   in   the   ac t i ve   channe l ,   on   mid-channe l  and l a t e r a l  

bars, and on a vegeta ted   i s land  be tween  the   ac t i ve   channe l  and a high-water 

channel .   Approximately I ha of r i p a r i a n   w i l l o w   t h i c k e t s  and an  accompanying 

0.5-m layer   o f   overburden  were   removed  p r io r   to   g rave l   remova l .   Th is   o rgan ic  

overburden was p l a c e d   i n  a s t o c k p i l e  on t h e  edge o f   the   sc raped  a rea   a long 

t h e   r i g h t   ( n o r t h e r n )   f l o o d p l a i n  bank  downstream  from  the  highway  bridge. An 

a d d i t i o n a l   o v e r b u r d e n   p i l e ,  composed p r i m a r i l y   o f  sand, was l o c a t e d   a t   t h e  

downstream limit o f   the   sc raped  a rea .   Bo th   s tockp i les  s t i l l  remained  dur ing 

t h e   s i t e   v i s i t .  A 50-m long  g rave l   access   road  a lso  was present   leading  f rom 

the  highway  to  the  scraped  area  located  upstream  f rom  the  h ighway  br idge. 

The f l o o d p l a i n  bank a t   t h e   f l o o d p l a i n  end o f   t h i s   a c c e s s   r o a d  was i n c i s e d  

and approx imate ly  I m h i g h .   R e h a b i l i t a t i v e  measures  were  not  conducted 

a f t e r   c o m p l e t i o n   o f   g r a v e l   m i n i n g   a c t i v i t i e s .  

S inuk  River .  The S inuk   R iver  i s  a medium, s p l i t   r i v e r   w h i c h   o r i g i n a t e s  

i n   t h e   K i g l u a i k   M o u n t a i n s  a t  an e l e v a t i o n   o f  425 m. I t   f l o w s   t h r o u g h  a 

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

s tudy  reach.  The lower sec t i on   f l ows   ac ross  a r e l a t i v e l y   f l a t   c o a s t a l   p l a i n  

fo r   26  km b e f o r e   d i s c h a r g i n g   i n t o   N o r t o n  Sound. The s t u d y   s i t e  i s  approxi-  

mate ly  19  km from  the  mouth a t  an e l e v a t i o n   o f  30 m. 

Between 1960 and 1966, 174,221 m o f   g rave l   were   ex t rac ted   f o r   h igh -  

way c o n s t r u c t i o n  by s h a l l o w   s c r a p i n g   w i t h i n   t h e   a c t i v e   f l o o d p l a i n  and ad jo in -  

i ng   t he   ac t i ve   channe l   o f   t he   S inuk   R ive r .   Access   t o   t he   f l oodp la in  was 

g a i n e d   v i a  two sho r t   (abou t  30 m)  gravel   roads  leading  f rom  the  h ighway.  

Scraping  extended  approx imate ly  1,500 m upstream  and  downstream  from  the 

S inuk   R iver   b r idge and  encompassed 88 ha. 

3 

M a t e r i a l   w i t h i n   t h e   S i n u k   R i v e r   f l o o d p l a i n  was descr ibed  f rom  highway 

department  analyses as stream-deposi ted  sandy  gravel   wi th less  than 25 

percent   g rea ter   than 50 mm i n   s i z e   ( c o a r s e   g r a v e l )  and  about 2 percent  

exceeding 250 mm (boulders) .   Severa l   ( three  or   four1  is lands  were  removed 

38 



d u r i n g   t h e   m i n i n g   o p e r a t i o n .  These i s lands   were   heav i l y   vege ta ted   w i th  

willow t h i c k e t s   a v e r a g i n g  1.2 m i n   h e i g h t .  These is lands  comprised  approx- 

imate ly  35 h a   o f   t h e   s i t e .   S t r i p p i n g   o f  0.15 m of   overburden was necessary 

i n  these  vegetated  areas.   In   addi t ion,   approx imate ly  150 rn o f   i n c i s e d   f l o o d -  

p l a i n  bank  and 1.2 t o  1.6 ha  of  adjacent  tundra  were  removed  from  the  north- 

e a s t   s i d e   o f   t h e   f l o o d p l a i n   t o   e x p o s e   g r a v e l   d e p o s i t s .  Also, w i t h i n   t h e  

a c t i v e   f l o o d p l a i n ,   d e b r i s  and so i l   f rom  vegeta ted   i s lands   were   pushed  in to  a 

long  nar row  overburden  p i le   (approx imate ly  450 m i n   l e n g t h )   i n   t h e   m i d d l e   o f  

t h e   m a t e r i a l   s i t e   t o  expose  under ly ing  gravel   deposi ts .  The wa te r   t ab le  was 

encountered  at   about 0.75 m below  vegetated  sand  bars  wi th   seasonal   f rost  

p r e s e n t   i n   t h e   f l o o d p l a i n  and' permafrost   encountered  a t   depths of 0.9 t o  

2.4 m i n   ad jacen t   t e r races .  I t  d o e s   n o t   a p p e a r   t h a t   t h i s   m a t e r i a l   s i t e  was 

shaped,  contoured, or r e h a b i l i t a t e d   i n  any way fo l low ing   g rave l   remova l .  

V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e s  2 and I I .  

Washington  Creek.  Washington  Creek i s  a s m a l l ,  sinuous  creek  which 

o r i g i n a t e s   i n   t h e   f o o t h i l l s   o f   t h e   K i g l u a i k   M o u n t a i n s   a t  an e l e v a t i o n   o f  

about 265 m and f lows  through a wide, V-shaped v a l l e y   f o r   a b o u t  13-km be fo re  

en te r ing   t he   S inuk   R ive r .  The s t u d y   s i t e   i s   a p p r o x i m a t e l y  5 km from  the 

mouth  at  an e leva t i on   o f   abou t  105 m. 

Th is   s tudy   s i t e   cons i s t s   o f   two   g rave l   remova l   a reas   app rox ima te l y  

1,000 m apar t  on Washington  Creek.  Both  areas  were  developed  between 1960 

and 1963 dur ing  const ruct ion  o f   the  Nome-Tel ler   Highway.  The lower s i t e  

was s t i l l   b e i n g  used i n  1978 to   supp ly   g rave l   fa r   road  ma in tenance.  

G r a v e l   a t   b o t h   s i t e s  was removed  by  scraping  the  Washington  Creek 

f l o o d p l a i n  and the   a l l uv ia l   f an   depos i t s   f o rmed   nea r   t he   con f luences  of 

two unnamed t r i b u t a r i e s  of Washington  Creek. A r e p o r t e d  8,000 m3 o f  ma- 

t e r i a l s  were  removed  from l ha i n   t h e   u p s t r e a m   s i t e ,   w h i l e  41,000 rn had 

been  removed  from 2  ha i n   t h e  downstream s i t e .  

3 

Clear ing   o f   l a rge  amounts of  overburden was r e q u i r e d   f o r   t h e   d e v e l -  

opment o f   both  s i tes.   Overburden was not   removed  f rom  the   mater ia l   s i tes  

bu t  was c o l l e c t e d   i n t o   l a r g e  mounds which  were s t i l l  p resen t   a t   t he   t ime  
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o f   o u r   v i s i t .   L a r g e   s t o c k p i l e s  o f  c lean   g rave l   were   a l so   seen   a t   bo th   s i t es .  

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

o f  the  channel   were  not   observed  dur ing  the  f ie ld   s tudy.   Dikes,   however ,  

were   cons t ruc ted   in   the   downst ream  mined  a rea   to   ma in ta in   the   course  of t h e  

main  channel i n   i t s   p r e - m i n i n g   l o c a t i o n .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  

shown i n   F i g u r e s  12, 38, 39, 43, 53a, 53b, and 67. 

Oregon  Creek.  Oregon  Creek i s  a s m a l l ,   s t r a i g h t   r i v e r   w h i c h   o r i g i n a t e s  

i n   t h e   f o o t h i l l s   o f   t h e   K i g l u a i k   M o u n t a i n s   a t  an e l e v a t i o n  of  380 m and 

f lows  approx imate ly  7 km through a V-shaped v a l l e y   t o  a con f luence   w i th  

C r i p p l e   R i v e r .  The v a l l e y   w a l l s   a r e   s t e e p l y   s l o p e d   o v e r   t h e   u p p e r   h a l f   o f  

i t s  length ;   the   lower   ha l f  i s  f l a n k e d   b y   m o d e r a t e l y   s l o p e d   h i l l s .  The Cr ip -  

p l e   R i v e r   h e a d w a t e r s   l i e   a t  an e l e v a t i o n   o f   a b o u t  300 m a n d   t h e   r i v e r   f l o w s  

i n  a broad V-shaped v a l l e y  for 40 km be fo re   d i scha rg ing   i n to   Nor ton  Sound. 

The  Oregon  Creek conf luence  occurs  15  km downstream  from  the  headwaters o f  

C r i p p l e   R i v e r   a t  an e l e v a t i o n   o f  80 m. 

The m a t e r i a l   s i t e  was developed  by  scraping  gravel   bars  wi th in   and 

ad jo in ing   the   ac t i ve   channe l   near   the   Oregon  Creek-Cr ipp le   R iver   con f lu -  

ence.  Scraping of angular   gravel  and cobbles was conducted  west  of   the 

Nome-Tel l e r  Highway i n  Oregon  Creek  from 1960 t o  1963 when 20,500 m3 o f  

mater ia l   were  removed  from  approximately 5.5 ha. Vegeta t ion  was removed  from 

4 ha a t   t h e  downstream  end o f   t h i s   s i t e .  Mounds of   vegetated  overburden 

a long  the  banks o f  the  broadened  channel   and  s tockpi led  gravel   wi th in   the 

ac t i ve   f l oodp la in   were   obse rved   du r ing   s i t e   i nspec t i on .   Be tween  June  and 

September 1965, 6,000 m3 of   gravel   were  excavated  f rom I ha i n   t h e   C r i p p l e  

River  immediately  downstream  f rom  the  h ighway  br idge.  Var ious  aspects  of  

t h i s   s i t e   a r e  shown i n   F i g u r e s  13, 40, 41, 53c, 64, and 74. 

Penny R iver .  The  Penny R i v e r  i s  a s m a l l ,   s i n u o u s   r i v e r   w h i c h   o r i g i n a t e s  

i n   t h e   f o o t h i l l s  of t h e   K i g l u a i k   M o u n t a i n s   a t  an e l e v a t i o n   o f  230 m and 

f lows  approx imate ly   23 km b e f o r e   d i s c h a r g i n g   i n t o   N o r t o n  Sound. I n   i t s  

upper  reaches,  the Penny R i v e r   f l o w s   i n  a narrow V-shaped v a l l e y .  The v a l l e y  

b roadens  downst ream  and  the   va l ley   f loor   t yp ica l l y   reaches   w id ths   o f  350 m 
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between  moderately  s loping h i l l s   i n   t h e   v i c i n i t y  o f  the   s tudy   reach.  The 

s tudy   reach i s  approx imate ly  8 km upstream  from  the mout,h a t  an e l e v a t i o n   o f  

28 m. 

The m a t e r i a l   s i t e  was deve loped   by   sc rap ing   w i th in   t he   ac t i ve   f l ood -  

p l a i n  and excavat ion   o f  a p i t   a d j a c e n t   t o   t h e   m a i n   c h a n n e l   o f   t h e   r i v e r .  

M a t e r i a l  removed  from  the 15-ha s i t e  was p r i m a r i l y  sand  and  gravel   a l luvium 

w i t h  

Rock 

were 

and I 

cover 

some c o l l u v i a l   d e b r i s   a l o n g   t h e   s o u t h e a s t  edge o f   t he   work ing  l imi ts .  

types   were   quar tz   m ica   sch is t ,   l imestone,  and quar tz ;   rock  f ragments 

subangular t o  rounded   w i th  3 t o  IO percent   g rea ter   than 50 mm i n   s i z e  

ess  than I percent   g rea ter   than 250 mm. 

C l e a r i n g  and s t r i pp ing   were   necessa ry   t o   remove   the   dense   w i l l ow   ( t ha t  

ed  approximately 12 ha)  and an average 0.6 m of   overburden. The water  

t a b l e   v a r i e d   f r o m  0.8 m t o  more  than 1.5 m deep w i t h  no  permafrost   encounter-  

ed up t o  a depth  o f  2.1 m. Scraping was conducted  dur ing 1960-63 when 

3,646 m were  removed  and  during  August  and  September, 1965 when 47,034 m 

were   ex t rac ted .  The 1965 o p e r a t i o n   y i e l d e d  some s e l e c t   m a t e r i a l s ,   i n d i c a t i n g  

3 3 

t 

t h a t  a p r o c e s s i n g   p l a n t   p r o b a b l y   o p e r a t e d   w i t h i n   t h e   s i t e .  A 

p i t  was excavated i n   t h e   s o u t h e a s t   c o r n e r   o f   t h e   m a t e r i a l   s i  

1965 opera t i on .   Th i s   p i t   ave raged  I t o  1.5 m i n   d e p t h   d u r i n g  

and was d i rec t l y   connected   to   the   ma in   channe l .   Smal l   s tockp  

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

smal l  0.6-ha 

e d u r i n g   t h e  

t h e   s i t e   v i s i t s  

I es  were  pres- 

t e  was n o t  

shaped, c o n t o u r e d ,   o r   r e h a b i l i t a t e d   i n  any way fo l l ow ing   g rave l   remova l .  

Thus, many sha l low  depress ions ,   wh ich   a re   no t   s loped  to   d ra in   toward   the  

r i v e r ,   c o l l e c t   s t a n d i n g   w a t e r .   I n   a d d i t i o n   t o   t h e  0.6-ha p i t ,   s c r a p i n g  

o c c u r r e d   t o   b e l o w   t h e   w a t e r   t a b l e   i n   s e v e r a l   s m a l l   i s o l a t e d   p o c k e t s ,  and 

t h e s e   a r e a s   w e r e   c o v e r e d   w i t h   s t a n d i n g   w a t e r   d u r i n g   s i t e   v i s i t s .   F o u r   o r -  

g a n i c   o v e r b u r d e n   p i l e s  and the  gravel   access  road  remain  on  the  s i te .   Var-  

i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e s  33, 58, 61,  65, 66, and  85. 

Nome River .  The Nome R i v e r   i s  a medium, s i n u o u s   r i v e r   w h i c h   o r i g i n a t e s  

i n   t h e   K i g l u a i k   M o u n t a i n s   a t  an e leva t i on   o f   abou t  230 m and f lows  through 

a broad  va l ley   fo r   about  57 km t o  i t s  mouth a t   N o r t o n  Sound.  The Nome R i v e r  

d ra inage  bas in  i s  long  and  narrow,  wi th an average  width of  about 8 km. The 

s t u d y   s i t e   l i e s  about  37 km f rom  the  mouth  a t  an e l e v a t i o n  of about 58 m. 
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T h i s   m a t e r i a l   s i t e  was developed  by  scraping 1.9 ha   ac ross   t he   en t i re  

f l oodp la in   w id th .   Sc rap ing   apparen t l y   occu r red   i n   t he   ac t i ve   channe l  and  on 

adjacent  mid-channel and l a t e r a l   b a r s .   V e g e t a t i v e  and ove rbu rden   c lea r ing  

was not   necessary  because  the  s i te  ,was s p a r s e l y   v e g e t a t e d   p r i o r   t o   g r a v e l  

removal .   Min ing was conducted a t   t h i s   l o c a t i o n   i n   t h e   l a t e  1950's d u r i n g  

c o n s t r u c t i o n   o f   t h e  Nome-Taylor  Highway.  Access was v i a  a s h o r t  60-m grave l  

road  leading  f rom  the  h ighway. A grave l  f i l l  ramp p r o t e c t e d   t h e  1.5-m in -  

c i s e d   f l o o d p l a i n  bank.  There was no  evidence of s i t e   r e h a b i l i t a t i o n ;   t h e  

access  road  remains and i t s  end  has  been  eroded  by  the  r iver .   Mater ia l  

s t o c k p i l e s  and overburden berms  were  not  observed i n   t h e   f l o o d p l a i n .   V a r i o u s  

a s p e c t s   o f   t h i s   s i t e   a r e  shown i n  F i g u r e  25. 

NORTH SLOPE 

Genera l   Descr ip t ion   o f   Reg ion  

Eight   gravel   removal   s i tes  f rom  two  Nor th  S lope  phys iographic   prov-  

i n c e s ,   t h e   A r c t i c   C o a s t a l   P l a i n  (ACP)  and A r c t i c   F o o t h i l l s  (AFH),  were 

i n c l u d e d   i n   t h i s   s t u d y   ( W a h r h a f t i g   1 9 6 5 ) .   B o t h   p r o v i n c e s   a r e   u n d e r l a i n  

by  cont inuous  permafrost .  The s t u d y   s i t e s   a t   U g n u r a v i k   R i v e r  and Kuparuk 

R i v e r   a r e   i n   t h e  Teshekpuk  Section  of  the ACP whi le   the  Skeetercake  Creek 

s i t e   i s   i n   t h e   W h i t e   H i l l s   S e c t i o n .   A u f e i s  Creek,  Sagavanirktok  River, and 

K a v i k   R i v e r   s i t e s   a r e   i n   t h e   N o r t h e r n   S e c t i o n   o f   t h e   A r c t i c   F o o t h i l  I s  Prov- 

i n c e   w h i l e   t h e   l v i s h a k   R i v e r  and S h a v i o v i k   R i v e r   s i t e s   a r e   n e a r   t h e   b o r d e r  

between  the  two  provinces. The  Teshekpuk S e c t i o n  of  t h e  ACP Prov ince  i s  f l a t  

and poor ly   d ra ined,   be ing   very   marshy   in   the  summer ( F i g u r e  3). The poor 

d r a i n a g e   r e s u l t s   i n   p a r t   f r o m  a cont inuous  permafrost   layer  From 0.2 t o  

1.2 m beneath  the  surface.  Ice wedge polygons,  beaded  streams,  and  elongated 

thaw  lakes  are common i n   t h i s  a rea .   P ingos   and  inc ised  r i ver   channe ls   p ro-  

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

a r e   i n  an a r e a   o f   c o a s t a l   d e l t a   d e p o s i t s   o f   i n t e r s t r a t i f i e d   a l l u v i a l  and 

mar ine  sediments  wi th  some l o c a l   g l a c i a l   d r i f t   d e p o s i t s .  

I n   t h e   W h i t e   H i l l s   S e c t i o n   o f   t h e  ACP P r o v i n c e ,   t h e   s u r f i c i a l   g e o l o g y  

c o n t a i n s   a r e a s   o f   u n d i f f e r e n t i a t e d   a l l u v i u m  and c o l l u v i u m   c o n s i s t i n g   o f  
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F i g u r e  3. A r c t i c   C o a s t a l   P l a i n   w e t l a n d s .  

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

c r o p s   a r e   r a r e   i n   t h i s   a r e a .  The Nor the rn   Sec t i on   o f   t he  AFH P r o v i n c e   i s  

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

i s o l a t e d   h i l l s  and i n  i t s  s o u t h e r n   a r e a   b y   r o l l i n g   p l a t e a u s  and low l i n e a r  

moun ta ins   w i th   b road   eas t - t rend ing   r i dges   (F igu re  4 ) .  The s u r f i c i a l   g e o l o g y  

o f   t h e  AFH i s  more  complex  than  that   in  the ACP Province. The A u f e i s  Creek 

s t u d y   s i t e  i s  near a geo log ic   con tac t   be tween  eo l ian  s i l t  d e p o s i t s  and 

u n d i f f e r e n t i a t e d   a l l u v i a l  and c o l l u v i a l   d e p o s i t s   w h i l e   t h e   K a v i k   R i v e r  and 

Sagavan i rk tok   R iver   s i tes   a re   f lanked  by   remnants  of moraines and assoc ia ted  

d r i f t .  The topography   sur round ing   the   l v ishak   R iver   s i te ,   near   the   border   o f  

t h e  ACP and AFH Prov inces,  i s  more t y p i c a l   o f   t h a t   o f   t h e   W h i t e  H i l l s  Sec- 

t i o n   ( F i g u r e  5) w h i l e   t h e   S h a v i o v i k   R i v e r   s i t e  i s  r i g h t   a t   t h e   i n t e r f a c e   o f  

t h e  two  provinces. The a r e a   t o   t h e   s o u t h  and  west o f   t he   Shav iov i k   R ive r  

s i t e  i s  f l a t   w h i l e   t h a t   t o   t h e   n o r t h  and  east is predominated by m i l d l y  

s l o p i n g   h i l l s  up t o  360 rn. 
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F i g u r e  4. N o r t h e r n   p o r t i o n  of t h e   A r c t i c   F o o t h i l l s .  

F i g u r e  5 .  T y p i c a l  view of t h e   W h i t e   H i l l s   S e c t i o n  O f  

t h e   A r c t i c   F o o t h i l l s .  
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The c l ima te   o f   t he   Nor th   S lope   i s   Charac te r i zed   by   l ong   w in te rs ,   co ld  

temperatures, and frequent  winds.  Normal  temperature  ranges  are  from 2 

t o  l3OC i n   t h e  summer and -30 t o  -22 C i n   t h e   w i n t e r .  Annual p r e c i p i t a t i o n  

a l o n g   t h e   A r c t i c   C o a s t a l   P l a i n   i s   a p p r o x i m a t e l y  13-15 cm, which  inc ludes 

30-120 cm as snow, w h i l e   i n   t h e   A r c t i c   F o o t h i l l s ,   t h e   a n n u a l   p r e c i p i t a t i o n  

i s  about 25 cm, i n c l u d i n g  140 cm as snow. 

0 

The Teshekpuk Sec t ion   o f   t he  ACP Prov ince  i s  c h a r a c t e r i z e d   b y   f l a t  

topography,  wet  tundra,  and  numerous  lakes  and  ponds. A l l  p l a n t s ,   i n c l u d i n g  

woody forms  such  as w i l l o w  and  heath,  are low growing.  In  most  areas  tundra 

vege ta t i on   occu rs  up to   the   s t ream  banks  and woody t h i c k e t s   a r e   n o t   p r e s -  

en t .  The vege ta t i on   o f   t he   Nor the rn   Sec t i on   o f   t he  AFH P r o v i n c e   c o n s i s t s  

o f   t u n d r a   s p e c i e s   w i t h   s m a l l   s t a n d s   o f   t a l l e r   r i p a r i a n   s h r u b   t h i c k e t s  (2-5 m 

i n   h e i g h t )   a l o n g   t h e   r i v e r   s y s t e m s .  

Small r i v e r  systems of  t h e   N o r t h   S l o p e   c o n t a i n   p r i m a r i l y   r e s i d e n t  

f i sh   spec ies ,   such as A r c t i c   g r a y l i n g ,   r e s i d e n t   A r c t i c   c h a r ,   r o u n d   w h i t e -  

f i s h ,   b u r b o t ,  and s l imy   scu lp in ,   w i th   es tua r ine   spec ies ,   such   as   f ou rho rn  

scu lp in ,   n inesp ine   s t i ck leback ,  and p o s s i b l y   w h i t e f i s h   s p e c i e s ,   e n t e r i n g  

lower   reaches.   Larger   r iver   systems,   such  as  the  Sagavani rk tok- lv ishak 

dra inage,   a lso   con ta in  anadromous s p e c i e s ,   i n c l u d i n g   A r c t i c   c h a r ,  chum 

and p ink  sa lmon,   broad  whi te f ish,  humpback w h i t e f i s h ,   l e a s t   c i s c o ,  and 

A r c t i c   c i s c o ,  as w e l l   a s   t h e   r e s i d e n t   s p e c i e s .  

D e s c r i p t i o n   o f   S t u d y   R i v e r s  - Loca t ion  and  Gravel Removal Area 

C h a r a c t e r i s t i c s  

Ugnurav ik   River .   Ugnurav ik   River  i s  a medium, s i n u o u s   r i v e r   w h i c h  

o r i g i n a t e s  on t h e   A r c t i c   C o a s t a l   P l a i n   a t  an e l e v a t i o n  of 100 m and f l ows  

a c r o s s   c o a s t a l   p l a i n   t u n d r a  for  65 km be fo re   empty ing   i n to   t he   Beau fo r t  

Sea. I t   i s   p r i m a r i l y   c o n f i n e d   t o  a s ing le   channe l   except   fo r  a few s h o r t  

beaded sec t i ons   i n   t he   upper   reaches .  The s t u d y   s i t e  i s  approx imate ly  6 km 

from  the  mouth a t  an e l e v a t i o n   o f  2 m. 
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The s t u d y   s i t e  was developed  by p i t  excavat ion  and sc rap ing   app rox i -  

mate ly  I ha w i t h i n  and ad jo in ing   t he   ac t i ve   channe l   o f   t he   Ugnurav i k   R ive r .  

Gravel  removal was conducted  dur ing  the  winter   f rom 26 March t o  I A p r i l  1969 

w i t h  an unknown q u a n t i t y   o f   s a n d   a n d   g r a v e l   e x t r a c t e d   f r o m   t h e   s i t e .  Twenty- 

three  thousand  cubic  meters  had  been  approved  for   removal ,   but   the  permit tee 

found   tha t   t he   g rave l  was o n l y  a veneer  and  not i n   s u f f i c i e n t   q u a n t i t i e s   f o r  

t h e i r  needs.  During t h i s   s h o r t   p e r i o d   o f   o p e r a t i o n ,   g r a v e l  was removed  from 

be low  the   water   tab le .  Si l t  accumulat ion was noted   in   the   g rave l   remova l  

a rea ;   overburden  had  been  s t r ipped  and  p i led   a long  bo th   banks   o f   the   r i ver ;  

and  backhoe teeth  were  observed  near  the  working l imi ts.  Var ious  aspects of  

t h i s   s i t e   a r e  shown i n   F i g u r e s  26,  36,  83,  and 92. 

Aufe i s   C reek .   Au fe i s   C reek   i s  a medium, meandering r i v e r   o r i g i n a t -  

i n g   i n   t h e   f o o t h i l l s   n e a r   t h e   l m n a v a i t   M o u n t a i n s   a t  an e l e v a t i o n   o f  670 m 

and f lows  approx imate ly  100 km be fo re   j o in ing   t he   Kuparuk   R ive r .  The s tudy 

s i t e   l i e s   a t  an e l e v a t i o n  of 275 m approx imate ly  60 km upstream  from  the 

conf luence  w i th   the   Kuparuk   R iver .  

M a t e r i a l  removed  from t h i s   s i t e  was u s e d   f o r   t h e   c o n s t r u c t i o n   o f   f a c i l -  

i t i e s   a s s o c i a t e d   w i t h   o i l   e x p l o r a t i o n .   F a c i l i t i e s   c o n s t r u c t e d   i n c l u d e  a 

1,341-m a i r s t r i p ,  a  camp work  and  storage  pad,  and  access  roads  of  approx- 

imate ly  7 km i n   l e n g t h   c o n n e c t i n g   t h e   s t r e a m   w i t h   t h e   a i r s t r i p  and camp 

pad. An es 

1972. 

t 

There 

t e d  288,000 m of   mater 3 i ma 

a r e  two  large and d i s t i n c t  

i a l  were  removed  dur ing  the  win 

gravel   removal   areas  separated 

approx imate ly  3,130 

area  covers 46 ha a 

p l a i n  was scraped, 

approx imate ly  20 ha 

ev idence  o f   rehab i  I i 

t e r   o f  

by 

m of   undis turbed  s t ream. The upstream  gravel  removal 

ong a 2,260 m reach  o f   the   s t ream.  The en t i re   f - I ood -  

nc lud ing   t he   channe l   bed   i t se l f .   C lea r ing  and  removal  of 

o f   vegetat ion  and  overburden  were  requi red.   There i s  no 

t a t i o n   f o l l o w i n g   m i n i n g .  

M i n i n g   a t   t h e  downstream gravel  removal  area was less   ex tens i ve  and 

i n c l u d e d   s c r a p i n g   t h e   i n a c t i v e   f l o o d p l a i n ,  and i n  some areas,  the  adjacent 

t e r races   a long  a 600 m reach of  the  stream. Deep and sha l low  sc rap ing ,  as 
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w e l l  as p i t   e x c a v a t i o n ,   w e r e   u t i l i z e d   t o  remove  gravels. The main  channel 

o f   t h e   c r e e k  was a p p a r e n t l y   n o t   d i s t u r b e d   a t   t h e  downstream  area.  Clearing 

and  removal   of   vegetat ion  and  overburden  were  required  in  the  downstream 

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

the  main  channel and prevent  i t s  spreading  in to   the  mined  area.   Var ious 

a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e s  14, 39, 54, 68a,  68b, 69, 75, and 

81. 

Kuparuk  River. The Kuparuk  River i s  a l a r g e ,   b r a i d e d   r i v e r   w h i c h   o r i g i -  

na tes   i n   t he   B rooks  Range f o o t h i l l s  and c r o s s e s   t h e   A r c t i c   C o a s t a l   P l a i n  

b e f o r e   d i s c h a r g i n g   i n t o   t h e   B e a u f o r t  Sea. The s t u d y   s i t e  i s  located  approx i -  

mate ly  9 km upstream  f rom  the  mouth  of   the  Kuparuk  River  at  an e l e v a t i o n   o f  

less   than I O  m. 

The m a t e r i a l   s i t e  was developed  by  scraping  unvegetated  mid-channel 

and l a t e r a l   b a r s   w i t h i n   t h e   a c t i v e   f l o o d p l a i n   o f   t h e   K u p a r u k   R i v e r .   A p p r o x -  

imate ly  41,300 rn3 o f   g rave l  was removed  from 14 ha  between  Apri I and  August 

1969 t o   p r o v i d e   m a t e r i a l   f o r   d r i l l   s i t e  pads, roadways,  and a i r s t r i p s   n e a r  

t h e   s i t e .  The s i t e  was s c r a p e d   t o   w i t h i n   o r   s l i g h t l y   b e l o w   t h e   e x i s t i n g  

wa te r   t ab le .  The 5-m i n c i s e d   f l o o d p l a i n  bank was p r o t e c t e d   w i t h  a grave l  

f i l l  ramp. Small mounds o f   s t o c k p i l e d   m a t e r i a l   w e r e   n o t e d   w i t h i n   t h e   m a t e r i -  

a l  s i te .   Va r ious   aspec ts  o f  t h i s   s i t e   a r e  shown i n   F i g u r e  51. 

Skeetercake  Creek.  Skeetercake  Creek i s  a smal I ,  meandering  stream 

w h i c h   o r i g i n a t e s   i n   t h e   n o r t h e r n  edge o f   t h e   f o o t h i l l s  of the   Brooks  Range 

a t  an e leva t i on   o f   abou t  300 m and f lows  approx imate ly  40 km t o  i t s  c o n f l u -  

ence w i t h   t h e   T o o l i k   R i v e r .  The s t u d y   a r e a   l i e s   a t  an e leva t i on   o f   abou t  

160 m, approx imate ly  15 km upstream  f rom  the  conf luence. 

M a t e r i a l  removed  from  Skeetercake  Creek was used f o r   o i l   d r i l l i n g  

o p e r a t i o n s .   G r a v e l   e x t r a c t i o n   a t   t h e   s i t e  was accompl ished  dur ing December 

1965 by   sc rap ing  IO ha   o f   f loodp la in   depos i ts   on   th ree   consecut ive   meanders .  

Approximately 38,000 m3 o f  g rave l   were   repor ted ly  removed, much of  which 

apparent ly  was n o t  used; the   unused  mater ia l  was pushed i n t o   l a r g e   s t o c k -  

p i l e s   w h i c h  s t i l l  r.emain in   the   ups t ream  g rave l   remova l   a rea .  
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Vegetat ive  c lear ing,   overburden  removal ,  and  berm cons t ruc t i on   were  

conducted  a t  each of   the  three  gravel   removal   areas.  A t  the  upstream  area 

the  overburden was formed i n t o  an ear then  d ike ,   the   purpose  o f   wh ich   i s  

unc lear .  The g rave l   remova l   a reas   were   no t   rehab i l i t a ted   f o l l ow ing   d i s tu r -  

b a n c e .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e s  37, 42,  and  48a. 

Sagavani rk tok  River .  The Sagavan i r k tok   R ive r   i s  a l a r g e ,   s i n u o u s   r i v e r  

( a t   t h e   s t u d y   s i t e )   w h i c h   o r i g i n a t e s   i n   t h e   P h i l i p   S m i t h   M o u n t a i n s   o f   t h e  

Brooks Range a t  an e leva t i on   o f   app rox ima te l y  1,500 m and f lows  through 

m o u n t a i n s ,   f o o t h i l l s ,  and coas ta l   p la ins   app rox ima te l y  300 km be fo re   en te r -  

i ng   t he   Beau fo r t  Sea. The s t u d y   s i t e ,   a t  an e l e v a t i o n  o f  335 m, i s  loca ted  

about I t  km downstream  from Pump S t a t i o n  Number 3 on  the  Trans-Alaska  Pipe- 

l i n e ,  16 km downstream  from  the  mouth  of  Ribdon  River, and 21 km upstream 

f rom  the  mouth  o f   Lupine  River .  

Gravel   removal   occurred  in 1974 and 1975 by  scraping  vegetated and 

unvege ta ted   g rave l   ba rs   t o ta l i ng   app rox ima te l y  35 ha.  About 15 ha  had  been 

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

c a l   l e d   f o r   s c r a p i n g   t o  an average  of 1.5 m i n   d e p t h   w i t h  an average  of 15 cm 

o f   overburden  remova l   requ i red   p r io r   to   g rave l   ex t rac t ion .   Approx imate ly  

283,000 m and 148,000 m of   gravel   were  removed  f rom  the  upstream and 

downstream  gravel   removal   areas,   respect ive ly .   Access  to   the  f loodpla in  was 

g a i n e d   v i a  a g rave l  ramp wh ich   p ro tec ted   t he   f l oodp la in   i nc i sed   bank .  

3 3 

P r i o r  t o  s i t e  abandonment i n  1976, e x i s t i n g   s t o c k p i  l e s  and  berms  were 

leve led  and  contoured,  and t h e   g r a v e l   f i l l  ramp p r o t e c t i n g   t h e  bank was t o  

be   removed .   Va r ious   aspec ts   o f   t h i s   s i t e   a re  shown i n   F i g u r e s  44, 45, 76, 

and 82. 

l v i shak   R ive r .  The l v i s h a k   R i v e r   i s  a l a r g e ,   b r a i d e d   r i v e r   w h i c h   o r i g i -  

na tes   i n   t he   Ph i l i p   Smi th   Moun ta ins   a t  an e l e v a t i o n  of 1,829 m and f lows 

80 km through  the  mounta ins and  45 krn t h r o u g h   t h e   f o o t h i l l s   b e f o r e   e n t e r i n g  

the   Sagavan i rk tok   R iver .  The s t u d y   s i t e   l i e s  I 1  Rm upstream  f rom  the  conf lu-  

ence  o f   the  Sagavani rk tok  River .  

40 



M a t e r i a l  removed  f rom  the  lv ishak  River  was used fo r   t he   cons t ruc -  

t i o n   o f   f a c i l i t i e s   a s s o c i a t e d   w i t h   o i l   e x p l o r a t i o n .   G r a v e l   e x t r a c t i o n  was 

accomplished  by  scraping  unvegetated,  mid-channel  gravel  bars  within  the 

a c t i v e   f l o o d p l a i n   o f   t h e   l v i s h a k   R i v e r .  Two separa te   w in te r   g rave l   remova l  

o p e r a t i o n s   w e r e   c o n d u c t e d   a t   t h i s   l o c a t i o n   w i t h  115,000 m3 e x t r a c t e d   d u r i n g  

March and A p r i  I 1972 and 3,800 m3 e x t r a c t e d   d u r i n g  November and December 

1974. I n f o r m a t i o n   p e r t a i n i n g   t o   t h e   s i z e   o f   t h e   g r a v e l   r e m o v a l   a r e a  i s  not  

avai lab le  because  removal   occurred  on  randomly  located  gravel   bars  wi th in  

the  permi t   area;  however, the  average  depth  o f   excavat ion  p lanned  for   the 

1972 opera t i on   wou ld   requ i re   app rox ima te l y   40   ha   o f   exposed   ma te r ia l .  

Three   separa te   g rave l   remova l   a reas   were   observed  in   the   f ie ld .  The 

upper  area i s   l o c a t e d   u p s t r e a m   f r o m   t h e   a i r s t r i p   i n   t h e   l e f t   q u a r t e r   o f  

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

p l a i n   c o v e r i n g  an a rea   equ iva len t   t o   t he   ups t ream  one - th i rd  o f  t h e   a i r -  

s t r i p .  The lower  area l i e s  about   one- th i rd   o f   the  way across   the   f lood-  

p l a i n   f r o m   t h e   l e f t  bank, j u s t  downstream  of  the  downstream  end  of  the 

a i r s t r i p .  

Vegetat ive  c lear ing,   overburden  removal ,  or d i ke   cons t ruc t i on   were  

no t   necessary   a t   the   s i te .   Grave l   ramps  were   used  fo r   access   to   the   f lood-  

p l a i n   o v e r   t h e   r i v e r  bank a t  most p o i n t s   o f   e n t r y ,  however, a t   t h e  down- 

s t ream  access  po int   the 2-m i n c i s e d  bank was cu t   i ns tead   o f   p ro tec ted   by  

g r a v e l   f i l l .  Two grave l   hau l   roads  90 t o  150 m l o n g   c o n n e c t   t h e   a i r s t r i p  

t o   t h e   m a t e r i a l   s i t e .   D u r i n g  1972 and 1974 d o t e r s   w e r e   u s e d   t o   r i p  and 

s t o c k p i l e   m a t e r i a l   f o r   f r o n t - e n d   l o a d e r   t r a n s f e r   t o   s c r a p e r s  and t r u c k s .  

Maximum excavat ion  depth was t o   t h e   e x i s t i n g   w a t e r   l e v e l   a t   t h e   t i m e   o f  

the  gravel   removal   operat ion.  

R e h a b i l i t a t i o n  measures  used i n  1972 and 1974 were   s im i la r :   depres-  

s ions   were   f i l l ed ,   s tockp i les   were   leve led   and  g rave l   ramps  were  removed 

p r i o r  t o  b r e a k u p .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e  71. 

Shaviov ik   River .  The S h a v i o v i k   R i v e r   i s  a medium, s i n u o u s   r i v e r   w h i c h  

o r i g i n a t e s   i n   t h e   B r o o k s  Range a t  an e l e v a t i o n  of 909 m and f l o w s   f o r  95 km 
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be fo re   empty ing   i n to   t he   Beau fo r t  Sea. The s tudy  area 

mouth a t  an e l e v a t i o n   o f  230 m. 

i s  95 km from  the 

Gravel  was scraped  f rom  unvegeta ted   g rave l   bars   w i th in   the   ac t i ve  

f l o o d p l a i n .  The grave l  was used i n   c o n s t r u c t i o n  of  o i l   e x p l o r a t i o n   f a c i l -  

i t i e s   i n c l u d i n g  a d r i l l i n g  pad, campsi te,   supply  pads,  and  landing  str ip.  

The p roposed   ex t rac t i on   a rea  encompasssed approx imate ly  2.4 km o f   f lood-  

p la in .   Grave l   remova l  was conduc ted   du r ing   t he   w in te r   o f  1972 w i t h  

116,000 m extracted  between  March and sp r ing   b reakup .   Vege ta t i ve   c lea r ing  

and overburden  removal   were  not   necessary  before  gravel   removal .   Mater ia l  

was s t o c k p i l e d   w i t h  a dozer  and  loaded i n t o  dump t r u c k s   w i t h  a f ront -end 

loader .   Excavat ion   be low  the   water   tab le  was no t   pe rm i t ted   under   t he   p rov i -  

s i o n s  of  the   min ing   p lan .   Access   over   the   r i ver  bank to   the   mined  a rea  was 

by  gravel  ramp. 

3 

Upon complet ion  of   gravel   removal  a l l  excava ted   s i t es   were   t o   be  

smoothed  by  back-blading  with a dozer  and  the  gravel  access ramp over   the  

s t ream bank was t o  be  removed, A t  t h e   t i m e   o f   s i t e   i n s p e c t i o n   t h e   g r a v e l  

ramp  was s t i l l   p r e s e n t  and e s s e n t i a l l y   i n t a c t .   V a r i o u s   a s p e c t s  of  t h i s   s i t e  

a r e  shown i n   F i g u r e s  4, 72,  and 91. 

Kav ik   R ive r ,  The Kav ik   R ive r  i s  a medium r i v e r   f l o w i n g   i n   s p l i t  channel 

c o n f i g u r a t i o n .   I t   o r i g i n a t e s   i n   t h e   B r o o k s  Range a t  an e l e v a t i o n   o f  1,200 m 

and f l o w s  125  km t o   i t s   c o n f l u e n c e   w i t h   t h e   S h a v i o v i k   R i v e r .  The s t u d y   s i t e  

i s  60 km f rom  the   con f luence   w i th   t he   Shav iov i k   R ive r   a t  an e l e v a t i o n   o f  

180 m. Downstream  f rom  the  s tudy  reach  the  f loodpla in   widens and takes  on a 

b r a i d e d   c o n f i g u r a t i o n .  

Approx imate ly  40 ha  were  mined  by  scraping  mid-channel  and  lateral 

g r a v e l   b a r s   w i t h i n   t h e   a c t i v e   f l o o d p l a i n   o f   t h e   K a v i k   R i v e r .   G r a v e l  was 

used   fo r   cons t ruc t i on   o f  an a i r s t r i p  and road, and f o r  development  of  four 

o i l  we1 I pads. Approximately 196,000 m3 were  removed i n  1968-1969 w i t h  

another  50,000 m e x t r a c t e d   i n  1973-1974.  The i n i t i a l   g r a v e l   r e m o v a l   a c t i v -  

i t y   a t   t h i s   s i t e  was a t r e s p a s s   a c t i o n  and a m in ing   p lan  i s  n o t   a v a i l a b l e .  

Gravel  removal was conduc ted   du r ing   t he   w in te r   w i th   sc rapers  and b e l l y  

3 
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dumps; gravel  removal was comp le ted   p r i o r   t o   b reakup .   Mos t   d i s tu rbed   g rave l  

ba rs   con ta ined   spa rse   vege ta t i ve   cove r   cons i s t i ng   o f   he rbaceous   p lan ts   and  

s c a t t e r e d  young wil lows;  however,  one 2-ha i s l a n d   v e g e t a t e d   w i t h  a mature 

w i l l o w   t h i c k e t  was removed.  The overburden and s l a s h   f r o m   t h i s   i s l a n d   w e r e  

p i l e d   w i t h i n   t h e   g r a v e l   r e m o v a l   a r e a .  

D ive rs ion   d i kes   were   cons t ruc ted   t o   d i rec t   f l ow   f rom  the   g rave l   remova l  

area,  and a 2-ha g r a v e l   s t o c k p i l e  was l o c a t e d   o n   t h e  edge o f   t h e   f l o o d p l a i n .  

The 2-m i n c i s e d   f l o o d p l a i n  bank was c u t   i n   f i v e   l o c a t i o n s   t o   g a i n   a c c e s s   t o  

the   f l oodp la in   o r   t o   reach   under l y ing   g rave l   depos i t s .   Approx ima te l y  375 m 

o f  bank  were  d is turbed.   Rehabi l i ta t ive  measures  were  not   employed  fo l lowing 

t h e   a c t i v i t y ,  hence a l l  d ikes ,   s tockp i l es ,   ove rbu rden   p i l es ,   and   cu t  banks 

r e m a i n e d   d u r i n g   t h e   s i t e   v i s i t .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n  

F i g u r e s  5 and 77. 

NORTHERN INTERIOR 

Genera l   Descr ip t ion   o f   Reg ion  

A l l  s i x   s t u d y   s i t e s   i n   t h i s   r e g i o n   a r e   l o c a t e d   i n   t h e  Koyukuk  River 

watershed.  Four  s i tes,   Dietr ich  River-Upstream,  Dietr ich  River-Downstream, 

Middle  Fork  Koyukuk  River-Upstream,  and  Middle  Fork  Koyukuk River-Down- 

s t ream,   a re   in   the   Cent ra l  and Eastern  Brooks Range S e c t i o n  of t h e   A r c t i c  

'Mounta ins   Phys iograph ic   Prov ince ,   wh i le   J im  R iver   and  Prospec t   Creek ,   a re   in  

the  Kokr ine-Hodzana  Highlands  Sect ion of  t he   Nor the rn   P la teau   Phys iog raph ic  

Prov ince   (Wahrhaf t ig  1965). The Central   and  Eastern  Brooks Range S e c t i o n   i s  

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

r i s e   t o   e l e v a t i o n s   o f   a p p r o x i m a t e l y  1,800 m ( F i g u r e  6). M i n o r   t r i b u t a r i e s  

t y p i c a l l y   f l o w   e a s t  and  west, p a r a l l e l   t o   t h e   s t r u c t u r e  imposed  by  the  be l ts  

o f  sedimentary and v o l c a n i c   r o c k s .   V a l l e y   w a l l s   a r e   d o m i n a n t l y   c o a r s e   r u b b l e  

depos i ts   assoc ia ted   w i th   s teep  s loped  mounta ins   wh ich   have a h igh   percentage 

of  bedrock  exposures. The v a l l e y   b o t t o m   i n   t h e   v i c i n i t y  o f  t h e   M i d d l e   F o r k  

Koyukuk R i v e r   s t u d y   s i t e s   c o n s i s t s   o f   u n m o d i f i e d   m o r a i n e s  and assoc ia ted  

d r i f t .  The area i s  u n d e r l a i n  by  cont inuous  permafrost .  The Jim  River  and 

Prospect   Creek  s i tes,   in   the  Kokr ine-Hodrana  Highlands,   are  in  an a rea   o f  
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F i g u r e  6. M.F. Koyukuk R ive r   va l l ey   l ook ing   ups t ream.  

coarse and f i ne -g ra ined   depos i t s   assoc ia ted   w i th   modera te   t o   s teep   s loped  

mountains and h i l l s ;   bed rock   exposures   a re   l im i ted   t o   upper   s lopes  and 

c r e s t l i n e s   ( F i g u r e  71. The area i s  u n d e r l a i n  by  d iscont inuous  permafrost .  

Normal t empera tu re   ranges   i n   t he   Nor the rn   I n te r i o r   a re   f rom 2 t o  2OoC 

i n   t h e  summer and -30 t o  -8 C i n   t h e   w i n t e r .  The annual p r e c i p i t a t i o n  i s  

about 28-38 crn, wh ich   inc ludes  190-210 cm as snow. 

0 

The v a l l e y s   i n   t h e   D i e t r i c h   R i v e r - M i d d l e   F o r k  Koyukuk  River   reg ion 

a r e   h e a v i l y  wooded w i th   bo th   s teep,   t imbered  s lopes  and g e n t l y   s l o p i n g  

te r races   ad jacen t  t o  t h e   r i v e r .  The s l o p e s   a r e   v e g e t a t e d   p r i m a r i l y   w i t h  

s tands  o f   whi te   spruce  and  paper   b i rch.   In   the J i m  River-Prospect  Creek 

a r e a ,   t h e   v a l l e y s   a r e   h e a v i l y  wooded w i t h   w h i t e   s p r u c e  an'd paper   b i r ch  

and a th ick   unders to ry .   Res ident   f i sh   spec ies   found  in   the   Koyukuk   R iver  

sys tem  inc lude  burbo t ,   Do l l y   Varden  o r   Arc t i c   char ,   Arc t i c   g ray l ing ,   long-  

nose  sucker ,   nor thern   p ike ,   s l imy  scu lp in ,   round  wh i te f i sh ,   inconnu,  and 
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F i g u r e  7. T y p i c a l   t e r r a i n  of the  Kokr ine-Hodzana  High- 
I ands. 

o t h e r   w h i t e f i s h   s p e c i e s .  Anadromous spec ies   i nc lude  chum and  chinook  salmon 

and p o s s i b l y  anadromous w h i t e f i s h   s p e c i e s .  

D e s c r i p t i o n  o f  Study  Rivers - Loca t ions  and  Gravel Removal Area 

C h a r a c t e r i s t i c s  

D i e t r i c h   R i v e r  - Upstream  and  Downstream. The D i e t r i c h   R i v e r  i s  a 
medium, b r a i d e d   r f v e r   w h i c h   o r i g i n a t e s   i n   t h e   E n d i c o t t   M o u n t a i n s  of t h e  

Brooks Range a t  an e l e v a t i o n  of approx imate ly  1,500 m and f lows  southward 

throu,gh  mounta inous  ter ra in   for  110 km, j o i n i n g   t h e   B e t t l e s   R i v e r   t o   f o r m  

the   Midd le   Fork  Koyukuk R ive r .  

The u p s t r e a m   s t u d y   s i t e  i s  loca ted   approx imate ly  4 km, 14 km, and 

25 km upst ream  f rom  the  conf luence  wi th   B ig  J im  Creek,  Snowdon Creek,  and 

B e t t l e s   R i v e r ,   r e s p e c t i v e l y .  The downstream s i t e  i s  l oca ted  17 km and 6 km 
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upst ream  f rom  the   con f luence  w i th   the   Bet t les   R iver  and Snowdon Creek, 

r e s p e c t i v e l y ,  and 8 km f rom  the  upst ream  s i te .  

The  upstream s i t e  was e x c a v a t e d , i n  an a l l u v i a l   g r a v e l   d e p o s i t   w i t h i n  

t h e   a c t i v e   f l o o d p l a i n  of t h e   D i e t r i c h   R i v e r .  Between l a t e  summer 1974 and 

e a r l y  1977, 631,000 m3 of  g rave l  was removed  from  the 35-ha s i t e   f o r  con- 

s t r u c t i o n   o f   t h e   T r a n s - A l a s k a   P i p e l i n e .  A d i k e  was cons t ruc ted   ac ross  an 

i n t e r m i t t e n t   c h a n n e l   n o r t h   o f   t h e   g r a v e l   r e m o v a l   a r e a   t o   d i v e r t   a c t i v e   f l o w  

or   seasona l ly   h igh   water  away f r o m   t h e   m a t e r i a l   s i t e .  

Two methods  were  used t o  remove  g rave l .   Most   o f   the   s i te  was scraped 

t o  an average  depth  of 3 m w h i l e  a p i t  was excavated by d r a g l i n e   i n   t h e  

southern   end  o f   the   work   a rea .   Th is   p i t  i s  approx imate ly  240 x 90 m and 

was excavated t o  an average  depth  of an a d d i t i o n a l  2 m below  the  scraped 

p o r t i o n   o f   t h e   g r a v e l   r e m o v a l   a r e a .   W i t h i n   t h i s  p i t  two  deeper  holes  approxi-  

mate ly  9 m deep were  excavated.  Ground  spr ings  were  encountered  dur ing  the 

sc rap ing   ope ra t i on .  The ground  spr ings  have been d i ve r ted   t h rough   two  chan- 

n e l s   i n t o   t h e  deep p i t .   A u f e i s   f o r m a t i o n  Was a n a t u r a l   o c c u r r e n , c e   i n   t h i s  

area  before  gravel   removal  and was observed  downstream  from  the p i t   d r a i n a g e  

c h a n n e l   d u r i n g   t h e   f i r s t   w i n t e r   f o l l o w i n g   e x c a v a t i o n .  

A screen ing-c rush ing   opera t ion  was used t o  produce  pipel ine  padding  and 

bedd ing   ma te r ia l ;   s tockp i l ed   p rocessed   ma te r ia l   a l so  was s t o r e d   a t   t h i s  

l o c a t i o n .  The m a t e r i a l   s i t e  was u t i l i z e d  as a c o n c r e t e   f a b r i c a t i o n   a r e a  

i n  August 1975 t o  p roduce  cement   cas t ings   o f   p ipe l ine   we igh ts .  

I n   t he  summer of  1977 the   a rea  was s loped   and   con tou red   t o   d ra in   wa te r  

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

ern  por t ions  were  then  reseeded  wi th   annual   grasses.  The c e n t r a l   p o r t i o n  was 

l e f t  open fo r   access   t o   s tockp i l ed   ma in tenance  and opera t i on   g rave l   f o r   t he  

Trans-Alaska  P ipe l ine.  

The D ie t r i ch   R ive r -Downs t ream  s i t e  was worked  by  shal low  excavat ion 

o f  a g r a v e l   d e p o s i t   w i t h i n   t h e   a c t i v e   f l o o d p l a i n   o f   t h e   D i e t r i c h   R i v e r .  

Gravel  was removed  from  the 7.5-ha s i t e   w i t h  128,590 m o f   m a t e r i a l  ex- 3 
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t r a c t e d   d u r i n g  1975 f o r   c o n s t r u c t i o n   o f   t h e   T r a n s - A l a s k a   P i p e l i n e .  Over- 

bu rden   w i th in   t he   work ing  l im i ts  r e q u i r e d   d i s p o s i t i o n  and s t a b i l i z a t i o n  

o u t s i d e   t h e   a c t i v e   f l o o d p l a i n .   P e r m i t   p r o v i s i o n s   r e q u i r e d  a 90-m undis- 

t u r b e d   b u f f e r   b e t w e e n   t h e   w o r k i n g   l i m i t s   o f   t h e   m a t e r i a l   s i t e  and a c t i v e  

channe ls   o f   t he   D ie t r i ch   R ive r .   B ra ided   channe ls   t ha t   f l owed   eas t   o f   t he  

m a t e r i a l   s i t e   w e r e   d i v e r t e d   w e s t   o f   t h e   s i t e  by an upst ream  d ike   to   p re-  

ven t   ac t i ve   f l ow   du r ing   excava t ion .   F ine   t o   coa rse   g rave l   w i th   sand  and a 
t r a c e  of  s i l t  was excava ted   t o  a 0.9 m depth.   Rehabi l i tat ion  measures  conduc- 

t e d   a f t e r   m i n i n g   i n c l u d e d   s l o p i n g   o f  a l l  a l i q u o t s   t o   t h e   s o u t h w e s t .   V a r i o u s  

aspects of t h i s   s i t e   a r e  shown i n   f i g u r e s  47a  and 73. 

Middle  Fork  Koyukuk  River - Upstream  and  Downstream. The Midd le   Fork  

Koyukuk R i v e r   i s  a l a r g e ,   s i n u o u s   r i v e r   w h i c h   o r i g i n a t e s   i n   t h e   B r o o k s  Range 

a t  t h e   c o n f l u e n c e   o f   t h e   D i e t r i c h  and B o t t l e s   R i v e r s  and f l ows  116 km b e f o r e  

j o i n i n g   t h e   N o r t h   F o r k  Koyukuk t o   f o r m   t h e  Koyukuk R 
Koyukuk R ive r   f l ows   i n   i ncons is ten t l y   spaced   reaches  

channel   pat terns.  

The u p s t r e a m   s t u d y   s i t e   i s   l o c a t e d   a b o u t  92 km 

ver. The Midd le   Fork  

o f   b r a i d e d   a n d   s i n g l e  

rom  the  conf luence of 

the   M idd le   Fo rk  Koyukuk  and N o r t h  Fork Koyukuk R i v e r s   a t  an e l e v a t i o n  of  

365 m. The downstream  study s i t e  i s  45 km f r o m   t h e   c o n f l u e n c e   w i t h   t h e   N o r t h  

Fork  Koyukuk R ive r  and  47 km downstream  from  the  upstream  study s i t e   a t  an 

e l e v a t i o n   o f  282 m. 

A t  t h e   u p s t r e a m   s t u d y   s i t e   g r a v e l   e x t r a c t i o n  was accomplished  by  shal- 

low e x c a v a t i o n   o f   s p a r s e l y   v e g e t a t e d   g r a v e l   b a r s   a s s o c i a t e d   w i t h   t h e   a c t i v e  

channel   and  excavat ion  to   the same e l e v a t i o n   i n   t h e   c o n t i g u o u s ,   v e g e t a t e d  

a l l u v i a l   t e r r a c e .  From  August t o  November 1974, 135,000 m of grave l  was 

removed  from  about 20 ha. 

3 

The mate r ia l   s i t e   i s   compr i sed   o f   two   pa rce l s ;   t he   upper   a rea  encom- 

passes a h igh-water   channel   whi le   the  lower   area i s  s i t u a t e d  on t h e   i n s i d e  

bend  of   the  next meander  downstream. The upper  area was u n v e g e t a t e d   p r i o r  

t o   g r a v e l   r e m o v a l .   S c a t t e r e d   s t a n d s  of s h r u b   t h i c k e t s   o c c u r r e d   w i t h i n   t h e  

a c t i v e   f l o o d p l a i n   p o r t i o n   o f   t h e   l o w e r  ar,ea  and t h e   a d j a c e n t   a l l u v i a l   t e r -  



race   had   t o   be   c lea red  of  mature   wh i te   spruce and   ba l sam  pop la r   p r i o r   t o  

gravel  removal.  Overburden was no t   p resen t   on   t he   ac t i ve   f l oodp la in   a rea ,  

however, 15 cm o f   o r g a n i c   s i l t   w e r e   s t r i p p e d   f r o m   t h e   a l l u v i a l   t e r r a c e  and 

d isposed  o f   southeast   o f   the  lower   area.  

An und is tu rbed 30-rn b u f f e r  was main ta ined  be tween  the   ac t i ve  chan- 

ne l  and t h e   w o r k i n g   l i m i t s  of the  lower   area;   natura l   depress ions and minor 

channe ls   th rough  the   bu f fe r   were  augmented  by c o n s t r u c t i o n   o f   p e r i m e t e r  

d ikes  not   exceeding 0.3 m a b o v e   t h e   n a t u r a l   b u f f e r   e l e v a t i o n .   C a t e r p i l l a r  

t r a c t o r s   w i t h   r i p p e r s  and se l f - l oad ing   bo t tom dump scrapers  were  used  to  

excava te   t o   dep ths   o f  0.9 m i n   t h e   a c t i v e   f l o o d p l a i n  and 3.0 rn i n   t h e   a d j a -  

c e n t   a l l u v i a l   t e r r a c e   a r e a .  The upper  area was s c r a p e d   t o  a depth  o f  0.9 rn. 

M a t e r i a l   e x t r a c t e d   f r o m   t h e   a c t i v e   f l o o d p l a i n  was seasonal ly   f rozen,  

sandy, f i ne   t o   coa rse   rounded   g rave l .  The a l l u v i a l   t e r r a c e   p r o v i d e d   f r o z e n ,  

i n t e r l a y e r e d   s i l t y  and  sandy  gravel to   the  water   tab le.   Screening  and  s tock-  

p i l i n g  of s e l e c t   m a t e r i a l  was conducted   on   the   f loodp la in .   Permi t   p rov is ions  

r e q u i r e d   t h a t  unused m a t e r i a l   o f   s i 1  

the   ac t i ve   f l oodp la in ;   unused   coa rse  

cou ld   be   even ly   spread  in   the   g rave l  

i de t s i z e  and f i n e r  be  disposed of o u t s  

mater ia l   f rom  the   sc reen ing   p rocess  

removal  area. 

D u r i n g   s i t e   r e h a b i l i t a t i o n   t h e   d i s t u r b e d   a r e a  was graded t o  an even 

bo t tom  w i th   cu t   faces   no   s teeper   than 2:1, s tockp i l es   were  removed,  and 

o u t l e t   c h a n n e l s   w e r e   c o n s t r u c t e d   a t   t h e  downstream  end t o   a l l o w   h i g h - w a t e r  

d r a i n a g e .   R e v e g e t a t i o n   w i t h i n   t h e   a c t i v e   f l o o d p l a i n  was not   a t tempted due 

t o   t h e   l i k e l i h o o d  of pe r iod i c   f l ood ing .   Va r ious   aspec ts  of  t h i s   s i t e   a r e  

shown i n   F i g u r e s  15, 47b, 49, 52, and 88 .  

The Middle  Fork  Koyukuk  River-Downstream s i t e  was developed  by  shal- 

low s c r a p i n g  of  a s p a r s e l y   v e g e t a t e d   l a t e r a l   g r a v e l   b a r   w i t h i n   t h e   a c t i v e  

f l o o d p l a i n .  The gravel   removal   operat ion was conducted   dur ing   the   w in te rs   o f  

1975 and 1976 w i t h  215,000 m o f  mater ia l   removed  f rom 28 ha. Permi t   pro-  

v i s ions   requ i red   ove rbu rden   encoun te red   w i th in   t he   work ing  l i m i t s  t o  be 

d i s p o s e d   o f   a n d   s t a b i l i z e d   o u t s i d e   t h e   a c t i v e   f l o o d p l a i n .  
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A m a t e r i a l   s i t e   i n v e s t i g a t i o n   c o n d u c t e d   p r i o r   t o   r e m o v i n g   g r a v e l   r e p o r t -  

ed   we l l - rounded  g rave l   w i th  some  seams o f   f i ne   sand  and  an  absence o f  perma- 

f r o s t   i n   t e s t  p i t s .  Approx imate ly  38,000 m3 o f   s e l e c t   m a t e r i a l  was produced 

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

l imi ts .  R e h a b i l i t a t i o n  of t h e   s i t e   f o l l o w i n g   c o m p l e t i o n   o f   t h e   g r a v e l  remov- 

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

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

shown i n   F i g u r e  6. 

J i m  R iver .  The J im  R iver  i s  a medium, s i n u o u s   r i v e r   w h i c h   o r i g i n a t e s  

a t  an e l e v a t i o n  of  880 m and  f lows  about 96 km b e f o r e   e m p t y i n g   i n t o   t h e  

South  Fork  of   the  Koyukuk  River.  The s tudy  area i s  loca ted  37 km f rom  the  

mouth a t  an e l e v a t i o n   o f  275 m. 

M a t e r i a l  removed  from t h i s   s i t e  was u s e d   f o r   t h e   c o n s t r u c t i o n   o f   f a c i l i -  

t i e s   a s s o c i a t e d   w i t h   t h e   T r a n s - A l a s k a   P i p e l i n e .  An access  road (90 m i n  

l e n g t h )  was c o n s t r u c t e d   c o n n e c t i n g   t h e   s i t e   t o   t h e   H a u l  Road. Vegeta t ive  

cover and under l y ing   o rgan ics   were  removed.  Gravel e x t r a c t i o n  was accom- 

p l i shed   by   sc rap ing   abou t  I I ha, y i e l d i n g  an es t imated  200,000 m3 o f   g r a v e l .  

The s i t e  was w o r k e d   d u r i n g   w i n t e r   t o  a l eve l   be low  the   water   tab le .  As a 
r e s u l t ,   t h e   s i t e  was inundated   dur ing  summer, l eav ing ,   a t   t he   t ime   o f   t he  

survey, a sha l low  p i t   cons is t ing   o f   two  ponded  segments ,   approx imate ly  5 and 

I ha i n   s i z e   w i t h  a  maximum water  depth of 1.2 m. The former  high-water 

channel now f l o w s   c o n t i n u o u s l y   t h r o u g h   t h e   s i t e   t h u s   c o n n e c t i n g   t h e   p i t   a r e a  

w i th   t he   ma in   J im   R ive r .  

R e s t o r a t i o n  began d u r i n g   t h e   f a l l  of  1976. The s i t e  was contoured, 

inc lud ing  s lop ing  the  banks  on  the  south,   nor th ,  and  west s i d e s   o f   t h e  

s i t e ,  and revegetated.  The excavated  depress ion was f i l l e d   i n   r e s t r i c t i n g  

water  t o  the   eas t   s ide   o f   the   g rave l   remova l   a rea  and reduc ing   the   inun-  

d a t e d   p i t   a r e a   t o  I ha  by 1978. V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n  

F i g u r e s  7, 48b, and 78.  

Prospect  Creek.  Prospect  Creek i s  a medium, meandering  stream  which 

o r i g i n a t e s   a t  an e leva t i on   o f   abou t  600 m and  f lows 40 km t o  i t s  c o n f l u -  
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ence w i th   t he   J im   R ive r .  The s t u d y   s i t e   l i e s   a t  an e l e v a t i o n   o f   2 7 0  m approx- 

imate ly  5 km from  the  mouth  of  Prospect  Creek. The s i t e  was worked  by  scrap- 

i ng   su r face   g rave l   depos i t s   ove r  6 h a   o f   g e n t l y   s l o p i n g   t e r r a i n   a d j a c e n t   t o  

Prospect   Creek.   In   addi t ion,  a I-ha p i t  was excavated  on  the  nor thern edge 

( l o w e s t   p o i n t )   o f   t h e   g r a v e l   r e m o v a l   a r e a   t o   a c t  as a sediment  catch  basin.  

Gravel  removal was c o n d u c t e d   i n t e r m i t t e n t l y   f r o m   A p r i l  1974 t h r o u g h   A p r i l  

1975 w i t h  63,636 m o f   g rave l  removed fo r   cons t ruc t i on   o f   t he   T rans -A laska  

P i p e l i n e  System. A 45-m w i d e   b u f f e r  was maintained  between  Prospect  Creek 

and the  gravel  removal  area,  however, a 90-m wide  swath was c lea red   t h rough  

t h i s   b u f f e r  zone  on 22 May 1974. 

3 

Gravel  removal was a c c o m p l i s h e d   b y   r i p p i n g   f r o z e n   m a t e r i a l   p r i o r   t o  

convent iona l   load ing   and  hau l ing   methods .   Mater ia l   var ied   f rom  c lean  to  

s i l t y   ‘ f i n e   t o   c o a r s e   g r a v e l .  An average  working  depth  of  2.7 m was planned 

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

m a t e r i a l  was p resen t   be low  th i s   l eve l .  A sc reen ing   ope ra t i on   t o   p roduce  

s e l e c t   m a t e r i a l  was c o n d u c t e d   i n   t h e   p i t .  

The p i t  has f i l l e d   w i t h   w a t e r  as a r e s u l t   o f   i n t e r g r a v e l   f l o w   d u r i n g  

t h e  summer m o n t h s .   D u r i n g   t h e   s i t e   v i s i t ,   t h i s  ponded  water  averaged  approxi- 

mate ly  I m i n  depth. The p i t  does  not  have an i n l e t ,  however, an o u t l e t  

leading  to   Prospect   Creek  f rom  the  nor thwest   corner  was c o n s t r u c t e d   d u r i n g  

s i t e   r e h a b i l i t a t i o n   a c t i v i t i e s   t o  a l l o w  unimpeded f i s h  passage i n t o  and  out 

o f   t h e   p i t .  

A d d i t i o n a l   r e h a b i l i t a t i o n  measures   i nc luded   g rad ing   t he   ma te r ia l   s i t e  

t o  I percent  downslope,  ensur ing  that  all cut   s lope  faces  were  no  s teeper  

than 2:1, and l e v e l i n g   o f   t e m p o r a r y   s t o c k p i l e s  to  b l e n d   w i t h   t h e   n a t u r a l  

t e r r a i n .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e s  28 and 55. 

SOUTHERN INTERIOR 

Genera l   Descr ip t ion   o f   Reg ion  

A l l  f i v e   s t u d y   s i t e s   i n   t h e   S o u t h e r n   I n t e r i o r   w e r e   l o c a t e d   i n   t h e  

Tanana R iver   d ra inage,   wh ich   empt ies   in to   the  Yukon R i v e r .  The s t u d y   s i t e s  
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a r e   l o c a t e d   i n   t h r e e   p h y s i o g r a p h i c   p r o v i n c e s  - t h e  Yukon-Tanana Upland 

Sec t ion   o f   t he   Nor the rn   P la teaus   P rov ince  (West  Fork  Tolovana  River  and 

McManus Creek) ,   the Tanana-Kuskokwim  Lowland  Section  of  the  Western  Alaska 

Prov ince   ( two  Tanana R i v e r   s i t e s ) ,  and t h e   e a s t e r n   p o r t i o n   o f   t h e   A l a s k a  

Range Sec t ion   o f   t he   A laska -A leu t i an   P rov ince   (Phe lan   C reek )   (Wahrha f t i g  

1965). 

The Yukon-Tanana Upland  Sect ion i s  cha rac te r i zed   by   rounded   r i dges  

and f l a t ,   a l l u v i u m   f l o o r e d   v a l l e y s   ( F i g u r e  8). S u r f a c e   d e p o s i t s   t e n d   t o  

F i g u r e  8 .  T y p i c a l   t e r r a i n   i n   t h e  Yukon-Tanana Upland 
Sect ion .  

coarse and f i n e - g r a i n e d   a l l u v i u m  and col luvium.  Bedrock  exposures a r e  gen- 

e r a l l y   l i m i t e d   t o  upper  s lopes  and  r idges. The area i s  u n d e r l a i n  by  discon- 

t inuous   permaf ros t  and i s  subject   to   ext reme  temperature  ranges,   f rom -45OC 

i n   t h e   w i n t e r   t o  32 C i n   t h e  summer. The average annu.aI p r e c i p i t a t i o n  i s  

33-35 cm, which  inc ludes 130-150 cm as snow. 

0 
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The Tanana-Kuskokwim  Lowland  Section i n   t h e   v i c i n i t y   o f   t h e  Tanana 

R i v e r   s t u d y   s i t e s  i s  c h a r a c t e r i z e d  by e x t e n s i v e   g l a c i o f l u v i ' a l   d e p o s i t s  

and l a r g e   a l l u v i a l   f a n s   ( F i g u r e  9). The area i s  immediately  south of t h e  

F i g u r e  9. G l a c i o f l u v i a l   d e p o s i t s   i n   D r y  Creek f l o o d p l a i n .  

Yukon-Tanana Upland  sect ion.  The Tanana R i v e r   b a s i n   l i e s   i n  an area   o f  

d iscont inuous   permaf ros t .  The c l i m a t e   i s   t y p i f i e d  by   co ld ,   d ry   w in te rs  and 

warm, r e l a t i v e l y   m o i s t  summers w i t h  an annual p r e c i p i t a t i o n   o f   a r o u n d  32 cm, 

i nc lud ing   abou t  90 cm as snow. 

The Alaska Range Sec t ion  i s  cha rac te rzed   by   g lac ia ted   r i dges   be tween  

moun ta ins   t o  2,900 m ( F i g u r e  I O ) .  Unmodif ied  moraines and a s s o c i a t e d   d r i f t s  

dominate   the   sur f i c ia l   geo logy .  The a r e a   i s   u n d e r l a i n   b y   d i s c o n t i n u o u s  

permafrost.  Normal  temperatures  range  from 2 t o  17 C i n   t h e  summer and -33 

t o  I C i n   t h e   w i n t e r .  An annua l   p rec ' i p i t a t i on  of 43 cm i nc ludes  275 cm as 

snow 

0 

0 
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F i g u r e  IO.  Typica l   v iew  o f   A laska Range Sect ion.  

The v e g e t a t i o n   a t   t h e   S o u t h e r n   I n t e r i o r   s t u d y   s i t e s   v a r i e d   b e c a u s e  

of  d i f f e r e n c e s   i n   c l i m a t e ,   e l e v a t i o n ,  and  geology  o f   the  three  phys iographic  

p rov inces ,  The West Fo rk   To lovana   R ive r   s i t e  i s  i n  a v a l l e y   h e a v i l y  wooded 

w i th   wh i te   sp ruce  and paper b i r c h   w i t h  a t h i c k   u n d e r s t o r y ,   p a r t i c u l a r l y  

a l o n g   t h e   r i v e r .  A t  McManus Creek ,   t he   su r round ing   h i l l s i des   have   t h in  

s tands  of whi te   spruce  wi th   dense  underbrush.  The f l oodp la in   a reas   devo i  

w h i t e   s p r u c e   a r e   c o v e r e d   w i t h   w i l l o w   t h i c k e t s   w i t h  woody and  herbaceous 

groundcover. A t  t h e  two Tanana R i v e r   s i t e s   t h e   a d j o i n i n g   h i l l s i d e s   a r e  

cove red   w i th  dense  stands of  aspen  and  paper b i r c h   w i t h   s c a t t e r e d   w h i t e  

s p r u c e   w h i l e   i s l a n d s   i n   t h e   f l o o d p l a i n   a r e   c o v e r e d  by I O  t o  20 m t a l l  s t  

d o f  

ands 

o f  wh i te   sp ruce   w i th   sca t te red   paper   b i r ch .  The Vegeta t ion   sur round ing   the  

Phelan  Creek s i t e   c o n s i s t s   o f   s u b a l p i n e   t u n d r a ,   u p l a n d   t h i c k e t s   a s s o c i a t e d  

w i th   t he   d ra inages ,  and scat tered,   open  s tands  o f   whi te   spruce.  

Res ident   f i sh   spec ies   found 

gray1  ing,   nor thern  p ike,   burbot ,  

i c  i n   t h e  Tanana R iver   sys tem  inc lude  Arc t  

longnose  sucker ,   s l imy  scu lp in ,   var ious 
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w h i t e f i s h   s p e c i e s ,  and sca t te red   Do l ly   Varden  popu la t ions .  Anadromous  spe- 

c i e s   i n c l u d e  coho, chum and chinook  salmon, and v a r i o u s   w h i t e f i s h   s p e c i e s .  

Spec ies   o f   wh i te f i sh   f ound   i n   t he   d ra inage   i nc lude   Be r ing   c i sco ,   b road  

w h i t e f i s h ,  humpback wh i te f i sh ,   l eas t   c i sco ,   round   wh i te f i sh ,  and  inconnu. 

Most  of   these  species show s u b s t a n t i a l  movements w i t h i n   t h e  Yukon R i v e r  

dra inage and d i s t r i b u t i o n  and  anadromy  has  not  been  well   documented  for many 

o f   the   spec ies .  

Desc r ip t i on   o f   S tudy   R ive rs  - Locat ion  and  Gravel  Removal Area 

C h a r a c t e r i s t i c s  

West Fork  Tolovana  River .  The West Fork  Tolovana  River i s  a medium, 

m e a n d e r i n g   r i v e r   o r i g i n a t i n g   i n   t h e   f o o t h i  I I s  o f   t he   Wh i te   Moun ta ins   i n  

t h e  Yukon-Tanana Upland  Sect ion  a t  an e l e v a t i o n   o f  915 m. The conf luence 

o f   t h e  West Fork  Tolovana  River and  Tolovana  River, a t r i b u t a r y   t o   t h e  

Tanana R i v e r ,   l i e s  6 km downstream  f rom  the  s tudy  s i te .  The m a t e r i a l   s i t e  

i s  loca ted  on t h e   e a s t   s i d e   o f   t h e   r i v e r   w i t h  an und is tu rbed 60-m b u f f e r  

s t r i p  b e t w e e n   t h e   s i t e  and t h e   r i v e r .  The m in ing   occu r red   i n  an abandoned 

channel   wi th  the  upstream  end o f  the  channel  plugged t o   p r e v e n t   w a t e r   f l o w  

t h r o u g h   t h e   s i t e .  The o u t l e t ,  however, i s  open t o  a backwater   area  o f   the 

r i v e r .  The  8-ha s i t e  was worked  in  1975 by a d r a g l i n e   w i t h  101,500 m3 o f  

m a t e r i a l  removed, s t o c k p i l e d ,  and screened  to   p roduce  the   requ i red   quant i -  

t i e s   o f   s e l e c t   m a t e r i a l s .  The p i t   f i l l e d   w i t h  groundwater and has  depths 

in   excess   o f  6 m. The u n f l o o d e d   p o r t i o n s  of  the  gravel   removal   area  were 

contoured and s l o p e d   t o   d r a i n   t o w a r d   t h e   p i t   i n  1976. Most  of  these  areas 

were a lso reseeded  by  A lyeska  P ipe l ine  Serv ice Company with  annual   grasses. 

Var ious  aspects of  t h i s   s i t e   a r e  shown i n   F i g u r e s  48c, 56, 59, 62, 63, and 

84. 

McManus Creek. McManus Creek i s  a smal l ,   s inuous   s t ream  wh ich   o r ig i -  

n a t e s   i n   f o o t h i l l s   a t  an e l e v a t i o n   o f  1,000 m and f l o w s  25 km t o   i t s   c o n f l u -  

ence wi th   Smi th  Creek,   forming  the  Chatanika  River .  The s t u d y   s i t e   l i e s  a t  

an e leva t ion   o f   675 m, approx imate ly  20 km from i t s  conf luence  w i th   Smi th  

Creek.  During  the  course  of i t s  development, McManus Creek  has  tended t o  

m ig ra te   l a te ra l l y   sou thward ,   caus ing  a s l i g h t l y   s t e e p e r   v a l l e y   w a l l  on t h e  

l e f t   t h a n   o n   t h e   r i g h t .  
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The m a t e r i a l   s i t e  was deve loped  dur ing   cons t ruc t ion   o f   the   S teese 

H ighway  by   sc rap ing   g rave l   depos i ts   w i th in   and  ad jo in ing   the   ma in   channe l   o f  

McManus Creek.  A.smaII  gravel p i t  was a lso  dug a long  the  nor thwest   boundary 

o f   t h e   s i t e ,   i n  an area   where   the   f loodp la in   meets   the   va l ley   wa l l .   Dur ing  

gravel   removal   operat ions,  i t  was necessary t o   c l e a r  and remove  the  dense 

v e g e t a t i o n   a t   t h e  3-ha s i t e .  An es t imated  75,000 m o f   g rave l   were  made 

a v a i l a b l e   f o r   u s e   b y   t h e s e   e f f o r t s ,   a l t h o u g h  a cons ide rab ly   sma l le r  amount 

i s  thought   to   have  ac tua l l y   been removed. Large mounds of removed  overburden 

a n d   u n u s e d   g r a v e l s   w e r e   l e f t   w i t h i n   t h e   s i t e .   S i t e   r e h a b i l i t a t i o n  was n o t  

p e r f o r m e d   f o l l o w i n g   m i n i n g   a c t i v i t i e s .  The r e v e g e t a t i o n   t h a t   h a s   o c c u r r e d   i s  

a t t r i b u t e d   t o   n a t u r a l   r e i n v a s i o n .   V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n  

F i g u r e  89. 

3 

Tanana R iver  - Downstream  and  Upstream.  The  Tanana  River i s  a large, 

b r a i d e d   r i v e r   f e d   b y  many g l a c i e r s   i n   t h e   A l a s k a  Range. The Tanana R iver -  

Downstream  study s i t e   i s   a d j a c e n t   t o   t h e   R i c h a r d s o n  Highway  approximately 

57 km downstream  f rom  the  Tanana  River   and  Del ta   River   conf luence  a t  an 

e l e v a t i o n  of  260 m. The s i t e  was developed  by p i t   e x c a v a t i o n   o f   t h e   c e n t r a l  

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

Tanana River .   Excavat ion was conducted   a f te r   March  1971 wi th   app rox ima te l y  

310,000 m o f   m a t e r i a l  removed  from w i t h i n   t h e  8-ha w o r k i n g   l i m i t s .   C l e a r e d  

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

b o r d e r s   o f   t h e   p i t .   P e r m i t   s t i p u l a t i o n s   r e q u i r e d  a minimum 91 m b u f f e r   a l o n g  

the  highway and a minimum 30-m und is tu rbed   bu f fe r   a long   ad jacen t   s ide -  

channels  of t h e  Tanana R iver .  Maximum d e p t h   o f   e x c a v a t i o n   i n   t h i s  uncon- 

n e c t e d ,   w a t e r - f i l l e d  p i t  was approx imate ly  9.4 m. The s i t e  was not  reha- 

b i  I i t a t e d .  

3 

The  Tanana  River-Upstream  study s i t e  i s  ad jacen t   t o   t he   R icha rdson  

Highway  approximately 9 km downstream  f rom  the  Tanana  River  and  Del ta  River 

con f luence   a t  an e l e v a t i o n   o f  290 m. The gravel  removal area  was developed 

by p i t   e x c a v a t i o n  of a vegeta ted   g rave l   depos i t   ad jacent   to  an a c t i v e   s i d e  

channel of t h e  Tanana R i v e r .  The p i t  was excava ted   i n   two   pa rce l s   he re in  

c a l l e d   t h e   u p p e r  and lower   p i ts ,   wh ich   a re   segregated   f rom  the   r i ver   by  a 30 

t o  40-m wide   vege ta ted   bu f fe r .  A s i n g l e   c h a n n e l   a t   t h e  downstream  end of t h e  
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lower p i t   c o n n e c t s   t h e   e x c a v a t e d   a r e a   t o   t h e  Tanana R i v e r .   M i n i n g   o p e r a t i o n s  

were  conducted  between 1962 and 1965 d u r i n g   r e c o n s t r u c t i o n   o f   t h e   R i c h a r d s o n  

Highway  between Shaw Creek  and De l ta   Junc t i on .  The ac tua l  amount o f   g rave l  

removed i s  unknown but  133,600 m were  approved  for   removal   at   th is  loca- 

t i o n .  The upper and lower p i t s   t o t a l  about 7.5 ha.  Access t o   t h e   s i t e  was 

v i a  a 100-m gravel   road  f rom  the  Richardson  Highway. 

3 

C l e a r i n g   o f  dense w i l l o w  and a l d e r  and s c a t t e r e d   w h i t e   s p r u c e  and 

paper   b i r ch  was necessa ry   be fo re   s t r i pp ing   o f  0.6 t o  0.9 m of  brown s i l t ,  

f i n e  sand,  and o r g a n i c   m a t e r i a l .  Coarse grave l  was present  below  the  over-  

b u r d e n   w i t h  IO  t o  15 p e r c e n t   o v e r s i z e d   m a t e r i a l .   S m a l l   s t o c k p i l e s   o f   g r a v e l  

were  noted  a long  the  south edge o f   t h e   p i t .   I n   t h e   u p p e r   p i t   t h e   e x c a v a t i o n  

o c c u r r e d   i n  an i r r e g u l a r   p a t t e r n   o v e r   a b o u t  3.5 ha, c r e a t i n g  numerous i s -  

lands and sp i t s .  The lower p i t  on  the  other  hand was mined  cont iguously  over 

4 ha, i s  of  greater  average  depth, and conta ins  no  major   e levated  land  forms 

w i t h i n   i t s  main  boundaries. I t  d i d   n o t   a p p e a r   t h a t   t h e   s i t e  was r e h a b i l -  

i t a t e d   f o l l o w i n g   g r a v e l   r e m o v a l .  

F i g u r e s  27,  57, 70, and 80. 

V a r i o u s   a s p e c t s   o f   t h i s   s i t e   a r e  shown i n  

Phelan  Creek.  Phelan  Creek 

a t  an e l e v a t i o n  above 1,200 m a t  

t he   moun ta inous   t e r ra in   o f   t he  A 

The s t u d y   s i t e  i s  located  approx 

Highway cross ing  o f   Phelan  Creek 

the   Gu lkana  G lac ie r .  

i s a s m a l l ,   b r a i d e d   r i v e r   w h i c h   o r i g i n a t e s  

the  Gulkana  Glac ier  and f lows 19 km through 

aska Range b e f o r e   j o i n i n g   t h e   D e l t a   R i v e r .  

mate ly  3 km upstream  from  the  Richardson 

and 9 km downstream  from  the  terminous  of 

The m a t e r i a l   s i t e  was worked  by  scraping  unvegetated  exposed  deposi ts 

i n   t h e   a c t i v e   f l o o d p l a i n   o f   P h e l a n  Creek   dur ing   cons t ruc t ion  of  the  Trans- 

A l a s k a   P i p e l i n e  System. Approximately 152,000 m3 were  removed  from  the 25-ha 

o r i g i n a l  work  area  between  July  and  October 1975;  a 70-ha upstream  expansion 

was approved i n   l a t e   O c t o b e r  and y i e l d e d  an a d d i t i o n a l  423,000 m . 3 

Severa l   h igh-water   channels   t raversed  both  the  or ig ina l   work l i m i t s  and 

the   a rea  encompassed  by p lanned  expans ion   to   the   eas t ,  The m a j o r   a c t i v e  

channels   o f   Phelan  Creek  f lowed  through  the  or ig ina l   work ing  area  a t   the 

t ime   o f   t he   su rvey .  
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Vegetat ive  c lear ing  and  overburden  removal   were  not   necessary  for  

the  removal   o f   the  sandy  gravel   wi th  some cobbles and boulders.  A 15-m 

b u f f e r  was maintained  between  the  work  area and  main  channel  of  Phelan 

Creek; t h i s   n a t u r a l   b u f f e r  was augmented  by d ikes   across   depress ions  and 

minor  channels. A d i k e  was cons t ruc ted   a t   t he   ups t ream  end  of t h e   s i t e   t o  

d i v e r t   i n t e r m i t t e n t   c h a n n e l   f l o w  and  an ou t l e t   channe l  was p r o v i d e d   a t   t h e  

downstream  end o f   t h e   g r a v e l   r e m o v a l   a r e a   t o   f a c i l i t a t e   d r a i n a g e .   M a t e r i a l  

was removed t o  a  0.9-m work ing   depth   w i th   convent iona l   load ing   and  hau l ing  

methods;  permafrost was no t   p resen t   bu t   r i pp ing   w i th   doze rs  was necessary 

for   excavat ion  o f   seasonal ly   f rozen  ground.   S imi lar   work ing  depths,   excava-  

t i o n  methods,  and d ivers ion/buf fer   procedures  were  used  dur ing  development  

of   the  upstream  expansion. 

The s i t e   a p p a r e n t l y  was n o t   r e h a b i l i t a t e d ,   b e c a u s e   s e v e r a l   d i k e s  and 

o n e   s t o c k p i l e   r e m a i n e d   d u r i n g   t h e   t i m e   o f   t h e   s i t e   v i s i t   i n  1978. Var ious  

a s p e c t s   o f   t h i s   s i t e   a r e  shown i n   F i g u r e  90. 
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EFFECTS OF GRAVEL REMOVAL ON R I V E R  HYDROLOGY AND HYDRAULICS 
L .  A .  Rundquist 

INTRODUCTION 

The purpose  o f   the  hydro logy and h y d r a u l i c s   s t u d y  was t o   e v a l u a t e  

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

d r a u l i c s ,   s e d i m e n t a t i o n ,   i c e   c h a r a c t e r i s t i c s ,  and h y d r o l o g y   a t   t h e  25 s tudy  

s i t e s .  The l o c a t i o n s   o f   t h e s e   s i t e s   a r e  shown i n   F i g u r e  1 .  The c h a r a c t e r i s -  

t i c s   d e s c r i b i n g   t h e   p h y s i c a l   a s p e c t s  of t h e   s i t e  and the  gravel   removal  

me thods   a re   l i s ted   i n   Tab le  I .  G e n e r a l   d e s c r i p t i o n s   o f   t h e   s i t e s   a r e   p r o -  

v i d e d   i n  DESCRIPTION OF STUDY R I V E R S .  

P r e v i o u s   s t u d i e s   o f   g r a v e l   r e m o v a l   f r o m   r i v e r   f l o o d p l a i n s   a r e   l i m i t e d  

i n  number. A p r e l i m i n a r y   r e p o r t   f o r   t h i s   p r o j e c t  (Woodward-Clyde Consu l tan ts  

1976a)   rev iewed  l i terature  on  gravel   removal  up t o   t h a t   t i m e .   S i g n i f i c a n t  

r e s u l t s  of  that   rev iew  are  inc luded  and  expanded upon i n   t h i s   s e c t i o n .   O t h e r  

p e r t i n e n t   l i t e r a t u r e   i d e n t i f i e d   s i n c e  1976 a r e   i n c l u d e d   i n   t h i s   s e c t i o n .  

A few  general   statements  ( f rom Woodward-Clyde Consu l tan ts  1976a) con- 

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

p r o v i d e  a bas i s   f o r   t he   i n fo rma t ion   p resen ted   i n   subsequen t   sec t i ons .  

A r i v e r   c o n t i n u a l l y  changes i t s  p o s i t i o n  and  shape as a consequence of  

hydrau l i c   fo rces   ac t ing   on   i t s   bed  and  banks .   These  changes  re f lec t   the  

dynamic   cond i t ion  of the  natura l   env i ronment ;   they may be slow, gradual  

processes or sudden  morphologica l   changes  resul t ing  f rom an extreme  f lood 

event .  A r i v e r  system  a lways  s t r ives  toward a s t a t e   o f   e q u i l i b r i u m   i n   o r d e r  

t o  convey  the  water and  sed iment   de l i vered   to  i t .  
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S i m i l a r l y ,  when  a stream i s   a l t e r e d   l o c a l l y ,   t h e  change o f ten   causes  

m o d i f i c a t i o n   o f   t h e   c h a n n e l   c h a r a c t e r i s t i c s   f o r   c o n s i d e r a b l e   d i s t a n c e s   b o t h  

upstream  and  downstream. The r i ve r   response   to   changes  i s  q u i t e  complex,  but 

a l l  r i ve rs   a re   gove rned   by   t he  same bas ic   f o rces .  From a r e v i e w  of  a v a i l a b l e  

l i t e r a t u r e  on r i v e r   r e s p o n s e   t o   a l t e r a t i o n s ,  some general   statements  can be 

made o n   t h e   b a s i s   o f   p a s t   r e s e a r c h   r e s u l t s   ( K a r a k i   e t   a l .  1974). 

Depth i s  d i r e c t l y   p r o p o r t i o n a l   t o   w a t e r   d i s c h a r g e  and i n v e r s e l y  

p ropor t i ona l   t o   sed imen t   d i scha rge .  

a Channel w i d t h   i s   d i r e c t l y   p r o p o r t i o n a l   t o   w a t e r   d i s c h a r g e  and t o  

sediment  discharge. 

a Channel  shape ( w i d t h : d e p t h   r a t i o )  i s  d i r e c t  

d ischarge. 

l y  r e l a t e d   t o  sediment 

0 Meander  wave l e n g t h   i s   d i r e c t l y   p r o p o r t i o n a  

and t o  sediment  discharge. 

I t o   wa te r   d i scha rge  

R i v e r   s l o p e   i s   i n v e r s e l y   p r o p o r t i o n a l   t o   w a t e r   d i s c h a r g e  and d i r e c t l y  

p r o p o r t i o n a l  t o  sediment  d ischarge and g r a i n   s i z e .  

ey   s lope and i n v e r s e l y   p r o p o r t i o n a l  

be used t o   p r e d i c t   t h e   e x a c t   r e -  

o S i n u o s i t y   i s   p r o p o r t i o n a l   t o   v a l  

t o  sediment  discharge. 

A l though   these   re la t i onsh ips   canno  

sponse  of a r i v e r   t o   a l t e r a t i o n s ,   t h e y  do reveal   the  in terdependency  o f   the 

r i v e r   p a r a m e t e r s .  

L o c a l   m o d i f i c a t i o n s   t o  a r i v e r  can  induce  short-term and  long-term 

responses.  During  excavation,  channel  morphology and sedimentat ion  charac-  

t e r i s t i c s  may be  changed. A f t e r   t h e   o p e r a t i o n   h a s  ceased,  the r i v e r  w i l l  

t e n d   t o   r e a d j u s t   t o   t h e   g e o m e t r y  and p a t t e r n   t h a t  i t  had  p rev ious ly ;  i f   t h e  

magn i tude   o f   t he   mod i f i ca t i on  i s  l a r g e  enough, the   read jus tment  may take  

many decades t o  complete. The shor t - term  responses  are  usual ly   observable 
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and may be  measurable;  however,  the  long-term  response may be so gradual  

t h a t   t h e  changes w i l l  not   be  not iceable  for   decades.  

I n   a d d i t i o n   t o   t h e s e   g e n e r a l   s t a t e m e n t s   p e r t a i n i n g   t o   a l l   r i v e r s ,  

a few c h a r a c t e r i s t i c s   o f   a r c t i c  and subarc t i c   r i ve rs   a re   i n t roduced   be low.  

Flow s t o p s   i n  many r i v e r s   f o r  much o f   t h e   w i n t e r .  Those r i v e r s   t h a t   c o n t i n u e  

to   f l ow   i n   t he   channe l   benea th   t he   i ce   o r   i n   t he   g rave l   benea th   t he   channe l  

have   t he   po ten t i a l   t o   deve lop   au fe i s ,   wh ich   i s   i ce   t ha t   f o rms  upon i t s e l f   b y  

a s e r i e s  of  over f lows.  The rema in ing   f l ow  i s  c o n s i d e r e d   v i t a l   t o   f i s h   o v e r -  

w i n t e r i n g   a r e a s .  

A t  breakup,   the  water   leve ls   o f   large  snowmel t   f loods  are  o f ten  in-  

creased  by  ice  jamming  or   aufe is   in   the  channel .   Af ter   the  snowmel t   f lood,  

f l o w  may d e c r e a s e   s i g n i f i c a n t l y   f o r   t h e   r e s t   o f   t h e  summer except f o r  a few 

s h o r t   d u r a t i o n   e v e n t s   i n   r e s p o n s e   t o  summer storms.  Very low summer f l o w  i s  

e s p e c i a l l y  common on  the  North  Slope,  which i s  

150 mm o f   p r e c i p i t a t i o n   a n n u a l l y .  

semia r id ,   rece iv ing  only  

I n  

more un 

these r 

dammed 

s u b a r c t i c   A l a s k a ,   g l a c i e r s  feed many r 

i fo rm  f lows  th rough  the  summer. D i u r n a l  

i v e r s  near the i r   headwaters .   Assoc ia ted  

lakes  that   can  empty  rapidly  causing  ex 

v e r s ,   r e s u l t i n g   i n   g e n e r a l l y  

f l u c t u a t i o n s   a r e   e v i d e n t   i n  

w i t h   g l a c i e r s   a r e   g l a c i e r  

e n s i v e   f l o o d i n g  downstream. 
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METHODS OF DATA COLLECTION 

The hydro logy  and h y d r a u l i c s   f i e l d   p r o g r a m  was Conducted t o   p r o v i d e  

i n f o r m a t i o n   f o r   t h e   e v a l u a t i o n   o f   g r a v e l   r e m o v a l  impacts an   the   phys i ca l  

c h a r a c t e r i s t i c s  o f  t h e   r i v e r   w i t h i n   t h e   s t u d y   r e a c h .   T h r e e   c o n s e c u t i v e  

days  were  avai lab le a t  each o f  t he  25 s t u d y   s i t e s  for  c o l l e c t i o n  o f  these 

data. The s i t e   v i s i t  was d u r i n g   t h e  summer when the   water   leve l  was r e l a -  

t i v e l y  low sd t ha t   t he   channe ls   cou ld  be more e a s i l y   c r o s s e d .   D e t a i l s   o n  

the  procedures used can  be  found i n  APPROACH  AND  METHODOLOGY. 
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METHODS OF DATA ANALYSIS 

The eva lua t ion   o f   changes  resu l t ing   f rom  g rave l   remova l   opera t ions  

a t   t h e  25 s t u d y   s i t e s  was based p r i m a r i l y  on  subject ive  judgement.  A few 

h y d r o l o g i c  and hydrau l i c   ana lyses   were   per fo rmed  to  enhance the  data  base 

f o r   m a k i n g   f u r t h e r   e v a l u a t i o n s  and b i o l o g i c a l   a n a l y s e s .  A t a b l e  was prepared 

t h a t   l i s t e d   q u a n t i t a t i v e   v a l u e s   f o r   t h e   s u b j e c t i v e   e v a l u a t i o n   o f  changes, 

and was used t o  compare s i t e s  and, t h e r e b y ,   t o   e v a l u a t e   t h e   r e l a t i v e  change. 

The f o l l o w i n g   s u b s e c t i o n s   d e s c r i b e   b r i e f l y   t h e   m e t h o d s   u s e d  i n  the  analyses. 

HYDROLOGY 

Mean annual   f lows  and  f lood  f requency  curves  were  developed  for   the 

25 s tudy   s i tes .   There   were   no  U. S .  Geolog ica l   Survey   gag ing   s ta t ions  a t  

t he   s tudy   s i t es .   N ine   s i t es   were   nea r  enough t o   g a g i n g   s t a t i o n s   t o   u s e  

the   gag ing   s ta t ion   da ta ,   a l though  none  o f   the   s ta t ion   records   exceeded 

12 y e a r s   i n   l e n g t h .   S t a n d a r d   r e g i o n a l   r e g r e s s i o n   t e c h n i q u e s   w e r e   d i f f i c u l t  

t o  use   because   o f   t he   spa rse   gag ing   s ta t i on   ne twork   i n   a rc t l c  and s u b a r c t i c  

Alaska. The hydro log ic   ana lyses   thus   inc lude a s i g n i f i c a n t  amount o f   judge-  

ment;   thus,   the  resuI, ts  should  be  considered as rough  est imates.  

Mean Annual  Flow 

The mean a n n u a l   f l o w s   a t   s i x  U. S .  Geolog ica l   Survey   gag ing   s ta t ions  

were  used  as a b a s i s   f o r   t h e   a n a l y s i s .  The u n i t  mean annual  f low (mean 

annual   f low  per   square  k i lometer   o f   dra inage  bas in)  was computed for these 

s t a t i o n s .   N i n e  of the   s tudy   s i tes   were   near  enough t o   t h e   s t a t i o n s   t o  use 

t h e   s t a t i o n ' s   u n i t  mean annual  f low. A t  the   remain ing  16 s i t e s ,   t h e   u n i t  

mean annual   f low  f rom  the  nearest   gaging  s ta t ion was m o d i f i e d   a f t e r  con- 

s i d e r i n g   t h e   d i f f e r e n c e   i n  mean annual p r e c i p i t a t i o n   o f   t h e   d r a i n a g e   b a s i n s  

f o r  the   gaged   r i ve r  gnd t h e   s t u d y   s i t e .  
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Flood  Frequency  Analys is  

F lood  f requency  curves  for  ea,ch o f   t he   s tudy   s i t es   were   genera ted  

by   app ly ing  a reg iona l   ana lys is   techn ique  descr ibed  by  Lamke (1979) .  

D ischarges   fo r   the  1.25-, 2-, 5-, IO-, 25-, 50-, and  100-year r e c u r -  

rence  in terva ls   were  computed.   In   order   to   improve  these  est imates,  

f lood  f requency  data  based  on  the  appl icat ion  o f   the Log  Pearson  Type 

I l l  d i s t r i b u t i o n  were  requested  from  the U.S. Geological   Survey  for  17 

gag ing   s ta t ions   on   o r   in   the   genera l   a rea  o f  t h e   s t u d y   s i t e s .  The re -  

gress ion  equat ions  presented  by Lamke were a l s o  used  on  these  gaged 

r i v e r s  and t h e   r a t i o  of t h e  Log Pearson  Type I l l  d i s c h a r g e s   t o   t h e  

d ischarges  ca lcu lated  f rom  the  regress ion  equat ions  were  computed.  

These r a t i o s  were  then  appl ied to  t h e   s t u d y   s i t e s   i f   t h e   s i t e s   w e r e  ( 1 )  

on  the same r i v e r   b u t   u p s t r e a m   o r  downstream  from  the  gaging  si te, ( 2 )  

a s i m i l a r   s i t e   t o   t h a t   o f   t h e  gaged r i v e r ,  and (3) i f   t h e   d r a i n a g e  

b a s i n   c h a r a c t e r i s t i c s   s u c h  as headwaters  locat ion,   aspect ,  and dra inage 

bas in   shape  were   s im i la r ,  The resu l t i ng   d i scha rges   were   used   t o   deve lop  

f lood   f requency   curves   fo r   each  o f   the   s tudy   s i tes .  

HYDRAULICS 

Three  ana lyses   were   inc luded  in   the   hydrau l i c   inves t iga t ion :   back-  

wa te r   ana lys i s ,   un i fo rm  f l ow   ana lys i s ,  and hydrau l i c   geomet ry   ana lys is .  

Each o f   t hese   a re   d i scussed   i n   t he   f o l l ow ing   separa te   subsec t i ons .  

Backwater  Analysis 

A backwater   analys is  was per fo rmed   fo r   mos t   o f   t he   r i ve rs   i nc luded  

in   the  s tudy  us ing  the  s tandard  s tep  method (Chow 1959). I n p u t   d a t a   t o  

the  program  inc luded a se lec ted   d ischarge,  a corresponding  water  sui" 

face   e leva t ion   a t   the   con t ro l   sec t ion ,   c ross-sec t iona l   geomet ry   o f   each 

c ross   sec t i on   i n   t he   s tudy   reach ,   d i s tances   be tween   c ross   sec t i ons ,   and  

roughness   coe f f i c ien ts   fo r   each  subsec t ion   o f   each  c ross   sec t ion .  
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Uni fo rm  F low  Ana lys is  

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

ana lys i s ,   va lues   o f  some geometr ic and hyd rau l i c   pa ramete rs   a t  low f l o w s  

were  computed i n   o r d e r   t o   r e l a t e   t h e s e   p a r a m e t e r s   t o   t h e   c o r r e s p o n d i n g  

d ischarge and t o   p r o v i d e   d a t a   f o r   t h e   a q u a t i c   h a b i t a t   e v a l u a t i o n .  Use of t h e  

backwater  program was n o t   a p p r o p r i a t e   f o r  low  f lows  because  of   the  smal l  

number and w ide   spac ing   o f   c ross   sec t i ons   i n   t he   s tudy   reaches .  The f l o w s   a t  

the   surveyed  c ross   sec t ions   were  assumed t o  be   un i fo rm and computations  were 

made us ing  the  Manning  equat ion (Chow 1959). 

The inpu t   da ta   t o   t he   un i fo rm  f l ow   p rog ram  i nc luded   the   c ross -sec t  

coord ina tes ,   roughness   coe f f i c ien ts ,   energy   s lopes ,   se lec ted   d ischarges  

i n i t i a l   e s t i m a t e s   o f   s t a g e .  The surveyed  water   sur face  s lope was used a 

i ona I 

, and 

s an 

es t imate   o f   the   energy  s lope  because  most  surveys  took  place when r i v e r s  

w e r e   c a r r y i n g   f l o w   s i m i l a r   i n   m a g n i t u d e   t o   t h e  mean annua l   f low.   S imi la r ly ,  

t h e   r o u g h n e s s   c o e f f i c i e n t  was ca lcu lated  f rom  the  measured  d ischarge and 

geometry   ra ther   than  f rom  est imates  used  in   the  backwater   analys is .   Th is  

I i k e l y  be   g rea ter   a t  

i n f l uence   o f   t he   bed  

c a l c u l a t i o n   t e c h n i q u e  was used 

low f l o w s   t h a n   t h a t   a t   f l o o d  f 

roughness  at   smal l   depths.  

H y d r a u l i c  Geometry A n a l y s i s  

because  roughness  would 

lows  due t o   t h e   g r e a t e r  

V a l u e s   o f   t h e   c o e f f i c i e n t s  and exponents i n   t h e  power r e l a t i o n s   f o r   t h e  

h y d r a u l i c   g e o m e t r y   ( i n c l u d i n g  mean v e l o c i t y )   a t  a cross sec t ion   were  com- 

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

s i t e s .  Power c u r v e   f i t t i n g  was completed  for   the  geometr ic  and corresponding 

d ischarge  data  which  were  determined  by  the  hydraul ic   analyses  d iscussed  in  

the   p rev ious   subsec t ions .  The r e s u l t i n g   c o e f f i c i e n t s  and exponents  were 

compared w i t h   t h e   v a l u e s   o b t a i n e d   f o r   o t h e r   r i v e r s   i n   A l a s k a  and o t h e r   p a r t s  

o f   t h e   U n i t e d   S t a t e s .   I n   a d d i t i o n   t o   t h i s   q u a n t i t a t i v e   c o m p a r i s o n ,  a q u a l i -  

t a t i ve   compar i son   o f  power r e l a t i o n   c o e f f i c i e n t s  and  exponents  for   d is turbed 

and  und is tu rbed  c ross   sec t ions  was made based  on p l o t s  of  t h e  power curves  

f o r  each c r o s s   s e c t i o n   o f   o t h e r   s i t e s   h a v i n g   i n s u f f i c i e n t   d a t a   r a n g e   f o r  a 

q u a n t i t a t i v e   a n a l y s i s .  
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QUANTIFICATION OF CHANGES 

A t  each o f   t he  25 s t u d y   s i t e s  an at tempt was made t o   q u a n t i t a t i v e l y  

r a t e   t h e   d e g r e e   o f  change o f   s e l e c t e d   r i v e r   c h a r a c t e r i s t i c s  due t o   t h e  

gravel   removal   operat ions.  When q u a n t i f y i n g  changes,  the  selected  charac- 

t e r i s t i c   s h o u l d   b e  compared  before and a f te r   t he   g rave l   remova l   ope ra t i on  

under   s im i l a r   f l ow   cond i t i ons .  Whenever p o s s i b l e ,   t h i s  was done u s i n g   a e r i a l  

photographs .   Aer ia l   photographs   o f ten   d id   no t   p rov ide   the   necessary   de ta i l ,  

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

made such  comparisons  less  meaningful.  Thus, the  upstream  sample  area was 

assumed t o   r e p r e s e n t   t h e   u n d i s t u r b e d   c o n d i t i o n   f o r  many of   the  comparisons. 

After  comparisons  were made,  a r a t i n g   s c a l e  was a p p l i e d   t o   e s t a b l i s h   t h e  

r e l a t i v e  degree o f  change o c c u r r i n g   i n   p h y s i c a l   c h a r a c t e r i s t i c s   a t   t h e  

v a r i o u s   s i t e s .  

A s c a l e  was se lec ted   rang ing   i n   va lue   f rom 0 t o  IO, w i t h  0 be ing  a 

ve ry   l a rge   dec rease   i n   t he   quan t i t y   o f  a c h a r a c t e r i s t i c ,  5 i n d i c a t i n g   n o  

change,  and I O  be ing  a ve ry   l a rge   i nc rease   i n   t he   quan t i t y   o f  a charac ter -  

i s t i c .   I n t e r m e d i a t e   v a l u e s   r e f l e c t   v a r i o u s   d e g r e e s  of  change  between  the 

extreme  values.  More  speci f ic   meanings  of   the  degree of  change f o r  each 

c h a r a c t e r i s t i c   a r e   g i v e n   i n   t h e   f o l l o w i n g  RESULTS AND DISCUSSION s e c t i o n .  

A l l  s i t e s   w e r e   r a t e d   u s i n g   t h e   r a t i n g   s c a l e s .   S i t e s   w i t h  more  than 

one   phys i ca l   response   to   t he   g rave l   remova l   ac t i v i t y   were   g i ven  more  than 

one r a t i n g .  These si tes  included  Sinuk  River,   Washington  Creek,  Oregon 

Creek,  Aufeis  Creek, and Middle  Fork  Koyukuk  River-Upstream. A t  a l l  o t h e r  

s i t es ,   t he   phys i ca l   changes   resu l t i ng   f rom  the   g rave l   remova l   ope ra t i on   were  

s i m i l a r   t h r o u g h o u t   t h e   s i t e .  The gravel   removal   areas  for  a l l  s i t e s   a r e   d i s -  

cussed i n   g e n e r a l   i n   t h e   p r e v i o u s   s e c t i o n  (DESCRIPTION OF STUDY RIVERS).  The 

separa t i on   o f   t he   g rave l   remova l   a reas   f o r   t he   hyd ro log i c  and h y d r a u l i c  

a n a l y s e s   a t   s e l e c t e d   s i t e s  i s  desc r ibed   i n   t he   f o l l ow ing   pa rag raphs .  

A t  S inuk  River ,   d i f ferent   responses  to   gravel   removal   were  observed for  

two  gravel   removal   locat ions.   These  locat ions  are shown i n   F i g u r e  I I .  An 

i s land   t ha t   sp l i t   t he   channe l   ups t ream  o f   t he   h ighway   b r i dge  was complete ly  
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removed ( t h i s   a r e a  i s  designated  Area A ) .  The o t h e r   l o c a t i o n   ( A r e a  81, i n  

and adjacent  to  h igh-water  channels  upstream and  downstream  from  the  highway 

br idge,  was separated  from  the  main  channel. 

A t  Washington  Creek,  two  gravel  removal  areas  were  separated  by  approxi- 

mate ly  I km of u n d i s t u r b e d   r i v e r   ( F i g u r e  12). The upper  (upstream)  and  lower 

(downstream)  gravel  removal  areas  are  designated A and B, r e s p e c t i v e l y .  

A t  Oregon  Creek  the  major  area of  d is tu rbance was immediately  upstream 

o f  i t s  c o n f l u e n c e   w i t h   C r i p p l e   R i v e r   ( F i g u r e  13, Area A ) .  The unvegetated 

grave l   bar   (Area  B )  immediately  downstream  f rom  the  h ighway  br idge was a l s o  

used   fo r   g rave l   ex t rac t i on .  

A t  t h e   A u f e i s  Creek s i te ,   the   two  ma jor   g rave l   remova l   a reas   were  

separated  by  over 3 km of r i v e r  channel   (F igure 14).  The upper  and  lower 

s i t e s   a r e   d e s i g n a t e d  A and B, r e s p e c t i v e l y .  

Gravel  removal  at  the  Middle  Fork  Koyukuk  River-Upstream s i t e  was 

l o c a t e d   i n  a high-water  channel  and  on a p o i n t   b a r   ( F i g u r e  15).  The upper 

and  lower s i t es   a re   des igna ted   a reas  A and 6, r e s p e c t i v e l y .  
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F i g u r e  12. Aerial   photograph of  Washington  Creek  showing the upper  and 
lower gravel remove1  areas. 
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F i g u r e  14. A e r i a l  photograph of  A u f e i s  Creek showing upper and lower 
gravel removal areas. 
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F i g u r e  15.  Aerial   photograph of M i d d l e  Fork Koyukuk River-Upstream 
showing  upper and lower  gravel  removal  areas. 
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RESULTS AND DISCUSSION 

The fo l l ow ing   subsec t i ons   p resen t  and d i s c u s s   t h e   r e s u l t s  of the   da ta  

a n a l y s i s   f o r   t h e  25 s t u d y   s i t e s .  The f i ve   subsec t i ons   rep resen t   f i ve   ca te -  

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

gravel   removal   operat ions.  These inc lude:  

e Channe'l c o n f i g u r a t i o n  and process, 

0 Hydrau I i cs, 

e Sedimentat ion,  

a I c e   c h a r a c t e r i s t i c s ,  and 

e Hydro I ogy. 

Each subsec t ion   inc ludes   background  in fo rmat ion   tha t   p rov ides   the   reader  

w i t h  a know ledge   o f   se lec ted   cha rac te r i s t i cs  of u n d i s t u r b e d   r i v e r s  and  a 

d e s c r i p t i o n   o f  c h a n g e s   w h i c h   o c c u r r e d   i n   t h e s e   r i v e r   c h a r a c t e r i s t i c s  as a 

resu l t   o f   g rave l   remova l   ope ra t i ons .  

CHANNEL  CONFIGURATION AND PROCESS 

The channe l   con f i gu ra t i on   o f  a r i v e r   i s   t h e  shape of t h e   r i v e r  chan- 

n e l ( s )  when l o o k i n g   v e r t i c a l l y  down a t  t h e   r i v e r .   C o n f i g u r a t i o n s   r e p r e s e n t e d  

by  the 25 s tudy   s i t es   i nc lude   b ra ided ,   sp l i t ,   meander ing ,   s inuous ,  and 

s t r a i g h t .  A s i x t h   c o n f i g u r a t i o n ,  beaded, i s   un ique  to   nor thern   env i ronments ,  

bu t  was no t   i nves t i ga ted   du r ing   t h i s   s tudy ;   beaded   sys tems   a re   t yp i ca l l y  

very  small  and a r e   n o t   l i k e l y   t o   c o n t a i n  much g rave l .   Assoc ia ted   w i th   t he  

channel   conf igurat ions  are  processes  o f   sediment   eros ion and d e p o s i t i o n  

which form f e a t u r e s   c h a r a c t e r i s t i c   o f   t h e   c o n f i g u r a t i o n .  The f i ve   channe l  

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

i n  subsequent  paragraphs. 
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The c h a n n e l   c o n f i g u r a t i o n   i s  a f u n c t i o n   o f   r i v e r   s t a g e   ( w a t e r   l e v e l ) ;  

t he   op t imum  s tage   f o r   de f i n ing   t he   channe l   con f i gu ra t i on   i s   a t   l aw   f l ow .  

The c h a n n e l   c o n f i g u r a t i o n   i s   a l s o  a f u n c t i o n   o f   l o c a t i o n   a l o n g   t h e   r i v e r ;  

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

headwaters  and i t s  mouth. The channe l   con f i gu ra t i ons   desc r ib ing   t he  25 

s tudy   s i tes   a re   those  on ly   th rough  the   reach  s tud ied .   Conf igura t ion   combi -  

n a t i o n s ,   l o c a l   s p a t i a l   v a r i a t i o n s ,  and va r ia t i ons   ove r   t ime   comp l i ca te  

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

Und is tu rbed  Cond i t ion  

B ra ided   Con f igu ra t i on .  A b r a i d e d   r i v e r   t y p i c a l l y   c o n t a i n s   t w o   o r  more 

in terconnect ing  channels   separated  by  unvegetated  or   sparse ly   vegetated 

g r a v e l   b a r s   ( F i g u r e  16). I t s   a c t i v e   f l o o d p l a i n   i s   t y p i c a l l y   w i d e  and 

sparse ly   vegetated,  and c o n t a i n s  numerous  high-water  channels  and  occasional 

vegeta ted   i s lands .   Ac t ive   channe ls   a re   typ ica l l y   w ide   and  sha l low  and  car ry  

l a r g e   q u a n t i t i e s  o f  sed imen t   a t   h igh   f l ows .   Ba rs   separa t i ng   t he   channe ls   a re  

u s u a l l y  low, gravel   sur faced,  and e a s i l y   e r o d i b l e .  The l a t e r a l   s t a b i l i t y   o f  

the   channe ls  i s  q u i t e  low; c h a n n e l s   s h i f t  by  bank erosion  and/or  by  channel 

d i v e r s i o n   i n t o  what was p r e v i o u s l y  a high-water  channel. The l a t e r a l   a c t i v -  

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

l a r g e   q u a n t i t i e s  of bed  load, i s  expected  to   be  h igh  because  gravel   deposi ts  

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

channel. Maximum depths  and  corresponding  top  widths  o f   undis turbed  major ,  

s ide,  and  h igh-water   channe ls ,   a t   four   b ra ided  s tudy   s i tes ,   a re   p lo t ted   in  

F i g u r e  17. 

S p l i t   C o n f i g u r a t i o n .  A s p l i t  channel r i v e r  has  numerous s t a b l e   i s l a n d s  

wh ich   d i v ide   t he   f l ow   i n to   two   channe ls   (F igu re  18).  The banks of  t h e  chan- 

n e l s   a r e   t y p i c a l l y   v e g e t a t e d  

t y p i c a l l y   n a r r o w   r e l a t i v e   t o  

than  two  channels   in  a g i v e n  

o f   t h e  two  channels i n  a s p l i  

The channe l   c ross   sec t ion  i s  

s i m i l a r   f l o w   c h a r a c t e r i s t i c s .  

and  s tab le.  The s p l i t   r i v e r   f l o o d p l a i n   i s  

the  channel   width.   There  are  usual ly  no  more 

reach and o the r   reaches   a re   s ing le   channe l .  One 

t reach may be   d ry   du r ing   pe r iods  o f  low f low.  

narrower  and  deeper  than a b r a i d e d   r i v e r   w i t h  

Maximum depths and cor respond ing   top   w id ths   o f  
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PLAN VIEW 

SECTION A-A 

F i g u r e  16. Schematic diagram of  the p l a n  view and cross section of  a 
t y p i c a l  b r a i d e d   r i v e r .  
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F i g u r e  17. Maximum depths and cor respond ing   top   w id ths  of und is tu rbed 
major ,  side, and h. igh-water  channels  at   four  braided study  s i t e s .  
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PLAN VIEW 

- 
SECTION A-A 

F i g u r e  18. Schemat ic   d iagram  of   the  p lan  v iew and c r o s s   s e c t i o n  of  a t y p i c a l  
s p l i t  channel r i v e r .  

und is tu rbed  ma jor ,   s ide ,  and h igh-water   channe ls ,   a t   four   sp l i t   channe l  

s t u d y   s i t e s ,   a r e   p l o t t e d   i n   F i g u r e  19. Sediment  discharge i s  t y p i c a l l y   l e s s  

t h a n   t h a t   o f  a b r a i d e d   r i v e r .  Bed load i s  d e p o s i t e d   a t  low f l o w   t o   f o r m  

grave l   bars   a long  the   s ides   o r   in   the   midd le   o f   the   channe ls .  These bar  

t y p i c a l l y  more erod ib le   than  the   banks .  The bars,   ra ther   than  the  banks 

e roded   du r ing   subsequen t   f l oods ,   resu l t i ng   i n  a l a t e r a l l y   s t a b l e  channe 

Meander ing  Conf igurat ion.  A meander ing   r i ver   w inds  back 

w i t h i n   t h e   f l o o d p l a i n   ( F i g u r e  20). The r a t i o   o f   t h e   c h a n n e l  

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

r i v e r s  have a s i n u o s i t y   g r e a t e r   t h a n  1.5. Flow i s  con ta ined  

and f o r t h  

s a r e  

, a r e  

1 .  
I 

l e n g t h   t o   t h e  

i t y .   Meander ing  

i n  a s i n g l e  
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F i g u r e  19. Maximum depths and co r respond ing   t op   w id ths  of  undis turbed  major ,  
s ide,  and  high-water  channels a t  four  s p l i t  channel   s tudy  s i tes.  
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' i g u r e  20. Schematic  diagram of t h e   p l a n  view and two cross   sec t ions  of a 
- y p i c a l  meander ing   r iver .  
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channe l ,   w i th   very  few is lands .  A t  each  bend, t h e   t y p i c a l   c r o s s   s e c t i o n  

con ta ins  a p o i n t   b a r  on the   ins ide   o f   the   bend and a pool on t h e   o u t s i d e  

o f  t he  bend, r e s u l t i n g   i n  a t r i a n g u l a r  shaped  cross  sect ion.   Point   bars 

a re   the   p r imary   a rea   o f   sed iment   depos i t ion  i n  a meandering r i v e r .  Between 

the  bends i s  a c ross ing ,   wh ich   t yp i ca l l y   has  a wide and shal low  cross  sec- 

t i o n   s i m i l a r   t o   t h a t  o f  a s ing le   b ra ided   channe l .   S ince   t he   w id th  o f  the  

channel i n   t h e   c r o s s i n g   i s   s i m i l a r   t o   t h a t   i n   t h e  bend, the  average  veloc- 

i t y   i s   o f t e n   g r e a t e r   t h r o u g h   t h e   c r o s s i n g .  Maximum depths and corresponding 

tap   w id ths  of undis turbed  major ,   s ide,  and h igh-water   channels   a t  15 s tudy  

s i t e s   w i t h  meandering,  sinuous, and s t r a i g h t   c o n f i g u r a t i o n s   a r e   p l o t t e d  

i n   F i g u r e  21. A meandering r i v e r   s h i f t s   i n   t h e   d o w n v a l l e y   d i r e c t i o n  by 

F i g u r e  21. Max 
and  high-water 
c o n f i g u r a t i o n s  
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imum depths  and  corresponding  top  widths of undis turbed  major ,   s ide,  
channe ls   a t  15 s tudy   s i tes   w i th   meander ing ,   s inuous ,  and s t r a i g h t  



a cont inuous   p rocess   o f   e ros ion  and deposi t ion;   eros ion  takes  p lace  on 

t h e   o u t s i d e  bank,  downstream  from  the  midpoint  of  the meander  bend  and 

deposi t ion  occurs  on  the  downstream end of   the  next   po int   bar   downstream. 

The r a t e   o f   d o w n v a l l e y   s h i f t i n g   v a r i e s   f r o m  one r i v e r   t o   a n o t h e r .  The r a t e  

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

of  braided  channels.  A r e s u l t  of n o n u n i f o r m   s h i f t i n g   i s   c h a n n e l   c u t o f f s .  

The  f l o o d p l a i n   w i d t h  of a meandering r i v e r   i s   o f   t e n   r o u g h l y   e q u a l  

t o   t h e  meander be l t   w id th ,   wh ich   i s   the   average  w id th   f rom  the   ou ts ide  

o f  one  meander  bend t o   t h e   o u t s  

20). High-water  channels on the  

i n g   r i v e r s .   S e d i m e n t   t r a n s p o r t  

S inuous  Conf igurat ion.  A s 

de o f   the   nex t   oppos i te  meander  bend ( F i g u r e  

i n s i d e   o f   p o i n t   b a r s   a r e   t y p i c a l  on  meander- 

n meandering r i v e r s   i s   t y p i c a l l y  moderate. 

nuous r i v e r  i s  s i m i l a r   i n   p l a n   v i e w   t o  

a meandering r i v e r   e x c e p t   t h a t   i t s   s i n u o s i t y   i s  between 1 . 1  and 1.5 ( F i g u r e  

22). I n   s i n u o u s   r i v e r s ,   p o i n t   b a r s   a r e   s m a l l e r  and d o w n v a l l e y   s h i f t i n g  

i s   g e n e r a l l y   l e s s   t h a n   t h a t   o f  a comparable-size  meandering  r iver.   Other 

t h a n   t h e   g r e a t e r   s t a b i l i t y ,   s i n u o u s   r i v e r s   a r e   q u i t e   s i m i l a r   i n   f o r m  and 

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

S t r a i g h t   C o n f i g u r a t i o n .  A s t r a i g h t   r i v e r   f l o w s   i n  a s ing le   channe l  I 

w i t h  a s i n u o s i t y   l e s s   t h a n  I .  I ( F i g u r e  23). The thalweg, or deepest   par t  

of  the   channe l ,   t yp ica l   l y   wanders   back   and  fo r th   w i th in   the  Ghannel wi.th 

a l te rna te   g round  bars   fo rmed by   sed iment   depos i t ion   oppos i te   those  loca t ions  

where  the  thalweg  approaches  the  side  of  the  channel. The a l t e r n a t e   b a r s  

may or may no t  be  exposed a t  low flows. R i v e r s   w i t h  a , long r e a c h   o f   s t r a i g h t  

channe l   pa t te rn   a re  much less  common t h a n   r i v e r s   w i t h   o t h e r   c o n f i g u r a t i o n s .  

Banks of s t ra igh t   channe ls   a re   expec ted   t o   be   re la tFve ly   s tab le .   Sed imen t  

t r a n s p o r t   i s   l i k e l y   t o  be l i gh t   t o   modera te   i n   t hese   sys tems .  

Other   Processes.   Rivers  wi th  any c o n f i g u r a t i o n  may be  found i n   n a r r o w  

moun ta in   va l l eys  and  on a l l u v i a l   f a n s .   R i v e r s   i n   t h e s e   l o c a t i o n s   h a v e   d i f -  

f erent  processes of e ros ion  and  depos i t ion  than  those  descr i bed  for   the’? 

t y p i c a l   r i v e r   w i t h   t h e  same c o n f i g u r a t i o n .  Channel c o n f i g u r a t i o n s  of moun- 

t a i n o u s   r i v e r s   a r e   t y p i c a l l y   n o t   c o n t r o l l e d  by a l l u v i a l   p r o c e s s e s ,   b u t  
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PLAN VJEW 

SECTION A-A 
F i g u r e  22. Schematic  diagram of the   p lan   v iew and cross   sec t ion  of a t y p i c a  
sinuous r i v e r .  

I PLAN "IEW 

I 
SECTION' A- A 

F i g u r e  23. Schematic diagram of the   p lan   v iew and cross   sec t ion  o f  a t y p i c i  
straight r i v e r .  
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r , a the r   a re   con t ro l l ed  by geo log ica l  and morpho log ica l   fea tures   o f   the   va l -  

ley .   Mounta inous   r i vers  commonly have  very l i t t l e   o r  no f l o o d p l a i n  and 

consequent ly ,   have  smal l   quant i t ies  o f  g r a v e l .   A l l u v i a l   f a n s   d e v e l o p  when 

a steep  gradient   s t ream  f lows  onto a s u b s t a n t i a l l y   l e s s   s t e e p   t e r r a i n ;   I t s  

sed imen t   t ranspor t   capac i t y   i s   s ign i f i can t l y   reduced   caus ing   sed imen ts   t o   be  

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

develop a new channel .   This may occur  by a g radua l   m ig ra t i on   p rocess   o r  by  a 

r a p i d  abandonment o f  one channel t o  develop a new channel. Such processes 

develop a p a r t i a l  cone-shaped depos i t   o f   g rave ls   w i th   t he  apex being  near 

the  end o f  t h e   s t e e p   g r a d i e n t   r i v e r   v a l l e y   ( F i g u r e  24) .  The fan  may o r  may 

no t  be vegeta ted ;   denser   vegeta t ion   imp l ies   g rea ter   s tab i l i t y .  

Changes Due t o   G r a v e l  Removal 

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

gravel   removal  was  a s h i f t   t o w a r d s  a more   b ra ided   con f igu ra t i on  as i n d i -  

c a t e d ,   i n   p a r t ,  by an i n c r e a s e   i n   t h e  number' of  channels, A decrease  in  

l a t e r a l   s t a b i l i t y   o f   t h e   c h a n n e l s  was o f t e n   a s s o c i a t e d   w i t h  changes t o  
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more  numerous  channels.  These  changes  were  most  prevalent i n   s c r a p e d   s i t e s  

and  most  prominent i n   s ing le   channe l   s i t es .   Grave l   remova l   a t  many scraped 

and p i t  excavated  s i tes  caused a d i v e r s i o n   o r  a h i g h   p o t e n t i a l   f o r   d i v e r s i o n  

of   f low  through  the  gravel   removal   s i te .   These  observed  channel   conf ig-  

u r a t i o n  changes  were  g iven  quant i ta t ive  ra t ings  for   comparat ive  purposes 

(Tab le  5). these  changes i n  channe l   con f igura t ion   a re   d iscussed  in   more  

d e t a i l   i n   t h e   f o l l o w i n g   s e c t i o n s .  

B r a i d i n g   C h a r a c t e r i s t i c s .  The t w o   b r a i d i n g   c h a r a c t e r i s t i c s   c o n s i d e r e d  

were  the number and s t a b i l i t y   o f   t h e   c h a n n e l s .  The  most s i g n i f i c a n t  changes 

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

uous, s p l i t ,  and meandering r i v e r s   w i t h   l e s s e r  changes  observed i n   s c r a p e d  

b r a i d e d   r i v e r s .   T h i s   d i f f e r e n c e  was expected,   because  bra ided  r ivers   had 

s u c h   c h a r a c t e r i s t i c s   p r i o r   t o   g r a v e l   r e m o v a l ,   t h u s ,  any  change  was  compara- 

t i v e l y  less s i g n i f i c a n t .  The loca t ions   o f   the   g rave l   remova l   opera t ions   tha t  

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

those   wh ich   d i s tu rbed   t he   ba rs   ad jacen t   t o   ac t i ve   channe ls   o r   t hose   wh ich  

c a u s e d   d i v e r s i o n   o f   f l o w   i n t o   t h e   m a t e r i a l  s i te .  

D is tu rbance   o f   t he   ba rs   ad jacen t   t o   ac t i ve   channe ls   can   hypo the t i -  

ca l l y   reduce   t he   f l ow   w i th in   t he   channe l   du r ing   f l oods   because   f l ow   sp reads  

out  through  the  mined  area. The reduced  f low  w i th in   the   channe l  would reduce 

t h e   a b i l i t y   t o   t r a n s p o r t   s e d i m e n t s ;   s e d i m e n t   d e p o s i t i o n   w i t h i n   t h e   c h a n n e l  

may r e s u l t .   T h i s   d e p o s i t i o n   w o u l d   p o t e n t i a l l y   a g g r a v a t e   t h e   p r o b l e m   b y  

fu r the r   reduc ing   t he   c ross -sec t i ona l   a rea   ava i l ab le   t o   t he   f l ow .   Th i s  pro- 

ce5s   can   resu l t   i n   w iden ing   t he   channe l  and the  development  of  mid-channel 

b a r s .   A l t h o u g h   t h e   p o t e n t i a l   f o r   t h i s   h y p o t h e t i c a l   p r o c e s s   e x i s t s ,  i t  was 
no t   obse rved   a t   t he   s tudy   s i t es .  

B r a i d i n g   c h a r a c t e r i s t i c s   i n c r e a s e d   a t  many s i t e s  due t o   t h e   d i v e r s i o n  

of f l o w   t h r o u g h   t h e   s i t e  and the   lack  of a we l l -de f i ned   channe l   t o   con f i ne  

the   f l ow .  The f l o w   t h u s   s p r e a d   t h r o u g h   t h e   m a t e r i a l   s i t e  and l i k e l y   d i d  

n o t   h a v e   s u f f i c i e n t   s c o u r   p o t e n t i a l   t o   d e v e l o p  a new channel,  Thus,  numerous 

poor ly -de f ined  channe ls   f lowed  th rough  the   s i te .  
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River  

Grave I D i v e r s i o n   D i v e r s i o n  
remova t NO. o f  Chan ne 1 

area  channels   s tab i  I i t y  p i t   s c r a p e  a b through  througk 

Got d Run Creek 
Sinuk  River 

Washington  Creek 

Oregon  Creek 

Penny R i v e r  
Nome R i v e r  

A u f e i s  Creek 
0 Ugnurav i k  River 
w 

Kuparuk  River 
Skeetercake  Creek 
Sagavan i r k t o k   R i v e r  
l v i s h a k   R i v e r  
Shav iov i k   R ive r  
Kav ik   R ive r  
D i e t r  i ch R i ver-Upstream 
D i e t r  i ch R i  ver-Downstream 
Middle  Fork Koyukuk  River-Upstream 

Middle  Fork Koyukuk  River-Downstream 
J im  River  
Prospect  Creek 
West Fork Tolovana  River 
McManus Creek 
Tanana River-Downstream 
Tanana River-Upstream 
Phe tan  Creek 

A 
B 

A 
3 

5 
4 

IO 
5 
9 
7 
9 

I O  
6 
9 
5 
7 
5 

IO 
8 
6 
8 
5 
6 
5 

10 
8 
5 
5 
5 
5 
5 
5 
4 

- 
5 
3 

0 
4 
0 
5 
0 
0 
3 
0 
4 
3 
I 
4 
4 
5 
2 
5 
5 
5 
0 
4 
5 
5 
5 
5 
5 
5 
5 

- 
6 
9 
7 

I O  
6 
9 
6 

I O  
I O  
9 

10 
6 
7 

IO 
9 
7 
6 
9 
7 
7 
6 

10 
7 
7 - 
- 
6 - 

IO 
- 

(Footnotes oh fo l low ing   page)  



Table 5 .  Footnotes 

a Number o f   c h a n n e l s   r a t i n g s :  

B =  Number o f   ac t i ve   channe ls   i n   t he   m ined   a rea  
R Number of   act ive  channels  upstream  f rom  the  mined  area 

I O  

9 

8 

7 

6 

5 

4 

0- 

3 <  

2.5 < 

2 <  

1.5 < 
I < 
v a r i a t i  

B = I  

0.67 5 
v a r i a t i  

R 

J Not  used 

BR 
BR 2 3  
BR 5 2.5 

BR L 2  
BR 5 1.5 o r   o t h e r  8 values i f  they   a re   w i th in   normal  
on r a n g e s   o f   t h e   r i v e r  

o f   i f   o t h e r   d a t a   i n d i c a t e  no change 

B < I o r   o t h e r  B va lues i f  they   a re   w i th in   normal  
on r a n g e s   o f   t h e   r i v e r  R 

R 

R 

bChannel s t a b i  1 i t y  r a t i n g s :  

6-10 Not  used 

5 No change i n  channel s t a b i l i t y  

4 S l i g h t   d e c r e a s e   i n   s t a b i l i t y ,   b u t   w i t h i n   n a t u r a l   s t a b i l i t y   v a r i -  
a t i o n   o f   t h e   r i v e r  

3 Modera te   decrease  in   channe l   s tab i l i t y  due to   g rave l   remova l  

2 L a r g e   d e c r e a s e   i n   c h a n n e l   s t a b i l i t y  due to   g rave l   remova l  

I S u b s t a n t i a l   d e c r e a s e   i n   c h a n n e l   s t a b i l i t y  due to   g rave l   remova l  

0 Very   subs tan t i a l   dec rease   i n   channe l   s tab i l i t y  due t o   g r a v e l  
remova I 

C F l o w   d i v e r s i o n   r a t   i n  

IO H igh   po ten t  
through  the 

9 D i v e r s i o n  o 
c u r r e d   w i t h  

f 
i 

8 Moderate 
through 

7 Moderate 
permanen 
s i t e  dur 

S:  

al f o r   r i v e r   t o   d i v e r t  a l l  i t s  f low  permanent ly  
s i t e  

a s i g n i f i c a n t   q u a n t i t y   o f   f l o w   t h r o u g h   t h e   s i t e  oc- 
n severa l   years 

p o t e n t i a l   f o r   r i v e r   t o   d i v e r t   a l l   o f   i t s   f l o w   p e r m a n e n t l y  
t h e   s i t e  

t o  h i g h   p o t e n t i a l  for  some o f  t h e   r i v e r   f l o w   t o   d i v e r t  
t l y   t h r o u g h   t h e   s i t e   o r  for  f l ow   d i ve rs ion   t h rough   the  
i ng   f l ood   even ts  

6 Low p o t e n t i a l   f o r   r i v e r   d i v e r s i o n   t h r o u g h   t h e   s i t e  

0-5 Not  used 
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Ten s i t e s  had  more  than  twice as many c h a n n e l s   i n   t h e   m a t e r i a l   s i t e  

as were  upstream. A t  four  of   these  s i tes,   Washington  Creek, Nome River ,  

Sagavani rk tok  River ,  and Midd le   Fork  Koyukuk  River-Upstream,  the  numbers of 

channels  increased  more  than  three  t imes due to   g rave l   remova l   ope ra t i ons .  

Most s i t e s  ( 7  o f  101 w i t h   l a r g e   i n c r e a s e s   i n  numbers of   channels   a lso  had a 

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

n e l s .   L a t e r a l   s t a b i l i t y   e v a l u a t i o n s   w e r e   b a s e d   o n   s u b j e c t i v e   j u d g e m e n t s   o f  

s t a b i l i t y   i n d i c a t o r s .   L a t e r a l   s t a b i l i t y   i n d i c a t o r s   i n c l u d e d   t h e   h e i g h t  and 

e r o d i b i l i t y   o f   t h e   g r a v e l   b a r s   a t   t h e  edge o f   the   ac t i ve   channe ls ,   the   bed 

I 

l o a d   t r a n s p o r t   c h a r a c t e r i s t i c s   e v i d e n t  

the   channe l   con f igura t ion .  

The Nome R ive r  i s  an example o f  a 

c h a r a c t e r i s t i c s   ( F i g u r e  25). I n   t h i s  s 

a t   t h e  

m a t e r i a  

inuous r 

t ime o f   t h e   s i t e   v i s i t ,  and 

s i t e   w i t h   i n c r e a s e d   b r a i d e d  

ver ,   s ing le   channe l   f low 

was p r e v a l e n t   p r i o r   t o   t h e   g r a v e l   r e m o v a l   o p e r a t i o n ;   e x c e p t i o n s   t o   t h i s  

a re   t he   sp l i t   i n   t he   channe l   immed ia te l y   downs t ream  f rom  the   ma te r ia l   s i t e  

l o c a t i o n  and  two  high-water  or small a c t i v e   s i d e   c h a n n e l s   a d j a c e n t   t o   t h e  

m a t e r i a l   s i t e   l o c a t i o n .   A p p r o x i m a t e l y  20 y e a r s   a f t e r   t h e   g r a v e l  was removed, 

t h e   r i v e r  was f l o w i n g   i n  numerous, poor ly-def ined  channels   through  the 

m a t e r i a l   s i t e .  The r i v e r   a p p a r e n t l y   d i v e r t e d   i n t o   t h e   s c r a p e d   a r e a  soon 

a f t e r   t h e   o p e r a t i o n  was completed  and  has  at tempted  to  develop a w e l l -  

de f ined  channe l   s ince  i t  d i v e r t e d .  The s t a t e  of equ i l i b r i um  be tween   e ros ion  

and d e p o s i t i o n   i n   t h e  Nome R i v e r  was d is tu rbed  by   the   g rave l   remova l   opera-  

t i o n .  To r e s t o r e   e q u i l i b r i u m  i t  w i l l  probably  take  several   decades  f rom 

the   t ime  of t h e   i n i t i a l   d i s t u r b a n c e .  

Flow  Diversion  Through  Si te.   Gravel   removal   operat ions  caused flow 

d i v e r s i o n   o r  a h i g h   p o t e n t i a l   f o r   f l o w   d i v e r s i o n   a t  12 o f   t h e  25 s tudy  

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

permanent ly  through  the  s i te  included  upper  Washington  Creek, Penny R ive r ,  

Nome River,  upper  Aufeis  Creek,  Skeetercake  Creek,  lower  Middle  Fork  Koyukuk 

River-Upstream, and Phelan  Creek. A t  most o f   t h e s e   s i t e s ,   a l l   o f   t h e  f l o w  

had  a l ready   d iver ted  when t h e   s i t e  was v i s i t e d .  A l l  of  t h e s e   s i t e s   w e r e  

scraped  and  the  lower  Middle  Fork  Koyukuk  River-Upstream s i t e  was t h e   o n l y  

s i t e  where a b u f f e r  was  known t o  have  been  used t o   s e p a r a t e   t h e   s i t e   f r o m  
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August 1950 
Scale in Meters - 
0 130 

F i g u r e  25. Comparat ive  aer ia l   photography o f  t h e  Nome River   showing  change  in  
c h a n n e l   c o n f i g u r a t i o n   r e s u l t i n g   f r o m   g r a v e l   r e m o v a l   a c t i v i t i e s .  
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t he   ac t i ve   channe l .  The v e g e t a t e d   b u f f e r  was approx imate ly  30 m wide and 

r o u g h l y  I m i n   h e i g h t ;   v e g e t a t i o n  was m i s s i n g   i n  and a d j a c e n t   t o  a h igh-  

water   channel   which  crossed  the  buf fer .  Low (0.3 m)  d ikes   were   used  to  

b lock  o f f   th is   h igh-water   channel .   F low  began t o  d i v e r t   t h r o u g h   t h e   m a t e r i a l  

s i t e   d u r i n g   t h e  f i r s t  breakup  fo l lowing  the  removal   o f   gravel .  The b u f f e r  

breached,  apparent ly  caused  by  overtopping  and  subsequent  erosion of the   t op  

and  downstream  face  during  the  f lood. A t  t h e   t i m e   o f   t h e   s i t e   v i s i t   i n  1978, 

34 years   a f te r   the   min ing   took   p lace ,  85 pe rcen t   o f   t he   f l ow  was going 

t h r o u g h   t h e   m a t e r i a l   s i t e .   S c r a p e d   s i t e s   w i t h  a la rge  amount, b u t   n o t   a l l ,  

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

v i s i t e d   i n c l u d e d   S i n u k   R i v e r   ( i n - c h a n n e l   s i t e ) ,   u p p e r  Oregon  Creek, 

Ugnurav ik   River ,   Sagavani rk tok  River ,  and Kav ik   R iver .  None o f   t h e s e   s i t e s  

had a vege ta ted   bu f fe r .  

A major  consequence of f l o w   d i v e r s i o n   t h r o u g h   s c r a p e d   s i t e s  was t h e  

deve lopmen t   o f   b ra id ing   cha rac te r i s t i cs ,  as was d i scussed   i n   t he   p rev ious  

section.  Another  consequence was tha t   f l ow   i n   t he   f o rmer   ma in   channe l ( s1  

was e l i m i n a t e d   o r   s i g n i f i c a n t l y   r e d u c e d ,   t h u s   a f f e c t i n g   t h e i r   h y d r a u l i c s  

and the i r   reg ime .   F low   th rough   sc raped   s i t es   t ha t   had   t he   po ten t i a l   t o  

a i d   t h e   r e p l e n i s h m e n t   o f   g r a v e l   w i t h i n   t h e   s i t e   o c c u r r e d   a t   S i n u k   R i v e r  

( in-channel   s i te) ,   Washington  Creek,  Oregon  Creek,  Ugnuravik  River,   Aufeis 

Creek,  Kavik  River, and Phelan  Creek. A t  o ther   s i tes ,   such  as  Penny R i v e r  

and  Middle  Fork  Koyukuk  River-Upstream,  f low  through  the  s i te was probably  

e rod ing  more  sediments  than i t  was d e p o s i t i n g .  

Most (6 o f  7 )  p i t  excava ted   s i t es   had   vege ta ted   bu f fe rs   separa t i ng  

t h e   m a t e r i a l   s i t e   f r o m   t h e   a c t i v e   c h a n n e l ( s 1 .  The except ion  i s  Ugnuravik 

R i v e r   ( F i g u r e  261, which  had  only a 5- t o  IO-m w ide   g rave l   bar   sepafa t ing  

the   ma te r ia l   s i t e   f rom  the   ac t i ve   channe l .   The re fo re ,   t he   po ten t i a l   f o r  

f l o w   d i v e r s i o n   t h r o u g h   t h i s   p i t   i s   h i g h ;   f l o w  has d i v e r t e d   t h r o u g h   t h e  

s i t e   du r ing   f l oods ,   bu t   t he   d i ve rs ion   has   no t   ye t   been   pe rmanen t .  

The two p i t   e x c a v a t e d   s i t e s  on  the Tanana R iver   were   judged  to   have 

moderate t o   h i g h   p o t e n t i a l   f o r  some o f   t he   f l ow   d i ve r ted   pe rmanen t l y   t h rough  

t h e   s i t e   w i t h i n   s e v e r a l  decades f o l l o w i n g   s i t e   c l o s u r e .   B o t h   s i t e s   h a d  
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Scale in Meters 7 July 1977 

0 76 

F i g u r e  26. Aerial   photograph  of   the Ugnurav ik  River  p i t  s i t e  showing t h e  in- 
s u f f i c i e n t   b u f f e r  zone. 
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approx imate ly  30 m t o  40 m wide   vegeta ted   bu f fe rs .  The main  channe 

t h e  Tanana R iver   has   the   capab i l i t y   to   e rode  th rough  such a b u f f e r  

than a year. The s ide   channe l   a t   the  Tanana River-Upstream s i t e  ( F  

27)  eroded 3 m o f   t h e  wsidest p a r t   o f   t h e   b u f f e r   b e t w e e n   e a r l y  June 

I o f  

i n   l e s s  

i gure 

and 

mid-September o f  1978. A t  e i t h e r   o f   t h e  Tanana R i v e r   s i t e s ,  i t  cou ld   t ake  

severa l   years   o r   severa l   decades  fo r   the   r i ver  t o  b reach   t he   bu f fe r  and 

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

main  channels. o f   t r a v e l .   o f   t h e  

The Prospec 

t o  have a modera 

p i t s .   B o t h   s i t e s  

t Creek  and 

t e   p o t e n t i a  

had  vegeta 

West Fork  Tolovana  River   s i tes  were  judged 

1 f o r   a l l   o f   t h e  flow t o  d’ ivert  through  the 

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

channels. The upstream  end  of  the abandoned  channel, i n   b o t h  cases, causes 

a zone  of  weakness i n   t h e   b u f f e r .  Even  though, a t   b o t h   s i t e s ,   t h e   w i d t h  

and h e i g h t   o f   t h e   b u f f e r s   w e r e   l i k e l y   s u f f i c i e n t  t o  p reven t   b reach ing   f o r  

severa l  decades,  zones  of  weakness I n   t h e   b u f f e r s   a t   t h e  abandoned channels 

and  channel   aufeis  development  in  the  act ive  channel  may c a u s e   e a r l i e r  

f l o w   d i v e r s i o n  and bu f fe r   b reach ing .  A t  t he  West Fork  Tolovana  River   s i te ,  

the  upstream  end was d i k e d   o f f  and heav i l y   r i p rapped ;   however ,   i n   sp r ing  

o f  1979, f low  apparent ly   over topped  the   d ike  and scoured  the  channel  lead- 

i n g   i n t o   t h e   p i t ,   l e a v i n g  a l a r g e   d e l t a   g r a v e l   d e p o s i t   i n   t h e   p i t .   F l o o d  

s tage was probably   h igh  because  o f   aufe is   development   in   the  channel .  

Channel a u f e i s  developrneut a l so   i n f l uenced   the   P rospec t  Creek s i t e   ( F i g u r e  - 
2 8 ) .  Aufe is   deve loped  in   the   channe l   reach  ups t ream  f rom  the   mater ia l   s i te ,  

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

t h u s   f l o w e d   d i r e c t l y  down t h e   v a l l e y ,   r a t h e r   t h a n   f o l l o w i n g   t h e   i c e - f i l l e d  

channel. The wa te r   f l owed   th rough   the   p i t   caus ing   headcu t t i ng   o f   t he  up- 

stream edge.  The  edge  was s u b s e q u e n t l y   r i p r a p p e d   t o   p r e v e n t   f u r t h e r  head- 

c u t t i n g .   D o y l e  and Ch i lders   (1976)  documented t h i s   A p r i l  1976 occurrence. 

- 

HYDRAULICS 

Hydrau l i cs ,  as used i n   t h i s   i n v e s t i g a t i o n ,   i s   t h e   s t u d y   o f   t h o s e  param- 

e te rs   wh ich   in f luence  the   mechan ics  o f  water  f low  through  the  study  reach. 

The hydraul ic   parameters  which  were  cons idered  inc lude  hydraul ic   geometry ,  
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channel  slope,  and  local f low c h a r a c t e r i s t i c s   a t  flow obs t ruc t i ons .  Hy- 

d r a u l i c  geometry i s   d e f i n e d   a s   t h e   g e o m e t r i c  and h y d r a u l i c   v a r i a b l e s   a t  a 

c ross   sec t i on   t ha t   va ry   w i th   changes   i n   d i scha rge .  The hydraul ic   geometry  

va r iab les   d i scussed   a re   t op   w id th ,   hyd rau l i c   dep th ,  and mean v e l o c i t y .  Chan- 

n e l   s l o p e   ( g r a d i e n t )   i s   t h e   r e d u c t i o n   o f   t h e   w a t e r   s u r f a c e   e l e v a t i o n   i n   t h e  

downstream d i r e c t i o n .  A genera l   d iscuss ion  of these   hyd rau l i c   pa ramete rs   i s  

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

e f f e c t s  on  these  parameters due to   g rave l   remova l .  

Und is tu rbed  Cond i t ion  

The hydrau l i c   geomet ry   parameters   cons idered  here in   a re   top   w id th ,  

hydrau l i c   depth ,  and mean v e l o c i t y .  The t o p   w i d t h   i s   t h e   w i d t h  of the  water  

s u r f a c e   a t  a g i v e n   c r o s s   s e c t i o n  and  a g i ven   d i scha rge   (F igu re  29). The 

F i   u r e  29. Schematic diagram i l l u s t r a t i n g   d e f i n i t i o n s   o f   c h a n n e l   g a a n e t r i c  
an%  hydrau I i c var i ab I es. 

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

the   top   w id th .  The mean v e l o c i t y   i s   d e f i n e d   a s   t h e   r a t i o   o f   d i s c h a r g e   t o  

cross-sect ional   area  o f   f low.  An e s t i m a t e   o f   t h e   c a r r y i n g   c a p a c i t y   o f   t h e  

channel i s   t h e  conveyance,  which i s   d e f i n e d   b y :  
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K = CAR' ( 1 )  

where K = conveyance 

C = a c o e f f i c i e n t   r e l a t e d   t o   t h e   r o u g h n e s s   o f   t h e   c h a n n e l  

A = c ross   sec t i ona l   a rea   o f  f low 

R = h y d r a u l i c   r a d i u s  

x = a f rac t i ona l   exponen t  

The d ischarge i s  d i r e c t l y   p r o p o r t i o n a l   t o   t h e  conveyance w i t h   t h e   p r o p o r t i o n -  

a l i t y   c o n s t a n t   b e i n g   t h e   e n e r g y   s l o p e   t o  a f r a c t i o n a l  power, u s u a l l y  f .  

The v a r i a t i o n   i n   t h e   h y d r a u l i c   g e o m e t r y  as a f u n c t i o n   o f   d i s c h a r g e  

a t  a r i v e r   c r o s s   s e c t i o n   i s  an i n d i c a t o r   o f   t h e  shape o f   the   channe l   c ross  

sec t i on .  The shape p r i m a r i l y   r e f l e c t s   t h e   m a g n i t u d e   o f   t h e   b a n k - f u l l   d i s -  

cha rge   wh ich   t yp i ca l l y   has   su f f i c i en t   sed imen t   ca r ry ing   capac i t y   t o   shape  a 

channel and occu rs   f requen t l y  enough t o   m a i n t a i n   t h e   r e s u l t i n g  shape. The 

top   w id th ,   hyd rau l i c   dep th ,  and mean v e l o c i t y   a t  a c r o s s   s e c t i o n   a r e   o f t e n  

expressed  as a f u n c t i o n   o f   d i s c h a r g e   i n   t h e   f o r m  of power r e l a t i o n s :  

W = a Q  b 

f D = c Q  

V = k Q m  

where W = t o p   w i d t h  

D = h y d r a u l   i c   d e p t h  

V = mean v e l o c i t y  

Q = d ischarge 

a, c, k = c o e f f i c i e n t s  

b, f ,  m = exponents 

T y p i c a l   r e l a t i o n s   f o r  a h y p o t h e t i c a l   r i v e r   a r e  shown i n   F i g u r e  30. Sub- 

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

f l o w   c o n t i n u i t y   e q u a t i o n  i I  lus t ra tes   the   in te rdependence  o f   the   var iab les :  

Q = A V = W D V  
b = ( a  Q 1 

= ( a  c k 
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Thus, f o r   c o n t i n u i t y ,  

a x c x k = l  

and 

b + f + m = l  

t 

Note: A l l  Scales Are Loaarithmlc 

F i g u r e  30. Average  hydraul ic   geometry   o f   r iver   channels   expressed 
by   re la t i ons   o f   w id th ,   dep th ,  and v e l o c i t y   t o   d i s c h a r g e   a t  two 
l o c a t i o n s   a l o n g  a r i v e r   ( m o d i f i e d   f r o m   L e o p o l d ,  Wolman, and M i l l e r  
1964). 

I f  a c o e f f i c i e n t  or exponent  for   one  hydraul ic  geometry  var iable  changes due 

to   the   g rave l   remova l   opera t ion ,   a t   leas t   one of the   o ther   var iab les   must  
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a l s o  change t o   m a i n t a i n   c o n t i n u i t y   o f   f l o w .   G e n e r a l l y   s p e a k i n g ,   i f  a channel 

i s  widened, i t  o f t e n   s a t i s f i e s   c o n t i n u i t y  by  becoming  shal lower .   S imi lar ly ,  

i f  a channel   s lope,   or   gradient ,  i s  i nc reased ,   t hus   i nc reas ing   ve loc i t y ,  

c o n t i n u i t y   i s  commonly s a t i s f i e d  by a r e d u c t i o n   i n  depth.  Exponent  values 

f o r   s e l e c t e d   s t u d y   s i t e s  and o t h e r   r i v e r s   a r e   g i v e n   i n   T a b l e  6. The ex- 

ponen ts   exh ib i t  a w i d e   r a n g e   o f   v a r i a b i l i t y   f o r   d i f f e r e n t   r i v e r s ;   R u n d q u i s t  

(1975) found  tha t   the   exponents   and  the   coe f f i c ien ts   can   be   expressed  as  

func t i ons   o f   t he   bank - fu l l   d i scha rge .  The c o e f f i c i e n t  c and  exponent f i n  

t h e  power r e l a t i o n   f o r   h y d r a u l i c   d e p t h   w e r e   f o u n d   i n   a d d i t i o n   t o  be a func- 

t i on   o f   t he   med ian   bed   ma te r ia l   s i ze .  The exponents i n   t h e  power r e l a t i o n s  

may change a t  a g i v e n   s i t e   f o r   d i s c h a r g e s  above bank- fu l l   because  o f   the 

t y p i c a l l y   a b r u p t  change i n  bank slope a t   b a n k - f u l l   c o n d i t i o n s .  

The s l o p e   o f   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  a t y p i c a l   r i v e r   g e n e r a l l y  

w i l l  p a r a l l e l  the  bed  s lope  a t  low f l o w ,   o f t e n   p r o d u c i n g  a sequence  of r i f -  

f l e s  and pools.  A t  f l o o d   f l o w s ,   t h e   p o o l - r i f f l e  sequence i s  not  apparent 

i n   t h e   w a t e r   s u r f a c e   p r o f  i l e   ( F i g u r e  31 1 .  

Figur'e 31. Schematic  diagram  showing  change i n   w a t e r   s u r f a c e  slope i n  
response   to  a change in   water   d ischarge.  

N a t u r a l l y   o c c u r r i n g   f l o w   o b s t r u c t i o n s   i n   r i v e r s   c a n   i n c l u d e   v e g e t a t i o n ,  

r o c k   o r  snow avalanches,  aufeis,  and boulders.  The e f f e c t   o f  an o b s t r u c t i o n  

on t h e   h y d r a u l i c s  i s  t o  cause a l o c a l   i n c r e a s e   i n   v e l o c i t y   w h i c h   o f t e n  
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Table 6. Values a I f  Exponents  for  Hydrau I i c  Geometry Power R e l a t i o n s a  

Undis turbed D i s t u r b e d  
areas areas 

R i v e r  b f  m b f rn 

Kupar uk R i ver 

Sagavani rk tok  River  

Shav iov i k   R ive r  

Middle  Fork  Koyukuk  River-Upstream 

Middle  Fork  Koyukuk  River-Downstream 

Average  values,  midwestern 

U n i t e d   S t a t e s  
b 

Brandywine  Creek,  Pennsylvania 

Ephemeral  streams i n   s e m i a r i d  

b 

U n i t e d   S t a t e s  
b 

Average  of 158 g a g i n g   s t a t i o n s  

i n   U n i t e d   S t a t e s  b 

I O  gag ing   s ta t ions   on   Rh ine   R iver  

Average of 17 s t a t i o n s  i n  

Southcentral  Alaska' 

b 

Average of  30 s t a t i o n s   i n  Upper 

Salmon River  area, Idaho d 

0.43 0.28 0.29 0.48 0.28 0.24 

0.25 0.40 0.35 0.32 0.42 0.26 

0.40 0.33 0.27 0.52 0.29 0.19 

0.29 0.44 0.27 0.44 0.33 0.23 

0.54 0.28 0.18 0.37 0.29 0.34 

0.26 0.40 0.34 

0.04 0.41 0.55 

0.29 0.36 0.34 

0.12 0.45 0.43 

0.13 0.41 0.43 

0.19 0.39 0.42 

0. I 4  0.40 0.46 

a W = a Q  b 

D = c Q  f 

V = k  Qm 

bCompi l e d  by Leopold, e t  a l .  \I9641 

C Emmett (1972) 

dEmmett (1975) 
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r e s u l t s   i n   e r o s i o n  of t he   obs t ruc t i on   o r   bed   scou r   ad jacen t  t o  t,he obst ruc-  

t i o n   ( F i g u r e  32). Comple te   channe l   re loca t i on   i s  also a p o t e n t i a l   r e s p o n s e  

t o  f low o b s t r u c t i o n s   b l o c k i n g  a h igh  percentage of the   channe l ' s   c ross-  

sec t iona l   a rea .  

Changes Due t o  Gravel Removal 

Substant ia l   changes  in   hydraul ic   geometry ,   s lope,  and flow o b s t r u c t i o n s  

resu l ted   f rom  g rave l   remova l   ope ra t i ons   a t   rough ly  60 percent  of  t h e   s i t e s .  

Typica l   hydraul ic   geometry   changes  in   the  mined  area  inc luded  increased 

channel   top  width,   reduced  hydraul   ic   depth,   reduced mean ve l 'oc i ty ,  and 

increased  conveyance. Changes i n   s l o p e  due t o   g r a v e l  r,emoval opera t ions   took  
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t he   f a rm  o f   i nc reases   t h rough   the   m ined   reach   resu l t i ng   f rom  channe l   cu to f f s  

and l o c a l   s l o p e   r e d i s t r i b u t i o n s   a f f e c t i n g   t h e   p o o l - r i f f l e  sequence.  Flow 

o b s t r u c t i o n s   i n   t h e   f o r m s   o f   m a t e r i a l   s t o c k p i l e s ,   d i v e r s i o n   d i k e s ,  and 

overburden  p i les   have  the   po ten t ia l   fo r   caus ing   loca l   scour ,   i ce   jam  fo rma-  

t i o n ,  and s i l t a t i o n .  

Hydraul ic  Geometry.   Gravel   removal   operat ions  caused  changes  in  the 

na tura l   c ross-sec t iona l   shape  o f   the   ac t i ve   channe ls   o f   approx imate ly   ha l f  

o f   t h e   r i v e r s   i n c l u d e d   i n   t h e   s t u d y .  The backwater   analys is  was not   complete 

enough a t  some s i t e s   t o   c o n f i r m   t h e   h y d r a u l i c   g e o m e t r y  change  evaluat ion.  

A comparison  of power equa t ion   exponen ts   f o r   c ross   sec t i ons   i n   d i s tu rbed  

and und is tu rbed  a reas   (Tab le  61 i n d i c a t e d  a va r ied   response   to   g rave l   re -  

moval. The c o e f f i c i e n t s   i n   t h e  power equat ions  must  a lso  be  considered 

to   unders tand   t he   e f fec ts   o f   g rave l   remova l .   Fo r  example, a t   t h e   M i d d l e  

Fork  Koyukuk  River-Downstream s i t e ,   t h e   t o p   w i d t h   i n c r e a s e d   a t  a s lower 

r a t e   w i t h i n   t h e   g r a v e l   r e m o v a l   a r e a   t h a n   o u t s i d e   o f  i t .  However, the   coe f -  

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

und is tu rbed   c ross   sec t i ons   i nd i ca t i ng   t ha t   t he   t op   w id ths   were   l a rge r   a t  

l ow   f l ows   i n   t he   d i s tu rbed   a reas   t han   t he   und is tu rbed   a reas  and w e r e   s i m i l a r  

i n   b o t h   l o c a t i o n s   a t   h i g h e r   f l o w s .  A q u a l i t a t i v e   e v a l u a t i o n   o f   t h i s   e f f e c t  

can  be made by   compar ing   t he   re la t i ve   channe l   w id ths   i n   t he   ma te r ia l   s i t e  

a t  low f l o w  and f lood   f low  (Channe l   w id th  and Flooded  area,  Table 7 ) .  

The c o e f f i c i e n t   i n   t h e  power e q u a t i o n   f o r   t h e   t o p   w i d t h  was g r e a t e r  

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

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

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

wh ich   th is   occur red   were   Go ld  Run Creek,  Washington  Creek, Nome River ,  

A u f e i s  Creek,  Skeetercake  Creek,  Sagavanirktok  River,  and  both  si tes on t h e  

Middle  Fork  Koyukuk  River.  A t  S inuk  River   the  exponent   o f   the power r e l a t i o n  

f o r   t h e   t o p   w i d t h  was observed t o  be   g rea te r   a t   t he   d i s tu rbed   c ross   sec t i on  

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

gravel   removal   area  had  smal ler   top  widths  at  low f lows,   bu t   la rger   top  

w id th   a t   h igh   f lows,   than  the   und is tu rbed  c ross   sec t ion .  
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R i ver  

Grave I Loca I 
removal  Channel  Flooded  Ponded  Overal I s I ope  Flow 

area w i d th "   a rea  area stopeb r e d i s t r i b u t i o n '   o b s t r u c t i o n  a  a 

Go1 d  Run Creek 
Sinuk  River  

Wash ington  Creek 

Oregon  Creek 

Penny R i v e r  
Nome River  
Ugnurav i k R i ver - 

0 A u f e i s  Creek 
UI 

Kupar uk R i ver 
Skeetercake  Creek 
Sagavani rk tok  River  
l v i shak   R ive r  
Shav iov ik   R iver  
Kav ik   R ive r  
D i e  tr i ch R i  ver-Upstream 
D i e  tr i ch R i  ver-Downstream 
Middle  Fork  Koyukuk R-US 

Middle  Fork  Koyukuk R-DS 
J im  R iver  
Prospect  Creek 
West Fork  Totovana  River 
McManus Creek 
Tanana River-Downstream 
Tanana  River-Upstream 
Phel  an  Creek 

A 
0 

A 
B 

7 
6 
- 
a 
6 

IO 
5 

I O  
IO 
7 
8 
6 
6 
5 
8 
6 
5 
6 
5 
6 
5 
7 
9 

i o  
5 
5 
5 
5 
5 
4 

6 
7 
9 

I O  
8 
9 
6 

I O  
I O  
I O  
IO 
6 
7 
8 

I O  
6 
6 
7 
5 
7 
6 
9 

I O  
i o  
5 
5 

I O  
5 
5 
2 

5 
6 
8 

I O  
I O  
8 
5 

I O  
7 

10 
6 
6 

I O  
6 
6 
5 
6 
5 
7 
9 
8 
7 
6 
5 
5 
6 
5 
5 
6 

a 

6 
5 

8 
5 
6 
5 
IO 
7 
7 
7 
5 
5 

I O  
6 
5 
6 
6 
5 
5 
5 

I O  
7 
5 
5 
5 
7 
5 
5 
5 

- 
5 
7 

7 
5 
7 
5 
5 
5 
5 
7 
5 
5 
5 
5 
5 
5 
7 
5 

IO 
5 
5 
5 
7 
5 
5 
5 
5 
5 
5 

- 
8 
8 
a 
9 
8 

5 
9 
7 
7 
7 
5 
7 

I O  
5 
5 
7 

I O  
7 
5 
5 
5 
5 
5 
5 
5 
8 
5 
5 
9 

a 

(Footnotes  on  fo l   lowing page) 



T a b l e  7 .  Footnotes 

‘Width  and a r e a   r a t i n g s :  

w =  Parameter in   the   mined  a rea  
R Parmeter   upst ream  f rom  the  mined  area 

where  the  parameter  is: 

0 t o p   w i d t h  of t he   channe l l s l   du r ing   t he   su rvey   pe r iod   f o r  Channel Width 

0 t op   w id th  of t he   channs l I s1   du r ing   f l oods  of approx imate ly   bank- fu l l  
f lood  magni tude  for   F looded  Area 

e area  a f  ponded wa te r ,   exc lud ing   p i t s ,   f o r  Ponded  Area. 

I O  3 < WR 

9 2.9 < WR 5 3 

8 2 < WR 5 2.9 
7 1.5 < WR 5 2 
6 I < W 5 1.5 or o t h e r  W values i f  t h e y   a r e   w i t h i n   t h e   n a t u r a l  

range 07 v a r i a t i o n   o f   t h e   r i v e r  R 

5 WR I o r   i f   o t h e r   d a t a   i n d i c a t e s   n o  change 

4 0.67 5 WR < I or o ther  WR va lues i f  t h e y   a r e   w i t h i n   t h e   n a t u r a l  

3 0.50 WR C 0.67 

r a n g e   o f   v a r i a t i o n  of t h e   r i v e r  

0-2 Not  used 

bOveral I slope r a t i n g s :  

L~ = 
Length o f   d i s t u r b e d  reach b e f o r e  gravs l  removal 
Length o f   d i s t u r b e d  reach a f t e r  g rave l  removal 

LR < 0.71 

.4 or 0.11 5 LR 0.77 

. 3  or 0.77 5 LR < 0.83 

. 2  o r  0.83 5 LR < 0.91 

. I  o r  0.91 5 LR < 1.0 

or i f   o t h e r   d a t a   i n d i c a t e  no  change 

‘Local s l o p e   r e d i s t r i b u t i o n   r a t i n g s :  

I O  Very  oteop  s lope  fo l lowed by a very  long  pool  

9 Steep  s lops  fo l lowed  by a long pool 

8 Moderate  s lope  fo l laned  by  s l ight ly   longer   than  average  pool  

7 Slope and pool l e n g t h   s l i g h t l y  more than that  i n   t h e   u n d i s t u r b e d  

6 Sano l o c a l   s l o p e   r e d i s t r i b u t i o n   d e t e c t e d  or l i k e l y   t o  have  occurred 

aroas 

b u t   n o t   l i k e l y   t h a t   o f   t h e   n a t u r a l   r i v e r  

9 No local s l o p e   r e d i s t r i b u t i o n  

0-4 Not  used 

d F l w   o b s t r u c t i o n   r a t i n g s :  

10 O b s t r u c t i o n s   i n  an a c t i v e   I w - w a t e r   c h a n n e l  Such t h a t   f l o w   i s  
d i v e r t e d  

9 Obs t ruc t i ons   ad jacen t   t o  an a c t i v e  low-water  channel 

8 Obs t ruc t i ons   i n  or ad jacent   to   h igh-water   channe ls  

7 Obst ruc t ions  in  t h e   f l o o d p l a i n   b u t  away from any developed  channels 

6 Smal l   obst ruct ions  not  much d i f f e r e n t  i n  s ize  f rom  those  Occurr ing 
n a t u r a l l y   i n   t h e   f l o o d p l a i n  

5 No o b s t r u c l i o n s  

0-4 Not  used 
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I 

S i t e s  

I n- 

A s s o c i a t e d   w i t h   t h e   t r e n d   t o w a r d s   l a r g e r   t o p   w i d t h s   i n   t h e   g r a v e  

removal   areas,  the  hydraul ic  depth  in  seven  of   these  areas  decreased. 

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

cluded  Washington  Creek, Nome River,  Aufeis  Creek,  Skeetercake  Creek, 

Sagavani rk tok  River ,  and bo th   s i tes   on   the   Midd le   Fork   Koyukuk   R iver .  

The mean v e l o c i t y  was c o n s i s t e n t l y   l e s s   a t   t h e   d i s t u r b e d   c r o s s   s e c t i o n  

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

d ischarges   inc luded  in   the   backwater   ana lys is .   These  s i tes   inc luded Gold Run 

Creek,  Washington  Creek,  Ugnuravik  River,  Aufeis  Creek,  Skeetercake  Creek, 

Sagavanirktok  River,   Dietr ich  River-Downstream, and b o t h  of  t he   M idd le   Fo rk  

Koyukuk  River   s i tes.  A t  two s i t e s ,   t h e   r a t e  of i n c r e a s e   o f   v e l o c i t y   w i t h  

d ischarge was d i f f e r e n t   i n   t h e   d i s t u r b e d   a r e a   t h a n   i n   t h e   u n d i s t u r b e d   a r e a .  

A t  S i n u k   R i v e r ,   t h e   v e l o c i t y   i n c r e a s e d   a t  a l e s s e r   r a t e   a t   t h e   d i s t u r b e d  

c r o s s   s e c t i o n   t h a n   a t   t h e   u n d i s t u r b e d   c r o s s   s e c t i o n .  A t  Middle  Fork  Koyukuk 

River-Downstream,  the  reverse was found. 

than 

a t  s 

i can 

The  conveyance, o r   c a r r y i n g   c a p a c i t y   o f   t h e   c h a n n e l ,  was c o n s i s t e n t l y  

g rea ter   in   the   g rave l   remova l   a rea   o f   e igh t   s i tes   compared  w i th   conveyances  

a t   und is tu rbed  c ross   sec t ions .   These  s i tes   were   Go ld  Run Creek,  Sinuk  River, 

Washington  Creek,  Aufeis  Creek,  Sagavanirktok  River,  Kavik  River,  Oietr ich 

River-Downstream,  and  Middle  Fork  Koyukuk  River-Upstream. The Sinuk  River  

had a la rger   exponent   o r ,   equ iva len t ly ,  a more rap id   inc rease  in   conveyance 

w i th   d ischarge  than  c ross   sec t ions   wh ich   were   no t   d is tu rbed  by   the   g rave l  

removal  operation.  Conversely,  the  conveyance  at  the  downstream s i t e  on 

the   M idd le   Fo rk   Koyukuk   R ive r   i nc reased   w i th   d i scha rge   a t  a s l o w e r   r a t e  

d id   the  conveyance  o f   the  undis turbed  cross  sect ions.  

S i g n i f i c a n t  changes in   hyd rau l i c   geomet ry   were   obse rved   p r imar i l y  

i tes  which  were  scraped,   a l though  not  a l l  s c r a p e d   s i t e s  showed a s i g n i f -  

t increase.   Most   o f   the  s ign i f icant   changes  were  observed  a t   meander ing,  

sinuous,  and s t r a i g h t   r i v e r s .   A l t h o u g h   n o   s i n g l e   g r a v e l   r e m o v a l   l o c a t i o n  

caused a s i g n i f i c a n t l y   g r e a t e r  change in   hyd rau l i c   geomet ry   t han   o the rs ,  

m o s t   o f   t h e   s i t e s   t h a t   h a d   s i g n i f i c a n t  change  were  those s i t e s   t h a t   w e r e  

excavated  by  scraping  in-channel and immediately  adjacent-to-channel  loca- 

t ions.  
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The  area  of  ponded  water,  which  includes  those  low-lying  areas  which 

accumula te   water   bu t   a re   no t   e f fec t i ve   in   the   conveyance  o f   f low,  was in-  

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

t h e   s i t e  was no t   smobthed  dur ing   res to ra t ion ,  was excavated  too  deeply,  

o r  was no t   p roper ly   d ra ined.   Tab le  7 l i s t s   t h e   r e l a t i v e   e f f e c t   o f   t h i s  

parameter a t  t h e  25 s t u d y   s i t e s .  The impact   o f   the   pond ing   to   the   hydrau l i cs  

of   the  systems was no t   g rea t .  However, i t  was a concern t o   a e s t h e t i c s  and 

f i sh   en t rapment   eva lua t ions .  

Channel  Slope.  Channel  slope  changes  took  the  form  of an o v e r a l l  in- 

c r e a s e   i n   s l o p e   o r  a l o c a l   r e d i s t r i b u t i o n   o f   s l o p e .  An ove ra l l   i nc rease  

i n   s l o p e  was  commonly  due t o   t h e   f o r m a t i o n   o f  a meander c u t o f f .  A r e d i s t r i -  

bu t i on   o f   s lope   w i thou t   chang ing   t he  

was inc reased   l ead ing   i n t  

the  gravel   removal   area. 

changes. 

S t u d y   s i t e s   e x h i b i t i  

o the   g rave  

Table 7 i n d  

ng  an  overa 

o v e r a l l   s l o p e   o c c u r r e d  when the   s lope  

removal  area and decreased  through 

c a t e s   t h o s e   s i t e s   w h i c h  had s l o p e  

I i nc rease   i n   s lope  due t o   g r a v e l  

removal   were  genera l ly   in   smal l ,   nonbra ided  r iver   systems  that   were  exca-  

vated  by  scraping  techniques.  The loca t ion   o f   g rave l   remova l  was  an impor- 

t a n t   f a c t o r   a f f e c t i n g   t h e   o v e r a l l   s l o p e   o f   t h e   s y s t e m .   S i t e s   s u c h  as upper 

Washington  Creek, Penny River,   Skeetercake  Creek, and lower  Middle  Fork 

Koyukuk  River-Upstream,  that  were  excavated on t h e   i n s i d e  of  bends, mean- 

ders,  and i s l a n d s  most s i g n i f i c a n t l y   a f f e c t e d   t h e   o v e r a l l   s l o p e   o f   t h e   r i v e r  

system.  This   in f luence was expec ted   because   s ign i f i can t   i nc reases   i n   s lope  

a r e   m o s t   l i k e l y   t o   r e s u l t   f r o m   t h e   d e v e l o p m e n t   o f  a meander c u t o f f   ( r e d u c i n g  

channel  length and i n c r e a s i n g   s l o p e ) .  

The  Penny River   gravel   removal   operat ion  caused a s i g n  

i n   o v e r a l l   s l o p e   ( F i g u r e  3 3 ) .  The p h o t o g r a p h   o f   t h e   s i t e   a f  

was removed  shows that   the  main  channel   f lows  in  a r e l a t i v e  

course  along  the  inside  of   two  broad  meanders  that   were  cut  

i f   i c a n t  

t e r   t h e  

l y   s t r a  

o f f   i n  

increase 

grave I 

i g h t  

the  

excavat ion  process. The channel  length was reduced  by a f a c t o r   o f   t w o   i n   t h e  

p r o c e s s ,   e q u i v a l e n t   t o   d o u b l i n g   t h e   o v e r a l l   s l o p e   t h r o u g h   t h a t   r e a c h .  

Doub l ing   the   s lope  has   the   e f fec t   o f   inc reas ing   the  mean v e l o c i t y   b y   r o u g h l y  

40 percent .  
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0 191 

F i g u r e  33. Comparat ive  aer ia l   photography o f  t h e  Penny River  showing  change i n  
h y d r a u l i c   c h a r a c t e r i s t i c s   r e s u l t i n g  from g r a v e l   r e m o v a l   a c t i v i t i e s .  
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Gravel  removal  from  active and h igh-water   channels   genera l ly   caused 

local  s l o p e   r e d i s t r i b u t i o n .  Removing gravel   f rom  bars and banks  immediately 

ad jacent   to   channe ls  a lso  appeared t o  cause a l o c a l   r e d i s t r i b u t i o n   o f   t h e  

water   sur face  s lope.  An example  of a l o c a l   s l o p e   r e d i s t r i b u t i o n ,   w h i c h   i s  

s i m i l a r   t o   t h e   s i t u a t i o n   a t   t h e   D i e t r i c h  River-Downst,ream s i t e ,  i s  schemat- 

i c a l l y   i l l u s t r a t e d   i n   f i g u r e  34. 

After Gravel Remwal 

Flow  Obstruct ions,  Flow o b s t r u c t i o n s   i n   t h e   f o r m   o f   m a t e r i a l   s t o c k -  

p i l e s ,   d i v e r s i o n   d i k e s ,  and overburden  p i les   had a l a r g e r   p o t e n t i a l   f o r  

h y d r a u l i c   d i s t u r b a n c e  on s m a l l   r i v e r s   t h a n   t h o s e  on  medium  and l a r g e   r i v e r s .  

Th i s   l a rge r   po ten t i a l   ex i s t s   because   t he   f l ow   obs t ruc t i ons   wou ld   have   t o  be 

p laced   c lose r   t o   t he   ac t i ve   channe l  due t o   t h e   t y p i c a l l y   s m a l l e r   f l o o d p l a i n  

width.   There  were  no  s ign i f icant   hydraul ic   impacts   observed due t o   f l o w  
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o b s t r u c t i o n s ,   b u t   t h e   p o t e n t i a l   e x i s t s   f o r  bed  scour  at   the  base of  t h e  

o b s t r u c t i o n ,   e r o s i o n   o f   t h e   o b s t r u c t i o n ,  and i c e  jamming a t   t h e   o b s t r u c t i o n .  

E ros ion   o f  a d i k e   a t   S k e e t e r c a k e   C r e e k   i n c r e a s e d   s i l t a t i o n   a s   d i s c u s s e d   i n  

t h e   f o l l o w i n g   s e c t i o n .  

SEDIMENTATION 

Sedimentat ion  inc ludes  the  processes  o f   eros ion,   t ranspor tat ion,  and 

deposi t ion  o f   sediment .   These  are  complex  processes  re la ted  to   sediment  

and   wa te r   f l ow   p roper t i es .   A t tempts   t o   quan t i f y :   t hese   p rocesses   p rov ide ,  

a t   bes t ,   es t ima tes   o f   t he   quan t i t y .  A ve ry   b r i e f   d i scuss ion   o f   sed imen t  

s i z e   d i s t r i b u t i o n ,   c h a n n e l   e r o s i o n ,  and  sed iment   t ranspor t   a re   g iven   in  

t h e   f o l l o w i n g   s e c t i o n .  Changes t o  t h e s e   s e d i m e n t a t i o n   c h a r a c t e r i s t i c s  due 

to   g rave l   remova l   a re   t hen   b r i e f l y   d i scussed .  

Und is tu rbed  Cond i t ion  

Sed iment   S ize   D is t r ibu t ion .  An impor tan t   f ac to r   i n f l uenc ing   mos t   sed i -  

mentat ion  problems i s  t h e   s i r e   d i s t r i b u t i o n   o f   t h e   s e d i m e n t s .  The t y p i c a l  

d e s c r i p t o r s  of  t h e   s i z e   d i s t r i b u t i o n   o f   s e d i m e n t  are the  median  diameter and 

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

t o  be  log-normal,  which i s  a two  parameter   d is t r ibu t ion .  The  median  diameter 

o f  a d i s t r i b u t i o n  has 50 pe rcen t   o f   t he   ma te r ia l   sma l le r   by   we igh t  and 50 

pe rcen t   o f   t he   ma te r ia l   l a rge r .   by   we igh t .  The second  parameter,  the  grada- 

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

t i n g   t h e   d i s t r i b u t i o n  on l og -p robab i l i t y   paper .  I t  i s  d e f i n e d  as 

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

which x percent  of  t h e   m a t e r i a l  i s  f i n e r .  The g r a d a t i o n   c o e f f i c i e n t  i s  

r e l a t e d   t o   t h e   s t a n d a r d   d e v i a t i o n   o f   t h e   m a t e r i a l .  The ma te r ia l   can  be 

d e s c r i b e d   a s   u n i f o r m   i f  i t s  g r a d a t i o n   i s   l e s s   t h a n  1.3 or  graded i f  i t s  

g r a d a t i o n   i s   g r e a t e r   t h a n  1.3. 

X 
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The med ian   sed iment   s ize   in   the   f loodp la in   genera l l y   decreases   in  

the  downstream  d i rect ion along a r i v e r .  Thus, the   med ian   s ize  may be  cobbles 

in   the   headwaters  and f i ne   g rave l   nea r   t he  mouth.  However, the  median  s ize 

c a n   s i g n i f i c a n t l y   v a r y   a r o u n d   t h i s   g e n e r a l   a v e r a g e   w i t h i n  a smal l   area 

a t  a s p e c i f i e d   p o i n t   a l o n g   t h e   r i v e r .   T h i s   v a r i a t i o n  i s  a consequence o f  

t h e   v a r i a t i o n   i n   h y d r a u l i c   f o r c e s   f r o m  one p o i n t   i n   t h e   f l o o d p l a i n   t o  an- 

o the r .  

Channel  Erosion.  Channel  erosion i n  r i v e r s  i s  genera l l y   cons ide red  

t o  b e   e i t h e r   l o c a l   e r o s i o n   ( s c o u r )   o r   d e g r a d a t i o n .   B o t h   r e s u l t   f r o m  an 

i n c r e a s e   i n   t h e   s e d i m e n t   t r a n s p o r t   c a p a c i t y ,   o r  a decrease  in   the   sed i -  

ment   load  enter ing  the  area,   or   both.  

Local  scour i s  most commonly a r e s u l t   o f  local  i n c r e a s e s   i n   v e l o c i t y  

due t o  f l o w   o b s t r u c t i o n s   o r   c o n t r a c t i o n s .  The inc reased   ve loc i t y   i nc reases  

sediment   t ranspor t   capaci ty .   Degradat ion  can  resul t  i f   t h e  channel  bed 

i s  s teepened  in  a shor t   reach  by, f o r  example, a meander c u t o f f .  The sed i -  

ment t ranspor t   capac i t y   wou ld   be   i nc reased   th rough   th i s   reach   caus ing   e ro -  

s i o n  and a genera l   upst ream  progress ion  o f   the  s teepened  s lope  (F igure 35). 

Upstmm Progl.ggsion of Steepened Slope 

F i g u r e  35, Schematic  diagrwn  showing  degradation  process. 

The p r o g r e s s i v e   e r o s i o n   c o n t i n u e s   u p s t r e a m   u n t i l   e q u i l i b r i u m  i s  reached.  In 

t h e o r y ,   e q u i l i b r i u m   i s   r e a c h e d  when the  slope i s  equal t o   t h e   s l o p e   p r i o r   t o  

the   occur rence  b f   the   cu to f f ,   wh ich   wou ld   requ i re   the   s teepened  s lope  to  

migra te   to   the   headwaters .   In   p rac t ice ,   the   s teepened  s lope i s  reduced 
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d u r i n g  i t s  ups t ream  migra t ion  and gradua l ly   reaches  an e q u i l i b r i u m  con- 

d i t i o n .  However, the   degradat ion  may extend  over a l o n g   r e a c h   b e f o r e   e q u i l i -  

b r i um  i s   ach ieved .  

Sediment  Transport.   Sediment  transport i s  t h e  movement of   sediments 

pas t  a s p e c i f i c   c r o s s   s e c t i o n   o f  a r i v e r .  The sediment may be   t ranspor ted  

as  suspended load o r  bed  load.  Suspended  load i s  sediment   that  i s  t rans-  

por ted  long  d is tances  suspended  in   the  water   co lumn.  Bed load  i s   sed iment  

t h a t   i s   t r a n s p o r t e d   b y   s a l t a t i o n   ( b o u n c i n g ) ,  or by r o l l i n g   o r   s l i d i n g   a l o n g  

t h e   r i v e r  bed. The s e d i m e n t   s i z e   d i s t i n c t i o n  between  bed load and  suspended 

l o a d   v a r i e s   w i t h   v a r i a t i o n s   i n   d i s c h a r g e .  A t  low flows, assuming  the  sedi- 

m e n t s   w e r e   a v a i l a b l e ,   s i l t s  and c l a y s  may be   t ranspor ted   in   suspens ion  

and  sands  and g r a v e l s   t r a n s p o r t e d  as bed  load.  During  f loods,  suspended 

load may inc lude   c lays ,  s i l t s ,  sands,  and g rave ls ,   w i th   cobb les  and bou lde rs  

t r a n s p o r t e d  a s  bed  load.  Often,  the  suspended  load i s  assumed t o   i n c l u d e  

c lays ,  s i l t s ,  and  sands  and the  bed  load  includes  gravels,   cobbles,   and 

bou I ders. 

Changes Due t o   G r a v e l  Removal 

Very l i t t l e  s e d i m e n t   d a t a   w e r e   c o l l e c t e d   a t   t h e   s t u d y   s i t e s .   D i r e c t  

measurements  or   observat ions  of   bed or suspended  t ransport   were  not made 

because s i t e   v i s i t s  were  scheduled  dur ing  per iods of low f l o w  when t h e   s i t e s  

wou ld   be   mos t   workab le .   Because   the   sed imen ta t i on   cha rac te r i s t i cs   p r i o r   t o  

gravel   removal   were  a lso unknown, the   ups t ream  c ross   sec t ion  was u s u a l l y  

used  as   the   und is tu rbed  c ross   sec t ion .  The e f f e c t s  of gravel  removal  were 

eva lua ted   by   compar ing   sed imenta t ion   fea tures   in   the   g rave l   remova l   a rea   to  

those  in   the   und is tu rbed  ups t ream  a rea .  

A t  s i x   s i t e s ,  a decrease i n   t h e  median s i z e   o f   t h e   s u r f a c e   l a y e r ,  

o r  armor layer ,  was observed i n  the  mined  area as compared w i t h   t h e   u n d i s -  

t u rbed   a rea .   S im i la r l y ,  an inc rease or decrease was observed  in   the  median 

d iamete r   o f1   t he   ma te r ia l   under l y ing   t he  armor l a y e r   a t   e i g h t   s i t e s .   I n  many 

cases i t  was d i f f i c u l t   t o   e v a l u a t e   w h e t h e r  the v a r i a t i o n   i n  median  diameter 

was a r e s u l t   o f   t h e   g r a v e l   r e m o v a l   o p e r a t i o n   o r   s i m p l y  a r e s u l t   o f   t h e  
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n a t u r a l   v a r i a t i o n   o f   t h e  median  diameter  at  a s i t e .   Degrada t ion  was a l s o  ob- 

served a t  a few s i t e s   a l t h o u g h   a t   o t h e r   s i t e s   o n l y   c a u s a t i v e   e v i d e n c e  was 

a v a i l a b l e   t o   i n d i c a t e   t h a t   t h i s   p r o c e s s   c a n   o c c u r .  Sediment t r a n s p o r t  

changes  were  suggested a t   seve ra l   s i t es   where   t he re   were   obse rva t i ons   o f  

bedforms  in   or   downstream  f rom  the  gravel   removal   area,   observat ions  o f  

changes i n   t h e  bed mater ia l   s ize ,   computa t ions   o f   changes  in   shear   s t ress ,  

o r  observat ions  o f   sediment   sources  which  remained  f rom  the  gravel   removal  

ope ra t i on .  The e f f e c t s   o f   g r a v e l   r e m o v a l   a c t i v i t y   o n   t h e s e   s e d i m e n t a t i o n  

c h a r a c t e r i s t i c s   w e r e   e v a l u a t e d  and g i v e n   q u a n t i t a t i v e   r a t i n g s   f o r  com- 

pa ra t i ve   pu rposes   (Tab le  8 ) .  

Sed imen t   S i ze   D is t r i bu t i on .  The most 

s e d i m e n t   s i z e   d i s t r i b u t i o n   r e s u l t i n g   f r o m  

i n   t h e   s i z e  caused  by f i n e   m a t e r i a l  depos 

change was r e f l e c t e d   i n   t h e   s u r f a c e   m a t e r  

" ... . . . 
common s i g n i f i c a n t  change i n  

gravel   removal  was a decrease 

i t i o n   i n   t h e   m a t e r i a l   s i t e .   T h i s  

i a l   a t   s i x   s i t e s  and the  subsur face 

m a t e r i a l   a t   s i x   s i t e s .  Oregon  Creek,  Penny R ive r ,  and Ugnuravik  River  had 

s i g n i f i c a n t  changes i n   b o t h   s u r f a c e  and subsur face   ma te r ia l   s i zes .  A t  Sinuk 

R i v e r ,   f i n e  and  medium s ized  g rave ls   were   near ly   m iss ing   f rom  the   subsur face  

samples i n   t h e   m a t e r i a l   s i t e ,   c a u s i n g  an i n c r e a s e   i n   t h e  median  size. The 

e x p l a n a t i o n   f o r   t h i s  i s  unknown. A t  Washington  Creek,  the  subsurface ma- 

t e r i a l   s i r e  was l a r g e r   i n   t h e   m a t e r i a l   s i t e  even  though f i n e   m a t e r i a l  depo- 

s i t i o n   i n   t h e   s i t e   r e d u c e d   t h e  median s i z e   o f   t h e  armor l aye r .  

A p a t t e r n   o f   c o r r e l a t i o n  was not  evident  between  increases  or  decreases 

i n  armor layer   median  d iameter   resul t ing  f rom  gravel   removal  and phys i ca l  

s i t e  or grave l   remova l   a rea   cha rac te r i s t i cs .  One r e a s o n   f o r   t h i s   l a c k   o f  

c o r r e l a t i o n  i s  t h a t  armor layer  development i s  a complex   func t ion   o f   severa l  

i n t e r r e l a t e d   f a c t o r s   i n c l u d i n g   d e g r e e  of  development of undisturbed  armor 

l a y e r ,   f l o o d i n g   h i s t o r y   s i n c e   g r a v e l  was removed, and f l o w   c h a r a c t e r i s t i c s  

i n   t h e   g r a v e l   r e m o v a l   a r e a .   I f   t h e   u n d i s t u r b e d   s i z e   d i s t r i b u t i o n  of  t h e  

armor layer  was n o t   s i g n i f i c a n t l y   d i f f e r e n t   f r o m   t h a t   o f   t h e   m a t e r i a l  under- 

l y i n g  i t ,  t h e   r e l a t i v e  change  due to  gravel   removal   would  have  been  less and 

t h e   t i m e   r e q u i r e d   f o r   r e c o v e r y   t o   t h e   u n d i s t u r b e d   c o n d i t i o n   w o u l d   a l s o  be 

less. The t i m e   f o r   r e c o v e r y  i s  a l s o  a f u n c t i o n   o f   t h e   f l o o d s   d u r i n g   t h e  

recove ry   pe r iod ;   one   l a rge   recu r rence   i n te rva l   f l ood  may be s u f f i c i e n t   t o  
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R i v e r  

Grave I Armor Subsur face 
removal  coat m a t e r i a l  Channe 1 Bed Suspenied 

area s i z e  s ize   degrada t i onb I oad I oad 
a a 

Go1 d Run Creek 
S inuk   R iver  

Washington  Creek 

Oregon  Creek 

Penny R i v e r  
Nome R i v e r  - - Ugnurav ik   River  

rg Aufe i  s Creek 

Kuparuk  River 
Skeetercake  Creek 
Sagavan i r k t o k   R i v e r  
I v  i shak R i v e r  
Shav iov i k   R ive r  
Kav i k  R i v e r  
D ie t r i ch   R iver -Upst ream 
D i e t r i c h  River-Dcwnstream 
M i d d l e  Fork Koyukuk  River-Upstream 

Midd I e Fo rk  Koyukuk R i  ver-Downstream 
J im  R ive r  
Prospect  Creek 
West Fork  Tolovana  River  
McManus Creek 
Tanana  River-Downstream 
Tanana  River-Upstream 
Phe I an  Creek 

A 
B 

A 
8 

4 
4 

2 
3 
2 

2 
2 
2 
6 

4 
5 
7 
6 
7 
7 
5 
5 
5 
I 
5 

3 

4 

- 

- 

- 

- 
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- 
- 
7 

- 
5 

6 
5 

i o  
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
9 
8 
5 
6 
5 
5 
5 
5 
8 
5 
5 
6 

- 
8 
3 

3 
5 
3 
4 
3 
4 
5 
5 
5 

9 
5 
5 
8 

IO 
5 
4 
5 
9 
4 
5 
5 
5 
5 
5 
5 
5 

- 

a 

a 
6 

3 
5 
8 
5 
8 
4 
8 
5 
5 
6 

5 
6 
5 
3 
5 
3 
5 
5 
3 
6 
5 
5 
5 
5 
5 
5 

- 

a 
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f a b l e  8 .  Footnotes 

'$adiment site d i s t r i b u t i o n   r a t i n g s :  

Median s i r e   i n   t h e   r a v e l   r e m o v a l   a r e a  
DR Median size upstre: from the  gravel   removal   area 

I O  

9 

8 

7 

6 

5 

4 

3 
2 
I 

0 

10 C, DR l due  to g r a v e l   r e m o v a l   a c t i v i t y l  

2 5 D 10 I d u o   t o   g r a v e l   r e m o v a l   a c t i v i t y )  

1.2 5 P < 2 l d u e   t o   g r a v e l   r m v a l   a c t i v i t y l  

1 . 2 5  OR (cause u n c e r t a i n 1  

R .  
R 

I 5 OR < 1.2 

DR I 

0.E < DR 5 I 
0 c 0 .8  (cause u n c e r t a i n )  

0.5 C DRC 0.8 ( d u e   t o   g r a v e l   r e m o v a l   a c t i v i t y l  

0.2 < D < 0.5 l d u e   t o   g r a v e l   r e m o v a l   a c t i v i t y l  

DRC 0.2 l d u e   t o   g r a v e l   r e m v u 1   a c t i v t t y  

R -  

R -  

'Channel d e g r a d a t i o n   r a t i n g s :  

IO V e r y   s u b s t a n t i a l   d e y a d a t i o n   u p s f r e o m   o f   t h e   d i s t u r b e d   a r e a  

9 Substan t ia l   degradat ion   ups t ream of t he   d i s tu rbed   a rea  

B Large a m u n t  of degradat ion  upst ream of t he   d i s tu rbed   s rea  

7 A n o t i c e a b l e   M o u n t  of d e g r a d a t i o n   u p s t r q m  of the  d is turbed  area,  

6 Sl igh t   degradat ion   ups t ream  o f   d is tu rbed araa &served  o r   imp l ied ;  

5 No degrada t ion   obse rved   o r   imp l i ed  b y  ttrh d o t s  

0-4 Not  used 

but no t   un l i ke   deg rada t ion   wh- i ch   cou ld   occu r   na tu ra l l y  

may not  be a r e s u l t  of gravel  removal 

'Sed load 

IO 

9 

8 

7 

6 

5 
4 

J 

r a t i n g s :  

S u b s t a n t i u l   i n c r e a s e   i n  bed load by  e ros ion  i n  tho g % v e l  r e m v a l  
a rea  

Large i nc rease   I n   bed  load by e r o s l c n   i n  t h e  gravel removal area 

Increase IR bed  load  by erorrlon i n   t h e   g r a v e l  removal a r e s  

Bed  load  Increase  due t o   g r a v e l  remoral a c t i v i t y   e x p e c t e d   b u t   n o t  
v e r i f i e d  by e i r e c t   e v i d e n c e  

S l i g h t   b e e   l o a d   i n c r e a s e   p o t e n t i a l l y  due t o  gruvol removal a c t i v i t y  

Ma bed  load  change  svldent 

S l i g h t  bed load decrease b y  C e p o r i t l o n  ln the grave l  r m v a l  area 

Moderato  bed  load  decrease by d e p o s i t i o n  i n  the   g rwml   remova l  area 
0-2 Not used' 

dSurpende4 1 o l d   r a t  i ngs : 

9-10 Nnt used 

8 Large  temporary  andlor  moderate  long term fncroade In suspended 

7 Tlmporory incruase In suspended  load as a r e s u l t  of d i s t u r b a n c e  

6 P o t e n t i a l   s l i g h t   i n c r e a s e  i n  suspended  load  resu l t ing  from g r a v e l  

5 KO apparent  change i n  suspevCed lucd 

4 P o t e n t l s l   s l i g h t   d r c r e a s e  In  suspended  load  resu l t ing   f rom  depc js i t ion  

3 Moderate amount o f   d e p o s i t i o n   o f  suspended m a t w i a l  

0-2 hot used 

I oad 

o f  armor  coat 

r m v o l   a c t i v i t y  
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develop an  armor l aye r   comparab le   t o   t ha t   i n   t he   und is tu rbed   a rea .  The 

development  of an  armor l aye r   i n   t he   g rave l   remova l   a rea  i s  a l s o   g r e a t l y  

dependen t   on   t he   l oca t i on   o f   t he   a rea   re la t i ve  t o  the   ac t i ve   channe l  and t h e  

r e s u l t i n g   f l o w   c h a r a c t e r i s t i c s   t h r o u g h   t h e   s i t e .  The l o c a t i o n  and e x t e n t  

o f  gravel  removal may be  such  that  an  armor layer  may n o t   d e v e l o p   u n t i l  

t h e   a r e a   f i l l s   i n   s u f f i c i e n t l y   t o  have   app rop r ia te   hyd rau l i c   cha rac te r -  

i s t i c s   f o r  armor  layer  development. 

Channel   Erosion;  Channel   erosion  in  the  form  of   local   scour was no t  

obse rved   a t  any o f   t h e   s t u d y   s i t e s .  The p o t e n t i a l   e x i s t s  for  l oca l   scou r   t o  

develop as a r e s u l t  of f l o w   o b s t r u c t i o n s   i n   t h e   f o r m  of m a t e r i a l   s t o c k p i l e s ,  

overburden  p i les ,  and d i v e r s i o n   d i k e s .   T h i s   p o t e n t i a l  was d i s c u s s e d   i n   t h e  

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

Channel degradat ion was o b s e r v e d   a t   f o u r   s i t e s  and may have  been  devel- 

o p i n g   a t   t h r e e   o t h e r   s i t e s .  A t  Washington  and McManus Creeks,  obvious  degra- 

d a t i o n  had  occur red   ups t ream  f rom  the   s i te   in   the   ma in   channe l .  A t  the  two 

D i e t r i c h   R i v e r   s i t e s ,   d e g r a d a t i o n  was occu r r i ng   i n   h igh -wa te r   channe ls ;   a t  

the   downst ream  s i te ,   one  o f   the   h igh-water   channe ls   deve loped  in to  an a c t i v e  

s ide   channe l   a f te r   work   comple t ion .   Channe l   degradat ion   resu l t ing   f rom 

gravel   removal   act iv i ty  has  been  documented  elsewhere (Woodward-Clyde 

Consu l tan ts  1976b, L i  and  Simons  1979). L i  and  Simons (1979) suggest   that  

t h e   i n s t a l l a t i o n   o f  check dams can res t r i c t   ups t ream  degradat ion .   Sher idan 

(1976) d i s c u s s e s   i n - c h a n n e l   g r a v e l   r e m o v a l ,   n o t i n g   t h a t   t h e   p i t s   f i l l e d   i n  

wi th   sediment ;  a s i m i l a r   s i t u a t i o n   o c c u r r e d   o n   S i n u k   R i v e r  w i th  no  apparent 

degrada t i on. 

Sediment  Transport. Changes i n  sediment   t ranspor t  due to   g rave l   remova l  

were d i f f i c u l t   t o   e v a l u a t e .  The r a t i n g s   g i v e n   i n   T a b l e  8 are   t hus   h igh l y  

s u b j e c t i v e .  A few possible  changes  which  were  suggested  by  the  sedimentary 

f e a t u r e s   i n  and  around  the  mater ia l   s i tes  are  d iscussed  be low.  I t  i s  l i k e l y  

t h a t  most s c r a p e d   s i t e s   e x h i b i t e d  an  increase  in   suspended  load  dur ing  the 

f i r s t   f l o o d   e v e n t  and poss ib l y   du r ing   one  or two  subsequent  events as t h e  

ma te r ia l   i n   t he   g rave l   remova l   a rea  was washed c l e a n   o f   t h e   f i n e   g r a i n  

s i t e s .   T h i s   i n c r e a s e  was t h u s   l i k e l y  a temporary  increase common at   most 



scraped  s i tes .   Long- te rm  inc reases   in  suspended  load  were  impl ied  a t   s i tes 

w i t h   d i s t u r b e d   a r e a s   w h i c h   c o n t r i b u t e d   f i n e   m a t e r i a l s   t o   t h e   f l o w .  Examples 

of   such  long-term  increases  were  the  access  road  degradat ion  at   Ugnuravik 

R i v e r   ( F i g u r e  361, t h e   d i v e r s i o n  dam at   Skeetercake  Creek  (F igure 37), and 

s e v e r a l   s i t e s   w i t h   o v e r b u r d e n   p i l e s   o r  berms con ta in ing   f i ne -g ra ined  ma- 

t e r i a l s .   S i m i l a r   i n c r e a s e s   i n   s u s p e n d e d   l o a d   c o u l d   o c c u r   f r o m   a c c e l e r a t e d  

bank e r o s i o n   a t   t h e   s i t e .   D e p o s i t i o n   o f  f ine-gra ined  sediments  in   severa l   o f  

the  gravel   removal   areas was a l s o  observed,  Si tes  wi th  changes  in  suspended 

load showed no p a t t e r n   w i t h   t h e   p h y s i c a l   s i t e  or gravel  removal  area  charac- 

t e r i s t i c s .  

Apparent  changes i n  bed  load  were  observed  at some s i t e s   i n   t h e   f o r m  o f  

g rave l   dunes   o r   loose  g rave l   depos i ts   in  and  downstream  from  the  gravel 

removal  area. When these  deposi ts   occur   in   the  gravel   removal   area,   they 

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

sed imen t   l oad   de l i ve red   t o  i t  o r   g e n e r a t e d   w i t h i n  i t .  D e p o s i t i o n   o c c u r r i n g  

downstream  from  the  gravel  removal  area  would  imply  that  the  f low  through 

the   a rea  i s  su f f i c i en t   t o   e rode   t he   l oose   g rave l   f rom  the   g rave l   remova l  

area. I t  i s  p o s s i b l e   t h a t  when these  gravels  reach  the  main  channel   they  are 

t ranspor ted   i n   t he   f o rm  o f   ano the r   bed   f o rm  o r   poss ib l y   i n   suspens ion .  Bed 

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

channels, and in   loca t ions   immedia te ly   ad jacent   to   such  channe ls .  

ICE CHARACTERISTICS 

Und is tu rbed  Cond i t ion  

Ice  jamming  can  occur  during  breakup when i ce   f l oes   mov ing  down the  

r i ve r   a re   b locked ,   t he reby   b lock ing   subsequen t   i ce   f l oes  and e v e n t u a l l y  

c r e a t i n g  a s u r f a c e  dam t o   t h e   f l o w   o f   i c e .   I c e  jams  can  cause  scour due t o  

inc reased  ve loc i ty   beneath   the   i ce  dam; they  can also  cause  the  water   leve l  

t o  r i s e ,   r e s u l t i n g   i n   i n c r e a s e d   f l o o d i n g .   I c e  jams  are  normally  caused  by a 

c o n s t r i c t i o n   i n   t h e   c h a n n e l   w i d t h  or depth, a r e d u c t i o n   i n   f l o w   v e l o c i t y ,   o r  

manmade s t r u c t u r e s   i n   t h e   f l o o d p l a i n .  
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F i g u r e  36. Upstream  view  of  thermal  and f l u v i a l   e r o s i o n   i n  
the   access  road  a t   Ugnuravik   River ,   act ing  as  a long-term 
sediment   source  to   the   r iver .  

F i g u r e  37. View  of  erosion  of a d i v e r s i o n  dam which  acts  as 
a long-term  sediment  source t o  Skeetercake  Creek. Dunes i n  
foreground  a re   a typ ica l  of t h e   u n d i s t u r b e d   r i v e r .  
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A u f e i s   i s   d e f i n e d  as areas  of   ice  which  have  developed  by a  sequence o f  

events   o f   over f low ing   water   on   top   o f   the   p rev ious   i ce   sur face .  The general  

mechanism f o r   t h e   g r o w t h   o f   a u f e i s   i n v o l v e s  an i n c r e a s e   i n   t h e   h y d r o s t a t i c  

p ressure  due t o  a reduced  f low  area; when the  pressure  exceeds  the  e levat ion 

o f   t h e   i c e   s u r f a c e ,   o v e r f l o w   o n t o   t h i s   s u r f a c e   r e s u l t s  and 

freezes. The over f low  causes  the  pressure  to   decrease and 

va t i on   t o   i nc rease .   Th i s   sequence   con t inues   t o   repea t   un t i  

canno t   p roduce   su f f i c i en t   p ressu re  t o  exceed  the   e leva t ion  

face.   Three  requi rements  for   the  format ion  o f   aufe is   are g i 

subsequent ly 

ce   sur face   e le -  

the  source  water  

o f   t h e   i c e   s u r -  

ven  by  Carey 

(1973) ;  ( 1 )  s i g n i f i c a n t   g r o u n d   w a t e r   o r   u n d e r - i c e   f l o w ,  (2) g r o w t h   o f   i c e   t o  

the  channel   bed  or  near  the bed,  and ( 3 )  subsur face   cons t r i c t i on   such  as 

bedrock ,   less   perv ious   so i l ,   o r   permaf ros t .  

Changes Due t o  Gravel Removal 

An organized  program  of   winter  and s p r i n g   o b s e r v a t i o n s   o f   a u f e i s  and 

breakup  were   no t   inc luded  in   th is   s tudy .   There fore ,  much o f   t h e   f o l l o w i n g  

d i scuss ion   i s   based   on   obse rva t i ons   o f   au fe i s  and ice   jamming  po ten t ia l ,  

r a t h e r   t h a n  of a c t u a l   a u f e i s  and i c e  jams.  However, a t  two s i tes,   Washington 

Creek ( F i g u r e  38) and  Oregon  Creek, la rge   a reas   o f   au fe is   were   observed  in  

e a r l y  June, I n c i d e n t a l   w i n t e r   o b s e r v a t i o n s   a t  a few o t h e r   s i t e s  documented 

the   ex is tence of au fe i s .  

I ce  jams could  be  caused  by  several   aspects  of   f loodplain  gravel   re-  

m o v a l .   I n   r i v e r s   w h i c h   a r e   i n c r e a s e d   i n   w i d t h  and depth  by  the  gravel   re-  

moval,  such as by  in-channel   mining,  the  veloci ty  would  decrease  causing  the 

i c e   f l o e s   t o   g a t h e r .  A t  the  downstream  end  of  the  gravel  removal  area  these 

f loes   cou ld   jam  where   the   channe ls   cons t r i c t   back   to   the   na tura l   w id th ,   Th is  

i ce   j am  cou ld   cause   f l ood ing   i n  and  upstream  from  the  gravel  removal  area 

and p o s s i b l e  bed  scour  beneath  the  ice jam. River  channels  which  are  widened 

causing  shal lower  depths,   such as by  removing  bars  adjacent  to  the  channel ,  

could  cause  ice  jamming  by  grounding  the  ice  f loes.   Another   potent ia l  mechan- 

ism f o r   i c e   j a m   f o r m a t i o n   r e s u l t i n g   f r o m  a g rave l   remova l   ope ra t i on   i s   t he  

b l o c k i n g   o f   i c e   f l o e s  by f l o w   o b s t r u c t i o n s   i n   t h e   f o r m   o f   o v e r b u r d e n   p i l e s ,  

s tockp i   l es ,  or d ikes.  
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F i g u r e  38. Large  a rea   o f   au fe is   a t   the   upper   g rave l   remova l  
area  at  Washington  Creek as i t  appeared i n   e a r l y  June. 

In   eva lua t i ng   t he   po ten t i a l   f o r   au fe i s   deve lopmen t   a t   each   o f   t he  - 
was assumed that  wide,  shal low  channels  were more l i k e l y  

t 

s t u d y   s i t e s ,  i t  

deve lop   au fe is  

because  shal low 

a s h a l l o w   t a l i k  

The r e s u l t s   o f  

a l o n g   w i t h   t h e  

t 

i 

t o  

han narrow, deep channels.  This  assumption i s   p r o b a b l y   v a l i d  

c h a n n e l s   a r e   m o r e   l i k e l y   t o   f r e e z e   t o   t h e i r   b e d  and t o  have 

(unf rozen  zone)   than deep channe ls   ca r ry ing   equ iva len t  flow. 

h i s   e v a l u a t i o n  o f  a u f e i s   p o t e n t i a l   . a r e   l i s t e d   i n  Table 9, 

d e n t i f i c a t i o n   o f   t h o s e   r i v e r s   w i t h   a u f e i s   a c t i v i t y  or po- 
p 

t e n t i a l ,   a u f e i s   a c t i v i t y   p r i o r   t o   t h e   g r a v e l   r e m o v a l   o p e r a t i o n .  - 
Most  o f   the  observat ions  o f   increases or p o t e n t i a l   i n c r e a s e s   i n   a u f e i s  

a c t i v i t y  w e r e   a s s o c i a t e d   w i t h   m i n i n g   a c t i v i t i e s   i n   s t r a i g h t  and s inuous 

r i v e r s ,   a l t h o u g h  some a c t i v i t i e s   i n   b r a i d e d ,   s p l i t ,  and meandering r i v e r s  

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

a t e d   w i t h   s c r a p i n g   o p e r a t i o n s .   I n c r e a s e d   a u f e i s   a c t i v i t y  or p o t e n t i a l   a u f e i s  

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

was loca ted   i n   ac t i ve   o r   h igh -wa te r   channe ls  and i n   l o c a t i o n s   i m n e d i a t e l y  

- 



f a b l e  9. Q u a n t i f i c a t i o n   R a t i n g s  of  Change in   Au fe i s   Po ten t i a l   t ha t   Resu l ted  
frm the  Gravel Removal Operat ion a t  Each of the  25 S i t e s  

R iver  

Grave I 
remova I 

area 
Aufe is  

p o t e n t i a l '  

Gold Run Creek 
Sinuk  River 

Washington  Creak 

Oregon C r  eok 

Penny R i ver 
Horne River  
Ugnurav i k R i vcr 
A u f e i s  Creek 

Kupar uk R i v e r  
Skeetercake  Creek 
Sagavanirktok  River 
l v i shsk   R ive r  
Shaviov ik   River  
Kavik   River  
Diet r ich  River-Upstream 
D i e t r i c h  River-Downstreem 
Middle  Fork  Koyukuk  River-Upstream 

Middle  Fork  Koyukuk  River-Downstream 
J im  River  
Prospect  Creek 
west  Fork Tolovana R i v e r  
McManus Creek 
Tsnana River-Downstream 
tanana  River-Upstrom 
Phel an C r  aek 

A 
B 

A 
B 

6 
5 
6 
IO 

i o  
6 

5 
6 
6 

5 

'Aufeis - p o t e n t i a l   r a t i n g s :  

10 Large a u f e i s  development  observed i n   t h e   d i s t u r b e d   a r e a  whmra no a u f e i s  

9 Moderate sized a u f e i s  development  observed i n  the  d isturbed  area  where 

8 S m a m e i s  development  observed or a s t r o n g   p o t e n t i a l   f o r   a u f e i s  Occur- 

7 Relocat ion  of an e x i l t f n g   a u f e i s   a r e a  by grave l  I-smOVal a c t i v i t y  
6 P o t e n t i a l   i n c r e a s e   i n  a u f e i s i v i t y   r e s u l t i n g  from grave l   r6mVa l  

was p r z l  y rocorded 

no   au fe i s  was p m s l  y recorded 

r e n c e   i s f n t a r r e d  

a c t i v i t v  
5 No change i n   a u f e i s   c h w a c t t r i s t l c s  
0-4 Not  Uled 

bR ive rs   w i th  a h i g h   p o t e n t i a l  for i c i n g   a c t i v i t y   p r i o r   t o   t h e   g r a v e l   r . m o v a l  
apera t lon .  
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ad jacent   to   the   channe ls .  Such loca t ions ,  when excava ted   f o r   g rave l ,   t end   t o  

increase  channel  width,  decrease  depth, and a l l o w   f o r   f r e e z i n g  down t o   t h e  

channel  bed. 

As noted   ear l ie r ,   la rge   a reas   o f   au fe is   were   observed  in   the   Wash ing ton  

Creek  and  Oregon  Creek  study s i t e s .   B o t h   o f   t h e s e   s i t e s   h a d   b e e n   e x t e n s i v e l y  

scraped  and  that  caused numerous channe ls   to   fo rm and loss o f   s u r f a c e   f l o w  

to   i n te rg rave l   f l ow   because  of loosely  compacted  gravels.  The a u f e i s  may be 

r e t a r d i n g   t h e   r e c o v e r y   o f   t h e   s u r f a c e   f l o w  by p r o t e c t i n g   t h e  loose g r a v e l s  

f rom  the   f lood   f lows  dur ing   the   snowmel t   runof f   per iod .  A t  b o t h   s i t e s ,   t h e  

channels   f lowing  dur ing  the  survey  were  not   f lowing  where  the  channel   had 

p r e v i o u s l y  been; i t  i s  t h u s   l i k e l y   t h a t   t h e   t a l i k  was no t  as deep beneath 

the  newly  formed  channels ,   thereby  prov id ing  the  aufe is   requi rement  of a 

s u b s u r f a c e   c o n s t r i c t i o n .  The s h a l l o w   c h a n n e l s   w o u l d   l i k e l y   f r e e z e   t o   t h e  

bed, t he reby   sa t i s f y ing   ano the r   requ i remen t   f o r   au fe i s   f o rma t ion .  The t h i r d  

requi rement ,  a water  source, was a l ready   ava i l ab le .  Thus, a t   these  two 

s i tes   the   g rave l   remova l   opera t ion   changed  the   channe l   loca t ion  and c r o s s  

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

format i on. 

HYDROLOGY 

H y d r o l o g y   i s   t h e   s t u d y   o f   t h e   o r i g i n ,   d i s t r i b u t i o n ,  and p r o p e r t i e s  

o f   wa te r   du r ing   t he   t ime  i t  i s  a t   o r   n e a r   t h e   e a r t h ' s   s u r f a c e .  Of concern 

i n   t h i s   s e c t ' i o n  i s  t h e   d i s t r i b u t i o n   o f   t h e   w a t e r .   M o r e   s p e c i f i c a l l y ,   t h i s  

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

t h e  25 m a t e r i a l   s i t e s   d u r i n g  low f l o w   a n d   f l o o d   f l o w   c o n d i t i o n s  and  poten- 

t i a l   e f f e c t s  on   t he   quan t i t y  due to   t he   remova l   o f   g rave l .  

Und is tu rbed  Cond i t ion  

The mean annual   f low  of  a r i v e r   a t  a s p e c i f i c   p o i n t   i s ,   a s   t h e   t e r m  

implies,,  the mean f low  dur ing   any  12 month  period. I t  i s  an i n d i c a t i o n  

o f   t o t a l  annual r u n o f f  and may a lso  be  used  as an approx ima t ion   o f   t he  

t y p i c a l  low summer f low.   Es t imates   o f  mean annua l   f low  fo r   the  25 s tudy  
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s i t e s   a r e   l i s t e d   i n   T a b l e  IO. They range  from 0.09 rn / s  a t  McManus Creek 

t o  540 m / 5  a t  Tanana  River-Downstream. 

3 

3 

Flood  f requency  curves show the  expected  f requency  o f   occurrence.of  

d i f f e r e n t   m a g n i t u d e   f l o o d s   a t  a s p e c i f i c   p o i n t  on a r i v e r .  The f requency  o f  

occurrence i s  commonly r e f e r r e d   t o  by t h e   r e c u r r e n c e   i n t e r v a l   o f   t h e   f l o o d ,  

which i s   t h e  average number of   years  between  f loods  o f   that   magni tude.  The 

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

g i ven   magn i tude   f l ood   i n  any year.   Flood  f requency  curves  were  developed  for  

each   o f   t he   s tudy   s i t es .   D ischarge   va lues   co r respond ing   t o   se lec ted   f re -  

quencies  o f   occurrence  are shown i n   T a b l e  1 1 .  

Changes Due t o   G r a v e l   M i n i n g  

H y d r o l o g i c   c h a r a c t e r i s t i c s   a r e ,   t o  a large  extent,   governed  by  basin- 

wide  parameters  such as c l i m a t e  and  geology.  Gravel   removal   operat ions  d id 

not  have a s i g n i f i c a n t   e f f e c t   o n   t h e s e   c h a r a c t e r i s t i c s .  However, l o c a l  

changes i n   t h e   r a t i o  between  sur face  f low and subsur face   f l ow   occu r red   a t  

s e v e r a l   s i t e s ,  The local  changes  were  not measured; q u a n t i t a t i v e   r a t i n g s  

shown i n   T a b l e  12 were  assigned  based  on a s u b j e c t i v e   e v a l u a t i o n .  A l o c a l  

r e d u c t i o n   i n  mean annual  f low  occurred  at  the  upper  Washington  Creek and 

upper   Aufe is   Creek  s i tes  as a r e s u l t   o f  a loss o f   s u r f a c e   f l o w   t o   i n t e r -  

g rave l   f low.  A t  Washington  Creek,  the  f low  entered  the  gravel   removal   area 

and  spread  out  through  loose,  uncompacted  gravel; a large  percentage  reduc- 

t i o n   i n   s u r f a c e   f l o w   r e s u l t e d   a t  low f l o w s .   T h i s   i n t e r g r a v e l   f l o w  component 

was s t i l l  e v i d e n t   i n   t h e   s i t e  13 y e a r s   a f t e r   t h e   s i t e  was worked. The r e l a -  

t i v e   e f f e c t  o f  t h e  loss o f   s u r f a c e   f l o w   d u r i n g   f l o o d   e v e n t s  was l i k e l y  

min imal .  A t  A u f e i s  Creek,  surface  f low  appeared t o  c e a s e   e n t i r e l y   f o r  a 

p e r i o d  of 2 years ,   a l t hough   con t inuous   su rve i l l ance  was n o t   a v a i l a b l e   t o  

v e r i f y   t h i s .  Thus, t h e  mean annual flow o f   A u f e i s  Creek i n   t h i s   l o c a l   r e g i o n  

was reduced   to   nea r   ze ro   f o r  2 years.  The e f f e c t  on f l o o d   f l o w s  was  unknown. 

Two other   s i tes,   the  upper   Oregon  Creek and  Penny R i v e r   s i t e s ,  had 

a p o t e n t i a l   f o r  a s i m i l a r ,   b u t   n o t  as extens ive ,   decrease  o f   sur face   f low 

l o s t   t o   i n t e r g r a v e l   f l o w .  No observa t i ons   o r  measurements  were a v a i l a b l e  
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Table 10. Mean Annual  Flow  Estimates a t  Each o f  t h e  25 Study  S i tes 

R i v e r  

Un i t mean 

( r n  /s/km 1 3 2 
annual f low Mean annual flow 

( m  1 s )  3 

Gold Run Creek 
Sinuk  River 
Washington  Creek 
Oregon  Creek 
Penny R i v e r  
Nome River  
Ugnur av i k R i ver  
A u f e i s  Creek 
Kupar uk R i ver 
Skeetercake  Creek 
Sagavani rk tok  River  
l v ishak   R iver  
Shav iov ik   R iver  
Kav ik   R ive r  
Diet r ich  River-Upstream 
D i e t r i c h  River-Downstream 
Middle  Fork Koyukuk  River-Upstream 
Middle  Fork Koyukuk  River-Downstream 
J im  R iver  
Prospect Creek 
West Fork  Tolovana  River 
McManus  Cree,k 
Tanana River-Downstream 
Tanana River-Upstream 
Phe I an  Creek 

0.013 
0.033 
0.018 
0.023 
0.023 
0.033 
0.0023 
0.0044 
0.0045 
0.0035 
0.0083 
0.0066 
0.0040 
0.0062 
0.006 
0.006 
0.0054 
0.0054 
0.010 
0.010 
0.0062 
0.0062 
0.012 
0.012 
0.063 

0.9 
18.0 
0.5 
0.7 
I .4 
4.3 
0.6 
1 .  I 

0.3 
38 

39 
24 

I .6 
5 . 5  
3. I 
4.0 

I 3  
22 
7. I 
2.6 
4.7 
0.09 

539 
468 

5 .2  
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Table I I .  Ca lcu la ted   D ischarges   i n  m / s  Cor respond ing   t o   Se lec ted  
Recur rence   I n te rva l s   f o r  Each of the  25 Study S i t e s  

3 

R i ver 

Recur rence  in te rva l  
4 years 1 

I .25 2  5 I O  25 50 I O 0  

Gold Run Creek 

Sinuk  River 

Wash i ng ton Creek 

Oregon  Creek 

Penny R i v e r  

Nome River  

Ugnur av i k R i ver 

Aufe is   Creek 

Kupar uk R i ver 

Skeetercake  Creek 

Sagavani rk tok  River  

l v i shak   R ive r  

Shav iov i k   R ive r  

Kav ik   R iver  

D ie t r i ch   R iver -Upst ream 

D i e t r i c h  River-Downstream 

Middle  Fork  Koyukuk R-US 

Middle  Fork  Koyukuk R-DS 

J i m  R i v e r  

Prospect  Creek 

West Fork  Tolovana  River 

McManus Creek 

Tanana  River-Downstream 

Tanana  River-Upstream 

Phe I an  Creek 

11.2 

I 1 3  

2.58 

6.21 

18.2 

32.4 

31.4 

39.2 

905 

10.6 

376 

26 7 

35.8 

I 08 

35.6 

46.9 

I 26 

I 90 

101 

33.3 

63.9 

I .65 

I562 

1341 

49.3 

19.2 32.1 

171 256 

5.63 10.7 

1 1 . 1  

23.7 

53.3 

46. I 

56.8 

I355 

16.7 

462 

333 

59.6 

171 

58.6 

75.9 

I89 

276 

I25 

43.6 

89.2 

3.32 

I752 

1518 

65.3 

19.4 

31.7 

86.3 

71.5 

89.3 

2165 

28.4 
592 

432 

98. I 

27 I 

I02 

131 

302 

428 

I56 

57.6 

I 30 

7.48 

42.8 53.6 70.2 91.0 

323 391 48 I 589 

16.6 28. I 39.5 54.9 

26.3 33.5 44.8 59.3 

37.0 43.7 50.2 57.0 

I14 I 42 182 232 

92.1 121 I49 I 80 

I16 I 60 196 235 

2848  3906  4840  591 2 

38.4  54.6 69.8 87.0 

665 785 863  970 

489 579 641 7 26 

I 30 164 212 272 

353 444 559 701 

140 I95 253  322 

178 247 318  402 

396 534 661 808 

552 736 896 1079 

178 204 228  251 

67.3 78.5 90.4 102 

159 203 242  282 

12.0 20.6 29.8 42. I 

1992 2120 2356 2460 2619 

I738 1857 2069 2169 23 I 8  

92.8 I14  146 171 I97 

I 30 



Table 12. Q u a n t i f i c a t i o n   R a t i n g s   o f  Change i n   Q u a n t i t y   o f  
I n te rg rave l   F low   Resu l t i ng   f rom  the   Grave l  Removal 

O p e r a t i o n   a t  Each o f   t h e  25 S i t e s  

River  Grave I remova I a r e a   l n t e r g r a v e l   f l o w  
a 

Go1 d  Run Creek 
Sinuk  River 

Washington  Creek 

Oregon  Creek 

Penny R i ver 
Nome R i v e r  
Ugnurav i k R iver  
Auf e i s Creek 

Kuparuk  River 
Skeetercake  Creek 
Sagavani rk tok  River  
l v i s h a k   R i v e r  
Shav iov ik   R iver  
Kav ik   R ive r  
Diet r ich  River-Upstream 
D i e t r i c h  River-Downstream 
Midd le   Fork  Koyukuk  River-Upstream 

Midd le   Fork  Koyukuk  River-Downstream 
J i m  R i v e r  
Prospect  Creek 
West Fork  Tolovana  River 
McManus Creek 
Tanana River-Downstream 
Tanana  River-Upstream 
Phe I an  Creek 

A 
B 

A 
B 

5 
5 
5 
9 
5 
7 
5 
7 
5 
5 

IO 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
5 

a 
l n t e r g r a v e l   f l o w   r a t i n g s :  

I O  A l l  s u r f a c e   f l o w   c o n v e r t e d   t o   i n t e r g r a v e l   f l o w   f o r  one summer o r  more 
9 Subs tan t i a l   l ong - te rm  l oss   o f   su r face   f l ow   to   i n te rg rave l   f l ow  
8 Modera te   l ong - te rm  l oss   o f   su r face   f l ow   to   i n te rg rave l   f l ow  
7 Impl ied  long-term loss o f   s u r f a c e   f l o w   t o   i n t e r g r a v e l   f l o w  
6 S m a l l  q u a n t i t i e s   o f   s u r f a c e   f l o w   l o s t   t o   i n t e r g r a v e l   f l o w  
5 No apparent  change 
4 Impl ied  increase  o f   sur face  f low  and  decrease  o f   in tergravel   f low 
3 Known increase  o f   sur face   f low  and  decrease  o f   in te rgrave l   f low 
0-2 Not Used 
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to   es t imate   the   magn i tude  o f   the   decrease.  The l o c a t i o n  of the   g rave l   re -  

moval  area may p r o v i d e  an e x p l a n a t i o n   f o r   t h e   s i g n i f i c a n t   i n t e r g r a v e l   f l o w  

a t  Washington  Creek  and Aufeis  Creek. A t  these  two  s i tes   the   sc rap ing   occur -  

red  near  the  downstream end o f  a sharp meander  bend ( F i g u r e  39). I t  appeared 

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

conf inement   o f   the  channel .  The lack   o f  a we l l   de f ined  channe l   caused  the  

f l o w  t o  s p r e a d   o v e r   t h e   g r a v e l s   i n   t h e   m a t e r i a l   s i t e  and depos i t   t he   sed i -  

ment load t h a t  i t  was carry ing,   These  deposi ts   were  qu i te   loose  and un- 

s tab le ,  and thus   were   ve ry   conduc ive , to   i n te rg rave l   f l ow .   O the r   s i t es   hav ing  

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

a t i o n   f r o m   t h a t  shown i n   F i g u r e  39; e i t h e r   t h e  bend  upstream  from  the 

sc raped   a rea   a t   t hese   s i t es  was not   as  sharp or the   sc rap ing   occur red   fu r -  

t h e r  downstream  on t h e  bend, thus   a l l ow ing  some o f   t h e   f l o w  and l i k e l y  

much o f   t h e   b e d   l o a d   t o   b e   r e t a i n e d   i n   t h e   o r i g i n a l   c h a n n e l .  

T h r e e   p o s s i b l e   e x p l a n a t i o n s   f o r   t h e   c o n t i n u e d  loss o f   s u r f a c e   f l o w  

a t  Washington  Creek  are ( 1 )  t h a t   t h e  suspended  load i s  n o t   s u f f i c i e n t   t o  

f i l l  t he   open ings   i n   t he   g rave l ,  (2) t h e   p r e s e n c e   o f   a u f e i s   i n   t h e   s i t e  

p r o t e c t s   t h e   g r a v e l s   f r o m   t h e   s i g n i f i c a n t  snowmelt  floods,  and ( 3 )  water 

f reezes   in   the   g rave l ,   expand ing  and s e p a r a t i n g   t h e   g r a v e l s   i n   t h e   p r o c e s s .  

P i t  s i tes ,   such  as   D ie t r i ch   R iver -Upst ream and t h e  two  Tanana R i v e r  . 

s i t e s ,  had a p o t e n t i a l   t o   l o c a l l y   i n c r e a s e   t h e  mean annual  f low  as a r e s u l t  

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

However, the   percentage  inc rease  in   the  mean annua l   f l ow   a t   t hese   s i t es  

i s  p robab ly   qu i te   sma l l .  
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F i g u r e  39. Aerial  photographs  of  Washington  Creek, ( t a p )  and Aufeis   Creek 
(bottom)  showing  mater ial  s i t e  locat ions  and  approximate  channel  locations 
before   the   d is turbance .  



SUMMARY  AND  CONCLUSIONS 

V a r i o u s   p h y s i c a l   c h a r a c t e r i s t i c s  of  a r c t i c  and s u b a r c t i c   r i v e r s   w e r e  

a f f e c t e d  by  gravel   removal   operat ions.  These c h a r a c t e r i s t i c s   w e r e   d i v i d e d  

i n t o   f i v e   c a t e g o r i e s :  

I .  Channel co,nf i g u r a t i o n  and process, 

2. Hydrau I i c s ,  

3. Sedimentat ion,  

4.  I c e   c h a r a c t e r i s t i c s ,  and 

5. Hydrology. 

One o r  more cha rac te r i s t i cs   f rom  these   ca tegor ies   were   obse rved   t o   have  

changed  as a r e s u l t  o f  removing  gravel   f rom  the 25 f l o o d p l a i n   s t u d y   s i t e s .  

CHANNEL  CONFIGURATION AND PROCESS 

Channel c o n f i g u r a t i o n  and p rocess   cha rac te r i s t i cs   t ha t   changed   as  

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

such  as  increase  in   the number of   channels and decrease i n   l a t e r a l   s t a b i l -  

i t y  o f  t he   channe ls ,   and   t he   po ten t i a l   f o r   d i ve rs ion  of f l ow   th rough   the  

gravel  removal  area. The g r e a t e s t   c h a n g e s   i n   b r a i d i n g   c h a r a c t e r i s t i c s  

o c c u r r e d   a t  10 s t u d y   s i t e s  and resu l ted   f rom  g rave l   remova l   ope ra t i ons  

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

t h r o u g h   t h e   m a t e r i a l   s i t e .  Flow d i v e r s i o n   t h r o u g h   t h e   m i n e d   s i t e   r e s u l t e d  

f r o m   h a v i n g   i n s u f f i c i e n t   b u f f e r s  or no b u f f e r s   a t   a l l .   G r a v e l   r e m o v a l  

ope ra t i ons   caused   f l ow   d i ve rs ion   o r  a h i g h   p o t e n t i a l   f o r   f l o w   d i v e r s i o n  

a t  12 o f   t h e  25 s t u d y   s i t e s .  
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HYDRAULICS 

H y d r a u l i c   c h a r a c t e r i s t i c s   e x h i b i t i n g   c h a n g e s   a s  a r e s u l t   o f   g r a v e l  

remova l   opera t ions   inc luded  the   hydrau l i c   geomet ry   ( inc lud ing   w id th ,   depth ,  

v e l o c i t y ,  and  conveyance) ,   overa l l   channel   s lope,   loca l   s lope  red is t r i -  

b u t i o n ,   f l o w   o b s t r u c t i o n s ,  and area  of  ponded  water.  Increases  in  channel 

w id th ,   conveyance,   overa l l   s lope,   f low  obs t ruc t ions ,  and  ponded  water 

were  typ ica l   responses  to   gravel   removal ,  as were  decreases i n  channel 

depth and v e l o c i t y .  One o r  more o f   these  e f fec ts   f rom  g rave l   remova l   were  

observed  a t  a l l  o f   t h e   s i t e s   e x c e p t   t h o s e  p i t  excava ted   s i t es   t ha t   were  

separa ted   f rom  the   ac t i ve   channe ls   by  a bu f fe r .   Sma l l   r i ve r   sys tems   t yp -  

i c a l l y  had  smal le r   f loodp la ins   wh ich   fo rced  the   g rave l   remova l   opera t ion  

c loser   to   ac t i ve   o r   h igh-water   channe ls ,   caus ing   hydrau l i c   changes.  

SEDIMENTATION 

Sedimenta t ion   charac ter is t i cs   wh ich   appeared  to   have  changed  as  a 

r e s u l t  of gravel   removal   operat ions  included  armor  layer  and  subsurface 

m a t e r i a l   s i t e   d i s t r i b u t i o n s ,   c h a n n e l   d e g r a d a t i o n ,  and  suspended  and  bed 

loads. The most common s i g n i f i c a n t  change i n   s e d i m e n t   s i z e   d i s t r i b u t i o n  

resu l t i ng   f rom  g rave l   remova l  was a dec rease   i n   t he   s i ze   caused   by   f i ne  

m a t e r i a l   d e p o s i t i o n   i n   t h e   m a t e r i a l   s i t e .   T h i s  change was r e f l e c t e d   i n  

t h e   s u r f a c e   m a t e r i a l   a t   s i x   s i t e s  and t h e   s u b s u r f a c e   m a t e r i a l   a t   s i x   s i t e s ,  

t h r e e  o f  wh ich   were   d i f fe ren t   f rom  those  w i th   sur face   mater ia l   changes.  

Channel degradat ion was o b s e r v e d   a t   f o u r   s i t e s  and may have  been  develop- 

i n g   a t   t h r e e   o t h e r   s i t e s .  Changes i n  sediment   t ranspor t  due t o   g r a v e l  

removal   apparent ly  took  the  form of  inc reases   as   we l l  as decreases,   wi th  

apparent   changes  occurr ing  a t  I I  s i t e s .  Most  changes in   the  sediment   char-  

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

s i t e s   i n   o r   i m m e d i a t e l y   a d j a c e n t   t o   a c t i v e  and  high-water  channels  and 

a t   t hose   s i t es   where   f i ne   sed imen t   sou rces   were   l e f t   i n   t he   f l oodp la in  

near  the  channel , 

I 3 5  



ICE CHARACTERISTICS 

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

as a r e s u l t   o f   g r a v e l   r e m o v a l   a c t i v i t y .  They are  ice  jamming  and  aufeis 

format ion.  These  can  be a f f e c t e d   b y  a w iden ing   o f   the   channe l   fo l lowed 

by a r a p i d   r e d u c t i o n   i n   w i d t h ,  a r e d u c t i o n   i n   d e p t h ,   o b s t r u c t i o n s   i n   t h e  

f l o o d p l a i n ,  and re loca t i ng   t he   channe l   t h rough  an area  which was p r e v i o u s l y  

d ry .   Au fe i s   f o rma t ion  was obse rved   a t   f ou r   s tudy   s i t es .  

HYDROLOGY 

The o n l y   c h a r a c t e r i s t i c   r e l a t e d   t o   t h e   h y d r o l o g y  o f  t h e   r i v e r   w h i c h  

was i d e n t i f i e d  as p o t e n t i a l l y   c h a n g i n g   a s  a resu l t   o f   g rave l   remova l   opera-  

t i o n s  was a change  f rom  sur face  f low  to   groundwater   f low  or   v ice  versa.  

Th is   change,   a l though  re la t i ve ly   m inor   a t   most   s i tes ,   can   have a l o c a l  

e f f e c t   o n   t h e  mean annua l   f low,   f low  dura t ion   curve ,   and  po ten t ia l l y ,  

on   t he   f l ood   f requency   cu rve .   S ign i f i can t   reduc t i on   o f   su r face   f l ow   occu r -  

r e d   a t  two   s tudy   s i t es .  

RECOMMENDATIONS 

Lis ted  be low  are  severa l   recommendat ions  concern ing  gravel   removal  

operat ions,   the  purpose  o f   which i s  t o   r e d u c e   t h e  number or  magnitude 

o f  changes t o   t h e   p h y s i c a l   c h a r a c t e r i s t i c s   o f   r i v e r s :  

I .  Small r i ve rs   shou ld   no t   be   cons ide red   as   g rave l   sou rces .  

2. B r a i d e d   r i v e r s   s h o u l d  be  considered  as  pr imary  gravel   sources; 

o t h e r   r i v e r   c o n f i g u r a t i o n s ,   l i s t e d   i n   o r d e r   o r   l i k e l i h o o d   o f  caus- 

i n g   t h e   l e a s t   p h y s i c a l  change,  are s p l i t ,  meandering,  sinuous, 

and s t r a i g h t .  

3. P i t  excava t ions   shou ld   be   l oca ted   on   t e r races   o r   poss ib l y   i nac t i ve  

f l o o d p l a i n s  and shou ld   be   separa ted   f rom  the   ac t i ve   f loodp la in  

by a bu f fe r   des igned   to   ma in ta in   t h i s   separa t i on   f o r   two   o r   more  

decades. 
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4. M a t e r i a l   s i t e s   w i t h i n   t h e   a c t i v e   f l o o d p l a i n   s h o u l d :  

e Not d i s t u r b   t h e  edge o f   t h e   a c t i v e   c h a n n e l l s ) ;  

e M a l n t a i n  a high-water  channel  shape, w i t h i n   t h e   m a t e r i a l   s i t e ,  

s i m i l a r   t o   t h a t   w h i c h   e n t e r s  and leaves   t he   s i t e ;  

Not   increase  the  bed  s lope  o f   act ive  or   h igh-water   channels  

l o c a l l y   t o  more  than  that of  n a t u r a l l y   o c c u r r i n g   s l o p e s ;  

Form new h igh-water   channels   through  the  s i te  i f   f l o w  i s  expected 

t h r o u g h   t h e   s i t e ;  

Be shaped  and  contoured to   p rov ide   p roper   d ra inage ;  

0 Have mate r ia l   s tockp i l es ,   ove rbu rden   p i l es ,   and   d i kes  removed 

from near   act ive  channels   un less  they  have a s p e c i f i c   p u r p o s e   f o r  

be ing   t he re  and a r e   d e s i g n e d   t o   w i t h s t a n d   t h e   h y d r a u l i c   f o r c e s ;  

and 

0 Be p ro tec ted   f rom  l ow   f l ow   channe ls   un t i l   t he   occu r rence   o f   t he  

f i r s t  f l o o d  a f t e r   t h e   s i t e  i s  completed. 
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EFFECTS OF GRAVEL REMOVAL ON AQUATIC BIOTA 
L.  L. Moulton 

INTRODUCTION 

Populat ions  o f   organisms  are  cont ro l led  by  phys ica l   and  chemical   fac-  

t o rs ,   o f ten   t e rmed   the i r   env i ronmen t ,  and  by b i o l o g i c a l   f a c t o r s ,   i n c l u d i n g  

p r e d a t i o n  and compet i t ion .   Env i ronmenta l   cons t ra in ts  on a p a r t i c u l a r   s p e c i e s  

d e t e r m i n e   t h e   u s a b l e   h a b i t a t   a v a i l a b l e   t o   t h a t   p o p u l a t i o n  a n d   t h e   s i t e  of  

t h e   p o p u l a t i o n   i s   o f t e n   r e s t r i c t e d   b y   t h e  amount of  u s a b l e   h a b i t a t .   A f t e r  

t h e  maximum number of  i n d i v i d u a l s  a p a r t i c u l a r   h a b i t a t  can  support   ( termed 

t h e   c a r r y i n g   c a p a c i t y )   h a s  been  reached,  the  populat ion  cannot  increase  wi th-  

o u t  an i n c r e a s e   i n   u s a b l e   h a b i t a t .   P r e d a t i o n  and  compet i t ion  can  act   on a 

p o p u l a t i o n   t o  limit numbers  below  the  carry ing  capaci ty,   thus  undisturbed 

p o p u l a t i o n s   a r e   n o t   n e c e s s a r i l y   f u l l y   u t i l i z i n g   t h e   a v a i l a b l e   h a b i t a t .  

A l t e r a t i o n s   t o   t h e   h a b i t a t   c a n   a l t e r   t h e   q u a l i t y   o f   t h e   h a b i t a t ,   l e a d -  

i n g   t o   d i r e c t  changes i n   t h e   c a r r y i n g   c a p a c i t y ,  and consequent ly ,   to   reduc-  

t i o n s   i n   t h e   a f f e c t e d   p o p u l a t i o n s .   D e c r e a s e s   i n   h a b i t a t   d i v e r s i t y  may reduce 

t h e   c a r r y i n g   c a p a c i t y   f o r  one   spec ies   wh i l e   l eav ing   t ha t   f o r   ano the r  un- 

changed. I f   t h e  two  spec ies   were   in   compet i t ion ,   the   reduc t ion  or removal of 

one may a l l o w   t h e   o t h e r   s p e c i e s   t o   i n c r e a s e ,   G e n e r a l l y ,   d e c r e a s e s   i n   h a b i t a t  

d i v e r s i t y  w i l l  r e s u l t   i n  an i nc reased   ca r ry ing   capac i t y   o f   one   spec ies   wh ich  

i s   a b l e   t o   e f f i c i e n t l y   u t i l i z e   t h e  more  un i form  habi ta t .   Conversely ,   in-  

c r e a s e s   i n   h a b i t a t   d i v e r s i t y   g e n e r a l l y   c a u s e   i n c r e a s e s   i n   t h e  number of  

s p e c i e s   o r   l i f e   h i s t o r y   s t a g e s   p r e s e n t   a s  new h a b i t a t   t y p e s   a r e  added.  These 

species  increases  are  o f ten  accompanied  by  decreases  in   the  populat ions 

wh ich   had   f o rmer l y   been   u t i l i z i ng   t he  more  un i form,   less  d iverse,   habi ta t .  
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The decreases may be  due e i t h e r   t o  

f r o m   s p e c i e s   w h i c h   m o r e   e f f i c i e n t l y  

The t y p e s   o f   h a b i t a t s   p r e s e n t  

ess 

u t i  

n a  

a v a i l a b l e   h a b i t a t   o r   t o   c o m p e t i t i o n  

I i z e   t h e   n e w l y   c r e a t e d   h a b i t a t s .  

r i v e r   a r e   d e t e r m i n e d  by the  loca-  

t i o n ,   s i z e ,   c o n f i g u r a t i o n ,  and w a t e r   q u a l i t y   c h a r a c t e r i s t i c s   o f   t h e   r i v e r .  

F e a t u r e s   w h i c h   d e f i n e   s p e c i f i c   h a b i t a t s   i n c l u d e   d e p t h ,   v e l o c i t y ,   s u b s t r a t e ,  

a n d   c o v e r .   A l t e r a t i o n s   t o  a r i v e r   w h i c h   a f f e c t  any o f   t hese   f ea tu res  w i l l  

a l s o   a f f e c t   t h e   h a b i t a t   a v a i l a b l e   i n   t h e   r i v e r  and may impac t   hab i ta t s  

d o w n s t r e a m   f r o m   t h e   a l t e r a t i o n s .   H a b i t a t   a l t e r a t i o n s  may a f f e c t   t h e   q u a l i t y  

o r   d i v e r s i t y   o f   t h e   h a b i t a t ,  or  both.  Reduced  habi 

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

h a b i t a t   d i v e r s i t y  may favor   one  spec ies  or  I i f e   h i  

Reduced h a b i t a t   q u a l i t y   i m p l i e s   a l t e r a t i o n   o f  a s i  

reduced  hab 

h a b i t a t s  bu 

Severa 

sona I cyc I e 

i 

t 

I 

t a t   q u a l i t y  makes the   a rea  

e r a t i o n ,   w h i l e   a l t e r e d  

s to ry   s tage   ove r   ano the r .  

ng le   hab i ta t   t ype   whereas  

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

the  two  responses  are  not   independent.  

t y p e s   o f   h a b i t a t s  may be used i n   t h e   l i f e   c y c l e   o r   e v e n  sea- 

o rgan ism,   and   t he re   i s   o f ten  a c r i t i c a l   h a b i t a t   w h i c h  o f  an 

c o n t r o l s   t h e   s i z e  

ment, t h e   c r i t i c a  

overw i n t e r  i ng  hab 

l a t i o n s   a r e  spawn 

o f   t h e   p o p u l a t i o n .   I n   t h e   a r c t  i c  and s u b a r c t i c   e n v i r o n -  

I h a b i t a t   f o r   f i s h   p o p u l a t i o n s   i s   o f t e n   t h e  amount o f  

i t a t .   O t h e r   c r i t i c a l   h a b i t a t s   o f t e n   c o n t r o l l i n g   f i s h  popu- 

i n g  and r e a r i n g   a r e a s .   C r i t i c a l   h a b i t a t s   v a r y   f r o m   s t r e a m  

t o  s t ream  and   spec ies   t o   spec ies   depend ing   on   t he   cha rac te r i s t i cs   o f   t he  

streams and t h e   l i f e   c y c l e   r e q u i r e m e n t s   o f   t h e   s p e c i e s .  

R e c e n t   s t u d i e s   h a v e   b e e n   a i m e d   a t   q u a n t i f y i n g   t h e   e f f e c t s   o f   h a b i t a t  

a l t e r a t i o n  on   s t ream  popu la t i ons   (S ta lnake r  and A r n e t t e  1976, Bovee  and 

Cochnauer 1977, B inns  and  Eiserman  1979). .Two  of   the  basic  requirements  of  

t h e s e   e f f o r t s   a r e   d e t a i l e d  measurements  o f   appropr ia te  habi ta t   parameters 

and  an in t imate   knowledge of t h e   h a b i t a t   r e q u i r e m e n t s   o f   t h e   s p e c i e s   i n  ques- 

t i o n .  The emphasis   o f   the  present   s tudy was on a m u l t i p l e - d i s c i p l i n a r y  

s u r v e y   o f   t h e   e f f e c t s   o f   f l o o d p l a i n   g r a v e l   r e m o v a l  on a b road  geograph ica l  

scale.  Because of t h e   l i m i t e d   d a t a  on many spec ies  and  complete  lack  of   data 

on many o f   t h e   r i v e r   s y s t e m s   s t u d i e d ,  a d e t a i l e d   h a b i t a t   a n a l y s i s  was no t  

p o s s i b l e .  The 3 t o  4 day su rveys   a t   each   s i t e   a l l owed   fo r   ga the r ing  o f  b a s i c  
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p h y s i c a l  and b i o l o g i c a l   d a t a   b u t   n o t   t h e   t y p e   o f   d e t a i l   r e q u i r e d   f o r   s o p h i s -  

t i ca ted   co r re la t i on   ana lys i s .   Fo r   t hese   reasons   t he   p resen t   ana lys i s  was 

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

a t i o n s  and t h e i r   e f f e c t s  on  aquat ic  organisms. 

The m a t e r i a l   s i t e s   w e r e   v i s i t e d  2 t o  20 years a f t e r   m i n i n g  was com- 

p le te ,   t hus   t he   immed ia te   e f fec ts  of  gravel   removal   operat ions  were  not  

s tud ied .  The  changes evaluated  dur ing  the  present   s tudy  were  those  which 

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

the  year  of dis turbance.  A l i t e r a t u r e   r e v i e w   o f   i m p a c t s   a t   t h e   t i m e   o f  

actua l   gravel   removal  was presented  by Woodward-CIyde.ConsuItants (1976).  
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METHODS OF DATA COLLECTION 

A 5  d e t a i l e d   i n  APPROACH AND METHODOLOGY a v a r i e t y  of  standard  sampling 

methods were u t i l i z e d   a t  each  s tudy  s i te   wi th   the   speci f ic   methods  used 

dependent-on  the  type of r i v e r  system  and h a b i t a t   b e i n g   s t u d i e d .  
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METHODS OF DATA ANALYSIS 

The data  f rom  each  o f   the 25 s i t e s  were f i r s t   a n a l y z e d  on a s i t e -  

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

aquat ic   env i ronment   a t   each  s tudy   s i te .   These  ind iv idua l   s i te   eva lua t ions  

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

r e l a t i n g   t o   m a j o r   s i t e   v a r i a b l e s   ( T a b l e  I, Ma jor   Var iab le   Mat r i x ) .   These 

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

but   are  par t   o f   the  permanent   data  base  mainta ined  by  the U. 5. F i s h  and 

W i l d l i f e   S e r v i c e .  

The va r ious   phys i ca l   and   b io log i ca l   pa ramete rs  measured a t  t h e   d i f -  

f e r e n t   s i t e s   v a r i e d   g r e a t l y   i n   m a g n i t u d e  a n d   t h e   v a r i a t i o n  made t h o   d i r e c t  

comparison  of   data among s i t e s   i m p r a c t i c a l .  The var ious   parameters   recorded 

a t   t h e   s t u d y   s i t e s   w e r e   s t a n d a r d i z e d   o n  a s c a l e   o f  0 t o  , I O  t o  o b t a i n  a 

r e l a t i v e  measure of   the  degree of  change. A r a t i n g  of 5 i n d i c a t e s   t h a t  a 
parameter  measured in   the  mined  area  had  not   changed  f rom  the same parameter 

i n   t he   ups t ream  a rea ;   ra t i ngs   o f  0-4 and 6-10 indicate  decreased  and  in-  

c reased   pa ramete r   va lues   i n   t he   m ined   a rea   re la t i ve   t o   t he   ups t ream  a rea .  

The r a t i n g  was de termined  by   ca lcu la t ing   the   percentage  change  in   the   mined 

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

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

0-10 s c a l e  was u t i l i z e d   f o r   t h o s e   s i t e s   a t   w h i c h   t h e   p a r a m e t e r  was evalu- 

a ted .   Da ta   f rom  s tudy   s i t es   w i th   s im i l a r   ra t i ngs   were   examined   fo r   s im i l a r  

a l t e r a t i o n s   t h a t   m i g h t   l e a d   t o  a simi lar  parameter  response. 

The a n a l y s i s   o f   h a b i t a t   a l t e r a t i o h  was based  on f i e l d   n o t e s   f r o m   t h e  

s i t e  surveys,  ground  and  aer ia l   photographs,  d i rect  measurement o f   h a b i t a t  

pa ramete rs ,   resu l t s  of  h y d r a u l i c   a n a l y s i s ,  and v i s u a l   o b s e r v a t i o n s .   H a b i t a t  

pa ramete rs   cons ide red   i n   t he   ana lys i s   i nc luded   changes   i n   subs t ra te   t ype ,  
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s u b s t r a t e   p o r o s i t y ,   c o n f i g u r a t i o n   o f   a d j o i n i n g  banks,  bank  and  instream 

cover,  number o f   channe ls ,   poo l - r i f f le   f requency ,   depth ,   ve loc i ty ,  and 

w e t t e d   p e r i m e t e r s   a t   d i f f e r e n t   f l o w   l e v e l s .   A d d i t i o n a l   h a b i t a t   a l t e r a t i o n s  

were  noted  where  appropr iate,   such as e x c e s s i v e   s i l t a t i o n ,   a u f e i s   f o r m a t i o n  

and c r e a t i o n   o f  new a q u a t i c   h a b i t a t s .  Much o f   t h e   a n a l y s i s  was s u b j e c t i v e  

because many h a b i t a t   p a r a m e t e r s   w e r e   d i f f i c u l t   t o   q u a n t i f y ,   c o n s e q u e n t l y ,  

t h e   a n a l y s i s  was kept   conservat ive.  The r e s u l t s  of hydrau l i c   ana lys is ,   as  

d e s c r i b e d   i n   t h e  EFFECTS OF GRAVEL  REMOVAL ON RIVER HYDROLOGY AND 

HYDRAULICS, a l l owed   fo r  a c e r t a i n  amount o f   h a b i t a t   p a r a m e t e r   q u a n t i f i c a t i o n  

I t s   s u p p o r t e d   t h e   s u b j e c t i v e   e v a l u a t i o n s  whenever  comparisons 

, i n d i c a t i n g   t h a t   s u b j e c t i v i t y  was no t  a major   source  o f  

and  these 

were  avai 

e r r o r .  

r e s u  

l a b l e  

A n a l y s i s   o f   c h a n g e s   i n   f i s h   p o p u l a t i o n s  was accomplished  by  evalu- 

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

to   the   ups t ream  a rea .  Then t h e  measured  parameters  that  appeared t o  be 

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

had  been a change i n   f i s h   d i s t r i b u t i o n ,   a s   i n d i c a t e d  by a d i f f e r e n c e   i n  

ca tch   ra te   be tween  the   ups t ream and mined  a reas .   In   th is  manner the  combi- 

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

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

were  postulated  based  on known l i f e   h i s t o r y   r e q u i r e m e n t s   o f   t h e   v a r i o u s  

species.  

The la rge  number o f   b e n t h i c   s a m p l e   r e p l i c a t e s   o b t a i n e d   a t  each  study 

s i t e   d u r i n g   t h e   f i e l d   s u r v e y s   a l l o w e d   f o r  an ana lys i s   o f   va r i ' ance   t o  de- 

te rmine  i f   s i g n i f i c a n t   d i f f e r e n c e s   e x i s t e d   i n   t h e   d e n s i t i e s  among sample 

a r e a s   w i t h i n  a study  reach. A l l  Surber  sample  data  were  computer  coded  and 

t h e   d e n s i t i e s   w e r e   s u b j e c t e d   t o  an a n a l y s i s   o f   v a r i a n c e  and m u l t i p l e   c l a s s i -  

f i c a t i o n   a n a l y s i s   ( N i e   e t   a l .  1975). A nonparameter ic  procedure,   the Mann- 

Whitney  U-test   (Zar 19741, was a l s o  used t o   e v a l u a t e   d i f f e r e n c e s   i n   d e n s i t y .  

The r e s u l t s   o f   t h e  two t e s t s   w e r e  compared  and,  where t h e   r e s u l t s   o f   t h e  two 

t e s t s   d i f f e r e d ,   t h e  more conserva t i ve   nonparamet r i c   t es t  was used.  Addi- 

t i o n a l  compu te r   ana lys i s   i nc luded   the   ca l cu la t i on   o f   va r ious   i nd i ces  o f  

d i v e r s i t y  and s i m i l a r i t y ,   s u c h   a s   t h e   B r a y - C u r t i s  and Raabe s i m i l a r i t y  
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ind ices,  and Shannon-Weaver and  Simpson dens i t y   i nd i ces .  The ind ices  respond 

d i f f e r e n t l y   t o  changes i n   d e n s i t y  and d i v e r s i t y  and  were  used p r i m a r i l y  t o  

search  for   changes  in  the  aquat ic  macroinvertebrate  assemblages  vulnerable 

t o  Surber  samplers. 

Because t h e   l e v e l   o f   i d e n t i f i c a t i o n  was t o   t h e   g e n e r i c   l e v e l   a t   b e s t  

and o f ten   on l y   t o   f am i l y   o r   o rde r ,   t he   i nd i ces   were   app l i cab le   on l y   t o   t he  

present   s tudy .   Compar ison  w i th   resu l ts  of  o the r   s tud ies  and extensive  anal-  

y s i s  of t h e   d a t a   a r e   n o t   j u s t i f i e d .   O f t e n   m u l t i p l e   s p e c i e s   w i t h i n  a genus 

were  recognizable  but   the absence of s u i t a b l e   t a x o n m i c  a i d s  f o r  a r c t i c  

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

t a x o n o m i c   g r o u p s   b y   p h y l e t i c   c l a s s i f i c a t i o n ,   w i t h   a s s o c i a t e d   c o m n  names, 

i s  inc luded  in   Appendix  A. 
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RESULTS AND DISCUSSION 

MAJOR GRAVEL REMOVAL HABITAT ALTERATIONS 

H a b i t a t   Q u a l i t y  

A l t e r a t i o n s   o f   h a b i t a t   q u a l i t y   o b s e r v e d  a t  many of  t h e   s i t e s   c o n s i s t e d  

p r i m a r i l y   o f   s u b s t r a t e   a l t e r a t i o n  and  removal o f  bo th   ins t ream and  bank 

c o v e r .   S i l t a t i o n ,  commonly assoc ia ted   w i th   i ns t ream  d i s tu rbances ,  was ob- 

served a t  a few s i t e s ,   b u t  was no t  a major   fac to r   because  most   o f   the   s i tes  

w e r e   v i s i t e d   s e v e r a l   y e a r s   a f t e r   m i n i n g  had  been  completed. A t  t h r e e   s i t e s  

where s i l t a t i o n  was observed i t  was caused  by  eroding  berms  (Kavik  River)  

o r   m e l t i n g   a u f e i s   f i e l d s   ( W a s h i n g t o n  Creek,  Oregon  Creek)  (Figure 40). 

Two t ypes   o f   subs t ra te   a l t e ra t i on   were   obse rved :  ( 1 )  a s h i f t   f r o m  a 

moderate ly   compacted  gravel   subst rate  to  a very  loose,  unconsolidated  sand- 

g r a v e l   s u b s t r a t e ,   u s u a l l y   w i t h   c o n s i d e r a b l e   i n t e r g r a v e l   f l o w  and (2) a 

s h i f t   f r o m  a smooth,  paved subs t ra te   wh ich   p roduced  near   laminar   f low  to  a 
more   po rous ,   i r regu la r   subs t ra te   p roduc ing   t u rbu len t   f l ow .   Mos t   o f   t he  

s u b s t r a t e   a l t e r a t i o n s   r e c o r d e d   w e r e  Type I a l t e r a t i o n s   w i t h   o n l y  two  Type 2 

a l te ra t i ons   obse rved .  Type I a l t e r a t i o n s   o c c u r r e d  a t  f ou r  o f  t h e   e i g h t   s i t e s  

where  scraping was conducted   in  an active  channel  (Washington  Creek,  Oregon 

Creek, Penny R iver ,  McManus Creek)  and a t   f ou r   where  flow subsequent ly 

increased or d i v e r t e d   t o   i n u n d a t e  a scraped  area  (Sinuk  River,   Kuparuk 

R iver ,   Sagavan i rk tok   R iver ,   l v ishak   R iver )   (Tab le  I f ) .  The e f f e c t s   o f   t h i s  

t y p e   o f   a l t e r a t i o n  appear t o  be  long-term,  because t h i s   a l t e r a t i o n  was 

n o t i c e a b l e   a t  McManus Creek 16 y e a r s   a f t e r   m i n i n g .  The e f f e c t  on t he  sub- 

s t r a t e  was caused by removal of t h e  armor layer ,   loosening  o f   the  gravels ,  

and  subsequent   washing  out   o f   f ine  mater ia ls .   Format ion  o f   ice  in   the  mined 

areas  appeared t o   p r o l o n g   t h e   r e c o v e r y   t i m e  of  t h i s   t y p e   o f   a l t e r a t i o n .  
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a )  Sediment  being  released b y  m e l t i n g   a u f e i s .  

b )  S i l t  deposi ted  in   substrate   downstream  f rom  aufe is   f ie ld .  - 
F i g u r e  40. S i l t a t i o n   r e s u l t i n g  f r o m   e x t e n s i v e   a u f e i s   f i e l d   a t  
Oregon  Creek  mined  study  area, 20 June 1977. 
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Table 13. M a j o r   H a b i t a t   A l t e r a t i o n s   O b s e r v e d   a t   S i t e s   M i n e d   b y   S c r a p i n g  
( 5  = No Change, 6-10 = Trend  Towards  Parameter, 0-4 = Trend Away From 

Par arne t e r  1 

Seward Pen i nsu I a 
Gold Run Creek 
Sinuk  River  
Washington  Creek 
Oregon  Creek 
Penny R i v e r  
Norne R i  ver 

N o r t h  S I ope 
Ugnurav i k R i ver 
A u f e i s  Creek 
Kuparuk  River 
Skeetercake  Creek 
Sagavani rk tok  River  
l v i s h a k   R i v e r  
Shav iov ik   R iver  
Kav ik   R ive r  

N o r t h e r n   I n t e r i o r  
D ie t r i ch   R iver -Upst ream 
D i e t r i c h  River-Downstream 
M.F. Koyukuk  River-US 
M.F. Koyukuk  River-DS 

- 5  5 0 5 6 5 
7 5  0 - 6 9 8 

IO 5 I O  IO IO IO  IO 
IO 5 I O   I O  9 9 8 
9 5  IO 8 9 IO IO 
- 5  5 - IO 10 7 

a 

5 8  5 5 6 I O  8 
- 5  5 8 9 I O  I O  
8 5  5 5 8 7 6 
- 5  9 0 5 8 I O  
9 5  5 9 IO I O  6 
6 5  5 5 8 6 5 
5 3  5 5 6 6 5 
- 5  5 9 8 7 5 

5 5  5 5 5 5 5 
5 5  5 5 6 7 7 
5 5  I O  5 I O  9 9 
5 5  5 5 8 IO 7 

S o u t h e r n   I n t e r i o r  
McManus Creek 
Phe I an  Creek 

7 5  5 5 5 IO 5 
5 5  5 5 4 2 5 

a 
Dash means p a r a m e t e r   n o t   e v a l u a t e d   a t   t h i s   s i t e .  
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Type 2 s u b s t r a t e   a l t e r a t i o n s   w e r e  documented a t  two loca t i ons ,   bo th  on 

medium s i z e   N o r t h   S l o p e   r i v e r s   ( T a b l e  13) .  I n  one  case,  Ugnuravik  River, 

the  upstream  area showed  near  laminar  f low  that  was changed t o   t u r b u l e n t  

f l o w   w h i l e   i n   t h e   o t h e r  case,   Shaviov ik   River ,   the  reverse  occurred - t h e  

upstream  f low was tu rbu len t   whereas   the   f low  th rough  the   mined  a rea  was 

laminar.  Such changes  wou ld   be   expec ted   na tura l l y   where   loca l i zed   subs t ra te  

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

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

bank t h a t   p r o v i d e   s h e l t e r   f r o m   s u r f a c e   p r e d a t i o n  and r e d u c e   v i s i b i l i t y .  Ex- 

amples  o f   bank  cover   inc lude  overhanging  vegetat ion  and  inc ised  or   undercut  

banks,  thus  bank  cover was e l i m i n a t e d  when mining  removed  these  features 

( F i g u r e s  41 and 4 2 ) .  These types   o f  bank   cover   were   typ ica l l y   p resent   in  

s t r a i g h t ,   s i n u o u s ,   m e a n d e r i n g   o r   s p l i t   c h a n n e l   r i v e r s ,   b u t   w e r e   l e s s  common 

i n   b r a i d e d   r i v e r s ,   S i g n i f i c a n t  bank  cover loss was observed  a t  6 o f   t h e  21 

scraped  sites,  Sinuk  River,  Washington  Creek,  Oregon Cre'ek, and  Penny R i v e r  

s i t e s  on the  Seward Peninsula,  a t  the  Skeetercake  Creek  s i te   on  the  Nor th 

Slope,  and a t   t h e   M i d d l e   F o r k  Koyukuk  River-Upstream i n   t h e   N o r t h e r n   I n -  

t e r i o r   ( T a b l e   1 3 ) .  

Instream  cover i s  c rea ted   by   obs t ruc t ions ,   such as bou lders   o r   logs ,  

t ha t   p rov ide   s lack   wa te r   where   f i sh   can   ho ld   pos i t i on   w i th   m in ima l   ene rgy  

expend i tu re  and reduce  predat ion  f rom  ebove  by  being  less  v is ib le.   Water 

dep th   can   a l so   f unc t i on  as cover,  because deep pools and r u n s   o f f e r  more 

ove rhead   p ro tec t i on  and o f t e n   l o w e r   v e l o c i t i e s   t h a n   s h a l l o w   r i f f l e s .   C e r t a i n  

species,   such  as  Arct ic   char  and A r c t i c   g r a y l i n g ,   a r e   o f t e n   a s s o c i a t e d   w i t h  

inst ream  cover .   Inst ream  cover  was reduced  a t   f i ve   s i tes ,   Wash ing ton   Creek ,  

Oregon  Creek,  Penny R ive r ,   Kav i k   R ive r ,  and Sagevani rk tok  River ,  as a r e s u l t  

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

new c h a n n e l s   d i d   n o t   p o s s e s s   t h i s   h a b i t a t   ( F i g u r e s  43 and 44) .  A t  s i x   s i t e s ,  

Gold Run Creek,  Washington  Creek,  Oregon  Creek,  Aufeis  Creek,  Skeetercake 

Creek,   and  Sagavani rk tok  River ,   the  channel   conf igurat ion was a l t e r e d  so 
tha t   the   channe l  was w ider  and sha l lower   in   the   mined  a reas ,   thus   the   in -  

stream  cover  provided  by  depth was r e d u c e d   b y   l o w e r i n g   t h e   r a t i o   o f   p o o l s   t o  

r i f f l e s ,  
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'I 
a )  Undercut   vegetated  bank  typical  of Oregon  Creek  upstream 

study  area.  

b )  Oregon  Creek  mined  study  area - n o t i c e  lack of bank  cover, 
m u l t i p l e   c h a n n e l s .  

F i g u r e  41. Removal of bank cover a t  Oregon Creek as observed 
on 24 June 1977. 
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a)   Skeetercake  Creek  upstream  study  area - note  undercut 
vegetated  bank.  

b )  Skeetercake  Creek  mined  study area - bank  cover  absent, 
f l o w  spread over wide, sha l low area .  

F i g u r e  42. Removal of bank cover  at   Skeetercake  Creek as 
observed on 18 June 1977. 
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b )  Washington  Creek  upper  mined  study  area,  note  spread of 
f l ow ,   mu l t i p le   channe ls ,   l ack  of su r face   wa te r .  

F i g u r e  43. Washington  Creek  upstream  and  mined  area  on 9 
September 1977 showing  reduct ion of  inst ream  cover  due t o  
g rave l   remova l   opera t ion   ( f low  leve l  [ O . I I  m /sec]  = 20 per- 3 

cent  of mean annual f l o w ) .   O t h e r   h a b i t a t   a l t e r a t i o n s   i n c l u d e  
i n c r e a s e d   b r a i d i n g ,   s i l t a t i o n ,  and i n t e r g r a v e l  f low. 
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a )  Sagavanirktok River upstream study  area, note predominance 
of boulders. 

b )  Sagavanirktok River mined study area showing extensive 
sedimentation and backwaters. 

Figure 44. Reduction of instream cover a5 provided by 
boul ers at Sagavanirktok River, 3 August 1978 (flow level, 
60 m /sec, = 155% o f  estimated mean annual f low) .  !l 
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H a b i t a t   D i v e r s i t y  

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

h a b i t a t s  by  gravel   removal   operat ions,  was t o   f a v o r   c e r t a i n   s p e c i e s  or l i f e  

h i s to ry   s tages   ove r   o the rs .  One of t h e   m a i n   i n d i c a t o r s   o f   r e d u c e d   h a b i t a t  

d i v e r s i t y  was inc reased  b ra id ing   in   the   mined  a rea   caused  where   g rave l  

depos i ts   were   sc raped  to   be low  the   water   l ine   o r   where   f low  subsequent ly  

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

c u r r e d   a t  10 study  si tes  (Washington  Creek,  Oregon  Creek, Penny R iver ,  Nome 

River,   Aufeis  Creek,  Kuparuk  River,   Sagavanirktok  River,   lv ishak  River,  

Kav ik   R iver ,  and Middle  Fork  Koyukuk  River-Downstream)  (Figures 43 and 45, 

Table 1 3 ) .  The c h a n n e l s   i n  a b ra ided   a rea   usua l l y   have  a uni form  depth,  

v e l o c i t y ,  and s u b s t r a t e   w i t h   m i n i m a l  bank  cover. The areas   were   genera l l y  

charac ter ized   by   inc reased  wet ted   per imeter ,   reduc t ion   in   channe l   depth ,  and 

reduced mean v e l o c i t i e s   ( F i g u r e  4 6 ) .  A t  Washington  Creek  (Figure 4 6 a ) ,  f o r  

example,   the  cross  sect ion  in   the  upper   mined  area  (Cross  Sect ion 3 )  had  the 

g r e a t e s t   w e t t e d   p e r i m e t e r   a t  a l l  f low  leve ls ,   bu t   most  o f  t h i s  was i n   s h a l -  

low o p e n   c h a n n e l s   w i t h   l i t t l e   c o v e r .   S i m i l a r l y ,   a t  Oregon  Creek ( F i g u r e  

46b)   t he   we t ted   pe r ime te r   a t   c ross   sec t i ons   i n   t he   m ined   a rea   (C ross   Sec t i on  

2 and 3 )  was cons ide rab ly   g rea te r   t han   t ha t   i n   t he   ups t ream  a rea  and ap- 

p roached  o r   exceeded  tha t   o f   the   Cr ipp le   R iver   c ross   sec t ions ,  a r i v e r  

w i th   g rea te r   t han   t h ree   t imes   t he   es t ima ted  mean annual  f low  of  Oregon 

Creek.  Again,  the  Oregon  Creek  mined  area  channels  were  wide  and  shallow, 

p r o v i d i n g  low q u a l i t y  and  low d i v e r s i t y   h a b i t a t .  The f i n a l  example, 

Sagavan i rk tok   R iver   (F igure  4 6 ~ 1 ,  showed a s i m i l a r   p a t t e r n   w i t h   t h e   m i n e d  

a rea   c ross   sec t i ons   hav ing  a g r e a t e r   w e t t e d   p e r i m e t e r ,   b u t  a shal lower   depth 

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

H a b i t a t   d i v e r s i t y  was i n c r e a s e d   i n  some other  mined  areas  by  the  crea- 

t i o n   o f  new hab i ta ts .   Three   types   o f  new hab i ta ts   were   usua l ly   found:  ( 1 )  

low veloc i ty   backwater   areas,  ( 2 )  a s ide   channe l   o f f   t he   ma in   r i ve r ,  and ( 3 )  

a f l o o d e d   p i t   f o r m i n g  a pond h a b i t a t   ( F i g u r e s  47 and 4 8 ) .  Low v e l o c i t y  back- 

water   areas  were  found  a t   f ive  s i tes  (S inuk  River ,   Skeetercake  Creek,  

Sagavanirktok  River,   Dietr ich  River-Downstream, and Middle  Fork  Koyukuk 

R iver -Upst ream) ;   s ide   channe l   fo rmat ion   occur red   a t   th ree   s i tes   (Skeetercake 
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a )  27 July 1973 - pre-mining b )  2 August 1976 - post  mining 

F i g u r e  45. Increased  bra id ing  a t   Sagavanirktok  River   s tudy  s i te   caused by 
mining  mid-channel  gravel  bars and a v e g e t a t e d   i s l a n d   i n   t h e   a c t i v e   c h a n n e l  
(mining  operat ion  conducted  dur ing  the   winter  of 1974-1975). 
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MAF = 0.53 m 3 / ~  

% OF MEAN  ANNUAL  FLOW 
a. Washington Creek 

o/o OF MEAN ANNUAL  FLOW 

b. Oregon Creek - Cripple River 

O h  MEAN  ANNUAL FLOW 

c. Sagavanlrktok River 
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F i g u r e  46. Reyponse of c ross-sect iona l   wet ted   per imeters  t o  percentage of 
mean annual flow and percentage of cro,ss  sections  comprised of  s e l e c t e d  
d e p t h   i n 4 e r v a I s   a t  mean annual f low a t   th ree   g rave l   remova l   s tudy   s i tes .  
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a )  D i e t r i c h  River-Downstream - inundated  mined  study area.  

b )  M i d d l e  Fork Koyukuk River-Upstream - backwater  in  lower 
mined  area. 

F i g u r e  47. Low velocity  backwaters  formed by gravel  removal 
a t   D i e t r i c h  River-Downstream ( 1 3  July 1978) and Middle  Fork 
Koyukuk River-Upstream (18 July 19781, n o t e   e x t e n s i v e   s i l t  
deposi t ion  in   both  cases.  
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Cut- off 
channel 
created 
by mining 

Original 
channel 

a )  Skeetercake  Creek  showing  cut-of f   channel ,  4 September  1975. 

b )   J im   R ive r   show ing   s ide   channe l   c rea ted   by   m in ing   i n  a high-  
water  channel, 12 August 1978. 

c )  West Fork  Tolovana  River p i t   c r e a t e d  by deep e x c a v a t i n g   i n  
an abandoned  channel, 29 J u l y  1978. 

F i g u r e  48. C r e a t i o n   o f  low v e l o c i t y   s i d e   c h a n n e l s  and inundated 
p i t   f o l l o w i n g   g r a v e l   e x t r a c t i o n .  
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Creek,  Middle  Fork Koyukuk  River-Upstream  and  Jim  River);  and  f looded p i t s  

were   c rea ted   a t   seven   s i t es   (Penny   R ive r ,   Ugnurav i k   R ive r ,   D ie t r i ch   R ive r -  

Upstream,  Prospect  Creek, West Fork  Tolovana  River,  Tanana River-Downstream, 

and  Tanana River-Upstream), 

The changes i n   h a b i t a t   d i v e r s i t y   w e r e   d e t e r m i n e d   b y   t h e   l o c a t i o n   o f  

m i n i n g  and, t o  some ex ten t ,   t he   t ype   o f   m in ing .   B ra id ing   (dec reas ing   hab i ta t  

d i v e r s i t y )   o c c u r r e d   w h e r e   t h e   m a j o r i t y   o f   f l o w   w e n t   t h r o u g h  a mined  area, 

such  as  where a mearider  was e l i m i n a t e d   ( t w o   s i t e s :  Penny R iver ,   M idd le   Fork  

Koyukuk  River-Downstream), an inchannel   is land or grave l   bar  was removed 

( f i v e   s i t e s :  Washington  Creek,  Kuparuk  River,  Sagavanirktok  River,  lvishak 

R ive r ,   Kav i k   R ive r )   o r   where   excava t ion   occu r red   i n   an   ac t i ve   channe l   ( f i ve  

sites:  Washington  Creek,  Oregon  Creek, Penny R iver ,  Nome R ive r ,   Au fe i s  

Creek) .  Removal o f   g rave l   i n   ac t i ve   channe ls   c rea ted   b ra ided   a reas   i n   wha t  

had   p rev ious l y   been   poo l - r i f f l e   hab i ta t s ,   t hus ,   i n   t hese   cases   t he re  was 

o f t e n  a loss of   inst ream and   bank   cove r ,   subs t ra te   a l t e ra t i on ,   dep th   a l t e r -  

a t ion ,   spread ing   o f   f low  combined  w i th   decreased  ve loc i ty ,  and loss o f   p o o l s  

and r i f f l e s .   H a b i t a t   d i v e r s i t y   i n c r e a s e d   a t  two s i t e s   w i t h   i n c o m p l e t e  

meander cu to f fs   fo rming   backwater  and  ponded  areas  or  side  channels 

(Skeetercake  Creek,  Middle  Fork  Koyukuk  River-Upstream)  and  wi th  gravel  

removal i n  a high-water  channel t o  be low  the   water   tab le   such  tha t  i t  con- 

t a i n e d  ponded  water   (S inuk   R iver )   o r   annua l   f low ing   water   (J im  R iver ) .  

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

ex t rac t ion   o r   channe l   changes  c rea ted  low ve loc i ty   backwater   a reas  and 

b r a i d e d   c h a r a c t e r i s t i c s   w e r e   n o t   w e l l   e s t a b l i s h e d   ( S a g a v a n i r k t o k   R i v e r ,  

D i e t r i c h  River-Downstream,  Middle  Fork  Koyukuk  River-Upstream).  Ponded  areas 

o r  low ve loc i t y   backwa te rs   were   cha rac te r i zed   by  a sand t o  s i l t  s u b s t r a t e .  

The  low ve loc i t y   w i th   assoc ia ted   c lea r   wa te r   o f ten   a l l owed   i nc reased   g rowth  

of   f i lamentous  a lgae.   Water   temperatures  were  usual ly   increased  over   those 

in   the  act ive  channel   because of the   da rk   subs t ra te  and  poor c i r c u l a t i o n .  

S imi la r   e f fec ts ,   a l though  no t   as   g rea t   in   magn i tude,   were   observed  where  

s ide  channels   were  formed  a t  J i m  River  and  Middle  Fork  Koyukuk  River-  

Upstream.  Water v e l o c i t i e s   w e r e   r e d u c e d   a n d   i n c r e a s e d   s i l t   d e p o s i t i o n  was 

observed  in  the  main  channel .  
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The t h r e e   s i t e s   w i t h   i n c r e a s e d   h a b i t a t   d i v e r s i t y  due t o   r e c e n t   f l o w  

were 3 t o  4 years o l d  and, i n  two  cases  (Dietr ich  River-Downstream and 

Midd le   Fork  Koyukuk  River-Upstream),   f low  had  on ly   entered  the  s i te   wi th in  a 

year  or  two of  t h e   s i t e   s t u d y   ( F i g u r e   4 9 ) .  The h a b i t a t   d i v e r s i t y   i n   t h e s e  

areas w i l l  p robab ly   decrease  w i th in  a few  years  as meander c u t o f f s   a r e  

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

Inundated   p i ts   were   fo rmed when gravel  removal was conducted away 

f rom  the   ac t i ve   channe l  and the  depress ian,   usual ly   deeper   than I m, f i l l e d  

w i t h   w a t e r   e i t h e r  by d i r e c t   c o n n e c t i o n   t o   t h e   r i v e r   o r   t h r o u g h   i n t e r g r a v e l  

f low.   These  a reas   deve loped  charac ter is t i cs   t yp ica l  o f  pond hab i ta ts ,   i .e . ,  

mud bo t tom,   roo ted   aquat ic   vegeta t ion   a round  shore l ines ,   h igh   dens i ty   p lank-  

ton  communit ies, and m a c ' r o i n v e r t e b r a t e s   t y p i c a l   l y   a s s o c i a t e d   w i t h  a l e n t i c  

environment. Two t y p e s   o f   p i t s   w e r e   i n c l u d e d   i n   t h e   s t u d y :   s h a l l o w  ( <  2 m )  

and deep ( >  2 m)  p i t s   (Tab le   14 ) .   Sha l l ow   p i t s   (Penny   R ive r ,   Ugnurav i k  

R i v e r ,   P r o s p e c t   C r e e k )   n o r m a l l y   f r o z e   t o   t h e   b o t t o m   i n   t h e   w i n t e r   w h i l e  

deep p i t s   ( D i e t r i c h  River-Upstream, West Fork  Tolovana  River,  Tanana R iver -  

Downstream,  Tanana  River-Upstream)  contained  water  year-round. 

Two o f   t h e  deep p i t s  (West  Fork  Tolovana  River,  fanana  River-Upstream) 

showed d isso lved  oxygen and t e m p e r a t u r e   s t r a t i f i c a t i o n   i n   t h e  summer o f  

s tudy   wh i le   the   o ther   two  (D ie t r i ch   R iver -Upst ream,  Tanana  River-Downstream) 

d i d   n o t   ( F i g u r e  50). The t i m e   a t   w h i c h   s t r a t i f i c a t i o n   w o u l d   b e  most  pro- 

nounced was m issed   a t   D ie t r i ch   R ive r -Ups t ream and  Tanana  River-Downstream 

and i t  i s  p o s s i b l e   t h a t   t h e r e  was some s t r a t i f i c a t i o n  mid-summer; however, 

t h e  Tanana  River-Upstream  and West Fork   To lovana  R iver   were   thermal ly   s t ra t i -  

f i e d   f r o m   e a r l y  June t o  mid-September. A l l  p i t s  except  the Tanana R iver -  

Downstream p i t  were  connected t o   t h e   a s s o c i a t e d   r i v e r s .  The  Tanana R iver -  

Downstream p i t  was on a v e g e t a t e d   i s l a n d   a n d   c o n n e c t i o n   t o   t h e   r i v e r  was 

inunda ted   on l y   du r ing   annua l   h igh   wa te r   even ts .   Th i s   p i t   had   c lea r   wa te r  

( b o t t o m   v i s i b l e   t o  deeper  than 5 m ) ,  v e r y   l i t t l e  mud or s i l t  even i n   t h e  

deepest  area,  and v i r t u a l l y   n o   t h e r m a l   s t r a t i f i c a t i o n .   A q u a t i c   v e g e t a t i o n  

was absent   except   a long  the   shore l ine ,   desp i te   the   ex t reme  water   c la r i t y .  

Four of  t h e   f i v e  deep p i t s  had  extens ive  shal low  areas,   wi th   over  25 percent  

o f   the  area  less  than I m deep. Only a t   t h e  Tanana River-Downstream was a 
majo r i t y   o f   t he   a rea   deeper   t han  2 m (Tab le  14). 
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a )  16 September 1972 

b )  2 August  1976 

c )  I 1  J u l y  1977 

F i g u r e  49. Sequence  of aer ia l   photographs   showing   e f fec ts  of overmining 
t h e   i n s i d e  of a meander  bend a t   M i d d l e   F o r k  Koyukuk River-Upstream. 
Immedia te ly   fo l lowing   min ing   (b )   there  was an increase  in   backwater  
areas.   The  next   year ( c )  t h e  meander  was p a r t i a l l y   c u t  o f f ,  c r e a t i n g  a 
v a r i e t y   o f  low v e l o c i t y   h a b i t a t s .  
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Table  14. Percent  of P i t  Area Composed o f  S e l e c t e d   D e p t h   I n t e r v a l s  

Depth D i e t r i c h  R West Fork Tanana R Tanana  R-Upstream 

( m l  ( % I  ( $ 1  (4;) ( 4 ; )  ( $ 1  I%) ( $ 1  
i n t e r m  I Penny R Upstream  Prospect Ck Tolovana R Downstream Upper Lower 

0- I 70.0 54.0 28 23 
1-2 21 .o 32 .O 35 38 s i  

3-4 0 I .3  0 4.2 I 1  0 0 
4-5 0 0.6 0 3.0 13 0 0 
> 5  0 2.2 0 0.7 41 0 0 

2-3 0 4.4 0 6.2 34 45 

Mean  depth 
( m )  0.6 t .o 0.6 I .5  4.5 I .6 * 1.7 

Max i mum 
depth ( m l  I .5 

T o t a l   a r e a  
( h a )  0.6 

7.5 I .5 6.4 9.4 2.7 2.9 

I .8 t .O 4.5  4.25 7.5 

a Est imated.  



T andDO 

a. Dietrich -Upstrearn,lO July1978 

T and DO 

TandW 

0 

T and DO 

c.Tanana-  Downstream, 9 Sept.1976 d.Tanana-Upstream,lS Aug.1978 

. .  
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Water Qual i t y  

Water q u a l i t y  measurements r e f l e c t e d   h a b i t a t   a l t e r a t i o n s   i n   s e v e r a l  

ways. F i r s t ,   d i sso l ved   oxygen  and temperature  responded  in  a p r e d i c t a b l e  

f a s h i o n   t o   i n c r e a s e d   b r a i d i n g .  The spread ing   and  sha l low ing   o f   f low and loss 

o f   c o v e r   l e d   t o  an i n c r e a s e d   r a t e  o f  heat exhange, w i th   the   tempera ture ,  and 

t h e r e f o r e   d i s s o l v e d  oxygen,  responding  more  quickly  to  ambient  a i r  tern- 

pe ra tu res   i n   t he   m ined   a rea   t han   i n   t he   ups t ream  a rea .   S im i la r l y ,   a reas   w i th  

ponded  water showed increased  temperatures  and  reduced  dissolved  oxygen 

(Skeetercake  Creek,  Dietr ich  River-Downstreaml.  An i n c r e a s e   i n   d i s s o l v e d  

oxygen  and  decrease in   tempera ture   wh ich  was no t   caused  by   f low  a l te ra t ion  

was recorded  a t   D ie t r i ch   R iver -Upst ream  where  a s p r i n g  was uncovered  dur ing 

gravel   removal   operat ions.  As ment ioned,   inundated   p i ts   func t ioned  as   pond 

h a b i t a t s   w i t h   c o r r e s p o n d i n g   w a t e r   q u a l i t y   c h a r a c t e r i s t i c s .  These  included 

h igher   temperature and  lower   d isso lved  oxygen  than  the   assoc ia ted   r i vers  and 

i n  some cases ,   thermal   and  oxygen  s t ra t i f i ca t ions .  

A second  type  o f   water   qual i ty   change was a change i n   c o n d u c t i v i t y  

between  the  upstream and  mined  areas. A change i n   c o n d u c t i v i t y  may i n d i c a t e  

the   ex i s tence   o f  a spr ing  water   source  near   or   exposed  by  the  gravel   removal  

opera t ion .  Such changes  were  recorded  at   Aufeis  Creek,  Skeetercake  Creek, 

D ie t r i ch   R iver -Upst ream and  Penny R i v e r .  As a l ready   ment ioned,   the   D ie t r i ch  

River-Upstream was  an i d e n t i f i e d   s p r i n g   e x p o s u r e .  The  Penny River   had a 

s p r i n g - f e d   t r i b u t a r y   e n t e r i n g   t h e   f l o o d p l a i n   i n   t h e   m i n e d   a r e a .   S p r i n g s   w e r e  

no t   recorded  a t   Au fe is   Creek   o r   Skeetercake  Creek ,   bu t   the   conduct iv i t y  

changes may i n d i c a t e   t h e i r   e x i s t e n c e .  

A t h i r d   t y p e  of  w a t e r   q u a l i t y  change  was a l t e r a t i o n   i n   t u r b i d i t y   o r  

suspended  sol ids,   or   both,   in  the  mined  area compared to   t he   ups t ream  a rea .  

These  changes  p robab ly   ind ica te   e ros iona l   o r   depos i t iona l   charac ter is t i cs  o f  

the  mined  area,   but   the  sampl ing was i n s u f f i c i e n t   t o   r e a c h   d e f i n i t e   c o n c l u -  

s ions  on an i n d i v i d u a l   s i t e   b a s i s .  
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EFFECTS OF HABITAT  ALTERATION ON F I S H  POPULATIONS 

Observed A l t e r a t i o n   o f  Summer D i s t r i b u t i o n s   o r   D e n s i t i e s  

inc luded:  ( 1 )  r e d u c t i o n   i n   t h e  

(2) rep lacement   o f   one  spec ies 

age group  by  another age group 

species,   or   both  (Table 15).  A 

and t h e i r   s c i e n t i f i c  names i s  

Severa l   t ypes   o f   changes  in  summer f i s h   d i s t r i b u t i o n  were  observed 

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

cer ta in   t ypes   o f   hab i ta t   a l te ra t ions   caused  by   g rave l   remova l .   These  changes 

numbers o f   a l l   f i s h e s   i n  a d is tu rbed  a rea ,  

by  another  species, ( 3 )  replacement of  one 

o r  

tudy 

, and ( 4 )  i n c r e a s e   i n   t h e  number o f   f i s h  

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

i nc luded  in   Append ix  A. 

Dens i ty   Reduct ions .   Reduct ions   in  numbers o f  a l l  f i s h   p o p u l a t  

occurred  at   Washington  Creek,  Aufeis  Creek, and K a v i k   R i v e r   s i t e s .  

i 

habi ta t   in   the  upper   mined  area  o f   Washington  Creek was a l t e r e d   i n  

ways, r e d u c i n g   h a b i t a t   q u a l i t y  and d i v e r s i t y   t o  an  extent   that   few 

c o u l d   u t i l i z e   t h e   n e w l y   c r e a t e d   h a b i t a t .  The d e n s i t y  and  biomass  of 

ons 

The 

sever a I 

organ i sms 

A r c t  i c 

char was s i g n i f i c a n t l y   r e d u c e d  downstream of  the  upstream  sample  area  (Table 

16). The s l i m y   s c u l p i n   d e n s i t y  and  biomass was a lso   reduced  in   the   upper  

mined  area,  but  increased  in  the  lower  sample  areas t o   d e n s i t i e s   e x c e e d i n g  

those  in   the  upst ream  area.  The sculpin  b iomass  remained low, i n d i c a t i n g   t h e  

s l imy  scu lp in   cap tured   be low  the   mined  a rea   were   smal le r   than  those  captured  

above.  Thus, t h e r e  was a rep lacement   o f   Arc t i c   char   hab i ta t   by  a h a b i t a t  

more s u i t a b l e   f o r   s l i m y   s c u l p i n   i n   t h e   l o w e r   t h r e e  sample  areas. The  spe- 

c i f i c   h a b i t a t   a l t e r a t i o n s   t h a t   l e d   t o  a loss o f   A r c t - i c   c h a r   h a b i t a t   w e r e  

removal   of   bank  and  instream  cover  and  possibly  reduced  water  qual i ty  ( i .e. ,  

i n c r e a s e d   t u r b i d i t y )   c a u s e d   b y   s i l t a t i o n   f r o m   t h e   m e l t i n g   a u f e i s   f - i e l d .  

A t  t h e   A u f e i s   C r e e k   s i t e ,   t h e r e  was only  one l i f e   h i s t o r y   s t a g e   o f  

A r c t i c   g r a y l i n g   p r e s e n t   d u r i n g  each  sampl ing   t r ip ,   thus  any  changes  would 

have t o  be   dens i t y   reduc t i ons   ra the r   t han   spec ies   o r   age -g roup   sh i f t s .  

Dens i t y   reduc t i ons   were   reco rded   i n   t he   upper   m ined   a rea   du r ing   t he   f i r s t  

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

t i o n s   t h a t   l e d   t o   r e d u c t i o n s   i n   A r c t i c   g r a y l i n g   h a b i t a t   w e r e :  ( I )  the  reduc-  
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Table 15. ICont inued)  

Study s i t e  
E f f e c t s  of t o t a l   a l t e r a t i o n   t o  

Hab i ta t   a l t e ra t i ons   caused   by   m in ing   f i sh   popu la t i ons   i n   m ined   a rea  

Shaviov ik   River   Scraped  po int   bars;   increased  laminar  No measurable  changes 
f t o w ,   s l i g h t   b r a i d i n g ,  and  backwater 
i ncrease 

Kavik R i v e r   S c r a p e d   f l o o d p l a i n ;   i n c r e a s e d   s i l t a -   A r c t i c   c h a r  and A r c t i c   g r a y l i n g  
t ion,   bra id ing,   backwaters,   ponded  both  decreased 
water;  decreased  instream  cover 

N o r t h e r n   I n t e r i o r  

O i e t r i c h  River-US Sc rap ing   i n   h igh -wa te r   channe l  , ex- 
posed  spr i ng  water 

C r e a t i o n  of o v e r w i n t e i i n g   a r e a  

O i e t r i c h  River-DS Scrap ing  i n  h i  gh-water  channe I ; 
increased  backwaters  and  ponded 
water - newly  f looded  depress ion 

Some use  by A r c t i c   g r a y l i n g ,  po- 
t e n t i a l   f o r   s t r a n d i n g  

M.F. Koyukuk  River-US P a r t  i a I meander cu to f  f; i ncreased 
braiding,  backwaters,   ponded  water;  
decreased  bank  cover 

A l te red   spec ies   compos i t i on ,   round  
w h i t e f i s h  and  longnose  sucker  in- 
creased,  documented  stranding, 
o v e r a l  I h a b i t a t   d i v e r s i t y  
inc reased 

M.F. Koyukuk  River-DS Scraping  in   h igh-water   channel ;   in-  
creased  braiding,  backwaters,  ponded 
wa t e r  

A I t e r e d   s p e c i e s  composi t i o n  - 
r o u n d   w h i t e f i s h ,   s l i m y   s c u l p i n  
i n c r e a s e d ,   A r c t i c   g r a y l i n g  de- 
c reased ,   po ten t i a l  for s t r a n d i n g  

Con t i nued 
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t i o n   o f  

t i c s  w i  

A t  

berms I 

r i v e r ,  

t h e   p o o l - r i f f l e   f r e q u e n c y ,  and ( 2 )  i n c r e a s e d   b r a i d i n g   c h a r a c t e r i s -  

t h   t h e   a s s o c i a t e d  loss of  bank cover and a l t e r e d   f l o w   r e g i m e .  

t h e   K a v i k   R i v e r   s i t e ,   h a b i t y t   q u a l i t y  was a l t e r e d  by   the   e ros ion   o f  

e f t   i n  and a long  ac t i ve   channe ls ,   Channe l iz ing   one  sec t ion   o f   the  

and c r e a t i o n   o f  a more   b ra ided   con f igu ra t i on .  The d e n s i t i e s   o f   A r c t i c  

char  and A r c t i c   g r a y l i n g   f o r  each  study  area  were  est imated  by  repeated 

shock ing   o f   b locked   channe ls   (Tab le   17 ) .   To ta l   f i sh   dens i t i es   i n   t he   m ined  

area  were  reduced  by a f a c t o r   o f   t h r e e  or g r e a t e r  when compared t o   t h e  

undis turbed  areas  (Table  18) .  The c a t c h   o f   a d u l t   A r c t i c   g r a y l i n g ,  as de- 

termined  by  angl ing,  was a l so  lower i n   t he   m ined   a rea   (Tab le  19). The den- 

s i t y   r e d u c t i o n s   o c c u r r e d   i n   b o t h   A r c t i c   g r a y l i n g  and A r c t i c   c h a r   w i t h  

n e i t h e r   s p e c i e s   a p p a r e n t l y   f a v o r e d   b y   t h e   h a b i t a t   a l t e r a t i o n .  Removal o f  

instrearn  cover  appeared t o  be a m a j o r   h a b i t a t   a l t e r a t i o n   a f f e c t i n g   r e d u c t i o n  

o f   f i s h   d e n s i t i e s   b e c a u s e  a channe l   tha t   con ta ined  bou lders   ad jacent   to   the  

mined  a rea   suppor ted   dens i t ies   o f   bo th   spec ies   comparab le   to   those i n  un- 

d is tu rbed  a reas .  

Species  and Age Group A l t e r a t i o n .   S p e c i e s   s h i f t s   w e r e   o b s e r v e d   a t   n i n e  

sites  (Washington  Creek,  Oregon  Creek, Penny River,   Kuparuk  River,  

Sagavani rk tok  River ,   lv ishak  River ,   D iet r ich  River-Downstream,  Middle  Fork 

Koyukuk  River-Upstream,  and  Middle  Fork  Koyukuk  River-Downstream)  because 

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

(Tab le  20) .  A s i m i l a r   r e s p o n s e   i s  a change i n   t h e  age s t r u c t u r e   o f   f i s h  

i n h a b i t i n g  a r e a c h   o f   r i v e r ,  as was observed  at  Kuparuk  River,  Skeetercake 

Creek, and Middle  Fork  Koyukuk  River-Upstream.  In  these  areas  newly  created 

h a b i t a t s   f a v o r e d   o r   e x c l u d e d   c e r t a i n  age groups   in   the   a reas   a f fec ted   by  

gravel   removal   operat ions.  On Kuparuk  River,  the  mined  area  had a more 

un i fo rm  hab i ta t   t han   t he   ups t ream  a rea  and  numerous smal l   channels   o f   s imi -  

l a r   v e l o c i t y .  Age-0 and age-l A r c t i c   g r a y l i n g  and  several age groups  of  

s l imy   scu lp in   were   p resen t   i n   t he   ups t ream  a rea   wh i l e   on l y  age-l A r c t i c  

g ray l ing   were   cap tured   in   the   mined  a rea .  A t  t he   Sagavan i r k tok   R ive r ,   A rc t i c  

g ray l i ng   j uven i l es   were   con f ined   a lmos t   exc lus i ve l y   t o   t he   m ined   a rea ,   wh i l e  

the  upstream  area  catch was dominated   by   round  wh i te f i sh  and  an  unmined 

channel   ad jacent   to   the  mined  area  conta ined  adul t  (-300 mm) A r c t i c   g r a y -  

l ing.   Again,   the  mined  area was changed  from a l a rge   s ing le   channe l  t o  an 
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No. of  Area No. o f  A rc t i c  c h a r   A r c t i c  gray I i ng 

s e c t   i o n s  samp I ed  passes/w Avg dens i t y  Avg b iornassb  Avg  dens i t yb Avg Biomass 
b 

Study  area samp I ed I m  shocker t f ish/IOOrn 1 (grn/100m 2 a 2 2 l f ish/100m2) (gm/100m 2 

22 - 25 J U I V  

Ups t r e m  " 

Mined 2 

Downstream 2 

4 - 8 Auaust 

Upstream I 

Mined 6 

Downstream 9 

28 Auaust - 4 Seotember 

Upstream 2 

Mined 9 

Downs tr earn 6 

I 

366 

228 

285 

2,190 

2,344 

822 

2,452 

I ,548 

" 

4 

6 

6 

20 

24 

8 

32 

30 

0.5 8.4 
10.51 17.7-8.7) 

3.0 I I I  
12.6-3.5) (80- 142) 

0.7 12 

0.3 17 
10-0.7) 0-68 

0 . 3  4 
10- I .O) (0- 17) 

I .7 30 
( I .  1-2.2) (24-36 1 

0.7 19 
(0-2.2) IO-79 1 

0.9 63 
f0-3.91 IO-28 I I 

" 

0 

4.0 
IO.9-7.01 

0 

0 

0.8 
10-4.2) 

0.9 
10.7-1. I )  

0.5 
10-2.21 

3.5 
10-10*9) 

" 

0 

I I O  
(25- I951 

0 

0 

3 
IO-20 I 

35 
I 8-5 I 

5 
0-30 

9.5 
0-95 

aNumber of t imes  b locked  sec t ion   o f   s t ream was sampled w i t h   e l e c t r o s h o c k e r .  

bValue in   paren theses   represents   range  o f   es t imated   va lues .  
i 
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Table 19. Catch of  A r c t i c   G r a y l i n g   p e r   A n g l e r  Hour a t   Kav ik   R iver   S tudy  
Areas  Dur ing Summer 1976 Sampl ing  Tr ips 

Area 

Per i ods Total  Average number 

f i s h i n g  e f f o r t  ang I er   hour  a 
o f  hours   o f  o f  f i s h   p e r  

22 - 24 J u l y  

Upstream 

Mined 

Downstream 

4 - 0 August 

Ups t r eam 

Mined 

Downstream 

28 - 31 August 

Upstream 

Mined 

Downstream 

3 

3 

4 

2 

4.7 

7.9 

5.6 

4.5 

2.2 

2.6 

6.0 

3.0 

0 

2.6 
( 1.3-3.6) 

4.8 
(2.2-6.0) 

3.6 
(2.25-4.9) 

2.3 

3.  I 

1.7 

0 

a Va lue   in   paren theses   i s   range of  est imated  va lues.  
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D b w v e d  Catch por e f f w t  
Spocimm canporlt ion 

Smplo  Mlnnw trmp Solno t I Kt re rhock  Mi nnalt '::',+m- Ma jw apec im 

Penny R - June U 0.W 
M 
P 0.50 

0.20 

D c 

s3 - 0 -  

3 -  - * 

KUDIruk R U 

.o" 
Sognvanlrktok R U - 0.M 

M - 1.12 
D - 0.14 

ivlanok R 3. I - 00 I7  
3.f 
I .9 

. 87 e + A t  - 87 Y +At 

u = uprtrem UM - upper mined BM Drtwwn intnoa 
LM 1 i w e r  minod P I p i t  OC - w i g i n e l  channol 

D * dwnntrean 

+ - ~ n e r r a m d   r e l a t i v e  to  upstrma - * d*Croa$*d r r l a t i v e   t o   u p r t r o m  55 rllmy sculpin 
t5 Coho SOImn RW - round whitefish A t  - Arct ic  char LNS = longnow mucker 
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a r e a   c r i s s - c r o s s e d   w i t h  numerous sha l l ow  small channels. A t  Skeetercake 

Creek,  gravel  removal i n   t h e  upper  mined  area  created  an  extensive  backwater 

which was u t i l i z e d  by   adu l t   A rc t i c   g ray l i ng ;   a t   t he   m idd le   m ined   a rea ,  bank 

cover and pools were  removed  and t h i s   l e d   t o  a r e d u c t i o n   i n   t h e   p o p u l a t i o n  

d e n s i t y   o f   A r c t i c   g r a y l i n g .  A t  the  lower   mined  area  o f   the  Middle  Fork 

Koyukuk  River-Upstream  s i te,   the  s ingle-channel   s inuous  conf igurat ion  of   the 

r i v e r  was changed t o  a s p l i t  channel   wi th   extens ive  backwater   areas.  The 

ca tch  and species  present   were  s imi lar   between  mined  and  undis turbed  areas,  

b u t   t h e  age s t r u c t u r e  was more  complex i n   t h e   a r e a s   a f f e c t e d   b y   g r a v e l  

removal. Age-0, age-I,  and age-2+ A r c t i c   g r a y l i n g ,  age-0 r o u n d   w h i t e f i s h ,  

and  age-I  and adu l t   longnose  sucker   were   cap tured   in   the   mined  a reas   wh i le  

the .spec ies   caugh t   i n   und is tu rbed   a reas   were   p r imar i l y   rep resen ted   by  a 

s i n g l e  age group.   On ly   round  wh i te f i sh   exh ib i ted  a more d i v e r s e  age s t r u c -  

t u r e   i n   t h e   u n d i s t u r b e d   a r e a s .   S i m i l a r l y ,   a t   t h e   M i d d l e   F o r k  Koyukuk R iver -  

Downstream s i t e   t h e   r i v e r  was changed  from a s i n g l e   c h a n n e l   t o  a m u l t i p l e  

channel   bra ided  system  wi th   numerous  backwater   areas.   Arc t ic   gray l ing domi- 

na ted   t he   ca tch   a t   t he   ups t ream  a rea ,   bu t   were   rep laced   i n   t he   m ined   a rea   by  

r o u n d   w h i t e f i s h  and s l i m y   s c u l p i n .  

P o t e n t i a l   f o r   E n t r a p m e n t ,   G r a v e l   r e m o v a l   i n   a c t i v e   f l o o d p l a i n s   c r e a t e d  

a reas   o f   ponded   wa te r   wh ich   were   i so la ted   f rom  the   ac t i ve   channe l .   Typ ica l l y  

these  ponded  areas  were  inundated  dur ing  h igh  water and became i s o l a t e d  as 

t he   wa te r   l eve l   receded   (F igu res  51 and 52). Fish   o f ten   en tered   these  ponded 

areas   dur ing   h igh   water  and became s t randed as  the  water  level   dropped, The 

m o r t a l i t y   r a t e  of  t h e s e   f i s h  was assumed t o  be  high  because  they  were  sub- 

jected  to   increased  temperature,   decreased  d isso lved  oxygen,   greater   vu lner-  

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

freezing.  There  were 13 scraped  areas  at   which  ponded  areas  were  observed: 

Sinuk  River,  Washington  Creek,  Oregon  Creek, Penny R ive r ,  Nome R ive r ,  

Ugnuravik  River,   Aufeis  Creek,  Kuparuk  River,   Skeetercake  Creek, 

Sagavanirktok  River,  Dietr ich  River-Downstream,  Middle  Fork  Koyukuk  River- 

Upstream,  and Midd le   Fork  Koyukuk  River-Downstream  (Table 1 3 ) .  Sampling i n  

these  ponded  areas  revealed  s ign i f icant   ent rapment   a t  some s i t e s .  A t  Sinuk 

R iver   the   mined  &rea  was n o t   h e a v i l y   u t i l i z e d  by   f i sh .   P ink  and chum salmon 

spawn i n   t h e   r i v e r  and cons ide rab le  numbers o f  chum salmon f r y   w e r e   c a p t u r e d  
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F i g u r e  51. Ponded area   a t   Kuparuk   R iver   s tudy   s i te   where  
three   se ine   hau ls   captured  61 A r c t i c   g r a y l i n g  and 2 s l imy  
s c u l p i n ,  9 August 1978 (pool  I i n   T a b l e  2 1 ) .  

F i g u r e  52. Ponded area   a t   M idd le   Fork  Koyukuk-Upstream  study 
s i t e  where  one  seine  haul  captured 28 A r c t i c   g r a y l i n g ,  3 
round  whi te f ish  and 3 s l i m y   s c u l p i n ,  18 July 1978 (pool  2 i n  
Table  2 1 ) .  
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above  and  below  the  mined  area,  Pink  and chum sa lmon  a re   o f ten   assoc ia ted  

w i t h  low v e l o c i t y   w a t e r  and t h e r e  was h igh   po ten t i a l   f o r   en t rapmen t   o f  

downstream  migrants  of  these  two  species. The same two  species,   p lus  coho 

sa lmon,   were   vu lnerab le   to   en t rapment   a t   the  Penny R i v e r   s i t e .  A t  Washington 

Creek,  Oregon  Creek,  and  Penny R iver ,   the   dominant   spec ies ,   Arc t i c   char ,   a re  

p robab ly   no t   g rea t ly   a f fec ted   by   en t rapment   because  they   a re   genera l l y  

a s s o c i a t e d   w i t h   h i g h   v e l o c i t y   w a t e r  and inst ream  cover  and wou ld   t end   t o  

avo id   the   type   o f   a reas   wh ich   a re   p rone  to   pond ing .  A t  the  Kuparuk  River  

s i t e ,  a natural   ponded  area,  apparent ly  enlarged  by  gravel   excavat ion,  

con ta ined a h i g h   d e n s i t y   o f   a g e - l   A r c t i c   g r a y l i n g   ( T a b l e  21, F i g u r e  5 1 ) .  A t  

t h e   l a t t e r   s i t e   b o t h   n a t u r a l  and  ponded  areas  created  by  gravel  removal  were 

p resen t   i n   t he   s tudy   reach .  A t  t he   M idd le   Fo rk  Koyukuk  River-Upstream, 

cons ide rab le   s t rand ing  was documented when seve ra l   i so la ted   poo ls   were  

sampled  (Table 21, F i g u r e  52 ) .  The pr imary   spec ies   sub jec ted   to   en t rapment  

i n   t h e   M i d d l e   F o r k  Koyukuk  River  system was A r c t i c   g r a y l i n g .  

Migrat ion  B lockage.  Two t ypes   o f   po ten t i a l   m in ing - induced   m ig ra t i on  

b lockages  were  observed  dur ing  the  s tudy:  ( 1 )  blockage due t o   a u f e i s   f o r -  

mat ion,  and (2) blockage due to   l ack   o f   su r face   f l ow .   Poss ib le   t empora ry  

m ig ra t i on   b lockage  due t o   a u f e i s   f o r m a t i o n  may have   occu r red   a t   t he  Wash- 

ington  Creek and  Oregon  Creek s i t e s   ( F i g u r e  53). The p r i n c i p a l   m i g r a t i o n s  

t h a t   c o u l d  be af fec ted   in   these  par t i cu la r   sys tems  wou ld   be   ups t ream and 

downstream movements o f   j u v e n i l e   A r c t i c   c h a r  and j u v e n i l e  coho  salmon  moving 

f rom  overw in te r ing   a reas   to   feed ing   a reas   and downstream m i g r a t i o n s  of  a d u l t  

A rc t i c   cha r   re tu rn ing   t o   t he   sea   f rom  ups t ream  ove rw in te r ing   a reas ,  i f  

present .  A s h o r t - t e r m   d e l a y   i n   t h e s e   m i g r a t i o n s  may not  have a c r i t i c a l  

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

species,  such as an ups t ream  spawn ing   m ig ra t i on   o f   A rc t i c   g ray l i ng ,  may have 

a g r e a t   e f f e c t  o n   t h e   p o p u l a t i o n   i n   t h e   r i v e r ,  A blockage due t o   l a c k   o f  

sur face   f low  can  occur   where   f low i s  spread  over a wide  area and t h e r e   i s  

cons ide rab le   i n te rg rave l   f l ow .   Under   such   cond i t i ons ,   a l l   su r face   f l ow  may 

cease. Such a c o n d i t i o n   o c c u r r e d   a t   t h e   A u f e i s  Creek s i t e  (Woodward-Clyde 

Consu l tan ts  1976) ( F i g u r e  54) and p o s s i b l y   c o u l d   o c c u r   a t   t h e  Nome R i v e r  

s i t e  ( K .  Tarbox,  personal  communication). The po ten t i a l   f o r   such  a blockage 
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Table   21 .  Summary of  Catch from Ponded  Water  Areas  Isolated 
From Act ive   Channels   a t  Two Study   S i tes  

No. of Catch  per  haul 
s e i n e   A r c t i c  S l i m y  Round Lonanose 

Loca t i on Pool   hauls gray1 i n g   s c u l p i n   w h i t e f i s h   s u i k e r  

Kuparuk  River t 3 20.3 0.7 0 0 

Middle   Fork  2 I 28 3 3 0 
Koyukuk River-  3 I 20 I 0 *I 
Upstream 4 I 0 0 0 0 

5 I 0 0 0 0 
6 I 2 0 0 0 
7 2 9 0.5 0 5 
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a )  Washington  Creek - a u f e i s   f i e l d ,   2 1  June 1977. 

b )  Washington  Creek  aufe is   f ie ld ,  21 June 1977. Note - 
sediment  layer on ice   ins ide  cavern.  

c )  Oregon  Creek a u f e i s   f i e l d ,  7 June  1977.  Note  sediment 
layer  on m e l t i n g   i c e   i n   f o r e g r o u n d .  

F i g u r e  53. P o t e n t i a l   m i g r a t i o n   b l o c k a g e s ,   a u f e i s   f i e l d s  a t  
Washi-ngton  Creek  and  Oregon  Creek,  June  1977. 

- 



a )   A e r i a l   v i e w  of Aufeis  Creek  middle  mined  study  area,  21 
July 1977. 

b )  Aufeis  Creek  upper  study  area  where  surface  f low  disap-  
peared f o r  th ree   years ,  22 July 1977. 

F i g u r e  54. Region  where  Aufeis  Creek  went  subsurface  creating 
migra t ion   b lockage  due t o   l a c k  o f  sur face   f low.  
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ex is ted   a t   severa l   add i t iona l   s i tes ,   such  as   Wash ing ton   Creek ,   Oregon  Creek ,  

Penny R iver ,  and  Skeetercake  Creek,  but a s p e c i f i c   b l o c k a g e  was no t  ob- 

served. 

C r e a t i o n  of  New H a b i t a t s  

New a q u a t i c   h a b i t a t  was c rea ted   a t   e igh t   s i t es   where   m ined   a reas  sep- 

a ra ted   f rom  the   ac t i ve   channe l   were   f looded  subsequent   to   s i te   c losure .  

These inc lude  the   D ie t r i ch   R iver -Downst ream and J i m  R i v e r   s i t e s   a s   w e l l  

a s   t h e   p i t   s i t e s   a t  Penny River ,   D iet r ich  River-Upstream,  Prospect   Creek,  

West Fork  Tolovana  River,  Tanana  River-Downstream,  and  Tanana  River- 

Upstream. A t  t he   D ie t r i ch   R ive r -Downs t ream  s i t e ,  a wide  shal low  backwater  

was c r e a t e d   i n   t h e   s p r i n g   i m m e d i a t e l y   p r i o r   t o   t h e   s i t e   s u r v e y ,  3 years 

a f t e r   m i n i n g ,  and was q u i c k l y   u t i l i z e d  b y   r o u n d   w h i t e f i s h  and A r c t i c   g r a y -  

l ing.   Less  mobi le  species,   such as s l imy  pcu lp in ,   had  no t  moved i n t o   t h e  

area   by   the   t ime  o f   the   survey  (12-13 July)   but   would  probably   immigrate 

in to   the   mined  a rea   over   the  summer per iod ,   In   the   r i ver ,   the   most   abundant  

spec ies  was j u v e n i l e   A r c t i c   g r a y l i n g ;   t h e   s e c o n d  and t h i r d  most  abundant 

w e r e   s l i m y   s c u l p i n  and r o u n d   w h i t e f i s h .  Removing g r a v e l   i n  an abandoned 

channe l   a t   t he  J i m  R i v e r   s i t e   c r e a t e d  a l a r g e   p o o l   h a b i t a t   t h a t   c o n t a i n e d  a 

h i g h   d e n s i t y   o f   a d u l t   A r c t i c   g r a y l i n g   d u r i n g   t h e  summer. Other  species 

captured   inc luded  juven i le   ch inook   sa lmon,   burbo t ,  and s l i m y   s c u l p i n .   I n   t h e  

m a i n   r i v e r ,   t h e   c a t c h  was domina ted   by   A rc t i c   g ray l i ng .  

i 
I 

The p r e s e n t   c o n f i g u r a t i o n   o f   t h e  Penny River   apparent  

two  separate  per iods of m i n i n g .   O r i g i n a l l y ,   t h e   f l o o d p l a i n  

ad jacen t   t o   t he   channe l .  The channel   subsequent ly   d iver ted 

I y r e s u  I t ed 

was scraped 

th rough  the  

s c r a p e d   s i t e  and grave l  was removed  f rom  the   o r ig ina l   channe l ,   leav ing  a 

s h a l l o w  p i t .  D u r i n g   t h e   s i t e   v i s i t   t h e   p r e s e n t  Penny River  channel,  formed 

by f l ow   d i ve rs ion   t h rough   the   o r i g ina l   sc raped   a rea ,  was h e a v i l y   u t i l i z e d   b y  

A r c t i c   c h a r   j u v e n i l e s .  The p i t ,   c r e a t e d  b y   e x c a v a t i n g   i n   t h e   o r i g i n a l  chan- 

ne l ,   p rov ided   rea r ing   a rea   f o r   coho   sa lmon   j uven i l es  and  spawning  and  rear- 

i ng   a reas   f o r   A laska   b lack f i sh   and   n inesp ine   s t i ck leback .  The c a t c h   i n   u n d i s -  

t u rbed   a reas  was dominated   by   Arc t i c   char  and  coho  salmon w i t h   A r c t i c   c h a r  

dominant   in   the  spr ing  and  coho  sa lmon  dominant   in   the  fa l l .  The occurrence 
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of  bo th   spec ies   in   und is tu rbed  a reas ,  compared t o   t h e   s i n g l e   s p e c i e s  dom- 

i n a n c e   i n   t h e   m i n e d   a r e a s ,   a g a i n   r e f l e c t s   t h e   r e d u c e d   h a b i t a t   d i v e r s i t y   i n  

areas  d is turbed  by  gravel   removal .  

The  Penny R ive r   p i t   p rov ided   coho   sa lmon   rea r ing   hab i ta t ,   wh ich  was Iim- 

i t e d   i n   t h e   r i v e r .   A r c t i c   c h a r   a p p e a r e d   t o  be  more s u i t e d   t o   t h e   r i v e r  

environment  than  coho  salmon,  and  avoided  the p i t .  The p i t   t h u s   p r o v i d e d  

i d e a l   r e a r i n g   c o n d i t i o n s  For  coho w i t h   l i t t l e   c o m p e t i t i o n   f r o m   A r c t i c   c h a r .  

There was a s i g n i f i c a n t   d i f f e r e n c e   i n   s i z e   o f  coho  using  the p i t  as  compared 

t o  t h o s e   u s i n g   t h e   r i v e r   p o s s i b l y   i n d i c a t i n g   i n c r e a s e d   g r o w t h   r a t e  by  those 

i n   t h e   p i t   ( T a b l e s  22 and 23). D u r i n g   t h e   w i n t e r   t h e   c o h o   l e f t   t h e  p i t  and 

moved t o   o t h e r   a r e a s   w h e r e   t h e y   p o s s i b l y   w o u l d   b e   i n   d i r e c t   c o m p e t i t i o n   w i t h  

char  for   space. I f  o v e r w i n t e r i n g   s p a c e   i s   l i m i t i n g   i n   t h i s   r i v e r  system,  the 

increased number o f   la rger   coho  cou ld   lead   to   d isp lacement  and  subsequent 

r e d u c t i o n   i n   t h e  numbers of   char.  The Prospec t   Creek   p i t ,  a shal low  pond 

hab i ta t   p rev ious l y   no t   p resen t   i n   t he   immed ia te   a rea ,  was used as a r e a r i n g  

area by A rc t i c   g ray l i ng ,   round   wh i te f i sh ,   ch inook   sa lmon ,   bu rbo t ,  and s l i m y  

s c u l p i n ,  and a l s o  p r o v i d e d  a f eed ing   a rea   f o r   adu l t   no r the rn   p i ke   (F igu re  

55). In   the  upst ream  area of  Prospec t   Creek   the   ca tch   in  1977 was dominated 

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

order  of  abundance. I n  1978 juveni le   ch inook  sa lmon  appeared  to   dominate  the 

f i s h  p o p u l a t i o n s   i n   t h e   c r e e k .  

The D ie t r i ch   R ive r -Ups t ream  p i t   and   assoc ia ted   channe ls   p rov ided  a 

d e e p - w a t e r ,   s p r i n g - f e d   s y s t e m   u t i l i z e d   p r i n c i p a l l y   b y   a d u l t   A r c t i c   g r a y l i n g  

and A r c t i c   c h a r   w h i l e   t h e   m a i n   r i v e r   c o n t a i n e d   j u v e n i l e   A r c t i c   g r a y l i n g ,  

s l i m y   s c u l p i n ,  and r o u n d   w h i t e f i s h .  

The  West Fo rk   To lovana   R ive r   p i t   con ta ined   ex tens i ve   vege ta ted   sha l l ow  

w a t e r   a r e a s   w h i c h   s l o p e d   o f f   r a p i d l y   t o  deep water  areas up t o  6 m deep, 

thus   c rea t ing   exce l len t   spawning ,   rear ing ,   and  feed ing   a reas   fo r   nor thern  

p i k e  and f e e d i n g   a r e a s   f o r   a d u l t   A r c t i c   g r a y l i n g   ( F i g u r e  56). A r c t i c   g r a y -  

l i n g  were   t he   on l y   spec ies   cap tu red   i n   t he   r i ve r   du r ing   t h ree   samp l ing  

t r i p s ,   w h i l e   n o r t h e r n   p i k e   w e r e   a b u n d a n t   i n   t h e  p i t .  The o n l y   A r c t i c   g r a y -  

l i n g   c a p t u r e d   i n   t h e   p i t   w e r e   a d u l t s   l o n g e r   t h a n  225 mm; s m a l l e r   A r c t i c  
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Table  22.  Mean Fork  Lengths o f  Coho Salmon  Caught by Minnow T r a p   a t   t h e  Penny  River 
Study S i t e  Dur ing  1977 

Area 

Age-0 
Mean 

tength  Standard  Sample 
(mml d e v i a t i o n   s i z e  

Age- I 
Mean 

length Standard Sample 
( m m )  d e v i a t i o n  s i z e  

Upstream  46.3  2.85 21 

P i t  49 .9   3 .56   96  

Mined  (scraped)   47 .8   2 .86  50 

Downstream  46.4  2.03 18 

9 - I 3  SeDtember 

4 - I O  Auaust 

76 .7  7 . 5 9  27 

8 5 . 4  9 .29  35 

80, I 6 . 7 8  38 

79.7 5 . 7 0  20 

Upstream 

P i t  

Downstream 

51 .O 5.45 90 

57.3  5 . 0 2  38 7 

52.8 4 . 4 7  19 

85.6 7 . 3 3  5 

8 9 . 6  7.55  65 

83.3 3.51 3 



Table 23. D i f f e rences  o f  Coho Salmon Mean Fork Length  Between Sample Areas and Associated Sig- 
n i f i cance   Leve ls ,  Penny R ive r   S tudy   S i te   Dur ing  1977 (Using  Student 's  T-Test of D i f f e r e n c e s  

Among Lengths  in   Table 22) 

Areas 

Age-0  Age- I 
Length  d i f f erence  Sign i f i cance   Leng th   d i f f e rence   S ign i f i cance  

( m n )  I eve I Imml leve  I 

P i  t-upstream 
P i  t - m i  ned 
P i  t-downstream 

Mined-downstream 
Upstream-downstream 

- 
(D Mined-upstream 
4 

9 - 13 September 

Pi t -upstream 
P i  t-downstream 
Upstream-downstream 

3.6 
2. I 
3.5 
I .5 
I .4  
0. I 

p < 0.01 
p < 0.01 
p < 0.01 
p < 0.05 

NS 
NS 

8.7 
5.3 
5.7 
3.4  
0.4 
3.0 

p < 0.01 
p < 0.01 
p < 0.05 

NS 
NS 
NS 

6.6 
4.5 
I .8 

p < 0.01 
p < 0.01 

NS 

4.0 
6.3 
2.3 

NS 
NS 
NS 



F i g u r e  55. Prospect  Creek  study s i t e  - sha l low  pond  hab i ta t  
Suppor t i ng   A rc t i c   g ray l i ng ,   ch inook   sa lmon   j uven i l es ,   round  
w h i t e f i s h ,   n o r t h e r n   p i k e ,   b u r b o t ,   s l i m y   s c u l p i n ,  12 
August 1978. 

F i g u r e  56. West Fork To 
w i t h   e x t e n s i v e   s h a l l o w s  
g r a y l i n g   h a b i t a t ,  29 Ju 

l o v a n a   R i v e r   s t u d y   s i t e  - deep pond 
p r o v i d i n g   n o r t h e r n   p i k e  and A r c t i c  

l y  1978. 
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g r a y l i n g   e i t h e r   w e r e   n o t   e n t e r i n g   t h e   p i t   o r   w e r e  consumed  by p ike  soon 

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

many age-0 p ike   were   caught   o r   observed  in   the   sha l lows  th roughout   the  

summer. Dur ing  September, age-0 p i k e   w e r e   o b s e r v e d   i n   t h e   r i v e r   i n  a la rge  

p o o l   o p p o s i t e   t h e   p i t   o u t l e t ,   a p p a r e n t l y   m o v i n g   f r o m   t h e   p i t   t o   t h e   r i v e r .  

Thus, t h e   p i t  may be   i nc reas ing   t he  number o f   p i k e   i n   t h e   r i v e r   s y s t e m   i n  

general  and, g i ven   t he   h igh   dens i t y   o f   age lo   and   age - l   A rc t i c   g ray l i ng  

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

d e n s i t y   o f   r i v e r - d w e l l i n g   n o r t h e r n   p i k e   n e a r   t h e   p i t .   S t u d i e s  by A l t  (1970) 

and Cheney (1972) i n d i c a t e   t h a t  movements o f   n o r t h e r n   p i k e   i n   t h e   r i v e r s   o f  

t h e   n e a r b y   M i n t o   F l a t s   r e g i o n  may not   be  extens ive.  On a sma l l   r i ve r ,   such  

as   the  West Fork  Tolovana  River,  a l o c a l   i n c r e a s e   i n   t h e   n o r t h e r n   p i k e  

p o p u l a t i o n  may l e a d   t o   ' l o c a l   r e d u c t i o n s   i n   t h e   A r c t i c   g r a y l i n g   p o p u l a t i o n .  

The upper p i t   a t   t h e  Tanana  River-Upstream s i t e  had a s i m i l a r   h a b i t a t  

and a l so   p rov ided  a spawning,  rear ing,  and f e e d i n g   a r e a   f o r   n o r t h e r n   p i k e  as 

w e l l  as a f e e d i n g   a r e a   f o r   l e a s t   c i s c o  and humpback w h i t e f i s h   ( F i g u r e  57 ) .  

On a l a r g e   r i v e r ,   a s   a t   t h e  Tanana  River-Upstream p i t ,   t h e   e f f e c t s  of t h e  

increased numbers o f   n o r t h e r n   p i k e  must  be  minimal when compared t o   t h e  

r i v e r   p o p u l a t i o n .  The ma in   e f fec t   o f  a deep p i t  on t h i s   t y p e   o f   r i v e r   s y s t e m  

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

d e s i r a b l e   s p e c i e s   t o   s p o r t   f i s h i n g .  The lower p i t  was a more un i fo rm  depth  

w i t h   m i n i m a l   l i t t o r a l   a r e a  and was used  as a spawning  and  feeding  area  by 

longnose  sucker. The connect ion  between  the  two  pi ts,  a sha l low ( 8  cm deep) 

Stream, was used  by  longnose  sucker  fry,  lake  chub, and j u v e n i l e  chum salmon 

as a r e a r i n g   a r e a .  The lower p i t  was a l s o   u t i l i z e d  as a feeding  area  by 

humpback w h i t e f i s h ,   l e a s t   c i s c o ,   n o r t h e r n   p i k e ,  and burbot .  

/ 

The  Tanana River-Downstream p i t  was a deep  (maximum depth = 9.4 m)  

c l e a r w a t e r   p i t   w i t h   a p p a r e n t l y   v e r y  low p r o d u c t i v i t y .   F i s h   s p e c i e s   c a p t u r e d  

i n   t h e   p i t  were  longnose  sucker,   Ber ing  c isco, and chinook  salmon.  There 

was no   connec t ion   t o   t he   r i ve r ,   t hus ,   t he   f i sh   apparen t l y   immig ra ted   du r ing  

h igh   water  and became t rapped  a f te r   the   water   leve l   d ropped.  
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a )  Upper  Tanana  River-Upstream P i t ,  no te   ex tens i ve   sha l l ow  
areas. 

b )  Upper  Tanana  River-Upstream P i t  - area of  h i g h   n o r t h e r n  
p i k e   d e n s i t y .  

F i g u r e  57. Tanana River-Upstream  upper p i t  showing  extens ive 
vegetat ion  beds,  18 August 1978. N o t e   d i f f e r e n c e   i n   t h e  
ex ten t   o f   vegeta t ive   deve lopment  i n  t h i s  13-year o l d  p i t  as 
compared t o   t h e  2 a n d  3-year o ld  p i t s   i n   F i g u r e s  55 and 56. 
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E f f e c t s  on Overwinter ing  Areas 

Poss ib le   e f fec ts   o f   g rave l   remova l   on   f i sh   ove rw in te r ing   a reas   were  

observed  a t   severa l   o f   the   s tudy   a reas .   Po ten t ia l   overw in te r ing   a reas   were  

c r e a t e d   a t   t h e  deep p i t   s i t e s  -- Diet r ich  River-Upstream, West Fork  Tolovana 

R i v e r ,  Tanana River-Downstream, and  Tanana  River-Upstream -- b y   t h e   p i t s  

themselves. The D ie t r i ch   R ive r -Ups t ream  p i t   has   been   repo r ted   as  an over- 

w i n t e r i n g   a r e a  ( W .  Anderson,  personal  communication t o  A. O t t ) .  I n   a d d i t i o n ,  

o u t f l o w   f r o m   t h e  West Fork  Tolovana  River p i t   c r e a t e d  a p o t e n t i a l   o v e r w i n t e r -  

ing   a rea   approx imate ly  50 m downstream  f rom  the  out let   where a deep n a t u r a l  

p o o l   w i t h  a 1-2 cm i ce   cove r   ex i s ted   i n to   March  1979. A poss ib le   ove rw in te r -  

i ng   a rea  on the  Penny R i v e r  was a l t e r e d  as a s p r i n g - f e d   t r i b u t a r y ;   W i l l o w  

Creek,   that   had  prev ious ly   entered  the  main  channel   a t  a deep pool, now 

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

channe ls   (F igure  58). 

The p a t t e r n   o f   f r e e z i n g   o b s e r v e d   d u r i n g   w i n t e r   s t u d i e s   o n   s i x   o f   t h e  

p i t   s i t e s   i n d i c a t e d   t h a t   f i s h   e n t r a p m e n t  was no t  a p rob lem  du r ing   t he  1978- 

1979 w in te r   (Tab le  2 4 ) .  I n   t hose   p i t s   s tud ied ,   t he   ou t l e t   rema ined   open  

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

a t   t h e  edges  o f   the   p i t   f roze ,   reduc ing   the   vo lume of  t h e   p i t .   F i s h   a p p e a r e d  

t o  move t o   t h e  open  water   found  a t   the   ou t le t   a reas  and the   inc reased  ve loc-  

i t i e s  may have   i nduced   the   f i sh   t o  move downstream t o  areas  of   reduced 

v e l o c i t y .   I f   f i s h  were   ho ld ing   a t  an o u t l e t   p o o l  and t h e   o u t l e t   c l o s e d  

downstream  f rom  the  holding  f ish,   entrapment  could  occur.  The ou 

t h e   p i t s  examined was g e n e r a l l y   q u i t e   s m a l l .  However, the  number 

a f f e c t e d  compared t o   t h e  numbers u s i n g   t h e   p i t   i n   t h e  summer  wou 

mal. 

t l e t   a r e a   i n  

o f   f i s h  

Id   be   m in i -  

The o u t l e t s   o f   t h e   P r o s p e c t  Creek  and J i m  R ive r   s i t es   rema ined   open   a t  

l e a s t   u n t i l   l a t e   J a n u a r y  and p o s s i b l y   i n t o   e a r l y   F e b r u a r y ,   t h u s   f i s h   h a d  

ample o p p o r t u n i t y   t o   e m i g r a t e  as f low  decreased  dur ing  f reeze-up,  Fish  were 

present   (caught  and o b s e r v e d )   a t   b o t h   s i t e s   i n   e a r l y  November but  were  not 

e v i d e n t   i n   l a t e   J a n u a r y .   B o t h   s i t e s   w e r e   f r o z e n   t o   t h e   b o t t o m   i n   M a r c h .  A t  

t h e  Penny R i v e r   p i t   s i t e ,   f i s h  were  caught  in  the p i t   i n   l a t e  December and 
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1 1  Willow Creek, a t r i b u t a r y   o f  Penny River,  showing f l o w  d ivers ion   fo l lowing  
gravel  removal  operations,  September 1975. 

b )  Willaw Creek as i t  entered Psnny R i v e r  on 20 March 1979. 

F i g u r e  58. P o t e n t i a l   o v e r w i n t e r i n g   a r e a   a t  Willow Creek.  This 
s p r i n g - f e d   t r i b u t a r y ,  open  throughout  the  winter,  had  pre- 
v ious ly   en tered  Penny R i v e r   a t  a deep pool.  
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Table 24. Physical Conditions a t  P i t s  Visited  During Winter 

Penny R i v e r  J ia River Prospect Creek West Fork Tolovana  River 

Date 

IC0 Ice L ce Ice 

Water Watw Dissolved Water Water Dissolved b t e r  Water Olsroived Water  Water Oissolvsd 
depth temperature oxygen depth  taaperaturo oxygen depth terrperature oxygen depth temperature oxygen 

thlcknessl  thickness!  thlcknessl  thickness! 

t a l l ’  P C P  (Ppalb t u n 1  1% 1 PP”) 4-1 t°C1 I Ppmj t u n )  ( Ppm1 

1 6 - 2 0  Narch 1976 

18 Decsrbw 1976 

24 January 1979 

9 6 4  l a rch  1979 

83-14 #arch t979 

~~ ~~ 

I55123 0.0 3.5 a01530 0.0  0.1 

76/15 -0.6 12.4 

33136 -1.0 18.2 107f30 0.0 10.6 

75f534 O.Of3.5 5 .8 i5 .8  * 

90110 -0.5 5.a 11OfO i - - 

open through January 
ctosed In March 

open through January 
closed  In March 

closed by l a te  blovsmber 
f low through 4- into March 

p i r s t  n u h w  = maximom Ice  thickness, second numb- = l ~ x l m m  watar  depth from b o t t m  of i ce  to   bot tcn of p l t .  
Flrst Q one nmber = surface measur-t, second n u b w  = bottm tlleasurment. 



Table 24. IConclvdedl 

Daf e 

Ice 

Water 
depth  temperature oxygen depth  tompgrature oxygen 
I cmb roc ! t w m l  t cml I C I  

thickness! thickness/ 
Ice Ice  

thlcknessl 
water D I ssol ved Wster Water Dissolved Wafer Water D I sso tved 

depth t q r a t w e  oxygen 
IPPIJ ( a t  t CJ PPnj 

16-20 March I978 

6 November  1978 

33) 122 0.0 3.2 a.oi6.6 

27-29 November 1978 201 loo 0.010.0 3.112.9 2Uf 165 2. I f3.5 6.2f5. t 

18 December 1978 

24 January 1979 

Ur 6-8 March 1979 75/900 - 1  -013.0 6.2f6.0 l05/ 1 0 0  0.0 6.0 90/ 163 0.5 11.4 
P 

13-14 March t979 

20 March 1979 

State of out te t  no out I e t  c losed i n  Hovember open through H o v s n b s r  
open In b r c h  closed i n  March 



t h e   o u t l e t  was f l o w i n g   a t   t h a t   t i m e .  By March a l l  f l o w   i n   t h e   p i t  had  ceased 

and t h e   p i t  and ou t l e t   we re   f rozen   t o   t he   bo t tom.  The s p r i n g - f e d   t r i b u t a r y ,  

Wi l low  Creek,  however,   remained  open  and  f lowing  into  March,  but   f ish  were 

n o t   d e t e c t e d   e i t h e r   i n   t h e   t r i b u t a r y   o r   i n   t h e  Penny R i v e r  downstream  from 

where   the   t r ibu tary   en tered   the   mined  a rea .  A t  West fo rk   To lovana  R iver ,   the  

o u t l e t  was b l o c k e d   a t   t h e   t i m e   o f   t h e   f i r s t   w i n t e r   v i s i t ,  29 November 1979, 

because  the deep, low v e l o c i t y  arm c o n n e c t i n g   t h e   p i t   t o   t h e   r i v e r  was 

f rozen and the   o the r  arm f lowed  through a beaver dam. F l o w   o u t   o f   t h e   p i t  

through  the  beaver dam pers is ted   th rough  March   (F igure  59). Fish  were  not  

de tec ted   du r ing  any o f   t h e   w i n t e r   v i s i t s .   T h e r e  was s u f f i c i e n t   w a t e r  and 

d i s s o l v e d   o x y g e n   t o   s u p p o r t   o v e r w i n t e r i n g   f i s h   i n  mid-March 1979 and  the 

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

Some i n t e r g r a v e l   f l o w   f r o m   t h e   r i v e r .  

The Tanana River-Downstream p i t  was v i s i t e d   o n l y   o n  6-7 March  1979; 

f i s h  were   no t   cap tu red   bu t   as   em ig ra t i on   a f te r   t he   p rev ious  September v i s i t  

was no t   poss ib le ,   f i sh   were   p robab ly   p resent .  The d isso lved  oxygen  should 

not  have been depleted  because o f  t he   dep th ,   l im i ted   phy top lank ton   p ro -  

duc t ion ,  and  absence of  l i t t o r a l   v e g e t a t i o n ,  and, i n   f a c t ,  was 6.0 mg/R i n  

March  (Table 24) .  A t  the  two Tanana  River-Upstream p i t s ,  a more  dynamic 

p a t t e r n  o f  f r e e z i n g  was observed. On 27-28 November 1978, t he   connec t ion  

between  the  two p i t s  was f r o z e n   s o l i d ,   t h u s   i s o l a t i n g   t h e   u p p e r   p i t .  The 

s u r f a c e   o f   t h e   i c e   i n   t h e   u p p e r   p i t  was approx imate ly  1.5 m h igher   than  the  

s u r f a c e   o f   t h e   l o w e r   p i t .  A burbot   and  poss ib le   lamprey  were  observed  wi th  

an  underwater   te lev is ion  system, The o u t l e t   o f   t h e   l o w e r  p i t  was open t o   t h e  

Tanana R i v e r   w i t h  a schoo l   o f   juven i le   sa lmon and two   spec ies   o f   wh i te f i sh  

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

p i t .  On 6-7 March 1979, t h e   i c e   s u r f a c e  of t h e   l o w e r   p i t   h a d   r i s e n   t o   t h e  

l e v e l   o f   t h e   u p p e r   p i t  and the   connect ion   be tween  the   two  p i ts  was open, 

approx imate ly  30 cm deep and f l o w i n g   a t   a b o u t  0.1 m/sec i n t o   t h e   l o w e r   p i t .  

The o u t l e t   t o   t h e  lower p i t  was f rozen  so l id .   D isso lved  oxygen  a t   the  upper  

p i t  had increased  f rom 3.4 t o  6.0 ppm between November and  March. F ish  were 

n o t   d e t e c t e d   i n   e i t h e r   p i t   i n  March. 
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a )  Flow  out  of  beaver dam a t   p i t   o u t l e t ,  29 November 1978. 

b l  Deep pool  !> I  rn) w i t h   t h i n   i c e   c o v e r   a p p r o x i m a t e l y  50 m 
downstream  from  beaver dam, 15 March 1979. 

F i g u r e  59, Crea t ion   o f  a p o t e n t i a l   o v e r w i n t e r i n g   a r e a   a t  West 
Fork  Tolovana  River  downstream  from p i t .  
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The  above o b s e r v a t i o n s   i n d i c a t e   t h a t   a f t e r  November t h e   o u t l e t   f r o z e ,  

then  the   s ide   channe l   o f   the  Tanana R i v e r   a d j a c e n t   t o   t h e   p i t   s t a r t e d   f l o w -  

ing  through  gravel   in to   the  upper   p i t ,   opened  the  connect ion  between  the  two 

p i t s  and f lowed  back   in to   the   s ide   channe l   th rough an in te rgrave l   pa thway.  

The ra is ing   o f   the   sur face   o f   the   lower   p i t   appeared  to   have  been  caused  by  

o v e r f l o w   o n   t o p   o f   t h e   e x i s t i n g  i c e  and  snow.  Oxygen d e p l e t i o n  was  a poten- 

t i a l  problem  at  the  upper p i t  because  of   the  dense  stands  of   aquat ic vege- 

t a t i o n   ( t h e  March 1978 d isso lved  oxygen was 3.2 ppm) but  these  were  absent 

i n   t h e   l o w e r   p i t  and the  d isso lved  oxygen was c o n s i s t e n t l y   h i g h e r   t h a n   t h a t  

o f   t h e   u p p e r   p i t .  The n e t   e f f e c t  was t h e   c r e a t i o n  o f  one  and poss ib ly   two 

overwinter ing  areas,  depending  on  the minimum w in te r   oxygen   l eve l s   a t   t he  

upper p i t .  

Assuming  an  adequate  water  depth,   the  main  factor  determining  the 

s u i t a b i l i t y   o f  a p i t  as an o v e r w i n t e r i n g   a r e a   i s  an adequate  level   of   d is-  

so lved  oxygen  through  the  winter .  A p i t   w i t h   s u f f i c i e n t   d e p t h   f o r   o v e r -  

w i n t e r i n g   b u t   w i t h  an e x t e n s i v e ,   h e a v i l y - v e g e t a t e d   l i t t o r a l   a r e a  may ex- 

per ience an a n o x i c   p e r i o d   f o l l o w i n g   t h e   i n i t i a l  snow cover .   Barc ia  and 

Math ias (1979) f o u n d   t h a t   w i n t e r k i l l   i n   e u t r o p h i c   p r a i r i e   l a k e s  was c l o s e l y  

c o r r e l a t e d   t o   t h e  mean depth  o f  a lake and  developed a method t o   e s t i m a t e  

t h e   p o t e n t i a l   f o r   w i n t e r k i l l   b a s e d  o n   t h e   i n i t i a l  oxygen  s to rage,   ra te   o f  

oxygen  deplet ion and t h e  mean depth. The c r i t i c a l  mean depth   fo r   the   lakes  

s t u d i e d  was approx imate ly  2.0-2.5 m. Lakes   w i th  an average  depth  less  than 

2.0 m e x p e r i e n c e d   r e g u l a r   w i n t e r k i l l ,   l a k e s  2.0-2.5 m exper ienced  occasional  

w i n t e r k i l l ,  and l a k e s   w i t h  an average  depth  greater   than 2.5 m g e n e r a l l y   d i d  

n o t   e x p e r i e n c e   w i n t e r k i l l .  The i n d i c a t i o n s   w e r e   t h a t  a p r o d u c t i v e   p i t   w i t h  

an  average  depth  of  less  than 2.5 m may have  marginal u t i l i t y  as an over-  

w in te r i ng   a rea ,   espec ia l l y   du r ing   yea rs   o f   ea r l y   heavy   snowfa l l .  

The upper  Tanana  River-Upstream  and West Fork   To lovana  R iver   p i ts   had 

t h e   c h a r a c t e r i s t i c s  t o  f i t   t h i s   t y p e  of p i t   ( T a b l e  14). The 6 m deep a r e a   i n  

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

d i sso l ved   oxygen   l eve l ,   bu t   bo th   o f   t hese   p i t s   shou ld   be   cons ide red   marg ina l  

ove rw in te r ing   a reas .   l n te rg rave l   f l ow   f rom  the   ad jo in ing   r i ve r ,   however ,  

adding a c o n t i n u a l  supply o f   o x y g e n a t e d   w a t e r ,   c o u l d   m a i n t a i n   s u f f i c i e n t  
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oxygen  leve ls   th roughout   the   w in te r .  The lower Tanana River-Upstream p i t  d i d  

n o t   c o n t a i n  a great  average  depth, 1.7 m, but   the  lack o f  l i t t o r a l  vege- 

t a t i o n   r e d u c e d   t h e   p r o b a b i l i t y   o f   o x y g e n   d e p l e t i o n .  The w a t e r   i n   t h e   p i t  was 

t u r b i d   d u r i n g   t h e  summer, l i m i t i n g   p r o d u c t i o n   o f   a q u a t i c   v e g e t a t i o n .  The 

lower p i t   ma in ta ined   h ighe r   d i sso l ved   oxygen   than   t he   upper   p i t   du r ing   t he  

w i n t e r   ( T a b l e  24) .  The D ie t r i ch   R iver -Upst ream and  Tanana  River-Downstream 

p i t s   b o t h   c o n t a i n e d  deep, c lea r   wa te r   reg ions   and   d id   no t   have   we l l -deve l -  

oped l i t t o r a l   v e g e t a t i o n .  Oxygen levels  probably  remained  high  through- 

out   the  year .  The depth and lack   o f   p roduc t i v i t y   comb ined   t o  make these  two 

p i t s   e x c e l l e n t   o v e r w i n t e r i n g   a r e a s ;   t h e  same f e a t u r e s   l i m i t e d   t h e ' i r   v a l u e  as 

r e a r  i ng areas 

T h e r e   a r e   o t h e r   p o s s i b l e   e f f e c t s   o f   g r a v e l   r e m o v a l   o n   o v e r w i n t e r i n g  

a reas ,   bu t   t hey   a re   d i f f i cu l t   t o   assess   because   o f   t he   absence  of  data  on 

the   s tudy   s i t es   be fo re   g rave l   remova l .  A p r i m a r y   e f f e c t   i s   t h e  loss o f  

ove rw in te r ing   a reas  due t o  d i v e r s i o n  of f low  f rom an o r i g i n a l   c h a n n e l ,  as 

occur red   a t   four   s i tes   (Penny  R iver ,   D ie t r i ch   R iver -Downst ream,   Midd le   Fork  

Koyukuk  River-Upstream, and Middle  Fork  Koyukuk  River-Downstream).  In  these 

c a s e s ,   c o m p l e t e   o r   p a r t i a l   d i v e r s i o n   o f   f l o w   c o u l d   l e a d   t o   l o s s   o r   r e d u c t i o n  

o f   o v e r w i n t e r i n g   h a b i t a t .   A n o t h e r   e f f e c t   i s   t h e  loss o f   o v e r w i n t e r i n g  hab- 

i t a t  due t o  i nc reased   b ra id ing  and the  associated  changes -- loss of   pool -  

r i f f l e  sequence  and r e d u c t i o n s   i n   d e p t h  and v e l o c i t y   w h i c h   p r o m o t e   r a p i d  

f r e e z i n g .   I n  some areas,  gravel   removal   created  or  aggravated  the  format ion 

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

w i n t e r i n g  downstream  (Washington  Creek,  Oregon  Creek, McManus Creek,  pos- 

s i b l y  some o f   t h e   N o r t h   S l o p e   s i t e s ) .  

EFFECTS OF HABITAT  ALTERATION ON AQUATIC MACROINVERTEBRATES 

Observed E f f e c t s  on Densi ty  and  Species Assemblage 

H a b i t a t   a l t e r a t i o n s   e x p e c t e d   t o   a f f e c t . a s s e m b l a g e s   o f   r i f f l e  macro- 

inver tebra tes   wou ld   be   changes  in   ve loc i ty ,   subs t ra te ,   depth ,  and water 

q u a l i t y .   D u r i n g   t h e   p r e s e n t   s t u d y ,   h a b i t a t   a l t e r a t i o n s   r e s u l t i n g   i n  a change 

of   each  of   these  parameters  were  accompanied  by  changes  in  the r i f f l e  com- 

mun i ty   (Tab le  25 ) .  
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Response t o   S u b s t r a t e   A l t e r a t i o n .  The two  types of s u b s t r a t e   a l t e r -  

a t i ons   obse rved   du r ing   t he   s tudy  ( a  s h i f t   t o   u n s t a b l e   s u b s t r a t e  and  change 

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

d e n s i t i e s   o f   a q u a t i c   m a c r o i n v e r t e b r q t e s   i n   t h e   m i n e d   a r e a  as compared t o  

und is tu rbed  a reas   (Tab le  26).  A t  Washington  Creek,  Oregon  Creek  (June  and 

August 1 I a l  I Penny River,  Kuparuk R i  

v i s i t s ,   m a c r o i n v e r t e b r a t e   d e n s i t i e s  

than  those  in   the   ups t ream  a rea .  A t  

moderate ly   compacted  gravel   subst rat  

g rave l   subs t ra te   (Tab le  25). A s i m i l  

ver,  and McManus Creek  (May) s i t e  

i n  m ined   a reas   were   s ign i f i can t l y   l ess  

a l l  f i v e   s i t e s   t h e r e  was a s h i f t   f r o m  a 

e t o  a very  loose,  unconsolidated  sand- 

a r   h a b i t a t  change a t   t he   Sagavan i r k tok  

R i v e r  and l v i s h a k   R i v e r   s i t e s   r e s u l t e d   i n  a s i g n i f i c a n t   i n c r e a s e   i n   t h e  

d e n s i t y   o f   a q u a t i c   m a c r o i n v e r t e b r a t e s .   I n   f i v e   o f   t h e   e i g h t   c a s e s   i n   w h i c h  

the re   were   t o ta l   dens i t y   dec reases ,   t he re   were   dens i t y   reduc t i ons   i n   t he  

ephemeropteran  genus  Cinygmula  whi le  in  seven  of   the  e ight  cases,  there  were 

r e d u c t i o n s   i n   t h e   d i p t e r a n   f a m i l y   C h i r o n o m i d a e .  The d e n s i t y   i n c r e a s e s   a t   t h e  

Sagavani rk tok  River  and l v i s h a k   R i v e r   s i t e s   b o t h   c o n t a i n e d   d e n s i t y   i n c r e a s e s  

in   the  ephemeropteran  subfami ly   Baet inae and d ip teran  fami ly   Chi ronomidae,  

as   we l l  as some o ther   taxa .  

A t  two s i t e s   t h e r e  was a change  from  laminar  f low t o   t u r b u l e n t   f l o w  

caused   by   subs t ra te   a l t e ra t i on .  A t  bo th   Ugnurav ik   R iver  and Shav iov ik   R iver  

s i t e s ,   t h e r e  WBS a s i g n i f i c a n t   d e c r e a s e   i n   t o t a l   m a c r o i n v e r t e b r a t e   d e n s i t y ,  

p r i m a r i l y  because  of a d e c r e a s e   i n   S i m u l i i d a e   d e n s i t i e s .  A t  Ugnurav ik   River ,  

the   laminar   f low was i n   t h e   u p s t r e a m   ( c o n t r o l )   a r e a ,   w h i l e   a t   S h a v i o v i k  

R iver ,   laminar   f low  occur red   in   the   mined  a rea .  

A t  t h r e e   o f   t h e   f i v e   s i t e s   w h e r e   t h e r e   w e r e   d e c r e a s e d   d e n s i t i e s   i n   t h e  

mined  area  (Washington  Creek,  Oregon  Creek, McManus Creek)   there   were   a lso  

a u f e i s   f i e l d s   a s s o c i a t e d   w i t h   t h e   m i n e d   a r e a   ( T a b l e  25). A l l  t h r e e   s i t e s  

were v i s i t e d   e a r l y   i n   t h e  summer so t h a t  any au fe i s   e f fec ts   wou ld   have   been  

measured a t   t h e i r   g r e a t e s t   m a g n i t u d e .   L a t e r   v i s i t s   a t   t w o   o f   t h e   s i t e s  

(Oregon  Creek, McManus C r e e k )   i n d i c a t e d   t h a t   d e n s i t i e s   i n   t h e   m i n e d   a r e a  

i n c r e a s e d   t o   l e v e l s   s i m i l a r  t o  those  in   the  upst ream  areas.  A t  Oregon  Creek, 

t h e  summer r e c o v e r y   f r o m   a u f e i s   e f f e c t s  was no t   comple te   fo r   popu la t ion  

d e n s i t i e s   o f  Nemoura and  Cinygmula,  which  remained  below  the  densit ies 

- 
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reached  by  the same genera  in  the  upstream  area. The August  and  September 

popu la t i on   dens i t i es   o f   Capn ia  and Baetinae,  however,  exceeded  those  re- 

corded  in   the  upst ream  area.  

A t  McManus Creek,   the  mined  area  densi t ies  o f   Ol igochaeta and 

Rhyacophi la   d id   not   reach  those  recorded  in   the  upst ream  area;   the 
area   dens i t ies   o f   A l loper la ,   Ch i ronomidae,  and T i p u l i d a e  exceeded 

stream  area  densi t ies  on  each o f  t h e  two  succeeding  t r ips.  The f a i  

the   mined  a rea   dens i t ies  of  some taxa   to   reach  ups t ream  dens i t ies ,  

those  o f   o ther   spec ies   exceeded  the   ups t ream  dens i t ies ,   ind ica ted  

m i  ned 

t h e  UP- 

l u r e  of 

w h i l e  

t h a t   t h e r e  

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

composi t ion of  the  mined  area.   Another   s i te   which showed a s imi la r   response,  

but  where an a u f e i s   f i e l d  was n o t   i d e n t i f i e d ,  was the  Penny R i v e r   s i t e ,  

where  mined  area  densi t ies  o f   Ol igochaeta,  Nemoura, Cinygmula,  Chironomidae, 

and o thers   were   genera l l y   lower   than  ups t ream  dens i t ies .   In   the  Penny R i v e r  

m ined   a rea ,   popu la t i on   dens i t i es   o f   T ipu l i dae  and, at   t imes  Capnia,  

Baetinae,  Ephemerel la, and A t h e r i c i d a e   w e r e   h i g h e r   t h a n   t h o s e   i n   t h e  up- 

stream  area. The s h i f t  i n  taxa   a t   t he  above s i t e s   a p p e a r e d   t o   b e   r e l a t e d   t o  

the   occur rence  o f   uns tab le   subs t ra te   poss ib ly   aggravated   by  an a u f e i s   f i e l d .  

O t h e r   s i t e s   w i t h  a s im i la r   subs t ra te   a l t e ra t i on   (Wash ing ton   C reek ,  

Kuparuk  River)  a l s o  showed dens i ty   reduc t ions   o f   most   o rgan isms  bu t   the   s i te  

wa5 o n l y   v i s i t e d  once  and t h i s   p r e c l u d e d  any a n a l y s i s  of  recove ry   o r  sea- 

sona l   pa t te rns ,  A t  Kuparuk   R iver ,   dens i t ies  o f  a l l   spec ies   were   l ower   i n   t he  

mined  area  than  in  the  upstream  area  whi le  at   the  Washington  Creek  upper 

mined  a rea ,   on ly   T ipu l idae  dens i t ies   exceeded  those  in   the   ups t ream  a rea .   In  

' summary, c e r t a i n   t a x a ,   p r i m a r i l y   O l i g o c h a e t a ,  Nemoura, Cinygmula, and 

Ch i ronomidae   were   reduced   i n   a reas   o f   uns tab le   subs t ra te   wh i l e   o the rs ,  

p r i m a r i l y   T i p u l i d a e ,   b u t   a l s o   C a p n i a  and Baet inae, showed increased den- 

s i  t i es .  

Response to   I nc reased   B ra id ing .   Aqua t i c   mac ro inve r teb ra te   responses   t o  

these   a l t e ra t i ons   were   co lon i za t i on   by   t axa   wh ich   a re  more s u i t e d   t o   l o w e r  

ve loc i ty   waters   w i th   h igher   o rgan ics .   C l ing ing   ephemeropterans ,   as   found  in  

the  fami ly   Heptageni idae  (Cinygmula,   Epeorus) ,   were  rep laced  by  sprawlers  
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and  c l imbers,  e.g., Bae t idae ,   T r i chop te rans   o f ten   i nc reased   i n   t hese   a reas  

and t h e   d i p t e r a n   f a m i l y   T i p u l i i d a e  was o f t e n   a s s o c i a t e d   w i t h   t h e   f i n e r  

sediments  found  in  mined  areas. A t  two s i t e s   o n   l a r g e   r i v e r s   s h o w i n g   i n -  

c r e a s e d   b r a i d i n g   a s   w e l l  as a l t e r e d   s u b s t r a t e   ( S a g a v a n i r k t o k   R i v e r  and 

l v i s h a k   R i v e r 1   t h e r e  was an i n c r e a s e   i n   t h e   d e n s i t y   o f   v i r t u a l l y  all t a x a   i n  

the  mined  area  as  compared to   the   ups t ream  a rea   (Tab le  2 4 ) .  The r i f f l e s   i n  

the  mined  area  in   these  two  cases  were  in   smal l   shal low  channels   wi th   exten-  

s i v e   r i f f l e  a r e a   w h i l e   t h e   r i f f l e s   i n   t h e   u p s t r e a m   a r e a   w e r e   i n   l a r g e  chan- 

nels,   were  less  extensive,   and composed o f  a more  coarse  mater ia l .  The 

r i f f l e s   i n   t h e  mined  area  had  greater   det r i ta l   accumulat ion,   and  the de- 

creased  depth and v e l o c i t y   a s s o c i a t e d   w i t h   t h e   b r a i d e d   a r e a s  may have 

a l l owed   g rea te r   pe r iphy ton   p roduc t i on .  Such a s i t u a t i o n   w o u l d   i n c r e a s e   t h e  

q u a l i t y   o f   t h e   h a b i t a t   f o r  most o f  the   spec ies   un less  a c r i t i c a l  parameter, 

such as ve loc i t y ,   had   been   l os t   o r   a l t e red .  The i n c r e a s e d   b r a i d i n g   a t   o t h e r  

s i t e s ,  such  as  Oregon  Creek  and Penny R iver ,  may h a v e   c o n t r i b u t e d   i n  a 
s i m i l a r  manner t o   t h e   a l t e r e d   s p e c i e s   c o m p o s i t i o n .  

The i n c r e a s e d   b r a i d i n g   a t  many o f   t h e   s i t e s   l e d  t o  changes i n   t h e   w a t e r  

temperature and d isso lved  oxygen  in   the   mined  a rea .  An examinat ion   o f   the  

s e a s o n a l   v a r i a t i o n   i n   t h e   r i f f l e   m a c r o i n v e r t e b r a t e s   a t   A u f e i s  Creek  revealed 

a pa t te rn   o f   dens i t y   changes   wh ich   i nd i ca ted  a p o s s i b l e   e f f e c t   o f   t h e   a l -  

te red   tempera ture  and d isso lved  oxygen  reg ime  on  the  apparent   densi t ies  o f  

c e r t a i n   m a c r o i n v e r t e b r a t e s   ( F i g u r e  60). In  the  ephemeropteran  taxa,  Baet inae 

and  Cinygmula,   the  densi t ies  in   the  upst ream  area  increased  f rom  the  Ju ly   to  

August t r i p   w h i l e   t h o s e   i n  and  below  the  mined  area  decreased.  Simuli idae 

densi t ies  decreased  between  the  two  t r ips  in   the  upst ream  area  wi th   s imu-  

I i i d s  absent   in  and below  the  mined  area  in  August.  The tempera ture   a t   the  

area  between  the  two  mined  areas was 2.8OC ( J u l y )  and 1.2'C (August )   h igher  

than  tha t   in   the   ups t ream  a rea .  The immature  s tages  o f   the  three  taxa ap- 

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

unaffected  upstream  area. The a l t e r e d   w a t e r   q u a l i t y   p a r a m e t e r s  may have 

a l t e r e d   t h e  emergence t imes  o f   these  th ree   taxa   because  tempera ture  and 

d isso lved  oxygen  can  a f fect   developmenta l   ra tes  (Hynes 1972). 
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July August 

F i g u r e  60. D e n s i t i e s  of se lec ted   aquat ic   macro inver tebra tes   a t   Aufe is   Creek  
study  areas  during 1977 sampl ing   t r ips .  
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An i n d i c a t i o n   o f  a s i m i l a r   e f f e c t  was seen a t  McManus Creek  where 

A l l o p e r l a  nymphs were   p resen t   i n   t he   ups t ream  a rea   i n   dens i t i es   exceed ing  

those  in   the   mined  and downstream  areas. An emergence o f   adu l t   p lecop te rans  

was o c c u r r i n g   i n   t h e   m i n e d   a r e a   d u r i n g   t h e   s i t e   v i s i t ,  however,  and t h i s  

p robab ly   caused  the   reduced  dens i t ies   o f  nymphs. Thus, the  low nymphal 

d e n s i t i e s   o f   A l l o p e r l a   i n   t h e   m i n e d  and  downstream  areas may have r e s u l t e d  

f rom an e a r l i e r  emergence t i m e   r a t h e r   t h a n  a l a c k   o f   s u i t a b l e   h a b i t a t .  The 

observed  densi ty   d i f ferences  between  upst ream and  mined  a reas ,   a t   s i tes  

which  were  only  sampled once,  must  be  viewed w i th   cau t i on   because  of t h e  

p o s s i b i l i t y   t h a t  emergence p e r i o d s   w e r e   a l t e r e d  due t o  an a l t e r e d   t h e r m a l  

regime. A m a j o r   p e r i o d   o f  emergence may h a v e   o c c u r r e d   i n   o n e   a r e a   j u s t   p r i o r  

t o  .the s i t e   v i s i t ,   t h u s   l e a v i n g   t h e   a r e a   w i t h  low d e n s i t i e s   r e l a t i v e   t o  an 

a r e a   w i t h  a l a t e r  emergence per iod .  A t  p r e s e n t   t h e r e   i s   n o t  enough i n f o r -  

mat ion   on   the   na tura l  emergence pa t te rns ,   and   t he   e f fec ts  of  temperature  and 

d i sso l ved   oxygen   on   t hose   pa t te rns ,   t o   p red ic t  how t h e   a r c t i c   m a c r o i n v e r t e -  

b ra te   spec ies   wou ld   respond  to   changes  in   these  hab i ta t   parameters .  

C r e a t i o n  o f  Pond H a b i t a t .  The c r e a t i o n   o f   p o n d   h a b i t a t s   a l l o w e d  aqua 

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

areas   (Tab le  27). In  these  cases  the  change was f r o m   t e r r e s t r i a l   t o   a q u a t  

h a b i t a t  so t h e r e  was n o t  a d i r e c t   e f f e c t  on r i v e r  Communities. I n d i r e c t  

e f f e c t s   c o u l d  be  enr ichment  of   downstream  communit ies  by  phytoplankton and 

n u t r i e n t s   b e i n g   c a r r i e d   o u t   o f   t h e   p i t .  The Sou the rn   I n te r i o r  deep p i t s  

(West  Fork  Tolovana  River, Tanana River-Downstream,  Tanana  River-Upstream) 

had a h i g h e r   d i v e r s i t y   o f   o r g a n i s m s   t h a n   t h e   p i t s   i n   o t h e r   r e g i o n s ,   p r o b a b l y  

r e f l e c t i n g  a more s t a b l e   h a b i t a t .  The  age o f   t h e   p i t   d i d   n o t  seem t o   e x e r t  

much e f f e c t  because  the West Fork  Tolovana  River and  upper  Tanana R iver -  

Upstream p i t   b o t h  had s i m i l a r   c o n f i g u r a t i o n  and s im i la r   f auna   and   dens i t y  

but  the  former was IO years newer t h a n   t h e   l a t t e r .  The  low p r o d u c t i v i t y   o f  

t h e  Tanana  River-Downstream p i t  was ev iden t ;   t he   dens i t y  of  ch i ronomids   a t  

t h e  Tanana  River-Upstream p i t s ,   abou t  50 km upstream, was 5 t o  20 t imes 

greater  than  those  at   the  downstream p i t   a t  a s i m i l a r   t i m e  of year. 
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Table 27. Oansitles of Aquallc Ikero1nvertebrates  Collected st Lnundated P i t  Sltes. t976-1976 IDensit ies In 0rganlsns/m2, from Ponar Sampler) 

Hemiptera 

Coleoptera 
C a l x l d s e  

Dytlscldae 
Hallplldas 

T r  I choptera 

Le;;t;l t a 

Phryganea 
Polycentropus 

Ceratopogonidae 
Chironanldae 
E l p i d i d w  
SImul i idae 

w e  
P lanab idae  
Yalvata 

D 

Ciptera 

Mollusca 

G-r 1 dae 
Pl8idlun 

Hydracar  Ina 

Total 2374 998 803 
No. of taxa 5 3 3 1 4 

7025 606 3747 16,602 780 
9 7 14 

1843 7259 10,090 2271 1919 2635 
I2 9 6  14 a 7 a 



SUMMARY AND CONCLUSIONS 

EFFECTS OF GRAVEL  SCRAPING ON RIVERINE HABITATS 

Grave l   remova l   by   sc rap ing   i n   f l oodp la ins   resu l ted   i n  a number o f  

a l t e r a t i o n s  t o  a q u a t i c   h a b i t a t s   w i t h   t h e   b i o t a   s h o w i n g  a v a r i e t y   o f   r e -  

sponses t o   t h e s e   h a b i t a t   a l t e r a t i o n s .   I m p o r t a n t  hab 

c luded:  ( 1 )  t h e   c r e a t i o n  of braided  channel  areas w 

var ious   hab i ta t   parameters ,  ( 2 )  removal  of bank  and 

i n c r e a s e d   h a b i t a t   d i v e r s i t y ,  ( 4 )  c r e a t i o n   o f   p o t e n t  

and (5) crea t ion   o f   po ten t ia l   en t rapment   a reas .  

i t a t   a l t e r a t i o n s   i n -  

i t h   a s s o c i a t e d   c h a n g e s   i n  

instream  cover,  13) 

i a l   m i g r a t i o n   b l o c k a g e s ,  

I n c r e a s e d   B r a i d i n g   C h a r a c t e r i s t i c s  

T h i s   h a b i t a t   a l t e r a t i o n   o c c u r r e d   a t  15 s tudy   s i tes   where   ac t i ve   channe l  

depos i ts   were   sc raped  to   be low  the   water   l ine   o r   where   f low  subsequent ly  

increased  to  inundate  the  mined  area. The m a i n   e f f e c t  o f  b r a i d i n g   o n  spe- 

c i f i c   h a b i t a t   p a r a m e t e r s  was t o   r e d u c e   v e l o c i t y  and depth  by  spreading  f low 

over a wider  area. The popu la t i ons   o f   bo th   aqua t i c   mac ro inve r teb ra tes  and 

f i s h   u t i l i z i n g   t h e s e   a r e a s   w e r e   a l t e r e d   w i t h   s h i f t s   i n   s p e c i e s  and l i f e  

h i s t o r y   s t a g e s ,  The r e d u c t i o n   i n   v e l o c i t y   l e d   t o   i n c r e a s e d   d e t r i t a l  accum- 

u l a t i o n ,   d e p o s i t i o n   o f   f i n e   m a t e r i a l s ,  and o f t e n   a l t e r e d   t h e   t e m p e r a t u r e  and 

d i sso I ved 

emergence 

reproduc t  

F i s h  

oxygen  regime. The a l te red   tempera ture   reg ime l e d  t o  a 

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

I t e r e d  

ion   on  

ive  success and o v e r a l l   p o p u l a t i o n   s t a b i l i t y  i s  unknown. 

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

bu t   t he   genera l   pa t te rn  was a r e d u c t i o n   i n   t h e   d i v e r s i t y   o f   t h e   f i s h  com- 

muni ty .  The  number o f   spec ies  and  age groups  usual ly   decreased  in   the  bra id-  

ed areas. 
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The inc reased   b ra id ing  a l s o  i n c r e a s e d   t h e   p r o b a b i l i t y   o f   a u f e i s  forma- 

t i o n   i n   t h e   m i n e d   a r e a s .   T h i s   e f f e c t  was documented a t  Washington  Creek  and 

Oregon  Creek  and was i n d i c a t e d   a t  McManus Creek  and  Penny River .   There may 

have  been a d d i t i o n a l   i c e   f o r m a t i o n  a t  some of the  Nor th  S lope  s i tes,   such  as 

Kuparuk  River,   Sagavanirktok  River,  and l v i shak   R ive r .  The fo rma t ion   o f  

a u f e i s   f i e l d s  seemed t o   p r o l o n g   t h e   r e c o v e r y   o f   t h e   s i t e  as the  channels  and 

subs t ra te   rema ined   uns tab le  and s i l t a t i o n   p e r s i s t e d   d u r i n g   t h e   m e l t i n g  

process. In  a d d i t i o n ,   t h e   w a t e r   n e e d e d   t o   c r e a t e   t h e   a u f e i s   f i e l d  became 

u n a v a i l a b l e  downstream, thus   reduc ing   wa te r   ava i l ab le   f o r   ove rw in te r ing ,  

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

Removal o f  Bank and  lnstream  Cover 

Reduction  of  bank  cover  occurred  whenever a p o r t i o n   o f   i n c i s e d  or 

undercut  bank was removed. A t  s i t e s   w i t h   t h i s   h a b i t a t   a l t e r a t i o n ,   t h e  bank 

was scraped t o  remove  overburden i n   o r d e r   t o  access  under ly ing  gravel  de- 

p o s i t s .  The former bank w i t h   c o v e r  was changed t o  a g r a v e l   b a r   f o l l o w i n g  

removal   operat ions.   Certain  species,   such as A r c t i c   c h a r  and A r c t i c   g r a y l i n g  

w e r e   s t r o n g l y   a s s o c i a t e d   w i t h  bank cover and t h e  loss o f   t h i s   c o v e r   l e d  

t o   r e d u c e d   p o p u l a t i o n   d e n s i t i e s   i n   t h e   m i n e d   a r e a s .   S i m i l a r l y ,  loss o f  

inst ream  cover   led t o  reduced  dens i t ies   in   m ined  a reas .  

I n c r e a s e d   H a b i t a t   D i v e r s i t y  

H a b i t a t   d i v e r s i t y   i n c r e a s e s   w e r e  documented a t   t h r e e   s c r a p e d   s i t e s ,   b u t  

these  were  viewed as temporary  increases  a t   newly  inundated  s i tes.  The 

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

the   channe l   cu to f fs   a re   comple ted ,  and t h e   h a b i t a t s  become more un i fo rm.  

M ig ra t i on   B lockages  

The combinat ion  o f   increased  wet ted  per imeter  and decreased  depth 

i n  mined  areas  created a s i t u a t i o n   t h a t   c o u l d   l e a d  t o  m ig ra t i on   b lockages  

A u f e i s  Creek 

t e n t i a l  for  

f low. Such a s i t u a t i o n   o c c u r r e d  a t  t he  

I d   o c c u r   a t   t h e  Nome R i v e r   s i t e .  The PO 

d u r i n g   p e r i o d s  of law 

s i t e  and poss ib ly   cou  
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migra t i on   b lockage  was p r e s e n t   a t   s i t e s ,   i n c l u d i n g  Oregon  Creek  and 

Washington  Creek,  where  the e n t i r e   a c t i v e   c h a n n e l  was scraped.  Because  of 

t h e  known c o m p l e x i t y   o f   f i s h  movements th roughout   a rc t i c   watersheds ,   m igra-  

t ion  b lockages  can  have a s i g n i f i c a n t ,   b u t  as ye t   uns tud ied ,   e f fec t   on  

popu I a t  ions. 

Potent ia l   Entrapment  Areas 

The p o t e n t i a l   f o r   f i s h   e n t r a p m e n t  was h i g h   a t   a r e a s   w i t h   e x t e n s i v e  

backwater,  as was found  at   newly  , inundated  areas  (Dietr ich  River-Downstream, 

Midd le   Fork  Koyukuk  River-Upstream)  and  areas  with  increased  braiding (many 

s i tes ,   inc lud ing   S inuk   R iver ,   Kuparuk   R iver ,   Sagavan i rk tok   R iver ,   l v ishak  

R ive r ,  and Midd le   Fork  Koyukuk  River-Downstream). A t  t hese   s i t es ,   a reas   o f  

ponded  water became i so la ted   f rom  the   ac t i ve   channe l  as the   wa te r   l eve l  

d ropped,   t rapp ing   f i sh  and inve r teb ra tes   t ha t   had  moved o r  been c a r r i e d   i n t o  

t h e s e   d e p r e s s i o n s   d u r i n g   t h e   h i g h   w a t e r .   M o r t a l i t y   o f   s t r a n d e d   f i s h  and 

i n v e r t e b r a t e s  i s  assumed t o  be   h igh   because  they   a re   sub jec ted   to   h igh  

summer water  temperatures,   low  dissolved  oxygen,  increased  predat ion  f rom 

t e r r e s t r i a l   p r e d a t o r s ,   w i n t e r   f r e e z i n g ,  and t o t a l  loss o f   aqua t i c   hab i -  

t a t  as t h e   i s o l a t e d   p o o l s   o f t e n   d r y  up i f   t h e   r i v e r   c o n t i n u e s   t o  drop. 

EFFECTS OF INUNDATED PIT FORMATION ON THE  ASSOCIATED RIVER BIOTA 

The d i r e c t   e f f e c t s   o f   p i t   e x c a v a t i o n  o n   t h e   r i v e r   b i o t a   w e r e   d i f f i c u l t  

t o  assess   because  the   r i ver   hab i ta t  was n o t   d i r e c t l y   a f f e c t e d ;   i n u n d a t e d  

p i t s  were   c rea ted   f rom  p rev ious l y   t e r res t r i a l   hab i ta t .   Because   o f   t h i s ,   t he  

p i t s   r e p r e s e n t e d  a new h a b i t a t  and t h e   f a u n a   i n h a b i t i n g   t h e   p i t s  was con- 

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

Summer u t i l i z a t i o n   b v   F i s h  

Two o f   t h e   p i t s ,   D i e t r i c h   R i v e r - U p s t r e a m  and  Tanana  River-Downstream, 

were deep c l e a r   w a t e r   p i t s   w i t h  low p r o d u c t i v i t y  and f i s h   u t i l i z a t i o n .  A t  

Tanana  River-Downstream t h i s  low u t i l i z a t i o n  was eas i l y   exp la ined  because 

t h e r e  was  n o   c o n n e c t i o n   t o   t h e   r i v e r  and i m m i g r a t i o n   i n t o   t h e   p i t   o c c u r r e d  
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on ly   a t   i n f requen t   h igh   wa te r   l eve l s .  The D i e t r i c h   R i v e r - U p s t r e a m   p i t ,  

however, was connected t o   t h e   a c t i v e   c h a n n e l s   b u t   f i s h   w e r e   a p p a r e n t l y   n o t  

u t i l i z i n g   t h e   p i t   f o r   f e e d i n g .   B e n t h i c   m a c r o i n v e r t e b r a t e   d e n s i t i e s   i n   b o t h  

t h e s e   p i t s  were  low when compared. to   those  o f   o ther   p i ts .  The spr ing- fed  

channe ls   ups t ream  f rom  the   D ie t r i ch   R ive r   p i t   we re   u t i l i zed   by   adu l t   A rc t i c  

g r a y l i n g  a n d   t h e   p i t   i t s e l f  was r e p o r t e d   t o  be  an ove rw in te r ing   a rea ,  A l l  

o t h e r   p i t s   w e r e   h i g h l y   p r o d u c t i v e  and h e a v i l y   u t i l i z e d  by f i s h  as summer 

r e a r i n g   a r e a s .  The s h a l l o w   p i t s ,  Penny River,  Prospect  Creek, and J i m  R i v e r  

s i d e   c h a n n e l   ( t h i s   s i t e  had s m e  c h a r a c t e r i s t i c s   o f  a p i t )  suppor ted  h igh 

d e n s i t i e s   o f   j u v e n i l e   s a l m o n   ( c o h o   i n   t h e  Penny R i v e r ,   c h i n o o k   i n   t h e   l a t t e r  

two) as w e l l  as some spec ies   assoc ia ted   w i th   bo th  a lacus t r ine   env i ronment  

(A laska  b lack f ish ,   burbo t ,   nor thern   p ike)   and  s t ream  env i ronment   ( round 

w h i t e f i s h ,   A r c t i c   g r a y l i n g ,   s l i m y   s c u l p i n ) .  The p roduc t i ve   Sou the rn   I n te r i o r  

deep p i t s ,  West Fork  Tolovana  River and  two  Tanana  River-Upstream,  contained 

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

humpback w h i t e f i s h ,   l e a s t   c i s c o ,  and bu rbo t   a l so   p resen t   i n   t he  Tanana 

River-Upstream  complex. 

P o t e n t i a l   f o r   W i n t e r   M o r t a l i t y  and  Winter  Survival   Areas 

The c r e a t i o n   o f   s h a l l o w   p i t s  and subsequent  heavy summer usage b y  f i s h  

c r e a t e d   t h e   p o s s i b i l i t y   f o r   e n t r a p m e n t   d u r i n g   f r e e z e u p  and subsequent  winter 

m o r t a l i t y  when t h e   p i t   f r e e z e s   s o l i d  or decay o f  v e g e t a t i o n  consumes the  

dissolved  oxygen. The p a t t e r n  of  f reez ing   obse rved   du r ing   w in te r   s tud ies  

i n d i c a t e d   t h a t   d u r i n g   t h e   y e a r  of observat ion,   entrapment WBS minimal and 

probably   not  a s i g n i f i c a n t   p r o b l e m .  

The c r e a t i o n  of deep p i t s  connected t o  t h e   r i v e r   c o u l d   c r e a t e   o v e r -  

w i n t e r i n g   a r e a s ;   t h i s  was documented or  suggested a t  seve ra l   s tudy   s i t es .  

A l l  p i t s   s t u d i e d ,   w i t h   t h e   e x c e p t i o n  of  Tanana  River-Downstream,  however, 

had a mean d e p t h   i n s u f f i c i e n t   t o   p r e c l u d e   w i n t e r   m o r t a l i t y .   I n t e r g r a v e l   f l o w  

appeared t o   m a i n t a i n   t h e   a b i l i t y  o f  some p i t s   t o   s u p p o r t   w i n t e r   f i s h   s u r -  

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

212 



RECOMMENDATIONS 

I .  I t  i s  recornmended t h a t   m i n i n g   p r a c t i c e s   l e a d i n g   t o  an inc reased  b ra ided 

c o n f i g u r a t i o n  tie avoided.  This i s  best   ach ieved  by   avo id ing   ac t i ve   channe ls  

and  by min ing  above  the  water   tab le.  

2. Undercut and inc ised  vegetated  banks  should  not  be a l t e r e d .  

3 .  Cr i t i ca l   hab i ta ts ,   such  as   spawning   and  overw in te r ing   a reas   shou ld  be 

avo i ded. 

4, Format ion  of   isolated  ponded  areas  that   cause  entrapment  should  be 

avo ided  by   con tour ing   and  s lop ing   to   p rov ide   d ra inage.  

5. P i t s  shou ld  be e x c a v a t e d   t o  a s u f f i c i e n t   d e p t h  t o  p r e c l u d e   w i n t e r  mor- 

t a l i t y .   G e n e r a l l y ,  a  mean dep th   o f   a t   l eas t  2.5 m shou ld   ensure   w in te r   sur -  

v i v a l .  
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EFFECTS OF GRAVEL REMOVAL ON TERRESTRIAL BIOTA 
M. R .  Joyce 

INTRODUCTION 

The eco log ica l   impor tance  o f   f loodp la in  and r i p a r i a n   t e r r e s t r i a l   h a b i -  

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

t u r e .  These h a b i t a t s ,   p a r t i c u l a r l y   t h e   r i p a r i a n  zones,  have h igh   p r imary  and 

s e c o n d a r y   b i o l o g i c a l   p r o d u c t i v i t y  and t y p i c a l l y   s u p p o r t  a d i v e r s e  and  abun- 

d a n t   f l o r a  and  fauna.  These b io t i c   t ones   f requen t l y   p rov ide   t empora ry   and  

i- 

i zed 

permanent   re fuge  for  many o f   o u r   r a r e  and  endangered  species. The s i g n i f  

cance  o f   these  f loodp la in  and r i p a r i a n   h a b i t a t s   h a s   r e c e n t l y   b e e n   r e c o g n  

and  incorpora ted   in to   the  management p lans   o f   severa l   Federa l   agenc ies  

(Johnson and Jones 1977; U.S.  Army Corps  of   Engineers 1979). 

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

s i g n i f i c a n t   i n   t h e i r   i m p o r t a n c e  and eco log i ca l   va lue .  The r i p a r i a n  zones 

develop dense shrub  th ickets   dominated  by wi l lows and a l d e r   i n  a l l  four  

s tudy   reg ions .   Overs to ry   fo res t   dominated   by   wh i te   spruce and  paper b i r c h  

a l s o   f r e q u e n t l y   i n h a b i t   t h e   r i p a r i a n   t o n e s   o f   t h e   N o r t h e r n  and  Southern 

I n t e r i o r   r e g i o n s .   ( S c i e n t i f i c   n o m m e n c l a t u r e   f o r   t e r r e s t r i a l   f l o r a  and  fauna 

i s  presented  in   Appendix  A.)  H igh   p r imary   p roduc t i v i t y   i n   t hese   zones   p ro -  

v ides  opt imum  feeding,   nest ing,  and c o v e r   h a b i t a t   f o r  a diverse  fauna usu- 

a l l y  dominated  by  small mammals and p a s s e r i n e s .   T h e s e   r i p a r i a n   h a b i t a t s   i n  

i n t e r i o r   A l a s k a   f r e q u e n t l y   s u p p o r t   o v e r  100 b i r d s   p e r  40 h a   d u r i n g   t h e  

nes t i ng   season   (Sp ind le r  and  Kessel 1979). Some b i rds,   such as t h e   y e l l o w  

w a r b l e r  and no r the rn   wa te r th rush ,   ve ry   se ldom  nes t   i n   hab i ta t s   o the r   t han  

r i p a r i a n   s h r u b   t h i c k e t s .  These  zones also a r e   p r e f e r r e d   h a b i t a t s   f o r   t u n d r a  

v o l e s  and s ing ing   vo les .  The more  dense r i p a r i a n   s h r u b   t h i c k e t s   p r o v i d e  

c r i t i c a l   f e e d i n g  and   cove r   hab i ta t s   f o r  moose and p ta rm igan   du r ing   w in te r .  
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The unvegeta ted   and  sparse ly   vegeta ted   a reas   w i th in   a rc t i c  and  sub- 

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

of  fauna. Many o f   t h e   m a j o r   f l o o d p l a i n s   p r o v i d e   k e y   m i g r a t o r y   c o r r i d o r s   f o r  

la rge  numbers o f   water fowl ,   shoreb i rds ,   and  car ibou  mov ing   to  and  from 

w i n t e r i n g  zones  and summer n e s t i n g  and c a l v i n g   t e r r i t o r i e s .   U n v e g e t a t e d  

areas of  l a rge r   f l oodp la ins   a re   used  as pr ime  nes t ing   and  feed ing   hab i ta t   by  

numerous shoreb i rds ,   gu l l s ,   te rns ,   and  water fowl .  The d e l t a   a r e a s   o f   l a r g e r  

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

A long   coas ta l   reg ions ,   t hese   r i ve r   de l tas   a l so   a re   key   nes t i ng   sanc tua r ies  

f o r  geese, b ran t ,  swans, g u l l s ,   t e r n s ,  and shoreb i rds ,   and  dur ing   la te  

summer and e a r l y   f a l l   t h e y   p r o v i d e   p r o t e c t e d   h a b i t a t   f o r   l a r g e   c o n c e n t r a -  

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

areas,   predators   inc lud ing  bears,   wolves,   eagles and j a e g e r s   a l s o   f r e q u e n t l y  

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

Un fo r tuna te l y ,   f r om a b i o l o g i c a l   v i e w p o i n t ,   f l o o d p l a i n s  also p r o v i d e  

e a s i l y   a c c e s s i b l e   g r a v e l s   t h a t   a r e   a v a i l a b l e   i n   l a r g e   q u a n t i t i e s  and  f re-  

quen t l y   c lose   t o   deve lopmen t   s i t es .  As p r e v i o u s l y   n o t e d ,   a r c t i c  and  sub- 

a r c t i c   c o n d i t i o n s ,   p r i m a r i l y   a s s o c i a t e d   w i t h   t h e   p r e s e n c e   o f   p e r m a f r o s t ,  

p lace   l a rge  demands upon  gravel   resources  by  a l l   development   pro jects .  

Dur ing   t he   cons t ruc t i on   o f   t he   T rans -A laska   P ipe l i ne  System, over  3,300 

ha o f   unvegeta ted   f loodp la in   hab i ta t   and  approx imate ly  1,000 ha o f   r i p a r i a n  

hab i ta t   were   a f fec ted   by   g rave l   remova l   opera t ions   (Pampl in   1979) .  The 

p roposed   cons t ruc t i on   o f  a gas p ipe l ine  through  A laska,   depending upon f i n a l  

r o u t e   s e l e c t i o n  a n d   t h e   d e g r e e   o f   u s e   o f   e x i s t i n g   c o n s t r u c t i o n   f a c i l i t i e s ,  

cou ld   requ i re   s im i l a r   g rave l   supp l i e j .   O the r   deve lopmen t   p ro jec ts   a re   expec -  

t e d   t o   i n c r e a s e   t h e   f u t u r e  demand upon  gravel  resources. 

P r e v i o u s   t o   t h i s   s t u d y ,   n a t u r a l   r e s o u r c e  managers  had l i t t l e   i n d e p t h  

knowledge, r e l a t i v e   t o   a r c t i c  and s u b a r c t i c   t e r r e s t r i a l   f l o o d p l a i n  eco- 

systems,  of how t o   b e s t   m i t i g a t e   t h e   u s e   o f   f l o o d p l a i n s   a s   g r a v e l   r e m o v a l  

s i t e s .  The s h o r t - t e r m   e f f e c t s  of  grave l   remova l   opera t ions   were   be l ieved  to  

be   assoc ia ted   w i th   reduc t i on   o f   hab i ta t ,   p robab le   dec rease   i n   l oca l   f auna  

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

q u a l i t y   i n   a d j a c e n t  and  downstream  habitats. However, t h e   v a r i a t i o n s   i n   t h e  
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l e v e l s  of  i n f l u e n c e  and t h e   d u r a t i o n s   o f   i n f l u e n c e   b e t w e e n   d i f f e r i n g   g r a v e l  

remova l   s i t es  and methods  of  operation  were  not  completely known. Also, 

there  were  no  data on l o n g - t e r m   e f f e c t s   i n   t h e   a r c t i c   o r   s u b a r c t i c .   F a c t o r s  

such as t h e   s i z e  and l o c a t i o n  o f  t h e   s i t e ,  a n d   t h e   c h a r a c t e r i s t i c s   o f   t h e  

stream and f l o o d p l a i n   w e r e   b e l i e v e d   t o  be i n f l uenc ing   pa ramete rs ,   bu t   t he i r  

r e l a t i o n s h i p s   t o   s h o r t - t e r m  and  long- term  det r imenta l   e f fects   were  not  

understood. 

To he lp  answer these  quest ions,  a t e r r e s t r i a l   s t u d y  was incorpora ted  

i n t o   t h i s   p r o j e c t .  The s tudy  was designed t o  be c o m p a t i b l e   w i t h   t h e   h y d r o l -  

ogy  and aquat ic   b io logy   p rograms and organized  to   prov ide  answers  on:  ( 1 )  

t he   deg ree   o f   f l o ra  and  fauna  change resu l t ing   f rom  g rave l   remova l   opera-  

t i ons ;  (2) t h e   r a t e   o f   h a b i t a t   r e c o v e r y  a t  d i s t u r b e d   s i t e s   r e s p e c t i v e  t o  the  

cha rac te r i s t i cs   o f   t he   g rave l   remova l   ope ra t i on  and t h e   c h a r a c t e r i s t i c s   o f  

t h e   r i v e r  and f l o o d p l a i n  system;  and ( 3 )  how t h e   d e t r i m e n t a l   a f f e c t s   o f  

g rave l   remova l   opera t ions   cou ld   bes t   be   mi t iga ted .  
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METHODS OF DATA COLLECTION 

As p r e v i o u s l y   d e s c r i b e d   i n  APPROACH AND METHODOLOGY, t e r r e s t r i a l   d a t a  

w e r e   c o l l e c t e d   a t   a l l  25 s t u d y   s i t e s ,   w i t h   i n d i v i d u a l   s i t e   v i s i t s   o c c u r -  

r i n g   e i t h e r   d u r i n g   t h e  summer o f  1976, 1977, o r  1978. Standard  procedures 

were  used t o   c o l l e c t   f i e l d   d a t a   o n   f l o r a ,   s o i l s ,   b i r d s ,  and mammals. 

S i t e   l o c a t  

Peninsula,   Nor th S 

N o r t h e r n   I n t e r i o r  

Sou the rn   I n te r i o r  

One s t u d y   s i t e ,   s e  

i o n s   a r e   i d e n t i f i e d   o n   F i g u r e  I. S i tes   occu r red   on   t he  Seward 

lope ( i n   b o t h   t h e   c o a s t a l   p l a i n  and A r c t i c   f o o t h i l l s ) ,  

(between  the  Brooks  Mountain Range and  Yukon R i v e r ) ,  and 

(between  the  Alaska  Mountain Range and t h e  Yukon R i v e r ) .  

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

type   and  b io log ica l   cond i t ions   in   each  reg iona l   s tudy   a rea ,  was sampled 

d u r i n g  a 5-day v i s i t .  We a t t e m p t e d   t o   c o i n c i d e   t h i s   v i s i t   w i t h   t h e  peak o f  

the   av ian   nes t ing   season.  A l l  o the r   s i t es   were   su rveyed   du r ing  a 3-day 

v i s i t .   W i t h i n  each  reg ion ,   the  3-day v i s i t s  were  spaced  throughout  the 

s p r i n g ,  summer, and f a l l   t o  measure  seasonal   f luc tuat  

s i t i o n  and  abundance. 

i 

The se lec ted   approach  to   meet   the   ob jec t ives  of t 

document t h e   p r e s e n c e   a n d   e s t a b l i s h   t h e   h a b i t a t   r e l a t i  

ons i n   s p e c i e s  compo- 

h i s   p r o j e c t  was t o  

onsh ips   o f   t he  f l o r a  

and  fauna of  t he   d i s tu rbed   a rea   and  compare  these t o   p r e d i s t u r b a n c e   f l o r a  

a n d   f a u n a   p o p u l a t i o n s   a n d   h a b i t a t   a f f i n i t i e s .  A con t ro l   a rea   wh ich  was most 

r e p r e s e n t a t i v e   w i t h   r e s p e c t   t o   p h y s i c a l   s i t e   c h a r a c t e r i s t i c s   ( i . e . ,   i n s i d e  

o r   o u t s i d e   m e a n d e r )   a n d   h a b i t a t   c h a r a c t e r i s t i c s   ( i . e . ,   d e n s e   r i p a r i a n   s h r u b  

t h i c k e t s ,   o r   u n v e g e t a t e d   f l o o d p l a i n )  was s e l e c t e d   t o   e s t a b l i s h   p r e - g r a v e l  

r e m o v a l   b i o l o g i c a l   c o n d i t i o n s  and f l o r a - f a u n a   r e l a t i o n s h i p s .   I n   a d d i t i o n ,  

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

d i s tu rbed   a rea   du r ing   t he   t ime  of t h e   f i e l d   v i s i t ,  and i n   s e r a l   s t a g e s  

r e p r e s e n t a t i v e   o f   a n t i c i p a t e d   f u t u r e   d i s t u r b e d - a r e a   v e g e t a t i v e   d e v e l o p m e n t .  
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These  areas  were  surveyed t o   i d e n t i f y   f l o r a - f a u n a   r e  

v a r i o u s   s i t e   r e c o v e r y   s t a g e s .  

The Ma jo r   Va r iab le   Ma t r i x   Tab le   (Tab le  I )  i den t  

l a t i o n s h i p s   d u r i n g  

i f i e s   t h e   v a r i e t y   o f  

s i t e s   s t u d i e d .   S t u d y   s i t e s   v a r i e d   f r o m   l a r g e   b r a i d e d   r i v e r s   t o   s m a l l  

s ing le-channel   s t reams  located  in   four   major   geographica l   reg ions  o f  

S e l e c t e d   s i t e s   w e r e   s t u d i e d   f r o m  2 t o  20 yea rs   a f te r   d i s tu rbance ,   a l  

da ta   ga ther ing   on   shor t - te rm and  long-term  response  and  recovery by 

t e r r e s t r i a l   b i o t a .   C h a r a c t e r i s t i c s   o f   g r a v e l   r e m o v a l   a r e a s   i n c l u d e d :  

, 
A I aska 

lowing 

the  

scrap- 

i n g   o p e r a t i o n s   o f   s u r f a c e   g r a v e l s   w i t h i n  and ad jacen t   t o   ac t i ve   channe ls ;  

sc rap ing   i n   a reas   separa ted   f rom  the   ac t i ve   channe ls ;  and p i t   e x c a v a t i o n s  

separa ted   f rom  ac t ive   channe ls .   Th is   range  o f   s i tes   a l lowed  compar ison   o f  

t h e   e f f e c t s   o f   d . i f f e r e n t   t e c h n i q u e s  and s i t e   l o c a t i o n s  on t e r r e s t r i a l   b i o t a .  
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METHODS OF DATA ANALYSIS 

D a t a   a n a l y s i s   i n i t i a l l y   r e s u l t e d   i n   t h e   i d e n t i f i c a t i o n   o f   t h e   d e g r e e   o f  

change i n  measured  parameters  at   each  study  s i te.  A n u m e r i c a l   r a t i n g   r a n g i n g  

from 0 t o  IO was a s s i g n e d   t o   i n d i c a t e  an i n c r e a s e   ( r a t i n g s  I O  through 61, no 

change ( r a t i n g  of  5) o r  a dec rease   ( ra t i ngs  4 through 0). These r a t i n g s  

ind ica te   the   degree of change a t   t h e   t i m e   o f   t h e   s i t e   v i s i t  between  the 

pre-grave l   remova l   cond i t ions   ( i .e . ,   ex ten t   o f   shrub   th icke t   cover ,   o r  

number of  passer ines   p resent )   and  the   pos t -g rave l   remova l   cond i t ions .  Each 

numer ica l   un i t   inc rease (6 through I O )  or   decrease ( 4  through 0 )  approx i -  

mates an a l t e r a t i o n   s i m i l a r   t o  a 20 percent   leve l   o f   change  in   tha t  param- 

e t e r .  

Each s i t e  was analyzed t o  determine how measured  parameters  (vege- 

t a t i o n ,   s o i l s ,   b i r d s ,  and mammals) i n t e r a c t e d ,  and how they  responded  as a 

whole t o   t h e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s   ( s u c h  as r i v e r   s i z e  and c o n f i g -  

u r a t i o n )  and Gravel  Removal Area   Charac ter is t i cs   (such  as   type   and  loca t ion  

of  g r a v e l   r e m o v a l ) .   A f t e r   i n d i v i d u a l   s i t e   a n a l y s i s ,   a l l   s i t e s   w e r e  compared 

t o   e v a l u a t e   s i m i l a r i t i e s  and d i f f e rences   i n   t he   deg rees   o f   change   i n   b io log -  

ica l   parameters.  

Fauna d i r e c t l y   r e s p o n d   t o   t h e   p r e s e n c e   ( a n d   t y p e )   o r  absence of  vegeta- 

t i v e  development,  consequently,  the  degree  of  change  and  the  rate of  re-  

covery   a t   the   g rave l   remova l   s i tes   rece ived  ma jor   emphas is   in   the   vegeta t ive  

da ta   ana lys i s .   Fac to rs   t ha t   i n f l uence   vege ta t i ve   recove ry   (e .g . ,   so i l  con- 

d i t i o n s  and aufe is   development) ,  a l s o  were  thoroughly  reviewed. 

S e l e c t e d   b i o l o g i c a l   d a t a   w e r e   s u b j e c t e d   t o  a compu te r i zed   h ie ra rch i ca l  

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

responses   ( inc rease or decrease)   by  b io log ica l   parameters,  

A l l  da ta   were   t ho rough ly   rev iewed   to   i den t i f y  any co r re la t i ons   be tween  

P h y s i c a l   S i t e   C h a r a c t e r i s t i c s ,   G r a v e l  Removal Area   Charac ter is t i cs ,   degree 

o f  change  by  the t e r r e s t r i a l   b i o t a ,  and shor t - te rm and  long-term  recovery 

r a t e s .  The f o l l o w i n g   s e c t i o n s   i n c l u d e   t h e   r e s u l t s   o f   d a t a   c o l l e c t i o n  and 

ana lys i s .  
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RESULTS AND DISCUSSION 

Changes i n   s e l e c t e d   t e r r e s t r i a l   p a r a m e t e r s   t h a t   w e r e   i n d u c e d   b y   g r a v e l  

r e m o v a l   a r e   i d e n t i f i e d   i n   T a b l e  28. These  changes  were  based  upon  measured 

l e v e l s   o f   v a r i a t i o n   i n  each  parameter   a t   each  s i te .   In   genera l ,   the  degree 

of   both  short- term  and  long-term  changes  in  local   faunal   communit ies  strong- 

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

communities. 

VEGETATIVE  COMMUNITIES OF STUDY AREA FLOODPLAINS 

Vegeta t ive   communi t ies   o f   f loodp la in  and r i p a r i a n  zones a t   t h e   s t u d y  

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

reg ions .   In   genera l ,   the  Seward P e n i n s u l a   r i v e r s  and the   smal le r   Nor th   S lope 

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

( i n c i s e d )   o u t s i d e  meander banks   (F igure  6 1 ) .  T h i s   c o n f i g u r a t i o n  and p r o f i l e  

c r e a t e d  a r e l a t i v e l y   n a r r o w   f l o o d p l a i n  (30  t o  60 m )  and  a l lowed  ex tens ive  

deve lopmen t   o f   ma tu re   sh rub   t h i cke ts   ad jacen t   t o   s ing le   channe l   r i ve rs .  

These sh rub   t h i cke ts   usua l l y   were   domina ted   by   Sa l i x   a laxens is .  On i n s i d e  

meanders ( p o i n t   b a r s )  and i n  more a c t i v e   p o r t i o n s   o f   f l o o d p l a i n s   ( l a t e r a l  

and mid-channel  bars)  herbaceous, woody p ioneer  and ea r l y   w i l l ow   commun i t i es  

occu r red   ad jacen t   t o   unvege ta ted   g rave ls   bo rde r ing   t he   r i ve r .  

Meander ing   and  s inuous   r i vers   o f   the   Nor thern   and  Southern   In te r io r  

w e r e   s i m i l a r   i n   p a t t e r n  and  were  character ized  by  extens ive  shrub  th ic5ets  

w i t h  dense  stands  of   advanced  and  mature  successional   stage  boreal   forest  

commun i t i es   a t   t he   edges   o f   ac t i ve   f l oodp la ins   (F igu re  62). White  spruce 

usual ly   dominated  these  s tands,   but   paper   b i rch and  balsam  poplar  a lso  were 

common, Simi lar   p ioneer   and  ear ly   shrub  success ional   s tage  communi t ies 

occup ied   po in t   ba rs  and edges  o f   la te ra l  and  mid-channel  gravel  bars. 
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Tabla 28. Qusntltstlve Changes In Selected Terrestrial Blologlcal Parae ters  a t  Gravel RemDval Study Sltas' 
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F i g u r e  61. Penny R i v e r   u n d i s t u r b e d   f l o o d p l a i n   s h o w i n g   t y p i -  
ca l   No r th   S lope  and  Seward P e n i n s u l a   f l o o d p l a i n   c h a r a c t e r -  
i s t i c s  o f  s inuous   channe l   bo rde red   w i th   dense   sh rub   t h i ck -  
e t s   w i t h   i n c i s e d   o u t s i d e  meander  bank,  and  narrow  gravel 
p o i n t   b a r  on i n s i d e  meander. 

F i g u r e  62. West Fork  Tolovana River   showing  typ ica l   South-  
e r n  and N o r t h e r n   I n t e r i o r  medium r i v e r   f l o o d p l a i n   c h a r a c t e r -  
i s t i c s   w i t h   s h r u b   t h i c k e t s  and wh i te   sp ruce -paper   b i r ch  
s t a n d s   a l o n g   t h e   r i p a r i a n  zone. 
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The l a r g e r   r i v e r s   w i t h i n  a l l  f o u r   r e g i o n s   t y p i c a l l y   f l o w e d   i n   b r a i d e d  

o r  s p l i t  channe l   con f igura t ions .  These f l o o d p l a i n s  were  more h y d r a u l i c a l l y  

dynamic, w i t h  much wider   act ive  areas,   and  conta ined  advanced  sera l   s tage 

v e g e t a t i v e   c o m u n i t i e s   o n l y   a l o n g   f l o o d p l a i n   b o r d e r s  and  on i so la ted   m id -  

channel   is lands. Much of t h e   f l o o d p l a i n   i n   t h e s e   l a r g e ,   b r a i d e d   r i v e r s  

conta ined  expansive  areas  o f   unvegetated  gravels   or   were  sparse ly   vegetated 

w i th   herbaceous and woody p ioneer   o r   ea r l y   sh rub   t h i cke t   commun i t i es .  

Th is   ve ry   b r i e f l y   desc r ibes   i n   genera l   t e rms   the   no rma l   vege ta t i ve  

p a t t e r n s   o f   f l o o d p l a i n s   i n   t h e   a r e a   o f   s t u d y ,   F o r  a more d e t a i l e d   d e s c r i p -  

t i o n   o f  normal   pa t te rns ,   re fe r   to   the   "Pre l im inary   Repor t   Grave l  Removal 

S t u d i e s   i n   S e l e c t e d   A r c t i c  and  Sub-Arctic  Streams in   A laska"  (Woodward-Clyde 

Consu l tan ts  1976) and f o r  a d e t a i l e d   d e s c r i p t i o n   o f   t h e   v e g e t a t i v e   s t r u c t u r e  

which  occurred a t  e a c h   s t u d y   s i t e   r e f e r   t o   t h e   P r o j e c t   D a t a  Base. 

VEGETATIVE COMMUNITY CHANGES AT  GRAVEL  REMOVAL SITES 

The observed  changes i n   v e g e t a t i v e   c o m m u n i t i e s   o f   t h e   s t u d y   s i t e s  

v a r i e d   f r o m   n o   s i g n i f i c a n t  change t o  long-term loss o f   h a b i t a t .   H a b i t a t  loss 

and a l t e r a t i o n   ( b o t h   s h o r t - t e r m  and   l ong - te rm)   repea ted ly   resu l ted   i n   s ign i f -  

icant  secondary  changes  wi th in  the  b i rd  and mammal popu la t ions   tha t   inhab-  

i t e d   s t u d y   a r e a   f l o o d p l a i n s .  These  faunal   responses  are  d iscussed  in a 

f o l   l o w i n g   s e c t i o n .  

S ign i f i can t   a reas   o f   ex i s t i ng   f l oodp la in   vege ta t i ve   cove r   were   removed  

a t  18 o f   t h e  25 s i t e s   ( T a b l e  2 8 ) .  L o s t   v e g e t a t i v e   h a b i t a t s   u s u a l l y   c o n s i s t e d  

o f   ma tu re   sh rub   t h i cke ts  on the  Seward Pen insu la  and Nor th  Slope s i t e s ,  and 

a m i x t u r e  of  s h r u b   t h i c k e t s  and  advanced  successional  stages  of  boreal 

f o res t   f l oodp la in   commun i t i es   i n   Nor the rn   and   Sou the rn   I n te r i o r   reg ions .  A t  

a l l  s i t e s   t h e s e   h a b i t a t s   s u p p o r t e d  a d i v e r s e  and  abundant  fauna  dominated  by 

passer ines  and smal l  mammals p r i o r   t o   c l e a r i n g  and  gravel   removal   act iv -  

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

f l o r a  and  fauna a t  each  s tudy   s i te .  

V e g e t a t i v e   h a b i t a t  removed a t   t h e s e  18 s i tes   ave raged  IO ha  and  ranged 

from  approximately I ha at Gold Run Creek t o  35 ha a t   D i e t r i c h   R i v e r -  

Upstream  (Table 2 8 ) .  
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I n   g e n e r a l ,   s i t e s   s e p a r a t e d ' f r o m   t h e   a c t i v e   f l o o d p l a i n   f r e q u e n t l y  

d i s tu rbed   t he   mos t   vege ta t i ve   hab i ta t   as  a p e r c e n t a g e   o f   t h e   t o t a l   d i s t u r b e d  

area. For example,  Table 28 i d e n t i f i e s  seven s i t e s   t h a t   w e r e   e n t i r e l y  ( lo rn )  

v e g e t a t e d   p r i o r   t o   g r a v e l   r e m o v a l  and a l l  were  separated from t h e   a c t i v e  

f l o o d p l a i n .  A t  a l l  seven s i t e s   v e g e t a t i v e   c o v e r  and assoc ia ted   o rgan ic  

overburden  were   comple te ly   c leared   p r io r   to   g rave l   remova l .  

Lona-Term Loss o f   V e a e t a t i v e   H a b i t a t s  

Long-term loss o f  t e r r e s t r i a l   h a b i t a t   o c c u r r e d   a t   t h o s e   s i t e s  where: 

( 1 )  t h e   g r a v e l   e x t r a c t i o n  method ( e i t h e r   p i t   e x c a v a t i o n  or deep s c r a p i n g )  

removed  g rave l   to   depths   tha t   resu l ted   in   permanent   f lood ing ;  or (2) t h e  

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

h y d r a u l i c  changes  wh ich   annua l ly   a f fec ted   the   s i te .  

Permanent ly   F looded  Mater ia l   S i tes .   E igh t  of  t h e   s t u d y   s i t e s   w e r e  

e x c a v a t e d   p i t s ,   e i t h e r   t o t a l l y   o r   i n   p a r t   ( F i g u r e  63). P i t s  v a r i e d   f r o m  an 

F i g u r e  63. West Fork Tolovana  River  showing  permanent ly 
f l o o d e d   p i t   e x c a v a t e d   a d j a c e n t  t o  t h e   a c t i v e   f l o o d p l a i n  
w i t h  a downstream  connection. 
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average  of  1.5-m i n   d e p t h   a t   t h e  Penny R i v e r   t o   o v e r  7 m deep a t   t h e  

D i e t r i c h  River-Upstream, West Fork  Tolovana  River,  and  Tanana R ive r -  

Downstream s i t e s .  The p i t s  were   e i ther   connected   o r   unconnected   to   ad jacent  

a c t i v e   r i v e r   c h a n n e l s ,  however, i n   a l l  cases  they  were  permanently f i l l e d  

w i t h  ponded  water  (Figure 63). Surface  areas  ranged  f rom 7.5 ha a t  Tanana 

River-Upstream t o  0.1 ha a t   U g n u r a v i k   R i v e r .   S i x   o f   t h e   e i g h t   s i t e s   w e r e  

separa ted   f rom  the   ac t i ve   f l oodp la in  and  were  complete ly   vegetated  wi th  

mature   wh i te   spruce-paper   b i rch   and/or   w i l low and a l d e r   s h r u b   t h i c k e t s   p r i o r  

t o   e x c a v a t i o n .  A t  t hese   s i t es   t he   dep th  and  subsequent f l o o d i n g   c r e a t e d  

a q u a t i c   h a b i t a t s   t h a t   l e d   t o   l o n g - t e r m  loss o f   t e r r e s t r i a l   h a b i t a t s .  A t  the  

t w o   o t h e r   p i t   s i t e s ,   t h e   e x c a v a t i o n s   o c c u r r e d   i n   u n v e g e t a t e d   p o i n t   b a r s  

(Ugnurav i k   R ive r )  and  unvegeta ted   la te ra l   bars   (Kav ik   R iver ) .  Thus, no 

vege ta ted   hab i ta t   d i s tu rbance   occu r red .  

Excavat ion   o f  deep p i t s ,  however, was no t   the   on ly   g rave l   remova l  

method  that   led  to   development  o f  permanently  ponded  water  and  consequently 

the  long-term loss o f   t e r r e s t r i a l   h a b i t a t s .  The combined  gravel  removal  and 

s i t e   l o c a t i o n   c h a r a c t e r i s t i c s  a t  t he  J i m  R ive r  and D i e t r i c h  River-Downstream 

s i t e s   a l s o   l e d   t o  permanent  ponding. 

A t  t he  J i m  R ive r ,   g rave l  was scraped  f rom  w i th in  and immediately  adja- 

c e n t   t o  a high-water  channel. The r e s u l t i n g   p r o f i l e   a t   t h e   c o m p l e t i o n   o f   t h e  

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

o f  the  worked  area. The h igh-water   channe l   t raversed  th is   depress ion .   S ince  

t h i s   c h a n n e l   c a r r i e s  summer f low, i t  consequently  had  formed an annua l l y  

ponded  area  of   approximately 4.5 ha  over t h i s   c e n t r a l l y   d e p r e s s e d   p o r t i o n  of  

t h e  I I  ha s i t e .   B e f o r e   c l e a r i n g  and  gravel   removal ,   w i th   the  except ion  o f  

the  approx imate ly  IO-m w ide   h igh -wa te r   channe l ,   t h i s   s i t e   con ta ined  a d i -  

verse  complex  of  mature and intermediate-aged  whi te  spruce-paper  b i rch 

s t a n d s   w i t h   s c a t t e r e d   w i l l o w  and a l d e r   t h i c k e t s .  

The D i e t r i c h  River-Downstream s i t e  was sc raped   to  an average  depth  of 

I t o  1.5 m i n  a rectangular   shaped 7.5 ha. The area was separated  f rom  the 

a c t i v e   f l o o d p l a i n   b y   a p p r o x i m a t e l y  150 m p r i o r   t o   t h e   a c t i v i t y .  However, the  

depth   o f   excavat ion  was the  probable  cause of a permanent  channel  change  by 

a majo r   s ide   channe l   o f   t he   D ie t r i ch   R ive r .   Th i s   channe l   en te red   t he   p re -  
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v i ous I y d ry  

Th i s channe 

m a t e r i a l   s i  

th rough  the  

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

I change  caused  f looding  o f   approx imate ly  90 p e r c e n t   o f   t h e  

t e .   T h i s   c o n d i t i o n  w i l l  rema in   as   l ong   as   t h i s   s ide   channe l   f l ows  

s i t e .  

Thus, a t   b o t h   t h e  J i m  R i v e r  and 

depth  and s i t e   l o c a t i o n   c h a r a c t e r i s t i  

a q u a t i c   h a b i t a t s   w h i c h  w i l l  l e a d   t o  I 

Annua l   Hydrau l i c   S t ress .   In   add i  

D ie t r i ch   R iver -Downst ream  s i tes ,   m in ing  

cs   a lso   c rea ted   permanent ly   ponded 

ong-term loss o f   t e r r e s t r i a l   h a b i t a t s .  

t i o n   t o   t h e   c r e a t i o n   o f   p e r m a n e n t l y  

ponded  s i tes,   long- term loss and a l t e r a t i o n   o f   h a b i t a t   o c c u r r e d   a t   s i t e s  

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

h y d r a u l i c s .  Examples  o f   such  changes  inc lude  sh i f ted  channels ,   annual ly  

f l o o d e d   s i t e s ,  and a u f e i s   d e v e l o p m e n t   w i t h i n   t h e   m a t e r i a l   s i t e .  

On t h e  Seward  Peninsula,  the  Penny  River  and  Oregon  and  Washington 

C r e e k s   a r e   s m a l l   r i v e r s   w i t h   r e l a t i v e l y   n a r r o w ,   d e n s e l y   v e g e t a t e d   f l o o d -  

p l a i n s .  Penny R i v e r  and  Washington  Creek  flowed i n  a s i n u o u s   c o n f i g u r a t i o n ,  

w h i l e  Oregon  Creek  flowed i n  a s t r a i g h t   c o n f i g u r a t i o n .  The p o r t i o n   o f   t h e  

t o t a l   d i s t u r b e d   a r e a   w h i c h  was vegetated  by dense, m a t u r e   s h r u b   t h i c k e t s  

p r i o r   t o   d i s t u r b a n c e   a t   e a c h   s i t e  was extensive  (Oregon  Creek 65 percent ;  

Penny R i v e r  80 percent;   and  Washington  Creek  85  percent)   (Table  28).  A t  a l l  

t h r e e   s i t e s ,   t h e   w o r k i n g   a r e a   ( w h i c h  was scraped t o  a l e v e l   e q u a l   t o   o r  

s l i g h t l y   b e l o w   n o r m a l   w a t e r   l e v e l s )   e x t e n d e d   a c r o s s   t h e   e n t i r e   f l o o d p l a i n  

and a t  Washington  and  Oregon  Creeks  the  disturbed  area  extended  approxi- 

ma te l y  9 t o  15 m beyond   the   f l oodp la in   banks  and in to   t he   ad jacen t   sh rub -  

tussock  tundra.  The r e s u l t i n g   e f f e c t   o f   t h e s e   s c r a p i n g   o p e r a t i o n s   c r e a t e d :  

an  unvegetated, f l a t   f l o o d p l a i n   w h i c h  was 2 t o  3 t imes  wider   than  upst ream 

or  downstream  reaches; a f l o o d p l a i n   t h a t  w a s   e q u a l   t o ,   o r   o n l y   s l i g h t l y  

h i g h e r   i n   e l e v a t i o n  ( I O  t o  20 cm on  the  average)  than  normal summer f lows;  

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

s h a l l o w e r   f l o w   ( F i g u r e  64). 

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

ments t o   v e g e t a t i v e   r e c o v e r y  a n d   t h u s   t h e y   a l s o   r e s u l t e d   i n   l o n g - t e r m   a l t e r a -  

t i o n   o f   t h e   h a b i t a t   s t r u c t u r e   o f   t h e   d i s t u r b e d   r e a c h   i n   t h e s e   f l o o d p l a i n s .  
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F i g u r e  64. A view  of  Oregon  Creek  looking  downstream 
th rough   the   m ined   a rea   show ing   s i t e   cond i t i ons   t ha t   rema in  
I3 years   a f te r   g rave l   remova l .  

The s p e c i f i c   c h a n g e s   t h a t   r e t a r d e d   v e g e t a t i v e   r e c o v e r y  and  development a t  

t hese   s i t es   were   re la ted   t o   i nduced   au fe i s   deve lopmen t  and increased  annual  

h igh-water   s t resses .  
- 

A t  Washington  and  Oregon  Creeks,   extens ive  aufe is   f ie lds  annual ly  

d e v e l o p e d   w i t h i n   t h e   m a t e r i a l   s i t e s .   T h i s   i c e ,   w h i c h  i s  known t o   l a s t   u n t i l  

l a t e  June  throughout   the  d- is turbed  areas,   severe ly   impeded  vegetat ive  recov-  

e r y   a t   t h e s e   s i t e s .  No s ign i f i can t   vege ta t i ve   commun i t i es   had   deve loped  

w i t h i n   t h e   d i s t u r b e d   a r e a s   o f   e i t h e r   s i t e   d u r i n g   t h e  13 y e a r s   f o l l o w i n g   t h e  

gravel   removal   operat ions.  

There i s  no   ev idence  o f   au fe is   deve lopment   a t   the  Penny R i v e r   s i t e .  

However, the   a rea  was s c r a p e d   i n  an i r r e g u l a r   s u r f a c e   p a t t e r n   o v e r  15 ha t o  

a depth  equal t o   o r   s l i g h t l y   b e l o w   n o r m a l  summer f l o w   l e v e l s   ( F i g u r e  65). 

The 

d eP 

s i t e  was v 

t h  o f  sc rap  

i s i t e d  I I  y e a r s   a f t e r   g r a v e l  was removed. As a r e s u l t  o f  t h e  

ing, much o f   t h e   s i t e   c o n t a i n e d   e i t h e r   s m a l l  pools of  ponded 
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F igu re  65 .  Penny River  mined  area  looking  upstream.  Note 
the   f looded  cond i t ions   w i th in   the   d is tu rbed  a rea ,  and 
t h e   o v e r b u r d e n   p i l e s   i n   t h e   c e n t e r   o f   t h e   s i t e   ( c i r c l e d  
on photograph).  

water or water  saturated  sa 

the  southeast  corner  of  the 

Penny R i v e r   s i t e   i s   f l o o d e d  

i l s .  A sma 

s i t e .  The 

fo r   sho r t  

annual and poss ib l y  semiannual  basis. 

I I  0.6 ha, 1.5 m deep p i t  was dug i n  

h y d r a u l i c   a n a l y s i s  shows tha t   the  

durat ions  dur ing  h igher  f lows  on an 

Flows  of   only  approximately 150 per- 

cent of mean annual f l o w   b e g i n   t o   f l o o d   t h e   m a t e r i a l   s i t e .  

Dur ing  the I I  growing  seasons  following  the  disturbance,  only  sparse, 

scat tered  p ioneer  and ear ly   w i l low  f loodp la in   communi t ies  had  developed 

w i th in   t he   sc raped   po r t i ons  of  the Penny R i v e r   s i t e .  These e a r l y  succes- 

s i o n a l   h a b i t a t s  were  not  present  in  the  undisturbed  f loodplain  reach  which,  

as prev ious ly   s ta ted,   cons is ted  a lmost   ent i re ly   o f   mature  shrub  th ickets .  

Thus, t he   s t ruc tu re   o f   t he   vege ta t i ve  community w i t h i n   t h e   m i n e d   s i t e  

changed for  the  long-term  from one dominated  by dense mature  shrub  th icket 

h a b i t a t s   t o  one dominated  by sca t te red  and low-density  immature  herbaceous 

and woody species  that   are  adapted  to  wet s o i l   c o n d i t i o n s .  Repeated s t r e s s  

from  annual  or  semiannual  high  water,  combined  with  the  continuously 
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w a t e r - s a t u r a t e d   s o i l s   o v e r  much o f   t h e  Penny R ive r   s i t e ,   we re   p robab ly   t he  

k e y   f a c t o r s   i m p e d i n g   v e g e t a t i v e   r e c o v e r y   ( e s p e c i a l l y   b y  woody s p e c i e s ) .  

Ano the r   examp le   o f   g rave l   remova l   and   s i t e   l oca t i on   cha rac te r i s t i cs  

w h i c h   r e s u l t e d   i n  known s h o r t - t e r m   ( t h e   s i t e  was v i s i t e d  3 y e a r s   a f t e r  

d is tu rbance) ,   and  p robab ly   long- te rm  annua l   hydrau l i c   s t ress   occur red   a t   the  

Sagavan i r k tok   R ive r   s tudy   s i t e .  A t  t h i s   s i t e  20 ha o f  a complex  mix ture o f  

mature  and  advanced,   sera l -s tage  shrub  th ickets  was removed  and  the  under- 

l y i n g   g r a v e l s   e x c a v a t e d   t o  an  average  depth  of 1.5 m. T h i s   a r e a  was loca ted  

between a high-water   channel   and  the  main  r iver   channel .  The Sagavani rk tok 

R i v e r  was a l a r g e   r i v e r   w i t h   m o d e r a t e   c h a n n e l   s l o p e   t h a t   f l o w e d ’   i n  a s inuous  

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

T h i s   g r a v e l   r e m o v a l   o p e r a t i o n   r e s u l t e d   i n  a permanent s h i f t  o f  much o f  

t h e   m a i n   c h a n n e l   t h r o u g h   t h e   m a t e r i a l   s i t e .   H y d r a u l i c   a n a l y s i s   a t   t h i s  

s i t e  shows t h a t   e x t e n s i v e   f l o o d i n g  i s  expec ted   to   occur   on  an  annual   basis 

w i t h   w a t e r   p o t e n t i a l l y   i n f l u e n c i n g   t h e   s i t e   f o r  up t o  70 days  each  year. 

The s i t e  was v i s i t e d   d u r i n g   t h e   t h i r d   g r o w i n g   s e a s o n   a f t e r   d i s t u r b a n c e ,  

and  no  vegetat ive  recovery  had  occurred.  As l o n g   a s   t h e   r i v e r   c o n t i n u e s   t o  

f l ow   th rough  and a n n u a l l y   f l o o d   t h e   m a t e r i a l   s i t e ,  i t  i s   n o t   e x p e c t e d   t h a t  

s i g n i f i c a n t   v e g e t a t i v e   r e c o v e r y  w i l l  occur   in   the   long- te rm.  

S h o r t - T e r m   A l t e r a t i o n   o f   V e g e t a t i v e   H a b i t a t   S t r u c t u r e  

S h o r t - t e r m   a l t e r a t i o n s ,   i n  the  t y p e s   o f   v e g e t a t i v e   h a b i t a t s   p r e s e n t  

w i t h i n   d i s t u r b e d   a r e a s ,   o c c u r r e d   a t   t h o s e   s i t e s   w h e r e   v e g e t a t i o n  was re -  

moved, but   where some n a t u r a l   v e g e t a t i v e   r e c o v e r y  began w i t h i n  I or 2 years  

post-mining  and  cont inued  thereafter  unimpeded. A t  n o   i n s t a n c e   d i d  an e n t i r e  

d i s t u r b e d   a r e a   n a t u r a l l y   r e v e g e t a t e   o v e r   t h e   s h o r t - t e r m ,  However, i n   p o r -  

t i o n s   o f  13 s i tes   p ioneer ing   commun i t i es  became w e l l   e s t a b l i s h e d   w i t h i n  I o r  

2 years   (Tab le  291. Th is   deve lopment   most   f requent ly   occur red   in   those 

por t ions   o f   the   d is tu rbed  a reas   wh ich :   were   no t   in f luenced  by   normal   o r   h igh  

water  f lows;  had a p l e n t i f u l  seed  source   o r   con ta ined  roo t   s tocks   and  o ther  

woody s l a s h ;   a n d / o r   c o n s i s t e d   o f   w e l l   d r a i n e d   b u t   m o i s t   s o i l s   w i t h   h i g h   s i l t  
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and  sand  content. The r e s u l t s   o f   s o i l  s a m p l e   a n a l y s i s   i n d i c a t e d   s o i l   n u t r i -  

e n t s   w e r e   n o t   l i m i t i n g   f a c t o r s   i n f l u e n c i n g   v e g e t a t i v e   r e c o v e r y   a t  any o f  

t h e  25 s t u d y   s i t e s .  

The i n i t i a l   r e c o l o n i z a t i o n   o f   t h e s e   d i s t u r b e d   a r e a s   m o s t   f r e q u e n t l y  oc- 

c u r r e d  by  seed  development;   at   several   locat ions,   however,   wi l lows  had 

re invaded  through  development   o f   advent i t ious  s tems and r o o t s   f r o m   o l d  woody 

s l a s h  and roo t   s tocks .   Advent i t ious   s tem  deve lopment   occur red   most   o f ten   in  

ove rbu rden   p i l es   where  woody s l a s h  was p laced.  A l l  o v e r b u r d e n   p i l e s   o c c u r r e d  

i n   s i t e s   d e v e l o p e d   b e f o r e  1971. More   recen t   regu la t i on  o f  gravel   removal  

a c t i v i t i e s   r e q u i r e   o v e r b u r d e n  and woody c o v e r   t o   b e  removed  completely  from 

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

In   genera l ,   herbaceous  spec ies   dominated   in   those  p ioneer   communi t ies  

which  were  develop ing  f rom  seed.   However ,   Sal ix   a laxensis  was a f requen t  

member o f   these  communi t ies   in   a l l   four   geograph ic   reg ions ,   and  seed l ing  

B e t u l a   p a p y r i f e r a  and  Populus  ba lsami fera commonly o c c u r r e d   i n   p i o n e e r  

c o m m u n i t i e s   a t   s e v e r a l   N o r t h e r n   I n t e r i o r   s i t e s .  Taxa t h a t  most o f ten   were  

dominant i n   t hese   i nvad ing   commun i t i es   i nc luded   Ep i l ob ium  l a t i f o l i um,   Sa l i x  

a l a x e n s i s ,   S a l i x  spp.,  Equise tum  var iegatum,   S te l la r ia   spp . ,  Hedysarum 

Mackenz i i ,   As t raga lus  spp., O x y t r o p i s  spp.,  Juncus  spp.,  Carex spp., Er iopho-  

- rum  spp.,  Calamagrostis  spp.,  and Poa spp. I n   s o i  I s  tha t   were  less m o i s t  and 

more  coarse,   Ar temis ia   spp. ,   Crepis   nana,   Aster   s ib i r icus,   and  Er igeron  spp.  

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

- 

Overburden was p i l e d   e i t h e r   w i t h i n   t h e   d i s t u r b e d   a r e a   o r   a t   i t s  edge a t  

many o f   t h e   o l d e r   s i t e s .  A t  t he  Penny R i v e r  and  Washington  and McManus 

Creeks   these  overburden  p i les   con ta ined many organics  and woody s l a s h ,   r o o t  

s tocks,   and  debr is .  A t  Penny R i v e r ,   t h r e e   p i l e s   o f   m a t e r i a l   w e r e   l o c a t e d  

w i t h i n   t h e  15-ha s i t e   ( F i g u r e  65). A t  Washington  Creek,  one p i l e  was p4aced 

i n   t h e   m i d d l e   o f   t h e  3-ha s i t e  and  one  on i t s  edge,  and a t  McManus Creek  the 

organic   overburden was a l l   p i l e d  on  the  edge of  t h e  4-ha d i s tu rbed   a rea .  

These p i l e s   a v e r a g e d  I t o  2 m i n   h e i g h t ,  however, a few  were 5 t o  7 m 

( F i g u r e  66). 

A t  a l l   t h r e e   s i t e s ,   h e r b a c e o u s  and woody vege ta t i on   were   we l l   es tab -  

l i s h e d  o n   t h e   o v e r b u r d e n   p i l e s   w i t h i n  I year  af ter   d isturbance.  Development 
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F i g u r e  66. Close-up  view  of an o v e r b u r d e n   p i l e   i n   t h e  
Penny River  mined  area.  Note  the  development  of  herbaceous 
and woody v e g e t a t i o n   d u r i n g   t h e  I I  y e a r s   f o l l o w i n g   g r a v e l  
remova I 

on  these  p i les   p receded  o ther   d is tu rbed  a rea   revegeta t ion   a t  Penny R ive r  and 

McManus Creek by approximately 6 t o  7 years. A t  Washington  Creek,  which was 

v i s i t e d  13 y e a r s   a f t e r   d i s t u r b a n c e ,   t h e   o n l y   s i g n i f i c a n t   r e v e g e t a t i o n   o f   t h e  

s i t e   o c c u r r e d   o n   o v e r b u r d e n   p i l e s   ( F i g u r e  67). A t  a l l  s i t e s ,   t h e   i n i t i a l  

F i g u r e  67. Washington  Creek  mined  area  showing  vegetative 
recove ry   on l y   p resen t  on t h e   o v e r b u r d e n   p i l e  13 years 
a f te r   g rave l   remova l .  

234 



shrub  development was through  advent i t ious stems ( F i g u r e  

p r i m a r i l y  - S .  a l a x e n s i s ,  most frequently  developed  from o 

stocks .  

68 1 

I d  s 

, Wil lows,  

lash and r o o t  

a .  View o f  broadcast  slash  and  2-year-old  stems. 

b .  View of o l d  r o o t   s t o c k   w i t h  new stem. 

F i g u r e  68. Woody revegetat ion  occurr ing  through  develop-  
ment of  advent i t ious  s tems.  
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S i m i l a r   r a p i d  development  of woody shrubs  through  adventi t ious  stem 

development  occurred  in I- t o  2-ha area3  at  both  Middle  Fork Koyukuk River-  

Downstream  and Aufe is  Creek s tudy   s i t es .  However, a t  these  s i tes   the   s lash  

and woody debr i s  were no t   p i led ,   bu t  were  spread  over  the  ground a t  the 

edge of  the   d is tu rbed  a reas   (F igure  69). 

Figure 49. D i s t r i b u t i o n  of  woody s lash   debr is  and other  
organics  over  the  ground  on  the edge of  the  gravel  removal 
a rea   a t   Au fe is  Creek. 

A t  the Tanana River-Downstream s i t e  overburden  from  the 5-ha p i t  was 

placed-- in  contoured  banks  surrounding  the  f looded  pi t .  These overburden 

p i l e s  were  approximately 2 t o  3 m deep inve rse l y   p i l ed   ( t op   ma te r ia l   cove red  

by bo t tom  mater ia l ) ,  and consequently  contained  no  organics  or woody remains 

near  the  surface. However, an ear ly   shrub community  dominated  by  Populus 

balsamifera,  - S. alaxensis,  and - Ainus  c r ispa ,   w i th  a d e n s i t y   o f  230 stems 
per 0.004 ha, was present   dur ing  the  four th   growing  season  fo l lowing  gravel  

removal.  This  shrub community developed  from  seed and invaded i n  mass du r ing  

t h e   f i r s t   g r o w i n g  season. The shrubs  occurred  in  uni form  densi ty  over  approx- 

imately 60 percent of the  gently-sloped, 20 t o  25 m wide  overburden  banks 

surround i ng the' p i t . 
Rapid  natura l   recolon izat ion  o f   d is turbed  areas was not   a lways  l imi ted 

t o  overburden  pi les.  A t  the J i m  River,  West Fork Tolovana  River, and 

Prospect Creek, pioneer  communities  were  well  developed  at  the end o f   the  
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f i r s t   f u l l  growing season fo l lowing  d is turbance.  A t  these  s i tes   the  com- 

mun i t i es  were  developing on the  contoured  side  slopes  of  the  permanently 

ponded areas. An average of  13 species,   wi th  a range of 7 t o  21 species, 

occu r red   i n  0.0004-ha  sample p l o t s   l o c a t e d   i n   t h e s e   h a b i t a t s   d u r i n g   t h e  

second ( J i m  River  and Prospect  Creek) and t h i r d  (West Fork  Tolovana  River) 

growing  seasons  fol lowing  disturbance.  Wil lows,  alders,  birch, and spruce 

occur red   w i th   the   herbaceous  taxa   in   these  hab i ta ts   a t   a l l   th ree   s i tes .  

Al though  these  s i tes  have  not been inspected  s ince 1978, the  pioneer com- 

mun i t ies   w i l l   p robab ly   deve lop  unimpeded  and qu ick l y   l ead   t o   ea r l y  and 

advanced seral  stage  shrub  communities. 

The Tanana River-Upstream s i t e  was v e r y   s i m i l a r   t o   t h e  West Fork 

To lovana   R ive r   s i t e   w i th   respec t   t o   Phys i ca l   S i te   Charac te r i s t i cs  and Gravel 

Removal Area   dharac ter is t i cs .  The mined s i t e  was I O  y e a r s   o l d   d u r i n g   s i t e  

inspect ion,  and 13 years   o ld   a t   the   t ime of d a t a   c o l l e c t i o n  (sumner 1978). 

Shrub t h i c k e t s  dominated by Sal ix   arbusculo ides and A l n u s   t e n u i f o l i a  had 

developed  surrounding much o f   t h e   p i t  and  on s p i t s  and islands  which  remain- 

ed above the  water   leve l   o f   the  upper   p i t   (F igure 70). These comnunit ies had 

- 

Figure  70. View o f   t h e   u p p e r   p i t   a t  Tanana River-Upstream 
showing d i v e r s i t y  of shore l ine   con f igura t ion 'and  deve lop-  
ment o f  woody and herbaceous  vegetation 13 years  a f ter  
gravel  removal. 
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reached  an   advanced  shrub   s tage  w i th   dens i t ies  as h i g h  as 990 stems  per 

0.004 ha  by  the  13th  year.   Thickets  averaged 2 t o  3 m i n   h e i g h t .   D u r i n g   s i t e  

i n s p e c t i o n   t h e s e   t h i c k e t s  most l i k e l y  were   equa l ly   as   dense  and  p rac t ica l l y  

as t a l  I .  

A t  mos t   above   men t ioned   s i t es ,   f o l l ow ing   rap id   i nvas ion  and  development 

o f   p ioneer   communi t ies   (bo th   by   seed  and  advent i t ious   s tems) ,   ear ly   shrub  

c o m m u n i t i e s   u s u a l l y   w e r e   w e l l   e s t a b l i s h e d   i n  3 t o  5 years. The m a j o r i t y   o f  

these  areas  were  smal l  (0.5 t o  2 ha)  and  were   usua l ly   sca t te red   th roughout  

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

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

s i t e s ,  Those s i t e s   t h a t   w e r e   o f   s u f f i c i e n t  age ( i n c l u d i n g  Penny R ive r ,  

Oregon  Creek,  Washington  Creek,  Sinuk  River, McManus Creek,  and  Tanana 

River-Upstream)  began t o   p r o v i d e   s u f f i c i e n t   c o v e r   f o r   n e s t i n g  and  feeding 

passer ines  and summer and w i n t e r   c o v e r   f o r   s m a l l  mammals about IO  years  

a f t e r   i n i t i a l   d i s t u r b a n c e .  

Thus, a t   s i t e s   t h a t   p r o v i d e   a r e a s   ( o f   v a r i o u s   s i z e s )   f o r   r e v e g e t a t i v e  

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

p rov ided  food  and  cover   fo r   passer ines  and smal l  mammals (p r imary   sh rub  

th i cke t   occupan ts )   were   na tu ra l l y   rep laced   abou t  IO y e a r s   a f t e r   c o m p l e t i o n  

o f  g r a v e l   r e m o v a l   a c t i v i t i e s .  

- 

No S i a n i f i c a n t  Chanae i n   V e a e t a t i v e   H a b i t a t s  

Con t ras ted   t o   l ong - te rm loss o f   h a b i t a t  and s h o r t - t e r m   a l t e r a t i o n   o f  

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

able  change i n   t h e   v e g e t a t i v e   s t r u c t u r e   o f   t h e   s t u d y   a r e a s .  

G r a v e l   m i n i n g   d i d   n o t   a f f e c t   v e g e t a t i o n   a t  5 of t h e  25 s t u d y   s i t e s ,  

e i t he r   because   o f   t he   d i s tu rbance   l oca t i on ,  or  t h e   f l o o d p l a i n   c h a r a c t e r -  

i s t i c s ,   o r   b o t h   ( T a b l e  28). A t  t w o   a d d i t i o n a l   s i t e s ,   t h e  Nome R i v e r  and 

K a v i k   R i v e r ,   o n l y   s l i g h t   r e d u c t i o n s   i n   v e g e t a t i v e   c o v e r   w e r e   o b s e r v e d .  

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

p l a i n s   w i t h   l a r g e -  and  medium-width  channels   f lowing  in   bra ided  pat terns.  A t  
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a l l   t h r e e   s i t e s   l a r g e   q u a n t i t i e s  of gravel   were  removed  by  shal low  scraping 

su r face   l aye rs   ove r  a b road  a rea .   Spec i f i cs   on   these  s i tes   a re :  

Study s i t e  Scraped  sur  face  area Q u a n t i t y   o f   g r a v e l  
removed 

l v i shak   R ive r  

Kuparuk  River 

Phelan  Creek 

Al though Phe 

f l o o d p l a i n ,  and t 

40 ha 

14 ha 

70 ha 

120,000 m 

42,000 m 
575,000 m 

3 

3 

3 

Ian  Creek was a wide  (approx imate ly  1,000 m)  unvegetated 

he l v i shak  and  Kuparuk R i v e r s   a l s o  had  extensive  unvege- 

t a t e d   g r a v e l   b a r s ,   t h e   l a t t e r  two s i t e s  also con ta ined  numerous i s l a n d s   w i t h  

dense ly   vege ta ted   sh rub   t h i cke t   s tands   (F igu re  7 1 ) .  A t  t he   l v i shak   R ive r  and 

F i g u r e  71. View of t h e   l v i s h a k   R i v e r   f l o o d p l a i n   l o o k i n g  
downstream  showing t y p i c a l   b r a i d e d   c h a n n e l   c h a r a c t e r i s t i c s  
w i t h   e x t e n s i v e   g r a v e l   b a r s , a n d   i s o l a t e d ,   v e g e t a t e d   i s l a n d s .  

Kuparuk   R ive r   s i t es ,   ope ra to rs   con fo rmed   the   con f igu ra t i on   o f   t he i r   g rave l  

remova l   a reas   to   avo id   the   vegeta ted   i s lands .  A t  the  Phelan  Creek  s i te,  

g rave l  was scraped  from a uni formly  shaped  and  cont iguous  area,  because  the 

f l o o d p l a i n  was e n t i r e l y   u n v e g e t a t e d   w i t h i n   t h e   w o r k   a r e a .  
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The best example o f  avoiding  disturbance  to  vegetated  areas on a mean- 

der ing or s inuous   r i ve r   occu r red   a t   t he   Shav iov i k   R ive r   s tudy   s i t e   (F igu re  

7 2 ) .  T h i s   r i v e r   f l o w e d   i n  a medium width,   s ingle  channel  and i n  a sinuous 

F igu re  72. View of   both  undisturbed  (background) and mined 
(foreground)  reaches of the  Shaviovik  River.   Note  that  
gravel   removal   mainta ined  natura l   po int   bar   contours and 
shapes and d i d   n o t   d i s t u r b   r i p a r i a n   v e g e t a t i v e  zones. 

con f igura t ion .   Wi th   these  charac ter is t i cs   the   f loodp la in   cons is ted   o f   b road 

(averaging  approximately 40 t o  50 m i n   w id th )   unvege ta ted   po in t  bars a t  

every   ins ide  bend  and  numerous unvegetated  lateral   bars  located  between 

point   bats.   Gravel   removal   consisted of  shal low  scraping on every  po int   bar  

and la te ra l   bar   over  a dis tance  o f   severa l   r iver   k i lometers.   Smal l  quan- 

t i t i e s  were taken  from each locat ion,  however, a t o t a l  of 116,000 m was 

removed, 

3 

The actual  scraping  of  unvegetated  gravel  deposits  throughout most 

of t he   Shav iov i k   R ive r   s i t e  was conducted i n  a manner t h a t  caused  minimal, 

or no b io log ica l   d is tu rbance.   Grave l   bars   were   sc raped  on ly   in   the i r  unvege- 

t a t e d   p o r t i o n s  and r i p a r i a n   s h r u b   t h i c k e t s  were  not  disturbed. Also, the 

min ing  operat ion  mainta ined  natura l   contours and  shapes  on gravel   bars and 
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d i d   n o t   m i n e   a d j a c e n t   t o   t h e   r i v e r .  Thus, the   Shav iov ik   R iver   has   ma in ta ined 

i t s   n a t u r a l   c h a n n e l  and c o n f i g u r a t i o n .  

FACTORS  AFFECTING  VEGETATIVE RECOVERY RATE 

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

have  been  discussed. The compos i t ion   o f   fauna l   communi t ies   us ing   d is tu rbed 

areas was d i r e c t l y   r e l a t e d   t o   t h e   h a b i t a t ,   t y p e s   a v a i l a b l e ,   t h u s ,  an  under- 

s tand ing   o f  how f a c t o r s   a t   t h e   s t u d y   s i t e s   i n f l u e n c e d   t h e   r a t e   o f   n a t u r a l  

vege ta t i ve   recove ry   war ran ts   f u r the r   d i scuss ion .   Overbu rden   p i l es ,  woody 

s lash ,  and debr i s ,  an abundant  seed  source,  and  displaced  organic  mats 

enhanced recovery   ra te ,   Hydrau l i c   s t ress   such  as   au fe is   deve lopment ,  perman- 

ent   ponding,   actua l   channel   sh i f ts ,  and inc reased   f l ood ing  impeded develop- 

ment. S o i l   c o n d i t i o n s  and  growing  season,  depending  upon s i t e   s p e c i f i c  

c h a r a c t e r i s t i c s ,   e i t h e r  enhanced o r  impeded vege ta t i ve   recove ry .  

Impediments 

Among t h e   f a c t o r s   b e l i e v e d   t o  be impeding  vegetat ive  recovery,   hydrau- 

l i c   s t r e s s   i n f l u e n c e d  most s i t e s  and  had  the  strongest  and  most  long-term 

e f f e c t .  These s t resses  resul ted  f rom  changes  induced  by  gravel   removal  

i n   f l o o d p l a i n   e l e v a t i o n s ,   d i m e n s i o n s ,  and c o n f i g u r a t i o n s .  They inc luded:  

0 Permanent o r  annual   f looding, 

Increased  f requency and d u r a t i o n  of  temporary  f looding,  

a Long- term  channel   changes  ( increased  bra id ing  and  channel   width  and 

dec reased   channe l   s tab i l i t y ) ,  and 

New or  increased  aufeis  development.  

The s p e c i f i c  known  causes for   these  induced  hydraul ic   changes  are 

p r e s e n t e d   i n   d e t a i l   i n  EFFECTS OF GRAVEL  REMOVAL ON RIVER HYDROLOGY  AND 

HYDRAULICS. In   genera l ,   they   most   f requent ly   resu l ted   because  s i tes   were  

e x c a v a t e d   t o o   d e e p l y   ( e x c l u d i n g   p i t   s i t e s )   w i t h o u t   m a i n t a i n i n g   b u f f e r s   o r  

stable  channel  banks,  or  because  the  gravel  removal  method  and  character- 

i s t i c s  were   no t   cor rec t   fo r   the   chosen  loca t ion .  
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A t  13 s i tes   t he   g rave l   remova l   me thod   l ed   t o   s ign i f i can t   hyd rau l i c  

changes t h a t   s e c o n d a r i l y  impeded t h e   v e g e t a t i v e   r e c o v e r y   r a t e   ( T a b l e  30). 

Permanent ly  ponded  water  and  aufeis  development  caused  the  most  s igni f icant 

impediment.  Permanently  ponded  water  occurred a t  t h o s e   s i t e s  where  the 

m i n i n g   p l a n   c a l l e d   f o r   e x c a v a t e d   p i t s ,   b u t   a l s o   a t   s i t e s  where  depressions 

were  scraped  below summer water   leve ls .  The l a t t e r   o c c u r r e d   a t   s i t e s   t h a t  

were d i r e c t l y   c o n n e c t e d   t o  an ac t i ve   channe l   ( J im   R ive r ) ;   a t   s i t es   t ha t   were  

n o t   d i r e c t l y   c o n n e c t e d   t o  an ac t ive   channe l   (Penny  R iver ) ;  and a t   s i t e s   t h a t  

were   o r ig ina l l y   no t   connected ,   bu t   where   g rave l   ex t rac t ion   caused an a c t i v e  

channel t o   r e r o u t e   t h r o u g h   t h e  deep depress ion  (Diet r ich  River-Downstream).  

- 

A u f e i s  impeded vege ta t i ve   recove ry  a t  four   s i tes  (Washington  Creek,  

Oregon  Creek, Midd le   Fork  Koyukuk  River-Downstream,  and  Jim R i v e r ) ,  a l l  o f  

wh ich   were   d i rec t l y   connected   to   ac t i ve   channe ls .   Au fe is   deve lopment  i s  

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

area  at  Washington  Creek and  Oregon  Creek  and  most l i k e l y   a f f e c t s  much of 

the   d i s tu rbed   a reas  a t  J im  R iver  and Midd le   Fork  Koyukuk  River-Downstream. 

Two addi t ional   factors   were  impediments  to   vegetat ive  recovery  under  

c e r t a i n   c o n d i t i o n s :   s o i l   c o n d i t i o n  and  length  o f   growing  season.   Vegetat ive 

recovery  was o c c u r r i n g   t o  some degree  under a w i d e   v a r i e t y   o f   s o i l   t y p e ,  

t e x t u r e ,   n u t r i e n t ,  and mo is tu re   l eve l s .   D i f f e rences   i n   t he   deg ree   o f   deve lop -  

ment  and t h e   s p e c i e s   c o m p o s i t i o n   r e f l e c t e d   t h e   w i d e   r a n g e   o f   x e r i c  and  mesic 

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

s i t e   r e g a r d l e s s  of i t s  age, o r i g i n a l   c o n d i t i o n ,   o r   f i n a l   c o n d i t i o n .  However, 

v e g e t a t i v e   i n v a s i o n  was r e s t r i c t e d  by very  compacted  sur face  layers  a t  

severa l   o f   the   more   recent   s i tes .  These  areas  most  f requent ly  were  associ-  

a ted   w i th   access   rou tes   ove r   g rave l   su r faces   l ead ing  t o  and  from  the  mined 

s i t e s .  A t  D i e t r i c h  River-Downstream,  heavy  equipment  compacted  the  flood- 

p l a i n   g r a v e l s   a p p r o x i m a t e l y  25 cm ad jacent   to   the   g rave l   remova l   a rea  

( F i g u r e  73). T h i s   s i t e  was v i s i t e d  3 yea rs   a f te r   comp le t i on  and v e g e t a t i o n  

had  no t   invaded  th is   access   road  a l though  the   un f looded  banks  of t he   ma te r i -  

a l   s i t e  were  support ing  p ioneer  communit ies.  

A n o t h e r   s o i l   c o n d i t i o n   w h i c h   r e s t r i c t e d   v e g e t a t i v e   d e v e l o p m e n t  13 years 

a f t e r   s i t e  work,   occurred  at   Oregon  Creek.  Inorganic  mater ia ls  were  scraped 
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Table 30. Quan t i  f i c a t  i o n  of Change i n   S e l e c t e d  Hydrology Parame 
Vegetat ive  Recovery  a t   Study  S i tesa 

t e r s  Which Were Impeding 

Study i i t e  - Age 
i n  years 

Hydrology  parameter 

B r a i d i n g   w i d t h   a r e a   a r e a   p o t e n t i a  I 
Channe I F 1 ooded  Ponded A u f e i s  

S inuk  River  - t0 

Washington Creek - I 3  

Oregon  Creek - 13 

Penny R ive r  - 1 1  

Nome R ive r  - 20 

10 
w P Ugnuravik  Creek - 7 

A u f e i s  Creek - 5 

Skeetercake Creek - I I  

9 

IO 

9 

10 

10 

IO 

I O  

8 

8 

IO 

8 

I O  

7 

8 

IO 

I O  

Sagavani rk tok  River  - 3 I O  8 IO - - 

D i e t r i c h  River-Downstream - 3 - - 7 7 - 
Midd le   Fork  Koyukuk R.-Upstream - 4 IO 7 9 8 - 
Midd le   Fork  Koyukuk  R.-Downstream - 2 8 9 IO 7 8 

J im  R iver  - 2 - IO 10 8 8 

a R e f e r   t o  EFFECTS OF GRAVEL REMOVAL ON RIVER HYDROLOGY AND HYDRAULICS f o r  e x p l a n a t i o n  of parameters and 
q u a n t i f i c a t i o n  of change  values. 



F i g u r e  73. Compacted 
l e a d i n g   t o   t h e   D i e t r  

f r o m   t h e   s i t e  and p l a c e d   i n  

a r e a   ( F i g u r e  74) .  P i l e s   o f  

s u r f a c e   g r a v e l s   i n  an access  road 
ch  River-Downstream  s i te.  

p i l es   a long   t he   no r the rn   boundary  of  the  mined 

h i s   m a t e r i a l   s u p p o r t e d   n o   g r o w t h ,   w h i l e   a d j a c e n t  

F i g u r e  74. Ino rgan ic   ove rbu rden   p i l ed   on   t he  edge o f  
the  Oregon  Creek s i t e   w h i c h   s u p p o r t e d  no v e g e t a t i o n  13 
y e a r s   a f t e r   g r a v e  I removal. 
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p i l e s   o f   o r g a n i c s ,   s i l t s  and sands  supported advanced seral   stage  shrub 

t h i c k e t s .  The undes i rab le   mater ia l  was o f  unknown substance,  but  appeared t o  

be a m ica - l i ke   ma te r ia l .  

The average  growing  season  varies  from  approximately 130 t o  150 days i n  

tho  Souther  Inter ior ,   f rom 100 t o  120 days on the Seward Peninsula, and 

from 75 t o  95 days  on  the  North  Slope  (Mitchel  personal  communication).  This 

f a c t o r  was b e l i e v e d   t o  be s t rong ly   i n f l uenc ing   t he   ra te .o f   vege ta t i ve   recov -  

e ry   a t   t he  two  most nor thern  s tudy  s i tes  (Ugnurav ik  and Kuparuk R i v e r s ) .  

B o t h   s i t e s  were on ly  6 km in land  f rom  the   Arc t i c  Ocean and a t   b o t h   s i t e s  

vegetat ive  recovery  in   nonf looded  areas was progress ing  very   s lowly  even 

when compared t o   s i m i l a r l y  aged Nor th  S lope  s i tes (7 and 9 years)   located 80 

t o  90 km inland. 

Enhancements 

Several  factors  were  found  to enhance vegeta t ive   recovery ,   the  most 

s igni f icant  of   which  appeared  to  be  the  presence of o r g a n i c   s o i l   w i t h  woody 

s lash  and debr is .   Th is   mater ia l  was most e f f e c t i v e  when p l a c e d   i n   p i l e s   t h a t  

were  h igher  than  f requent  f lood  levels,   or   broadcast  in  those  port ions  of  

t h e   d i s t u r b e d   s i t e   w h e r e - i t   w o u l d   n o t   g e t  washed downstream o r   f requen t l y  

f looded by h igh  water .  

Overburden p i l e s   o c c u r r e d   a t  I I  of   the  25 s tudy   s i tes ,  however, o n l y   a t  

t hose   s i t es  where t h i s  overburden  conta ined  organics  wi th   f ine  textured 

s o i l s   ( s i l t s  and sands) and woody s lash  and debr is,  was vegeta t ive   recovery  

most  enhanced. I n s t e a d   o f   b e i n g   p l a c e d   i n   p i l e s ,   t h i s   m a t e r i a l  was broadcast 

over   the  sur face  a t   two  addi t ional   s i tes  (Aufe is  Creek  and Middle  Fork 

Koyukuk  River-Downstream). A t  b o t h   s i t e s ,   t h i s   m a t e r i a l  was p laced  in   a reas  

where i t  was not   s t ressed by high  water leve ls .  A t  bo th   s i tes   these 2- t o  

4-ha areas  were  the f i r s t   t o   b e g i n   n a t u r a l   r e v e g e t a t i o n  and supported  the 

most d iverse and  most developed  communities.  Revegetation began t h e   f i r s t  

growing season fol lowing  complet ion  of   gravel   removal   at   both  s i tes.   Develop- 

ment o f  adven t i t i ous  stems was the  prime  method of revegeta t ion   by   w i l low 

(F igu re  75). 
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F i g u r e  75. Close-up o f  dense  and d i ve rse   vege ta t i ve   deve l -  
opment i n  an area   o f   sur face   b roadcas t   o f  woody s l a s h  
and  o rgan ics .   Note   the   w i l low  advent ' i t ious   s tem 
development. 

O t h e r   f a c t o r s   t h a t  enhanced  vegetat ive  recovery  were'   the  presence  of  

s i l t   d e p o s i t s ,  an abundant  seed  source,  and  the  deposit ion or grounding oy 

d isp laced  o rgan ic   vegeta t ive   mats .  

A t  severa l   s i tes  ( inc lud ing  Kavik   River ,   Skeetercake  Creek,   Kuparuk 

River ,   Sagavani rk tok  River ,   and  Diet r ich  River-Downstream)  the  deposi t ion o f  

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

the  development  of a pioneer  community  dominated by wet land  p lan ts   adapted  

t o  wet  and s i l t y   s o i l s .  These  areas  frequently  were  dominated  by  Carex spp., 

Juncus  spp.,  Eriophorum  spp.,  Equisetum  spp.,  and  Sal ix  spp.  (Figures 76 and 

7 7 ) .  T h e i r   s i r e  was h i g h l y   v a r i a b l e  and  dependen.t  upon r i v e r   c h a r a c t e r i s t i c s  

(suspended  load)  and s i t e   c h a r a c t e r i s t i c s   ( d i s t u r b e d   a r e a   p r o f i l e s  and 

shapes 1 .  

A t  severa l  of  the  permanent ly   ponded  s i tes ( J i m  River,  Prospect  Creek 

and West Fork  Tolovana  River)   the  development  of   herbaceous and woody p l a n t s  

was f o u n d   t o  be f requent ly   most   concent ra ted   a t  o l d  and  recent   h igh  water  
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F i g u r e  76. D is tant   v iew of a large s i l t   d e p o s i t i o n a l  
area at   the   Sagavan i rk tok   R iver   s tudy   s i te .  

F i g u r e  77. A s i l t   d e p o s i t i o n a l   a r e a  o f  the   Kav ik   R iver  
support ing a wel l -developed  p ioneer   vegetat ive  community. 
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l i n e s   ( F i g u r e  7 8 ) .  These water  bodies  concentrated  avai lable  seeds on t h e i r  

surfaces and then  deposited them al 'ong  the  shorel ine. 

F igu re  78. Close-up o f  .a concentrat ion  o f  willow seedl ings 
a t   t he   sho re l i ne   o f   t he  J i m  River  ponded area. 

The erosion, downstream t ranspor t ,  and subsequent depos i t ion   o f   la rge ,  

in tact   vegetated  organic   mats  a lso was found t o   i n i t i a t e   v e g e t a t i v e   r e c o v e r y .  

o f   gravel   mined  s i tes  (F igure 79). However, th is   p rocess  was no t   ove ra l l  

s i g n i f i c a n t  because i t  most o f ten   occur red  on a smal l   scale and was not  

widespread. I t  most f requen t l y   occu r red   i n   t he   l a rge r  more  dynamic r i v e r s .  

Most observat ions  o f  t h i s  occurrence  were  of-mats  that   were  bel ieved  to  have 

been deposi ted I or  2 y e a r s   p r i o r   t o   s i t e   v i s i t s .   I n   t h e   t y p e   o f   r i v e r  where 

they most frequently  occurred,  they  were  vulnerable t o  cont inued downstream 

movement dur ing  f loods. However, i n  a few locat ions  the  root   systems  o f  

woody species  had  penetrated  the  under ly ing  gravels and these  mats  appeared 

t o  be f i rmly   estab l   ished.  

FAUNAL COMMUNITY CHANGES AT GRAVEL  REMOVAL SITES 

T e r r e s t r i a l  fauna either  displayed  no  response  to  gravel  removal  opera- 

t i ons   o r   d i sp layed  one o f   f o u r   d i f f e r e n t   r e a c t i o n s  depending upon fauna 
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F i gure 
stream 
f loodp 

79. Vegetated  organic  mats  that  were washed down- 
and grounded dur ing  h igh  water on Too l i k   R ive r  

la in   g rave l   bars .  

type,  habi tat   preferences, and home range size. Most responses  were d i r e c t l y  

r e l a t e d   t o   t h e  removal   of   f loodplain  vegetat ion.  A response was recorded  a t  

19 of the 25 s tudy   s i t es   (Tab le  2 8 ) .  I n   a l l  cases  where  no d i f f e r e n c e s   i n  

p o p u l a t i o n s   ( p a r t i c u l a r l y   b i r d s  and small  mammals) were  recorded,  vegetation 

was e i t h e r   n o t  removed  (Kuparuk,  Ivishak, and Shaviov ik   Rivers and Phelan 

Creek)  or   only  very  sparse  vegetat ive  cover was removed  (Ugnuravik  River and 

Middle  Fork Koyukuk  River-Downstream). 

A t  those s i t e s  where s i g n i f i c a n t   q u a n t i t i e s   o f   f l o o d p l a i n   V e g e t a t i o n  

were removed, faunal   responses  bas ica l ly   cons is ted  o f   four   d i f ferent  

reac t i ons :  

e Populat ion  Reduct ions - passerines and smal l   mamals  responded  to 

the loss o f   vege ta t i ve   hab i ta t s .  

0 Populat ion  Increases - wate r   b i rds  and ground  squi r re ls   responded  to  

the  removal  of  heavy  vegetative  cover, and, in   the  case  o f   ground 

s q u i r r e l s ,  a l s o  to  the  presence  of   overburden  pi les.  
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a A l t e r e d   D . i s t r i b u t i o n  - o v e r w i n t e r i n g  moose and p t a r m i g a n   m o s t   l i k e l y  

r e s p o n d e d   t o   t h e   r e d u c t i o n   o f   f o o d  and  cover   hab i ta t   p rov ided  by  

f l o o d p l a i n   t h i c k e t s ,  by e i t h e r   i n c r e a s i n g   t h e i r   w i n t e r   r e l i a n c e  upon 

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

d i s t r i b u t i o n  and movement p a t t e r n s .  

No Apparent  Response - l a r g e  mammals (such as car ibou,   bears ,  and 

wo lves)  showed  no s i g n i f i c a n t   r e s p o n s e   t o   f l o o d p l a i n   a l t e r a t i o n s  

c rea ted   by   g rave l   remova l   opera t ions .  

PoDulat ion  Reduct ions 

A t  18 of  t h e  25 s t u d y   s i t e s   s i g n i f i c a n t   a r e a s   o f   v e g e t a t e d   h a b i t a t   w e r e  

removed p r i o r   t o   g r a v e l   m i n i n g .  These h a b i t a t s   u s u a l l y   w e r e  o f  advanced  or 

ma tu re   vege ta t i ve   s tages  and  were  dominated  by a d i v e r s e  and  abundant  passer- 

i n e  and smal l  mammal community i n  a l l  four   reg ions .   In   Southern  and Nor the rn  

I n t e r i o r   r e g i o n s   r e d   s q u i r r e l s   a l s o   w e r e   d o m i n a n t  members o f   these commu- 

n i t i e s   a t   s i t e s   t h a t   c o n t a i n e d   s t a n d s   o f   m a t u r e   s p r u c e ,  o r  mixed  spruce  and 

b i r c h .  

common r e d p o l l s ,  and  ye l low 

es t , ima ted ,   a t   s i t es   w i th   ex  

many as 50 i n d i v i d u a l   b i r d s  

mate ly  3.5 ha  (Penny R i v e r )  

On the   Nor th   S lope and  Seward  Peninsula,   the  passer ine 'populat ions 

i n h a b i t i n g   r i p a r i a n   s h r u b   t h i c k e t s  most f requent ly   were   dominated   by   ye l low 

warb lers ,   Wi lson 's   warb lers ,   orange-crowned  warb lers ,   whi te-crowned  spar-  

rows,  fox  sparrows,  t ree  sparrows,  gray-cheeked  thrush,  American  robins,  

t a i l s .   A l t h o u g h   p o p u l a t i o n  sizes were  not 

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

o f  13 spec ies   were   p resent   in  an a rea   o f   app rox i -  

. In  Southern   and  Nor thern   In te r io r   s i t .es ,  many 

were  jo ined  by  ye l low-rymped  warb lers ,   gray  jays,  o f   t h e  above  passer ines 

black-capped  chickadees , dark-eyed  juncos,   and  a lder   f lycatchers.  

A t  many s i t e s   s m a l l  mammals a l s o  were common t o  abundant i n   h e a v i l y  

vege ta ted   hab i ta t s .   Tundra   vo les   were   t he   mos t   f requen t l y   cap tu red   spec ies ,  

a n d   w e r e   r e c o r d e d   i n   a l l   f o u r   r e g i o n s .  They  were  captured  in  a w i d e   v a r i e t y  

o f  v e g e t a t e d   h a b i t a t s  and  appeared t o  be  more t o l e r a n t   t h a n   o t h e r   s m a l l  

mammals o f   t h e   l o w - l y i n g   h a b i t a t s   w h i c h   f r e q u e n t l y   c o n t a i n e d   w a t e r   s a t u r a t e d  
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s o i l s .   S i n g i n g   v o l e s  and  red-backed  voles  a lso  were commonly c a p t u r e d   i n   a l l  

reg ions .   Most   s ing ing   vo les   were   cap tured   in   hab i ta ts   tha t   were   more   removed 

f r o m   t h e   a c t i v e   p o r t i o n s   o f   t h e   f l o o d p l a i n s ,   w h i l e   r e d - b a c k e d   v o l e s   w e r e  

most  abundant i n   t h e   m a t u r e   s p r u c e - b i r c h   f o r e s t  of t h e   I n t e r i o r   s i t e s .  

The  most impor tan t   aspec t   o f   c lear ing   advanced and  mature  shrub  th ick-  

e t s  and spruce-b i rch   s tands  was the   loss   o f   feed ing ,   nes t ing ,   and  cover  

h a b i t a t s   f o r   p a s s e r i . n e s  and sma l l  mammals. No smal l  mammals were  observed  or  

c a p t u r e d   i n   u n v e g e t a t e d   o r   s p a r s e l y   v e g e t a t e d   p o r t i o n s   o f   d i ' s t u r b e d   a r e a s   a t  

any o f   t h e  25 s t u d y   s i t e s .  Also,  p a s s e r i n e s   d i s p l a y e d   n o   d i r e c t   a s s o c i a t i o n  

wi th   these  areas,   and  on ly   were  observed  on a few  occas ions.   feeding  or  

d r i n k i n g   i n   t h e s e   h a b i t a t s .  As i d e n t i f i e d   i n   p r e v i o u s   s e c t i o n s ,   c h a r a c t e r -  

i s t i c s  o f  the  gravel   removal   operat ion5  and  subsequent   hydraul ic   changes 

most f r e q u e n t l y   r e s u l t e d   i n   l o n g - t e r m   l o s s   o f   t e r r e s t r i a l   h a b i t a t s .  Thus, 

t h e  loca l  passer ine  and smal l  mammal p o p u l a t i o n s ,   p r i m a r i l y   a t   t h e   l a r g e r  

s i t e s ,  most l i k e l y   w e r e   s i g n i f i c a n t l y   r e d u c e d  as a r e s u l t  of lost  h a b i t a t .  

Popu la t i on   I nc reases  

A t  some s i t e s   t h e   g r a v e l   r e m o v a l   o p e r a t i o n   c r e a t e d   h a b i t a t s   t h a t   w e r e  

more d e s i r a b l e   t o  some s p e c i e s   t h a n   p r e d i s t u r b a n c e   h a b i t a t   c o n d i t i o n s .  

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

and t e r n s )   i n c r e a s e d   w i t h i n   t h e   d i s t u r b e d   a r e a   a t  12 s i t e s   ( T a b l e  2 8 ) .  These 

s i t es   i nc luded   those   where   m in ing   resu l ted   i n   pe rmanen t l y   ponded   a reas   ( such  

as J i m  R ive r ,  West Fork   To lovana  R iver ,   o r  Tanana River-Upstream)  and  where 

mining  removed  dense  vegetat ion  creat ing  ponded  water  or   backwater  areas 

and/or mud f l a t  and g r a v e l   b a r   h a b i t a t s  (Penny  River  and  Aufeis  Creek).  

These h a b i t a t s   p r o v i d e d   t h e   p r e f e r r e d   f e e d i n g  and n e s t i n g   a r e a s   f o r   t h e s e  

b i r d s .  

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

adjacent  upstream  and  downstream  f loodplain was heav i l y   vege ta ted ,   and   t he  

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

i m m e d i a t e   f l o o d p l a i n   v i c i n i t y   ( P e n n y   R i v e r ,  West Fork  Tolovana  River,   and 

Tanana R ive r -Ups t ream) .   B i rds   t ha t   were   mos t   f requen t l y   assoc ia ted   w i th  

g rave l  and mud f l a t   h a b i t a t s   i n   m a t e r i a l   s i t e s   i n c l u d e d   s e m i p a l m a t e d  

25 I 



p love rs ,   A rc t i c   t e rns ,   wes te rn   sandp ipe rs ,   ruddy   t u rns tones ,   spo t ted  sand- 

p ipers,   g laucous  gu l ls ,   nor thern  phalaropes,   and  semipalmated  sandpipers.  A t  

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

t he   d i s tu rbed   a reas   suppor ted   abundan t   sho reb i rd   popu la t i ons .  A t  t h e  Penny 

R i v e r ,   5 6   i n d i v i d u a l s   o f  8 s p e c i e s   o f   w a t e r   b i r d s   w e r e   u s i n g   t h e  15-ha mined 

s i t e   d u r i n g   t h e   n e s t i n g  season, w h i l e   a t   A u f e i s  Creek 100 i n d i v i d u a l s  of I 3  

spec ies  o f  w a t e r   b i r d s   w e r e   p r e s e n t   w i t h i n   t h e   s i t e   d u r i n g   t h e   p o s t - n e s t i n g  

pe r iod .  A t  b o t h   s t u d y   s i t e s ,   t h e s e  numbers  were a seve ra l   f ac to r   i nc rease  

ove r   t he  numbers o f   i n d i v i d u a l s  and s p e c i e s   p r e s e n t   i n   t h e   u n d i s t u r b e d  

reaches   o f   t hese   f l oodp la ins .  

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

(most   f requent ly   green-winged  tea l ,   mal lard,   red-breasted  merganser ,   p in-  

t a i l ,   b u f f l e h e a d ,  and Barrow's  goldeneye).  Tree,  violet-green,  and  bank 

swa l l ows ,   A rc t i c   t e rns ,  mew g u l l s ,  and h e r r i n g   g u l l s   a l s o   w e r e   f r e q u e n t l y  

o b s e r v e d   f e e d i n g   i n   t h e s e   p i t s .  

A t  seven s i t e s   g r o u n d   s q u i r r e l s   w e r e   f o u n d   t o  be  more  abundant w i t h i n  

the   d i s tu rbed   a reas   t han   w i th in   ad jacen t   und is tu rbed   zones   (Tab le  2 8 ) .  A t  

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

o v e r b u r d e n   p i l e s   l o c a t e d   w i t h i n   o r   a t   t h e  edge o f   t h e   m a t e r i a l   s i t e s .  These 

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

a v a i l a b l e   f o o d   s o u r c e   ( t h r o u g h   v e g e t a t i v e   d e v e l o p m e n t )   w i t h i n   t h e   m i n e d  

s - i t e .  A t  severa l   s i tes  (Washington  Creek,  Penny River,   and  Skeetercake 

C r e e k )   t h e   o n l y   g r o u n d   s q u i r r e l s   o b s e r v e d   w e r e   i n   t h e   m i n e d   s i t e .  

I n   a d d i t i o n ,   a t  West Fork  Tolovana  River ,  Tanana  River-Downstream,  and 

Tanana  River-Upstream,  beaver  were  act ively  using  the  ponded  waters  in  these 

p i t s .   M u s k r a t   a l s o   w e r e   e n c o u n t e r e d   a t   t h e  Tanana  River-Upstream p i t .  

A I  t e r e d   D i s t r i b u t i o n  

Moose and p ta rm igan   concen t ra te  many o f  t h e i r   w i n t e r   a c t i v i t i e s   i n  

dense f l o o d p l a i n   t h i c k e t s .   E v i d e n c e   o f   t h e i r   p a s t   p r e s e n c e  was r e c o r d e d   a t  

most s i t e s  and i n   a l l   f o u r   r e g i o n s .  These  animals  normal ly move th roughout  

large  areas,   hence  the  loca l ized  removal   o f   vegetated  habi ta t  was no t  be- 
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I i e v e d   t o  have s i g n i f i c a n t l y   a f f e c t e d   t h e i r   p o p u l a t i o n   l e v e l s .  However, a t  

s i t e s  where  large  areas  o f   vegetat i 'on  were  removed  ( inc lud ing  Diet r ich 

River-Upstream,  Sinuk  River,  Sagavanirktok  River, Penny R iver ,  and  Jim 

R i v e r )   t h e  105s o f   h a b i t a t  may i n f l u e n c e   t h e   w i n t e r   d i s t r i b u t i o n  and move- 

ment pa t te rns   o f   these  an ima ls .  

No Apparent  Response 

Mammals tha t   have  la rge  home ranges  ( inc lud ing   bears ,   car ibou,   wo lves ,  

and foxes )   genera l l y   d i sp layed   no   apparen t   a t t rac t i on   t o   o r   avo idance   o f   t he  

d i s t u r b e d   f l o o d p l a i n   a r e a s .  Hence, t h e   o n l y   a p p a r e n t   e f f e c t s   o f   g r a v e l  

removal   on  these  an imals   would  be  those  assoc iated  wi th   reducing  the i r   cover  

and  food  suppl ies  (vegetat ion,   sm'al l  mammals, passer ines,   and  f ish)  or 

i nc reas ing   t he i r   cove r  and  food  supp l ies   (water   b i rds ,   g round  squ i r re ls ,  and 

f i s h ) .  

An e x c e p t i o n   t o   t h i s   p a t t e r n  was reco rded   a t  a few o f   t h e   s i t e s   l o c a t e d  

a l o n g   t h e   T r a n s - A l a s k a   P i p e l i n e   c o r r i d o r .  A t  t h e s e   s i t e s   ( J i m   R i v e r ,  

D i e t r i c h  River-Upstream, West Fork  Tolovana  River,  and  Middle  Fork  Koyukuk 

River-Downstream)  individual  bears  and  wolves  have become a t t r a c t e d   t o   t h e s e  

areas  by  assoc iat ing them wi th   d iscarded  food  and  garbage.  

FACTORS  AFFECTING RECOVERY RATE OF  FAUNAL  COMMUNITIES 

For   spec ies whose populat ions  were  reduced as a r e s u l t   o f   g r a v e l   m i n -  

i n g ,   s p e c i f i c a l l y   p a s s e r i n e s  and s m a l l  mammals, t h e   r a t e   a t   w h i c h   t h e y  began 

t o   r e c o l o n i z e   d i s t u r b e d   a r e a s  was d i r e c t l y   r e l a t e d   t o   r e d e v e l o p m e n t  of vege- 

t a t i v e   h a b i t a t s .   V e g e t a t i v e   r e c o v e r y  was most d i r e c t l y   i n f l u e n c e d   b y   h y d r a u -  

l i c  parameters  as  d iscussed  in   prev ious  sect ions.  

A t  s i t e s   t h a t   w e r e   o f   s u f f i c i e n t  age  and c o n t a i n e d   s u f f i c i e n t   v e g e t a -  

t i v e   r e c o v e r y ,   p a s s e r i n e s   d i d   n o t   b e g i n   t o   a g a i n  use   the   d is tu rbed  a reas  as 

n e s t i n g  and f e e d i n g   h a b i t a t   u n t i l   s h r u b   t h i c k e t s   o f  an i n te rmed ia te   s tage  

w i t h   d e n s i t i e s   a p p r o a c h i n g  200 t o  300 stems  per 0.004 ha  and 1.0 t o  1.5 m i n  

he igh t   were   p resen t .   I n   add i t i on ,   sma l l  mammals d i d   n o t   b e g i n   t o  use  vege- 

ta ted   a reas   as   p r imary   hab i ta t s   un t i l   t he   g round   cove r   deve loped   to  a m u l t i -  

l a y e r e d   c o v e r   w i t h   d e n s i t i e s   o f   a t   l e a s t  60 t o  70 percent   sur face  coverage.  
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As s t a t e d   i n   d i s c u s s i o n s   o f   v e g e t a t i v e   r e c o v e r y ,  some s i t e s  began t o  

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

mate ly  IO  y e a r s   a f t e r   d i s t u r b a n c e .   M o s t   f r e q u e n t l y   t h i s   o c c u r r e d   i n   o v e r -  

b u r d e n   p i l e s .  A t  four   s i tes   (S inuk   R iver ,   Wash ing ton   Creek ,  Penny R ive r ,  and 

K a v i k   R i v e r ) ,   t h e   o n l y   s i g n i f i c a n t   u s e   o f   t h e   d i s t u r b e d   a r e a  by  passer ines 

and smal l  mammals occu r red   a t   t he   ove rbu rden   p i l es   even   t hough   these   s i t es  

averaged  over I O  y e a r s   i n  age.  Thus, a t   s i t e s  where  gravel   removal   created a 

s i t e   s u b j e c t   t o   f r e q u e n t   h y d r a u l i c   s t r e s s e s ,   o v e r b u r d e n   p i l e s   n o t  only 
p r o v i d e d   a r e a s   f o r   r a p i d   v e g e t a t i v e   r e c o v e r y ,   b u t   f r e q u e n t l y   p r o v i d e d   t h e  

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

mammals. A l l  v e g e t a t e d   o v e r b u r d e n   p i l e s   w e r e   f o u n d   t o   b e   o f   s u f f i c i e n t  

s i z e   t o   s u p p o r t   a t   l e a s t  one p a i r   o f   n e s t i n g   p a s s e r i n e s  and  one r e s i d e n t  

s m a l l  mammal. The smal les t   Overburden  p i le   sampled  was approx imate ly  9 m x 

15 m, w h i l e   t h e   l a r g e s t  was approx imate ly  15 m x 100 m. As was a n t i c i p a t e d ,  

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

PERMANENTLY  PONDED S I T E S  

Many g r a v e l   r e m o v a l   o p e r a t i o n s   r e s u l t e d   i n  5 I gn i f i can t   l ong - te rm loss 

and r e d u c t i o n s   i n   v e g e t a t i v e   h a b i t a t s  and assoc ia ted   passe r ine  and smal l  

mammal p o p u l a t i o n s .  However,  one grave l   remova l   method  f requent ly   led   to  an 

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

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

a l s o   f r e q u e n t l y   l e d   t o   i n c r e a s e d   f a u n a   d i v e r s i t y .   T h i s   m e t h o d   c r e a t e d  perman- 

e n t   a q u a t i c   h a b i t a t   e i t h e r   b y   e x c a v a t i n g  a p i t   s e p a r a t e d   f r o m   t h e   a c t i v e  

f l o o d p l a i n   o r  by   sc rap ing  a deep d e p r e s s i o n   a d j a c e n t   t o  an a c t i v e   c h a n n e l .  

E i g h t   s i t e s   p r o v i d e d   t h i s   l a c u s t r i n e   h a b i t a t .   ( N o t e :   t h e   K a v i k   R i v e r  and 

U g n u r a v i k   R i v e r   p i t s   w e r e   n o t   c o n s i d e r e d   i n   t h i s   e v a l u a t i o n ;   t h e   K a v i k   R i v e r  

I 

p i t  

sma 

31 1 

h i g  

had f i l l e d   i n   p r i o r   t o   t h e   s i t e   v i s i t  and t h e   U g n u r a v i k   p i t  was very  

I ( I O  t o  15 m i n   d i a m e t e r )  and p r imar i l y   cove red   w i th   ma in   channe l   f l ow . )  

S e v e r a l   p a r a m e t e r s   a t   p i t   s i t e s   w e r e   q u a l i t a t i v e l y   e v a l u a t e d   ( T a b l e  

Increased  fauna  use was assoc ia ted   w i th   t hose   ponded   wa te rs   t ha t   had  

b o r d e r   c o v e r ,   i r r e g u l a r   p i t  shape, vege ta ted   o r   g rave led   i s l ands ,   h igh  

f o o d   a v a i l a b i l i t y ,  and a d i v e r s i t y   o f   w a t e r   d e p t h s .  Also, p i t   s i z e  appar- 

e n t l y  was a l i m i t i n g   f a c t o r ,   b e c a u s e   b o t h  Penny R ive r  and  Prospect  Creek 
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Tabte 31. Q u a l i t a t l v e   E v a l u a t l o n  of H a b i t a t   Q u a l l t y  and  Fauna Use a t  Permanently Ponded Gravel Removal S i tes  

S i t e  

Rank by D e t r i t a l  
h a b i t a t   v a l p  P i t  Border P i t  I s  I ands Mater Food organics Fauna 
I d i v e r s i t y )  Age s i r e  tower shape present depth avai  lab i  I i t y  present use 

Tanana River-Upstrean I 

Dletr ich Rlvw-Downstream 4 

13 yrs 7.5  ha High L Very Vegetated  Diverse  Abundant L Migh V e r y  h igh  
d iverse  & d i  verse dtverse  Irregu-  grave1 

l a r  & 
d iverse  

3 y r s  6.5 h8 Low I r regu- None Sbal low Abundant High Medium 
I ar benthos  water  birds 

W%sl Fwk Tolovnna  River 2 3 yrs 4.5 ha h d l m  & Irregu- Gravel   Diverse Abundant & High  High & 
d i ve rse   t a r   d i ve rse   d i ve rse  

Tanana River-Downstrean 

Jim River  

D i e t r l c h  River-Upstream 

Prorpec t Creek 

Penny R iver  

8 4 yrs 4.25 ha Medium Regular Mone Very Low 
but L o w  deep 
q u a l i t y  

Very  Very low 
laW 

3 2 y r s  4.1 ha Medium & Irregu- None Shal Iwv Abundant L HIgh High 
d iverse  l8r d i verse  water  b i rds 

7 2 yrs I .8 ha LaW Regu bar None Deep Very l o w  Very Very I o w  
lovl 

6 2 yrs 1.0 ha Medium L Regular None Shsl low Abimdant & High Lovr 
d i verse d iverse  

5 It yrs 0.6 ha cow Regu I a r  None Shallow Abundant & High Low 
d I verse 

"A sub jec t ive   eva lua t ion  and r e l a t l v e  ranki.ng of o v d r a l l   h a b i t a t   q u a l i t y  based upon habitat  parameters of border   cover ,   p i t  shape, presence of 
water  depth, food avai   labi  I I t y ,  and  presence of d e t r i t a l  organics. 



appeared t o   p r o v i d e   a d e q u a t e   h a b i t a t   w i t h   s u f f i c i e n t   f o o d   s u p p l i e s   b u t   b o t h  

r e c e i v e d  low  fauna  use.  They  were  both 1.0 ha or l e s s   i n   s i z e .  

The Tanana  River-Upstream p i t ,   w h i c h  was 13 years   o ld ,   p rov ided  the  

most d e s i r a b l e   l a c u s t r i n e   h a b i t a t .   T h i s  7.5-ha p i t  had a v e r y   i r r e g u l a r  

s h o r e l i n e   w i t h  heavy  vegetat ive  cover ;   conta ined  numerous  shrub- th icket  

v e g e t a t e d   i s l a n d s   i n  i t s  s o u t h e r n   h a l f   ( u p p e r   p i t )  and g r a v e l e d   i s l a n d s   i n  

i t s   n o r t h e r n   h a l f   ( l o w e r   p i t ) ;   h a d  an  abundant  food  supply  dominated  by  f ish 

and macro inver tebra tes ;  and  had a v a r i e t y   o f  deep and shal low  water  zones 

( F i g u r e  80). D u r i n g   t h e   s i t e   v i s i t  147 i n d i v i d u a l   b i r d s   o f  39 species  were 

F i g u r e  80. Tanana  River-Upstream  showing  shorel ine  d iver-  
s i t y  and vega ta t i ve   deve lopmen t   i n   t he   upper   p i t .  

r e c o r d e d   i n   t h e   e n t i r e   s t u d y   a r e a  and fou r   i nd i v idua l   beaver ,   a t   l eas t   two  

muskrats, and t h r e e  moose were   observed  us ing   the   p i ts .  The av i fauna  observ-  

ed w e  i d e n t i f i e d   i n   T a b l e  32. 

The West F o r k   T o l o v a n a   R i v e r   p i t  was smal ler   (4 .5  ha)   and  not  as o l d  ( 3  

years )   bu t   o the rw ise  was s i m i l a r   t o   t h e  Tanana  River-Upstream p i t .   A v i f a u n a  

o b s e r v e d   a t   t h i s   s i t e   a r e   i d e n t i f i e d   i n   T a b l e  33. Due t o   t h e  young age and 

sparse   vegeta t ive   cover ,   the   av i fauna  in   the   d is tu rbed  a rea   inc luded few 
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Table 32. B i r d  Observations by Mabitat Type Withln the Control and Oisturbed &eas a t  Tanan& River-Upstream 3-7 June, 1978. 
-era lnd lcate Yinllaun lnd lv iduals  K n m   t o  Occur i n  Each Habitat Type. 

Control 
Mature  spruce 

rn I xed & 1 d w u r  
Intwmdiate-aged 0.Clduoua w ~ n p  lntermdlate-aged Car.x wetland Bare g r a v e l l  Early ui I lavl Ponded water i n   p i t s  

herbaceous 

Disturbed Gravel  rarmval  area 

mi xed dec 1 duous mud f l a t  

Gray Jar t31 Ye1 ic)r wb4.r 151 

Ya 1 l0w-r mped Oark-eyed junco 121 
warbler 131 
A l d e r  f lycatcher 131 Fox s p a r r w  121 
Oart-eyed Junco 121 Gray-&@eked thrush 
C-n raven I I1 

Black-cspped 
tL1  

ch Ickadea I I1 
k w r i c a n   r o b l n  L I I  
Ptarmigan ( 1 1  

Narthem waterthrush t2) Yellow warbler ( 4 )  

Beltad k t n g f i a h w  I I I  Gray-cheeked 

Ye1 lar - rmped 
thrush 121 

warbler IIL 
-n f l  Icker 
( I1  
Dark-eyod Junco 

P ta rdgan  I I I 
t l 1  

Rusty b lackb l rd  
121 

piper (21 
Spotted sand- 

Lesser ye I I OYI legs 
1Il 
m I t @"owned 
sparrow ( 1 )  
Savannah sparrcrr 
t I I  
Cararrn snip. 1 1 1  

Herr ing  gu l I  161 

Ilm g u l I  14) 

A r c t i c   t e r n  121 
Semipalmated 
plover 12) 

piper  12) 
Spot  tad ssnd- 

lesser  ye1 larlegs 

Baid oagla t I 1  
( 1 1  

Amr i can go I den 
plover t I I 

Wh I t e-crwned 
sparrar (21 

Tree w a t l a r  4101 

h e r i c a n   r o b i n  ( 1  1 Bsrrorr's goldeneye 101 

Savannah s p a r r w   H e r r l n g   g u l l  181 
1 I 1  Bank swal L o w  (81 

piper  1 1 1  
Spotted sand- Violet-green s w a l l w  (61 

Buff lehead 45) 
Mew gu l l  141 
Lesser yet lowlegs 13) 
Canada goose ( 2 1  
Rebbreasted merganser 121 
A r c t l c   t e r n  I21 
Smipalmoted  plover (21 
tlorthern  phalarope 12) 
Spotted  sandpiper (21 
6 r e e w i n g e d   t e a l  (21 
AmtKIcan golden  plover ( 1 )  

Western  sandpiper I I 1  
Bald eagle I I )  

Bel ted  k ingf isher  I I )  
Pinta4 1 1 I I 
Greater  scaup I I 1  
b l l a r d  I I  I 

Totals 5 1191 7 1131 2 13) 6 1101 6 181 8 1211 4 151 22 175) 



Table 33. Bi rd   Observa t ions  by Habitat Type Wi th in  the Control  and D ls tu rbed   S ta t i ons   a t  West Fork  Tolovana R i v e r  9-11 June, 1976. 
Humbers Ind i ca te  Total  l n d l v i d u a t s   X n w n  t o  Occur i n  Each Hab i ta t  Type. 

Control Gravel removal  area 

Mature  spruce/  Riparian  shrub/  Intermediate-aged 
dec 1 duous 

Rlver  shore-  Bare  gravel F I ooded area 
is lands  and of p i t  

Inc i sed bank 
o t  p i t  

water surface s p i t s  
backwater slough dec i duous I Ine 80d 

Gray jay  441 Spotted  sandpiper L41 

Dark-eyed junco (41 Northern  water- 

8 I ack-capped Fox sparrow 131 
chickadee 131 
Alder I l yca tche r  (3) Rusty b lackb i rd  ( 3 )  

th rush  I41 

111 
OD 

td Hermit  thrush 121 Yel  laulegs ( 2 1  

Varied  thrush 121 Yetlcur warbler [ I I  
American r o b i n  (21 

C-n r a v i n  (21 

C m n  f I icker 12) 
American kestrel ( 1 1  

Dark-eyed junco t31 

Wilson’s  warbler 
(31 
6 lack-capped 
ch i ckadee ( 3 I 
Alder f t yca tchw 
(21 
Wh i t e-crowned 

American r o b i n  121 
sparrow (21 

Yettcur warbler l i b  

Hermit   thrush 1 1 )  

Spotted sand- Buff lehead I131 
p ipe r  121 
Canada geese Spotted sand- 

Red-breasted  Semipalmated 
merganser t 1 I p  tover (21 

Green-winged 

Mal l a r d  (21 
teal 12) 

(21 piper.  ( 4 )  

Canada geese 121 
Mew gull (21 

Comnon go1 den- 
eye [ I I 
Red-breasted 
merganser 1 1 

Buf f  lehead ( 141 Bank swal l o w  

Bank swal I w  
(51 
8onapart ’s gul  I 
I31 

151 

M e w  gul I 131 

Canada geese L21 

Mal ta rd  12)  
Green-winged 
teal  (21 
C m n  go I den- 
eye I I I 
Red-breasted 
merganser t I I 

Tota ls  
I O  ( 2 5 )  6 I t 7 1  8 1171 3 [ S t  9 1291 9 -1351 I 15) 



passer ines .  However, vege ta t i ve   recove ry   had  become w e l l   e s t a b l i s h e d  on  the 

g rave l   i s l ands   and   sho re l i ne  and i t  i s   b e l i e v e d   t h i s   s i t e  w i l l  soon  prov ide 

the  same q u a l i t y  o f  h a b i t a t  as t he  Tanana  River-Upstream. One c o l o n y   o f  

beaver a l s o  were  us ing  the West F o r k   T o l o v a n a   R i v e r   p i t .  

P e r m a n e n t l y   p o n d e d   m a t e r i a l   s i t e s   o f   s u f f i c i e n t   s i z e   ( a t   l e a s t   l a r g e r  

than I t o  2 ha)  w i l l  p r o v i d e  a h i g h   q u a l i t y   h a b i t a t   i f   t h e y   h a v e :  

a A d i v e r s i t y   o f   s h o r e 1   i n e   c o n f i g u r a t i o n  and  water  depth, 

0 Dense border   cover ,  

a I s lands   o r   pen insu las   o r   bo th ,   and 

An abundant f i s h  and macro inve r teb ra te   f ood   supp ly .  

S I M I L A R I T I E S  OF RESPONSE BETWEEN BIOTIC AND STUDY SITE PARAMETERS 

A c o m p u t e r   a n a l y s i s   f o r   s i m i l a r i t i e s  i n  response   be tween   te r res t r i a l  

b i o t i c   p a r a m e t e r s  a n d   s t u d y   s i t e   c h a r a c t e r i s t i c s  was conducted  (TabI-e 34) .  

Ten b i o t i c   p a r a m e t e r s   w e r e   s e l e c t e d   f o r   a n a l y s i s .  The ana lys is   demonst ra ted  

tha t   responses  of  b i o t i c   p a r a m e t e r s   c o u l d  be c a t e g o r i z e d   i n t o   t h r e e   g r o u p s .  

Each  parameter w i t h i n  each  group  d isp layed a s i m i . I a r   r e a c t i o n   t o   s p e c i f i c  

gravel   removal   operat ions.  When compar ing   t he   responses   o f   t he   b io t i c  param- 

e t e r   g r o u p s   f o r   a l l  25 s i t e s ,  5 s i te   response  combina t ions   were   found  (Tab le  

3 4 ) .  A f t e r   t h e s e   a n a l y s e s ,   t h e   m a t e r i a l   s i t e   c h a r a c t e r i s t i c s   w e r e  compared 

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

B i o t i c   P a r a m e t e r s  

The b i o t i c   p a r a m e t e r s   r e a c t e d   i n   t h r e e   g r o u p s  of s i m i l a r   r e s p o n s e  to 

gravel  removal  induced  changes,  Group I i nc luded   passe r ines ,   sh rub   t h i cke  

moose h a b i t a t ,  and  p tarmigan  habi ta t ;   Group I I i n c l u d e d   s o i l   n u t r i e n t s ,  

ground  squi r re ls ,   ear ly   shrub  communi t ies,   and  smal l  mammals; and  Group I 

i n c l u d e d   s o i l   t e x t u r e   a n d   w a t e r   b i r d s .  



Table 34. Two Way Coincidence  Table  Displaying a Hierarch isa l   C lus ter lng  
o f  S i m i l a r   S i t e s  and S i m i l a r   B i o t i c  Parameters 

Biot ic   parameters 
Group I Group I I Group I I I 

Shaviovik R 
Pheian Ck 
Ugnursv i k R 
Kuparuk R 
lv ishak R 

Nome R 
D i e t r i c h  R-OS 

M.F. Koyukuk R-DS 
A 

Kavik R * + - 
McManus Ck + B 

Tanana R-DS + =  + + 
M.F. KOyUkUk R-OS - L  + +  + 

Oregon -Ck + 
D i e t r l c h  R-US "" " + 
W.F. Tolovana R = = = = I + *  C 
Sagavanirktok R * - * - " + +  
J i m  R = = = x  - =  * *  
Prospect Ck " - =  " + 

Aufe is  Ck " P I  + * 
Tanana R-US " = -  - +  + +  0 
Penny R * " a =  + + +  + *  

Gold Run Ck "" * a  + 
Washington Ck " = =  + + -  * E 
Sinuk R = = = x  + 
Skeetercake Ck "" * +  

+ -  

Symbols  used f o r   c m p u t o r   a n a l y s i s  were  adaptod from q u a n t i f i c a t i o n  
o f  change r a t i n g s   ( T a b l e  T-I )  qs follows: I0.L) equals =; (2.31 equals 
-; 14,5,61 equals b; (7,81 equals +; and ( 9 , t O )  equals *. Note: a l l  b ' s  
(no  rosponse OT wonk rosponrel  were e l im ina tod  from t h i s   t a b l e   t o   r m v e  
c l u t t e r .  

Responcroa by group woro: 
A - e s s e n t i a l l y   n o  responcre. 
B - minor decreases i n   b i o t i c  parameter Group I; minor  increases  in 
b i o t i c   p e r m e t o r  Groups I I  and 1 1 1 .  
C - s i g n i f i c a n t  decrease i n   b i o t i c  Group I; minor  decrease i n   b i o t i c  
Group II; l n c r e a s o   i n   b i o t i c  Group 1 1 1 .  
0 - s i g n i f i c a n t  decrease i n   b i o t i c  Group I; i n c r e a s e   i n   b i o t i c  Group 
I I ;  s i g n i f i c a n t   i n c r e a s e   i n   b i o t i c  Group 1 1 1 .  
E - decrease I n   b i o t i c  Group I; i nc rease   i n   b lo t i c  Groups I I  and 1 1 1 .  
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In  general ,   Group I parameters  e i ther ;  showed  no  response,  or  displayed 

a s ign i f i can t   dec rease   resu l t i ng   f rom  g rave l   remova l   i nduced   changes .   Th i s  

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

wh ich   passer ines ,  moose, and  p tarmigan  used  as  pr imary  habi ta t .  

Group I I  pa ramete rs   d i sp layed   no   response   a t   s i t es   where   vege ta t i ve  

h a b i t a t s   w e r e   n o t   d i s t u r b e d .  However, a l l   p a r a m e t e r s   e x c e p t   s o i l   n u t r i e n t s  

d e c r e a s e d   a t   s i t e s   t h a t   w e r e   s u b j e c t e d   t o  permanent o r   f r e q u e n t   h y d r a u l i c  

s t resses   (au fe i s ,   pond ing ,   and   f l ood ing )  and d i d   n o t   c o n t a i n   o v e r b u r d e n  

p i l e s .  A t  s i t e s   t h a t   w e r e   s u b j e c t e d   t o   h y d r a u l i c   s t r e s s   b u t   w h i c h   c o n t a i n e d  

ove rbu rden   p i l es ,   sma l l  mammals, g round   squ i r re l s ,   and   ea r l y   sh rubs   i nc reas -  

ed. S o i l   n u t r i e n t s   b a s i c a l l y   d i s p l a y e d   n o   r e s p o n s e .  

Group I l l  pa ramete rs   e i t he r   d i sp layed   no   response   a t   s i t es   where   t he  

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

Bo th   pa ramete r   responses   were   once   aga in   d i rec t l y   re la ted   t o   remova l   o f  

e x t e n s i v e   v e g e t a t i v e   c o v e r .   W a t e r   b i r d s   i n c r e a s e d   i n   r e s p o n s e   t o   t h e   i n -  

c r e a s e   i n   a q u a t i c ,   g r a v e l   b a r ,  and mud f l a t   h a b i t a t s ,   w h i l e   s o i l   t e x t u r e  

inc reased  due  to   the   remova l  o f  o rgan ic ,  s i l t ,  and  sand  overburdens  and  the 

exposure  and  deposi t ion  o f   coarse  gravels   and  cobbles.  

P h y s i c a l   S i t e   C h a r a c t e r i s t i c s  

The P h y s i c a l   S i t e   C h a r a c t e r i s t i c s   t h a t   w e r e   a n a l y z e d   a r e  those iden t  i- 

f i e d   i n   t h e   M a j o r   V a r i a b l e   M a t r i x   T a b l e   ( T a b l e  I ) .  They inc luded:   d ra inage 

bas in  s ize,   channel   width,   channel   conf igurat ion,   channel   s lope,   and  s t ream 

o r i g i n .  

Responses o f  b i o t i c   p a r a m e t e r   g r o u p s   a t   t h e  25 s t u d y   s i t e s   d i s p l a y e d  

f i v e   b a s i c   c o m b i n a t i o n s .  These   a re   l abe led   S i te  Response  Group A th rough E 

on  Table 34. E i g h t   s i t e s   o c c u r r e d   i n  Group A ,  where  no s i g n l f i c a n t   r e s p o n s e s  

were  measured i n  any o f   t he   b io t i c   pa ramete r   g roups .   These   s i t es   were   mos t l y  

o f  medium to   l a rge   channe l   w id ths ,  of  b r a i d e d   o r   s i n u o u s   c o n f i g u r a t i o n ,  and 

o f   mounta in  or f o o t h i l l   o r i g i n .  However,  these s i t e   c h a r a c t e r i s t i c s   w e r e   n o t  

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

t h e s e   s i t e s .  O f  g r e a t e s t   s i g n i f i c a n c e  was t h e   m i n l m a l   v e g e t a t i v e   d i s t u r b a n c e  

wh ich   occur red   dur ing   the   g rave l   remova l   opera t ions .  
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S i t e  Response  Groups B th rough E d i d   n o t   d i s p l a y  any a p p a r e n t   s i m i l a r  

P h y s i c a l   S i t e   C h a r a c t e r i s t i c s .  Thus, i t  was judged   tha t   d ra inage   bas in   s i ze ,  

channe l   w id th ,   channe l   con f igura t ion ,   channe l   s lope,   o r   s t ream  o r ig in   were  

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

Gravel  Removal A r e a   C h a r a c t e r i s t i c s  

The most s i g n i f i c a n t   s i m i l a r i t i e s   i n   G r a v e l  Removal Area  Character-  

i s t i c s  were   those  tha t   led   to   permanent  or f r e q u e n t   h y d r a u l i c   i n f l u e n c e  

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

long-term  impediment  of s i t e   v e g e t a t i v e   r e c o v e r y .  Two s i m i l a r   G r a v e l  Removal 

A r e a   C h a r a c t e r i s t i c s   w e r e   o b s e r v e d   t h a t   p r o d u c e d   t h i s   r e s u l t .  They  were: 

s c r a p i n g   w i t h i n   t h e   a c t i v e   c h a n n e l   a t  any l o c a t i o n   a l o n g   t h e   r i v e r   c o a r s e ;  

and s c r a p i n g   a d j a c e n t   t o  an a c t i v e   c h a n n e l   p r i m a r i l y  on an i n s i d e  bend,  and 

w i t h o u t  an  adequate  buf fer   a long  the  channel .  

Scraping  Wi th in   the  Act ive  Channel .   Wherever   gravel  was scraped  f rom 

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

channel t o   a d j a c e n t   g r a v e l   b a r s .   I n   t h e s e   a r e a s   g r a v e l  was s c r a p e d   t o   d e p t h s  

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

a l ong- te rm  decrease  in   B io t i c   Group I ( p r i m a r i l y   s h r u b   t h i c k e t s  and  passer- 

i n e s ) .  The hyd rau l i c   changes   t ha t   occu r red   i n   t hese   a reas   were   t he   p r ime  

f a c t o r   f o u n d   t o  be i n f l u e n c i n g   s i t e   v e g e t a t i v e   r e c o v e r y .  These  changes  are 

d i s c u s s e d   i n   f u r t h e r   d e t a i l   i n  EFFECTS OF  GRAVEL  REMOVAL ON RIVER HYDROLOGY 

AND HYDRAULICS. 

S c r a p i n g   A d j o i n i n g   t h e   A c t i v e  Channel  on  an  Inside Bend. A t  seven s i t e s  

gravel   removal   occurred  on a p o i n t   b a r  or i n s i d e  meander b u t   d i d   n o t   e x t e n d  

i n t o   t h e   a d j a c e n t   a c t i v e   c h a n n e l s .  A l l  s i t e s   w e r e   o f   s i n u o u s  or meandering 

c o n f i g u r a t i o n  and were  scraped  on  sharp  inside  bends. A t  f i v e   o f   t h e s e   s i t e s  

(Penny  River,  Ugnuravik  River,  Skeetercake  Creek,  Middle  Fork  Koyukuk  River- 

Upst ream,  and  Middle  Fork  Koyukuk  River-Downstream)  the  scraping  occurred  to  

w i th in   o r   be low  the   wa te r   l eve l ,   Excep t   a t   M idd le   Fo rk  Koyukuk R ive r -  

nd t he   ma in  

a 30-m wide 

t h e   r i v e r s   h a d  

s i t e s .  

Upstream,  no b u f f e r  was main ta ined  be tween  the   sc raped  a rea  a 

r i v e r   c h a n n e l .  A t  t he  M 

v e g e t a t e d   b u f f e r  was ma 

fo rmed  cu t -o f f   channe ls  

i d d l e   F o r k  Koyukuk  River-Upstream s i t e  

i n t a i n e d .  However, w i t h i n  a few  years 

th rough  the   sc raped  a reas  at a l l   f i v e  
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Thus, scraped  s i tes  located on sharp  ins ide bends led   to   the   fo rmat ion  

of   cut -of f   channels   un less  extens ive  vegetated  buf fers  ( J i m  R iver )   o r   na tur -  

a l l y  contoured  channel  slopes  (Shaviovik  River)  were  maintained  during  the 

gravel  removal  operation. These cut-off  channels  subjected  the  mined  areas 

to   f requent   o r  permanent  ponding and f l o o d  

recovery . 
ing  which impeded vege ta t i ve  

A d d i t i o n a l   S i m i l a r i t i e s .  Overburden p i l e s ,  as previously  d iscussed, 

were a p o s i t i v e   a d d i t i o n  a t  s i tes  annual ly   subjected  to   ponding,   f looding,  

and aufeis  development. A t  s i t e s  where p i l e s   o c c u r r e d ,   B i o t i c  Group I I  

( p r i m a r i l y   s m a l l  mammals, ground  s q u i r r e l s ,  and early  shrub  communit ies) 

i nc reased   (S i te  Response  Group E, D, and E, Table 34) .  However, a t  s i t e s  

where  overburden p i l es   d id   no t   occu r ,   bu t   t he   s i t e   rece ived  annual h y d r a u l i c  

s t ress   o f   f l ood ing ,  permanent ponding, or a u f e i s  development, B i o t i c  Group 

I1   decreased  (S i te  Response  Group C). 

Overburden p i l e s   o c c u r r e d   i n  a v a r i e t y   o f  shapes and s i z e s  and were 

p laced   i n   va r ious   l oca t i ons   w i th in   t he  m a t e r i a l  s i t e .  From a revege ta t i ve  

v iewpoint   the most e f f e c t i v e   p i l e   c o m p o s i t i o n s  were those  w i th  a m ix tu re   o f  

s i l t s ,   o r g a n i c s ,  woody s lash,   root   s tocks,  and debr is .  These p i l e s   o n l y  

occu r red   a t   t he   o lde r   s i t es  and a l l  were a t   l eas t  I t o  1.5 m above normal 

water  levels.  I t   i s   n o t  known i f   a d d i t i o n a l   p i l e s   o f  l ower   he igh t   o r i g ina l l y  

occurred and  had  been eroded and  removed  by f lood  waters.   Also,  a l l  p i l e s  

tha t  were w i th in   the   cen t ra l   por t ions   o f   the   mined  a reas  were e i t h e r   n o t  

d i r e c t l y   i n   t h e   p a t h   o f  main  currents   or   were  p laced  in   windrows  or iented 

para l le l   to   the   cur ren t .   Overburden  p i les   tha t   remained  in   the   midd le   o f  

large  scraped  s i tes  were  judged  to be of  more overa l l   benef i t   than   those 

placed on the edge of   the  d is turbed  areas.  These p i l es   p rov ided   imned ia te  

denn ing   hab i ta t   fo r   g round  squ i r re ls  and, w i th in   severa l   years ,  began t o  

provide  cover and nes t i ng   hab i ta t   f o r   sma l l  mammals and passe r ines   w i th in  

the   cen t ra l  

The e f  

dimensions 

s t u d y   s i t e s  

port ions  of   large  mined  areas. 

f ec t i veness   o f   na tu ra l   bu f fe rs  was 

i n   r e l a t i o n  t o  r i v e r   s i t e  and conf 

included some use  o f   buf fers .  Two 

r e l a t e d   t o   t h e i r   l o c a t i o n  and 

igurat ion.   Twelve  of   the 25 

types  were employed: 
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U n d i s t u r b e d   g r a v e l   b a r s   s e p a r a t i n g   s c r a p e d   s i t e s   i n   a c t i v e   f l o o d -  

p la ins   f rom  ac t i ve   channe ls ,   and  

a Inc ised  banks   and  assoc ia ted   r ipar ian   zones   separa t ing   sc raped  and 

p i t   s i t e s   l o c a t e d   i n   i n a c t i v e   f l o o d p l a i n s  and t e r r a c e s   f r o m   a c t i v e  

f l o o d p l a i n s .  

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

n e s s   o f   t h e s e   b u f f e r s   d o e s   n o t   a l l o w   c o n c l u s i o n s   t o  be  drawn.  Accurate  data 

d e s c r i b i n g   o r i g i n a l   b u f f e r   c h a r a c t e r i s t i c s   ( s u c h  as  width,   he ight ,   veget-  

a t i v e   s t r u c t u r e ,  and s o i l   c o m p o s i t i o n )   w e r e   n o t   a v a i l a b l e   f o r  many s i t e s ,  

however,  several  trends  were  observed. 

A t  s m a l l e r   r i v e r s  o f  s inuous   and   meander ing   con f igu ra t i on ,   bu f fe rs  

( p r i m a r i l y   i n c i s e d   b a n k s  and a s s o c i a t e d   r i p a r i a n   z o n e s )   o f   w i d t h s   i n   t h e  

range of I O  t o  15 m w e r e   e f f e c t i v e   i n   c o n t a i n i n g   a c t i v e   c h a n n e l s   a t   s i t e s  

tha t   were  5 t o  16 y e a r s   o l d   ( F i g u r e  8 1 ) .  

F i g u r e  81. U n d i s t u r b e d   b u f f e r   a l o n g   t h e   o r i g i n a l   s t r e a m  
channel a t  Au fe is   Creek   (downst ream  d is tu rbed  a rea   on ly ) .  
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I n   l a r g e r   r i v e r s ,  most n a t u r a l   b u f f e r s   t h a t   w e r e   m a i n t a i n e d   t o   p r o t e c t  

s c r a p e d   s i t e s   i n   a c t i v e   f l o o d p l a i n s   f a i l e d   w i t h i n  a couple  years.  A t  M i d d l e  

Fork  Koyukuk  River-Upstream a 30-m wide, I- t o  1.5-m h i g h   h e a v i l y   v e g e t a t e d  

b u f f e r   p r o t e c t i n g  an i n s i d e  meander s i t e  was b reached   i n  I year ;   a t  Sagavan- 

i r k t o k   R i v e r ,  a 30-m wide, 0.5-m h i g h   g r a v e l   b u f f e r   p r o t e c t i n g  a mid-channel 

s i t e  was b reached   i n  I y e a r ;   a n d   a t   D i e t r i c h  River-Downstreamma 5 0 4  wide 

and 0.5- t o  I-m h i g h   g r a v e l  and s p a r s e l y   v e g e t a t e d   b u f f e r   p r o t e c t i n g  a s i t e  

o n   t h e   e d g e   o f   t h e   a c t i v e   f l o o d p l a i n   o f  a b r a i d e d   r i v e r  was b reached   i n  2 

years .   These  bu f fe r   fa i lu res   have  a l l   c rea ted   permanent   channe l   changes 

th rough   the   m ined   a reas   o f   t hese   s i t es .  

A t  p i t   s i t e s   l o c a t e d   i n   i n a c t i v e   f l o o d p l a i n s  and   t e r races ,   bu f fe rs  

composed o f   i n c i s e d   b a n k s   a n d   h e a v i l y   v e g e t a t e d   r i p a r i a n  zones rang ing   f rom 

50 t o  90 m i n   w i d t h   w e r e   s u f f i c i e n t   i n   p r o t e c t i n g   t h e   p i t s   f r o m   a c t i v e  

c h a n n e l   d i v e r s i o n   a t   s i t e s  up t o  13 years   o ld .  However,  most o f   t h e s e   s i t e s  

( t h r e e   o f   f i v e )   a r e   l o c a t e d  o n   s m a l l e r   r i v e r s   w i t h   r e l a t i b e l y   s t a b l e  chan- 

n e l s  and a r e   o n   t h e   i n a c t i v e   s i d e   o f   t h e   f l o o d p l a i n .  On t h e   o t h e r  hand, a t  

t h e   o l d e s t   p i t   s i t e  (Tanana  River-Downstream) a 50-m w i d e   b u f f e r   s e p a r a t e d  

t h e   p i t   f r o m  an eros iona l   zone  o f  a s i d e - c h a n n e l   o f   t h i s   b r a i d e d   r i v e r .  

Dur ing  1977 and 1978 t h i s   b u f f e r  was be ing   ac t i ve l y   e roded .  I t  i s  no t  known 

how w i d e   t h e   b u f f e r  was a t   t h e   c o m p l e t i o n   o f   t h e   m i n i n g   a c t i v i t y .  

One m i n i n g   m e t h o d   ( p i t s )  and  one s i t e   l o c a t i o n   ( s e p a r a t e d   f r o m   t h e  

a c t i v e   f l o o d p l a i n )   f r e q u e n t l y   l e d   t o   t h e   c r e a t i o n   o f   h i g h   q u a l i t y   h a b i t a t  

t h a t   r e s u l t e d   i n  an i n c r e a s e   o f   w a t e r   b i r d s   ( B i o t i c  Group I l l ) .  As prev ious-  

l y   d i s c u s s e d ,   t h i s   m e t h o d   c r e a t e d  a h a b i t a t   t y p e   t h a t   f r e q u e n t l y  was no t  

r e a d i l y   a v a i l a b l e   i n   a d j a c e n t   f l o o d p l a i n   r e a c h e s .  The q u a l i t y   o f   t h i s   h a b i -  

t a t  was r e l a t e d   t o  i t s  s i z e ,   s h o r e l i n e   d i v e r s i t y   ( c o n f i g u r a t i o n ) ,   w a t e r  

dep th   d i ve rs i t y ,   sho re l i ne   cove r ,   p resence   o f   i s l ands ,   and   f ood  

a v a i l a b i l i t y .  

O t h e r   c h a r a c t e r i s t i c s   o c c u r r e d   t h a t   w e r e   n o t   d i r e c t l y   r e l a t e d   t o   t h e  

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

i mpac 

p l a i n  

over  a 

t s   t o   t h e   t e r r e s t r i a l   b i o t a .  A t  those s 

had t o  pass  an  incised  bank,  gravel  f i  

I I  impact. A t  s i t e s  where  inc ised  banks 

i t e s  where  access t o   t h e   f l o o d -  

I I  ramps ( F i g u r e  8 2 )  reduced  the  

were   cu t   fo r   access   severe  
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F i g u r e  82 .  Gravel f i l l  ramp  used t o   p r o t e c t   t h e   i n c i s e d  
bank a t   t he   Sagavan f rk tok   R ive r   s tudy   s i t e .  

e ros ion   f requen t l y   resu l ted .   I n   pe rmaf ros t   a reas   bo th   t he rma l  and h y d r a u l i c  

e ros ion   induced b y  s u r f a c e   t r a v e l  on unprotected  banks  can, and a t   t h e  

U g n u r a v i k   R i v e r   s i t e   d i d ,   c r e a t e   u n c o n t r o l l a b l e   p r o b l e m s   ( F i g u r e  8 3 ) .  A t  

s i t es   separa ted   f rom  ac t i ve   channe ls   by   bu f fe rs ,  a h e a v y   l a y e r   o f   r i p   r a p  on 

t h e   b u f f e r s   s i g n i f i c a n t l y   i n c r e a s e d   t h e i r   e f f e c t i v e n e s s   ( F i g u r e  8 4 ) .  
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F i g u r e  83. Thermal and hydrau l ic   e ros ion   o f   permaf rost  
induced by m u l t i p l e   p a s s e s  of  a t r a c k e d   v e h i c l e   a c r o s s  
an u n p r o t e c t e d   i n c i s e d   f l o o d p l a i n  bank  and adjacent   tundra .  

F i g u r e  84. Armored bank p r o t e c t i n g  the  West Fork  Tolovana 
R i v e r   p i t  from a channel   diversion i n t o   t h e   m i n e d   s i t e .  
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SUMMARY AND CONCLUSIONS 

Overa l l ,   gravel   removal   f rom  f loodpla ins  f requent ly  had a det r imenta l  

long-term  ef fect  upon l o c a l   t e r r e s t r i a l   b i o t a .   S p e c i f i c   s i t e   l o c a t i o n s  

coupled  wi th   the  depth of scraping  proved t o  be the most in f luenc ing   fac -  

t o rs .  

VEGETATIVE REMOVAL 

A t  18 of   the  25 s tudy   s i tes   g rave l   remova l   opera t ions   c leared   s ign i f -  

i c a n t   q u a n t i t i e s   o f   r i p a r i a n   v e g e t a t e d   h a b i t a t .   T h i s  loss most s i g n i f i c a n t l y  

a f fec ted   passer ines  and smal l  mammals wh ich   re l y  upon these   r i pa r ian   t ones  

for   pr imary  feeding,   nest ing and cover   habi ta ts .  A t  most o f   t h e s e   s i t e s   t h i s  

hab i ta t   reduc t i on   l ed   t o   l ong - te rm changes i n  fauna u t i l i z a t i o n  and.com- 

munt t y   s t r u c t u r e .  

A t  4 of t he  25 s i tes ,   g rave l   remova l   ope ra t i ons   d id   no t   a l t e r   ex i s t i ng  

vegetat ive  comnunit ies,  and consequent ly  d id  not   lead  to  changes  in  local  

faunal   communi t ies.   Three  o f   these  s i tes  were  located  in   f loodpla ins  wi th  

large and medium wid th   channe ls   tha t   f lowed  in  a b ra ided  pa t te rn .  A t  a l l  

t h r e e   s i t e s   l a r g e   q u a n t i t i e s   o f   g r a v e l  were  removed  by shal low  scraping  of  

surface  layers  over a broad  area. The four th   occur red  on a sinuous t o  mean- 

d e r i n g   r i v e r .  A t  t h i s   s i t e  a l a rge   quant i t y   o f   g rave l   a lso  was removed  by 

shal low  scraping  unvegetated  por t ions  o f   la tera l   bars and po in t   ba rs .   Th i s  

scraping  mainTBined.naturaI   po int   bar   prof i les  and subsequently  did  not 

induce any channel changes. 

M lN iNG DEPTH AND LOCATION 

Gravel   removal   operat ions  that   scraped  to   wi th in   or   s l ight ly   be low  the 

water  table and tha t   occur red   a t   ins ide  bends or  immediately  adjacent  to, or 
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with in   the  act ive  channel   a lso  produced a long-term  negative  response  (de- 

c rease   i n  numbers)  from t e r r e s t r i a l   b i o t a .  A t  I 3  of the 25 s t u d y   s i t e s  

gravel   removal   operat ions  wi th   these  character is t ics   caused  hydraul ic  

changes (such as permanent channel s h i f t s ,   a u f e i s  development, or increased 

f l o o d i n g )   t h a t  impeded subsequent   vegetat ive  recovery  o f   the  d is turbed 

areas. However, a t   t hose   s i t es  where  gravel  removal'  created,permanently 

ponded areas,  or  extensive  gravel and mud f l a t   h a b i t a t s   w i t h   p o c k e t s  of 

ponded water  or  backwater  areas,  water b i r d s   ( i n c l u d i n g  waterfowl,  shore- 

b i r d s ,   g u l l s ,  and t e r n s )   f r e q u e n t l y   i n c r e a s e d   u t i l i z a t i o n  of t he  area. 

OVERBURDEN 

Overburden p i l e s   c o n t a i n i n g ' s i l t s ,   o r g a n i c s ,  and woody s lash  and debr i s  

f a c i l i t a t e d   r a p i d  and cont inued  vegeta t ive   recovery   w i th in   the   mined  s i te .  

These areas  provided  is lands of useablo  passerine and small  mamnal h a b i t a t  

w i t h i n  a re la t i ve l y   sho r t - t e rm  pe r iod .  A t  many s i t es   ove rbu rden   p i l es  were 

p rov id ing   vege ta ted   hab i ta t s   t ha t  were  being  used by these  spec ies   w i th in  IO 

years  af ter   gravel   removal .  Ground squ i r re l   popu la t i one   f requen t l y  showed 

immediate  response to   ava i l ab le   denn ing   hab i ta t   p rov ided  by overburden 

p i l e s .  A t  most s i t e s  where p i les   occur red   these  an ima ls   were   s ign i f i can t ly  

more  abundant w i t h i n   t h e  mined s i t e   t han   i n   ad jacen t   f l oodp la in   reaches .  

When t h i s  overburden  mater ia l  was broadcast  over  the  ground i n  areas 

where i t  would  not be washed downstream i t  was e q u a l l y   e f f e c t i v e  i n  f a c i l -  

i t a t i n g   r a p i d   v e g e t a t i v e   r e c o v e r y  and development. 

PERMANENTLY PONDED HABITATS 

A t  e i g h t   s i t e s   t h e   g r a v e l  remova l   opera t ion   (p r imar i l y   th rough  p i t  exca- 

vat ion)   created  permanent ly  ponded h a b i t a t s .   A l t h o u g h   t h i s   o p e r a t i o n   l e d   t o  

a long-term change f r o m   n a t u r a l   t e r r e s t r i a l   c o n d i t i o n s ,   a t   s e v e r a l   s i t e s  

t h i s   m i n i n g   r e s u l t   l e d   t o   t h e  development o f  a d i ve rse   hab i ta t   t ha t   p rov ided  

h igh  qual i ty   feeding,   nest ing,  and cover  areas  for  passerines,  small  mam- 

mals,  water  birds, and furbearers.  Factors  that  were  found t o  i n f luence  the  

fauna  response t o  these  areas  were:   shore l ine  conf igurat ion,   shore l ine 

vegetat ive  cover,   water  depth  prof i les,   presence of i s l a n d s ,   p i t   s i r e ,  
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a v a i l a b i l i t y   o f   f o o d ,  and c o n n e c t i o n   t o  an ac t i ve   channe l .  Fauna u t i l i z a t i o n  

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

o f   t h e s e   f a c t o r s .  

RECOMMENDATIONS 

Grave l   remova l   ope ra t i ons   i n   f l oodp la ins  

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

c i s i o n s  

fauna : 

I .  

2. 

3.  

4. 

5. 

6. 

s h o u l d   a t  

t i o n  and s 

i n   o r d e r   t o   m i n i m i z e   l o n g - t e r m   d i s t u r b a n c e   t o  

Whenever p o s s i b l e ,   a v o i d   v e g e t a t e d   h a b i t a t s .  

tempt t o   i n c o r p o r a t e  

i t @  o p e r a t i o n  de- 

t e r r e s t r i a l   f l o r a  and 

When s c r a p i n g   i n   a c t i v e  or i n a c t i v e   f l o o d p l a i n s ,   m a i n t a i n   b u f f e r s  

t h a t  w i l l  c o n t a i n   a c t i v e   c h a n n e l s   t o   t h e i r   o r i g i n a l   l o c a t i o n s  and 

c o n f i g u r a t i o n s .  

When sma 

s e l e c t  s 

I I  q u a n t i t i e s  

i t e s   t h a t  w i l  

a r e   r e q u i r e d   ( a p p r o x i m a t e l y  50,000 m 3 

I scrape  on ly   unvegetated  gravel   depos 

When I arge quan t i t i es a r e   r e q u i r e d   ( a p p r o x i m a t e l y   i n   e x c e s s  

50,000 m 1 ,  s e l e c t   l a r g e   r i v e r s   c o n t a i n i n g   s u f f i c i e n t   g r a v e  

u n v e g e t a t e d   a r e a s ,   o r   s e l e c t   t e r r a c e   l o c a t i o n s   o n   t h e   i n a c t  

o f   t h e   f l o o d p l a i n  and  mine  by p i t   e x c a v a t i o n .  

3 

I 

t s .  

o f  

i n  

ve s 

I f  p i  

depth 

t min ing ,   des ign  a c o n f i g u r a t i o n   w i t h   h i g h   s h o r e l i n e  and wa 

d i v e r s i t y  and p r o v i d e   i s l a n d s .  

t I f   m i n i n g   i n   v e g e t a  

s l a s h  and d e b r i s   t o  

v e g e t a t i v e   r e c o v e r y  

a manner so i t  w i l l  

de 

e r  

ed  areas,  save a l l   o v e r b u r d e n  and v e g e t a t i v e  

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

T h i s   m a t e r i a l   s h o u l d   b e   p i l e d   o r   b r o a d c a s t   i n  

not  be  washed  downstream. 

D e t a i l e d   e l a b o r a t i o n  and  expansions  of  these  recommendations  are  pre- 

sented   in   the   Gu ide l ines   Manua l .  
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EFFECTS OF GRAVEL REMOVAL ON WATER QUALITY 
L .   L .  Moulton 

INTRODUCTION 

Water q u a l i t y   p a r a m e t e r s   w e r e   m e a s u r e d   i n   c o n j u n c t i o n   w i t h   t h e   a q u a t i c  

b i o l o g i c a l   s t u d i e s   a t   t h e  25 g rave l   remova l   s i t es .   S ince   t he   s i t es   were   v i s i t -  

ed  from 2 t o  20 years  a f ter   gravel   removal   had  been  completed,   the  resul ts   o f  

t h e   m o n i t o r i n g   p r o g r a m   r e f l e c t   o n l y   l o n g - t e r m   e f f e c t s  o n   w a t e r   q u a l i t y  con- 

d i t i o n s .  The s i t e s   s e l e c t e d   f o r   s t u d y   r e p r e s e n t e d  a b road  range  o f   Phys ica l  

S i t e   C h a r a c t e r i s t i c s  and  Gravel Removal A rea   Charac te r i s t i cs ,   wh ich   a re  des- 

c r i b e d   i n   t h e   M a j o r   V a r i a b l e   M a t r i x   ( T a b l e  I ) .  Instruments  and  procedures 

used   a re   desc r ibed   i n  APPROACH AND  METHODOLOGY. Changes i n   w a t e r   q u a l i t y  

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

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

was i n c l u d e d   i n  an e a r l i e r   r e p o r t  (Woodward-Clyde Consu l tan ts  1976). 



Table 35. Se lec ted   A laska  Water   Qua l i t y   S tandards  

B e n e f i c i a l   u s e  
Par am8 t e r  Water  supp I y A q u a t i c   l i f e   R e c r e a t i o n  

Dissolved  oxygen 
(rng/f!.) 

Temper a t   u r  e 
(OC) 

D i s s o l v e d   s o l i d s  
(mg/R o r  pmhos/crn) 

T u r b i d i t y  
(JTU) 

Suspended s o l i d s  
(mg/R) 

>75% s a t u r a t i o n  >7 mg/R >5 m g / a  
o r  >5 mg/R 

< 1 B 0 C  over  (2.2 Oc over  
n a t u r a l ,   n o  changes 
i f   n a t u r a l l y  <18OC 

<500 mg/a  Avoid  chronic 
( ~800 pmhos/cm) t o x i c i t y  
spec i f i c   conduc tance )  

(5 JTU (25 JTU except  (25 JTU except  
when n a t u r a  I when n a t u r a l  
deg rada t ion   deg rada t ion  

80 mg/aa 

a Not  an  Alaska  Standard,  but 80 mg/k i s  cons ide red   po ten t i a l l y   haza rdous ;  
25-80 mg/R a l s o   h a s   p o t e n t i a l l y   d e t r i m e n t a l   e f f e c t  o n   a q u a t i c   l i f e  
( N a t i o n a l  Academy o f   Sc iences  1973). 
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Tab le  36. Water Qua l i t y   Parameters   Measured  a t   Grave l  Removal S i t e s  Which 
Exceeded  Alaska  Water  Qual i ty  Standards (Values are  the  Average 

o f  Two to   E igh t   Measurements )  

S t u d y   s i t e  Area 

S p e c i f i c  Suspended 
conduc tance   Tu rb id i t y  sol i d s  
(pmhoslcm)  (JTU) (mg/k) 

Die t r i ch-Upst ream 
8 J u l y  1978 

Diet r ich-Downstream 
I I J u l y  1978 

MF Koyukuk-Downstream 
20 August 1976 

Phelan Ck 
21 August 1978 

Ups t r eam 
M i  ned 
Downstream 

Ups t r eam 
M i  ned 
Downstream 

Ups t r earn 
Mined 
Downstream 

Upstream 
Mined 
Downstream 

275 
365 
342 

324 
340 
3 30 

320 
300 
300 

77 
79 
56 

"- 
"* 

"- 
"- 
"- 
"- 
6.30: 
5.20 
2.60 

- " 
"- 
"- 

56.0 

56.0  

b 

I .2b 

I I * O b  
29.0 
18.0 

"- 
"- 
"- 

154.0: 
270. Oa 
186.0 

a 
Value  exceeds Alaska w a t e r   q u a l i t y   s t a n d a r d   f o r  a   d e f i n e d   b e n e f i c i a l  
use   (see   Tab le   35) .  

bMay have some e f f e c t  o n   a q u a t i c   l i f e   ( s e e   T a b l e   3 5 ) .  
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RESULTS AND DISCUSSION 

POST-MINING  EFFECTS OF  GRAVEL  REMOVAL  OPERATIONS 

General  Water Q u a l i t y   C o n d i t i o n s  

Temperature,   d issolved  oxygen,  speci f ic   conductance,  turbidi ty,   suspend- 

ed s o l i d s ,   o x i d a t i o n - r e d u c t i o n   p o t e n t i a l  ( O R P ) ,  and pH were  measured up- 

stream,  downstream,  and w i th in   t he   g rave l   remova l   a rea  a t  most s i t e s .  

Measurements  were  taken i n   c o n j u n c t i o n   w i t h   t h e   a q u a t i c   b i o l o g i c a l   s u r v e y s .  

Temperature, s p e c i f i c   c o n d u c t a n c e ,   t u r b i d i t y ,  and  suspended s o l i d s   v a l u e s  

v a r i e d   s u b s t a n t i a l l y  among t h e   d i f f e r e n t   s i t e s .  However, d issolved  oxygen, 

ORP, and pH v a l u e s   w e r e   r e l a t i v e l y   s i m i l a r   a t   a l l   s i t e s .  The parameter 

values  measured a t  each   s tudy   s i t e   were  compared t o   t h e   A l a s k a  Water Q u a l i t y  

Standards  (Table 35). The w a t e r   q u a l i t y   s t a n d a r d s   w e r e   e s t a b l i s h e d   t o   p r o -  

t e c t   v a r i o u s   b e n e f i c i a l   u s e s   o f   r e c e i v i n g   w a t e r s .  The most  important bene- 

f i c i a l  uses a s s o c i a t e d   w i t h   a r c t i c  and subarc t i c   s t reams  inc lude  water  

supp ly , ,   aqua t i c   l i f e ,  and r e c r e a t i o n .  A t  t h e  25 s t u d y   s i t e s ,   a q u a t i c   l i f e  

was the  most common benef ic ia l   use  be ing  suppor ted.   A laska  does  not   have a 

w a t e r   q u a l i t y   s t a n d a r d  for suspended s o l i d s ,   b u t  a va lue   o f   app rox ima te l y  80 

mg/R suspended s o l i d s  i s  u s u a l l y   c o n s i d e r e d   p o t e n t i a l l y   h a z a r d o u s   f o r  

aqua t i c   l i f e .   Wa te rs   con ta in ing  25-80 mg/R suspended s o l i d s  have  been shown 

f i s h   t h a n   w a t e r   w i t h  less  than 25 mg/R ( N a t i o n a l  

1 .  

ards   were   exceeded  fo r   tu rb id i ty ,  and  suspended 

s o l i d s   a t  a few r i v e r   s i t e s   ( T a b l e  36) whi le   temperature,   d isso lved  oxygen,  

s p e c i f i c  conductance,  and pH c r i t e r i a  were  not  exceeded. The high  suspended 

s o l i d s   v a l u e  a t  Phelan  Creek was due t o   t h e   g l a c i a l   o r i g i n  o f  the  creek;   the 

t o  have a l o w e r   y i e l d   o f  

Academy of   Sc iences 1973 

Water q u a l i t y   s t a n d  
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sample s i t e  was approximately 9 km downstream f rom  the  foot   o f   the  g lac ier .  

Other  high suspended s o l i d s  and t u r b i d i t y   v a l u e s  were  recorded  at  the 

D i e t r i c h  and Middle  Fork Koyukuk R ive r   s i t es .  

T u r b i d i t y  measurements recorded  at   the  Middle  Fork Koyukuk River-  

Downstream s i t e  exceeded  water q u a l i t y   c r i t e r i a   f o r   w a t e r   s u p p l y .  The on ly  

o the r   bene f i c ia l  use  standard  exceeded was the  aquat ic  I i f e   s t a n d a r d   f o r  

t u r b i d i t y   a t  Phelan Creek. This  parameter was exceeded  by approximately 340 

percent  during  August.  Phelan Creek water  should s t i l l  be considered con- 

sumable, depending  on  other  (unmeasured)  parameters. Most values  exceeding 

the  Alaska Water Q u a l i t y  Standards r e f l e c t e d  a n a t u r a l   s i t u a t i o n   w i t h   o n l y  

suspended s o l i d s   a t   D i e t r i c h  River-Downstream possibly  induced  by  gravel 

remova I . 

'The pH and ORP values measured a t   a l l   s i t e s   r e f l e c t e d  a bas i c   cond i t i on  

t h a t  was ne i the r   ox id i z ing   no r   reduc ing ,  The ORP va lues   were   re la t i ve ly   h igh  

because  of  the  high  dissolved  oxygen  concentrat ions. The pH and ORP values 

showed tha t   t he re   were   ve ry   l i t t l e   o rgan ics   i n   t he   mon i to red   wa te rs  and t h a t  

most of the heavy metals  would be inso lub le.  Some of the pH values  were 

s l i g h t l y   h i g h   ( i . e . ,   a t  Tanana River-Upstream, pH = 8.5-9.0 i n   t h e  two p i t s )  

and may be  assoc iated  wi th  some heavy m e t a l   s o l u b i l i t i e s .  

Water Q u a l i t y  Changes at  Gravel Removal S i tes.  Most of  the  water 

q u a l i t y  changes observed as the   rece iv ing   wa te rs  passed  through  the aban- 

doned gravel  r.emovaI s i t e s  can  be assoc ia ted   w i th   phys ica l  changes i n   t h e  

stream. A major change was reduced  water   ve loc i ty   w i th in   the   mined  a rea  

promoting  sedimentation,  warming of the  water, and s t r a t i f i c a t i o n .  A t  o ther  

s i t e s   p h y s i c a l  changes a f fec t i ng   wa te r   qua l i t y   cond i t i ons   i nc lude  a steep- 

ening  of   the  bottom  gradient  through  the  mined  s i te,   which  would  increase 

the   ve loc i t y   o f   t he   wa te r  and increase  the  scour  of  the  bottom  sediments. 

- 

T u r b i d i t y  and suspended s o l i d s  changes  were  observed  between  the up- 

stream and  mined,  mined and  downstream,  and upstream and  downstream study 

areas a t  19 o f  t h e   s i t e s   ( T a b l e  37). The changes  are  expressed  as  the  per- 

centage change occurring  from  the  upstream samples to  the downstream 
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Table 37. Changes in T w b l d i t y  and  Suspended Solids Between Sample Areas a t  Selected Study Sites  

Study s i t e  

Percent change in   tu rb ld l ty  Percent change i n  suspended sol ids S i t e  characteristics 
Upstram Mined Upstram Upstrem Mined Upstrem Years Channel Volume 

mined strean stream mined stream  stream mining Imlkml 1m 1 
t o  to dam- i o  darn- t o  to dwn- to down- since  slope r e y v e d  

Sward Peninsula 

Go1 d Run. Ck 

Slnuk 8 

Wash I ngton Ck 

Oregon Ck June 

August 

September 

Penny R June 

August 

September 

N o m a R  

M a t h  Slope 

Ugnuravik R 
Aufeis Ck July 

August 

Kuparuk R 

Skeetercake Ck 
Sagavanirktok R 

Ivishak R 

42 

I 4  

233 

" 

" 

-- 
" 

70 

I O  

-63 

" 

42 

" 

- 
-25 

I 

-24 

" 

I 

-33 

620 

-67 

25 

5900 

0 

a0 
t7 

-48 

0 

-25 
260 

0 

-32 

-85 

I92 

0 

-03 

0 

0 

93 

275 

52 

0 

-87 

260 

0 

32 

-43 

I I  

IO 

I 3  

13 

13 

I3 

! I  

I I  

I I  

202 

7 

5 

4 

9 

I I  

3 

3 

6.8 

2. I 

12.4 

11.8 

11.8 

I 1.a 
4.5 

4.5 

4.5 

2.6 

7,740 

i74,oOo 

20,503 

20,500 

20,500 

20,500 

50,700 

50,700 

:50,700 

unknown 

23,000 

3.0 288,000 

2013, ow 
d l  ,3# 

2.0 38 ,ooo 
43 I ,000 

2. I I19,ooo 

Cont I nued. 



Table 37. ~Concludad l  

Study s i t e  

Percent change i n   t u r b i d i t y  Percent change in suspended sol Ids S i t e  c h a r a c t e r i s t i c s  
U p s t r e m  Mined Upstrerm Ups t r e m  Mined U p s t r e m  Years Channel Volume 
t o  t o  davn- to  down- t o  t o  down- to dmn- s ince  s lope  reyved 
nrlned s t r e a n  strean mined s t r e m  stream  mining Imlkm) Im 1 

Shavi ov i k R -5 -5 -10 -75 I O 0  -50 5 2.8 I l6 ,Ooo 

Kavik July 3 -7 -5 29  I I  43 5 7.0 247,000 

e a r l y  August 4 1  -40 -15 29 I I  43 5 7.0 247.000 

l a t e  August -8 4 -4 0 -12 -12 5 1.0 241,000 

h) N a t h e r n  I n t e r i o r  
4 
W 

D l e t r i c h - D w n s t r e r m  " " - 
MF Koyukuk-Upstream -- " " 

MF Koyukuk-Downstram -17 -50 -59 

3 I 28,600 

4 I35,OiK) 

2 I . 3  215,000 

Southern Inter  Icr 

&Manus Ck June 0 3 3 42 -4 I -17 16 22.4 75,000 

Ju ly  -24 34 3 -25 33 25 16 22.4 75,000 

September 0 3 3 -I2 37 56 16 22.4 75 ,ooo 
- -- 75 -3 1 21 3 " 575,000 Phelan Ck - 



samp les .   Nega t i ve   va lues   s ign i f y  a dec rease   i n   t he   pa ramete r   wh i l e  a pos i -  

t i v e   v a l u e   i n d i c a t e s  an increase.  The column e n t i t l e d   " u p s t r e a m   t o  down- 

s t ream"   f o r   each   pa ramete r   i nd i ca tes   t he   ne t   a f fec t   o f   t he   m ined   s i t e   on   t he  

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

a t i o n ,  as i n d i c a t e d   b y   t h e   r e s u l t s   f r o m  Oregon  Creek,  Penny R ive r ,   Kav i k  

R ive r ,  and McManus Creek,  which makes comp le te   ana lys i s   o f   t he   da ta   o f  

quest ionable  va lue.   There  appeared  to   be some s e d i m e n t a t i o n   a s s o c i a t e d   w i t h  

remnant   inst ream  depress ions  and  th is   sediment  was s u b j e c t   t o   s c o u r   d u r i n g  

h i g h   f l o w .  

Changes in   o the r   pa ramete rs   were   obse rved   w i th   t empera tu re  and d i s -  

solved  oxygen  showing  the  greatest   f requency  of   change  (Table 3 8 ) .  The 

tem'perature  and  d isso lved  oxygen  changes  resul ted  f rom  the  reduct ion  o f  

v e l o c i t y  and spread ing   o f   f low  over   the   mined  a rea ,  a s i t u a t i o n   w h i c h   o c c u r -  

r e d   a t  many o f   t h e   s t u d y   s i t e s .  The ORP v a l u e s   d i d   n o t  change s i g n i f i c a n t l y ,  

i n d i c a t i n g   t h e  absence  of   heavy  organic  loading.  Conduct iv i ty  values  changed 

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

o f  a sp r ing .  The d i f f e r e n c e s ,   j u d g i n g   b y   t h e  age of   the  mined  areas  ( i .e . ,  2 

t o  I I  years ) ,   we re   p robab ly   no t   caused   by   t he   d i sso l v ing   o r   p rec ip i t a t i on   o f  

subs tances   i n   t he   m ined   a rea .   Sp r ing   sou rces   were   i den t i f i ed   a t  Penny R i v e r  

and D i e t r i c h   R i v e r -  Upstream, b o t h   o f   w h i c h  showed a l t e r e d   c o n d u c t i v i t y .  A 

s p r i n g   s o u r c e  may be i n d i c a t e d   a t   t h e   A u f e i s  Creek  and  Skeetercake  Creek 

mined  a reas ,   bu t   the   conduct iv i t y   change  a t  McManus Creek may have  been a 

meter   mal funct ion  because  the  change was not   observed  dur ing  the  o ther   two 

s i t e   v i s i t s .  

The w a t e r   q u a l i t y   p a r a m e t e r s   i n   i n u n d a t e d   p i t s   w e r e   g e n e r a l l y   q u i t e  

d i f f e r e n t   f r o m   t h o s e   i n   t h e   a s s o c i a t e d   r i v e r   ( T a b l e  39). Summer temperatures 

were   normal ly   h igher  and d i sso l ved   oxygen   l eve l s   l ower   i n   t he   p i t s .  An excep- 

t i o n  was t h e   D i e t r i c h   R i v e r - U p s t r e a m   p i t   w h e r e   s p r i n g   f l o w   k e p t   t h e   w a t e r  

temperature low th roughou t   t he  summer. Thermal  and  oxygen s t r a t i f i c a t i o n  

w e r e   e v i d e n t   a t   t h e  West Fork  Tolovana  River  and Tanana River-Upstream p i t s .  
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Tab le  38. R e l a t i v e  Change of Water  Quali ty  Parameters  Between  Upstream and  Downstream  Sample  Areas a t  
Se lec ted   S tudy   S i tes   (%no Change, 0-&Decrease i n  Downstream  Parameter, 

6- l0=lncrease  in  Downstream  Parameter 

Study 
s i t e  

D i s s o l v e d  Suspended Ox ida t i on - reduc t i on  
oxygen   Tempera tu re   Conduc t i v i t y   Tu rb id i t y  so l  i d s   p o t e n t  i a I 

Seward -Pen i nsu I a 

Gold  Run Ck 

Sinuk R 

Wash i ng t o n  Ck 

CD 
tQ Oregon Ck June 
- 

August 

Sept . 
Penny R June 

August 

Sep t . 
Nome R 

8 

7 

5 

I 

2 

6 

9 

3 

4 

5 

4 

6 

3 

8 

I O  

5 

3 

9 

9 

5 

5 

5 

5 

5 

7 

6 

3 

6 

3 

6 

6 

5 

I O  

7 

5 

4 

10 

9 

5 

3 

- 
9 

I O  

2 

6 

I O  

4 

4 

6 

Nor th  S I ope 

Ugnurav ik  R 7 

A u f e i s  Ck J u l y  3 

August 7 

Kuparuk R 4 

Skeetercake Ck 2 

Sagavan ik t ok  R 5 

5 

I O  

IO 

5 

10 

5 

Cont i nued 



Table 38. (Concluded) 

Study 
s i t e  

D i  sso 1 ved Suspended Oxidation-reduction 
oxygen Temperature Conductivity T u r b i d i t y  sol ids  poten-t i I I 

lv ishak R 

Shaviovik R 

Kavik R J u l y  

August 

Sept . 

a 1 

3 6 

6 5 

8 5 

7 2 

Northern Interior 

O i e t r i c h  R-Upstream 

O i e t r i c h  R-Downstream 

MF Koyukuk R-Upstream 

9 0 

3 IO 

4 7 

I 

0 

7 

5 
6 

4 

MF Koyukuk R-Downstream - 7 5 2 - 
Southern I n t e r  iw 

McManus Ck June 5 

Ju ly  6 

Sept . 5 

Phelan Ck 5 

5 

I O  

5 

4 

5 4 - 
5 6 5 

5 7 5 

- 6 4 



Table 39. Average Measured VOlUO8 O f  Selected WotW Qua l i t y  
PlrUnetefS  at Study Si tos  wl th  Inundoted P t t r '  

Act i vo 
Parameter channel 

Study l i t 0  l u n i t s l   I u p s t r e m l  

Penny R 
8 June 1917 

8 AUgU8t 1977 

Dietrich-Up8trean 
8-1 I July 1978 

J i m  R l v r  
3-5 July 1977 

Prospect Ck 
7 JuI,y I977 

WF Tolevma R 
8-12 Juno 1978 

Tanana R-Damstram 
9-10 Sept. 1976 

Tanana R-Upmtram 
4 Junq 1978 

18 August 1978 

18 mt. 1978 

T ('CIb 

Cond l p m h o ~ / c m l  

t lot) 

00 lnyl/&l' 

DO ImgILI 
Cond (pmhor/cmI 

T r°Cl 
Do tmQ/r, 

f IOCI 
w Img/ll 

T 1"CI 
w I m g / & )  

T IOC) 
00 IfqILl 
Cand Iwnhoa/cm) 

Cond (umhos/unl 

Cond lphoslcml 

Cond t 

t l°CI 
w (mglll 

T I O 0  
. D o  (q1111 

T I0Cl 
DO Img/Ll 
Cond I~mhos/cinI 

f l°Cl 

Cond Iymhoslm~I 

Cond lpmhoslcml 

00 tmqlkl 

00 rrngtri 
Cond I~mhoslcml 

t (%I 

12.6 
2.0 

I40 

12. I 
9.8 

510 

4.5 
10.6 
400 

13.2 

64 
9.8 

16.7 

70 
8.4 

17.8 

320 
- 
10.4 
9.3 

I 85 

13.0 
10.2 

200 

17.2 
10.7 

asa 

15.2 
9.4 

9.0 
10.0 

280 

4.0 
12.0 
S5 

10.6 
I I ,6 

250 

14. I 
8.5 

274 

9. I 

45 
10.2 

11.4 
11.9 
45 

7.5 
11.4 

225 

8.0 
10.2 

235 

12.7 
7.0 

85 

- - 
I 

c 

I 

I 

I 

I 

'S*nple mlrea nnd vwtinc. .atImtos a n t t t e d   t o  simplify Table. 

bT - trmperoturo. 

'DO dlasolved oxygen. 

dCond - conduct v i t y . 
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SUMMARY AND CONCLUSIONS 

Few changes in   wa te r   qua l i t y   pa ramete rs   were   measured   t ha t   cou ld  be 

a t t r i b u t e d  t o  gravel   removal ;   most   o f   the  observed  changes  were  wi th in   the 

range   o f   t ha t   expec ted  by n a t u r a l   v a r i a t i o n .  The ma jo r   reason   fo r  a lack 

o f   measurab le   e f fec ts  was t h e  age of  t h e   s i t e s ,  as  most  were v i s i t e d   s e v e r a l  

years   a f te r   m in ing   had  ceased.  The few  changes that  were  observed  were 

r e l a t e d   t o   p h y s i c a l  changes i n   t h e   r i v e r s ,   g e n e r a l l y  due t o  a r e d u c t i o n   i n  

v e l o c i t y  and spread ing  o f  f low.  
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EFFECTS OF GRAVEL REMOVAL ON AESTHETICS 
D. K. Hardingera 

INTRODUCTION 

Aes the t i cs   pe r ta ins   t o  manmade mod i f i ca t ions   o f   na tura l  landscape  fea- 

t u r e s   t o  a degree  that   publ ic  concern may be  expressed.  Aesthetic  concerns 

of Sta te  and Federal government include  maintenance of visual   resource  values 

by   min imiz ing   undes i rab le   mod i f i ca t ions   to   na tura l  landscapes. 

Visual resource  values  of   natural   landscapes  are  the  part icular  physical  

cmponents of an area  that  have  been i d e n t i f i e d  as having  high  value  based 

on any number of measurable c r i t e r i a ,  These could  inc lude  un ique  cu l tura l ,  

h i s to r i ca l ,   r ec rea t i ona l ,   geo log i ca l ,   o r   b io log i ca l   s i gn i f i cance , ,Typ ica I l y  

the management o b j e c t i v e s  of an agency hav ing   s ta tu to ry  powers fo r   ma in ta in ing  

visual   resource  values are  to   p ro tec t   land   a reas   iden t i f ied   as   hav ing   h igh  

aes the t ic  values. The agencies may  do t h i s  by d i v e r t i n g  proposed  construction 

to   less  va lued  locat ions,   modi fy ing  the  const ruct ion  p lan,  or r e q u i r i n g   t h e  

a p p l i c a t i o n  of m i t i g a t i n g  measures  where const ruct ion-re la ted visual impact 

proves  unavoidable. 

Maintenance  of  visual  resource  values  has become increas ing ly   impor tant  

t o   t h e  American  people.   Federal   legis lat ion  has  recognized  th is  concern  by 

es tab l i sh ing   the   v isua l   resource  as  an i n t e g r a l  and coequal  resource  under 

the  multiple-use  concept of land management. A t  the sane time,  there i s  an 

increasing demand for  other  resource  developments  that  may no t  be compatible 

a Th is   sec t ion  was reviewed and input was provided by 6. Sharky of Land Design 
North. 
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w i t h   t h e  management o f   v i s u a l   r e s o u r c e s .   I n   o r d e r   t o   r e s o l v e   p o t e n t i a l  con- 

f l i c t s ,  i t  has become necessary   to   deve lop  a s y s t e m   t h a n   c a n   i d e n t i f y   v i s u a l  

resources  and prov ide  measurable management s t a n d a r d s   t h a t   a r e   p r a c t i c a l   t o  

implement. 

Numerous  systems f o r   i d e n t i f y i n g   v i s u a l   r e s o u r c e   v a l u e s  and e v a l u a t i n g  

visual  impact  have  been  developed. The sys tems  vary   cons iderab ly   bo th   in  

p rocedures   fo l lowed and c r i t e r i a   a p p l i e d .  On Federal   lands  there  are  two 

p r i n c i p a l   v i s u a l   r e s o u r c e  management (VRM)  systems  in  use  today. One was 

developed  by  the U.S. Fo res t   Se rv i ce  and t h e   o t h e r  by the  U.S. Bureau  of  

Land Management (BLM) .  Bo th   sys tems  have  the   capab i l i t y   to :  

a l d e n t i  

rn E s t a b l  

qual i t  

f y   a reas  of  s i g n i f i c a n t   v i s u a l   r e s o u r c e   v a l u e ;  

i s h   l a n d   u n i t s   w i t h  each un i t   hav ing   measurab le ,  homogeneous 

ies;  and 

0 P r i o r i t i z e   t h e   l a n d   u n i t s   t h r o u g h   e s t a b l i s h m e n t  of  u n i t s   o f  low v i s u a l  

q u a l i t y ,  hence r e q u i r i n g   m i n i m a l  management p r o t e c t i o n ,  and u n i t s  

h a v i n g   h i g h   v i s u a l   q u a l i t y   r e q u i r i n g  maximum management p r o t e c t i o n .  

The major  components  of each sys tem  i nvo l ve  a s y s t e m a t i c   f i e l d   i n v e n t o r y  

i n c l u d i n g  ( I )  s c e n i c   q u a l i t y   o r   v i s u a l   v a r i e t y ,  ( 2 )  v i s u a l   s e n s i t i v i t y ,  and 

( 3 )  d e g r e e   o f   v i s i b i l i t y .   G e n e r a l l y ,   t h e   f i e l d   i n v e n t o r i e s   a r e   c o n d u c t e d  

f rom an o n - t h e - g r o u n d   p e r s p e c t i v e .   V i s i b i l i t y   f r o m   t h e   a i r   i s   g e n e r a l l y   n o t  

cons idered  except   under   spec ia l i zed   c i rcumstances .  

D e f i n i t i o n s   o f   t h e   t h r e e   k e y  VRM inventory   components  o f   scenic   qual i ty ,  

v i s u a l   s e n s i t i v i t y ,  and  degree of  v i s i b i l i t y   f o l l o w .   I n v e n t o r i e d   s y s t e m a t -  

i c a l l y   u s i n g   t h e  BLM system,  these  components y i e l d  a l a n d   u n i t   r a t i n g   s y s t e m  

d i v i d e d   i n t o   f i v e   c l a s s e s .  Each  c la ,ss  prov ides  var ious  degrees of  resource  

management con t ro l   ove r   p rospec t i ve   resource   deve lopmen t   p roposa ls ,   i nc lud ing  

g rave l   remova l   ope ra t i ons   f rom  a rc t i c  and s u b a r c t i c   f l o o d p l a i n s .  

288 



SCENIC QUALITY 

E s t a b l i s h i n g  a s c e n i c   q u a l i t y   r a t i n g   b e g i n s  by   us ing   phys iograph ic   p rov-  

i n c e s   t o   d i s t i n g u i s h   l a n d s c a p e   c h a r a c t e r   u n i t s   h a v i n g  common v i s u a l   q u a l i t i e s  

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

W i t h i n  each  major   landscape  un i t   there may b e   a r e a s   h a v i n g   s i g n i f i c a n t   v i s u a l  

d i f f e rences .   These   d i f f e rences   m igh t   i nc lude   va r ia t i ons   o f   t yp i ca l   l and fo rms  

tha t   wou ld  be c l a s s i f i e d  as c h a r a c t e r   r a t i n g   u n i t s .  Each r a t i n g   u n i t  i s  f u r -  

t h e r   c l a s s i f i e d   a c c o r d i n g   t o   t h e   d e g r e e  of s c e n i c   q u a l i t y   o r   v a r i e t y  as be ing  

d i s t i n c t i v e ,  common, o r   m in ima l .   Genera l l y  any  landscape  has  recognizable 

p a r t s   t h a t   c a n  be desc r ibed   i n   t e rms   o f   f o rm,   l i ne ,   co lo r ,  and texture.   These 

bas i c   v i sua l   e lemen ts   exe r t   va r ious   deg rees   o f   i n f l uence  and t h e i r   c o m p o s i t i o n  

w i l l  d e t e r m i n e   t h e   s c e n i c   q u a l i t y   o f  a g i ven   l andscape   un i t .  The premise 

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

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

S e v e r a l   k e y   f a c t o r s   a r e   i n v e n t o r i e d   i n   d e t e r m i n i n g   t h e   s c e n i c   q u a l i t y  

o f   the   landscape  and  a re   used  to   de l ineate  VRM land c lasses .  

0 Land  form. 

0 Vegeta t ion .  

0 Water. 

0 Color .  

0 The in f luence  o f   ad jacent   scenery ,  

0 S c a r c i t y   ( d i s t i n c t i v e   f e a t u r e s )   o r   u n i q u e n e s s .  

V I SUAL SENS I T 1.V I TY 

V i s u a l   s e n s i t i v i t y   l e v e l s  measure  the  publ ic   concern  for   the  scenic  

q u a l i t y  o f  the  landscape  and  for   the  changes  that  may a l t e r   t h e   e x i s t i n g  

landscape  character .  The d e g r e e   o f   s e n s i t i v i t y   i s   d e t e r m i n e d  b y   u s e r   a t t i t u d e  

and use demand (vo lume).   User   a t t i tude  can  be  measured  by a s u r v e y   o f   p r i v a t e  

c i t i z e n s  and p u b l i c   o f f i c i a l s ,  or  i n d i r e c t l y   b y   p u b l i c  documents  such  as 

r e c r e a t i o n   p l a n s ,   t r a i l   s y s t e m s ,   s c e n i c   h i g h w a y s ,  and other  i tems.  These 

documents i n d i c a t e   a r e a s  of  general   concern.  Use volume i d e n t i f i e s   a r e a s   o f  

p e d e s t r i a n  and motor ized   veh icu la r   use  and r a t e s  them h igh ,  medium, o r  low 
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based upon frequency and du ra t i on   o f  use. User a t t i t u d e  and use demand a r e  

f requent ly  combined i n  a mat r i x   t o   de te rm ine   f i na l   sens i t i v i t y   l eve l s .  

DEGREE OF VISIBILITY 

deta 

o f  v 

A distance zone i s   t he   a rea   t ha t  can  be  seen  from a s e n s i t i v i t y  area, and 

i s  descr ibed as foreground,  middleground,  background, or seldom seen. Distance 

zones are  de l ineated on the   p remise   t ha t   t he   ab i l i t y   t o   pe rce i ve  change or 
I I  i n   t h e  landscape i s  a funct ion  o f   d is tance.  

Spec i f i c   s i t e   i n fo rma t ion   (Scen ic   Qua l i t y ,   V i sua l   Sens i t l v i t y ,  and Degree 

i s i b i l i t y )  i s  i n i t i a l l y   d i s p l a y e d  on  separate  topographic maps. A h i e r -  

archy  of  importance i s   e s t a b l i s h e d  and the maps are combined. The r e s u l t i n g  

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

and the  degree  of   acceptable  a l terat ion  for  each landscape c l a s s i f i c a t i o n .  

The determfnat ion  of   the  degree of accep tab le   a l t e ra t i on  for each landscape 

u n i t  i s  d e f i n e d   u t i l i z i n g  a numerical   rat ing  system  that   enables a dec is ion  

maker t o  see exac t ly  what feature  ( landform,  water,  vegetation,  structures) 

i s  be ing   a f fec ted  and t o  what extent.   This method allows some f l e x i b i l i t y   i n  

de termin ing   appropr ia te   m i t iga t ion  measures. 



APPROACH 

The aesthet ic  analysis  of   gravel   removal   f rom  the 25 p r o j e c t   s t u d y   s i t e s  

u t i l i z e d   t h e  premises and c r i t e r i a   o f   t h e  VRM system  developed by the  Bureau 

of  Land Management. However, an actual  VRM inventory and c l a s s i f i c a t i o n  was 

conducted on a s i t e  by s i t e   b a s i s   r a t h e r   t h a n  on a reg ional   bas is  as would 

normally  occur. Each p r o j e c t   s t u d y   s i t e  was rrnalyred  for   scenic  qual i ty,  

v i s u a l   s e n s i t i v i t y ,  and degree of v i s i b i l ' i t y .   P r o j e c t   a e r i a l  and on-s i te  

ground  photography, USGS togography maps, and p r o j e c t   s i t e   d e s c r i p t i o n s  were 

the  primary  data  source- for the   scen ic   qua l i t y  and degree of v i s i b i l i t y  anal- 
y s i s .   V i s u a l   s e n s i t i v i t y   d a t a   s o u r c e s   a r e   l i m i t e d   i n  Alaska;  therefore,  user 

a t t i t u d e  and use volume  were i n te rp re ted   f rom  the   pub l i c  documents c i t e d   i n  

the   b ib l iography  and by communications w i th   persons   fami l ia r   w i th   the   loca-  

t i o n s  under   s tudy.   Af ter   the  s i tes Tn each general   region  were  inventor ied  for  

ex is t ing  v isual   resources,  a cont ras t   eva lua t ion  was conducted, The cont ras t  

e v a l u a t i o n   o u t l i n e s   s p e c i f i c   v i s u a l   e f f e c t s   o f   g r a v e l  removal accwding  t o  

BLM d e f i n i t i o n s .  
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THE VISUAL RESOURCES OF THE STUDY REGIONS 

n C h a r a c t e r i s t i c   l a n d s c a p e   d e s c r i p t i o  

the   deg ree   o f   change   o r   con t ras t   t ha t   i s  

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

o r   s i t e   l o c a t i o n   i n   t e r m s   o f   t h e   b a s i c  v 

and t e x t u r e .   A l t h o u g h   s i t e   s p e c i f i c   p h y s  

s a r e  needed i n   o r d e r   t o   a s s e s s  

c rea ted   by   f l oodp la in   g rave l   remova l .  

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

sua1  elements  of  form, I i ne ,   co lo r ,  

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

w h e r e   i n   t h i s   t e x t ,   t h e   p u r p o s e   h e r e   i s   t o   c r e a t e  an o v e r a l l   i m p r e s s i o n  o f  

t h e   l a n d s c a p e   q u a l i t y   i n   t h e   v i c i n i t y   o f   t h e   s t u d y   s i t e s .  When a v a i l a b l e ,  

in fo rmat ion   document ing   pub l i c   concern  and  use ( o r   v i s u a l   s e n s i t i v i t y )   i n  

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

SEWARD PENINSULA 

S c e n i c   Q u a l i t y  

Seward P e n i n s u l a   s i t e s   i n c l u d e   G o l d  Run Creek,  Sinuk  River,  Washington 

Creek,  Oregon  Creek,  Penny  River,  and Nome R ive r .  The t y p i c a l   l a n d f o r m   i n  

t h e   v i c i n i t y   o f   a l l   s i t e s  i s  c h a r a c t e r i z e d  by broad ,   smoo th   t ex tu red ,   ro l l i ng  

h i l l s   w i t h   m o d e r a t e   t o   g e n t l e   s l o p e s   ( F i g u r e  85). The h i l l s   a r e   s e p a r a t e d   b y  

sharp V-shaped va l leys  near   s t ream  headwateps;  these v a l l e y s  become wider  

near   the  coast ,  A l l  s t u d y   s i t e s  on   the   Seward   Pen insu la   a re   loca ted   in   nar row 

v a l l e y s   o r   a t   t h e   p o i n t   w h e r e  a n a r r o w   v a l l e y   o p e n s   i n t o  a b r o a d   v a l l e y .  The 

panorama a t   t h e s e   s i t e s   i n c l u d e s   b o t h   g e n t l e  and  moderately  steep  s lopes. 

A n g u l a r ,   r u g g e d   m o u n t a i n s   a r e   v i s i b l e   i n   t h e   d i s t a n c e   f r o m   a l l  Seward Penin- 

s u l a   s i t e s ,   b u t  do n o t   s i g n i f i c a n t l y   i n f l u e n c e   o r  enhance t h e   l o c a l   s c e n i c  

qual i t y .  

The s t u d y   s i t e   r i v e r s  on   t he   Seward   Pen insu la   usua l l y   f l ow   i n   s inuous  

c o n f i g u r a t i o n   w i t h   m o d e r a t e   t o   s w i f t   c u r r e n t s .  The S inuk   R iver  i s  t h e   l a r g e s t  
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F i g u r e  85. Typ ica l  Seward Pen insu la   land form  a t  Penny R ive r .  

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

r i v e r s  have a s ing le   we l l -de f i ned   ac t i ve   channe l   w i th   occas iona l   s ide   channe ls  

o r   i s l ands .  The presence  o f   occas ional   reaches of s t e e p l y   e r o d e d   r i v e r  bank  do 

n o t   c r e a t e   s t r o n g ,   v i s i b l y   a p p a r e n t   v e r t i c a l   l i n e s .  Some r i v e r  edges w e  of 

c o a r s e   t e x t u r e   w i t h   c o b b l e s  and bou lders .  A l l  r i v e r  systems  enhance  the  scenic 

q u a l i t y  o f  the  immediate  surroundings,  but  they  are  not  the  most  dominant 

element  in  the  large  scale  landscape. 

I n   t h e  Seward P e n i n s u l a ,   r i p a r i a n   v e g e t a t i o n   g r o w s   i n   v a r i o u s   d e n s i t i e s  

and  heights.  In  most  cases  low-growing  shrubs (1-2 m l  a r e   i n t e r s p e r s e d   w i t h  

other  ground  cover  species  (herbaceous  and  woody).   Is lands  f requegt ly  are 

vege ta ted   w i th   s im i l a r   vege ta t i ve   commun i t i es .  The Fenny R i v e r   i n   p a r t i c u l a r  

has  extensive,  wide  bands of  t a l l  (2 t o  3 m)  r i p a r i a n   w i l l o w .  The greener 

s h r u b   t h i c k e t   v e g e t a t i o n   a l s o   e x t e n d s  up a d j a c e n t   v a l l e y s   p r o v i d i n g  a sharp 

c o l o r  and t e x t u r e   c o n t r a s t   w i t h   t h e   m a t t e d  brown  tundra  on  the  surrounding 

h i l l s i d e s .  Dense s h r u b   t h i c k e t s   a l s o   a r e  a common f e a t u r e   a l o n g   o l d   d i v e r s i o n  

d i t ches ,  seeps,  and o ther   water   sources ;   these  c rea te   con t ras t ing   bands  and 

c lumps  o f   dense  green  co lor   across  the  brown  h i l ls ides.  
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The predominant summer colors of   the  reg ion  are  prov ided  by  the vege- 

t a t i v e   p a t t e r n s .  Common patterns  include:  bright  green  near  water  sources and 

d u l l  green or brown  on the   h i l l s i des .   Dur ing   f a l l   t he   f l oodp la ins  turn b r i g h t  

ye l low,   whi le   red and golden  yel low  colors  dominate  the  h i l ls ides.   Ridges 

of   nearby  h i  I I s  are  barren and appear gray i n  color with  occasional   dark 

brown rock outcrops. 

Cu l tu ra l   mod i f i ca t i ons   a re   v i s ib le   f rom  eve ry   s i t e   i n   t he  Seward Penin- 

sula. The Nome-Teller Highway i n t e r s e c t s   a n d / o r   p a r a l l e l s   f i v e   o f   t h e   r e g i o n ' s  

s tudy   s i tes ,  and the  Nme-Taylor Highway p a r a l l e l s   t h e  Nome River  near  tho 

s i x t h   s t u d y   s i t e   i n   t h i s   r e g i o n .  The roadways  are  the most v i s i b l e   c u l t u r a l  

mod i f i ca t ions ,   bu t   the   l ines   they   c rea te   genera l l y   b lend  in to   the   l ines   o f  

surrounding  landscape.  Several  streams  are  crossed  by  bridges  of  varied de- 

sign. These b r idges   c rea te   ve r t i ca l  and ho r i zon ta l   l i nes   t ha t   a re   no t   f re -  

quently  found i n  these  landscapes.  Access  roads  frequently  lead  from  main 

highways to   r i ver   f loodp la ins .   Dra inage  d i tches   cons t ruc ted   dur ing   ear ly   go ld  

mining  per iods  f requent ly can  be  seen as  they  fo l low  the  contours  o f   ad jacent  

h i l l s i d e s .  These d i tches  were   cons t ruc ted   to   co l lec t  and provide  water  at  

up land  go ld   min ing   s i tes .   Severa l   t ra i l s   t raverse   the   loca l   te r ra in  and are 

v i s u a l l y   d i s r u p t i v e .  Some cab ins   a re   s i t ua ted   w i th in   s igh t   o f  roadways, but  

none are  not 

other  gravel  

Visual  Sensi 

ceable  f rom  wi th in  the  study  s i tes.   There  a lso i s  evidence  of 

removal and gold  min ing  s i tes  throughout   the  reg ion.  

i v i t y  and  Degree o f   V i s i b i l i t y  

The Seward Peninsula  study s i t e s  are   loca ted   w i th in  immediate  or  fore- 

ground  view  of  the  Nome-Teller and Nome-Taylor Highways.  There are  on ly   three 

established  highways for veh ic le   t rave l  on  the Seward Peninsula and a l l   r a d i -  

ate  f rom Nome, the  largest  populat ion  center  on  the  peninsula.  AI'I of   the  

s t u d y   s i t e s   a r e   w i t h i n  a 40 km:radius  of Nome. There i s  an establ ished ELM 

campground about 24 km n o r t h  of the  Nome River   s tudy   s i te .   Th is  campground  and 

t h o   h i s t o r i c a l   g o l d   m i n i n g   d i s t r i c t s  near Noma a t t r a c t   a d d i t i o n a l  summer 

tour is t   t rave l   a long  these  rou tes .  Commercial tours   o f   the  peninsula  usual ly  

beg in   i n  Nome and branch  out  along  these roadways. Any changes o r   a l t e r a t i o n s  

of  the  landscape  that  occur  in  the  foreground  along  these  roadways  would  be 
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h igh ly   v i s ib le ,  However, lower  use volume than in  other  parts  of   the  State,  

and less resource agency concern  for   the  qual i ty  of   th is landscape (no  wi ld- 

l i f e  refuges, w i l d  and scenic  r ivers,  etc.),   give  the  study  areas  only a 

moderate  v isual   sensi t iv i ty.  

NORTH SLOPE 

Scenic  Qual i ty 

North  Slope  study  sites  include  the  Ugnuravik  River,  Aufeis Creek, 

Kuparuk River,  Skeetercake Creek, Sagavanirktok  River,  Ivishak  River, 

Shaviovik  River, and the  Kavik  River. The Kuparuk River and the  Ugnuravik 

River  si tes  are  located on the  Arct ic  Coastal   Plain  which  is  character is-  

t i c a l l y   f l a t   t o   s l i g h t l y   r o l l i n g .  The s teep ly   inc ised   r i ver  banks accentuate 

the  s t rong  hor izonta l   l ine of the  coastal   p la in and also prov ide   ver t i ca l  

r e l i e f   ( F i g u r e  86) .  The remain ing   s i tes   a re   loca ted   in   the   Arc t i c   Footh i l l s  

Figure 86. Typical view of an Arct ic  Coastal   Plain 
f loodplain.  

which i s  a t rans i t ion  area between the  coastal   p la in and the  Brooks  Mountain 

Range. Gentle,  undulat ing  slopes  with  occasional  isolated,  round and r o l l i n g  
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h i l l s   c h a r a c t e r i z e   t h e   l a n d f o r m   o f   ' t h e   f o o t h i l l s   ( r e f e r   t o   F i g u r e s  4 and 5 i n  

DESCRIPTION OF STUDY R I V E R S ) .  I n c i s e d   r i v e r   b a n k s   o r   t e r r a c e   b a n k s   e s t a b l i s h  

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

landform  features  appear  to  be  smooth  wi th  few  surface  rock  outcrops. 

R i v e r s ,   t r i b u t a r i e s ,   l a k e s ,  and ponds a re  common f e a t u r e s   o f   t h e   N o r t h  

Slope  landscape. On t h e   c o a s t a l   p l a i n   t h e  abundance o f   t hese   wa te r   f ea tu res  

compr ise   approx imate ly  75 pe rcen t   o f   t he   l and ' s   su r face .  However,  no s i n g l e  

l a n d f o r m   o r   w a t e r   f e a t u r e   s t a n d s   o u t   o r   i s   v i s u a l l y   s i g n i f i c a n t .  The b r a i d e d  

r i v e r  systems w i t h   t h e i r   i s l a n d s   c r e a t e   v a r i a t i o n s   i n   l i n e ,   t e x t u r e ,  and 

c o l o r   t h a t   c o n t r a s t   w i t h   t h e   s u r r o u n d i n g  homogeneous landscape. The r i v e r s  

o f   f o o t h i l l   r e g i o n   s t u d y   s i t e s  are more v i s u a l l y   s i g n i f i c a n t   e l e m e n t s   i n   t h e  

landscape due t o   t h e   d i m i n i s h i n g   f r e q u e n c y   o f   o t h e r   w a t e r   f e a t u r e s  and t h e i r  

p r o m i n e n t ,   f o c a l   l o c a t i o n   t r a v e r s i n g   f o o t h i l l   v a l l e y   f l o o r s .  

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

c o l o r  and t e x t u r e .   R i p a r i a n   v e g e t a t i o n   u s u a l l y   c o n s i s t s  of  low-growing com- 

m u n i t i e s   o f  dense w i l l o w   t h i c k e t   i n t e r s p e r s e d   w i t h   h e r b a c e o u s  and woody ground 

cove r   spec ies .   These   r i pa r ian   commun i t i es   deve lop   i r regu la r   ou t l i nes   c rea ted  

by i r r e g u l a r   c h a n n e l   p a t t e r n s  and  uneven  texture.   Occasional ly   there  are 

c o n c e n t r a t e d   s t a n d s   o f   t a l l e r ,  more   mature   w i l low  tha t  become a v i s u a l   f o c u s  

due t o   t h e   c o n t r a s t   i n   h e i g h t   w i t h   s u r r o u n d i n g   l o w - g r o w i n g   v e g e t a t i o n .  

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

i n   t h e   f a l l .  The most s i g n i f i c a n t   c o l o r   c o n t r a s t   e x i s t s   b e t w e e n   t h e   g r e e n s  

o f   t h e   r i p a r i a n   s h r u b   t h i c k e t s  and t h e   t a n s  and  browns  of   unvegetated  f lood- 

p l a i n s .  

Some f o r m   o f   c u l t u r a l   m o d i f i c a t i o n   i s   e v i d e n t   n e a r  al.1 Nor th   S lope   s i t es .  

M o s t   m o d i f i c a t i o n s   a r e   t h e   r e s u l t   o f   o i l  and  gas e x p l o r a t i o n .   S e v e r a l   g r a v e l  

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

s i t e s .   G r a v e l   d r i l l  pads, camp pads,  and a i r s t r i p s   a r e   a d j a c e n t   t o   s e v e r a l  

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

fo rm,   l i ne ,   co lo r ,  and tex tu re   o f   t he   su r round ing   und is tu rbed   l andscape .  
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I n   add i t i on ,   t he   T rans -A laska   P ipe l i ne  and  .Haul Road a r e   w i t h i n  I I  km and 

1.5 km, r e s p e c t i v e l y ,   o f   t h e   l v i s h a k  and  Sagavani rk tok  River   s i tes.   these 

f e a t u r e s   a r e   v i s i b l e   f r o m   t h e   f l o o d p l a i n   b a n k s   a t   b o t h   s i t e s .  The  dominant 

v i s u a l   f e a t u r e  of  e l e v a t e d   s e c t i o n s   o f   t h e   T r a n s - A l a s k a   P i p e l i n e   c o n s i s t s   o f  

t h e   v e r t i c a l   p i p e   s u p p o r t s  and t h e   h o r i z o n t a l   p i p e .  The r i g i d   l i n e s   o f   b o t h  

e lemen ts   con t ras t   sha rp l y   w i th   su r round ing   undu la t i ng   l andscape .  

The Nor th  S lope  scenery i s  unusual   and  in t r igu ing.   Th is   vast   landscape 

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

y i e l d s  a f a i r l y   h i g h   s c e n i c   q u a l i t y   r a t i n g .  

V i s u a l   S e n s i t i v i t y   a n d  Degree o f   V i s i b i l i t y  

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

N o r t h  Slope s tudy   a reas .   However ,   severa l   s i tes   a re   loca ted   w i th in   o r   ad jacent  

t o   a r e a s   i d e n t i f i e d  by   va r ious   g roups   as   l ands   o f   na t i ona l   i n te res t .  The 

lv ishak   R iver ,   fo r   ins tance,   has   been recommended  as a w i l d  a n d   s c e n i c   r i v e r .  

These  des ignat ions do no t   gua ran tee   i nc reased   pub l i c  use, bu t   t hey   a re  an 

e x p r e s s i o n   o f   p u b l i c   c o n c e r n   f o r   p r e s e r v a t i o n   o f   s c e n i c   q u a l i t y .   I n c r e a s e d  

u s e   c o u l d   r e s u l t   i f  and when the  Haul  Road i s  opened fo r   pub l i c   access .   Mater -  

i a l   s i t e s   w i t h i n   v i e w   o f   t h e   H a u l  Road wou ld   have  inc reased  degree  o f   v is i -  

b i l i t y  and t h e r e f o r e   h i g h e r   v i s u a l   s e n s i t i v i t y .  

NORTHERN INTERIOR 

S c e n i c   Q u a l i t y  

The landscape of  t h e   N o r t h e r n   I n t e r i o r   i s  among the  most   spectacular  

scenery   i n   A laska .  I t  i n c l u d e s   t h e   D i e t r i c h   R i v e r   ( t w o   s t u d y   s i t e s ) ,   M i d d l e  

Fork  Koyukuk R i v e r   ( t w o   s t u d y   s i t e s ) ,   J i m   R i v e r ,  and Prospect  Creek.  The 

s i t e s   o n   t h e   D i e t r i c h   R i v e r  and  Middle  Fork  Koyukuk  River-Upstream  are  located 

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

( F i g u r e  87) .  The s teep  angu lar   mounta in  w a l l s  a r e   o f t e n   c r e s t e d   w i t h   m a s s i v e  

l i g h t   c o l o r e d   r o c k   o u t c r o p  and cu t   by   jagged  rav ines .  Near the   M idd le   Fo rk  

Koyukuk  River-Downstream s i t e  and the   J im   R ive r  and  Prospect   Creek  s i tes 
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F i g u r e  87. D i e t r i c h   R i v e r   v a l l e y .  

t h e  valley w i d t h s   f l u c t u a t e  and  mountainous  features  diminish  in  v isual  domi- 

nance  (Figure 8 8 ) .  The slopes a r e  more  gent le  and the  surrounding  mountains 

a r e  more  rounded i n  form. 

F i g u r e  88. Lower Middle   Fork  Koyukuk R i v e r   v a l  ley. 
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River  systems of t h e   N o r t h e r n   I n t e r i o r   e x e r t   v a r y i n g   d e g r e e s  of i n f l u e n c e  

o n   o v e r a l l   s c e n i c   q u a l i t y .  The l a r g e ,   a c t i v e   f l o o d p l a i n  of  t h e   D i e t r i c h   R i v e r  

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

t e r n   o v e r  much o f  i t s  length ,  Numerous l i g h t   c o l o r e d   u n v e g e t a t e d   g r a v e l   b a r s  

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

f l o o r  and v a l l e y   w a l l s .  The Midd le   Fork   Koyukuk   R iver   var ies   f rom a large,  

s inuous   s ing le   channe l   t o  a b r a i d e d   s y s t e m   w i t h  a large  main  channel.  Through- 

o u t ,   t h e r e   a r e  many abandoned  channels,   vegetated  is lands,  and  terraces.  Both 

J im  River   and  Prospect   Creek  are  smal ler ,  slnuous t o  meandering  and less 

dominant i n   l o c a l   s c e n i c   q u a l i t y   t h a n   t h e   D i e t r i c h  and Middle  Fork  Koyukuk 

R ive rs .  A l l  N o r t h e r n   I n t e r i o r   s t u d y   s i t e s   a r e   i n  an enclosed  landscape  where 

t h e   r i v e r s  become a f o c a l   p o i n t . g i v e n   t h e i r   p r o m i n e n t  and c e n t r a l   l o c a t i o n .  

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

o f   c o n i f e r o u s  and  deciduous  trees  of  varying  ages  and  dens' i t ies.  Dark-green 

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

and w i l l o w   t h i c k e t s .   H i g h - w a t e r  and  abandoned r i v e r   c h a n n e l s   h a v e   c r e a t e d  

b r o k e n   p a t t e r n s   i n   t h e   v e g e t a t i o n   t h r o u g h o u t   t h e   f l o o d p l a i n .  A r i ch ,   complex  

v isua l   tex tu re   has   deve loped  because of  t h e   v a r i a b l e   h e i g h t s  and c o l o r s  o f  t h e  

vegeta t ive   communi t ies .  

C o l o r   v a r i e t y   i s   f u r t h e r  enhanced  by  the  gravel   deposi ts   in   the  f lood-  

p l a i n s ,   l o c a l   p a t t e r n s  of vege ta t i on ,   and   i n  some areas   ex tens ive   rock   ou t -  

c rops .   Dur ing  f a l l ,  vegeta t ive   changes  in t roduce  another   d imens ion   o f   co lo r  

v a r i e t y   w i t h   t h e   s e a s o n a l   c o l o r s   o f   r e d ,   o r a n g e ,  and  ye1  low  added t o   t h e   l a n d -  

scape. 

The  most n o t i c e a b l e   c u l t u r a l   m o d i f i c a t i o n s   i n   t h e   N o r t h e r n   I n t e r i o r   a r e  

t h o s e   a s s o c i a t e d   w i t h   t h e   T r a n s - A l a s k a   P i p e l i n e  System. F a c i l i t i e s   a d j a c e n t   t o  

t h e   s t u d y   s i t e s   i n c l u d e   c o n s t r u c t i o n  and  maintenance camps, a i r s t r i p s ,  ma- 

Spur d ikes  have t e r i a l  and d i s p o s a l   s i t e s ,  and e l e v a t e d   a n d   b u r i e d   p i p e l i n e .  

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

Middle  Fork  Koyukuk  Rivers.  The l i g h t   c o  

s t r u c t   t h e   p i p e l i n e   w o r k  pad,  Haul Road, 
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I l o c a t i o n s   a l o n g   t h e   D i e t r i c h  and 

l o r e d   g r a v e l   m a t e r i a l s   u s e d   t o  con- 

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



w i t h   t h e   r i c h   n a t u r a l   c o l o r   v a r i e t y   o f   t h i s   r e g i o n .  The p i p e l i n e  and  Haul Road 

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

The s c e n i c   q u a l i t y   o f   t h e   D i e t r i c h  and Middle  Fork  Koyukuk  Rivers  can 

be charac te r i zed   as  a r e g i o n   o f   h i g h   d i v e r s i t y .   T h i s   d i v e r s i t y   i s  a r e s u l t  

o f  8 r i c h  and  complex  texture  o f   co lor ,   landform,   and  cont rasts .  The  degree 

o f   d i v e r s i t y   p r o v i d e s   t h e   r e g i o n   w i t h  a somewhat u n i q u e   c a p a b i l i t y   o f  accom- 

m o d a t i n g   l i m i t e d  manmade encroachments  in   compar ison  wi th   the  Nor th  S lope 

landscape  where manmade s t r u c t u r e s   w o u l d   p r o d u c e   h i g h l y   v i s i b l e   r e s u l t s .  

A l t h o u g h   t h e   s c e n i c   q u a l i t y  i s  n o t   a s   d i s t i n c t i v e ,   J i m   R i v e r  and  Prospect 

C r e e k   h a v e   g r e a t e r   r e c r e a t i o n   p o t e n t i a l   t h a n   t h e   D i e t r i c h  and M idd le   Fo rk  

Koyukuk  Rivers. T h i s  r e c r e a t i o n   p o t e n t i a l  may have an o v e r r i d i n g   i n f l u e n c e  

o n   t h e   f i n a l  ou tcome  o f   the   v isua l   ana lys is .  

V i s u a l   S e n s i t i v i t y  and  Degree o f  V i s i b i l i t y  

The N o r t h e r n   I n t e r i o r   ( a t   t h e   t i m e   o f   t h i s   e v a l u a t  

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

i b l e  

hence, 

p u b l i c   u s e   i s   l i m i t e d   a t   t h e   p r e s e n t   t i m e .  The Bureau  of  Land Management has 

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

Haul Road i s  opened t o   t h e   p u b l i c .   M o s t   d e v e l o p m e n t   w o u l d   b e   r e s t r i c t e d  t o  

p r e s e n t l y   d i s t u r b e d   a r e a s   w i t h  an  emphasis on m a i n t a i n i n g   s c e n i c   q u a l i t y .   N o t  

a l l  s t u d y   s i t e s   a r e   e a s i l y   v i s i b l e   f r o m   t h e   H a u l  Road because  o f   screening 

q u a l i t i e s  of t h e   n a t u r a l   v e g e t a t i o n .  However, c u r r e n t  and  proposed r i v e r  

r e c r e a t i o n   u s e  would i nc rease   t he  amount o f   v i s i b l e   a r e a .   I n   a d d i t i o n ,   l a n d s  

o f   n a t i o n a l  ahd S t a t e   i n t e r e s t   a r e   a d j a c e n t   t o   t h e   T r a n s - A l a s k a   P i p e l i n e  

System U t i l i t y   C o r r i d o r   ( p r o p o s e d  IId-2” l ands ) .  Hence, t h e r e   i s   s t r o n g   p u b l i c  

i n t e r e s t   i n   m a i n t a i n i n g   t h e   s c e n i c   q u a l i t y   o f   t h i s   r e g i o n .  

SOUTHERN INTERIOR 

S c e n i c   Q u a l i t y  

i o n )  i s  access 

ir or   by  foot ;  

M o s t   s t u d y   s i t e s   o f   t h i s   r e g i o n  (West  Fork  Tolovana  River, McManus Creek, 

and  Tanana R ive r )   have  some s i m i l a r   l a n d f o r m   c h a r a c t e r i s t i c s .  Rounded foo t -  
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h i l l s   w i t h   m o d e r a t e l y   s t e e p   s l o p e s   s u r r o u n d   t h e   f l a t - b o t t o m e d  West Fork 

To lovana   R ive r   va l l ey  and the   nar row McManus Creek v a l l e y   ( F i g u r e  89). Lower, 

g e n t l y   r o l l i n g   h i l l s   b o r d e r  one s i d e   o f   t h e  Tanana R i v e r ,   w h i l e   t h e   o p p o s i t e  

F i g u r e  89. McManus Creek v a l l e y .  

s i d e   c o n s i s t s   o f  a broad, f l a t   p l a i n .  Rock ou tc rops  and b a r r e n   s o i l   a r e   u s u a l -  

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

Phelan  Creek,  however, i s  l o c a t e d   i n  a m o u n t a i n o u s   r i v e r   v a l l e y   ( F i g u r e  

90). The v a l l e y  w a l l s  a re   s teep and a n g u l a r   w i t h   r u g g e d   r i d g e s   o f   r o c k   o u t -  

c rop .   Moun ta in   g lac ie rs   p rov ide  added v i s u a l   i n t e r e s t   t o   t h e   s u r r o u n d i n g  

landscape. 

The Tanana R i v e r  and Phelan  Creek flow i n   b r a i d e d   c o n f i g u r a t i o n .  The 

Tanana R ive r   has   numerous   g rave l   ba rs   and   vege ta ted   i s l ands   i n   t he   ac t i ve  

f l o o d p l a i n   t h a t   c o n t r a s t   w i t h  each  o ther   in   v isual   appearance.  On t h e   o t h e r  

hand, Phelan  Creek  has a g r a v e l   f l o o d p l a i n   w i t h   l i t t l e   c o n t r a s t i n g   v e g e t a t i o n .  

The con t iguous   g ray -wh i te   co lo r   sha rp l y   de f i nes   t he   Phe lan   C reek   va l l ey   f l oo r .  

30 I 



F i g u r e  90. Phelan  Creek  va l ley.  

The West Fork  Tolovana  River and McManus Creek   f l ow   i n   s inuous   con f igu ra t i on  

through  heavi ly   vegetated,   more  narrow  f loodpla ins  and do n o t   s t r o n g l y  domi- 

nate  the  surrounding  landscape.  

The v e g e t a t i o n  a t  mos t   Sou the rn   I n te r i o r   l oca t i ons  i s  a d i v e r s e   m i x t u r e  

o f   dec iduous-con i fe rous   fo res t  and r i p a r i a n   s h r u b   t h i c k e t s .  The rounded  decid- 

uous   shrubs   and  t rees   con t ras t   w i th   the   dark ,   s lender   wh i te   spruce.  The West 

Fork  Tolovana  River and fanana  R iver   f loodp la ins   have a p a r t i c u l a r l y   l u s h  

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

nea r   mos t   Sou the rn   I n te r i o r   s i t es   a re   l ess   obv ious l y   pa t te rned   w i th  a more 

sparse  understory  except  near  drainages. However, c o n t r a s t i n g   p a t c h e s  of  dark 

and l i g h t   g r e e n   c a n   s t i l l   b e  seen i n  most  locat ions.  

The c o l o r   v a r i e t y   n e a r   t h e   S o u t h e r n   I n t e r i o r   s i t e s   i n c l u d e s  a complex 

m i x t u r e  o f  greens,  browns,  grays,  and  tans  with f a l l   v e g e t a t i v e   f o l i a g e   a d d i n g  

reds,  oranges,  and  yellows. 
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The S o u t h e r n   I n t e r i o r   s i t e s   a r e   i n   t h e   v i c i n i t y   o f  many  manmade modif  

c a t i o n s .  The Trans-Alaska  Pipel ine  System i s  near   the West Fork  Tolovana R 

and  Phelan  Creek  s i tes,   wi th   State  h ighways,   rura l   communi t ies,  and r e c r e a  

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

These f a c i l i t i e s ,   w i t h   t h e i r   m o d i f i c a t i o n s  of  landform  and  vegetat ion  pat -  

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

landscape. 

I -  

i ver  

- 

S o u t h e r n   I n t e r i o r   s i t e s ,   w i t h   t h e   e x c e p t i o n   o f   P h e l a n  Creek,  have  minimum 

o r  common scen ic   qua l i t i es   because   l and fo rms   a re   no t   un ique  and t h e r e   a r e  a 

r e l a t i v e l y   h i g h  number o f  c u l t u r a l   i n t r u s i o n s .   P h e l a n  Creek has more landform 

v a r i e t y  and i n  some s e c t i o n s  i s  h i g h l y   d i s t i n c t i v e .  

V i s u a l   S e n s i t i v i t y  and  Degree of V i s i b i l i t y  

The S o u t h e r n   I n t e r i o r   s i t e s   a r e   l o c a t e d   i n   t h e   v i c i n i t y  of  some o f   t h e  

most   heav i l y   used  recrea t ion ,   tour is t ,  and scen ic   a reas   i n   A laska .   I n   add i -  

t i o n ,  most s i t es   a re   c lose   t o   ma jo r   A laskan   h ighways   connec t ing   t he   l a rges t  

p o p u l a t i o n   c e n t e r s   i n   t h e   s t a t e .   I n c r e a s i n g   r e c r e a t i o n a l   u s e  of  r i v e r s   ( l e a d -  

i n g   t o   i n c r e a s e d   v i e w   a r e a )   i s   f a c i l i t a t e d  by  convenient  road  access.  Nearby 

campgrounds  and  waysides  increase  the  viewing  t ime  in  the  landscape. A l l  

o f   t h e s e   f a c t o r s   c o n t r i b u t e   t o   h i g h   v i s u a l   s e n s i t i v i t y   i n  the Southern 

I n t e r i o r .  
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EFFECTS OF GRAVEL  REMOVAL ON VISUAL RESOURCES 

G r a v e l   r e m o v a l   a c t i v i t i e s   c a u s e d   a l t e r a t i o n s   i n   t h e   l a n d s c a p e   t h a t   i n  

many cases   were   no t   v isua l l y   harmon ious   w i th   the   sur round ing   landscapes.  

These a l t e r a t i o n s   a r e   d i s c u s s e d   i n   t h i s   s e c t i o n   i n   t e r m s   o f   c o n t r a s t .   C o n t r a s t  

i s   d e t e r m i n e d   b y   t h e  change i n   t h e   f o r m ,   l i n e ,   c o l o r ,  and t e x t u r e   o f   c h a r a c t e r -  

i s t i c  landscape  features  such as landform,   water ,   vegetat ion,   and  s t ructures.  

The  degree  o f   cont rast   can  vary   wide ly ;   however ,   the  s ign i f icance  o f   each 

c o n t r a s t  w i l l  depend  upon t h e   s c e n i c   q u a l i t y  and v i s u a l   s e n s i t i v i t y  o f  t h e  

cha rac te r i s t i c   l andscape .  The c o n t r a s t s   p r e s e n t e d   i n   t h e   f o l l o w i n g   s e c t i o n s  

genera l l y   deno te  a n e g a t i v e   e f f e c t   u n l e s s   o t h e r w i s e   s t a t e d .   S i m i l a r   c o n t r a s t s  

f r e q u e n t l y   e x i s t   a t   s e p a r a t e   s t u d y   s i t e s   i n  each  region,  hence  discussions 

have  been  grouped b y  reg ion   w i , t h   excep t ions   no ted .  

SEWARD PENINSULA 

Gravel  removal a c t i v i t i e s   i n   t h e  Seward P e n i n s u l a   c r e a t e d   t h e   m o s t   s i g n i f -  

i c a n t   c o n t r a s t s   i n   l o c a l   l a n d f o r m  and   wa te r   f ea tu res   o f   a l l   s tudy   a reas .  

The   uneven   tex tu re   o r   angu la r   l i nes ,   o r   bo th ,   o f   g rave l   s tockp i l es  and  over- 

b u r d e n   p i l e s   p r e s e n t   a t  most  Seward P e n i n s u l a   s i t e s ,   v i s u a l l y   d i s r u p t   t h e  

e x i s t i n g  smooth l i n e s   o f   t h e   s u r r o u n d i n g  homogeneous landscape. 

S c r a p i n g   a n d   p i t   e x c a v a t i o n   h a v e   l e f t   c o n t r a s t i n g   r i g i d ,   r e c t a n g u l a r  

l i n e s   a t   s e v e r a l   s i t e   l o c a t i o n s .  The presence of  water   loca ted   th roughout  

much o f   the   g rave l   remova l   a reas   in   unnatura l   shapes and c o n f i g u r a t i o n s  ac- 

c e n t u a t e s   t h i s   c o n t r a s t .  The c o n s t r u c t i o n   o f   a c c e s s  roads has  in t roduced 

a n   a d d i t i o n a l   c o n t r a s t i n g   f o r m  and l i n e   i n   t h i s  landscape.  These  features  are 

p a r t i c u l a r l y   d i s r u p t i v e   i f   t h e r e   a r e   s e v e r a l   a t  one s i t e  (Nome River,  Oregon 

Creek) .   Landform  cont ras ts   a re   more   ev ident   in   th is   reg ion   because  the   vegeta-  

t i o n  i s  r e l a t i v e l y  low  growing  and  cannot   e f fect ive ly   screen  gravel   removal  
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a c t i v i t i e s .  The o v e r a l l   c o l o r   c o n t r a s t   h a s  b e e n   i n c r e a s e d   a t   a l l   s i t e s   b y  

r e m o v i n g   r i p a r i a n   v e g e t a t i o n .  However, g rave l   remova l   has   no t   c rea ted   s ign i f -  

i c a n t   o v e r a l l   c o n t r a s t s   w i t h   t h e   f o r m ,   l i n e ,  and t e x t u r e   o f   t h e   e x i s t i n g  

v e g e t a t i o n   p a t t e r n s   e x c e p t   a t  Penny R iver   where   the   vegeta t ion  i s  much t a l l e r .  

R i g i d   b l o c k s  of  v e g e t a t i o n  now d e f i n e  some borders   o f   the   g rave l   remova l   a rea  

a t  Penny R iver ,   thus   p roduc ing  a c o n t r a s t   w i t h   t h e   e x i s t i n g  random p a t t e r n  and 

h e i g h t   v a r i a t i o n s   o f   t h e   n a t u r a l   v e g e t a t i o n .  

NORTH SLOPE 

Very  few s i g n i f i c a n t   c o n t r a s t s   a r e   v i s i b l e  o n   t h e   b r a i d e d   r i v e r s   o f  

the   Nor th   S lope.  The r i v e r s   a r e   l a r g e  enough t o   v i s u a l l y   a b s o r b   t h e   c h a n g e s  

i n  channe l   and  i s land  con f igura t ion ,  The banks,  however,  are a s t r o n g   v i s u a l  

f o c u s   i n  many p laces  and a r e  more v i s u a l l y   s e n s i t i v e   t o  change.  The h e i g h t  

o f  inc isea  banks  necess i ta ted  the  use  o f   gravel  f i l l  ramps i n  many l o c a t i o n s .  

Some ramps  were p a r t i a l l y  removed a f t e r   m i n i n g  was completed  and  the  remnants 

a r e  s t i l l  v i s i b l e .   I n   e i t h e r  case,  the  ramps  produce a modera te   con t ras t  

w i t h   t h e   f o r m  and l i n e   o f   t h e   r i v e r  bank. The Kav ik   R ive r  i s  an example  of  

s t r o n g   c o n t r a s t   i n   t h e   f o r m  and l i ne   o f   t he   l and fo rm-wa te r   f ea tu re .   La rge  

p o r t i o n s   o f   t h e  bank  were a l t e r e d   a t   t h i s   s i t e .   I n   a d d i t i o n ,  a l a rge   rec tangu-  

l a r   s c r a p e d   a r e a   a d j o i n s   t h e   r i v e r .  These l i n e s   a r e   n o t   u n l i k e   t h o s e   o f   t h e  

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

t h e   r i v e r ' s  edge. The remova l   o f   vegeta t ion  and   ove rbu rden   i n   t h i s   a rea   has  

produced a c o l o r   c o n t r a s t   t h a t   a c c e n t u a t e s   t h e   u n n a t u r a l   r e c t a n g u l a r   l i n e s  

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

Grave l   remova l   c rea ted   s t ronger   con t ras ts   a long   t he   sma l le r   and /o r   s ing le  

channel r i v e r s   i n   t h e   N o r t h   S l o p e   r e g i o n .  The c r e a t i o n   o f   a d d i t i o n a l   w a f e r  

channels   and/or   ponds  a t   the  Aufe is   Creek  and  Skeetercake  Creek  has  s ign i f i -  

can t l y   d i s rup ted   t he   na tu ra l   l i nes   o f   each   sys tem.  Removal of vegetated  over-  

bu rden   and   s tockp i l i ng  of  g r a v e l   c r e a t e d   a d d i t i o n a l   c o n t r a s t s   i n   c o l o r   a n d  

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

c o n t r a s t   s h a r p l y   w i t h   t h e   e x i s t i n g   n a t u r a l   l a n d f o r m  and v e g e t a t i o n   p a t t e r n s .  
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NORTHERN INTERIOR 

The N o r t h e r n   I n t e r i o r   s i t e s   a r e   g e n e r a l l y   l o c a t e d   i n   a r e a s   w h e r e   p a t t e r n s  

o f  manmade a c t i v i t y   a l r e a d y   e x i s t  and a re   v i s ib l y   apparen t .   Grave l   remova l  

s i t e s   i n   v e g e t a t e d   f l o o d p l a i n s   d e v e l o p e d   t h e  most s i g n i f i c a n t   v i s u a l  con- 

t r a s t s .   R e c t a n g u l a r   e x c a v a t i o n   b o u n d a r i e s   c o n t r a s t   w i t h   t h e   c u r v i l i n e a r  shape 

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

The  remova l   o f   vegeta t ion   and  overburden  c rea ted   co lo r   con t ras t   a t   the  

D ie t r i ch   R iver -Upst ream,   Midd le   Fork  Koyukuk  River-Upstream,  Jim  River,  and 

Prospec t   C reek .   Th i s   con t ras t   d i s t i ngu ishes   t he   rec tangu la r   l i nes   o f   t he  

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

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

u r a t i o n   t o   r e f l e c t   s u r r o u n d i n g   l a n d f o r m  and v e g e t a t i v e   p a t t e r n s .  

S i t e s   t h a t   h a v e   f i l l e d   w i t h   w a t e r   ( P r o s p e c t  Creek ,   J im  R iver ,   D ie t r i ch  

River-Upstream,  and  Diet r ich  River-Downstream)  have  produced  l ine  and  form 

con t ras ts   because   pond ing   i s   no t  a common element i n   t h e   f l o o d p l a i n s   o f   t h i s  

reg ion .   Angu la r   d i ve rs ion   channe ls   a t   D ie t r i ch   R ive r -Ups t ream  were   equa l l y  

c o n t r a s t i n g   w i t h   n a t u r a l   c h a n n e l   p a t t e r n s .  The abrupt  and b l o c k - l i k e  shape of 

e x i s t i n g   g r a v e l   s t o c k p i l e s   a t   D i e t r i c h   R i v e r - U p s t r e a m   s h a r p l y   c o n t r a s t e d   w i t h  

t h e   f l a t   t e r r a i n   o f   N o r t h e r n   I n t e r i o r   r i v e r   v a l l e y s .  

SOUTHERN INTERIOR 

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

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

f r o m   p u b l i c   r o a d w a y s   t h a n   s i t e s   s t u d i e d   i n   o t h e r   r e g i o n s .  However, t h e  

S o u t h e r n   I n t e r i o r   i s  a h igh   rec rea t i ona l   use   a rea  and natura l   screens  between 

roads  and g r a v e l   r e m o v a l   a r e a s   a r e   , n o t   i o t a l l y   s u f f i c i e n t  t o  keep  the  d is-  

t u rbed   a reas   f rom  pub l i c   v iew .  

Land fo rm  con t ras t  i s  t h e   m o s t   o b v i o u s   c h a n g e   i n   v i s u a l   q u a l i t y   r e s u l t i n g  

f r o m   g r a v e l   m i n i n g   a t   t h e   S o u t h e r n   I n t e r i o r   s i t e s .  The West Fork  Tolovana 

R ive r ,  Tanana  River-Upstream,  and  Tanana  River-Downstream s i t e s  have  rectan-  
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g u l a r ,   f l o o d e d   p i t s   w i t h   s t e e p l y   s l o p e d   b a n k s .  The ang le   o f   bank   s lope and p i t  

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

o f   t h e   r i v e r  systems. Where g r a v e l   s t o c k p i l e s   r e m a i n   w i t h i n   t h e   v i s i b l e   p o r -  

t i o n s   o f   t h e   s t u d y   s i t e   ( s u c h  as a t  Phelan   Creek)   they   c rea te  a c o n t r a s t i n g  

unnatural   form. 
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SUMMARY 

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

s p e c i f i c   s i t e s ,  some overa l .1   genera l i za t ions   can  be made. Cer ta in   landscape 

f e a t u r e s   o r   c o n d i t i o n s  w i l l  b e   s i m i l a r l y   e f f e c t e d  by   g rave l   ren iova l   i n   a l l  

r e g i o n s .  The d e c i d i n g   f a c t o r   i n   d e t e r m i n i n g   t o t a l   i m p a c t  w i l l  b e   t h e   r e l a t i v e  

p u b l i c   s e n s i t i v i t y   t o   t h e   s p e c i f i c   l a n d s c a p e .  The same impact i n  t w o   d i f f e r e n t  

areas may be   j udged   d i f f e ren t l y   depend ing  upon p u b l i c   p r i o r i t y .   T h e o r e t i c a l l y ,  

t h e   l a n d s c a p e s   t h a t   a r e   h i g h l y   v i s i b l e  and h i g h l y   r e g a r d e d   b y   t h e   p u b l i c  w i l l  

be  more se r ious l y   a f fec ted   t han   l andscapes  of  l e s s e r   p r i o r i t y .  The f o l l o w i n g  

summar izes  the  e f fect   o f   gravel   removal   on  genera l ized  landscape  features 

and b r i e f l y   d i s c u s s e s   p u b l i c   p r i o r i t y .  

Small, s i n g l e   c h a n n e l   r i v e r s   b o r d e r e d   w i t h   l o w - g r o w i n g   v e g e t a t i o n   e x p e r i -  

enced  the  most  dramat ic  v isual   impact.  The loca t i on   o f   g rave l   depos i t s   on  

t h e s e   r i v e r s   u s u a l l y   r e q u i r e s   t h e   r e m o v a l   o f   r i p a r i a n   v e g e t a t i o n  and  over- 

burden  a long  inc ised  banks.   A long  meander ing  and  s inuous  systems  th is   pro-  

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

vegetat ion  removal   causes a c o l o r   c h a n g e   t h a t   c l e a r l y   b r i n g s   a t t e n t i o n   t o  

the   d i s tu rbed   a rea .  The remain ing  low-growing  shrub  vegetat ion i s  n o t   o f  

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

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

absorb  mining  induced  changes i f   t he   g rave l   remova l   occu rs   be tween   the   f l ood -  

p l a i n  banks. Any changes t o   t h e   b a n k s   c r e a t e   n o t i c e a b l e   v i s u a l   c o n t r a s t s .  

The mos t   f requen t l y   obse rved   con t ras t   t o   r i ve r   banks   resu l t   f r om  access   roads  

and  f i l l - ramps,   cu t   banks ,  and  mined  banks. 

T a l l ,  dense v e g e t a t i o n   b u f f e r s   s u r r o u n d i n g   t h e   w o r k   a r e a   o f t e n   s c r e e n  

many m i n i n g   s i t e s   f r o m   p u b l i c   v i e w   a t   g r o u n d   l e v e l .  However, the  removal   o f  
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vege ta t i on   f rom  bu f fe r   a reas   a t   mos t   s tudy   s i t es   has   caused   unna tu ra l   l i ne  

and c o l o r   c o n t r a s t s   t h a t  draw a t t e n t i o n   t o   t h e   d i s t u r b e d   a r e a s .   C o l o r  con- 

t r a s t s   a r e  more v i s i b l e   f r o m  an e l e v a t e d   p o s i t i o n   w h e r e  a v i e w e r   i s   l o o k i n g  

down o n t o   t h e   s i t e .  

R e c t a n g u l a r ,   w a t e r - f i l l e d   e x c a v a t i o n  p i t s ,  due t o   t h e i r   u n n a t u r a l  shape, 

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

c o n t r a s t  i s  accentuated when t h e   v e g e t a t i o n   b o r d e r i n g   t h e   p i t  i s  t a l l  and 

conforms  to   the   rec tangu lar   shape.  

S i tes   t ha t   can   be   v iewed   f rom above,  where  the  viewer i s  a b l e   t o  look 

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

in   a reas   o f   sparse   o r   low-growing   vegeta t ion .  

A c c e s s   r o a d s   a l s o   h a v e   r e s u l t e d   i n   s i g n i f i c a n t   c o n t r a s t s   i n  many s tudy  

s i t e s .   A c c e s s   r o a d s   f r e q u e n t l y   c r e a t e  a high  degree  o f   v isual   prominence 

and c o n t r a s t   w h e r e   t h e y   t r a v e r s e   p e r p e n d i c u l a r l y   a c r o s s   e x i s t i n g   s l o p e  con- 

t o u r s .   T h i s   c o n t r a s t  i s  more d i s r u p t i v e   i n   r e g i o n s   o f   r o l l i n g   o r   s t e e p   t e r -  

ra in ,   hav ing   sparse   o r   low-growing   vegeta t ion ,  as e x i s t s  on  the  Seward  Penin- 

s u l a  and Nor th  S lope.  The presence  of  more  than  one  access  road  can  produce a 

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

The p resence   o f   s tockp i l ed   g rave l  and   ove rbu rden   p i l es   o f ten   i nc rease  

v i sua l   p rominence   t o  a s i t e .   O f t e n  due t o   t h e i r   h e i g h t   o r   l i n e a r  shape, o r  

b o t h ,   t h e   p i l e d   m a t e r i a l   t e n d s  t o  a t t r a c t   t h e   v i e w e r ' s   a t t e n t i o n   t o  a s i t e  

even  though  the s i t e   i t s e l f  may n o t   b e   c l e a r l y   v i s i b l e .   L a r g e   s t o c k p i l e s   a r e  

d e t r a c t i v e   i n  mos t   l andscapes   a l t hough   l ess   no t i ceab le   i n   b road   f l oodp la ins  

s u r r o u n d e d   b y   t a l l ,   h i g h l y   p a t t e r n e d ,   m i x e d   s t a n d s   o f   v e g e t a t i o n .   T a l l  vege- 

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

where   t he   v iew ing   l oca t i on  i s  a t   g round   l eve l .  

Areas  hav ing  more  or   less homogeneous v e g e t a t i o n  and t e r r a i n   g e n e r a l l y  

a r e  more h i g h l y   v i s i b l e   t h a n   t h o s e   a r e a s   t h a t   a r e  more  diverse. The d i v e r s e  

landscape  charac ter   t ypes   genera l l y   can  accommodate g rave l   remova l   pa r t i c -  

u l a r l y   a t   l o c a t i o n s   w h e r e   t h e   p o t e n t i a l   v i e w e r  i s  a t  a s u b s t a n t i a l   d i s t a n c e  
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f rom t h e   s i t e   o r  i s  a t  a s i m i l a r   e l e v a t i o n   ( g r o u n d   l e v e l   w i t h  

s i t e ) .  

respec t  

t a t i v e  c 

t o   t h e  

Visual   prominence  o f  a s i t e   t e n d s   t o   i n c r e a s e   w h e r e  vege lea r  i ng 

o c c u r s   a l o n g   s t r a i g h t ,   l o n g   l i n e s .   T h i s   p a t t e r n   i s   g e n e r a l l y   t r u e   i n   r e g i o n s  

o f   b o t h   h i g h  and   l ow   l andscape   cha rac te r   d i ve rs i t y .   Less   v i sua l   con t ras t  

r e s u l t s  w h e r e   i r r e g u l a r   c l e a r i n g   p a t t e r n s   h a v e  been   accomp l i shed .   S i te   v i s i -  

b i l i t y   i s   f u r t h e r   r e d u c e d  where   na tu ra l   vege ta t i ve   recove ry   has   occu r red   on  

s i t e s   c l e a r e d   o n   i r r e g u l a r   p a t t e r n s .  

F o u r   d i f f e r e n t   r e g i o n s  of  A l a s k a   w e r e   i n c l u d e d   i n   t h i s   s t u d y  and  each 

reg ion   evokes  a d i f f e r e n t   p u b l i c   r e s p o n s e   t o   v i s u a l   r e s o u r c e s .  The r e g i o n s  

that   appear  t o  b e   t h e   m o s t   p u b l i c l y   s e n s i t i v e   t o  change  are  the  Nor thern 

and  Southern   In te r io r   reg ions   because of e x c e p t i o n a l   s c e n i c   q u a l i t y   o r   i n t e n -  

s i v e   p u b l i c  use.  The v i s u a l   e f f e c t  of g r a v e l   m i n i n g   a c t i v i t i e s  i s  expected 

t o  be  more s c r u t i n i z e d   b y   t h e   p u b l i c   i n   t h o s e   a r e a s .   V i s u a l   s t a n d a r d s   f o r  

g r a v e l   r e m o v a l   a r e a s   s h o u l d   r e c o g n i z e   t h i s   p u b l i c   s e n s i t i v i t y .  
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GEOTECHNICAL ENGINEERING  CONSIDERATIONS OF GRAVEL  REMOVAL 
H. P. Thomas and R. G. Tart, Jr. 

INTRODUCTION 

The i n i t i a l   g e o t e c h n i c a l   e f f o r t  on   t he   p ro jec t   cons i s ted  o f  a l i t e r a -  

t u r e   r e v i e w  and e v a l u a t i o n   o f   q u e s t i o n n a i r e s   s e n t   t o   h i g h w a y   d e p a r t m e n t s  

a r o u n d   t h e   U n i t e d   S t a t e s .   R e s u l t s   o f   t h i s   e f f o r t   w e r e   p r e s e n t e d   i n  a p r e l i m -  

i n a r y   r e p o r t  (Woodward-Clyde Consu l tan ts  1976). T h i s   s e c t i o n   p r e s e n t s   t h e  

f i n d i n g s  of a g e o t e c h n i c a l   r e v i e w   t h a t   c o n s i s t e d   o f  an o f f i c e   e v a l u a t i o n   o f  

t h e   l i m i t e d   d a t a   f r o m   t h e  25 s t u d y   s i t e s  made a v a i l a b l e   t o   t h e   p r o j e c t  

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

e ra t i ons   t ha t   shou ld   be   cons ide red   i n   g rave l   remova l   p ro jec ts .  The major  

d a t a   s o u r c e s   w e r e :   t h e   m i n i n g   p l a n s   t h a t   v a r i e d   g r e a t l y   i n   d e t a i l   f r o m   s i t e  

t o   s i t e   ( f o r  some s i t e s  n o   m i n i n g   p l a n s   a r e   a v a i l a b l e ) ;   a e r i a l   p h o t o g r a p h y  

t h a t   v a r i e d   f r o m   s i t e   t o   s i t e   i n   s c a l e ,   c o v e r a g e   ( b o t h   h i s t o r i c a l  and 

a r e a l ) ,  and q u a l i t y ;  and s i t e   p h o t o g r a p h s   c o l l e c t e d   d u r i n g   b i o l o g i c a l  and 

h y d r o l o g i c a l   f i e l d   i n s p e c t i o n s .   T h i s   s e c t i o n   i s ,   i n  many cases, g e n e r i c  and 

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

The o b j e c t i v e s   o f   t h i s   e v a l u a t i o n   w e r e   t o   i d e n t i f y :  

I )  E n g i n e e r i n g   t e c h n i q u e s   t h a t   l e d   t o   e f f i c i e n t   d e v e l o p m e n t  and  opera- 

t ion   o f   g rave l   remova l   a reas ;  

2 1 Eng i neer 

3 1 Eng i neer 

i n g   t e c h n i q u e s   t h a t   m i t i g a t e d   e n v i r o n m e n t a l   d i s t u r b a n c e ;  and 

I -  i ng   techn iques   tha t   cou ld   have  been  used  in   var ious   cond 

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

env i ronmenta l   d is turbance.  
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Volumes o f   g rave l   removed  f rom  each  s i te   ranged  f rom  approx imate ly  

8,000 m3 t o  630,000 m , wi th   t he   l a rges t   vo lumes   removed   f rom  D ie t r i ch  

River-Upstream,  ‘Phelan  Creek,  Aufeis  Creek,  and  Sagavanirktok  River.  Refer 

t o   T a b l e  4. Scraping was the  most common removal   method  used,  but   four  s i tes 

were  operated as p i t s  and  another   four   s i tes   were   opera ted  as combinat ions  

o f   sc rapes  and p i t s .   N i n e  o f  t h e   s i t e s   w e r e   d e v e l o p e d   i n   c o n n e c t i o n   w i t h  

c o n s t r u c t i o n   o f   t h e   T r a n s - A l a s k a   P i p e l i n e  System.  Most  North  Slope s i t e s  

were  opened i n   c o n n e c t i o n   w i t h   o i l   e x p l o r a t i o n  and d r i l l i n g   a c t i v i t i e s ,  

w h i l e  a l l  Seward Pen insu la  and  most   Southern  In ter ior   s i tes  were  developed 

i n   c o n n e c t i o n   w i t h   l o c a l   h i g h w a y   p r o j e c t s .   M o r e   d e t a i l e d   i n f o r m a t i o n  on s i t e  

use i s   p r e s e n t e d   i n  DESCRIPTION OF STUDY RIVERS. 

3 

Permaf ros t   cond i , t i ons   a t   mos t   o f   t he   s tudy   s i t es   a re  unknown. There 

n o r m a l l y   i s  a t haw  bu lb   assoc ia ted   w i th   r i ve rs   i n   pe rmaf ros t   a reas .   I n  

cont inuous   permaf ros t ,   the   thaw  bu lb  may be a t r a n s i t o r y   f e a t u r e   p r e s e n t  

o n l y   d u r i n g  summer f lows.  However, i n   d i s c o n t i n u o u s   p e r m a f r o s t  and f o r   l a r g e  

r i v e r s   i n   c o n t i n u o u s   p e r m a f r o s t ,   t h e  thaw b u l b   p e r s i s t s   y e a r - r o u n d   a l t h o u g h  

i t  may s h r i n k   c o n s i d e r a b l y   i n   w i n t e r .  A 1969 s tudy  on  the  Sagavani rk tok 

R i v e r  I I  km south  of   Prudhoe Bay (Sherman  1973)  showed t h a t   i n  summer t h e  

thaw  bu lb  assoc iated  wi th   the  main  channel  was 12 m deep and  had a cross-  

s e c t i o n a l   a r e a   o f  762 m . I n   w i n t e r ,   t h i s   t h a w   b u l b   s h r a n k   t o  167 m w i t h  a 

maximum 7 m depth.   Depending  especia l ly  on whether  underf low  occurs,  thaw 

b u l b s  may o r  may n o t  be  present   outs ide  the  main  channel .  

2 2 

A m a j o r   g r a v e l   u s e   i n   a r c t i c  and s u b a r c t i c   A l a s k a   i s   d i r e c t l y   r e l a t e d  

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

p reven t   pe rmaf ros t   deg rada t ion   (p rog ress i ve   t haw ing ) .  The minimum o v e r l a y  

th i ckness   t o   p reven t   t haw ing   can   be   ca l cu la ted   as  a f u n c t i o n   o f   t h e   l o c a l  

thawing  index. The t h i c k n e s s   i s  1.5 m a t  Prudhoe Bay and increases  as one 

moves southward  (e.g., i t  i s  2.1 m a t   G a l b r a i t h   L a k e  and i n   F a i r b a n k s  i t  

would  approach 6 m ) .  A 1.5 m g rave l   over lay   has   genera l l y   been  used  fo r  

r o a d s ,   d r i l l p a d s ,   a i r s t r i p s ,  and o t h e r   p e r m a n e n t   f a c i l i t i e s   a t   P r u d h o e  Bay. 

However, i t  has  been shown t h a t  a 60-cm t h i c k   g r a v e l   o v e r l a y   w i t h  5 t o  10  cm 

o f   p o l y s t y r e n e   i n s u l a t i o n   i s   t h e r m a l l y   e q u i v a l e n t   t o  1.5 t o   2 . 1  m o f   g r a v e l .  

T h i s   r e p r e s e n t s  a 60 p e r c e n t   r e d u c t i o n   i n   g r a v e l   t h i c k n e s s  and a 64  percent  



r e d u c t i o n   i n   g r a v e l   q u a n t i t y ,   c o n s i d e r i n g  a t y p i c a l   g r a v e l  pad w i t h  I&:I 

s i d e  slopes and a c r e s t   w i d t h  of IO m. Grave l   needs   dur ing   cons t ruc t ion  of 

t he   T rans -A laska   P ipe l i ne   Sys tem  were   reduced   by   us ing   t h i s   so lu t i on   f o r  

110 km of  the  p ipe l ine  workpad  on  the  Nor th  S lope.   Depending  upon  re la t ive 

c o s t s  of grave l  and i n s u l a t i o n ,   s y n t h e t i c a l l y - i n s u l a t e d  embankments may o r  

may not   be less c o s l l y   t h a n   t h e i r   a l l - g r a v e l   c o u n t e r p a r t s   ( W e l l m a n   e t  a l .  

1976) 
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APPROACH 

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

se lec t ion ,   access ,   opera t ion ,  and r e h a b i l i t a t i o n .   P r i m a r y   i n f o r m a t i o n   r e -  

v iewed  fo r  each s i t e   i n c l u d e d   m i n i n g   p l a n   i n f o r m a t i o n   f r o m   p e r m i t t i n g  agen- 

c ies,   aer ia l   photographs,   ground  photographs,   and  f ie ld   notes  taken  by 

t h e   p r o j e c t   h y d r o l o g i s t s .  

E a r l y   i n   t h e   r e v i e w   e f f o r t ,  a geo techn ica l   f ac t   shee t  and e v a l u a t i o n  

form  were  developed  and f i l l e d   o u t   f o r  each s i t e .  The purpose  o f   these 

forms was t o  assemble   re levant   in fo rmat ion ,   to   d raw  ou t   observa t ions   o f  

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

rev iew   e f fo r t .   A l though   the   geo techn ica l   da ta   base  was v e r y   l i m i t e d   a t  

a number of  t h e   s t u d y   s i t e s ,  i t  was b e l i e v e d   t o  be s u f f i c i e n t   o v e r a l l   t o  

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

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

g r a v e l   r e m o v a l   d u r i n g   p r i n c i p a l   s t a g e s   i n   t h e   l i f e   o f  a m a t e r i a l   s i t e .  
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SITE SELECTION AND INVESTIGATION 

S e l e c t i o n   o f  a g r a v e l   r e m o v a l   s i t e   o f t e n   b e g i n s   w i t h  a comparison 

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

Up land   s i t es   a re   beyond   the   scope   o f   t h i s   repo r t  and w i l l  no t   be   f u r the r  

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

i n v e s t i g a t i o n ,   f i n a l   s e l e c t i o n ,  and m in ing   p lan   p repara t i on .  

PRELIMINARY SITE SELECTION 

P r e l i m i n a r y   s e l e c t i o n  of one o r  m o r e   c a n d i d a t e   s i t e s   r e s u l t s   f r o m  

assembl ing   and  rev iewing   ava i lab le   in fo rmat ion   fa l lowed  by   imp lementa t ion  

o f  an approp r ia te   se lec t i on   p rocedure .  

Sources of  In fo rma t ion  

P r i m a r y   s o u r c e s   o f   i n f o r m a t i o n   u s e d   i n   p r e l i m i n a r y   s i t e   s e l e c t i o n  

a re   t opograph ic  maps, s u r f i c i a l   g e o l o g i c  maps, and aer ia l   photographs .  

Topographic maps o f  1:250,000  and 1:63,360 s c a l e   a r e   a v a i l a b l e   f r o m   t h e  

U.S. Geological  Survey (USGS) .  S i m i l a r   t o p o g r a p h i c  maps a re  a lso  a v a i l a b l e  

f o r  Canadian a r c t i c  and s u b a r c t i c   r e g i o n s .  From  these maps, one  can o b t a i n  

a general   impression of t h e   s i z e  and t y p e   o f   r i v e r ,   p o t e n t i a l   g r a v e l   a v a i l a -  

b i l i t y ,   d e s i r a b l e   a c c e s s   r o u t e s ,  and p r o x i m i t y   t o   t h e  use  area. 

The o n l y   c u r r e n t l y   a v a i l a b l e   s u r f i c i a l   g e o l o g i c  map of   A laska i s  the  

1964 USGS  map e n t i t l e d   " S u r f i c i a l  Geology of  Alaska". With a s c a l e   o f  

1:1,584,000, t h i s  map does no t  show much d e t a i l .  However, USGS r e c e n t l y  

pub l i shed  a p o t e n t i a l l y   u s e f u l   s e t  of maps which  cover  the  Trans-Alaska 

P ipe l ine   rou te   f rom'Prudhoe Bay t o  Valdez. 
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t h e  

b i  I 

f ac 

coverage  can  be  purchased  from  local  aer i a I survey 

f r e q u e n t l y   w o r t h w h i l e   t o   h a v e   t h e   a r e a   i n   q u e s t i o n  

o r d e r   t o   o b t a i n   t h e  needed  coverage.  From  adequate 

no rma l l y   d i s t i ngu ish   such   f ea tu res  as the  phys 

f l oodp la in   (e .g . ,   channe l   con f i gu ra t i ons ,   f l ow  

i t y ,   v e g e t a t i o n   p a t t e r n s )  and  can s e l e c t   p o t e n t  

i l i t y   l o c a t i o n s .  

Aer ia l   photographs   f requent ly   a re   the   most   use fu l   sources   o f   in fo rma-  

t i o n .   S t e r e o   p a i r s   a r e  needed t o  show r e l i e f  (e.g., he igh t   o f   banks)   and a 

scale  o f   not   more  than 1:12,000 i s   p re fe r red .   Co lo r   pho tog raphs   a re   ava i l -  

a b l e  f o r  some areas  o f   the  State,  and b lack  and w h i t e   p h o t o g r a p h y   i s   a v a i l -  

a b l e   f o r  most  areas  of   the  State,   For some a reas ,   p re -ex i s t i ng   ae r ia l   pho to  

companies.  However, i t  i s  

f lown and  photographed i n  

aer ia l   photographs,  one 

i c a l   c h a r a c t e r i s t i c s   o f  

regime,  gravel   avai  la- 

i a l  access   rou tes  and 

Pre l im ina rv   Se lec t i on   P rocedure  

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

i d e n t i f y i n g  two or t h r e e   a l t e r n a t i v e   s o u r c e s   t h a t  appear t o  have s u f f i c i e n t  

q u a n t i t i e s   o f   g r a v e l .  These a l t e r n a t e s   a r e   t h e n  compared e i t h e r   i n  an in- 

f o rma l   bas i s   (usua l l y   m inJ -m iz ing   hau l   d i s tance )   o r   i n  a more  formal pro- 

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

r a n k i n g   s i t e s .  The c r i t e r i a   w o u l d  be s p e c i f i c   t o   t h e   s i t u a t i o n ,  however, 

f a c t o r s   t h a t  may be cons ide red   i nc lude   phys i ca l   p roper t i es   o f   t he   ma te r ia l  

a v a i l a b l e ,   h a u l   d i s t a n c e ,   m a t e r i a l   s i t e   s i z e  and c o n f i g u r a t i o n  needed t o  

produce  des i red  quant i t ies ,   equipment   avai lab le and  equipment  needed,  re- 

q u i r e d   s i t e   p r e p a r a t i o n  (e.g.,  ramps,  berms, d i k e s ,   o v e r b u r d e n ) ,   r i v e r  

hyd rau l i cs ,  and f loodp la in   access   f rom  neares t   po in t .  A t  t h i s   s t a g e   t h e  

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

i s   d e s i r e d   t o  use   the   s i te   fo r   severa l   consecut ive   years ,   o r   fo r   two or more 

pe r iods   separa ted   by   i nac t i ve   pe r iods ,   t he   po ten t i a l   bed - load   rep len i shmen t  

r a t e   s h o u l d   b e   i n c o r p o r a t e d   i n t o   s i t e   s e l e c t i o n .   I t  i s  g e n e r a l l y  assumed 

lSee EFFECTS OF GRAVEL REMOVAL ON R I V E R  HYDROLOGY AND HYDRAULICS) t h a t  

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

have   g rea te r   po ten t i a l   f o r   g rave l   rep len i shmen t   t han   s t reams  

coas ta l   p la in   o r i g in .   Non-eng ineer ing   aspec ts  o f  s i t e   s e l e c t  

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

ir headwaters, 

o f   f o o t h i  I I o r  

i o n   a r e   d i s -  
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SITE INVESTIGATION 

The impor tance  o f  an  adequate  on-the-ground s i t e   i n v e s t i g a t i o n   c a n n o t  

be  overemphasized. A t  t h e   U g n u r a v i k   R i v e r   s i t e ,   t h e   i n v e s t i g a t i o n   s t o p p e d  

w i t h  an i n t e r p r e t a t i o n   o f   a e r i a l   p h o t o g r a p h s .  Subsequent s i t e   o p e r a t i o n s  

d i s c o v e r e d   t h a t   t h e   g r a v e l  was mere ly  a v e n e e r   a n d   n o t   p r e s e n t   i n   ' s u f f i c i e n t  

q u a n t i t i e s   t o  meet p r o j e c t  needs. I n   c o n t r a s t ,   b e f o r e   c o n s t r u c t i o n  of t h e  

T r a n s - A l a s k a   P i p e l i n e   S y s t e m   r a t h e r   e x t e n s i v e   s i t e   i n v e s t i g a t i o n s   w e r e  

c o n d u c t e d   w h i c h   s i g n i f i c a n t l y   i n c r e a s e d   t h e   k n o w l e d g e   o f   s i t e   g r a v e l  quan- 

t i t y  and q u a l i t y .  

Types  of  Data 

S e v e r a l   d i f f e r e n t   t y p e s   o f   d a t a   n e e d   t o   b e   o b t a i n e d   i n  a m a t e r i a l  

s i t e   i n v e s t i g a t i o n .  

A e r i a l   E x t e n t  and  Depth of  Depos i t .   Es t ima t ing   t he   vo lume  o f   ma te r ia l  

a v a i l a b l e  depends  on  establ ishment  of   the  aer ia l   extent  and  depth  of   the 

d e p o s i t   i n   q u e s t i o n .   I f   t h i s   v o l u m e  i s  l ess   t han   t he  needed  volume,  the s i t e  

w i l l  b e   i n a d e q u a t e   t o   s a t i s f y   t h e   m a t e r i a l  needs. Hence, t h i s   i s  one  o f   the 

most   impor tan t   t ypes   o f   da ta   to   be   ob ta ined.  

Th ickness   and  Aer ia l   Ex ten t  of  Overburden.   Grave l   s i tes   f requent ly   have 

a cove r ing   o f  s i l t  o r   o r g a n i c   m a t e r i a l ,   o v e r   a l l   o r   p a r t   o f   t h e   s i t e ,   w h i c h  

must  be  removed i n   o r d e r   t o   e x p o s e   u n d e r l y i n g   g r a v e l .   M i n i n g  may no t   be  

economical i f  more  than  about I m of overburden i s   p r e s e n t   o v e r  most of  t h e  

s i t e .  

Homogeneity  of   Deposi t .  A depos i t   wh ich   appears   su i tab le   on   t he   su r face  

may b e   u n s u i t a b l e   a t   d e p t h .   T h i s   c h a n g e   i n   d e p o s i t   q u a l i t y   f r e q u e n t l y  i s  a 

r e s u l t   o f   f l u v i a l   p r o c e s s e s   i n v o l v i n g   c h a n n e l   s h i f t i n g ,   a l t e r n a t i n g   e r o s i o n  

and depos i t i on ,  and  overbank   f lows  assoc ia ted   w i th   per iod ic   f lood ing .   Tes t  

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

de termine  depos i t   qua l  i t y .  
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Groundwater  Table. I t  i s  i m p o r t a n t   t o   e s t a b l i s h   t h e   d e p t h   t o   t h e   g r o u n d -  

w a t e r   t a b l e   t o g e t h e r   w i t h   s p a t i a l  and   t empora l   va r ia t i ons   i n   t h i s   pa ramete r .  

Groundwater   condi t ions may va ry   w ide l y   t h roughou t   t he   yea r   i n   response  

t o   c h a n g i n g   r i v e r   l e v e l s ,   t h u s ,   s e v e r a l  measurements  are  preferable.  The 

date  o f   measurements  should  be  carefu l ly   recorded.  

E x t e n t   o f   P e r m a f r o s t .   A l t h o u g h   p e r m a f r o s t   o c c u r r e n c e   i n   t h e   v i c i n i t y  o f  

r i v e r s  and s t reams   can   be   h igh l y   e r ra t i c ,  i t  s h o u l d   b e   a n t i c i p a t e d   i n   a r c t i c  

and s u b a r c t i c   r e g i o n s .  The presence  or   absence  o f   permafrost   can  be an 

i m p o r t a n t   f a c t o r   i n   d e v e l o p i n g  a g rave l   remova l   s i t e .  

F ie ld   Techn iques  

i c a l   e x p  Bo th   bo r ings  and t e s t   p i t s  can  be  used  for  geotechn l o r a t   i o n .  

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

c u l t i e s  of  d r i l l i n g  and  sampl ing   in   smal l -d iameter   bor ings .  However, b o r i n g s  

can  p rov ide  a good ind i ca t i on   o f   ove rbu rden   th i ckness ,   wa te r   t ab le ,  perma- 

f r o s t   c o n d i t i o n s ,  and  p resence  and  ex ten t   o f   unacceptab le   (e .g . ,   s i l t y )  

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

a n t i c i p a t e d   g r a v e l   r e m o v a l .  The number o f   p i t s   o r   b o r i n g s   w o u l d  depend  upon 

t h e   s i z e  and v a r i a b i l i t y   o f   t h e   s i t e .  

Labora torv   Tes t   ina  

The r e q u i r e d   l a b o r a t o r y   t e s t i n g   e f f o r t   v a r i e s .   S i e v e   a n a l y s e s   a r e  

needed,  as a minimum, t o   c l a s s i f y   t h e   m a t e r i a l  and e s t a b l i s h  i t s  s u i t a b i l i t y  

f o r  i t s  in tended use.   For   these  tes ts ,   ra ther   la rge  (50 t o  100 k g )   b u l k  

samp les   a re   des i rab le .   O the r   t es ts   t ha t  may be  needed  include  hydrometer 

t e s t s   ( i f   f r o s t - s u s c e p t i b i l i t y  i s  a concern)   and  compact ion  tests  i f   t h e  

g rave l  w i l l  be  used t o   s u p p o r t   s t r u c t u r e s .  

FINAL  SITE SELECTION 

The f i n a l   s i t e   s e l e c t i o n   i s  based  upon  the c r i t e r i a   a n a l y s i s   o f   t h e  

a l t e r n a t i v e   s i t e s .   T h i s   a n a l y s i s  compares   t he   cha rac te r i s t i cs   o f   t he  ma- 
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t e r i a l s   f o u n d   a t   t h e   a v a i l a b l e   s i t e s   t o   t h e   n e e d s   o f   t h e   p r o j e c t .  A major  

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

o p e d   d u r i n g   t h e   s i t e   i n v e s t i g a t i o n   p r o c e s s .   S i t e s   f u r t h e r   f r o m   w h e r e   t h e  

m a t e r i a l  i s  needed may have   g rave l   t ha t   requ i res   l ess   p rocess ing ;   t he   re -  

duced  p rocess ing   cos t  may l o w e r   t o t a l   c o s t s   d e s p i t e   t h e  added c o s t   o f   t r a n s -  

p o r t  and road  cons t ruc t ion .   In   another   case a more d i s t a n t   s i t e  may have  an 

ex i s t i ng   access   road   wh ich   wou ld ,   on  a c o s t   b a s i s ,   j u s t i f y   u s e   o f   t h e  more 

d i s t a n t   s i t e   r a t h e r   t h a n  a c l o s e r   s i t e .   I n  some ins tances ,   such   as   p ipe l i ne  

bedding  and  padding,  rounded  wel l -graded  gravel   might be p r e f e r a b l e .  Spe- 

c i f i c   g r a d a t i o n   r e q u i r e m e n t s  may be necessary   fo r   subsur face   d ra ins .   Un i -  

formly  graded  angular   gravel  may be a requ i remen t   f o r   aspha l t  pavement 

a g g r e g a t e .   I n   f i n a l   s i t e   s e l e c t i o n   t h e   e n g i n e e r  makes t r a d e   o f f s   t o   c h o o s e  

t h e   s i t e   t h a t  w i l l  p r o v i d e   t h e   r e q u i r e d   m a t e r i a l   a t   t h e   l e a s t   c o s t .  

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

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

s i t e   s e l e c t i o n .  

M I N I N G  PLAN PREPARATION 

The agency h a v i n g   j u r i s d i c t i o n  w i l l  g e n e r a l l y   r e q u i r e   p r e p a r a t i o n  and 

s u b m i t t a l   o f  a min ing  p lan.   Min imum  e lements  o f   the  min ing  p lan  are:  

e Planned  use  o f   gravel ,  

0 B a s i s   f o r   d e t e r m i n a t i o n   o f   m a t e r i a l   q u a l i t y  and quant i t y   (e .g . ,   bor -  

i n g s ,   t e s t   p i t s ,   l a b o r a t o r y   t e s t s . )  

0 S i t e   c o n f i g u r a t i o n  and  depth, 

0 Q u a n t i t y  l imi ts ,  

0 Pro jec t   schedu les ,  

0 Overburden  presence, 

Access t o   s i t e ,  

0 B u f f e r   l o c a t i o n s ,  

0 Opera t ion   p lan ,  and 

0 R e h a b i l i t a t i o n   p l a n .  

319 



S p e c i f i c a l l y ,   t h i   m i n i n g   p l a n s   s h o u l d   i n c l u d e   a t   l e a s t   t h e   f o l l a w i n g  

i n f o r m a t i o n :  

0 A s i t e   s k e t c h  drawn to   sca le   show ing :  

p r o j e c t   l o c a t i o n  

cross-sect ions  o f   borrow  areas,  

g rave l   source   loca t ions ,  

e x i s t i n g   o r   p l a n n e d   h a u l   r o a d   l o c a t i o n s ,  

t e s t   p i t   o r   b o r i n g   l o c a t i o n s   ( i f  an 

0 An es t imate   o f   the   vo lume o f  m a t e r i a l  

e An es t imate   o f   the   vo lume of  m a t e r i a l  

a v a i   l a b l e   s i t e s ;  

e An e s t i m a t e   o f   t h e   p r o p e r t i e s   o f   t h e  

e An e s t i m a t e   o f   t h e   p r o p e r t i e s   o f   t h e  

Y ) ;  
t h a t   i s  needed; 

t h a t  i s  a n t i c i p a t e d   a t   t h e  

m a t e r i a l   r e q u i r e d ;  

i n - s i t u   m a t e r i a l s ;  

An e s t i m a t e   o f   t h e   t y p e  and  amount o f  p r o c e s s i n g   t h a t  w i l l  be   requ i red ;  

0 P r o j e c t   s c h e d u l e s   f o r  a l l  m a j o r   a c t i v i t i e s ;  

P r e l i m i n a r y   d e s i g n   f e a t u r e s   o f  any r e q u i r e d   s u p p o r t   s t r u c t u r e s ,   s u c h  

as   access   roads ,   p rocess ing   p lan ts ,   cu lver ts ,  and br idges ;  and 

e D e s c r i p t i o n   o f   o p e r a t i o n a l  and r e h a b i l i t a t i o n 3 1   a s p e c t s   o f   s i t e  use. 

P lans   p repared as d e s c r i b e d   a b o v e   s h o u l d   p r o v i d e   s u f f i c i e n t   i n f o r m a t i o n  

to   eva lua te   t he   app rop r ia teness   o f   t he   p lanned   deve lopmen t  of t h e   g r a v e l  

sources. 

Min ing  p lans  were  prepared  and  submi t ted  to   the  appropr ia te  government  

agency  for  most o f   t h e  25 s t u d y   s i t e s .  However, n o   m i n i n g   p l a n   i n f o r m a t i o n  

was found  for  the  Washington  Creek, Nome River ,   or   Skeetercake  Creek  s i tes.  

The m in ing  was apparen t l y  a t respass   ac t i on   a t   t he   ups t ream  Au fe i s   C reek  

s i t e  and for  i n i t i a l   g r a v e l   r e m o v a l   a t   t h e   K a v i k   R i v e r   s i t e .   O n l y   r e s u l t s  of  

a v e r y   l i m i t e d   s i t e   i n v e s t i g a t i o n   w e r e   f o u n d   f o r   t h e  Penny R i v e r   s i t e ;   o n l y  

some correspondence was found   fo r   t he   Ugnurav i k   R ive r   s i t e ;  and o n l y  a 
r igh t -o f -way  permi t  was found   fo r   t he  McManus Creek s i t e .   M i n i n g   p l a n   i n f o r -  

mat ion   rev iewed  ranged  f rom  ske tchy   ( fo r   the  Seward P e n i n s u l a   s i t e s )   t o  

q u i t e   d e t a i l e d   ( i n   t h e   c a s e   o f   t h e   T r a n s - A l a s k a   P i p e l i n e  System s i t e s ) .  
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S I T E  PREPARATION 

Having  se lected  and  ga ined  approval   to   de,ve lop a g rave l   remova l   s i te ,  

s i t e   p r e p a r a t i o n   a c t i v i t i e s   c a n   b e g i n .  These a c t i v i t i e s  may i n c l u d e  COnStrUC- 

t ion   o f   access   roads ,   remova l   o f   overburden,   and  cons t ruc t ion   o f   channe l  

d i v e r s i o n s  and s e t t l i n g  ponds. 

ACCESS 

As a pa r t   o f   mos t   f l oodp la in   g rave l   remova l   ope ra t i ons ,   hau l   roads   mus t  

b e   b u i l t   t o   c o n n e c t   t h e   s i t e   t o   t h e   u s e   l o c a t i o n   o r   e x i s t i n g   r o a d s .   T h i s  

cons t ruc t ion   poses   no   spec ia l   eng ineer ing   p rob lems  in   non-permaf ros t   a reas  

o r   i n   a reas   where   t he   pe rmaf ros t  i s  thaw-stable. However, i n   a r e a s   o f   i c e -  

r i c h   p e r m a f r o s t ,   p r o t e c t i o n   o f   t h e   t u n d r a  i s  of v i ta l   impor tance.   F rom an 

eng ineer ing   s tandpo in t ,   t und ra - insu la ted   pe rmaf ros t ,  as long as i t  remains 

f rozen,  i s  an e x c e l l e n t   b a s e   o r   f o u n d a t i o n   f o r   s t r u c t u r e s   w h e t h e r   t h e y   b e  

d r i l l  pads ,   roadways,   p ipe l ines ,   o r   o ther   s t ruc tu res .  When the   pe rmaf ros t  

b e g i n s   t o   t h a w   t w o   c r i t . i c a I   t h i n g s  happen. F i r s t ,   t h e r e   i s  a tremendous loss 

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

Thus, a f t e r   t h e   t u n d r a  i s  d i s t u r b e d  enough t o   a l l o w   t h e   p e r m a f r o s t   t o   b e g i n  

t h i s   p r o g r e s s i v e   t h a w i n g ,   t h e  same a rea   t ha t   f o rmer l y  was an exce l l en t   base  

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

p rob lem  fo r  any eng ineer ing   purpose.   Dra inage  and  o ther   re la ted   p rob lems 

a l s o  beg in   t o   deve lop  and these  can  have  s ign i f i can t   adverse   impacts   on  

e n g i n e e r e d   s t r u c t u r e s .  

Access roads t r a v e r s e d   i c e - r i c h   p e r m a f r o s t   a t   s e v e r a l   o f   t h e   s t u d y  

s i t es   w i th   va ry ing   deg rees   o f   success .   I n   genera l ,   where  a? l e a s t  0.5 m o f  

g rave l   depth  was used, p e r m a f r o s t   i n t e g r l t y  was mainta ined.  However, a t  

severa l   s i tes  (Ugnurav ik   Rlver ,   Aufe is   Creek,   Skeetercake  Creek,   and  Kuparuk 
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Rive r )   t he   access   roads   were   l ess   t han  0.5 m i n   d e p t h  and  subsidence  f re-  

quent l y  occur red .  

Access   roads   t o  a g i v e n   s i t e   s h o u l d  be l i m i t e d   i n  number and c o n f i n e d  

to   p repared   su r faces .   Bo th   season  of  o p e r a t i o n  and l o n g - t e r m   e f f e c t s   n e e d   t o  

b e   c o n s i d e r e d   i n   p l a n n i n g .   A c c e s s   t o   m o s t   o f   t h e   s t u d y   s i t e s  seemed t o  be 

a p p r o p r i a t e  and u s u a l l y   c o n s i s t e d  of short   gravel   ramps  and  haul   roads, 

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

The p r a c t i c e  of cons t ruc t ing   temporary   g rave l   ramps,   as   a t   the   Kuparuk ,  

S a g a v a n i r k t o k ,   I v i s h a k ,   a n d   S h a v i o v i k   R i v e r s   s i t e s   t o   p r o v i d e   a c c e s s   o v e r  

i n c i s e d   p e r m a f r o . s t   r i v e r  banks,   reduces  bank  d is turbance  (F igure 91). How- 

F i g u r e  91. Gravel  ramp a t   S h a v i o v i k   R i v e r   s i t e   p r o v i d i n g  
access  over a p e r m a f r o s t   r i v e r  bank. 

e v e r ,   c u t t i n g   i n t o   p e r m a f r o s t   b a n k s ,   a s  was done a t   t he   Kav ik   R ive r ,   can  

lead  to   severe   thermal   e ros ion   and i s  no t  recommended. 
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Winter-Onlv  Access 

Winter  access  to a f l o o d p l a i n   s i t e   i s   g e n e r a l l y   e a s i e r   t h a n  summer 

access  because  the  surrounding  terrain  is   f rozen and r i v e r   l e v e l s   a r e  low. 

However, even frozen  organic  mats need t o  be protected  from  mechanical 

crushing and r ipp ing   c rea ted   f rom  mul t ip le   passes  

r o a d   w h i l e   b u i l d i n g  snow or   ice  roads.  

The Ugnuravik  Rlver s i t e   p r o v i d e s  an example 

e f f e c t s :  access t o   t h e   s i t e  was v i a  a temporary w i  

over an unprotected  access 

of adverse  long-term 

n t e r   t r a i  I across  the 

frozen  North  Slope  tundra. As f a r  as i s  known, t h e   t r a i l  was used  only 

du r ing   t he   l as t  week o f  March 1969. However, as was commonly done, the 

tussocks may have  been b l a d e d   o f f   t o   p r o v i d e  a smoother r i d i n g   s u r f a c e .  

Erosion was cont inu ing,  and a permanent  scar  had been created  on  the  land- 

scape (F igu re  92; a l s o   r e f e r  t o  F igu re  8 3 ) .  Based  on the   cu r ren t   s ta te   o f  

F igu re  92. Thermal eros ion  near   Ugnurav ik   River   resul t ing 
from  compaction and des t ruc t ion   o f   the   vegeta t ive  mat over- 
l y i ng   i ce - r i ch ,pe rmaf ros t   so i l s .  
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knowledge, a b e t t e r   s o l u t i o n   w o u l d   h a v e   b e e n   t o   c o n s t r u c t  a snow o r   i c e   r o a d  

(Adam 1978). 

Year-Round  Access 

A s u b s t a n t i a l   g r a v e l  41-3 m t h i c k n e s s )   o v e r l a y  i s  requ i red   where   year -  

round   access   t o  a s i t e   i s  needed over i ce - r i ch   pe rmaf ros t .  However, p lace-  

ment   o f   insu la t ion   beneath   the   g rave l   wou ld   reduce  the   th ickness   o f   over lay  

required.  Year-round  access  roads  must  a lso  be  above  f lood  stage  of   the 

r i v e r ,   w h i c h  may r e q u i r e   p l a c e m e n t   o f   c u l v e r t s   a t   h i g h - w a t e r   c h a n n e l s  

c rossed  by   the   road.  

OVERBURDEN  REMOVAL 

The s t r i p p i n g   o f   o v e r b u r d e n   i n v o l v e s   t h e   r e m o v a l  of any ma te r ia l   cove r -  

i n g   t h e   g r a v e l   d e p o s i t .  The o v e r b u r d e n   m a t e r i a l ,   u s u a l l y   t o p s o i l  and or -  

g a n i c s ,   i s   n o r m a l l y  r e m o v e d   f r o m   t h e   s i t e   a n d   e i t h e r   s t o c k p i l e d   f o r   l a t e r  

use i n   s i t e   r e h a b i l i t a t i o n  or h a u l e d   t o   a p p r o v e d   d i s p o s a l   s i t e s .   S t r i p p i n g  

i s  normal l y  done wi th   graders,   scrapers,   or   dozers.   Overburden  depths  were 

n o t   r e c o r d e d   a t   a l l  of t h e   s t u d y   s i t e s .  However,  where  information was 

ava i lab le ,   the   depths   ranged  f rom a t h i n   v e n e e r   ( a t   s i x  o f  t h e   s i t e s )   t o  

0.9 m .(at   one of  t h e   s i t e s )  and  the,  average  was 0.3 m. 

CHANNEL DIVERSION 

F o r   e f f i c i e n t   g r a v e l   r e m o v a l   a t  some f l o o d p l a i n   s i t e s ,  i t  may be   des i r -  

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

away f rom  the  area  f rom  which  gravel  i s  t o  be removed. T h i s   d i v e r s i o n  i s  

norma l l y  done  by cons t ruc t i ng   ea r then   d i kes   o r   l evees   ups t ream  f rom  the  

s i t e .   A rmor ing   o f   t he   ups t ream  face  and o u t e r  end o f   t h e s e   s t r u c t u r e s  may be 

necessary t o   p r o v i d e   e r o s i o n   r e s i s t a n c e .   E r o s i o n   p r e v e n t i o n   i s   d i s c u s s e d  

f u r t h e r   i n  EFFECTS OF GRAVEL  REMOVAL ON RIVER HYDROLOGY  AND HYDRAULICS. 
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SETTLING PONDS 

I t  i s  necessa ry   t o  wash g r a v e l   i f   t h e   m i n e d   m a t e r i a l   h a s  an apprec iab le  

s i l t   c o n t e n t .  When g r a v e l   i s  washed, i t  i s   e s s e n t i a l   t h a t   s e t t l i n g   p o n d s  be 

p r o v i d e d   t o   a l l o w   s i l t   t o   s e t t l e   o u t   b e f o r e   t h e  wash water   re -en ters   the  

r i v e r .  These  ponds  should be of s u f f i c i e n t   c a p a c i t y   t o   h a n d l e   t h e   d a i l y  

volume of wash w a t e r   o r   s t r e a m   f l o w ,   o r   b o t h ,   c o n s i d e r i n g   t h e   s e t t l i n g  

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

ponds  can be found  in   Appendix  F o f   the   Gu ide l ines   Manua l .  
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S I T E  OPERATION 

The bas ic   e lements of  a grave l   remova l   opera t ion   a re   excavat ion ,   t rans-  

p o r t a t i o n ,  and m a t e r i a l   p r o c e s s i n g ,  The de ta i l s   o f   equ ipmen t   se lec t i on ,  

schedul ing,   and  operat ion  procedures  are  dependent  on  the  composi t ion  of   the 

gravel ,   the  season  o f   operat ion,   the  topography,   the  haul   d is tance,  and t h e  

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

EXCAVATION 

The two bas ic   g rave l   remova l   techn iques   used  a t   the  25 s t u d y   s i t e s   w e r e  

s c r a p i n g   a n d   p i t   e x c a v a t i o n .   T a b l e  I i d e n t i f i e s   t h e   t e c h n i q u e   u s e d   a t   t h e  

r e s p e c t i v e   s i t e s .  

R i p p i n g   a n d   B l a s t i n g  

F r e q u e n t l y ,   s i t e   o p e r a t o r s   p r e f e r   r e m o v i n g   g r a v e l   i n   w i n t e r   b e c a u s e  

w a t e r   l e v e l s   a r e  low  and  access i s  eas ie r .  However, w i n t e r   m i n i n g  means 

e x c a v a t i n g   g r a v e l   i n  a f r o z e n ,   p o s s i b l y   i c e - s a t u r a t e d   c o n d i t i o n .  A t  t h e  

s t u d y   s i t e s ,   i f   t h e   g r a v e l   d e p o s i t s   w e r e   w e l l  above w a t e r   l e v e l s  and  were 

low i n   f r o z e n   m o i s t u r e ,   e x c a v a t i o n   b y   s c r a p e r  was n o r m a l l y   n o t   d i f f i c u l t .  

R i p p i n g   f r o z e n   g r a v e l  was r e q u i r e d   a t   a t   l e a s t   t h r e e   o f   t h e   s i t  

Fork  Koyukuk  River-Upstream,  Prospect  Creek,  and  Phelan  Creek). 

known i f   b l a s t i n g  was u t i l i z e d   t o  remove  g rave l   a t   any   o f   the  s 

Scrap i ng 

I t  

i t e s  

M idd le  

i s  no t  

S c r a p i n g   a t   l a r g e r   s i t e s  i s  u s u a l l y  done w i th   be l l y -dump  sc rapers .  A t  

smal l e r   s i t e s  or remote   s i t es ,   o r   bo th ,  D-9 o r   m a l   l e r   c a t e r p i  I l a r   t r a c t o r s  
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a r e   f r e q u e n t l y  used.  Scraped s i t e s   a r e   u s u a l l y   d r y  when worked,  however, 

c a t e r p i l l a r   t r a c t o r s   c a n   w o r k   i n   s h a l l o w   w a t e r   ( p o s s i b l y  up t o  0 .5  m ) .  

P i t  Excavat ion  

P i t  excava t ion  i s  g e n e r a l l y  done w i th   d rag l i nes   o r   backhoes .   Dewate r ing  

may o r  may n o t  be  necessary. A t  t h e   s t u d y   s i t e s  some of t h e  more  shal low 

p i t s  were  dewatered,   but   deeper   p i ts ,  e.g., D ie t r i ch   R iver -Upst ream,  West 

Fork  Tolovana  River' ,  and  Tanana  River-Downstream  were  excavated  underwater. 

Comparison  of  Techniques 

Some engineer ing  and  economic  advantages  and  disadvantages of removing 

g r a v e l   v i a   p i t s   v e r s u s   s c r a p i n g   a r e   l i s t e d   b e l o w .  

Advantages   o f   P i ts   Versus   Scrap ing  

0 G r e a t e r   q u a n t i t y   f r o m  smal l e r   a rea .  

0 Can work w i t h i n   c o n f i n e d   p r o p e r t y  l im i ts  ( i f  necessary ) .  

0 L e s s   c l e a r i n g   r e q u i r e d .  

e Less s t r i p p i n g   r e q u i r e d .  

0 Can p r o v i d e   s i l t   t r a p .  

D isadvan tages   o f   P i t s   Ve rsus   Sc rap ing  

0 Dewater ing   o r   underwater   excavat ion   requ i red .  

0 May p r o v i d e   l e s s   g r a v e l   p e r   u n i t   t i m e   t h a n   s c r a p e r   o p e r a t i o n .  

Cannot  be r e s t o r e d   a s   c l o s e l y   t o   o r i g i n a l   c o n d i t i o n .  

TRANSPORTATION  AND STOCKPILING 

T r a n s p o r t a t i o n   o f   g r a v e l   f r o m   t h e   m a t e r i a l   s i t e   t o   t h e   s t o c k p i l e  or 

p r o c e s s i n g   p l a n t  may be  done w i t h   s c r a p e r s   o r   f r o n t - e n d   l o a d e r s  and dump 

t r u c k s .   S t o c k p i l i n g   g r a v e l   r e m o v a l   o p e r a t i o n s   g r e a t l y   r e d u c e s   s c h e d u l i n g  

problems. I t  i s   p o s s i b l e   t o   l o a d   t r u c k s   d i r e c t l y  for l o n g - h a u l   t r a n s p o r t   t o  

u l t i m a t e - u s e   a r e a s   w i t h o u t   s t o c k p i l i n g ,   b u t  a great   deal  of c o o r d i n a t i o n   i s  
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r e q u i r e d   b e t w e e n   t h e   e x c a v a t i n g   a n d   t r a n s p o r t i n g   a c t i v i t i e s .   I t   i s  advan- 

tageous t o   m a i n t a i n  a s t o c k p i l e   o f   a t   l e a s t   m o d e r a t e   s i r e  t o  serve  as a 
bu f fe r   be tween   excava t ing   and   t ranspor t i ng ,   Grave l   s tockp i l es   rema ined   on   o r  

i m m e d i a t e l y   a d j a c e n t   t o   n i n e   o f   t h e   s t u d y   s i t e s ,  however, o n l y   D i e t r i c h  

River-Upstream, J i m  R ive r ,  and  Phelan  Creek  s tockpi les  were s t i l l   b e i n g  

used. 

PROCESS I NG 

Gravel   processing  can  involve  screening,  washing,  crushing,  mixing,  or  

c o m b i n a t i o n s   o f   t h e s e .   M a t e r i a l s   o f   t h e   s t u d y   s i t e s   f r e q u e n t l y   w e r e   f a i r l y  

un i fo rm,   subrounded  to   we l l - rounded,   hard   g rave ls   w i th   vary ing   amounts  of 

sand  and  cobbles. Such m a t e r i a l s   a r e   s u i t a b l e   f o r   r o a d  embankments w i t h  

l i t t l e   o r  no  processing.  However, s i l t   c o n t e n t   s h o u l d   b e   l i m i t e d   t o   a p p r o x i -  

ma te l y  I O  p e r c e n t   t o   m i n i m i z e   f r o s t   s u s c e p t i b i l i t y .   P r o c e s s i n g   a p p a r e n t l y  

was on ly   conducted   a t   those  s tudy   s i tes   used  fo r   cons t ruc t ion   o f   the   Trans-  

A l a s k a   P i p e l i n e  System  where  screening  and some crushing  were done t o   p r o -  

duce  bedding  and  padding  mater ia l   for   the  be low-ground  p ipe l ine.  
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SITE REHABILITATION 

E n g i n e e r i n g   c o n c e r n s   c o n t r i b u t e   t o   r e h a b i l i t a t i o n   m a i n l y  i f  f u t u r e   s i t e  

development   (e .g. ,   erect ing of  s t r u c t u r e s )   i s   p l a n n e d .   I n   t h i s   s i t u a t i o n ,  

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

t ion.   Otherwise,   the  pr imary  purpose of s i t e   r e h a b i l i t a t i o n  i s  e r o s i o n  

c o n t r o l .  The ma in   f unc t i on  of e r o s i o n   c o n t r o l   i s   t o   p r e v e n t   d e g r a d a t i o n  o f  

d i s t u r b e d  and  adjacent  areas. 

Some r e h a b i l i t a t i o n  was done a t   a l l   s t u d y   s i t e s   w o r k e d   s i n c e  1972. 

There was no  evidence of  r e h a b i l i t a t i o n   h a v i n g  been  done a t  any o f   t h e   o l d e r  

s i t e s .  Where f i n a l   s i t e   g r a d i n g  was conducted, i t  t y p i c a l l y   i n c l u d e d   s l o p i n g  

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

c o n t o u r i n g   t h e   s i t e   t o  a maximum 2 : l   s l ope ,  and  removal  of  gravel  ramps  (not 

done a t   t h e   l v i s h a k  and S h a v i o v i k   R i v e r s ) .  
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INTERDISCIPLINARY  OVERVIEW OF GRAVEL REMOVAL 
E. H. Follrnanna 

INTRODUCTION 

Th is   chapter   p resents  a genera l   ove rv iew   o f   t he   e f fec ts   o f   g rave l  

r e m o v a l   i n   c o n t r a s t   t o   t h e   p r e c e d i n g   d i s c i p l i n a r y   c h a p t e r s   t h a t   r e l y  more 

were 

su f  f 

cons 

h e a v i l y   o n   a n a l y t i c a l   t r e a t m e n t s   o f   d a t a   c o l l e c t e d   a t   t h e  25 s t u d y   s i t e s .  

Each o f   t h e   M a j o r   V a r i a b l e s   i d e n t i f i e d   i n   t h e   M a t r i x   ( T a b l e  I )  is discussed 

r e l a t i v e   t o   i t s   i n f l u e n c e  o n   t h e   e f f e c t s   o f  a gravel   removal   operat ion.  

These c h a r a c t e r i s t i c s   d i r e c t e d   t h e   e a r l y  phases of t h e   s t u d y ,   i n c l u d i n g   t h e  

s i t e   i n v e s t i g a t i o n s ,  and  form, f o r   t h e  most par t ,   the  f ramework  o f   the 

gravel   removal   gu ide l ines.  The d i s c i p l i n a r y   c h a p t e r s  on gravel   removal  

each of  t hese   cha rac te r i s t i cs   because  some 

in f l uence   t he   eva lua t i ons  or syntheses 

I a t t e n t i o n .  Thus, t h i s   o v e r v i e w   c h a p t e r  

between  the  Guidel ines  Manual and t h e  

e f f e c t s  d i d  n o t   n e c e s s a r i l y   t r e a t  

n o t   r e l e v a n t  or t h e y   d i d   n o t  

i c i e n t l y   t o   w a r r a n t   i n d i v i d u a  

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

Techn i ca I Report . 

Few problems  were  encountered  in   the  d iscuss ion  o f   the  Phys ica l   S i te  

C h a r a c t e r i s t i c s  and t h e i r   i n t e r a c t i o n   w i t h   g r a v e l   r e m o v a l   p r o j e c t s  because 

the   ca tegor ies   a re   mu tua l l y   d i sc re te ,   i . e . ,  a r i v e r   c a n n o t  be bo th  meander- 

i ng  and s t r a i g h t   w i t h i n   t h e   s t u d y   r e a c h .  Tho categor ies  under  each of t h e  

Gravel Removal A r e a   C h a r a c t e r i s t i c s ,  however, a r e   n o t   m u t u a l l y   e x c l u s i v e  

and,  thus,  cause d i f f i c u l t y   i n   t h e  development  of   that   d iscussion. The s i t e s  

s e l e c t e d  encompassed a t   l eas t   seve ra l   i nd i v idua l   l oca t - i ons   f rom  wh ich   g rave l  

3 E .  H. Fol lmann i s  p r e s e n t l y   a s s o c i a t e d   w i t h   t h e   I n s t i t u t e   o f   A r c t i c  
B i o l o g y   o f   t h e   U n i v e r s i t y   o f   A l a s k a .  
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was removed. Si tes  such  as  Aufeis  Creek  on  the  North  Slope and  Penny R ive r  

on  the Seward Peninsula  each  inc luded 8 o f   t h e  12 s p e c i f i c   s i t e   l o c a t i o n s  

t h a t   w e r e   p o s s i b l e   ( T a b l e  I ) .  T h i s   c o m p l e x i t y  made i t  d i f f i c u l t   t o   i d e n t i f y  

any s p e c i f i c   f l o o d p l a i n  changes w i t h   s p e c i f i c   g r a v e l   r e m o v a l   l o c a t i o n s .   F o r  

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

g rave l   remova l   opera t ion  and s p e c i f i c   e f f e c t s   w e r e  masked. The p rob lem  o f  

s i t e s   w i t h   m u l t i p l e   G r a v e l  Removal A r e a   C h a r a c t e r i s t i c s  was unavoidable 

because  almost a l l   o f   t h e   o v e r  500 s i t e s   o r i g i n a l l y   c o n s i d e r e d   r e f l e c t e d   t h e  

same s i t u a t i o n .  The m a j o r   r e s u l t   i s   t h a t ,   i n  some c a s e s ,   g e n e r a l i t i e s   a r e  

d i s c u s s e d   w i t h   l i t t l e   o r  n o   r e f e r e n c e   t o   s p e c i f i c   m a t e r i a l   s i t e s .   I f  none o f  

t h e   s i t e s   c l e a r l y   e x h i b i t e d   t h e   r e l a t i o n s h i p   b e i n g   d i s c u s s e d ,  none  were 

c i t e d  as examples.  However,  the g e n e r a l i t i e s   d i s c u s s e d   a r e   c o n s i d e r e d  ac- 

c u r a t e  because  of   the  analyses and conc lus ions   reached   i n   t he   p reced ing  

d i s c i p l i n a r y   c h a p t e r s .  
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PHYSICAL S ITE CHARACTERISTICS 

The P h y s i c a l   S i t e   C h a r a c t e r i s t i c s   c o n s i d e r e d   i n   t h i s   p r o j e c t   w e r e :  

d ra inage  bas in   s ize ,   channe l   w id th ,   channe l   con f igura t ion ,   channe l   s lope,  

and s t r e a m   o r i g i n   ( T a b l e  I ) .  F o l l o w i n g   s t u d y   o f   t h e  25 m a t e r i a l   s i t e s  and 

analyses  o f   data,  i t  was e s t a b l i s h e d   t h a t   c h a n n e l   c o n f i g u r a t i o n  was the  most 

i m p o r t a n t   f l o o d p l a i n   c h a r a c t e r i s t i c   a f f e c t i n g   e n v i r o n m e n t a l  change when 

comb ined   w i th   g rave l   remova l   ac t i v i t i es .   D ra inage   bas in   s i ze   ( channe l   w id th )  

was found  to   be  less s i g n i f i c a n t ,  and  channel   s lope  and  stream  or ig in  were 

found t o  have l i t t l e   i n f l u e n c e  on   t he   e f fec ts   o f   g rave l   remova l .  The f o l l o w -  

i n g   d i s c u s s i o n  i s  subd iv ided   acco rd ing   t o   t hese   ca tegor ies .  

CHANNEL CONFIGURATION 

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

r i v e r   c h a n n e l ( s )   a s  seen  f rom  the   a i r ,  The  channel   conf igurat ions  cons idered 

i n   t h i s   s t u d y   w e r e   b r a i d e d ,   s p l i t ,   m e a n d e r i n g ,   s i n u o u s ,  and s t r a i g h t .  

B ra ided  

A r i v e r   w i t h  a b r a i d e d   c h a n n e l   p a t t e r n   t y p i c a l l y   c o n t a i n s  two  or  more 

i n te rconnec t ing   channe ls   separa ted  by unvegeta ted   g rave l   bars ,   sparse ly  vege- 

t a t e d   i s l a n d s  and, o c c a s i o n a l l y ,   h e a v i l y   v e g e t a t e d   i s l a n d s .   I t s   f l o o d p l a i n  

i s   t y p i c a l l y   w i d e  and sparse ly   vegeta ted   and  conta ins  numerous h 

channels. The l a t e r a l   s t a b i l i t y   o f   t h e s e   s y s t e m s   i s   q u i t e  low w i  

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

igh-water 

t h i n   t h e  

Four   b ra ided  sys tems  used  fo r   mater ia l   s i tes   were   s tud ied .   l v ishak  

R i v e r  on t h e   N o r t h   S l o p e ,   D i e t r i c h   R i v e r   i n   t h e   N o r t h e r n   I n t e r i o r ,  and 

Tanana R i v e r  and Phelan  Creek i n   t h e   S o u t h e r n   I n t e r i o r .  These  systems  usu- 
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a l l y   c o n t a i n   l a r g e   q u a n t i t i e s   o f   g r a v e l  and, t h e r e f o r e ,   a r e   o f t e n   u t i l i z e d  

as   g rave l   sou rces   (F igu re  93). The  bed  load   car ry ing   capac i ty   o f   these 

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

a f t e r   s i t e   c l o s u r e ,  

Bra ided  r i ver   sys tems  a re   dynamic  and l a t e r a l   s h i f t i n g   o f   c h a n n e l s   f r o m  

year-to-year i s  common, t h e r e f o r e ,  any  channel s h i f t i n g   r e s u l t i n g   f r o m   l o w e r -  

ing   bars   th rough  g rave l   remova l   wou ld   be   s im i la r   to   the   na tura l   p rocesses .  

For  example,   any  d iversion,of  a channel  through an a r e a   t h a t  was lowered  by 

the  removal  o f  g r a v e l   p o s s i b l y   w o u l d   h a v e   o c c u r r e d   n a t u r a l l y   s b m e t i m e   i n   t h e  

f u t u r e .   M a t e r i a l   s i t e s   i n   t h e s e   a r e a s   t y p i c a l l y   a r e   s c r a p e d   b e c a u s e   r e q u i r e d  

q u a n t i t i e s  of g rave l   usua l l y   can   be   ob ta ined   ove r   l a rge   a rea l   ex ten ts  and i t  

i s  more e f f i c i e n t   t o  work a s i t e  above   t he   ex i s t i ng   wa te r   l eve l .  Due t o   t h e  

bed   l oad   ca r ry ing   capac i t y   o f   t hese   sys tems ,   t he   t yp i ca l   sha l l ow   sc raped  

s i t e s   a r e   s u b j e c t   t o   s e d i m e n t a t i o n   r a t e s   s i m i l a r   t o   n a t u r a l   d e p r e s s i o n s  

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

r e l a t i v e l y   q u i c k l y   t o   n e a r   n a t u r a l   c o n d i t i o n s .   T h i s   r e c o v e r y   i s   p a r t i c u l a r l y  

t r u e   i f   t h e   s i t e   i s   l o c a t e d   n e a r   t h e   a c t i v e   c h a n n e l .  An example o f   r a p i d  

r e c o v e r y   i s   t h e   l v i s h a k   R i v e r   s i t e ,   w h i c h  was sha l low  sc raped  over  a l a r g e  

a rea   o f   unvege ta ted   g rave l   ba rs .   A f te r   seve ra l   yea rs   t he   on l y   ev idence   o f  

g rave l   m in ing   i s   t he   p resence   o f   access   roads  and f i l l  ramps tha t   connected  

t h e   m a t e r i a l   s i t e   w i t h  an a i r s t r i p  and d r i l l  pad. 

Long- te rm  e f fec ts  o f  g rave l   remova l   on   water   qua l i t y   were   no t   ev ident  

a t   t h e   f o u r   s i t e s   l o c a t e d   i n   b r a i d e d   s y s t e m s .  Due t o   t h e   r e l a t i v e   i n s t a -  

b i l i t y  o f  c h a n n e l s   i n  a b r a i d e d   r i v e r  system,  any  channels  routed  through an 

abandoned m a t e r i a l   s i t e   p r o b a b l y   w o u l d   b e   a f f e c t e d   i n  a manner s i m i l a r   t o  a 

channe l   be ing   re rou ted  due t o   n a t u r a l   h y d r a u l i c   p r o c e s s e s .  An excep t ion  

would  be  where an a l i q u o t   o f  a m a t e r i a l   s i t e  was used  as a s e t t l i n g  pond 

d u r i n g  a g rave l   remova l   opera t ion ,  The accumulated  f ines  could  be  suspended 

dur ing   subsequent   h igh   f lows i f   t h i s   m a t e r i a l  was not  armored  and was l e f t  

i n   t h e   d e p r e s s i o n   d u r i n g   s i t e   c l o s u r e .  None o f   t h e s e   s i t u a t i o n s  was  en- 

c o u n t e r e d   a t   t h e   s t u d y   s i t e s ,  h o w e v e r ,   t h e   p o s s i b i l i t y   w o u l d   e x i s t   i n   s i m i -  

l a r   s i t e   c o n d i t i o n s .  
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Sp I, i t 

Meander i ng 

Sinuous 

S t r a i g h t  

F i g u r e  93. Conf igura t ions  of study r ivers .  
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The aquat ic   o rgan isms  in   b ra ided  sys tems  a re   adapted   to   the   seasona l  

dynamics  o f   the  channels  and, t h e r e f o r e ,  any  channel  changes r e s u l t i n g   f r o m  

grave l   remova l   opera t ions   p rov ide   s i tua t ions   fo r   wh ich   the   o rgan isms  a re  

already  adapted. An e x c e p t i o n   t o   t h i s   g e n e r a l i z a t i o n   o c c u r s   w h e r e  a p i t   i s  

separa ted   f rom  the   ac t i ve   channe l   (Tanana  R iver -Downst ream)   o r   i s   w i th in   the  

f l o o d p l a i n   ( D i e t r i c h   R i v e r - U p s t r e a m )  and  connected t o  an ac t i ve   channe l .   I n  

these  cases,   organisms  that   are  more  adapted  to   lent ic   env i ronments become 

e s t a b l i s h e d .   A l s o ,   c e r t a i n   f i s h   s p e c i e s  may use  the   ca lmer   waters   o f   these 

p i t s   f o r  spawning,   rear ing,  and feeding  areas.  These p i t   s i t e s   a r e   t h e  excep- 

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

b ra ided   sys tems .   Excava t ing   aspec ts   a re   d i scussed   fu r the r   i n   t he   f o l l ow ing  

s e c t i o n  on  Types  of  Gravel  Removal. 

T e r r e s t r i a l   s p e c i e s   t h a t   u t i l i z e   b r a i d e d   r i v e r   s y s t e m s   s i m i l a r l y   a r e  

l i t t l e   a f f e c t e d  by  the  usual   scraping  operat ion.   S ince  non-vegetated  bars 

a re   favored  g rave l   remova l   s i tes ,   few  smal l  mammals o r   passe r ines   a re   a f -  

fec ted .  The wa te r -assoc ia ted   b i rds   t ha t   use   t he   va r ious   channe ls  and  back- 

w a t e r s   f o r   f e e d i n g   a r e   a l s o   l i t t l e   a f f e c t e d  by   t he   ma te r ia l   s i t es   because  

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

Due t o   t h e  dependence o f   sma l l  mammals and passer ines  on vegeta ted  

is lands ,   g rave l   bars ,  and  banks  present  in  braided  systems,  any  removal  of 

vege ta t i on   t o   expose  a g r a v e l   d e p o s i t   w o u l d   t o t a l l y   d i s p l a c e   b i r d s  and 

e l i m i n a t e   s m a l l  mammals f r o m   t h e   d i s t u r b e d   s i t e .   S i m i l a r l y ,   t h e s e   a r e a s ,  

wh ich   o f ten   have  assoc ia ted   dense  shrub   th icke ts ,   a re   used  by  moose and 

p t a r m i g a n ,   e s p e c i a l l y   d u r i n g   w i n t e r .  Loss o f   t h i s   h a b i t a t   w o u l d   c a u s e  lo- 

c a l i z e d   d i s p l a c e m e n t  of these  an imals .  

Ma in tenance   o f   t he   scen ic   qua l i t y   o f  an area  can  be  achieved  by de- 

s i g n i n g  a m a t e r i a l   s i t e  t o  complement t h e   n a t u r a l   s e t t i n g .   M a t e r i a l   s i t e s   i n  

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

where  gravel  removal was r e s t r i c t e d   t o   u n v e g e t a t e d   g r a v e l   b a r s .  The ex- 

p a n s i v e   f l o o d p l a i n s   t y p i c a l   o f   t h e s e   s y s t e m s   a r e  somewhat u n i f o r m   i n  ap- 

pearance,  yet   the  numerous  channels  and  gravel   bars endow these   a reas   w i th  a 

c o m p l e x i t y   t h a t   p e r m i t s   m a t e r i a l   s i t e s   t o  b e   l o c a t e d   w i t h   l i t t l e   e f f e c t .  

336 



The u s u a l   m i n i n g   t e c h n i q u e   f o r   t h e s e   s i t e s  i s  to   sc rape   unvege ta ted   g rave l  

ba rs   ra the r   t han   t o   excava te   deep ly ,   t hus ,  any rearrangement  of   channels 

through an  abandoned s i t e   w o u l d   c l o s e l y   r e s e m b l e   t h e   n a t u r a l   a n n u a l   p r o -  

cesses   o f   l a te ra l   channe l   m ig ra t i on .  

I n  summary, b r a i d e d   r i v e r   f l o o d p l a i n s   c a n   b e   d e s i r a b l e   l o c a t i o n s   f o r  

e x t r a c t i n g   g r a v e l s   ( T a b l e  40). The  abundance o f   w e l l   g r a d e d   m a t e r i a l s  and 

t h e   p o t e n t i a l l y  smal l  e f f e c t   o n   t h e   p h y s i c a l ,   b i o l o g i c a l ,  and aes the t i c   cha r -  

a c t e r i s t i c s   s u g g e s t   t h e   d e s i r a b i l i t y  o f  these  areas for  m a t e r i a l   s i t e s .  = 
c o n c l u s i o n  assumes tha t   t he   p rocedures   o f   sha l l ow   sc rap ing   o f   unvege ta ted  

g rave l   ba rs   w i th   m in ima l   d i s tu rbance   t o   ac t i ve   channe ls ,   banks ,  and  vege- 

ta ted   a reas ,  and  complete r e h a b i l i t a t i o n   o f   s i t e s   d u r i n g   s i t e   c l o s u r e ,   a r e  

adhered  to .  

S o l  i t  Channel 

A r i v e r   w i t h  a sp l i t  channel  pa t t e r n   h a s  numerous i s l a n d s   d i v i d i n g  

t h e   f l o w   i n t o  two  channels.  The  islands and  banks   a re   usua l ly   heav i l y  vege- 

t a t e d  and s t a b l e   ( F i g u r e  93) .  The c h a n n e l s   t e n d   t o  be narrower  and  deeper 

a braided  system.  Four s p l i t  channel 

the  Kavik,   Kuparuk,   and  Sagavanirktok 

i v e r   o n   t h e  Seward Pen insu la .  R i v e r s  on   the   Nor th  S 

a n d   t h e   f l o o d p l a i n   n a r r o w e r   t h a n   i n  

r i v e r s   w e r e   i n c l u d e d   i n   t h i s   s t u d y :  

lope  and  the S 

load c a r r y i n g  

systems,  they 

A I though  the  bed 

less   t han   f o r   b ra ided  

i t y   o f   s p l i t  channel r i v e r s   i s  

have a g r e a t e r   c a r r y i n g   c a p a c i t y  

t h a n   e q u i v a l e n t l y   s i z e d   m e a n d e r i n g   o r   s i n u o u s   r i v e r s .  The nar rower   f lood-  

p l a i n s  and lack   o f  numerous g r a v e l   b a r s   r e s t r i c t   t h e   e x t e n t  o f  p o t e n t i a l  

gravel   removal   areas.  Channels,   is lands,  and  banks  are  of ten  used  for   extrac- 

t i o n ,  as was t h e   c a s e   a t   t h e   f o u r   s i t e s   s t u d i e d .   I s l a n d s  and  banks t y p i c a l l y  

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

on  smal l  mammals, passer ines ,   p ta rmigan,  and moose u t i l i z i n g   t h e s e   a r e a s .  

The l o n g - t e r m   t e r r e s t r i a l   d i s t u r b a n c e  i s  d i r e c t l y   r e l a t e d   t o   t h e   e x t e n t  of 

vegetat ion  removal  and t h e   r e h a b i l i t a t i o n   p r a c t i c e s   u s e d   d u r i n g   s i t e  c lo -  

sure.  

inuk R 

capac 

o f   t e n  
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Table 40. I n t e r d i s c l p l i n a r y   R a t i n g  of CumuIative  Effect  of  Scraping, Using Various  Indices of Change, on Selected 
Study  S i tes  VIs i ted from 1976 t o  197e' 

Hydraulic e f f e c t s  Aqua€ i c e f f e c t s   T e r r e s t r i a l   e f f e c t s  
Macroinver-  Index  of 

Degree of F ish   t eb ra te  Water Environ- 
Increased hybsul  I C  hab i ta t   s tand ing   R ipa r ian   b i rd   men ta l  

Rlver  type  Study s i t e  LOCQtiOtl b r a i d i n g   a l t e r a t i o n   d i v e r s i t y   c r o p   v e g e t a t i o n   h a b i t a t  change 

Bralded tvishak A 
D i e f r  1 ch R-US 
Dietrlch R-DS 
Phelan Ck 

Spl It 

W 
W 
aD 

Sinuk R 
Kuparuk R 
Sagavanlrktdc R 
Kavik R 

k Q n -  Aufeis Ck 
der I ng Skeetercake CK 

s i nuous Gold Run Ck 
Washington Ck 
Penny R 
Nome R 
Ugnuravi k R 
Shaviovlk R 
M.F. Koyukuk R-US 
B.F. Koyukuk R-DS 
MflaIlUtr Ck 

S t ra igh t  Oregon Ck 

N a t h  Slope 
Worthern  tn ter lor  
N o r t h e r n   I n t e r l a  
Southern l n t e r l a  

Sward Pen I nsu Is  
Nor th  Slope 
North  Slope 
North  Slope 

Nor th  Stope 
North  Slope 

Seward  Peninsula 
Sward Peninsula 
Sward   Pen insu la  

Nor th  Slope 
Sward Peninsula 

North  Slope 
Nor thern   . tn te r io r  
Nor the rn   I n te r l o r  
Southern  tn ter lor  

Sward   Pen insu la  

6 
5 
6 
5 

6 
6 
0 
0 

9 
7 

5 
IO 
IO 
IO 
7 
5 
9 
7 
5 

10 

6 
5 
6 
5 

7 
6 
7 
7 

8 
a 

6 
9 

I O  
8 
7 
6 
7 
7 
7 

8 

5 
0 
7 
5 

2 
2 
0 
3 

1 
4 

5 
0 
2 
4 
5 
5 
9 
4 
5 

0 

8 
5 
3 
5 

5 
I 
9 
3 

5 
5 

5 
2 
4 

IO 
5 
2 
9 
5 

3 

e 

I 
I 

3 
I 
I 
4 
4 
5 
3 
3 
4 

I 

5 I .8 
6 1.3 
8 1.8 
5 0.0 

6 1.8 
5 1.5 
0 3.2 
6 1.8 

7 2 .8  
6 1.8 

5 0 .5  
6 3.7 
9 3.7 
5 2 .2  
5 I .-I 
5 
7 

0.2 

6 
2.6 
2.0 

5 0 .5  

6 3.3 

'15 = no change, 0-4 = decrease i n  parameter, 6-10 = increase i n   p a r m e t e r )  

bindex of environmental change I I E C )  = E Ixi-5t h e r e  x i  = r a t i n g  values  of d isc ip l inary   ind ices ;  IEC ranges  from 0-5. 
i=I - 6 



amount o f   usable 

The reduced 

c l o s u r e   c o u l d  be 

l a t i o n s ,   i n   p a r t  

s t a b i l i t y   o f  

de t r imen ta l  

i c u l a r ,   b e n t h  

i n   p o c k e t s  and p o o l s   i n   t h e  d 

t h e   a c t i v e   c h a n n e l s   f o l l o w i n g  

The increased  depos i t i on 

Lower ing  is lands and  banks  by  removing  gravel,  even i f   m a i n t a i n e d  

above   t he   ex i s t i ng   wa te r   l eve l ,   can   resu l t   i n   reduced   s tab i l i t y   o f   channe ls  

d u r i n g   h i g h   w a t e r .   M a t e r i a l   s i t e s  w i l l  then  be   inundated   a t   leas t  tempo- 

ra r i l y .   Sp read ing   wa te r   ove r  a b r o a d e r   a r e a   r e d u c e s   i t s   v e l o c i t y ,   c a u s i n g  

deposi t ion  of   suspended  and  bed  load  mater ia ls.  Some o f   t h i s   reduced   Ve l -  

o c i t y  may f u n c t i o n   t o   r e p l e n i s h   m a t e r i a l s   i n   t h e  abandoned m a t e r i a l   s i t e   b u t  

t h i s   p r o c e s s   w o u l d   p r o b a b l y   r e q u i r e  a longer  per iod  than  would  be  expected 

i n  a braided  system. 

Spreading  of   water and r e d u c t i o n   o f   v e l o c i t y  i s  conducive  to   changing 

water   temperatures  dur ing  the  open  water   season.   A l tered  water   temperatures 

may i n f l u e n c e   t h e  abundance  and d i v e r s i t y   o f   a q u a t i c   b i o t a   b y   a l t e r i n g   t h e  

h a b i t a t   f o r   p a r t i c u l a r   s p e c i e s .  

the   channe ls   tha t  could o c c u r   a f t e r   s i t e  

t o   t h e   e s t a b l i s h m e n t   o f   p e r m a n e n t   b i o t i c  popu- 

i c  o rgan isms.   In   add i t ion ,   en t rapment   o f   f i sh  

i s t u r b e d   s i t e  may occur   as  water   recedes  in to  

h igh-water   cond i t ions .  

o f  both  suspended  and  bed  load  mater ia ls 

cou ld   be   de t r imenta l   to   the   es tab l i shment   o f   benth ic   communi t ies .   F ine  

ma te r ia l s   wou ld   l i ke l y   be   depos i ted   i n   t hese   a reas ,   t hus   changes   i n   t he  

s t r u c t u r e  of benthic  communit ies  could  be  expected,  These  changes  would  be 

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

l e s s   s t a b l e   s u b s t r a t e .  

Changing  channel   conf igurat ion  by  removing  is lands,  removing  gravel  

depos i t s   f rom  banks ,   and   l oca l l y   w iden ing   t he   ac t i ve   f l oodp la in  w i l l  a f f e c t  

t h e   s c e n i c   q u a l i t y   o f  an   a rea .   Th i s   aes the t i c   e f fec t  was q u i t e   n o t i c e a b l e  a t  

the  S inuk  and  Kavik   River   s i tes  where  care was n o t   t a k e n   t o   p r e s e r v e   n a t u r a l  

con tou rs  and   channe l   con f i gu ra t i ons .   I n   add i t i on ,   s tockp i l es  and  remnants  of 

d i v e r s i o n  berms  were l e f t   i n   p l a c e .  The n e t   e f f e c t   o f   t h e s e   c o n d i t i o n s  was 

t o  form a m a j o r   c o n t r a s t   w i t h   t h e   n a t u r a l   c o n d i t i o n s   o c c u r r i n g   b o t h   u p s t r e a m  

and  downstream  of  the  si te. 
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I n  summary, t h e   s p l i t   c h a n n e l   s y s t e m   i s  one t h a t   c o n t a i n s  a r e l a t i v e l y  

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

i s l a n d s  and  banks r e s t r i c t s   t h e   a r e a l   e x t e n t   w h e r e   g r a v e l   c a n   b e   e a s i l y  

ob ta ined.  Use o f   vegeta ted   a reas  w i l l  d i r e c t l y   a f f e c t   t e r r e s t r i a l   o r g a n i s m s  

b y  e i t h e r   c o m p l e t e   r e m o v a l   o r   d i s p l a c e m e n t   t o   u n d i s t u r b e d   a r e a s .   S i m i l a r l y ,  

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

s t a b i l i t y   o f   c h a n n e l s ,   f a c i l i t a t e   t h e   p o s s i b l e   f o r m a t i o n   o f  a b r a i d e d  chan- 

ne l   pa t te rn ,   dec rease   wa te r   ve loc i t y ,   i nc rease   sed imen ta t i on   ra tes  and, 

perhaps,  increase  water  temperature.  These  changes w i l l  a f f e c t   a q u a t i c  

o rgan isms  by   inc reas ing   secondary   p roduc t iv i t y ,  by changing  benth ic  com- 

m u n i t y   s t r u c t u r e ,  by p r o v i d i n g   r e a r i n g   a r e a s   f o r  some spec ies  o f  f i s h ,  and 

p e r h a p s   b y   a f f o r d i n g   s i t u a t i o n s   c o n d u c i v e   t o   f i s h   e n t r a p m e n t   ( T a b l e  40 ) .  

Meandering 

A meandering r i v e r   w i n d s  back  and f o r t h   w i t h i n   t h e   f l o o d p l a i n .  The 

meandering  channel s h i f t s   d o w n v a l l e y  by a r e g u l a r   p a t t e r n   o f   e r o s i o n  and 

depos i t i on .  Few i s l a n d s   a r e   f o u n d   i n   t h i s   t y p e   o f   r i v e r  and g r a v e l   d e p o s i t s  

t y p i c a l l y   a r e   f o u n d  on   the   po in t   bars   a t   the   ins ides   o f   meanders  

( F i g u r e  9 3 ) .  Sediment   t ranspor t   in   meander ing   sys tems  i s   usua l l y   less   than 

f o r   b r a i d e d  and s p l i t - c h a n n e l   r i v e r   s y s t e m s   o f   e q u i v a l e n t   s i z e .  

The s i z e   o f   i n d i v i d u a l   g r a v e l   d e p o s i t s   i n  a meandering r i v e r  depends 

on t h e   s i z e   o f   t h e   r i v e r .  On a l a r g e   r i v e r ,   p o i n t   b a r s   c a n  be q u i t e  ex- 

t e n s i v e   w h i l e   o n   s m a l l e r   r i v e r s   t h e   p o i n t   b a r s   a r e   c h a r a c t e r i s t i c a l l y  smal- 

l e r .  The a rea l   ex ten t   o f   t hese   g rave l   ba rs   de te rm ines ,   t o  a l a rge   ex ten t ,  

the   degree  o f   change  wh ich   g rave l   ex t rac t ion   has  on a meandering  system.  For 

example, i f  a l a r g e   p o i n t   b a r  i s  used t o   s u p p l y   g r a v e l   f o r  B s m a l l   p r o j e c t ,  

t h e   o p e r a t i o n   o f  a m a t e r i a l   s i t e  may cause l i t t l e  change t o   t h e   r i v e r   s y s -  

tem. However, when p r o j e c t s   w i t h   l a r g e   g r a v e l   r e q u i r e m e n t s   a r e   s i t u a t e d  

c l o s e   t o  a smal l   meander ing  r iver   or   where  the  gravel   requi rements  exceed 

t h a t   a v a i l a b l e  on a l a r g e   p o i n t   b a r ,   p o t e n t i a l   e f f e c t s   t o   t h e   r i v e r   s y s t e m  

i n c r e a s e   g r e a t l y .  The a l te rna t i ve   m in ing   p rocedures   a re   t o   comp le te l y   remove  

t h e   p o i n t   b a r ,   u s e   s e v e r a l   p o i n t   b a r s ,  or remove  vegetated  deposits  back 

f rom  the  channel .   In al I cases,  varying  degrees  of   impact  can  be  expected, 

b u t   a l l  w i l l  depend  on the  manner i n   w h i c h   t h e   g r a v e l   i s   e x t r a c t e d .  
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F o u r   m a t e r i a l   s i t e s  on  meander ing  systems  were  s tud ied  on  th is   pro ject  

(Tab le  I ) .  Two were  dug as p i t s  and  two  were  scraped, 

P i t  S i t e s .  The m a t e r i a l   s i t e s   a t   P r o s p e c t  Creek  and West Fork  Tolovana 

River   were dug i n  abandoned  channels.   In  nei ther  case was t h e r e  a change i n  

t h e   l a t e r a l   s t a b i l i t y  of t he   ac t i ve   channe l .   The re  was loss o f   t e r r e s t r i a l  

vegeta t ion   and  assoc ia ted   fauna  because  the   mater ia l   s i tes   were   loca ted   back  

f rom  the   ac t i ve   channe ls .   Aquat ic   fauna  in   the   ac t i ve   channe l   apparent ly   d id  

n o t  change. Change, i f  any, was due to   t he   p resence   o f   an   ad jacen t   f l ood -  

e d   p i t .   S i m i l a r l y ,   w a t e r   q u a l i t y   d i d   n o t  change i n   t h e   a c t i v e   r i v e r   c h a n n e l s  

bu t ,  as e x p e c t e d ,   w a t e r   q u a l i t y   i n   t h e   p i t  was d i f f e r e n t   f r o m   t h a t   i n   t h e  

ac t i ve   channe l .  These d i f f e r e n c e s  and  changes a r e  d i s c u s s e d   i n   t h e   s e c t i o n  

on Type of   Gravel  Removal because  they  were  not  unique  to  meandering  sys- 

t ems. 

Format ion   o f  a p e r m a n e n t l y   f l o o d e d   p i t   w i t h i n  a f l o o d p l a i n ,   t h a t   o t h e r -  

w i s e   c o n t a i n s  few  ponds or  lakes,  changes  the  appearance  of  the  area  by  in- 

c r e a s i n g   t h e   d i v e r s i t y   o f   p h y s i c a l   f e a t u r e s .  These p i t s   a r e   q u i t e   v i s i b l e  

when seen   f rom  the   a i r   o r   f rom a h i g h   t e r r e s t r i a l   v a n t a g e   p o i n t .   T a l l  vege- 

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

b l o c k i n g   v i e w   o f   t h e   s i t e s .  

Many meandering r i v e r   f l o o d p l a i n s   c o n t a i n  a m u l t i t u d e   o f  oxbow lakes  

that   are  formed  by  channel   cutof fs .   In   these  cases,  a p i t   c o u l d   b l e n d   e , a s i l y  

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

gravel  removal  operations.  However,  most p i t s  a r e  dug w i th   angu la r   pe r im-  

e t e r s   w h i c h   c r e a t e  a v i s u a l   c o n t r a s t   i n   t h e   f l o o d p l a i n .   T h i s   c o n t r a s t  i s  a 

gener ic   p rob lem and w i l l  be   d i scussed   fu r the r   under  Type o f   Grave l  Removal. 

Scraped  Si tes.  The m a t e r i a l   s i t e s   o n   A u f e i s  Creek  and  Skeetercake  Creek 

were  scraped. The e n v i r o n m e n t a l   c h a n g e s   w e r e   q u i t e   d i f f e r e n t   a t   t h e   t w o  

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

the   channe l   (Tab le  40). The g r a v e l   a t   A u f e i s  Creek was scraped  f rom  across 

t h e   e n t i r e  

conf  i g u r a t  

channel,  which  changed  the  channel  from a s i n g l e   t o  a b r a  

ion.  The s h o r t - t e r m   i n f l u e n c e  was so s e v e r e   t h a t   s u r f a c e  f 

i ded 

low was 
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n o n e x i s t e n t   t h e   y e a r   f o l l o w i n g   s i t e   c l o s u r e   b u t ,   o v e r  3 y e a r s   s u r f a c e   f l o w  

was r e - e s t a b l i s h e d .   A l t h o u g h   t h e   s i t e  was n o t   s t u d i e d  when s u r f a c e   f l o w  was 

absent ,   the   e f fec t   on   f i sh   wou ld   have  been  to   p roh ib i t   passage.   Ep ibenth ic  

communit ies  would  have  been  reduced  due  to  the  lack  of   surface  water.  Fo l -  

I l ow ing   re -es tab l i shmen t   o f   su r face  f 

o f   r i f f l e  zones  would  be  most common 

depth. 

The  change  from a s i n g l e  channe I 

ow, b e n t h i c   c o m m u n i t i e s   c h a r a c t e r i s t i c  

due to   channe l   spread and  reduced  water 

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

a f f e c t   t h e   l o c a l   d i s t r i b u t i o n   o f   a q u a t i c   o r g a n i s m s .  The a l te red   communi ty  

wou ld   be   s im i l a r  t o  t h a t   t y p i c a l l y   f o u n d   i n  a n a t u r a l l y   b r a i d e d   s y s t e m .  

Reduced  water   ve loc i ty   enhances   sed iment   depos i t ion   and  can  a l te r   water  

tempera tures .   Dur ing   the   s tudy ,   changes  in   water   tempera ture   were   no ted  

between  the  upstream and d is turbed  sample  areas,   but  a d i f f e r e n c e   i n  sus- 

pended s o l i d s  was not  found. 

The   impac t   on   t he   t e r res t r i a l   env i ronmen t   f requen t l y   en ta i l s   remova l   o f  

v e g e t a t i o n  and o t h e r   h a b i t a t s   a l o n g   t h e  bank. L i t t l e  change t o   t h e   t e r -  

res t r i a l   env i ronmen t   wou ld   be   expec ted  when g rave l  i s  mined  only  on  unvege- 

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

changed s i g n i f i c a n t l y   f o l l o w i n g   s i t e   c l o s u r e .  Also,  l i t t l e  change  would  be 

e x p e c t e d   i n   t h e   s c e n i c   q u a l i t y   o f  an  area  as a r e s u l t   o f   g r a v e l   r e m o v a l ,  

u n l e s s   v e g e t a t i o n  i s  removed. A t  Au fe is   Creek ,   changes  in   bo th   the   te r -  

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

ope ra t i on   because   o f   t he   a rea   d i s tu rbed ,   t he   s i t e   l oca t i on ,  and o p e r a t i n g  

procedures  that   were  used,   none  o f   which  complemented  the  f loodpla in   char-  

a c t e r i s t i c s .  

A t  Skeetercake  Creek  the  hydraul ic   changes  were somewhat d i f f e r e n t .  

The  exposed  gravel   deposi ts   were  l imi ted  because  th is  was a s m a l l   r i v e r .  

Thus, g rave l  was m ined   f rom  vege ta ted   a reas   i n   t he   f l oodp la in ,   w i th  concom- 

i t a n t   e f f e c t s   o n   t h e -   t e r r e s t r i a l   f a u n a .  The g r a v e l   r e m o v a l   a c t i v i t y   a f f e c t e d  

channel s t a b i l i t y  by f a c i l i t a t i n g  a channel   cutof f ,   however ,   the  channel   d id  

n o t   b r a i d  due, a t   l e a s t   i n   p a r t ,   t o   t h e   r e s t r i c t e d   f l o o d p l a i n .  The c u t o f f  

formed an oxbow l a k e   i n   t h e  abandoned s i t e .  The f l o o d p l a i n   i n   t h i s   r e a c h  of 
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t h e   r i v e r  had  few oxbow cutof fs,   consequent ly,   mining  changed  the  appearance 

o f   the   a rea ,  However, the  presence  o f   overburden  and  gravel   s tockpi les 

d e t r a c t e d   f a r  more  than  the  a l tered  channel .  

A q u a t i c   h a b i t a t  changes at   Skeetercake  Creek  were  not as great   as   wou ld  

be  expected i f   t h e  channel  had become b ra ided .  The nar rowness   o f   the   na tura l  

channel   imparted a g r e a t e r   s i g n i f i c a n c e   t o   t h e   v a l u e   o f  bank vege ta t i on .  

Loss o f   t h i s   c o v e r   c a n   c h a n g e   t h e   d i s t r i b u t i o n   o f   f i s h e s .  The  change  from  an 

i n c i s e d   c h a n n e l   t o  a s h a l l o w   r i f f l e   a r e a   t h r o u g h   t h e  abandoned s i t e  caused 

the   water   tempera ture ,   dur ing   the   s tudy ,  t o  b e   h i g h e r   i n   t h e   d i s t u r b e d   a r e a  

than  upstream. However,  changes i n  suspended so l i ds   were   no t   no ted .  

Summary. S c r a p i n g   p o i n t   b a r s   c a n   h a v e   l i t t l e   e n v i r o n m e n t a l   e f f e c t  

assuming   t ha t   t he   ope ra t i on  i s  c o n d u c t e d   i n  a manner that   min imizes  changes 

t.0 t h e   h y d r a u l i c   c h a r a c t e r i s t i c s   o f   t h e   c h a n n e l  and ad jacent   vegeta ted  

areas.  I f  change i s   m i n i m i z e d ,   t h e   e f f e c t s   o n   a q u a t i c  and t e r r e s t r i a l   b i o t a ,  

and wa te r   and   scen ic   qua l i t y   a re   g rea t l y   m in im ized .  

i nac 

vary  

Meandering r i v e r s   p r o v i d e   u s a b  

t i v e   f l o o d p l a i n s ,  and te r races .  

depending  on  whether  only  poin 

i n a c t i v e  f 

p l a i n s  and 

p l a i n s   a r e  

I 

P i t  s i 

t bars   a re   used 

l e   d e p o s i t s  of g r a v e l   f r o m   p o i n t   b a r s ,   i n  

The p o t e n t i a l   e f f e c t s  on  such a system 

or   whether   the  ad jacent  

t e s   i n   i n a c t i v e   f l o o d -  

i n t   b a r s   i n   a c t i v e   f l o o d -  

oodp la in  and t e r r a c e   a l s o   a r e   m i n e d .  S i  

t e r r a c e s   o f t e n   a r e  dug as  p i t s   w h i l e  PO 

scraped. 

tes   remote   f rom  the   ac t i ve   channe l   have 

d u r i n g   s p r i n g   b r e a k u p   a t   s i t e s   v i s i t e d   d u r i n g   s i t e  

caused some prob  lems 

s e l e c t i o n ,   b u t   n o t  

s t u d i e d   a s   p r i m a r y   s i t e s   i n   t h i s   p r o j e c t   ( u n p u b l i s h e d   d a t a ) .  When channe ls  

a re   b locked   w i th   i ce ,   me l t   wa te r   mus t   f l ow   ove r   t he   i ce  and may o v e r f l o w   t h e  

bank   and  spread  across   the   en t i re   f loodp la in .  P i t 5  l o c a t e d   i n   t h e s e   f l o o d -  

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

t h r o u g h   t h e   s i t e .   T h i s   d i v e r s i o n  i s  p a r t i c u l a r l y   p o s s i b l e   w h e r e   p i t s   a r e  dug 

w i t h i n   t h e   i n s i d e   o f  a meander.  Depending on t h e   s i z e  and i n h e r e n t   s t a b i l i t y  

o f  t h e   u n d i s t u r b e d   b u f f e r   b e t w e e n   t h e   p i t  and  channel ,   the  f low may c u t  
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t h rough   the   bu f fe r  zone  and  permanent ly   d iver t   f low.   Ul t imate ly ,   the meander 

w i l l  be   cu t   o f f   t h rough   sed imen t   depos i t i on  and form an  oxbow lake. 

O the r   e f fec ts   can  be a n t i c i p a t e d  when p i t s   a r e  dug i n   t h e   f l o o d p l a i n   o f  

meandering  systems, 

fore,   these  aspects 

however ,   they   a re   charac ter is t i c   o f  p i t  mining.  There- 

are  discussed  under  Type  of  Gravel  Removal. 

S i  nuous 

S inuous  channe ls   a re   s im i la r   to   meander ing   channe ls   except   tha t   the  

w ind ing   pa t te rn   i s   l ess   p ronounced .  The channel may c o n t a i n   s m a l l e r   p o i n t  

b a r s  and  have  less  tendency  for   downval ley  sh i f t ing.  Also, the  channels   are 

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

Ten of  t h e   s i t e s   s t u d i e d   o n   t h i s   p r o j e c t   w e r e  o n   s i n u o u s   r i v e r s   ( F i g u r e  

9 3 ) .  T h e i r   s i m i l a r i t y   t o   m e a n d e r i n g   c h a n n e l s   s u g g e s t s   t h a t   t h e   e f f e c t s   f r o m  

g r a v e l   e x t r a c t i o n   a r e  a l s o  s i m i l a r ,   w i t h   t h e  majoi. in f luence  determined 

p r i m a r i l y  b y   t h e   s i t e   l o c a t i o n  and the  removal  method. Due t o   t h i s  simi- 

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

discussed. 

The s m a l l e r   p o i n t   b a r s   i n   s i n u o u s   r i v e r s ,  as compared t o  meandering 

r i v e r s ,  limit t h e   q u a n t i t y  o f  exposed  gravel   that  i s  l o c a l l y   a v a i l a b l e   f o r  

remova l .   Th is   l im i ta t ion   can   magn i fy   the   need  fo r   us ing   mu l t ip le   po in t   bars  

o r   v e g e t a t e d   a r e a s   b a c k   f r o m   t h e   c h a n n e l   t o   f u l f i l l   t h e   g r a v e l   r e q u i r e m e n t s  

of  l a r g e r   p r o j e c t s .  

F loodp la in   a reas   ad jacent   to   the   channe l   con ta in   g rave l   depos i ts   tha t  

a r e   t y p i c a l l y   o v e r g r o w n   w i t h   v e g e t a t i o n .   F l o o d p l a i n   w i d t h   u s u a l l y   i s   r o u g h l y  

e q u i v a l e n t   t o   t h e  meander b e l t   w i d t h ,   t h u s ,   t h e   f l o o d p l a i n   o f  a s inuous 

r i v e r   t e n d s   t o  be  narrower   than  in  a meandering  system.  Therefore,  the  area 

i n   t h e   f l o o d p l a i n   t h a t  i s  a v a i l a b l e   f o r   g r a v e l   e x t r a c t i o n  i s  more l i m i t e d .  

T h i s   p l a c e s   r e s t r i c t i o n s  on the   a rea l   ex ten t   o f   po ten t i a l   g rave l   resources ,  

and may r e q u i r e   t h a t  a g r e a t e r   l e n g t h  of f l o o d p l a i n   b e   u s e d   t o   e x t r a c t  

grave I b 
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The p o t e n t i a l   e f f  

are  increased because 

deeply, or i f   i n c i s e d  

po ten t i a l   f o r   dec reas i  

d is tu rbance  f rom  s i te  

ects  of   removing  gravel   f rom  s inuous  channel   r ivers 

o f   these  l im i ta t ions .   I f   po in t   bars   a re   sc raped  too  

banks and the  ad jacent   f loodpla ins  are  d is turbed,   the 

ng  channel s t a b i l i t y   i s   g r e a t l y  enhanced. The i n i t i a l  

c l ea r ing ,  and the  changes r e s u l t i n g   f r o m  a poor l y  

located and opera ted   s i te ,  wi l l  have m u l t i p l e   e f f e c t s .  

The decreased  channel s t a b i l i t y  and tendency f o r   b r a i d i n g  wi l l  a f f e c t  

both  benthos and f ' ish by a l te r ing   aquat ic   hab i ta ts .   Benth ic   communi t ies  

adapted t o   r i f f l e s ,   f i n e  sediment  bottoms, and a r e l a t i v e l y   u n s t a b l e  bottom, 

will become establ ished. Loss o f  bank cover and p o t e n t i a l l y   r e d u c e d   c u r r e n t  

i n   t h e   d i s t u r b e d   s i t e  will a f f e c t   f i s h   d i s t r i b u t i o n  and perhaps  species 

composi t ion.   In   addi t ion,   reducing  water   depth  and-ve loc i ty   could change 

water  temperatures and a f fec t   t he   l eve l   o f   d i sso l ved  oxygen. F ish   cou ld  

become t r a p p e d   i n   t h e   d i s t u r b e d   s i t e  when water  recedes  fo l lowing  high 

f lows. 

T e r r e s t r i a l   v e g e t a t e d   h a b i t a t  w i l l  be destroyed when t h e   f l o o d p l a i n  

adjacent  to  the  channel   is   used as a m a t e r i a l   s i t e .   T h i s   d e s t r u c t i o n   o f  

vegetat ion wi l l  cause e i t h e r   e l i m i n a t i o n  or displacement of t e r r e s t r i a l  

fauna. I f  the   s t ream  banks   a re   a f fec ted   the   decreased  hydrau l i c   s tab i l i t y   in  

the 

mun i 

qua I 

area  could  reduce  the  potent ia l   for   re-establ ishment  of   vegetat ive com- 

t i es ,   t hus   c rea t i ng  a long-term r e h a b i l i t a t i o n  problem. 

Gravel  removal  from a s i n u o u s   r i v e r  w i l l  have e f f e c t s  on the  scenic 

i t y  s im i la r   to   those  d iscussed  fo r  a meandering  system. The degree  of 

e f f e c t   i s   f u l l y  dependent  on the   d ivers i ty   o f   land forms  in   the   a rea   o f   the  

s i t e  and the amount of   d isturbance.  Single  channel   r iver  systems  are scen- 

i c a l l y  more sens i t i ve   than  mu l t ip le   channe l   sys tems  par t i cu la r ly   those 

s i n g l e  channel r i v e r s   l o c a t e d   i n   a r e a s   w i t h  low growing  vegetation,  such as 

on the  North  Slope. 

I n  summary, the amount of environmental change tha t  can  be a n t i c i p a t e d  

i n  a s inuous   r i ver   sys tem  i s   la rge ly  dependent  on the   l oca t i on   o f   t he  ma- 

t e r i a l   s i t e  and the  methods  o f   operat ion.   Ant ic ipated  e f fects   are  s imi lar   to  
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t h o s e   f o r  a meander ing  system  but ,   because  f loodpla in ;   genera l ly   are  more 

na r row  and   con ta in   sma l le r   po in t   ba rs ,   t he   po ten t i a l   f o r   pe rmanen t   a l t e ra -  

t i o n  i s  g e n e r a l l y   g r e a t e r   ( T a b l e  40) .  P r o p e r   p l a c e m e n t   o f   t h e   m a t e r i a l   s i t e  

and operational  proce.dures  can  minimize  permanent  change and these  should  be 

s e l e c t e d   t o   p r e v e n t  or m i n i m i z e   c h a n g e s   t o   t h e   h y d r a u l i c   c h a r a c t e r i s t i c s   o f  

the  channel .  

S t r a i g h t  

S t r a i g h t   c h a n n e l   p a t t e r n s   a r e  less common than   o the r   t ypes .  The tha lweg 

o f  a s t r a i g h t   r i v e r   t y p i c a l l y   w i n d s  back  and f o r t h   w i t h i n   t h e   c h a n n e l .  

Gravel   bars  form  opposi te  where  the  thalweg  approaches  the  s ide  of   the 

channe l   (F igure  93). These  gravel   bars may not   be  exposed  dur ing  h igh  f low.  

Banks of  s t r a i g h t   s y s t e m s   t y p i c a l l y   a r e   s t a b l e  and f l o o d p l a i n s   a r e   u s u a l l y  

narrow.  These r i v e r  sys tems  a re   cons idered  to   be  an u n u s u a l   c o n f i g u r a t i o n   i n  

t r a n s i t i o n   t o  Some o t h e r   c o n f i g u r a t i o n .   O n l y   t h e   m a t e r i a l   s i t e   s t u d i e d   a t  

Oregon  Creek was s i t u a t e d   o n  a s t ra igh t   channe l   sys tem.  

As w i t h   o t h e r   t y p e s  of  s ing le   channe l   sys tems   the   ma jo r   po ten t i a l  

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

ne l  and a tendency to   deve lop  a b r a i d e d   c o n f i g u r a t i o n .  These  are  probable 

occurrences  because o f  t h e   t y p i c a l l y   n a r r o w   f l o o d p l a i n s  and t h e   l i m i t e d  

number of e x p o s e d   b a r s   a v a i l a b l e .   O f t e n   t h e   a d j a c e n t   f l o o d p l a i n  w i l l  have t o  

be  d is turbed,   or   even  the  channel   i tse l f ,   because o f  t h e   l i m i t e d   a r e a   a v a i l -  

ab le.  The Oregon  Creek s i t e   t y p i f i e d   t h e   e x t e n s i v e   l o n g - t e r m   c h a n g e s   t h a t  

can  occur when g rave l  i s  removed  from w i t h i n   t h e   c h a n n e l  and t h e   a d j a c e n t  

f l o o d p l a i n   ( T a b l e  40) .  The  channel s t a b i l i t y  was g r e a t l y   r e d u c e d  and t h e  

channel  had become b r a i d e d   w i t h i n   t h e   c o n f i n e s  of t h e  abandoned s i t e .  These 

c o n d i t i o n s   e x i s t  13 y e a r s   a f t e r   t h e   s i t e  was c losed  and  probably  w i  

i n   t h a t   c o n d i t i o n   f o r  many more  years. 

I 

The  change  from a s i n g l e   t o  a b ra ided  channe l   a l te rs   water   qua l  

pa ramete rs   and   aqua t i c   b io ta   as   d i scussed   i n   p rev ious   sec t i ons   on  s i  

and  meander ing   sys tems.   These  a l te ra t ions   inc lude  the   po ten t ia l   fo r  

I remain 

i t y  

nuous 

changing 

water   temperature and i n c r e a s i n g   s e d i m e n t a t i o n   i n   t h e   d i s t u r b e d   s i t e   w h e r e  
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t he   wa te r   f ans   ou t  and  becomes sha . l I ower   and   s lower   i n   ve loc i t y .   D i sso l ved  

oxygen  and  conduct iv i t y   leve ls   can   a lso   be   a l te red .   Benth ic   communi t ies  may 

change  from a commun i t y   assoc ia ted   w i th   t he   re la t i ve l y   s tab le   channe l   o f  

a s t r a i g h t   r i v e r   t o  one t h a t  i s  b e t t e r   a d a p t e d   t o   t h e  less s t a b l e   s u b s t r a t e  

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

and  changes i n   p o o l : r i f f l e   r a t i o s  c a n   a l t e r   t h e   d i s t r i b u t i o n   o f   f i s h   w i t h i n  

t h e   i m m e d i a t e   v i c i n i t y  of t h e   d i s t u r b a n c e .   F i s h   p a s s a g e   i s   o b s t r u c t e d   i f   t h e  

s p r e a d i n g   o f   w a t e r   s u f f i c i e n t l y   r e d u c e  i t s  depth. 

The d i s tu rbances   a t   t he   Oregon   Creek   s i t e   p rov ided  a s i t u a t i o n  con- 

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

b y   e l i m i n a t i n g   o r   g r e a t l y   r e d u c i n g   t h e   f l o w  downstream  f rom  the  ice  f ie ld ,  

t h u s   t h r e a t e n i n g   o v e r w i n t e r i n g   a r e a s  and  spawning  beds.   S imi lar ly ,   dur ing 

b reakup ,   de layed   t haw ing   o f   t he   i ce   f i e ld   cou ld   obs t ruc t   f i sh   passage .  

B e n t h i c   c o m m u n i t i e s   w o u l d   b e   l a t e r   i n   e s t a b l i s h i n g   a t   t h e   d i s t u r b e d   s i t e  due 

t o   t h e   d e l a y e d   m e l t   o f   t h e   i c e   f i e l d .  

" 

The t e r r e s t r i a l   e n v i r o n m e n t  w i l l  a l m o s t   a l w a y s   b e   s u b j e c t   t o   d i s t u r -  

bance f o r  any s i t e   s i t u a t e d   o n  a s t r a i g h t   c h a n n e l   r i v e r .   T h i s   v u l n e r a b i l i t y  

i s  due t o   t h e   r a r i t y   o f   l a r g e   e x p o s e d   g r a v e l   b a r s   i n   t h e   c h a n n e l   w h i c h  

necess i ta tes   m in ing   t he   ad jacen t   vege ta ted   f l oodp la in   banks   o r   t e r race .  A t  

t h e  Oregon  Creek s i t e   t h e   v e g e t a t e d   o v e r b u r d e n  was removed  and  placed i n  a 

r o w   a t   t h e  edge o f   t h e   t e r r a c e .  The g rave l  was removed  from  the  exposed  area 

and  f rom  w i th in   the   channe l   caus ing   ex tens ive   spread ing  of t h e   f l o w   t h r o u g h  

t h e   e x p o s e d   f l o o d p l a i n .   I n u n d a t i o n   o f   t h i s   a r e a   d u r i n g   h i g h   f l o w   a n d   t h e  

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

z a t i o n  and r e v e g e t a t i o n   o f   t h e   d i s t u r b e d   a r e a .   T h i s   s t a b i l i z a t i o n  and  revege- 

t a t i o n  had   no t   occu r red   a f te r  13 y e a r s ,   t h u s   t h e   l i k e l i h o o d   o f   t h e   s i t e  

r e v e g e t a t i n g   i n   t h e   n e a r   f u t u r e   i s   r e m o t e .  

The  appearance  o f   the  f loodpla in  was g r e a t l y   a f f e c t e d   a t   t h e   O r e g o n  

Creek s i t e .   T h i s   a l t e r e d   a p p e a r a n c e   w i l l   e x i s t   f o r  a long  t ime  and w i l l  o n l y  

d i m i n i s h  when the  channel   begins  to   narrow  and when adjacent   areas  revege-  

t a t e .  The po ten t ia l   fo r   ma jor   changes  in   the   appearance  o f  a s t r a i g h t  chan- 

n e l   f l o o d p l a i n ,   t h a t   i s   m i n e d ,   i s   g r e a t   b e c a u s e   o f   t h e   l i m i t e d   a v a i l a b i l i t y  
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f r om  the   s tandpo in t   o f   g rave l   requ i remen ts  

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

can   resu l t   f r om  g rave l   remova l   ope ra t i ons  

bances  probably w i  I I o c c u r   i n  any r i v e r   o f  

d e t e r m i n i n g   f a c t o r  

t h e   f l o o d p l a i n .   I n  

g iven  deposi t   usua 

i s   t h e   o p p o s i t e   i n  

c o n t a i n  much mater 

I a rge r  

I l y   con  

a m a l  

i a l .  

o f   exposed  g rave ls ,   wh ich   necess i ta tes   the   d is tu rbance  o f   ad jacent   vegeta ted  

areas. The magnitude of  e f f e c t   i n c r e a s e s   w i t h  a d e c r e a s e   i n   r i v e r   s i r e .  

I n   g e n e r a l ,   t h e   r a r i t y   o f   5 t r a i g h t   c h a n n e l   r i v e r s   p r o b a b l y   i s   f o r t u n a t e  

. The r e l a t i v e l y  few  exposed 

suggest   the  major   problems  that  

in   these  sys tems.   Ma jor   d is tu r -  

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

taken t o  p r o t e c t   t h e   a r e a .  When m i n i n g   i s   r e s t r i c t e d   t o   e x p o s e d   g r a v e l  

d e p o s i t s  a ma jor   leng th  of  f l o o d p l a i n  w i l l  be d i s t u r b e d   i f   g r a v e l   r e q u i r e -  

ments  are  large. The l a t t e r   p r o b l e m   c a n   b e   p r e v e n t e d   b y   r e s t r i c t i n g   m i n i n g  

to   t he   ad jacen t   vege ta ted   f l oodp la in .   S t ra igh t   channe l   sys tems   shou ld   be  

avoided  where i t  i s  p o s s i b l e   t o   s e l e c t   a l t e r n a t e   a r e a s   t o   m i n e .  

DRAINAGE  BASIN S I Z E  (CHANNEL WIDTH) 

Dra inage   bas in   s i ze  and   channe l   w id th   a re   c lose ly   re la ted   f rom a hydro- 

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

fo r   assess ing   change  f rom  g rave l   remova l   ac t i v i t ies .  However, channe l   w id th  

was i n c l u d e d   i n   t h e   M a j o r   V a r i a b l e   M a t r i x   ( T a b l e  I )  because i t  i s  a measure- 

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

es t imated   f rom  topograph ica l  maps. Because  o f   the   c lose   re la t ionsh ip   be tween 

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

D r a i n a g e   b a s i n   s i r e   ( c h a n n e l   w i d t t i )  was c o n s i d e r e d   t o  be  the  second 

m o s t   i m p o r t a n t   P h y s i c a l   S i t e   C h a r a c t e r i s t i c   i n f l u e n c i n g   t h e  amount of  change 

i n  a f l o o d p l a i n   f r o m   g r a v e l   r e m o v a l   a c t i v i t i e s .   I n   g e n e r a l ,   t h e   e f f e c t s  

o f  min ing  were  cons iderably   greater   on  smal l   r ivers   than  on  large  ones.  The 

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

systems,  gravel  deposits  can  be  numerous  and  any 

t a i n s  a l a r g e   q u a n t i t y   o f   m a t e r i a l .  The s i t u a t i o n  

I r i v e r  - t h e  few  exposed  deposi ts   genera l ly  do no t  
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I n   l a r g e   r i v e r s ,  a g i v e n  amount of  gravel  can  be  removed  from  exposed 

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

r i v e r .   I f   g r a v e l   r e q u i r e m e n t s   a r e   v e r y   l a r g e ,   t h e   a l t e r n a t i v e s   a r e   t o   u s e  

m u l t i p l e   g r a v e l   d e p o s i t s   a l o n g   t h e   c h a n n e l ,   o r   t o  expand  the   a rea l   ex ten t   o f  

one s i t e   t o   i n c l u d e   a d j a c e n t   v e g e t a t e d   a r e a s .   I n  a s m a l l   r i v e r  system,  there 

a re   no   rea l   op t i ons .   Grave l   has   t o  be removed  f rom  adjacent  vegetated  areas, 

o r  from t h e   a c t i v e   c h a n n e l ,  or  b o t h .   T h i s   s o l u t i o n  was the   case fo r  Seven o f  

t h e  s m a l l  r i v e r s   s t u d i e d .  The Gold Run Creek s i t e   e x h i b i t e d   l e s s  change  than 

t h e   o t h e r   s m a l l   r i v e r   s y s t e m s   ( e x c e p t   f o r   t h e   s i t e   a t   P h e l a n  Creek  where 

v e g e t a t i o n  was not  removed). A t  Gold Run Creek  the  gravel   removal   operat ion 

was r e s t r i c t e d   p r i n c i p a l l y   t o   g r a v e l   b a r s  and  an i s l a n d   i n   t h e   c h a n n e l .  A 

bank was removed  but  the  degree of f l o o d p l a i n   d i s t u r b a n c e  was less   t han  for  

t h e   s i t e s  on  Washington,  Oregon,  and McManus Creeks,  and  Penny  River. A t  

t h e s e   l a t t e r   s i t e s ,   e x t e n s i v e   a d j a c e n t   f l o o d p l a i n   d i s t u r b a n c e s   t e n d e d   t o  

e i t h e r   g r e a t l y  expand t h e   c h a n n e l   w i d t h   o r   d i v e r t   t h e   c h a n n e l .  

Phelan  Creek i s  a bra ided  sys tem and  has a smal l   dra inage  bas in  above 

t h e   m a t e r i a l   s i t e .   A l t h o u g h   t h e   s i t e  i s  s i tua ted   near   the   headwaters ,   the  

channel i s  o f  medium width  because of f l o w   c a r r i e d   i n   t h e  summer d u r i n g  

g l a c i a l   m e l t .   I n   t h i s   c a s e   t h e   l a r g e   e x p o s e d   g r a v e l   d e p o s i t s   w e r e   s c r a p e d  

a n d   t h e   m a t e r i a l   s i t e   i n c l u d e d   n e i t h e r   v e g e t a t e d   a r e a s   n o r   c h a n n e l s   c a r r y i n g  

f l ow .  Even  though t h i s   i s  a s m a l l   r i v e r   s y s t e m ,   t h e   l o n g - t e r m   e f f e c t s   a r e  

minimal  because of o t h e r   o v e r r i d i n g   f a c t o r s .   M i n i m a l   e f f e c t s   a r e   u s u a l l y   n o t  

t h e  case,  however,   on  smal l   r ivers.  

L o c a t i o n  of t h e   m a t e r i a l   s i t e  i s  most c r i t i c a l  on   sma l l   r i ve r   sys tems  

b e c a u s e   o f   t h e   l i m i t e d   a v a i l a b i l i t y   o f   e x p o s e d   g r a v e l   d e p o s i t s  and t h e   r e l a -  

t i v e l y   n a r r o w   f l o o d p l a i n .   E x t e n s i v e  damage c a n   o c c u r   t o   t h e   e n t i r e   f l o o d -  

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

a re   no t   as   g rea t   because   t he   ma te r ia l   s i t es   cove r  a s m a l l e r   p r o p o r t i o n  of 

t h e   f l o o d p l a i n .   L o c a t i o n   o f   s i t e s  and p o t e n t i a l   e f f e c t s   a r e   d i s c u s s e d   i n  a 
subsequent  sect ion.  
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CHANNEL  SLOPE  AND  STREAM ORIGIN 

N e i t h e r   o f   t h e s e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s  was f o u n d   t o   g r e a t l y  

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

channel   s lope and s t r e a m   o r i g i n   a r e   c l o s e l y   r e l a t e d   t o   s u c h   f a c t o r s   a s  

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

the   e f fec ts   o f   g rave l   remova l   a re   dependen t   on   t hese   f ac to rs ,  The Phys ica l  

S i t e   C h a r a c t e r i s t i c s   a r e   d i s c u s s e d   s e p a r a t e l y   b e c a u s e   o f   s p e c i f i c   i m p l i -  

c a t i o n s   i n v o l v e d .  

Channel  Slope. Removal o f   g rave l   f rom a channel w i l l  a f f e c t   t h e   c h a n n e l  

s l o p e   w i t h i n   t h e   s i t e  and, perhaps,  immediately  upstream and  downstream. 

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

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

Local ized  changes  that   can be expected due t o   t h e   r e l a t i o n s h i p   o f  

i n c r e a s e d   v e l o c i t y  and increased  s lope  a re   scour  and a l t e r a t i o n s   o f   a q u a t i c  

communi t ies.   Increased  scour   in  a d i s t u r b e d   s i t e   c a n   i n c r e a s e  downstream 

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

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

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

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

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

d i s p l a c i n g   t h o s e   n o t   a d a p t e d   t o   h i g h e r   v e l o c i t i e s  and favor ing   those  adapted  

t o   t h e s e   c o n d i t i o n s .   S i m i l a r l y ,   f i s h  may become r e d i s t r i b u t e d  loca l ly  be- 

cause  o f   water   ve loc i ty   changes.   Those  f i sh   spec ies   o r   age  g roups   p re fe r r ing  

l o w e r   v e l o c i t i e s  may d isp lace  to   areas  upst ream  or   downstream. 

A l t e r e d   v e l o c i t y   i s   n o t   e x p e c t e d   t o  change  the   te r res t r ia l   env i ronment  

o r   t h e   s c e n i c   q u a l i t y   o f  an  area. I n d i r e c t l y ,  an e f f e c t   m i g h t   o c c u r   t o   w a t e r -  

assoc ia ted   b i rds   tha t   a re   dependent   on   benth ic   o rgan isms  as  a food  source, 

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

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

length.  I f  a channel i s   s h o r t e n e d  by   min ing   then  the   s lope i s  increased; i f  

the  channel  i s  lengthened,   the  s lope  is   decreased.  A t  a l l   s t u d y   s i t e s   t h e  

s l o p e  was e i t h e r  unchanged  or i t  increased. The I i k e l  i hood  of   decreasing 

channel   s lope  by  lengthening  the  channel  i s  s l i g h t  because  water   tends   to  

f l o w   d o w n v a l l e y   o v e r   t h e   s h o r t e s t   d i s t a n c e .  However, i f  channel   lengthening 

shou ld   occu r   by   d i ve rs ion   t h rough  a s i t e ,   t h e n   t h e   e f f e c t s   w o u l d   r e f l e c t  

r e d u c e d   v e l o c i t i e s .  

S t ream  Or ig in .  The o r i g i n   o f   t h e   s t r e a m  was f o u n d   t o   h a v e   l i t t l e  or no 

r e l a t i o n s h i p   t o   t h e   e f f e c t s   o f   g r a v e l   r e m o v a l   a c t i v i t i e s .   O r i g i n   c a n   i n -  

f l u e n c e ,   a t   l e a s t   i n   p a r t ,   o t h e r   c h a r a c t e r i s t i c s  of 3 r i v e r  sy.stem,  e.g., 

c h a n n e l   c o n f i g u r a t i o n  and  shape.   Therefore,   the  preceding  d iscuss ions  are 

i n d i r e c t l y   r e l a t e d   t o   t h i s   c h a r a c t e r i s t i c .  The o r i g i n  of a s t ream  determines 

g r e a t l y   t h e   q u a l i t y  and q u a n t i t y   o f   g r a v e l   m a t e r i a l s   a v a i l a b l e   i n  downstream 

areas.  

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

t o  m a x i m i z e   d i v e r s i f i c a t i o n   o f   t h e   t y p e s   o f   s i t e s   t o  be  s tud ied.  The o r i g i n s  

o f   s t reams   i nc luded   were   moun ta in ,   f oo th i l l ,   coas ta l   p la in ,  and g l a c i a l .  

T w e l v e   o f   t h e   s i t e s   s t u d i e d   w e r e  of m o u n t a i n   o r i g i n ,  9 

o r i g i n ,  and o n l y  4 w e r e   o f   g l a c i a l   o r   c o a s t a l   p l a i n   o r  

The a v a i l a b i l i t y   o f   g r a v e l s   i n   s t r e a m s   o f   c o a s t a l  

i l l  I we re   o f   f oo th  

i g i n .  

p l a i n   o r i g i n  i s  

g e n e r a l l y  low and t h e   m a t e r i a l s   a r e   f i n e r   i n   t e x t u r e   t h a n   t h o s e   f o u n d   i n  

o ther   sys tems.   Wi th in   the   geograph ica l  l im i ts  o f   ou r   s tudy ,   on l y   t he  Seward 

Pen insu la  and Nor th   S lope   have   coas ta l   p la ins .  The c o a s t a l   p l a i n   o f   t h e  

Seward Pen insu la  i s  so narrow i t  p rec ludes   t he   ex i s tence  of such r i v e r  

systems. On t h e   N o r t h   S l o p e   m a t e r i a l   s i t e s   w e r e   l o c a t e d   o n   t h e  Sakonowyak, 

Pu tu l i gayuk ,  and Ugnurav i k   R ive rs ,   bu t   on l y   t he   l a t te r  was s tud ied .  Gener- 

a l l y ,   t h e s e   s i t e s   a r e   n o t   f a v o r e d  and are   on ly   used i f  a l t e r n a t i v e   S i t e s   a r e  

The lack   o f   rock   i n   t he   headwate rs  and the  low mean annual 

t h e   r e a s o n s   t h a t   g r a v e l   m a t e r i a l s   a r e   o n l y   m i n i m a l l y   a v a i l -  

I p l a i n   s t r e a m s .   I f   t h e s e   s i t e s   a r e   u t i l i z e d ,   t h e   p o t e n t i a l  

t o f   g r a v e l   s o u r c e s   i s   v e r y  low  even  over  extended  t ime 

n o t   a v a i l a b l e .  

d ischarges   a re  

a b l e   i n   c o a s t a  

f o r   r e p  I acemen 
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per iods. The minimal  areal  extent of exposed  gravel   bars  a lso  general ly 

leads t o   e x t e n s i v e  damage t o   t h e   r i v e r  system e i t h e r  by use of  extended 

lengths  o f   r iver   channel   or  by d is tu rb ing   vegeta ted   f loodp la ins .  

G lac ia l   o r i g in   s t reams   a re   no t  common in   the   a rea  of study;  only  three 

s i t e s   s i t u a t e d  on t h i s   t y p e   o f   r i v e r  were  studied. These were  on  Phelan 

Creek and the Tanana River.  Because these  systems  are  of  mountain  origin, 

t h e   a v a i l a b i l i t y   o f   w e a t h e r e d   p a r e n t   m a t e r i a l s   i s   n o t   l i m i t i n g  and usua l l y  

l a rge   quan t i t i es   a re   ava i l ab le .  The Phelan Creek s i t e  was s i t u a t e d  near  the 

g l a c i e r  and gravel  was abundant  across a wide  area. The p r o x i m i t y   o f   t h e  

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

charge.  During  winter,  water flow f rom  the  g lac ier  i s  great ly   reduced and i s  

supplemented  by that  from  associated  springs.  This  reduced  flow  exposes  vast 

expanses of grave l   f o r   ex t rac t i on .  

The Tanana R i v e r   s i t e s  are wel I downstream f rom  the   r i ve r   o r i g in ,   t he re -  

fore,  water  flows  throughout  the  year  because  of  the numerous spr ing- and 

groundwater-fed t r i bu ta r ies   en te r ing   t he   r i ve r .   A f fec ts   i nc lude   t hose   assoc i -  

a ted   w i th   b ra ided  channe ls   tha t   f low  in   w in te r .   In   these systems,  however, 

ice  cover on channels i s  more of a factor   than on a system l i ke   Phe lan  

Creek,  near i t s   o r i g i n .  

The a v a i l a b i l i t y   o f   g r a v e l s   i n   g l a c i a l   o r i g i n   r i v e r s  makes them a 

v iab le   source   o f   mater ia ls  even when needed i n   l a r g e   q u a n t i t i e s .   T h i s   i s  

b a s i c a l l y   t r u e   f o r  systems  of a l l  s i t e s  although on s m a l l e r   r i v e r s   t h e  

l oca l i zed   depos i t s   a re  more r e s t r i c t e d .  

Most r i v e r s   i n   n o r t h e r n  and in ter ior   A laska  are  o f   mounta in  or f o o t h i l l  

o r i g i n .  The weathered  parent  material  in  the  headwaters  prov.ides  large 

q u a n t i t i e s   o f   g r a v e l s ,   p a r t i c u l a r l y   i n   t h e   m o u n t a i n  systems. These r i v e r s  

a re   f ed  b y  springs,  melt  water, and r u n o f f  and, therefore,   d ischarge  f luc-  

tuates  seasonal ly.   Spr ing-fed  systems  can  be  expected  to have a t  least  

in te rgrave l   f low  in   w in te r .   Modera te   to   s teep  channe l   s lopes   a re  normal 

r i ver 

I l Y  

lopes  are  inf luenced by the  length  o f   the 

i c h  i t  f lows. Bed load movements a re  usua 

in  the  headwaters  but  these s 
and the  topography  through wh 
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h i g h e r   t h a n   i n   r i v e r s   w i t h  m i l d  slopes. These r i v e r s   g e n e r a l l y  have l a r g e  

q u a n t i t i e s  of grave l   ava i lab le  even near  the mouth. The s ize  o f   the  system 

and o the r   hyd ro log i ca l  and h y d r a u l i c   f a c t o r s  also i n f l u e n c e   a v a i l a b i l i t y  of 

gravel .  The abundance of  mountain and f o o t h i l l   o r i g i n   r i v e r s  and the   f re -  

quent a v a i l a b i l i t y  of  su i tab le   g rave l   ma te r ia l s   genera l l y  combine t o   f a v o r  

the   l oca t i on   o f   ma te r ia l   s i t es   i n   t hese  systems. The geographica l   locat ion 

o f   these  r i vers ,  and the  topography  through  which  they  f law,   d i rect ly   a f fect  
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GRAVEL  REMOVAL AREA CHARACTERISTICS 

I n   t h e   p r e c e d i n g   s e c t i o n   o n   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s  i t  was ap- 

p a r e n t   t h a t   n o t   a l  I c h a r a c t e r i s t i c s   w e r e   i m p o r t a n t   i n   e v a l u a t i n g   t h e  po- 

t e n t i a l   f l o o d p l a i n  change  caused  by  gravel   removal   act iv i t ies .   In   cont rast ,  

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

t h e  amount of  change t o  a r i v e r  system. The th ree   ma in   f ea tu res   d i scussed  

are  type. of gravel   removal  ( p i t  o r   s c r a p e ) ,   l o c a t i o n   o f   t h e   m a t e r i a l   s i t e  

r e l a t i v e  t o  t h e   a c t i v e   c h a n n e l ( s ) ,  and the   occur rence  o f   d ikes  and s tock-  

p i l e s .   S i n g u l a r l y  and in   combina t ion   these  fac to rs   caused  vary ing   degrees   o f  

change a t   t h e  25 s t u d y   s i t e s ,   i n  some cases ,   i r respec t i ve  o f  t h e   s p e c i f i c  

p h y s i c a l   s i t e   c h a r a c t e r i s t i c s .  

TYPE OF GRAVEL  REMOVAL 

There  are  two  bas ic   types  o f  

a r e  dug d e e p l y ,   u s u a l l y   w i t h   d r a g  

r o u n d   a f t e r   s i t e   c l o s u r e .   I n  many 

e x t r a c t i o n   u n l e s s   w a t e r  i s  pumped 

m a t e r i a  I s i t e s :   p i t s  and  scrapes. P i t s  

l ines   o r   backhoes,  and are  f looded  year-  

cases p i t s   a r e   f l o o d e d   d u r i n g   g r a v e l  

o u t   t o  k e e p   t h e   s i t e   r e l a t i v e l y   d r y .   E i g h t  

p i t   s i t e s  were  s tud ied  and  they  represented  two  types,   those  connected 

t o  an ac t i ve   channe l  and those  comple te ly   separa ted   f rom an ac t i ve   channe l  

by a b u f f e r  zone. P i t s  u s u a l l y   a r e   s i t u a t e d  away from an a c t i v e   c h a n n e l .  

I n  a sc rap ing   ope ra t i on ,   g rave l   depos i t s   a re   removed   w i th   bu l l doze rs  

o r   s c r a p e r s   i n   a c t i v e  and i n a c t i v e   f l o o d p l a i n s  and t e r r a c e s .   G r a v e l   i s  

e x t r a c t e d  by   success ive   remova l   o f   th in   layers ,  and s c r a p i n g   d e p t h s   u s u a l l y  

a r e   s u f f i c i e n t l y . s h a l l o w  t o  min imize   the   occur rence  o f   sur face   water .  A t  

c e r t a i n   s t u d y   s i t e s ,   g r a v e l  was ex t rac ted   be low  the   wa te r   t ab le ,   t hus   wa te r  

ponded i n   t h e   s i t e .   T h i s   s i t u a t i o n   i s   n o t   c o n d u c i v e   t o  a s c r a p i n g   o p e r a t i o n  

and, t h e r e f o r e ,   i s   u s u a l l y   a v o i d e d   u n l e s s  i t  i s   r e q u i r e d   f o r   o t h e r   r e a s o n s .  
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P i t s   a r e   u s u a l l y   e x c a v a t e d  away f rom an act ive  channel   and  cause l i t t l e  

o r   no   change   to   t he   na tu ra l   hyd rau l i c   p rocesses   o f   t he   channe l .  Where p i t s  

a r e   c o n n e c t e d   t o  a channe1, 'e i ther  year-round  or  seasonal ly, ,  some change t o  

t h e   h y d r a u l i c s   o f  a r i v e r   c a n   o c c u r .  The m o s t   o b v i o u s   a l t e r a t i o n   o c c u r s  when 

sp r ing   b reakup   o r   o the r   h igh   wa te r   f l ows   sp read   t h roughou t   t he   f l oodp la in ;  

much o f   the   water   can   f low  ou t   o f   the   channe l   because i t  i s  o f t e n   f i l l e d  

w i t h   i c e .  A p i t   i n   t h e   f l o o d p l a i n   p r o b a b l y   w o u l d   f i l l   d u r i n g   h i g h  f lows and 

then,   th rough  e ros iona l   p rocesses   a t   the   upper   and  lower  ends, f u n c t i o n   a s  a 

channel, The i n l e t s  or o u t l e t s   ( o r   b o t h )   c o n n e c t i n g   t h e   p i t   t o   t h e   c h a n n e l  

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

Depending  on s i t e   c o n d i t i o n s   t h i s   c o u l d   b e   o n l y   t e m p o r a r y ,   f o r  example, 

where a p i t  i s  a d j a c e n t   t o  a r e l a t i v e l y   s t r a i g h t   r e a c h   o f   c h a n n e l .   I n   t h i s  

case ,   f o l l ow ing   h igh   b reakup   f l ows ,   t he   wa te r   wou ld   aga in   f l ow  down t h e  

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

water   f lowed  through  the  channel   formed  by  the  p i t .  

A p e r m a n e n t   a l t e r a t i o n   t o   f l o w  i s  more l i k e l y   t o   o c c u r   w h e r e  a p i t  i s  

l oca ted   on   t he   i ns ide   bend   o f  a meandering  stream.  Even  wi th  undisturbed 

bu f fe r   zones   separa t i ng   t he   p i t   f r om  the   channe l ,   sp r ing   b reakup   f l ows   can  

o v e r f l o w   t h e   p i t  and e x i t   i n t o   t h e   d o w n s t r e a m   r e a c h   o f   t h e  meander surround- 

i n g   t h e   p i t .   I f   t h e   s t a b i l i t y   o f   t h e   b u f f e r  zone i s  low, eros ion  can  breach 

t h e   b u f f e r  z o n e ,   t h u s ,   c o n n e c t i n g   t h e   p i t   t o   t h e   a c t i v e   c h a n n e l .  The down- 

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

t e n d e n c y   f o r   p e r m a n e n t   r e d i r e c t i o n   o f   f l o w   t h r o u g h   t h e   p i t  and even tua l   cu t  

o f f   o f   t he   meander ing   channe l .  

Excava t ion   o f  a p i t   s e p a r a t e   f r o m   t h e   c h a n n e l  does n o t   a f f e c t   t h e   w a t e r  

q u a l i t y   o f   t h e   a c t i v e   c h a n n e l .  As would  be  expected,  however,  the  water  qual- 

i t y   i s   d i f f e r e n t   i n  a f l o o d e d   p i t   t h a n   i n   t h e   c h a n n e l .  I n  compar ison  to  

channel  waters, p i t   w a t e r s   t y p i c a l l y   h a v e   h i g h e r   t e m p e r a t u r e s   d u r i n g   i c e  

f ree   con .d i t ions ,   the   d isso lved  oxygen  leve ls   a re   lower ,  and  sometimes  there 

i s  s t r a t i f i c a t i o n   o f   b o t h   t e m p e r a t u r e  and d i sso l ved   oxygen .   D i f f e rences   i n  

w a t e r   q u a l i t y   p a r a m e t e r s   c o u l d   b e   l e s s   i n   s i t u a t i o n s   w h e r e   c h a n n e l   f l o w   i s  
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th rough a p i  

o f   m ix ing .  A 

t e r i a l s   i f  f 

t .  T h i s   d i f f e r e n c e  depends   on   t he   s i ze   o f   t he   p i t  and t h e  amount 

p i t   c o u l d   f a c i l i t a t e   d e p o s i t i o n   o f  suspended  and  bed  load ma- 

lows  are  through a p i t  and v e l o c i t y   i s  decreased. 

The a q u a t i c   b i o t a   o f   p i t s   d i f f e r   d e p e n d i n g  on  whether   there  is  an 

o p p o r t u n i t y   f o r  exchange  between  the p i t  and the   ac t i ve   channe l .   Those   p i t s  

tha t   a re   separa ted   (e .g . ,  Tanana  River-Downstream)  or  have l i t t l e   p o t e n t i a l  

f o r  exchange ( D i e t r i c h   R i v e r - U p s t r e a m )   t y p i c a l l y   a r e   u n p r o d u c t i v e .  The 

Tanana  River-Downstream p i t   i s   s i t u a t e d   i n   t h e   m i d d l e   o f  an i s l a n d  and i s  

comple te ly   sur rounded  by  a b road   und is tu rbed   (excep t   f o r  an access  road)  

t i m b e r e d   b u f f e r  zone. The l i k e l i h o o d   f o r   i n j e c t i o n   o f   n u t r i e n t s  and  organ- 

isms i n t o   t h i s   p i t   i s  remote ,   except   dur ing   h igh   f lows.  The aqua t i c   su rveys  

r e f l e c t e d   t h i s .  The occur rence  o f  a few f i s h   s u g g e s t s   t h a t   o v e r f l o w  may 

o c c u r   a t   i r r e g u l a r   i n t e r v a l s .  The D ie t r i ch   R ive r -Ups t ream  p i t ,   on   t he   o the r  

hand, i s  connected  by i t s   o u t l e t   t o   t h e   c h a n n e l .  4 spr ing,   exposed  dur ing 

e x c a v a t i o n ,   f l o o d s   t h e   p i t  and e x i t s   t h r o u g h  a channel. The p i t  system  has 

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

duc t   i ve .  

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

f i s h  community was u s u a l l y   i n c r e a s e d   o v e r   t h a t   i n   t h e   r i v e r   c h a n n e l .  A l l  o f  

t h e s e   p i t s   w e r e   c o n n e c t e d   t o   t h e   r i v e r   c h a n n e l   t h r o u g h   e i t h e r   i n l e t s   o r  

o u t l e t s  and thus  exchange was possible  between  the  two  systems. The s t i l l  

w a t e r s   i n   t h e  p i t ,  wh ich   a re  warmer t h a n   t h e   r i v e r   w a t e r ,   p r o v i d e d  con- 

d i t i o n s  more s u i t a b l e   f o r   p r i m a r y  and  secondary   p roduc t iv i t y .   F ish   such 85 

A r c t i c   g r a y l i n g   e n t e r e d   p r e s u m a b l y   t o   u t i l i z e   t h e   p i t  as a feeding  area.  

T h i s   s i t u a t i o n   i s   p a r t i c u l a r l y  good 

c lasses   because  o f   the   g rea ter   supp l  

c u r r e n t .  

F i s h  w e l l  s u i t e d   t o  a s t i l l  wat 

f o r   f e e d i n g  by f i sh   o f   younger  age 

y o f   f o o d   a v a i l a b l e  and the   l ack   o f  a 

er   env i ronment ,   such  as  nor thern  p ike 

and  burbot,  a l s o  d i d   w e l l   i n  some o f  t h e s e   p i t s  and, be ing   p i sc i vo rous ,   had  

an  abundance o f  young  age c lasses  of  o t h e r   f i s h   t o   f e e d  upon as they   en tered  

t h e   p i t s   t o   f e e d  and r e a r .   N o r t h e r n   p i k e  a l s o  u t i l i z e d  t w o   o f   t h e   p i t s  as 

spawning  areas. The p o t e n t i a l   f o r   t h e   p i t s   t o   p r o v i d e  a more d i v e r s i f i e d  
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f i s h  community i n   t h e   r i v e r  a l s o  ex is ts   because  o f   the   connect ion   be tween 

t h e  two  systems.  This  increased  community  d iversi t ,y may b e   r e s t r i c t e d   t o   t h e  

area  of  t h e   c h a n n e l   i n   t h e   i m m e d i a t e   v i c i n i t y   o f   t h e   p i t .  

P i t  d e p t h s   a r e   i m p o r t a n t   t o   f i s h   u t i l i z a t i o n ,   O b s t r u c t i o n s   t o  movement 

a re   no t  a f a c t o r   d u r i n g  open  water  per iods i f   e i t h e r  an i n l e t   o r   o u t l e t   a r e  

a v a i l a b l e   f o r   f i s h  movement b e t w e e n   t h e   r i v e r   a n d   t h e   p i t .  A p o t e n t i a l   f o r  

f i sh   en t rapmen t   ex i s t s ,   however ,   du r ing   w in te r  when , i ce   cover  i s  present  on 

t h e   r i v e r ,   t h e   p i t ,  and t h e   i n t e r c o n n e c t i n g   c h a n n e l .   I n   t h e   l a t t e r   s i t u a t i o n  

t h e   p i t  must  be s u f f i c i e n t l y  deep so i t  does   no t   f reeze  to   the   bo t tom  and 

decomposi t ion  o f   aquat ic   vegetat ion  does  not   decrease  the  oxygen  content  of 

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

The c r e a t i o n   o f  a p i t   i n  a f l o o d p l a i n   c o n s ' t i t u t e s  a major  change t o   t h e  

l o c a l   t e r r e s t r i a l   e n v i r o n m e n t .   P i t s   a r e   u s u a l l y   s i t u a t e d  on  vegetated  f lood-  

p l a i n s ,   c o n s e q u e n t l y ,   t e r r e s t r i a l   h a b i t a t  i s  almost  a lways  destroyed. The 

dep th   o f   excava t ion  and t h e   p e r m a n e n t   i n u n d a t i o n   t h a t   r e s u l t s   a l s o   g r e a t l y  

r e t a r d s   o r   p r e v e n t s  on the   long- te rm,   the   re -es tab l i shment   o f   p red is tu rbance 

c o n d i t i o n s .  What most f requent ly   occurs,   however ,  i s  t h e   c r e a t i o n   o f  a more 

d i ve rse   hab i ta t   w i th   concomi tan t   changes   i n   f auna l   commun i t i es .  

The c r e a t i o n   o f  a p i t   i n  meandering r i v e r   f l o o d p l a i n s ,   t h a t   c o n t a i n  

oxbow lakes,  merely adds t o   t h e   h a b i t a t   d i v e r s i t y   i n  a l o c a l i z e d   a r e a .  Where 

p i t s   a r e   l o c a t e d   i n   f l o o d p l a i n s   l a c k i n g   n a t u r a l   l a k e s  and  ponds,   the  e f fect  

i s   a g a i n   p r i n c i p a l l y   l o c a l ,   b u t   h a s   i m p l i c a t i o n s   t h a f   a f f e c t  8 much l a r g e r  

system.  In   these  cases,   the  newly  formed  body  o f   water   can  a t t ract   migrant  

wa te r fow l  and sho reb i rds   and   pe rhaps   even   p rov ide   hab i ta t   su i tab le   f o r  

n e s t i n g  and r e a r i n g   t h a t   d i d   n o t   p r e v i o u s l y   e x i s t .  The h igher   aquat ic   p roduc-  

t i v i t y   o f  many o f   t hese   ponds   cou ld   a f fo rd  a s i g n i f i c a n t   f o o d   s o u r c e   f o r  

those  spec ies  adapted  to   feeding  in   pond  and  lake  env i ronments.  

The e f f e c t   o f   c r e a t i o n   o f  a p i t ,  o n   t h e   s c e n i c   q u a t i t y   o f  an  area, 

i s   t o t a l l y  dependen t   on   t he   d i ve rs i t y   o f   t he   f l oodp la in   env i ronmen t .  A p i t  

w i l l  have  less   e f fec t   where   lakes   and  ponds   occur   na turaHy  than  where  

these  types   o f   aquat ic   sys tems do not   occur .  Where lakes  and  ponds do n o t  
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occur   loca t ion   shou ld   be   se lec ted  so t h a t   v i e w   o f   t h e   s i t e   i s   b l o c k e d   f r o m  

vantage  points.  For  example,  the  Tanana  River-Downstream p i t ,   w h i c h  i s  l a r g e  

and  conta ins   very  c l e a r  water ,  i s  i n  a f l o o d p l a i n   w h e r e   t h e   r i v e r   c h a n n e l s  

a r e   h i g h l y   t u r b i d ,   t h u s ,   o f f e r i n g  a d r a m a t i c   v i s u a l   c o n t r a s t .  However, t h e  

s i t e  i s  s i t u a t e d  on an i s land   comp le te l y   su r rounded   by  a h e a v i l y  wooded 

b u f f e r  z o n e   w h i c h   b l o c k s ' v i e w   o f   t h e   s i t e   f r o m   t h e   R i c h a r d s o n  Highway.  The 

p i t  i s  v i s i b l e   o n l y   f r o m   t h e   a i r .  

P i t s  a r e   o f t e n   e x c a v a t e d   w i t h   a n g u l a r   p e r i m e t e r s   t h a t   i g n o r e   n a t u r a l  

l a n d   c o n t o u r .   S i n c e   a n g u l a r i t y   i s   n o t   c h a r a c t e r i s t i c   o f   n a t u r a l l y   f o r m e d  

a q u a t i c   s y s t e m s   t h e   u s u a l   p i t   s i t e   o f f e r s  some con t ras t   even   i n   a reas   where  

lakes  and   ponds   occu r   na tu ra l l y .   Excava t ing   t hese   s i t es   w i th   pe r ime te rs   t ha t  

b l e n d   w i t h   n a t u r a l   l a n d   c o n t o u r s ,   s u c h  a$ i n  abandoned r i v e r   c h a n n e l s ,  de- 

c r e a s e s   t h e   v i s u a l   d i v e r s i t y   t h a t  w i l l  resu l t   f rom  deve lopment  o f  p i t   s i t e s .  

The West Fork  Tolovana  River   and  Tanana  River-Upstream  s i tes  are  excel lent  

e x a m p l e s   o f   t h i s  management t e c h n i q u e   ( r e f e r   t o   F i g u r e s  63 and 70 ) .  

P i t  s i t e s   r e q u i r e   c o n s i d e r a b l y   l e s s   a r e a   t o   o b t a i n  a g i ven  amount o f  

gravel   than do areas  that   are  sur face  scraped.   Because  o f   the  depths  nor-  

m a l l y   r e q u i r e d ,   s u b s u r f a c e   w a t e r s   a r e   e x p o s e d ,   u s u a l l y   f i l l i n g   t h e   p i t  

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

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

excavat ion,   the  presence  o f   water   does  not   prevent   the  removal   o f   gravels .  

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

i m p o s s i b l e   i n  some systems  because of the  volume of subsur face   f l ow   th rough  

f l o o d p l a i n   g r a v e l s .   D u r i n g   m i n i n g ,   t h e   w a t e r   i n  a p i t  i s  u s u a l l y   h i g h l y  

t u r b i d  and  should  not   be pumped in to   ad jacen t   channe ls .  

I n  summary, t h e r e  i s  l i t t l e  doub t   t ha t   t he   excava t ion   o f  a p i t   m a t e r i -  

a l   s i t e   c r e a t e s   s i g n i f i c a n t   c h a n g e   i n  a f l oodp la in   env i ronmen t   (Tab le  4 1 ) .  

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

l i t t l e   a f f e c t e d  w h e r e a s   s i g n i f i c a n t  changes   occu r   t o   t he   t e r res t r i a l   sys tem 

a n d   t h e   s c e n i c   q u a l i t y   o f   t h e   a r e a .   D i f f e r e n c e s   i n   w a t e r   q u a l i t y  and  aquat ic  

b i o t a  can be expected  between a p i t  and the   ad jacent   channe l   regard less   o f  

whether  they  are  connected. The i n c r e a s e   i n   b o t h   a q u a t i c  and t e r r e s t r i a l  
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Table 41. l n t e r d i s c i p l l n a r y   R a t i n g  of E f f e c t s  of  P i t s  on Associated  Floodplains  at   Selected 
S tudy   S i tes   V i s i t ed  from 1976 t o  1978 Using Various Indices of Change* 

P o t e n t i a l   f o r  
f lcru d ive rs ion  Aquat lo h a b i t a t   T e r r e s t r i a l   h a b i t a t  

P a r t i a l  Ful I Fish Benthos  Dbsturbance Water P i t  
( r e l a t i v e b   l p o t e n t i a l   h a b i t a t  standiag to  r i p a r i a n   b i r d   s u i t a b i  1 i t y  

River  type  Study  s i te Locat I on frequency 1 b u f f e r   l l f e l c   d i v e r s i t y   c r o p   v e g e t a t i o n   h a b i t a t  index 

%ra  i ded D i e t r l c h  R d S  
Tanana R-OS 
Tanana R-US t l a r r e r l  
Tanans R-US lupperl 

S p l i t  Hone s tud ied  

mean- Prospect Ck 
der I ng W.F. Tolovana R 

S 1 nuous Penny R 

u u 

Ugnursvlk R 
J i m  R 

St ra igh t  None s tud ied  

Nw thorn  In te r  l o r  
Southern I n t e r i o r  
Southern Inter t o r  
Southern lnterior 

Northern Interior 
Southern Interior 

N w t h  Slope 
S w a r d  Peni nsu I a 

Northern Interim 

3 
9 

IO 
I O  

4 
6 

I 
0 
0 

4 
8 
6 
e 

9 
IO 

4 
0 
3 

2 
3 
5 
IO 

7 
IO 

5 
0 
3 

2 
I 

9 
4 

10 
4 

3 
2 

IO 

4.7 
3.2 

7 .8  
5.7 

6 . 5  
6 . 8  

3.5 
I .EI 
4 . 3  

“LUnless otherwise  def lned below, .5 = no change, 0-4 = decrease i n   p w m e t e r ,  5-10 = increase i n   p a r m t e r . 1  

bEst imted  f requency   o f  sollls f low  be ing  d lver ted  through r i t e  ranges  from 0 = frequent tI o r  m e  times per year)  t o  IO = infrequent (5-10 

‘Estimated po ten t i a l   l eng th  of t ime before b u f f e r  becomas i n e f f e c t l v e   r a n g i n g  From I = w i t h i n  a decade to IO = greater  than 3 decades. 

dRe ls t i ve  to p i t s  studled. 

*Man o f   t h e   s i x   r a t l n g s   a t  a particular p i t ,   po ten t l a l   range  = 0-10. 

fScraped  side  channel acquired some c h a r a c t e r i s t i c s   o f  a p i t  f0 , i law ing   rehab i l i ta t ion .  

years . 



h a b i t a t   d i v e r s i t y   i s   r e f l e c t e d   i n  a more  diverse  faunal   community.  P i t  s i t e s  

a r e  a v i a b l e   a l t e r n a t i v e   f o r   m a t e r i a l   e x t r a c t i o n   i n   a r e a s   w h e r e   c h a n g e s   t o  

t h e   r i v e r   h y d r a u l i c s   c a n  be avo ided   o r   g rea t l y   m in im ized .  When major  hy- 

d r a u l i c  changes  occur  the  ef fects  on  the  environment  can  be  damaging  f rom 

many s tandpo in ts .  

ScraDed S i  t e s  

Scraped s i t e s  can   occu r   essen t ia l l y   anywhere   i n  a f l o o d p l a i n   f r o m  

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

t e r r a c e .   L o c a t i o n   o f   t h e   s i t e   g r e a t l y   a f f e c t s   t h e   p o t e n t i a l   i m p a c t s   t h a t   c a n  

be  expected  from a sc raped   s i t e .   A l though   sc rap ing   imp l i es   t ha t   ma te r ia l  

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

th i s   p ro jec t   were   excava ted   be low  the   wa te r   t ab le  and t h u s   r e s u l t e d   i n  

permanent   f looding.   These  s i tes,   however ,   were  worked  wi th   scrapers  or  

b u l l d o z e r s  and  not   dragl ines  or   backhoes  as  might   be  impl ied  by  depth  o f  

excavat ion .  

S c r a p e d   s i t e s   h a v e   s e v e r a l   o p e r a t i o n a l   a d v a n t a g e s ;   u s u a l l y   t h e   s i t e s  

a r e   d r y ,   p r o v i d i n g   b e t t e r   w o r k i n g   c o n d i t i o n s  and  more e f f i c i e n t   g r a v e l  

e x t r a c t i o n .   A d d i t i o n a l l y ,   e x c a v a t e d   m a t e r i a l s   r e q u i r e   l e s s   h a n d l i n g  when 

norma I I y 

t e .   T h i s   i s  

w i th   d rag -  

us ing  scrapers  to   remove  the  gravel   becaus 

used to   excava te ,   t ranspor t ,  and depos i t  a 

n o t   f e a s i b l e   u s i n g  a bu l ldozer   on  a scrape 

I ines  or   backhoes. 

e only  one  machine i s  

t t h e   c o n s t r u c t i o n   s i  

o r  when d i g g i n g   p i t s  

Given  the same g rave l   requ i remen t ,   t he   sc raped   s i t e  w i l l  g e n e r a l l y  

d i s t u r b  a l a rger   a rea   than a p i t   s i t e  because  the  excavat ion i s  more  shal- 

low. I n   t h e   s t u d y   s i t e s ,   t h e   l a r g e   a r e a   a f f e c t e d  was o f t e n   t h e   g r e a t e s t  

p rob lem  o f   sc rape-m in ing   because   t he re   were   f ew   res t r i c t i ons   rega rd ing  

avoidance  o f   channels   and  areas  ad jacent   to   channels .   Locat ions  o f   ext rac-  

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

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

or  h igh-water  channels.   Lowering  these  areas  spreads  water  f low,  at   least  
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d ur  

t h e  

f ec 

ng h igh   f l ows ,  and i n  some cases  forms a b r a i d e d   c o n f i  

d i s t u r b e d   s i t e .  When t h i s   o c c u r s  on  unvegetated  gravel  

ems, t h e   e f f e c t   o n   t h e   f l o o d p l a i n   i s   r e l a t i v e l y   m i n o r  

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

g u r a t i o n   t h r o u g h  

b a r s   i n   b r a i d e d  

because  the  ef-  

t e  closure, unless  

s t o c k p i l e s   o r   d i k e s   a r e   p r e s e n t ,   t h e   d i s t u r b e d   s i t e   c a n   r e t u r n   t o  a r a t h e r  

n a t u r a l   c o n f i g u r a t i o n   w i t h i n  a maximum o f  a few  years.  This,  however, i s   n o t  

t he   case   where   l a te ra l   ba rs   a re   excava ted   t o   i nc lude   remova l   o f   ad jacen t  

banks. Bank removal i s   d i scussed   i n   t he   subsequen t   sec t i on .  

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

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

has a b ra ided   channe l   con f i gu ra t i on .  However, i n   s p l i t  channel  and s i n g l e  

channe l   sys tems  b ra id ing   cons t i tu tes  a s i g n i f i c a n t  change t o   t h e   a q u a t i c  

environment and a l t e r s   t h e   a q u a t i c   b i o t a ;   s p e c i e s   w h i c h   b e n e f i t   a r e   t h o s e  

b e t t e r   a d a p t e d   t o   r i f f l e   a r e a s ,  t o  l e s s   s t a b l e   s u b s t r a t e s  and,  perhaps, t o  

subs t ra tes   l ess   g ranu la r   t han   t hose   f ound   i n   t he   na tu ra l   sys tem.   These  

h a b i t a t  changes p r i m a r i l y   a f f e c t   t h e   d i s t r i b u t i o n   o f   o r g a n i s m s .   T h i s   s t u d y  

genera l l y   f ound  a l o c a l   d e c r e a s e d   d i v e r s i t y   o f   t h e   f i s h   c o m m u n i t y   a s  a 

r e s u l t  of  b r a i d i n g .   T h e r e   i s  a p o t e n t i a l  of b l o c k a g e   t o   f i s h  passage, a t  

l e a s t   d u r i n g  low f l o w   c o n d i t i o n s ,   a s   o c c u r r e d   a t   t h e   A u f e i s   C r e e k   s i t e  

because  the  water   f lows  over  a w ide r   a rea   t han   i n   t he   und is tu rbed   channe l .  

Blockage i s  most  severe i f   t h e   e n t i r e   a c t i v e   f l o o d p l a i n   i s   d i s t u r b e d ,   n o t  

j u s t   t h e   l a t e r a l   b a r s .   E n t r a p m e n t   o f   f i s h ,   i n   d e p r e s s i o n s   c r e a t e d   b y   s c r a p -  

ing, i s   a l s o   p o s s i b l e   d u r i n g   p e r i o d s  when w a t e r   i s   r e c e d i n g   f r o m   h i g h   f l o w s .  

E f f e c t s  on t h e   t e r r e s t r i a l   e n v i r o n m e n t  depend g r e a t l y   o n   t h e   r i v e r   t y p e  

i nvo lved   and   on   t he   l oca t i on   o f   t he   work   a rea   w i th in   t he   f l oodp la in .   I n  

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

e f f e c t .  However,  on s p l i t  and s ing le   channe l   sys tems,   b ra id ing   caused  by  

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

t h i c   o r g a n i s m s .   D e s t r u c t i o n   o f   b a n k s   w i t h   a s s o c i a t e d   v e g e t a t i o n  removes 

h a b i t a t   u s e d   b y   t e r r e s t r i a l   f a u n a ;   t h e   e f f e c t s   a r e   t h e  same as  removal  of 

v e g e t a t i o n   f o r   p i t   s i t e s .  

36 I 



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

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

t o   t h e   h y d r a u l i c   p r o c e s s e s   c h a r a c t e r i s t i c   o f   t h e   r i v e r  system. Long-term 

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

occur .  The m a j o r   t e r r e s t r i a l   e f f e c t   o f   s c r a p i n g   r e s u l t e d   w h e r e  deep scrapes 

occur red   in   a reas   immedia te ly   ad jacent   to   the   channe l .   Channe l   f low  o f ten  

d i ve r ted   t h rough   these   dep ress ions  and  caused  year-round  ponding  which 

re ta rded   t he   re -es tab l i shmen t  o f  vege ta t i on .  These deep scrapes   usua l ly   were  

inadequate as q u a d i t y   h a b i t a t   f o r   w a t e r f o w l  and s h o r e b i r d s  and u n s u i t a b l e  

f o r   f i s h .  To m in im ize   sho r t -  and   l ong - te rm  e f fec ts ,   sc raped   s i t es   shou ld   no t  

b e   e x c a v a t e d   b e y o n d   c e r t a i n   d e p t h   l i m i t s .  These r e s t r i c t i o n s   a r e   d i s c u s s e d  

i n   t h e   G u i d e l i n e s  Manual. 

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

f l o o d p l a i n   c a n  be  minimal i f   t h e   m a t e r i a l   s i t e s   a r e   r e s t - r i c t e d   t o   t h e   a c t i v e  

f l o o d p l a i n .  Where banks   and   vege ta ted   a reas   a re   a l t e red ,   s ign i f i can t   e f fec ts  

c a n   b e   a n t i c i p a t e d ,   I n   s p l i t  and s ing le   channe l   sys tems  the   es tab l i shment   o f  

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

t i o n   i n   t h e   f l o o d p l a i n ,   t h u s   a f f o r d i n g  a v i s u a l   c o n t r a s t .   P r o p e r l y   l o c a t e d  

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

c h a r a c t e r i s t i c s   o f  a r i ver ,   m in imized  long- te rm  env i ronmenta l  change. How- 

ever ,   where   s i tes   were   poor ly   loca ted   and  caused  s ign i f i can t   changes  to   the  

channe l   hyd rau l i cs ,   ma jo r   l ong - te rm  e f fec ts   were   ev iden t   on   t he   scen ic  

q u a l i t y   o f   t h e   a r e a .  

I n  summary, s c r a p i n g   o p e r a t i o n s   t y p i c a l l y   o c c u r r e d   i n   b o t h   a c t i v e  and 

inac t i ve   f l oodp la ins .   Bo th   vege ta ted   and   unvege ta ted   a reas   were   used   bu t  

the  fewest   long- term  d is turbances  occurred  where  on ly   exposed  gravel  de- 

pos i ts   were   sc raped.  The p o t e n t i a l   f o r   b r o a d e n i n g   o r   d i v e r t i n g   c h a n n e l   f l o w  

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

excess ive  and l o c a t i o n s   o f   s i t e s   a r e   p o o r .  The p o t e n t i a l   f o r   b r a i d i n g   i n  

t h e s e   s i t u a t i o n s  was increased  w i th   concomi tan t   changes  in   aquat ic   b io ta .  

T e r r e s t r i a l   e f f e c t s   w e r e   g r e a t e s t  when the   depth  of  excava t ion  was excess ive  

and l e d   t o  permanent   ponding  which  re tarded  recovery t o  p red is tu rbance  
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c o n d i t i o n s .   V i s u a l   e f f e c t s   o f   s c r a p i n g   o p e r a t i o n s  depend g r e a t l y   o n   t h e   t y p e  

o f   r i v e r  s y s t e m ,   t h e   l o c a t i o n   o f   t h e   s i t e ,  and t h e   a r e a l ' e x t e n t   o f   t h e   s i t e  

w i t h i n   t h e   f l o o d p l a i n .  

LOCATION OF GRAVEL REMOVAL 

L o c a t i o n   o f  a g r a v e l   r e m o v a l   o p e r a t i o n   i n   r e l a t i o n   t o   t h e   c h a n n e l  o f  a 

r i v e r  was found t o  be  the  most   impor tant   aspect   in f luenc ing  long- term  change 

t o  a f loodpla in   env i ronment .   Whether  a p i t   o r   s c r a p e ,   i n   g e n e r a l ,   t h e  loca- 

t i o n  of t h e   s i t e  was a more   impor tan t   cons idera t ion   than  the   type  of s i t e .  

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

type  of  s i t e   a l t h o u g h   t h e   l a t t e r  i s  a f a c t o r   i n f l u e n c i n g   t h e   e x t e n t  of 

change. 

In-Channel  Locations 

As used i n   t h i s   p r o j e c t ,   i n - c h a n n e l   g r a v e l   r e m o v a l   i n c l u d e s   a r e a s   i n  

the  act ive  channel,  high-water  channels,  and  abandoned  channels.  Fourteen  of 

t h e   s i t e s   s t u d i e d   o n   t h i s   p r o j e c t   w e r e   s i t u a t e d   i n   h i g h - w a t e r   c h a n n e l s  and 7 

of t h e  8 s i t e s   l o c a t e d   i n   t h e   a c t i v e   c h a n n e l   a l s o   i n c l u d e d   a r e a s   i n   h i g h -  

wa te r   channe ls .   F rom  hyd rau l i c   and   hyd ro log i ca l   s tandpo in ts ,   ma te r ia l   s i t es  

i n   a c t i v e  and  h igh-water   channe ls   caused  the   g rea tes t   long- te rm  change  to  

t h e   f l o o d p l a i n   e n v i r o n m e n t .  

Ac t i ve   Channe l .   Grave l   remova l   ope ra t i ons   i n   t he   bed   o f   an   ac t i ve  

channel  cause a s e r i e s   o f   c h a n g e s   a l l   b a s i c a l l y   r e l a t e d   t o   c h a n g e s   i n   t h e  

depth   and  loca t ion  of  the  tha lweg.  The degree  of  change  depends  on  the  type 

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

channe l .   In  a b ra ided   sys tem  the   channe ls   genera l l y   sh i f t   t h roughou t   t he  

a c t i v e   f l o o d p l a i n   o n  an annua l   bas i s .   Th i s   i s  due t o   t h e   l a t e r a l   i n s t a b i l i t y  

o f  the  ind iv idual   channels .   In   these  systems  removal  o f  g rave l   has   t he  

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

bance.  Changes o c c u r r i n g   i n  a s ing le   channe l   r i ver   caused  by   remov ing   bed 

m a t e r i a l   a r e  unknown  because a l l  seven s i t e s   w i t h   t h i s   m i n i n g   l o c a t i o n  had 

s u b s t a n t i a l   a l t e r a t i o n   t o   a d j a c e n t   d e p o s i t s   o r   b a n k s .  
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Removing g rave l   f rom  w i th in . the   channe l  i s  accomp l i shed   e i t he r   by  

d redg ing  or by   sc rap ing   t he   bed   a f te r   f l ow   has   been   d i ve r ted .   E i the r   me thod  

can r e s u l t   i n  a deepening  of   the  thalweg  and, i f   t h e  edges  of   adjacent 

g rave l   ba rs  or banks  are  removed, a widening  o f   the  channel .   Depending  on 

t h e   l o c a t i o n  of t h e   m a t e r i a l   s i t e ,   t h i s   o p e r a t i o n   c o u l d   a l t e r   t h e   p o o l :  

r i f f l e   r a t i o   i n   t h e   r i v e r .  

Where t h e   c h a n n e l   i s   d r e d g e d ,   t u r b i d i t y   i n  and  downstream of  t h e   s i t e  

w i l l   i n c r e a s e   g r e a t l y   d u r i n g   m i n i n g .   T u r b i d i t y   s h o u l d   r e d u c e   q u i c k l y   a f t e r  

the  operat ion  has  ceased.  I f   t h e   c h a n n e l   i s   d i v e r t e d   d u r i n g   m i n i n g ,   t h e  

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

m i n i n g  when water  i s  d i v e r t e d  back t h rough   the   s i t e .   Th i s   suspens ion  w i l l  

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

R e d u c t i o n   i n   t h e   v e l o c i t y   o f   w a t e r   e n t e r i n g   t h e   e x c a v a t e d   h o l e  w i l l  

cause  sedimentat ion o f  bo th   bed  load   and  suspended  mater ia ls .   Th is  w i l l  a i d  

i n   r a p i d   r e p l e n i s h m e n t   o f   t h e   g r a v e l   m a t e r i a l s  removed  f rom  the   s i te .   Be ing  

i n   t h e   a c t i v e   c h a n n e l ,   t h e   r e p l e n i s h m e n t   r a t e  I S  cons ide red   h igh  compared t o  

o t h e r  areas i n   t h e   f l o o d p l a i n .  

Excavat ion  o f   the  channel   bed  can  remove  spawning  areas.   Dur ing a 

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

Benthic  organisms  adapted t o   s i l t - l a d e n   a r e a s  w i l l  e s t a b l i s h   f o l l o w i n g  

excava t ion  and  remain u n t i l   t h e   n a t u r a l   g r a v e l   b e d  becomes e s t a b l i s h e d .  

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

s t r i c t e d   t o   t h e   c h a n n e l ,  and do not   inc lude  the   banks  or edges  of   gravel  

bars, l i t t l e  l o n g - t e r m   e f f e c t  on t h e   t e r r e s t r i a l   e n v i r o n m e n t  i s  expected. 

Changes cou ld   occu r  i f   h y d r a u l i c  changes i n   t h e   c h a n n e l   a f f e c t   a d j a c e n t  

banks, 

A e s t h e t i c a l l y ,   t h e   i n - c h a n n e l   m a t e r i a l   s i t e   h a s   l i t t l e  or n o   e f f e c t .  

Hydrau l i c   changes  resu l t ing   f rom  in -channe l   d is tu rbance  tha t   a f fec ts   banks  

can  cause some e f f e c t .  
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High-Water  Channel .   High-water  channels  f low  only  dur ing  h igh-water 

pe r iods .  The h y d r a u l i c   e f f e c t s   o f   r e m o v i n g   g r a v e l   f r o m   h i g h - w a t e r   c h a n n e l s  

a re   no t   as   g rea t   as   they   a re   in   the   ac t i ve   channe l   where   the   d is tu rbed  a rea  

i s   s u b j e c t e d   t o   f l o w   t h r o u g h o u t  !he year. The changes  that   can  be  expected 

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

o n l y   d u r i n g   t h e   p e r i o d  when t h e   s i t e  i s  s u b j e c t e d   t o   f l o w .  

E f f e c t s  on w a t e r   q u a l i t y   a r e   o n l y   e v i d e n t   d u r i n g   t h e   h i g h - f l o w   p e r i o d .  

Local ized  widening  or   deepening  o f   the  h igh-water   channel   would  s low  the 

w a t e r   v e l o c i t y  a n d   t h u s   f a c i l i t a t e   d e p o s i t i o n   o f   b o t h  bed  load  and  suspended 

mater ia ls .   Depend ing  on the   degree  o f   change  to   the   channe l   th is   depos i t ion  

w o u l d   r e d u c e   t h e   t i m e   r e q u i r e d   t o   r e - e s t a b l i s h   n e a r - n a t u r a l   c o n d i t i o n s   i n  

the  area.  Also ,  any f i nes   exposed   du r ing   m in ing   wou ld   be   ava i l ab le   f o r  

suspens ion   dur ing   h igh   f lows.  

Removing gravel   f rom a h igh-water   channe l   cou ld   t rap   f i sh  and b e n t h i c  

o r g a n i s m s   i n   t h e   d e p r e s s i o n s   o f   t h e   d i s t u r b e d   a r e a s  as f low  recedes.  Many 

benth ic   o rgan isms  tha t   a re   adapted   to  a r i f f l e  community  and  most f i s h  

spec ies   wou ld   no t   be   ab le   t o   su rv i ve   i n   such  a h a b i t a t .  

S ince   h igh-water   channe ls   a re   sub jec ted   to  less f l o w   t h a n   a c t i v e  chan- 

ne l s ,   t hey   t end   t o   be   more   s tab le  and a r e   u s u a l l y   b o r d e r e d   b y   e s t a b l i s h e d  

t e r r e s t r i a l   v e g e t a t i o n .  Any d i s t u r b a n c e   t o   t h e s e   c h a n n e l s   c a u s i n g   l a t e r a l  

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

thus   se rve   t o   reduce   t he   a rea l   ex ten t   o f   vege ta ted   a reas .  Loss o f   h a b i t a t  

w o u l d   c a u s e   l o c a l i z e d   e l i m i n a t i o n  of  smal l  mammals and  d isp lacement   o f   b i rds  

and l a r g e r  mammals. Having  water   pooled  in   the  h igh-water   channel   dur ing 

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

fauna  has become e s t a b l i s h e d   t o   s e r v e  as a po ten t i a l   f ood   sou rce .  

The mos t   se r ious   e f fec t   f rom a g rave l   remova l   ope ra t i on   i n  a high-water 

channel i s  bank d e s t r u c t i o n   w h i c h   o f t e n   o c c u r s   w i t h   t h i s   t y p e   o f   o p e r a t i o n .  

T h i s   a s p e c t   i s   d i s c u s s e d   i n  a subsequent   sect ion  on  removing  gravel   f rom 

banks. 
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The e f f e c t   o f   m i n i n g   g r a v e l   f r o m  a high-water  channel on the   scen ic  

q u a l i t y   o f  an a r e a   i s   m i n i m a l   i f   t h e   d i s t u r b a n c e   i s   r e s t r i c t e d   t o   t h e  chan- 

n e l .   I f   b a n k s   a r e   d e s t r o y e d   t h e   e f f e c t   w o u l d  be  more s i g n i f i c a n t .   S i n c e   t h e  

high-water  channel i s   a c t i v e   o n l y   p a r t   o f   t h e   y e a r   r e - e s t a b l i s h m e n t   o f  

p r e - e x i s t i n g   c o n d i t i o n s  w i l t  r e q u i r e  a l o n g e r   t i m e .   F o r m a t i o n   o f   p i t s   i n  

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

s e c t i o n  on  Type of  Gravel  Removal. 

Abandoned  Channel.  Abandoned  channels  carry  water  only  during  major 

f l o o d   e v e n t s .  Normal   Iy ,   these  channels   are  cons idered  to   be  dry   dur ing  most  

years.   S ince  they  represent  o l d  r i v e r   c h a n n e l s   t h e y   u s u a l l y   c o n t a i n   r e a s o n -  

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

they  are  associated.  Only  two of  t h e   s i t e s   s t u d i e d   w e r e   l o c a t e d  on an aban- 

doned  channel,  Prospect  Creek  and West Fo rk   To lovana   R ive r ,   bo th   i n  meander- 

ing  systems. Abandoned channe ls   a re  common i n   t h i s   t y p e   o f   f l o o d p l a i n  be- 

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

of   meandering  channels.  

L o c a t i o n   o f   m a t e r i a l   s i t e s   i n  abandoned  channels  causes l i t t l e   p r o b l e m  

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

a re   separa ted   f rom  ac t i ve   f l ow .  Where p i t s   a r e  dug i n  abandoned  channels  and 

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

d u r i n g   h i g h   f l o w s .  The magn i tude  and  dura t ion   o f   th is   change  i s   dependent   on  

t h e   n a t u r e   o f   t h e   c o n n e c t i o n   b e t w e e n   t h e   m a t e r i a l   s i t e  and the  channel  and 

t h e   i n t e g r i t y  o f  t h e   u n d i s t u r b e d   b u f f e r  zone   separa t i ng   t he   s i t e   f rom  the  

ac t i ve   channe l .  Where t h e  

dur ing   h igh- f low  s tages ,  

t h o s e   d e s c r i b e d   f o r   s i t e s  

once-abandoned  channel c a r r i e s   w a t e r  annua 

t h e   e f f e c t s   t o   t h e   f l o o d p l a i n   w o u l d  

in   h igh-water   channels .  

Where an abandoned  channel i s  scraped  and  the  water 

reached,   water   qua l i t y   does   no t  become a problem. Where p 

t h e   w a t e r   q u a l i t y   w o u l d  be d i f f e r e n t   t h a n   t h a t   o c c u r r i n g  

channel,  as i s   d i s c u s s e d   i n   t h e   s e c t i o n  on p i t s .  

t ab  

i t s  

i n  

I lY 

be s i m i l a r   t o  

l e  i s  n o t  

become f looded,  

t h e   a c t i v e  
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A q u a t i c   b i o t a  w i l l  n o t   b e   a f f e c t e d   i n  a s c r a p e   o p e r a t i o n   l o c a t e d   i n  an 

abandoned  channel,  however, i f  a p i t   i s  dug, a q u a t i c   b i o t a   c o u l d  become 

es tab l i shed.   In   these  cases   the   e f fec t   depends  on   whether   the   g rave l   remova l  

o p e r a t i o n   a l t e r s   t h e   s i t e   s u f f i c i e n t l y   t o   c a u s e  i t  t o  be   sub jec ted   to   annua l  

h i g h   f l o w   o r   w h e t h e r  i t  i s  connected   to   the   ac t i ve   channe l .   In   the   fo rmer  

case,  there i s  p o t e n t i a l .   f o r   e n t r a p m e n t   o f   f i s h   d u r i n g   h i g h   f l o w   a s  was 

discussed  for   h igh-water  channels.   In  the  case  of  a s i t e   c o n n e c t e d   t o  a 

c h a n n e l ,   t h e   e f f e c t s   a r e   t h o s e   d i s c u s s e d   i n   t h e   s e c t i o n   o n   p i t s .  

The e f f e c t s  of remov ing   g rave l   on   t he   t e r res t r i a l   env i ronmen t   can   be  

g r e a t e r   i n  an abandoned  channel  than in   o ther   in -channe l   loca t ions .  Aban- 

doned   channe ls   a re   ra re l y   sub jec ted   t o   hyd rau l i c   f o rces ,   consequen t l y ,  

v e g e t a t i o n   u s u a l l y   i s   e s t a b l i s h e d ,  and the   s tage  o f   success ion   i s   dependent  

on   t he   t ime   s ince   t he   channe l   ceased   to   ca r ry   f l ow .  Thus, vegetat ion  must  be 

removed  f rom  these  s i tes  to   expose  gravel   deposi ts .  Removal of  t h i s   h a b i t a t  

r e s u l t s   i n  a loss of   feed ing ,   nes t ing ,  and   cove r   hab i ta t   f o r   t hose   sma l l  

mammals and p a s s e r i n e s   t h a t   u t i l i z e   r i p a r i a n   s h r u b   t h i c k e t s .   L a r g e r  mammals, 

be ing   more   mob i l e ,   a re   d i sp laced   t o   ad jo in ing   a reas .  

I f   t h e  abandoned  channel i s  scraped  above  the  water   tab le 

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

The t i m e   r e q u i r e d   t o   r e a c h   t h e   p r e d i s t u r b a n c e   s t a g e   o f   v e g e t a t  

d i s -  

losure .  

succes- 

s i o n  i s  dependent   on  the  geographica l   reg ion  and  the  vegetat ive  charac-  

t e r i s t i c s   o f   t h e   a r e a .   T h i s   p r o c e s s  i s  t h e  same a s   o c c u r s   i n   o t h e r   r e c e n t l y  

abandoned  h igh-water   channels   and  enta i ls   the same vegeta t iona l   and  fauna l  

communi t 

would  no 

However, 

aspec ts  

i 

t 

i 

, t h e  

i t e  c 

i ona I 

es. I f   t h e   s i t e   i s  a p i t   t h a t   i s   p e r m a n e n t l y   f l o o d e d ,   t h e   s i t e  

r e t u r n   t o  a t e r r e s t r i a l   e n v i r o n m e n t   i n  a r e l a t i v e l y   s h o r t   t i m e .  

o v e r a l l   h a b i t a t   d i v e r s i t y   i s   i n c r e a s e d .   F u r t h e r   d i s c u s s i o n   o f   t h e s e  

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

The e f f e c t s  of  s i t i n g  a g rave l   remova l   ope ra t i on   i n  an abandoned  chan- 

n e l ,   o n   t h e   s c e n i c   q u a l i t y   o f   a n   a r e a ,   r e f l e c t   t h e   c h a n g e s   o c c u r r i n g   t o   t h e  

t e r r e s t r i a l   v e g e t a t i o n .  The s h o r t - t e r m   e f f e c t   i s   t o   e x p o s e  an a r e a   t h a t  was 

p r e v i o u s l y   v e g e t a t e d .  The l o n g - t e r m   e f f e c t   i n  a s c r a p e d   s i t e  depends  on  the 

r a t e  of r e v e g e t a t i o n   o f   t h e   d i s t u r b e d   a r e a .  Where a p i t   i s  dug t h e   a l t e r a -  
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t i o n   i s   l o n g - t e r m   b u t ,   i n   f a c t ,   c o u l d   b l e n d  more w i t h   t h e   i n t e r s p e r s i o n   o f  

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

A d j o i n i n g  Channel  Locations 

The M a j o r   V a r i a b l e   M a t r i x   ( T a b l e  I )  i n c l u d e s   f o u r   s u b d i v i s i o n s   u n d e r  

ad jo in ing   channe l   l oca t i ons .   These   a re :   po in t   ba r ,   l a te ra l   ba r ,   m id -channe l  

bar,  and  bank. To t h o r o u g h l y   c h a r a c t e r i z e   t h e  25 s t u d y   s i t e s  i t  was neces- 

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

s i m i l a r   f o r  some. There fo re ,   t he   f o l l ow ing   d i scuss ion   comb ines   t he   t h ree   ba r  

l o c a t i o n s  and d iscusses  banks  separate ly .  Remember, a t  a g i v e n   m a t e r i a l   s i t e  

these  bars  and  banks  are  assoc iated  wi th   one of the   t h ree   channe l   t ypes  

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

P o i n t ,   L a t e r a l ,  and  Mid-channel Bars. T h i s   d i s c u s s i o n   o n l y   c o n s i d e r s  

removing  gravel   f rom  unvegetated  bars  wi th   exposed  gravel   deposi ts .  A l l  

t h ree   g rave l   ba rs   a re   usua l l y   numerous   i n   b ra ided   sys tems   bu t ,   i n   s ing le  

channe l   sys tems,   usua l l y   on ly   po in t  and la te ra l   ba rs   a re   f ound .  

The e f fec t   o f   remov ing   g rave l   f rom a bar i s   t o  l ower   t he   e leva t i on   o f  

t he   ba r   t hus   a l l ow ing   f l ow  t o  inundate  an a rea   t ha t  was p r e v i o u s l y  above 

the   low- f low  water   l ine .   These  s i tes   a re   usua l ly   sc raped.   Ma in tenance  o f   the  

i n t e g r i t y  and con fo rma t ion   o f   t he   ba r  w i l l  cause l i t t l e  permanent  change t o  

channe l   hyd rau l i cs  and w i l l  f a c i l i t a t e   r e p l e n i s h m e n t  of t h e   g r a v e l   d u r i n g  

subsequent   h igh  f lows.  Changes i n   t h e   a c t i v e   c h a n n e l s   c a n  and probab ly  w i l l  

occu r   where   ba r   i n teg r i t y  i s  no t   ma in ta ined .   I n  a b r a i d e d   r i v e r   s y s t e m   t h i s  

change wi l l  b e   s i m i l a r   t o   t h e   n a t u r a l   p r o c e s s e s  and t h e   l o n g - t e r m   e f f e c t s  

w i l l  be   min ima l .   In  a s ing le -channe l   sys tem  red i s t r i bu t i ng   f l ow   by   remov ing  

ba rs   can   have   l ong - te rm  e f fec ts   by   chang ing   t he   l oca l   hyd rau l i cs   o f   t he  

channe l .   Th i s   hyd rau l i c   change   cou ld   e i t he r   dec rease   t he   l a te ra l   s tab i l i t y  

o f   the  channel   or   widen  or   deepen  the  f low  because  the  cross-sect ional   area 

i s   l a r g e r .  Where t h e   b a n k s   a r e   s t a b l e ,   t h e   r i v e r   e v e n t u a l l y  w i l l  e q u i l i b r a t e  

i t s e l f  by   re fo rm ing   g rave l  b a r s  as upstream  bed load m a t e r i a l s  become a v a i l -  

ab le  dur ing  subsequent   h igh  f lows.  Where banks   a re   less   s tab le  i t  i s  pos- 
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s i b l e   t h a t   s u b s e q u e n t   h i g h   f l o w s  w i l l  cause  eros ion due t o   t h e   h y d r a u l i c  

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

t he   l oca l   reach   o f  a r i v e r .  

T h i s   e f f e c t   i s   l e s s   l i k e l y   t o   o c c u r   i n   s t r a i g h t  and  perhaps  sinuous 

r i v e r  systems  because  the  f low i s   r e l a t i v e l y   u n i d i r e c t i o n a l  down the   f l ood -  

p l a i n  and d i r e c t   h y d r a u l i c   f o r c e s  on  the  banks  would  be  less  than  in  a 

meandering  system. The e f f e c t  on a meandering r i v e r   c o u l d   b e   t o   f a c i l i t a t e  

t h e   h y d r a u l i c   f o r c e  on   t he   i ns ide  t h e  

bank 

f o r m a t i o n   o f   c u t o f f s  by i n c r e a s i n g  

at   the  upst ream  end  o f  a meander. 

Removal o r   l ower ing   o f   g rave l   ba rs  w i l l  f a c i l i t a t e   t h e   s p r e a d i n g   o f  

r i v e r   f l o w  when water   leve ls   a re   h igher   than  dur ing   the   g rave l   remova l   opera-  

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

the   water  and w i l l  increase  sedimentat ion  ra tes  o f   both  bed  load  and  suspen-  

ded m a t e r i a l s .   A d d i t i o n a l l y ,   w a t e r   t e m p e r a t u r e  and d i s s o l v e d  oxygen c o n t e n t s  

c o u l d  change. B e n t h i c   c o m m u n i t i e s   w o u l d   d e v e l o p   t h a t   a r e   a d a p t e d   t o   r i f f l e s  

and less s t a b l e   s u b s t r a t e .   F i s h   w o u l d  become r e d i s t r i b u t e d   w i t h   y o u n g e r  age 

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

be  less.  

The e f f e c t s   t o   t h e   t e r r e s t r i a l   e n v i r o n m e n t ,   o f   r e m o v i n g   g r a v e l   f r o m  a 

bar ,   are  min imal  i f  t h e   i n t e g r i t y   o f   t h e   b a r   i s   b a s i c a l l y   m a i n t a i n e d .  The 

o n l y  changes t h a t   c o u l d   b e   e x p e c t e d   a r e   i f   t h e   h y d r a u l i c   r e g i m e   o f   t h e   r i v e r  

channel i s   a l t e red ,   t hus ,   caus ing   changes   i n   ad jacen t   vege ta ted   a reas .  The 

spreading  of   f low  between  the  banks when bars   a re   removed  migh t   a t t rac t  

shoreb i rds   fo r   purposes  of  f eed ing .   These   e f fec ts   wou ld   on l y   be   expec ted   i n  

s i ng I e-channe I systems. 

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

t e c h n i q u e s   f r o m   b a r s   i n   b r a i d e d   r i v e r   s y s t e m s   w o u l d   h a v e   l i t t l e   o r  no e f f e c t  

o n   t h e   s c e n i c   q u a l i t y   o f  a f l o o d p l a i n .  The l a t e r a l   i n s t a b i l i t y   o f   t h e  chan- 

ne ls   tha t   charac ter ize   these  sys tems  wou ld   cause any  changes r e s u l t i n g   f r o m  

g rave l   remova l   t o   b lend   i n   w i th   na tu ra l   p rocesses .  Removal o f  b a r s   i n  a 

s ing le   channe l   sys tem w i l l  l o c a l l y   a f f e c t   t h e   a p p e a r a n c e   o f   t h e   r i v e r   s y s -  
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tern, t he   magp i tude   o f   e f fec t   depend ing   comp le te l y   on   t he   deg ree   t o   wh ich   t he  

bar  was d i s th rbed .  Any s i g n i f i c a n t  changes t o   t h e   h y d r a u l i c   g e o m e t r y  o f  t h e  

reach  caus inb   subsequent   d is tu rbance  to   ad jacent   vegeta ted   a reas  w i  I I lo- 

c a l l y   a l t e r   t h e   a p p e a r a n c e   o f   t h e   f l o o d p l a i n .  

- Banks. h o b a b l y   t h e  most  consistent  long-term  changes t o  a f l o o d p l a i n  

occu r red  when banks   were   des t royed  o r   g rea t ly   mod i f ied   dur ing  a grave l  

remova l   ope rC t ion .   I n   t hese   cases   s ign i f i can t   changes   t o   t he   hyd rau l i c  

geomet ry   o f   {he   r i ve r   occu r red .   Banks   t yp i ca l l y   a re   s tab le  and f u n c t i o n   t o  

r e s t r i c t   t h e   f l o w   o f   t h e   r i v e r   t o   t h e   c h a n n e l   e x c e p t   d u r i n g   h i g h   f l o w s .  When 

these  a re  rerhoved o r   d i s t u r b e d   t h e   r i v e r  i s  no  longer  contained  and i t  

b e g i n s   t o   w a i d e r  and e rode   t he   ad jacen t  f l o o d p   l a i  n. Th i s   wander ing   resu  I t s  

f rom  the   hyd f lau l i c   fo rces  of  t h e   r i v e r   i m p i n g i n g  on  newly  exposed  bank ma- 

t e r i a l .  Wherd banks  are made o f   s t a b l e   m a t e r i a l s   t h e   d e g r e e  of e r o s i o n  

should  not   b4  greater   on  the  newly  exposed  bank  than  what   occurred  natura l ly  

b e f o r e   t h e   s i t e   d i s t u r b a n c e .  Where the  newly  exposed  bank  mater ia ls  are  not  

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

i f   t h e  newly  !exposed  bank i s   s i t u a t e d   a t  an a n g l e   t o   t h e   f l o w   d i f f e r e n t   t h a n  

w h a t   o c c u r r e d   n a t u r a l l y   i n   t h a t   r e a c h   o f   t h e   r i v e r ,   e r o s i o n   c o u l d   b e   a g g r a -  

vated  becausd of  t h e   i n c r e a s e d   h y d r a u l i c   f o r c e  on  the  bank. 

l 

Genera l l l y ,   channe l   w id th   inc reases   w i th  bank d e s t r u c t i o n .   P r e v i o u s  

d i s c u s s i o n   i d e n t i f i e d   t h a t   i n c r e a s e d   c h a n n e l   w i d t h   c a n   r e s u l t   i n   r e d u c e d  

water   ve loc i f ly ,   reduced  water   depth,   changes  in   water   temperature,   and 

d isso lved  ox  gen,  and i n c r e a s e d   s e d i m e n t a t i o n .   A q u a t i c   b i o t a   w o u l d   r e f l e c t  

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

t h a t   a r e   a d a p t e d   t o   r i f f   l e   a r e a s   w i t h   u n s t a b l e   s u b s t r a t e  and  changes i n  

d i s t r i b u t i o n   o f   f i s h   i n   t h e   r e a c h   a f f e c t e d  by  the  d isturbance.  endercut  and 

v e g e t a t e d   b a n k s   a r e   h e a v i l y   u t i l i z e d  by f i s h  as  cover  and  removal  of t h i s  

h a b i t a t   c a n   g r e a t l y   r e d u c e   t h e   l o c a l  abundance of  c e r t a i n   s p e c i e s .  

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

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

d i s t r i b u t i o n .  The decreased  la te ra l   s tab i l i t y   o f   the   channe l   can   cause  more  

d e s t r u c t i o n   a f t e r   s i t e   c l o s u r e  i f  hydrau l i c   fo rces   e rode  newly   exposed 
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areas.   In   addi t ion,   even i f   t h e  newly  exposed  banks  are  s tab le  the  hydraul ic  

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

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

The e f f e c t  o n   t h e   s c e n i c   q u a l i t y  of  the   a rea  w i l l  r e f l e c t   t h e   c h a n g e s  

o c c u r r i n g   t o   t h e   t e r r e s t r i a l   e n v i r o n m e n t  and t o   t h e   h y d r a u l i c   g e o m e t r y   o f  

t h e   r i v e r   c h a n n e l .   M a j o r   c h a n g e s   t o   t h e s e   a s p e c t s  w i l l  g r e a t l y   a l t e r   t h e  

a p p e a r a n c e   o f   t h e   f l o o d p l a i n   i n   t h e   a f f e c t e d   r e a c h .  

Locat ions  Separated  From  Act ive  Channel  

The f i v e   s p e c i f i c   s i t e   l o c a t i o n s   i d e n t i f i e d   i n   t h e   M a j o r   V a r i a b l e s  

M a t r i x   ( T a b l e  I )  tha t   a re   separa ted   f rom  the   ac t i ve   channe l   a re   no t   mu tua l l y  

d i s c r e t e   l o c a t i o n s .   T h a t   i s ,  a s i t e  c a n   e x h i b i t  a comb ina t ion   o f   t hese  

l o c a t i o n s  by f o r  example, be ing   loca ted   near   the   channe l   on   the   ou ts ide   o f  a 

meander.  Hence i t  i s  more d i f f i c u l t   t o  assess t he   po ten t i a l   impac t   f o r   t hese  

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

been  separa ted   in to   two  sec t ions :   ins ide   and  ou ts ide   o f   meanders ,  and 

is lands.   These  then  are  d iscussed  f rom  the  s tandpoint   o f   whether  a m a t e r i a l  

s i t e  i s  n e a r   o r   d i s t a n t   f r o m   t h e   a c t i v e   c h a n n e l .  

The e s s e n t i a l   f a c t o r   w i t h   s i t e s   i n   a l l   o f   t h e s e   l o c a t i o n s  i s  whether 

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

p o s s i b l e .  The d i s t a n c e   b e t w e e n   t h e   m a t e r i a l   s i t e  and the   ac t i ve   channe l  i s  

o f   ma jo r   conce rn ,   bu t   t he   he igh t   o f   t he   i n te rven ing   bank   ce r ta in l y   wou ld   be  

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

I n s i d e  and Outside  of   Meanders.  The l o c a t i o n   o f  a s i t e  on   t he   ou ts ide  

o f  a meander i s  p o s s i b l e   o n  any s i z e d   r i v e r   s y s t e m   r e g a r d l e s s  of  t h e   a r e a l  

e x t e n t   o f   t h e   m a t e r i a l   s i t e .   T h i s ,  however, i s  no t   the   case  on   the   ins ide  

o f  meanders. I n   s m a l l   r i v e r   s y s t e m s   t h e   a r e a l   e x t e n t   o f   t h e   f l o o d p l a i n   o r  

t e r race   c i r cumscr ibed   by   t he  meander  can  be qu i te   sma l l .   I n   cases   where  

these   were   used   f o r   ma te r ia l   s i t es ,   t he   su r round ing  areas,  i n c l u d i n g   t h e  

channel ,   were  o f ten  d is turbed  by  the  gravel   removal   operat ion.   Therefore,   to  
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limit a c t i v i t i e s  t 

t h e   s i t e  must  be I 

Any a c t i v i t y  

banks  or weaken t h  

o t h e  

oca  ted 

i n s i d e  

i n s i d e   o f  a meander  and m a i n t a i n   u n d i s t u r b e d   b u f f e r s  

on a t   l e a s t  a medium s i t e d   r i v e r .  

a meander, t h a t   w o u l d   r e d u c e   t h e   i n t e g r i t y   o f   t h e  

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

t h e  meander. I n  many A l a s k a n   r i v e r s   d u r i n g   b r e a k u p ,   w a t e r   o f t e n   f l o w s   o v e r  

t h e   i c e   i n   t h e   c h a n n e l  and, i f   s u f f i c i e n t l y   h i g h ,   o v e r   t h e   b a n k s  and down 

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

channe l   on   the   ins ide   o f   the   meander   wou ld   a id   in   channe l ing   the   water  

th rough  the   s i te .   Depend ing  on t h e   e r o d a b i l i t y   o f   t h e   s o i l   s e p a r a t i n g   t h e  

m a t e r i a l   s i t e   f r o m   t h e   c h a n n e l ,  a channe l   cou ld   e rode  a t   bo th   the  upst;eam 

and  downstream p o r t i o n   o f   t h e  mea,nder and t h u s   e v e n t u a l l y   e s t a b l i s h  a cu t -  

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

f o r   t h i s   n a t u r a l   e v e n t   t o   o c c u r .  When a p i t   m a t e r i a l   s i t e   i s   c o n n e c t e d   t o  

t h e   a c t i v e   c h a n n e l ,   t h e   p r o b a b i l i t y   o f  a cu to f f   occur r ing   cou ld   be   enhanced 

g r e a t l y ,   e v e n   i n  a ve ry   sho r t   t ime .  Such an event   occur red   a t   Skeetercake 

Creek  on  the  North  Slope. The i n s i d e   o f  a meander o f   t h i s   s m a l l   r i v e r  was 

mined  fo r   g rave l  and when t h e   s i t e  was s t u d i e d  I I  y e a r s   a f t e r   s i t e   c l o s u r e ,  

a cu to f f   had   occu r red .  The t i m e   r e q u i r e d   f o r   t h i s   e v e n t   t o   o c c u r   i s  unknown. 

A p i t   v i s i t e d   d u r i n g   s i t e   s e l e c t i o n ,   b u t   n o t   s t u d i e d   i n   t h i s   p r o j e c t ,  

t h a t  showed a p o t e n t i a l   f o r   c h a n n e l   d i v e r s i o n ,  was l o c a t e d   a t  Hess Creek i n  

t h e   S o u t h e r n   I n t e r i o r   r e g i o n .  The b u f f e r   s t r i p  was b reached   du r ing   t he  

f i r s t   s p r i n g   b r e a k u p   f o l l o w i n g   s i t e   o p e n i n g   w h i l e   t h e   s i t e  was be ing  op- 

e ra ted .  The i n i t i a l   b r e a c h  was temporary  and  the  water   remained  in   the 

a c t i v e   c h a n n e l  when t h e  f low receded. 

ma 

ac 

The  key po in t   o f   conce rn  when m i n i n g   i n   t h e   i n s i d e   o f  a meander i s  

in tenance  o f  a s u f f i c i e n t l y   w i d e   u n d i s t u r b e d   b u f f e r   z o n e   b e t w e e n   t h e  

t i v e  channe l   and   t he   pe r ime te r   o f   t he   ma te r ia l   s i t e .  The s i z e  w i l l  depend 

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

s o i l   e r o d a b i l i t y  and  must,   therefore,   be  determined  on a 

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

i t  may be  necessary t o   d i g  deeper t o   o b t a i n  needed  gravel 

t han   dec rease   t he   bu f fe r   w id th .  

ood  frequency,  and 

s i t e - s p e c i f i c  

over  the  long-term 

volumes, r a t h e r  
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B u f f e r  zones   a re   s im i l a r l y   impor tan t   t o   separa te   t he   ac t i ve   channe l  

f r o m   m a t e r i a l   s i t e s   l o c a t e d  on  the  outs ide  of   meanders.  A breach   occu r r i ng  

i n   t h i s   s i t u a t i o n   w o u l d   l e n g t h e n   t h e  meander. Th is   breach  probably   would  be 

a temporary   event   dur ing   h igh   f low  per iods  and t h e   r i v e r   w o u l d   m a i n t a i n  i t s  

main f low  through  the  act ive  channel   dur ing  lower   water   leve ls   because  o f  

t h e   s h o r t e r   d o w n v a l l e y   d i s t a n c e .   P e r i o d i c  and  aggravated damage t o   t h e   a r e a  

b e t w e e n   t h e   m a t e r i a l   s i t e  and the   ac t i ve   channe l  and pe rhaps   t he   c rea t i on   o f  

a backwa te r   a rea   i n   t he   ma te r ia l   s i t e ,   wou ld   occu r   f rom an o u t s i d e  meander 

breach. 

I t  i s  o b v i o u s   t h a t   t h e   c l o s e r  a m a t e r i a l   s i t e   i s  t o  

t h e   g r e a t e r   t h e   p r o b a b i l i t y  o f  a permanent  breach  occurr 

t h e  ac t i ve   channe l  

i n g   i n  a sho r t   t ime .  

Placement  of a m a t e r i a l   s i t e   e i t h e r  on   t he   i ns ide   o r   ou ts ide  o f  a 
meander  has  no e f f e c t   o n   w a t e r   q u a l i t y ,   r e g a r d l e s s   o f   t h e   d i s t a n c e  sep- 

a r a t i n g   t h e   s i t e   f r o m   t h e   c h a n n e l .  However, i f  w a t e r   i s  ponded  the  water   in  

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

o n   p i t s .  Changes i n   w a t e r  qua 

a l so   a re   d i scussed   i n   t he   sec  

Change w i l l  n o t   o c c u r   t o  

away f rom  the   ac t i ve   channe l .  

I i t y   c o u l d   r e s u l t   i f  a breach  occurs.  These 

t i o n   o n   p i t s .  

a q u a t i c   b i o t a  when m a t e r i a l   s i t e s  are  l oca ted  

However, i f   h i g h   f l o w   c o n d i t i o n s   r e a c h  a 

m a t e r i a l   s i t e ,  and  cause e i ther   temporary  or   permanent   ponding,   f ish  could 

become t r a p p e d   i n   t h e   s i t e  when t h e   w a t e r   r e c e d e s .   E f f e c t s   s i m i l a r   t o   t h o s e  

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

p i t   s i t e  becomes connected t o   t h e   a c t i v e  channe I 

back  f rom  the  act ive  channe 

t i v e   h a b i t a t ,   T h i s  w i  I I r e s u  

lacement   o f   b i rds  and l a r g e r  

rnals. I f   t h e   a r e a   i s   s c r a p e d  and  does n o t  become f l ooded   du r ing   h igh  

I n   g e n e r a l ,   l o c a t i n g   m a t e r i a l   s i t e s  

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

l o c a l i z e d  loss o f   sma l l  mammals and d i s p  

I w i l l  

I t  i n  

mam- 

water  

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

processes  o f   pr imary  and  secondary  p lant   success ion.  The l eng th   o f   t ime  

r e q u i r e d  w i l l  depend  on t h e   r e g i o n a l   c h a r a c t e r i s t i c s .   I f   t h e   s i t e  i s  f l ooded  
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because i t  was dug  as a p i t ,   o r   b e c a u s e   d e p r e s s i o n s   a r e   a t   l e a s t   t e m p o r a r i l y  

f l ooded ,   vege ta t i ve   re -es tab l i shmen t  w i l l  be   re ta rded.  

B e c a u s e   o f   t h e   s o i l   b i n d i n g   c h a r a c t e r i s t i c s   o f   v e g e t a t i o n ,   m a i n t e n a n c e  

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

a c t i v e   c h a n n e l   i s   i m p o r t a n t .  The w i d e r   t h i s  zone   the   l ess   t he   l i ke l i hood   o f  

a breach. I f  a bu f fe r   b reaches ,   t he   p rog ress i ve   e ros ion   o f   so i l s   and  loss o f  

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

env i ronment .   Concern  for   maintenance  o f   the  natura l   hydraul ic   geometry   in  

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

t h e   s i t e ,  w i l l  limit t e r r e s t r i a l  change t o   t h e   a r e a   o f   t h e   d i s t u r b a n c e .  

The usual  need t o  remove  vegeta t ion   to   opera te  a s i t e  away f rom  the 

ac t i ve   channe l  w i l l  a f f e c t   t h e   s c e n i c   q u a l i t y  o f  t he   f l oodp la in   env i ronmen t .  

The m a g n i t u d e   o f   e f f e c t  w i l l  depend much on  the  shape  o f   the  s i te ,   whether  

i t  con fo rms   to   na tu ra l   l and   f o rms ,  and   wha t   t he   vege ta t i ve   s t ruc tu re  i s  i n  

the  area.  I f  t h e   s i t e   i s   n o t   v i s i b l e   f r o m  a road   o r   o the r   access ib le   van tage  

p o i n t ,   t h e   o v e r a l l   i m p a c t  w i l l  o c c u r   o n l y   f r o m   t h e   a i r .  The d i s t a n c e   o f   t h e  

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

n i t u d e   o f   i m p a c t   o n   t h e   s c e n i c   q u a l i t y   b u t   t h i s   w o u l d   b e   d e t  

s i t e - s p e c i f i c   b a s i s .  

I s l a n d s .   M a t e r i a l   s i t e s   l o c a t e d  on i s l a n d s   r e q u i r e   t h e  

vege ta t i on .  The d is tance  be tween  the   per imeter   o f   the   mater i  

ermined  on a 

removal of 

a l   s i t e  and t h  e 

ac t i ve   channe l  i s  the   ma jo r   cons ide ra t i on   i n   t he   deve lopmen t   o f   t hese   s i t es .  

I s l a n d s   a r e   s i t u a t e d   i n   t h e   a c t i v e   c h a n n e l  most o f   the  t ime,   thus,   the 

m a i n t e n a n c e   o f   b u f f e r   z o n e   i n t r e g i t y  i s  o f   g rea tes t   concern .  I f  bu f fe r   zones  

are  removed or g r e a t l y   d i s t u r b e d   t h e   n e t   l o n g - t e r m   e f f e c t   c o u l d   b e   t h e  loss 

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

t o  cause   o the r   changes   w i th in   t he   f l oodp la in .  

S i tes   tha t   have  been  loca ted   on   i s lands   where   the   .banks   were   d is tu rbed 

o r   e l im ina ted   have   had   g rea te r   e f fec t   on   t he   f l oodp ta ' i n  t.han those  where 

t h e   s i t e  was deve loped  to ta l l y   separa te   f rom  the   channe l   (e .g . ,  Tanana 

R iver -Downst ream) .   In   the   la t te r   case  there  was no   change   de tec tab le   t o   t he  
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h y d r a u l i c   r e g i m e  of  the  channel .   In   the  o ther   cases,   induced  eros ion  o f   the 

d i s tu rbed   banks   has   had   more   p ro longed   e f fec ts   t han   where   t h i s   e ros ion   has  

n o t   o c c u r r e d .   A g a i n ,   o f   p r i m e   c o n c e r n   w i t h   m a t e r i a l   s i t e s   o n   i s l a n d s ,   a s  

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

h y d r a u l i c   g e o m e t r y   o f   t h e   r i v e r   c h a n n e l .   I f   n a t u r a l   h y d r a u l i c   f o r c e s   e r o d e  

i s l a n d s   i n  a g i ven   reach   o f  a r i v e r ,   t h e   p r e s e n c e   o f  a m a t e r i a l   k i t e ,  

whether a p i t   o r   s c r a p e ,  w i l l  weaken t h e   i n t e g r i t y   o f   t h e   i s l a n d   a f t e r  

n a t u r a l  bank   e ros ion   reaches   t he   pe r ime te r   o f   t he   s i t e .  

Deve lopment   o f   mater ia l   s i tes   on   i s lands   where   the   per imeters   o f   the  

s i t es   a re   separa ted   f rom  the   channe l ,  w i l l  have l i t t l e   e f f e c t  on  water  

q u a l i t y  and a q u a t i c   b i o t a .  I f  t h e   m a t e r i a l   s i t e   I s   f l o o d e d   b e c a u s e  i t  was 

deeply  dug, t he   con ta ined   wa te r  w i l l  be d i f f e r e n t   t h a n   t h e   w a t e r   i n   t h e  

ac t i ve   channe l ,  as discussed  under p i t   s i t e s .   I f   t h e   s i t e  i s  f looded  regu-  

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

as the  water   recedes.  The long- te rm  e f fec t   on   aquat ic   b io ta   depends  on  

w h e t h e r   t h e   s i t e  i s  pe rmanen t l y   f l ooded   and   t he   dep th   o f   t he   wa te r .   I f   t he  

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

zone, t h e   e f f e c t  may be  development  of a b r a i d e d   s e c t i o n   w i t h   t h e  accgm- 

pany ing   changes .   F lood ing   o f   dep ress ions   i n   t he   d i s tu rbed   a rea   cou ld   cause  

f i sh   en t rapmen t   be fo re   t he   es tab l i shmen t   o f  a b r a i d e d   p a t t e r n .  

T e r r e s t r i a l l y ,   t h e  loss o f   v e g e t a t e d   h a b i t a t   w o u l d   r e s u l t   i n   l o s s   o f  

bo th   sma l l  mammals and perhaps some l a r g e r  ones. Loss would  depend on t h e  

s i z e   r e l a t i o n s h i p   o f   t h e   m a t e r i a l   s i t e  t o  the   i s land,   bu t   wou ld   occur   regu-  

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

s i t e .  The m o r t a l i t y   w o u l d   o c c u r  as a r e s u l t  of  a n i m a l s   n o t   b e i n g   a b l e   t o  

c r o s s   t h e   r i v e r   c h a n n e l ( s 1   t o   a d j a c e n t   f l o o d p l a i n   h a b i t a t .  

The loss o f   vege ta t i on   on  an i s l a n d   r e d u c e s   t h e  amount o f  b i r d   n e s t i n g  

h a b i t a t .   T h i s   c o u l d   a f f e c t   t h e   t o t a l   p r o d u c t i v i t y   o f  an area  more  than i f  an 

e q u i v a l e n t  amount of   vegetat ion  were  removed  along  the  edges  of   the  f lood- 

p l a i n .   T h i s  assumes t h a t  

p r e d a t o r s   u n a b l e   t o   c r o s s  

t h e  

t h e  

i s l a n d   p r o v i d e s  some p r o t e c t i o n   f r o m  mamma 

in te rven ing   channe ls .   Otherw ise ,   the  mobi 
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o f   b i r d s   a l l o w s  them t o   r e d i s t r i b u t e   i n   t h e   f l o o d p l a i n   j u s t   a s   l a r g e  mammals 

do tha t   a re   dependent   on   f loodp la in   hab i ta t .  

M a t e r i a l   s i t e s  on   i s lands  w i l l  a f f e c t   t h e   s c e n i c   q u a l i t y   o f   t h e   f l o o d -  

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

t h e   l o n g - t e r m   v i s i b i l i t y   o f   t h e   s i t e .  Where s tands  of  t imber   b lock   v iew  o f  

t h e   s i t e   e x c e p t   f r o m   t h e   a i r ,  as w i t h   t h e  Tanana  River-Downstream s i t e ,  

l i t t l e  change  would  occur. Where such  t imber i s  no t   p resen t   t he   ma te r ia l  

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

nment more  than i f   t h e   s i t e  was l o c a t e d   a l o n g   t h e  edge of  t h e   f l o o d -  

In   e i ther   case,   maintenance  o f   an  undis turbed  buf fer   zone  between  the 

a l   s i t e  and the  act ive  channel   reduces  the  induced  d is turbances  that  

f u r the r   de t rac t   f rom  the   na tu ra l   appearance  o f  t h e   f l o o d p l a i n .  

Summary. The p r o b l e m s   a s s o c i a t e d   w i t h   m a t e r i a l   s i t e s  loca ted   separa te  

0 e n v i r  

p l a i n  

mater 

cou I d  

i 

f rom  the   ac t i ve   channe l   a re   essent ia l l y   dependent   upon  ma in tenance  o f   the  

i n t e g r i t y   o f   i n t e r v e n i n g   b u f f e r  zones. Where t h i s   i s   m a i n t a i n e d ,  and t h e  

h y d r a u l i c   g e o m e t r y   o f   t h e   r i v e r  i s  n o t   a f f e c t e d ,   v e r y   l i t t l e   o r   n o  change 

w o u l d   b e   e x p e c t e d   r e l a t i v e   t o   h y d r o l o g y - h y d r a u l i c s ,   w a t e r   q u a l i t y ,  and 

a q u a t i c   b i o t a .  The t e r r e s t r i a l   s y s t e m  and s c e n i c   q u a l i t y   o f   t h e   f l o o d p l a i n  

w i l l  be af fected  because  usual ly   vegetat ion  must   be  removed  to   expose  under-  

l y ing   g rave l   depos i ts .   Genera l l y ,   s i tes   loca ted   back   f rom  the   channe l   a re  

favored  f rom a prac t i ca l   s tandpo in t   because   t hey   can   be   ope ra ted   i n  a d r y  

c o n d i t i o n   m a k i n g   f o r  a more e f f i c i e n t  and eas ie r   ope ra t i on .   Excava t ing  a p i t  

would be an except ion  because  the  depths  o f   excavat ion  would  normal ly   be 

be low  the   wa te r   t ab le .  

DIKES AND STOCKPILES 

The l o c a t i o n   o f   c e r t a i n   m a t e r i a l   s i t e s  and the  gravel   removal   opera-  

t i o n s   r e q u i r e   t h e   c o n s t r u c t i o n   o f  a p r o t e c t i v e   s t r u c t u r e   a n d / o r   t h e   s t o c k -  

p i l i n g   o f   o v e r b u r d e n  and g rave l  i n  or n e a r   t h e   m a t e r i a l   s i t e .   P r o t e c t i v e  

s t r u c t u r e s   p r e v e n t   w a t e r   f r o m   e n t e r i n g   t h e   m a t e r i a l   s i t e  and inc lude  channel  

p l u g s  and d i v e r s i o n   d i k e s .   O v e r b u r d e n   p i l e s   c o n s i s t i n g  of brush,  s lash, 

g roundcover ,   and  o rgan ic   so i l   a re   loca ted   e i ther   permanent ly   o r   temporar i l y ,  
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u s u a l l y   a t   t h e  e d g e s   o f   s i t e s .   G r a v e l   s t o c k p i l e s   a r e   c o n s i d e r e d   t o  be tem- 

po ra ry  and a r e   l o c a t e d   w i t h i n   t h e   m a t e r i a l   s i t e .   D i k e s  and s t o c k p i l e s   o f  

unused  gravel  were  sometimes l e f t   i n t a c t  when t h e   s i t e  was abandoned, thus, 

c o n t r i b u t i n g   t o   t h e   l o n g - t e r m   e f f e c t   o f   t h e   g r a v e l   r e m o v a l   o p e r a t i o n .  

Any d i kes  or s t o c k p i l e s   d e f l e c t i n g  or o t h e r w i s e   m o d i f y i n g   f l o w   p a t t e r n s  

cou ld   agg rava te   t he   l ong - te rm  hyd rau l i c   e f fec ts   o f   t he   ma te r ia l   s i t e .  Flow 

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

r e a c h   o f   t h e   a f f e c t e d   f l o o d p l a i n  and  cause  other damage. A l t e r a t i o n s   t o  

n a t u r a l   f l o w   p a t t e r n s   i n   t h e   w i n t e r   c o u l d   i n d u c e  or aggravate  aufe is   forma- 

t ion.  

The w a t e r   q u a l i t y   o f  an   a rea   cou ld   be   a f fec ted   by   the   loca t ion   o f   these 

s t r u c t u r e s   i n   t h e   f l o o d p l a i n .  Any e r o s i o n   o f   o v e r b u r d e n   p i l e s   b y   a c t i v e   f l o w  

cou ld   i n t roduce   l a rge   quan t i t i es   o f   o rgan ic   ma te r ia l s   f o r   suspens ion  and 

eventual   downstream  deposi t ion.   A lso,   any  s t ructures  that   would impound 

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

water   qua l i t y   be tween  the   ac t i ve   channe l  and  impounded  waters. 

A q u a t i c   b i o t a   c o u l d  be a f fec ted   by   t he   p resence   o f   obs t ruc t i ons .   F i sh  

c o u l d  become entrapped  behind any s t r u c t u r e s   t h a t  impound water.  The  suspen- 

s i o n   o f   f i n e s   i n   t h e   w a t e r  column  as a r e s u l t   o f   e r o s i o n   c o u l d   c a u s e   r e d i s -  

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

Overburden p i l e s   p r o v i d e d  a nuc leus   f o r   revege ta t i on   o f  abandoned 

m a t e r i a l   s i t e s .  The organ ics ,  and p a r t i c u l a r l y   t h e   r o o t   s t o c k s  and s lash ,  

f a c i l i t a t e d   r e - e s t a b l i s h m e n t   o f   v e g e t a t i o n   i n   l o c a l i z e d   a r e a s   o f   t h e   s i t e .  

Overburden  pi les  were  used for denning by ground s q u i r r e l s  and, because  they 

were   vege ta ted ,   p rov ided   hab i ta t   f o r   sma l l  mammals and nes t i ng   passe r ine  

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

c o n d i t i o n s .  

I n   t h e  long-term, any a l t e r a t i o n s  of f l o w   p a t t e r n s   t h a t   r e s u l t e d   f r o m  

abandoned s t r u c t u r e s   p r o b a b l y   w o u l d   b e   d e t r i m e n t a l   t o   v e g e t a t i v e   r e c o v e r y  
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on  the   s i te .   Revegeta t ion   in   these  cases   wou ld   on ly   occur   on   the   a rea   above 

t h e   h i g h  f l o w  l e v e l s .  

Abandoned s t r u c t u r e s   i n  most cases f u r t h e r   d e t r a c t   f r o m   t h e   a l r e a d y   a f -  

f e c t e d   s c e n i c   q u a l i t y  o f  a f l o o d p l a i n .  Where t h e   s i t e  i s  hidden  f rom  v iew 

e x c e p t   f r o m   t h e   a i r  abandoned s t r u c t u r e s   w o u l d   n o t   a l t e r   t h e   o v e r a l l   i m p a c t .  

However, i n   p l a c e s   C h a r a c t e r i z e d  by  tundra  and  low r i p a r i a n   v e g e t a t i o n ,  

t h e s e   a b a n d o n e d   s t r u c t u r e s   c a n   a t t r a c t   a t t e n t i o n   t o   t h e   f l o o d p l a i n   s i t e .  
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SUMMARY OF CONCLUSIONS  AND  RECOhWENDATlONS 

SUMMARY 

Not a l l  of  t h e   m a j o r   v a r i a b l e s   u s e d   t o   c h a r a c t e r i z e   t h e  25 m a t e r i a l  

s i t e s   w e r e   s i g n i f i c a n t   d e t e r m i n a n t s   o f   g r a v e l   r e m o v a l   e f f e c t s .  

Amon,g t h e   P h y s i c a l   S i t e   C h a r a c t e r i s t i c s ,   c h a n n e l   c o n f i g u r a t i o n  was the  

mos t   impor tan t .   Po ten t i a l   f l oodp la in   change  i s  l e a s t   f o r  a b r a i d e d   r i v e r  and 

g r e a t e s t  f o r  a s t r a i g h t   r i v e r .   S i z e   o f   c h a n n e l  i s  a s i g n i f i c a n t   f a c t o r ,   w i t h  

t h e   l e a s t  change t o  be   expec ted   i n  a la rge   sys tem  and  the   g rea tes t   in  a 

smal l   system,  This  assumes equa l l y   s i zed   ma te r ia l   s i t es .   Comb in ing   t hese   two  

v a r i a b l e s ,   ( c h a n n e l   c o n f i g u r a t i o n  and s ize)   g rave l   remova l   opera t ions   can   be  

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

e f f e c t  o n   s m a l l   s t r a i g h t   r i v e r s .  

I n f l u e n c i n g   P h y s i c a l   S i t e   C h a r a c t e r , i s t i c s   r e l a t e d   t o   c o n f i g u r a t i o n  and 

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

w id th ,  and t h e   d i s t a n c e   t h a t   c a n  be   ma in ta ined   be tween   the   m in ing   s i t e  and 

ac t ive   channe l .   For  example, i n  a small s t r a i g h t   r i v e r   s y s t e m   t h e   f l o o d p l a i n  

i s  n a r r a w   a n d   g r a v e l   b a r s   a r e   n e i t h e r   p l e n t i f u l   n o r   l a r g e .  Thus, t o   e x t r a c t  

g r a v e l ,   e i t h e r  a s i g n i f i c a n t   l e n g t h   o f   a c t i v e   f l o o d p l a i n   o r   t h e   a d j a c e n t  

i n a c t i v e   f l o o d p l a i n  ana t e r r a c e  must   be   d is tu rbed.   In   the   la t te r   case  the  

na r rowness   o f   t he   f l oodp la in   f o rces   t he   ope ra t i on   t o   c lose ly   enc roach  upon 

t h e   a c t i v e   c h a n n e l .   I n   l a r g e   r i v e r   s y s t e m s   t h e s e   p r o b l e m s   c a n   b e   l e s s   s i g n i f -  

i can t   because  g rave l   bars   a re   la rger  and, i f   t h e   i n a c t i v e   f l o o d p l a i n   o r  

t e r r a c e   a r e  used, t he   w ide r   f l oodp la in   a l l ows   ma in tenance  of  a broader  

u n d i s t u r b e d   b u f f e r  zone   be tween   the   ma te r ia l   s i t e  and a c t i v e   f l o o d p l a i n .  
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In   the  present   s tudy,   channel .  slope a n d   s t r e a m   o r i g i n   d i d   n o t   c o r r e l a t e  

w i t h   c h a n g e s   r e s u l t i n g   f r o m   g r a v e l   m i n i n g .  However,  channel  slope  inf luences 

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

g r e a t e r   c a r r y i n g   c a p a c i t y .   T h i s   r e l a t i o n s h i p  i s  u s e f u l   i n   e v a l u a t i n g  po- 

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

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

t e r i s t i c a l l y  h a v e   l a r g e r   q u a n t i t i e s   o f   g r a v e l   a v a i l a b l e   t h a n  do r i v e r s   o f  

c o a s t a l   p l a i n   o r i g i n .  

A l l  of   the   Grave l  Removal  Area C h a r a c t e r i s t i c s   w e r e   f o u n d   t o   s i g n i f i -  

c a n t l y   i n f l u e n c e   t h e   e f f e c t s   o f   g r a v e l   m i n i n g .  The l o c a t i o n   o f   t h e   m a t e r i a l  

s i t e   r e l a t i v e   t o   t h e   a c t i v e   c h a n n e l  i s  c o n s i d e r e d   t o  be  the  most  important 

f a c t o r .  Whether a m a t e r i a l   s i t e  i s  s c r a p e d   o r   p i t - e x c a v a t e d   i s   i m p o r t a n t ,  

b u t   o f t e n   p i t s   a r e   l o c a t e d  away from an ac t i ve   channe l ,   avo id ing   t he   t ypes  

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

The m a j o r   e f f e c t s   o f   p i t   s i t e s   l o c a t e d   i n   i n a c t i v e   f l o o d p l a i n s  and 

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

ment, a change i n   t h e   a p p e a r a n c e   o f   t h e   f l o o d p l a i n ,  and  long-term  delay 

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

s i t u a t e d   w e l l  away f r o m   a c t i v e   c h a n n e l s   t h e y   h a v e   l i t t l e   e f f e c t  on  the 

ac t i ve   channe l  and, t h e r e   i s   l i t t l e  chance   o f   con t r i bu t i ng   t o   channe l   d i ve r -  

s ion .  When s i t u a t e d   c l o s e   t o   a c t i v e   c h a n n e l s ,   p a r t i c u l a r l y  on   t he   i ns ide  

bends i n  m e a n d e r i n g   s y s t e m s ,   t h e   p o s s i b i l i t y   e x i s t s   f o r   d i v e r s i o n  o f  t h e  

channe l   t h rough   the   p i t ,   even tua l l y   f o rm ing  a c h a n n e l   c u t o f f   i n   t h e  meander. 

T h i s   p r o b l e m   h i g h l i g h t s   t h e   i m p o r t a n c e   o f   p r o v i d i n g  a buf fe r   be tween  the  

m a t e r i a l   s i t e  and t h e   a c t i v e   c h a n n e l .  Where p i t   s i t e s   a r e   o f   s u i t a b l e   s i z e ,  

o f   s u f f i c i e n t   d e p t h ,  and  have  contoured  per imeters,   they  can  increase  local  

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

s p e c i e s   o f   t e r r e s t r i a l   f a u n a .  

ScraDed m a t e r i a l   s i t e s  i n  a c t i v e   f l o o d ~ l a i n s  have  min ima l   e f fec ts   on  

the   f l oodp la in   env i ronmen t  when exposed  gravel   bars  are  on ly   excavated  above 

the   water   leve l  and slope and con tou rs   a re   ma in ta ined   resemb l ing   t hose  

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

over  a l a rge   a rea ,   i s   no t   des i rab le .   Decreased  water   depth  and v e l o c i t y  

i n c r e a s e s   s e d i m e n t a t i o n   r a t e s ,   a l t e r s   w a t e r   t e m p e r a t u r e ,   a n d   a l t e r s   d i s -  

so l ved   oxygen   l eve l s .   These   chan9es '   i n   aqua t i c   hab i ta t   usua l l y   a f fec t   t he  

l o c a l   d i s t r i b u t i o n  and  community s t r u c t u r e   o f   b e n t h o s  and f i s h .  

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

t e r r a c e s   c a n   b e   s i m i l a r   t o   t h o s e   d e s c r i b e d   f o r   p i t s .  However, long-term 

changes t y p i c a l l y   a r e  

c l o s e d   s i t e  w i  I I f a c i  

d i t   i o n s .  

minimal  because  the lack o f   s t a n d  

I i t a t e   r e - e s t a b l i s h m e n t   o f   p r e - m i n  

In -channe l   loca t ions  

the  least   change  to  channe 

however,  they  can  have  the 

b io ta .   Grave l   rep len ishmen 

exposed   g rave l   ba rs   i n  ac 

o n   t e r r e s t r i a l   s y s t e m s .  S 

t h e   t e r r e s t r i a l   b i o t a  and 

a f f e c t  on   the   aquat ic  sys 

i n g   w a t e r   i n   t h e  

i n g   v e g e t a t i o n  con- 

tha t   a re   d redged   have   t he   po ten t i a l   f o r   caus ing  

I h y d r a u l i c s ,   t e r r e s t r i a l   b i o t a ,  and  aes the t ics ;  

g r e a t e s t   e f f e c t  on   wa te r   qua l i t y   and   aqua t i c  

t r a t e s   a r e   h i g h e s t   i n   t h i s   l o c a t i o n .   M i n i n g  

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

i t e s   i n   i n a c t i v e   f l o o d p l a i n s  and t e r r a c e s   a f f e c t  

s c e n i c   q u a l i t y   m o s t ,   b u t   p o t e n t i a l l y   h a v e   n o  

tern. I n  g e n e r a l ,   t h e   f a r t h e r  a m a t e r i a l   s i t e  i s  

located  f rom a c h a n n e l   t h e   g r e a t e r   t h e   p o t e n t i a l   e f f e c t   o n   t h e   t e r r e s t r i a l  

b i o t a  and s c e n i c   q u a l i t y  and t h e   s m a l l e r   t h e   e f f e c t  OR the  channel  

h y d r o l o g y - h y d r a u l i c s ,   a q u a t i c   b i o t a ,   a n d   w a t e r   q u a l i t y .  T h i s  r e l a t i o n s h i p  

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

f l o o d p l a i n s .  

I f  m a t e r i a l   s i t e s   a r e   l o c a t e d  and   ope ra ted   t o   p reven t  or g r e a t l y   m i n i -  

m i z e   e f f e c t s  on channel   hydraul ics ,   and t o  u t i l i z e   o n l y  exposed grave l  bars, 

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

g rea t l y   reduced .  Where exposed  gravel   bars  are  not   ava i lab le  or   are  inade-  

quate, a t r a d e o f f   d e c i s i o n   b e t w e e n   s i t e s  must  be made that   weighs  the  poten-  

t i a l   e f f e c t s  of a q u a t i c   d i s t u r b a n c e s   a g a i n s t   t e r r e s t r i a l   d i s t u r b a n c e s .   I n  

t h e s e   c a s e s ,   m i n i m i z a t i o n   o f   h y d r a u l i c   c h a n g e   t o   a c t i v e   c h a n n e l s   s h o u l d  be 

i m p o r t a n t   i n   t h e   d e c i s i o n  -- major   hydraul ic   changes  can  have a g r e a t e r  

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

race .  

D ikes  and s t o c k p i l e s   o f   g r a v e l   a n d / o r   o v e r b u r d e n   l e f t   i n  a m a t e r i a l  

s i t e   a f t e r   c l o s u r e ,   h a v e   p o t e n t i a l   e f f e c t s  on   the   f loodp la in .   These  s t ruc-  

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

f l ows .   Dur ing   h igh   wa te r   t he   f i nes   and   o rgan ic   deb r i s  may be   in t roduced 

i n t o   t h e   w a t e r  and r e s u l t   i n  downstream  sedimentation.  Depending  on  their 

p o s i t i o n  and o r i e n t a t i o n   r e l a t i v e   t o   f l o w ,   d i k e s  and s t o c k p i l e s   c a n  a l s o  

cause f i sh   en t rapmen t .  Where o v e r b u r d e n   p i l e s   a r e  above  high-water  levels,  

t h e y   c a n   f a c i l i t a t e   t h e   e s t a b l i s h m e n t   o f   v e g e t a t i o n   a f t e r   s i t e   c l o s u r e .   T h i s  

v e g e t a t i o n   p r o v i d e s   h a b i t a t  for smal l  mammals and p a s s e r i n e   b i r d s .   I n  some 

cases ,   revege ta t i on   a t  a s i t e  was found  on ly   on   such  overburden  p i les .   Th is  

observa t ion   suggests   tha t ,   as   long  as t h e   p i l e s   a r e   s i t u a t e d   w h e r e   t h e y   a r e  

no t  s u b j e c t   t o   i n u n d a t i o n  or hydrau l i c   e ros ion ,   they   can   p rov ide  a source 

f o r   r e v e g e t a t i o n  o f  t h e   s i t e .   O v e r b u r d e n   p i l e s  may d e t r a c t   f r o m   t h e   s c e n i c  

q u a l i t y  of  a f l o o d p l a i n .  

RECOMMENDATIONS 

The recommendations  dev e loped   fo r   each   o f   t h  le d i s c i  p l  i ne s a r  e g e n e r a l l y  

i n  agreement, w i t h   s e v e r a l   e x c e p t i o n s .  A l l  recommendat ions  are  genera l ly  

des igned  to   m in imize   change  to   the   f loodp la in   and  to   enhance re- 

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

I. R ive r   t ypes   t ha t   shou ld   be   used   i n   o rde r   o f   dec reas ing   p re fe rence   a re :  

b ra ided,   sp l i t ,   meander ing ,   s inuous ,   and  s t ra igh t .  The ma jo r   cons ide ra t i on  

i n   t h i s   p r e f e r e n c e  i s  t h e   a v a i l a b i l i t y   o f   g r a v e l   f r o m   e x p o s e d   b a r s .  The 

la rges t   vo lumes  a re   ava i lab le   f rom  b ra ided  sys tems and t h e   l e a s t   f r o m  

s t r a i g h t  systems. An a d d i t i o n a l   f a c t o r  i s  t h e   d e c r e a s i n g   f l o o d p l a i n   w i d t h  o f  

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

must   be  used  for   gravel   min ing,   greater   overa l l   change w'i  I I  r e s u l t   i n  

s t ra igh t   sys tems .  
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2. R ive r   s i zes   t ha t   shou ld   be   used   i n   o rde r   o f   dec reas ing   p re fe rence   a re :  

la rge ,  medium, and sma l l .  The r a t i o n a l e  i s  t h e   a v a i l a b i l i t y  o f  g r a v e l s  and 

w id th   o f   f loodp la in .   Larger   sys tems  have  more   g rave l .  The p r o p o r t i o n a l l y  

sma l le r   d i s tu rbance   i n   l a rge   sys tems  wi l l  r e d u c e   t h e   o v e r a l l   e f f e c t   o f  

gravel   removal .  

5 .  M i n i n g   g r a v e l   f r o m   a c t i v e   c h a n n e l s   s h o u l d   b e   a v o i d e d   t o   r e d u c e   d e t r i m e n -  

t a l   e f f e c t s   o n   w a t e r   q u a l i t y ,   a q u a t i c   h a b i t a t ,  and b i o t a .  However, i f  hy- 

d r a u l i c  changes  can  be  minimized,  in-channel   s i tes w i l l  r e p l e n i s h  more 

r a p i d l y  than o t h e r   a r e a s   a n d   e f f e c t s   o n   t h e   t e r r e s t r i a l   b i o t a  and scen ic  

q u a l i t y   o f   t h e   f l o o d p l a i n  w i l l  be   avo ided  o r   g rea t ly   m in imized.  

4. Changes t o   c h a n n e l   h y d r a u l i c s   s h o u l d   b e   a v o i d e d   i n  a l l  cases, es- 

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

5. When p o s s i b l e ,   e x p o s e d   g r a v e l   b a r s   i n   l a r g e   a c t i v e   f l o o d p l a i n s   s h o u l d  

be   cons idered  fo r   m in ing .  A p r o p e r l y   o p e r a t e d   m a t e r i a l   s i t e   i n   t h e s e   a r e a s  

can  min imize   changes  to   channe l   hydrau l i cs   dur ing   low- f low  per iods ,   m in imize  

changes t o   w a t e r   q u a l i t y  a n d   a q u a t i c   b i o t a ,   m i n i m i z e   o r   e l i m i n a t e   a f f e c t s   o n  

t e r r e s t r i a l   b i o t a ,  and m a i n t a i n   t h e   s c e n i c   q u a l i t y  of  t h e   f l o o d p l a i n .   I n  

a d d i t i o n ,   t h e   p r o b a b i l i t y  o f  g rave l   rep len ishment  i s  increased. 

6. A l though p i t s  r e f l e c t  a major   change  f rom  p red is tu rbance  cond i t ions ,  

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

They shou ld   be   loca ted  t o  m i n i m i z e   t h e   p r o b a b i l i t y   o f   c h a n n e l   d i v e r s i o n  

th rough   the   s i t e .   Adequa te   und is tu rbed   bu f fe rs   shou ld   be   ma in ta ined   be tween  

t h e   m a t e r i a l   s i t e  and t h e   a c t i v e   c h a n n e l .  

7. Organ ic   deb r i s  and  overburden  shou ld   be   spread  over   o r   p i led   in   the  

abandoned s i t e   t o  p romote   revegeta t ion   and  es tab l i shment   o f   p red is tu rbance 

c o n d i t i o n s .   T h i s   p r o c e d u r e   m u s t   b e   c o n d u c t e d   o n l y   i n   s i t u a t i o n s   w h e r e   t h e r e  

i s  a low l i k e l i h o o d  of  t h i s   m a t e r i a l   b e i n g   e r o d e d   i n t o   a c t i v e   c h a n n e l s .  

383 



RECOMMENDED FUTURE STUDIES 

Dur ing   t he   p resen t   s tudy  a number o f   s u b j e c t   a r e a s   w e r e   i d e n t i f i e d   t h a t  

shou ld   be   i nves t i ga ted .  

I. E v a l u a t i o n   o f   g r a v e l   m i n i n g   f r o m   c o a s t a l  and upland  sources; and, 

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

f loodp la in   sources   have  no t   been  s tud ied .  

2. E v a l u a t i o n   o f   t h e   e f f e c t s   o f   m u l t i p l e   s i t e s   o n   o n e   r i v e r   s y s t e m .  

Such  an i n v e s t i g a t i o n   s h o u l d   b e   a i m e d   a t   d e t e r m i n i n g   t h e   c r i t i c a l ,   s p a t i a l ,  

a n d   t e m p o r a l   r e l a t i o n s h i p s   o f   m u l t i p l e   s i t e s .   G r a v e l   r e p l e n i s h m e n t   r a t e   p r e -  

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

3. S e v e r a l   f l o o d p l a i n   g r a v e l   r e m o v a l   s i t e s   s h o u l d   b e   i n v e s t i g a t e d  

b e f o r e ,   d u r i n g ,   a n d   a f t e r   m i n i n g   t o  assess t h e  adequacy o f  t h e   G u i d e l i n e s  

Manua I .  

4. S e v e r a l   s p e c i f i c   t o p i c s  of t h e   G u i d e l i n e s  Manual shou ld   be   s tud ied  

i n   d e t a i l   t o   a s s e s s   t h e i r  adequacy,  i.e., b u f f e r s ,   p i t   d e s i g n ,  and a c t i v e  

channel   dredging. 
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APPENDIX A 

S c i e n t i f i c  names o f  f l o r a  a n d   f a u n a   i d e n t i f i e d   i n   t h e   t e x t   a r e   p r e s e n t e d  
i n   T a b l e s  A-I  th rough A-5. References   a re :  

Herbaceous  Vegetat ion - Hul ten ,  E. 1968. F l o r a  of   A laska  and  Neighbor ing 
T e r r i t o r i e s .   S t a n f o r d   U n i v .   P r e s s .  1,008 pp. 

Woody Vege ta t i on  - Viereck,   L .  A., and E. L. L i t t l e ,   J r .  1972. A laska  Trees 
and  Shrubs. U.S. Dept .   Agr ic .  Handbook 410. 265 pp. 

Mammals - H a l l ,  R. H. ,  and K. R. Kelson. 1959. The Mammals of   Nor th  Amer ica.  
Ronald  Press Co., New York. 2 vo ls .  

B i r d s  - Amer i can   Orn i tho log i s t s '   Un ion .  1957. Check- l i s t   o f   Nor th   Amer ican 
B i r d s .   P o r t  C i t y  Press, Inc., Ba l t imore ,  691  pp. 

Amer i can   Orn i tho log i s t s '   Un ion .  1976. T h i r t y - t h i r d   s u p p l e m e n t   t o  
AOU check- l i s t   o f   Nor th   Amer ican B i r d s .  Auk 93(4):875-879. 

F i s h  - Alaska  Department  of   Fish  and Game. 1978. A l a s k a ' s   F i s h e r i e s  A t  
Vel. I and I I .  A laska  Dept .   F ish  and Game, Juneau, Alaska. 83 pp. + 

- 

B a i l e y ,  R. M., J. E.  F i t c h ,  E. S .  Hera 
C. R. Robins,  and W .  B. S c o t t .  1970. 
Names o f   F i shes   f rom  the   Un i ted   S ta tes  
Amer i can   F i she r ies  SOC. Spec. Publ .  No 

t h e  

I as. 

maps. 

Id, E. A. Lachner, C. C. L indsey,  
L i s t   o f  Common and S c i e n t i f i c  
and Canada. T h i r d   e d i t i o n .  . 6. 150 pp. 

McPhaiI, J. D., and C. C. Lindsey.  1970. F reshwate r   F i shes   o f   No r th -  
wes tern  Canada and  Alaska.  Fish.  Res. Bd. Canada, B u l l .  No. 173. 381  pp. 

Morrow, J. E. 1974. Freshwater   F ishes  of Alaska.  Alaska  Northwest 
P u b l i s h i n g  Co., Anchorage,  Alaska.  78  pp. 
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Tab le  A - I .  V e g e t a t i o n   I d e n t i f i e d   i n   t h e   T e x t  

Common  Name 

Horse ta i  I 

Reed Bent  Grass 

Poa 

Cot ton  Grass 

Sedge 

Rush 

Balsam  Poplar 

F e l t l e a f   W i l l o w  

L i t t l e t r e e   W i l l o w  

Paper   B i rch  

Amer i can  Green A I der 

T h i n l e a f   A l d e r  

Chickweed 

M i  Ik   Vetch 

Oxyt rope 

Sweet Pea 

Dwar f F i r eweed 

S i b e r i a n   A s t e r  

F I eebane 

Wormood 

Hawk’s  Beard 

S c i e n t i f i c  Name 

Equisetum  var iegatum 

Calamagrost is  spp. 

Poa spp. 

E r  i ophor um spp . 
Carex  spp. 

Juncus spp. 

Populus 
S a l i x   a l a x e n s i s  

S a l i x   a r b u s c u l o i d e s  

B e t u l a   p a p y r i f e r a  

Ainus c r i s p a  

Ainus t e n u i f o l i a  

S t e l   l a r i a  spp. 

Astragalus  spp. 

O x y t r o p i s  spp. 
Hedysarum  Mackenz i i 

E p i l o b i u m   l a t i f o l i u m  

A s t e r   s i b i r i c u s  

Er i geron  spp. 
Ar temis ia   spp.  

Crep i s  nana 

- 

- 
b a l s a m i f e r a  

- 
- 

- 
- 

- 

” 
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Table A-2.  Mammals I d e n t i f i e d   i n   t h e  Text  

Common Name 

A r c t i c  Ground S q u i r r e l  

Red Squ i r r e  I 

Beaver 

Tundra Vo I e 

S c i e n t i f i c  Name 

Spermophi lus  undulatus 

Tamiasciurus  hudsonicus 

- Castor  canadensis 
M i c r o t u s  oeconomus 

S ing ing   Vo le   M ic ro tus   m iu rus  

Muskra t   Ondat ra   t ibe th icus  

G r a y  

B I ack 

G r  i zz  

Moose 

Wolf - Canis  lupus 

Bear - Ursus amer i canus 

l y  Bear 

Car  i bou 

U r s u s   h o r r   i b i  I i s  

A lces   A lces  

Rangi fer   tarandus 
" 
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Table A-3. B i r d s   I d e n t i f i e d   i n   t h e   T e x t  

Common  Name S c i e n t i f i c  Name 

W h i s t l i n g  Swan Olor  columbianus 

Trumpeter Swan O lo r   bucc ina to r  

Canada  Goose Branta  canadensis  

B l a c k   B r a n t   B r a n t a   n i g r i c a n s  

Mal l a r d  Anas p la t y rhynchos  

P i n t a i  I Anas acuta  

Green-winged  Teal  Anas c a r o l   i n e n s i s  

Common Goldeneye  Bucephala  clangula 

Barrow's   Goldeneye  Bucephala  is landica 

Buf f lehead  Bucepha la   a lbeo la  

Red-breasted  Merganser 

Semipalmated  Plover  Charadr ius  semiphalmatus 

Ruddy T u r n s   t o n e   A r e n a r i a   i n t e r p r e s  

Semipa lmated  Sandp iper   Ca ldr is   pus i l lus  

Western   Sandp iper   Ca ldr is   maur i  

S p o t t e d   S a n d p i p e r   A c t i t i s   m a c u l a r i a  

- 
- 

- 
" 

- 

Mergus s e r r a t o r  

I arope Lobipes l oba tus  

I Larus  hyperboreus 

La rus   a rgen ta tus  

Larus  canus 

Sterna  paradisaea 

A l d e r   F l y c a t c h e r  Empidonax  alnorum 

Tree Swal low l r i d o p r o c n e   b i c o l o r  

V io le t -g reen  Swallow T a c h y c i n e t a   t h a l a s s i n a  

Bank Swal low R i p a r i a  
Gray Jay Per isoreus   canadens is  

Black-capped  Chickadee P a r u s   a t r i c a p i  I Ius 
Amer i can Rob i n  T u r d u s   m i g r a t o r i u s  

" 

r i p a r i a  

Nor the rn  Pha 

Glaucous Gut 

Her r  i ng Gu I I 

Mew Gul I 

A r c t i c   T e r n  

con t i nued 
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Table A-3. (Concluded) 

Common  Name S c i e n t i f i c  Name 

Gray-cheeked  Thrush 

Yel low  Wagta i l  

Orange-crowned  Warbler 

Yel low  Warbler 

Yellow-rumped  Warbler 

Nor thern  Water thrush 

Wi lson 's   Warb le r  

Common Redpol I 

Dark-eyed  Junco 

Tree  Sparrow 

White-crowned  Sparrow 

Fox Sparrow 

Catharus  minima 

Motaci  I l a  f I ava - 
Verrnivora  ce la ta - 
Dendroi  ea pe tech  i a 

Dendro ica  coronata 

Sei  urus  noveboracens i s 

Wi lson ia  p u s i l  l a  
Acanth is  flamnea 

Junco  hvemalis " 
Soizel  l a  arborea 

Z o n o t r i c h i a  IeucoDhrYs 

P a s s e r e l   l a   i l i a c a  
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Table A-4. Fish   Spec ies   Repor ted  and Caught or  Observed i n  Major  Geographical   Areas 
Represented by the   Twenty -F ive   S i tes  

Seward   Pen insu la   Nor th   S lope   Nor the rn   I n te r i o r   Sou the rn   I n te r i o r  
Common and - H i s t o r i c F l   P r e s e n t  - H i s t o r i c a l   P r e s e n t   H i s t o r i c a l   P r e s e n t   H i s t o r i c a l   P r e s e n t  
s c i e n t  i f i c namesa r e c o r  dU s t  udyL r e c o r d   s t u d y   r e c o r d   s t u d y   r e c o r d   s t u d y  

A r c t i c  lamprey 
Lamptera  japonica 4- 

A r c t i c  c i s c o  
Coregonus  autumnal i s  

B e r i n g   c i s c o  
4- C .  l a u r e t t a e  

Broad-wh i t e f  i sh 
C. nasus 

Humpback w h i t e f i s h  
C. p i  dsch i an 

C. sa rd ine1  l a  
Least-c i sco 

Round-wh i t e f  ish 
Prosop i urn cy I - 

I nconnu 

+ 

Stenodus  leuc - 
Pink  salmon 

i ndr  ace urn + 

i c h   t h y s  

Oncorhynchus  gorbuscha + 
Churn salmon 

0. k e t a  

0. k i s u t c h  
Coho sa 1 rnon 

SockeTe sa  1 mon 

" 

+ 

+ 

0. nerka  + 
Chi no& sa  I rnon 

0. tshawytscha + 

S a t v e t   i n u s   a l p i n u s  + 

S. namaycush 

A r c t i c   c h a r  

L a k e   t r o u t  

- 

+ 

+ 

2,5 + 

2?5 + 

4,596 

5 

+ 24d 

-e 23 

+ 

i 24 

+ 24 

I ,2,3,4,5,6 + 

+ 

I t  + 

+ 

9 

+ 

+ 

+ 

l t ,12 ,13 ,14  + 
+ 

15,16,17,18,20 

17 

18 

17,t8,19,20 

15 

+ 

+ 

24 

23 
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Tab le  A-5. Aqua t i c   Mac ro inve r teb ra tes   Caugh t   a t   S tudy   S i tes   Dur ing  
1976-1978 F ie ld   Samp l ing  

Taxon Common  name 

Nematoda 
Ol igochaeta  
P lecop te ra  

A I  loper  l a  
A r  cynop t er yx 
Caon i a 

H~ast aDer I a 
I soaenus 
I soDer I a 
Nemour a 
Par  m e r  I a 

Ephemeroptera 
Ameletus 
Baet i nae 
Caen i s 
C a l l i b a e t i s  
Cent rop t  i lum 
C i  nygmu I a 
Eoeor  us 
Ephemere I I a 
Heptagenia 
Rh i throaena 

~~ 

S iph lonurus  
Odona t a 

Ena I I agma 
I schnura 
L i b e l l u l i d a e  

T r i c h o p t e r a  
Apatan ia  
Arctopsyche 
B r  achycen tr us 
Ecc l i somv ia  
Glossosoma 
Homophvlax 
Hydatophylax 
Lepidostoma 
L e p t o c e l l a  
L imneph i lus  

round worms 
earthworms 
s t o n e f l i e s  

mayf I i e s  

d r a g o n f l i e s  and d a m s e l f l i e s  

c a d d i s f l i e s  

Cont i nued 
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Tab le  A-5. (Concluded)  

Taxon Common  name 

Oecet i s  
Onocosmoecus 
Phryganea 
P I a t ycen t ropus  
Po I ycen  t ropus 
Pseudostenophyl 
Psychoglypha 
Rhyacophi la  

Cor i x i d a e  

D y t i s c i d a e  
H a i i p l i d a e  

A t h e r i c i d a e  
Ceratopogonidae 
Chironomidae 
Eph id idae 
Emp i d i dae 
Psychodidae 
S i m u l i i d a e  
T i p u l   i d a e  

Hydracar i na 
Mol I usca 

Lymnaea 
Physi  dae 

Hemiptera 

Co leoptera  

D i p t e r a  

P i s i d i u m  
P I anorb i dae 
Va I v a t a  

Amph i poda 

L 
ax 

water  bugs 

beet. I es 
waterboatman 

d i v i n g   b e e t l e  

f I i e s  

b i t i n g  midge 
midge 

b l a c k f l y  
c r a n e   f l y  

m i t e s  
rno I I USCS 

sna i  I 
sna i  I 
f i n g e r n a i l   c l a m  
sna i  I 
sna i  I 

amphipods 
Gammar i dae 
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APPENDIX B 

GLOSSARY 

abandoned  channel -- A channel   that  was once an a c t i v e  or  high-vyater  chan- 
n e l ,   b u t   c u r r e n t l y   f l o w s   o n l y   d u r i n g   i n f r e q u e n t   f l o o d s .  

ac t i ve   channe l  -- A channe l   t ha t   con ta ins   f l ow ing   wa te r   du r ing   t he   i ce - f ree  
season. 

ac t  

aes 

v e   f l o o d p l a i n  -- The p o r t i o n   o f  a f l o o d p l a i n   t h a t  i s  f l ooded   f requen t l y ;  
i t  contains  f lowing  channels,   h igh-water  channels,   and  adjacent  bars,  
u s u a l l y   c o n t a i n i n g   l i t t l e   o r  no   vegeta t ion .  

h e t i c s  -- An en joyab le   sensa t ion   o r  a p leasurab le   s ta te   o f   m ind ,   wh ich  
has  been i n s t i g a t e d  by t h e   s t i m u l u s   o f  an o u t s i d e   o b j e c t ,  or i t  may 
be   v iewed  as   inc lud ing   ac t ion   wh ich  will ach ieve   t he   s ta te   o f   m ind  de- 
s i red.   Th is   concept   has a bas i c   psycho log ica l   e lemen t   o f   i nd i v idua l  
learned  response  and a b a s i c   s o c i a l   e l e m e n t   o f   c o n d i t i o n e d   s o c i a l   a t t i -  
tudes.  Also,   there  can  be  ecological   condi t ioning  exper ience  because 
t h e   p h y s i c a l   e n v i r o n m e n t   a l s o   a f f e c t s   t h e   l e a r n i n g   p r o c e s s   o f   a t t i t u d e s .  

algae -- P r i m i t i v e   p l a n t s ,  one or   many-ce l led ,   usua l l y   aquat ic  and  capable 
o f   e l a b o r a t i n g   t h e   f o o d s t u f f s   b y   p h o t o s y n t h e s i s .  

a l i q u o t  -- A p o r t i o n   o f  a grav-el  removal  area  that i s  worked  independently, 
o f t e n   s e q u e n t i a l l y ,   f r o m   t h e   o t h e r   p o r t i o n s   o f   t h e   a r e a .  

a l l u v i a l   r i v e r  -- A r i ver   wh ich   has   fo rmed i t s  channel   by  the  process  of  
aggradat ion,  and the  sediment  by  which i t  c a r r i e s   ( e x c e p t   f o r   t h e  wash 
l o a d )   i s   s i m i l a r   t o   t h a t   i n   t h e  bed. 

a r c t i c  -- The n o r t h   p o l a r   r e g i o n  bounded  on the   sou th   by   t he   bo rea l   f o res t .  

armor l aye r  -- A layer   o f   sed iment   tha t  i s  c o a r s e   r e l a t i v e   t o   t h e   m a t e r i a l  
u n d e r l y i n g  i t  and i s   e r o s i o n   r e s i s t a n t   t o   f r e q u e n t l y   o c c u r r i n g   f l o o d s ;  
i t  may f o r m   n a t u r a l l y   b y   t h e   e r o s i o n   o f   f i n e r   s e d i m e n t ,   l e a v i n g   c o a r s e r  
sediment i n   p l a c e   o r  i t  may be  p laced  by man t o   p r e v e n t   e r o s i o n .  

a u f e i s  -- An i c e   f e a t u r e   t h a t  i s  formed  by  water   over f lowing  onto a sur face ,  
such as r i v e r   i c e   o r   g r a v e l   d e p o s i t s ,  and f reez ing,   wi th   subsequent  
layers   fo rmed  by   water   over f low ing   on to   the   i ce   sur face   i t se l f   and 
f reez ing .  
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backwater   ana lys is  -- A h y d r a u l i c   a n a l y s i s ,   t h e   p u r p o s e   o f   w h i c h   i s   t o  
c o m p u t e   t h e   w a t e r   s u r f a c e   p r o f i l e   i n  a reach of  channe l   w i th   va ry ing  
bed   s lope   o r   c ross -sec t i ona l  shape, o r   bo th .  

bank -- A c o m p a r a t i v e l y   s t e e p   s i d e   o f  a channel   or   f loodpla in   formed  by  an 
eros iona l   p rocess ;  i t s  t o p   i s   o f t e n   v e g e t a t e d .  

bank - fu l l   d i scha rge  -- D i s c h a r g e   c o r r e s p o n d i n g   t o   t h e   s t a g e   a t   w h i c h   t h e  
o v e r f l o w   p l a i n   b e g i n s   t o   b e   f l o o d e d .  

bar -- An a l l u v i a l   d e p o s i t   o r  bank  o f   sand,   gravel ,   or   o ther   mater ia l ,   a t  
the  mouth  o f  a s t r e a m   o r   a t  any p o i n t   i n   t h e   s t r e a m   f l o w .  

beaded  stream -- A sma l l   s t ream  con ta in ing  a s e r i e s   o f  deep poo ls   i n te rcon -  
nec ted   by   ve ry   sma l l   channe ls ,   l oca ted   i n   a reas   under la in   by   pe rmaf ros t .  

bed -- The bo t tom  o f  a watercourse.  

bed  load -- Sand, s i l t ,   g r a v e l   o r   s o i l  and r o c k   d e t r i t u s   c a r r i e d  by a s t ream 
on, o r   i m n e d i a t e l y   a b o v e   i t s  bed. 

bed   l oad   ma te r ia l  -- That   par t   o f   the   sed iment   load   o f  a sfream  which i s  
composed o f   p a r t i c l e   s i r e s   f o u n d   i n   a p p r e c i a b l e   q u a n t i t i e s   i n   t h e   s h i f t -  
i n g   p o r t i o n s   o f   t h e   s t r e a m  bed. 

bed,  movable -- A stream  bed made up o f   m a t e r i 3 l s   r e a d i l y   t r a n s p o r t a b l e  by 
the   s t ream  f l ow .  

bed, s t ream -- The b o t t o m   o f  a s t ream  be low  the  low summer f l ow .  

b r a i d e d   r i v e r  -- A r i v e r   c o n t a i n i n g   t w o  or more   in te rconnect ing   channe ls  
separated  by  unvegetated  gravel   bars,   sparse ly   vegetated  is lands,  and, 
o c c a s i o n a l l y ,   h e a v i l y   v e g e t a t e d   i s l a n d s .   I t s   f l o o d p l a i n   i s   t y p i c a l l y  
w ide  and sparse ly   vegeta ted ,   and  con ta ins  numerous  high-water  channels. 
The l a t e r a l   s t a b i l i t y   o f   t h e s e   s y s t e m s   i s   q u i t e  low w i t h i n   t h e  boun- 
d a r i e s   o f   t h e   a c t i v e   f l o o d p l a i n .  

c a r r y i n g   c a p a c i t y ,   b i o l o g i c a l  -- The maximum average number o f  a given  organ- 
ism tha t   can   be   ma in ta ined  inde f in i te ly ,   by   the   hab i ta t ,   under  a g i v e n  
r e g i m e   ( i n   t h i s  case, f l o w ) .  

c a r r y i n g   c a p a c i t y ,   d i s c h a r g e  -- The maximum r a t e   o f   f l o w  
capab le   o f   pass ing .  

channel -- A n a t u r a l   o r   a r t i f i c i a l   w a t e r w a y   o f   p e r c e p t i b  
p e r i o d i c a l l y  or  con t inuous ly   con ta ins   mov ing   wa te r .  
bed  and  banks  which  serve t o  c o n f i n e   t h e   w a t e r .  

t h a t  a channel i s  

c o n f i g u r a t i o n  -- The p a t t e r n   o f  a r i v e r   c h a n n e l ( s 1   a s  i t  
l o o k i n g   v e r t i c a l l y  down a t   t h e   w a t e r .  

l e   e x t e n t   w h i c h  
I t  has a d e f i n i t e  

would  appear  by 

contour  -- A l i n e   o f   e q u a l   e l e v a t i o n  above a s p e c i f i e d  datum. 
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cover,  bank -- A r e a s   a s s o c i a t e d   w i t h  or ad jacent  t o  a s t r e a m   o r   r i v e r   t h a t  
p r o v i d e   r e s t i n g   s h e l t e r  and p r o t e c t i o n   f r o m   p r e d a t o r s  - e.g., undercut  
banks,  overhanging  vegetat ion,   accumulated  debr is,   and  others.  

c o v e r ,   f i s h  -- A more s p e c i f i c   t y p e   o f   i n s t r e a m   c o v e r ,  e.g. ,  pools ,  
bou lders ,   water   depths ,   sur face   tu rbu lence,  and o thers .  

cover ,   ins  
organ 
both,  
r e n t  . 

c r o s s   s e c t  
usua I 

c u r r e n t  -- 
o f  wa 
o r   i n  
t o  be 

t 
i 

t 

ream -- A r e a s   o f   s h e l t e r   i n  a s t ream  channe l   tha t   p rov ide   aquat ic  
sms p r o t e c t i o n   f r o m   p r e d a t o r s   o r  a p l a c e   i n   w h i c h   t o   r e s t ,   o r  
and  conserve  energy  due  ' to a r e d u c t i o n   i n   t h e   f o r c e   o f   t h e   c u r -  

on  area -- The area   o f  a stream,  channel,  or  waterway  opening, 
y t a k e n   p e r p e n d i c u l a r   t o   t h e   s t r e a m   c e n t e r l i n e .  

The f l o w i n g  of  w a t e r ,   o r   o t h e r   f l u i d .   T h a t   p o r t i o n   o f  a st ream 
er   wh ich  i s  mov ing   w i th  a v e l o c i t y  much g rea te r   t han   t he   ave rage  
wh ich   t he   p rog ress   o f   t he   wa te r  i s  p r i n c i p a l l y   c o n c e n t r a t e d   ( n o t  
c o n f u s e d   w i t h  a u n i t   o f  measure,  see v e l o c i t y ) .  

datum -- Any numer i ca l   o r   geomet r i ca l   quan t i t y  or s e t   o f   s u c h   q u a n t i t i e s  
which may serve  as a r e f e r e n c e   o r   b a s e   f o r   o t h e r   q u a n t i t i e s .  An agreed 
s t a n d a r d   p o i n t   o r   p l a n e  o f  s ta ted  e levat ion,   noted  by  permanent   bench 
marks  on some s o l i d  immovable s t r u c t u r e ,   f r o m   w h i c h   e l e v a t i o n s   a r e  meas- 
u r e d ,   o r   t o   w h i c h   t h e y   a r e   r e f e r r e d .  

dewater -- The d ra in ing   o r   remova l   o f   wa te r   f rom an enc losu re   o r   channe l .  

d ischarge -- The r a t e   o f   f l o w ,   o r   v o l u m e   o f   w a t e r   f l o w i n g   i n  a g iven  s t ream 
a t  a g i ven   p lace  and w i t h i n  a g iven   per iod   o f   t ime,   expressed  as   cu  
f t per  sec. 

dra inage  a rea  -- The e n t i r e   a r e a   d r a i n e d  by a r i v e r   o r   s y s t e m   o f   c o n n e c t i n g  
s t r e a m s   s u c h   t h a t   a l l   s t r e a m   f l o w   o r i g i n a t i n g   i n   t h e   a r e a  i s  d ischarged 
th rough a s i n g l e   o u t l e t .  

dredge -- Any method of  remov ing   g rave l   f rom  ac t ive   channe ls .  

d r i f t ,   i n v e r t e b r a t e  -- The a q u a t i c   o r   t e r r e s t r i a l   i n v e r t e b r a t e s   w h i c h   h a v e  
been r e l e a s e d   f r o m   ( b e h a v i o r a l   d r i f t ) ,   o r   h a v e  been  swept  from  (catas- 
t r o p h i c   d r i f t )   t h e   s u b s t r a t e ,   o r   h a v e   f a l l e n   i n t o   t h e   s t r e a m  and move 
o r   f l o a t   w i t h   t h e   c u r r e n t .  

d u r a t i o n   c u r v e  -- A c u r v e   w h i c h   e x p r e s s e s   t h e   r e l a t i o n   o f   a l l   t h e   u n i t s   o f  
some i tem  such  as  head  and  f low,   ar ranged  in   order  of magnitude  along 
the  ord inate,   and  t ime,   f requent ly   expressed  in   percentage,   a long  the 
absc issa;  a g r a p h i c a l   r e p r e s e n t a t i o n   o f   t h e  number o f   t i m e s   g i v e n  
quan t i t i es   a re   equa led   o r   exceeded   du r ing  a c e r t a i n   p e r i o d  of  reco rd .  

eros ion,   s t ream  bed -- The scour ing   o f   ma te r ia l   f r om  the   wa te r   channe l  and 
t h e   c u t t i n g   o f   t h e   b a n k s   b y   r u n n i n g   w a t e r .  The c u t t i n g   o f   t h e   b a n k s  
i s  a l s o  known  as  stream  bank  erosion. 
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f i n e s  -- The f i  
m a t e r i a l ,  
a mass o f  

f l o o d  -- Any f I  
ne1  and f I 

n e r   g r a i n e d   p a r t  
i n   h y d r a u l i c   s l u  
water  . 
ow which  exceeds 
ows out   on  the f 

c l e s   o f  a mass o f   s o i l ,  sand, or g rave l .  The 
c i n g ,   t h a t   s e t t l e s   l a s t   t o   t h e   b o t t o m   o f  

t h e   b a n k - f u l l   c a p a c i t y   o f  a stream  or  chan- 
oodp la in ;   g rea te r   t han   bank - fu l l   d i scha rge .  

f l o o d p l a i n  -- The r e l a t i v e l y   l e v e l   l a n d  composed o f   p r i m a r i l y   u n c o n s o l i d a t e d  
r i v e r   d e p o s i t s   t h a t  i s  l o c a t e d   a d j a c e n t   t o  a r i v e r  and i s  s u b j e c t   t o  
f l o o d i n g ;  i t  c o n t a i n s  an a c t i v e   f l o o d p l a i n  and  sometimes  contains an 
i n a c t i v e   f l o o d p l a i n   o r   t e r r a c e ( s 1 ,   o r   b o t h .  

f l o o d   p r o b a b i l i t y  -- The p r o b a b i l i t y  of  a f l o o d  of a g i v e n   s i z e   b e i n g  
equa led   o r   exceeded  in  a g i ven   pe r iod ;  a p r o b a b i l i t y   o f  I percent   wou ld  
be a 100-year f l ood ,  a p r o b a b i l i t y   o f  I O  percent   would  be a I0-year 
f l o o d .  

f l o w  -- The movement o f  a s t ream  o f   water   o r   o ther   mob i le   subs tances ,   o r  
b o t h ,   f r o m   p l a c e   t o   p l a c e ;   d i s c h a r g e ;   t o t a l   q u a n t i t y   c a r r i e d   b y  a 
stream. 

f low,  base -- T h a t   p o r t i o n   o f   t h e   s t r e a m   d i s c h a r g e   w h i c h   i s   d e r i v e d   f r o m  
n a t u r a l   s t o r a g e  - i .e . ,   groundwater   out f low  and  the  dra in ing  o f   large 
lakes  and swamps o r   o t h e r   s o u r c e s   o u t s i d e   t h e   n e t   r a i n f a l l   w h i c h  
c r e a t e s   t h e   s u r f a c e   r u n o f f ;   d i s c h a r g e   s u s t a i n e d   i n  a stream  channel ,  
n o t  a r e s u l t  o f  d i r e c t   r u n o f f  a n d   w i t h o u ?   t h e   e f f e c t s   o f   r e g u l a t i o n ,  
d i ve rs ion ,   o r   o the r   works  o f  man. A l s o   c a l l e d   s u s t a i n i n g   f l o w .  

f low,   laminar  -- T h a t   t y p e   o f   f l o w   i n  a s t ream  o f   wa te r   i n   wh ich   each   pa r -  
t i c l e  moves i n  a d i r e c t i o n   p a r a l l e l   t o   e v e r y   o t h e r   p a r t i c l e .  

f low,  low -- The lowest   d ischarge  recorded  over  a s p e c i f i e d   p e r i o d   o f   t i m e .  

f low,  low summer -- The lowes t   f l ow   du r ing  a typical   open-water  season. 

f l ow ,   un i fo rm -- A f l o w   i n   w h i c h   t h e   v e l o c i t i e s   a r e   t h e  same i n   b o t h  magni- 
t ude 
i n  a 

and d i r e c t i o n   f r o m   p o i n t   t o   p o i n t .   U n i f o r m   f l o w  
channel o f  cons tan t   c ross   sec t i on .  

i s   p o s s i b l e  o n l y  

f low, var  
or  s 
each 

fo rk   l eng  
f o r k  

ed -- Flow o c c u r r i n g   i n   s t r e a m s   h a v i n g  a 
ope. When the   d i scha rge  i s  cons tan t ,   the  
change o f   c r o s s   s e c t i o n  and  slope. 

var  i ab 
v e l o c i  

h -- The l e n g t h   o f  a f i s h  measured  from 
i n   t h e   t a i l .  

t h e   t i p  

l e  c r o s s   s e c t i o n  
t y  changes  w i th  

o f   t h e   n o s e   t o   t h e  

f r e e z e   f r o n t  -- A s u r f a c e   t h a t  may be s ta t i ona ry ,   wh ich   has  a temperature 
o f  O°C and i s  warmer  on  one s i  de o f   t h e   s u r f  ace  and co  I der  on  the 
o t h e r .  

f requency  curve -- A curve  o f   the  f requency o f  o c c u r r e n c e   o f   s p e c i f i c  
events .  The event   tha t   occurs   most   f requent ly   i s   te rmed  the  mode. 
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gage -- A d e v i c e   f o r   i n d i c a t i n g   o r   r e g i s t e r i n g   m a g n i t u d e   o r   p o s i t i o n   i n  spe- 
c i f i c   u n i t s ,  e.g., t h e   e l e v a t i o n   o f  a w a t e r   s u r f a c e   o r   t h e   v e l o c i t y  
o f   f l o w i n g   w a t e r .  A s t a f f   g r a d u a t e d   t o   i n d i c a t e   t h e   e l e v a t i o n   o f  a 
water   sur face .  

geomorphology -- The s t u d y   o f  the. form  and  development  of  landscape  fea- 
tu res .  

h a b i t a t  -- The p lace  where a p o p u l a t i o n   o f   a n i m a l s   l i v e s  and i t s  sur-  
r o u n d i n g s ,   b o t h   l i v i n g  and n o n l i v i n g ;   i n c l u d e s   t h e   p r o v i s i o n   o f   l i f e  
requi rements  such  as  food  and  shel ter .  

h igh-water  channel  -- A channel   that  i s  dry  most  of   the  ice-free  season, 
b u t   c o n t a i n s   f l o w i n g   w a t e r   d u r i n g   f l o o d s .  

h y d r a u l i c s  -- The s c i e n c e   d e a l i n g   w i t h   t h e   m e c h a n i c a l   p r o p e r t i e s   o f   f l u i d s  
and t h e i r   a p p l i c a t i o n   t o   e n g i n e e r i n g ;   r i v e r   h y d r a u l i c s   d e a l s   w i t h  
mechanics  o f   the  conveyance  o f   water   in  a na tu ra l   wa te rcou rse .  

h y d r a u l i c   d e p t h  -- The  average  depth  o f   water   in  a stream  channel .  I t  i s  
e q u a l   t o   t h e   c r o s s - s e c t i o n a l   a r e a   d i v i d e d   b y   t h e   s u r f a c e   w i d t h .  

hyd rau l i c   geomet ry  -- Those  measures  of   channel   conf igurat ion,   including 
depth,   width,   ve loc i ty ,   d ischarge,   s lope,   and  o thers.  

h y d r a u l i c   r a d i u s  -- The c ross -sec t i ona l   a rea   o f  a s t r e a m   o f   w a t e r   d i v i d e d  
by t h e   l e n g t h   o f   t h a t   p a r t   o f  i t s  p e r i p h e r y   i n   c o n t a c t   w i t h  i t s  con ta in -  
i n g   c h a n n e l ;   t h e   r a t i o   o f   a r e a   t o   w e t t e d   p e r i m e t e r .  

hydrograph -- A graph  showing,  for  a g i v e n   p o i n t  on a st ream,  the  d ischarge,  
s t a g e ,   v e l o c i t y ,   o r   a n o t h e r   p r o p e r t y   o f   w a t e r   w i t h   r e s p e c t   t o   t i m e .  

hyd ro logy  -- The s t u d y   o f   t h e   o r i g i n ,   d i s t r i b u t i o n ,  and p r o p e r t i e s   o f   w a t e r  
on o r   nea r   t he   su r face   o f   t he   ea r th .  

i c e - r i c h   m a t e r i a l  -- P e r m a f r o s t   m a t e r i a l   w i t h  a h i g h   w a t e r   c o n t e n t   i n   t h e  
f o r m   o f   i c e ,   o f t e n   t a k i n g   t h e   s h a p e   o f  a v e r t i c a l  wedge or a h o r i z o n t a l  
I ens. 

imperv ious -- A t e r m   a p p l i e d   t o  a mater ia l   th rough  wh ich   water   cannot   pass  
o r   t h r o u g h   w h i c h   w a t e r   p a s s e s   w i t h   g r e a t   d i f f i c u l t y .  

i n a c t i v e   f l o o d p l a i n  -- The p o r t i o n   o f  a f l o o d p l a i n   t h a t  i s  f l o o d e d   i n f r e -  
quent ly ;  i t  may contain  high-water  and  abandoned  channels  and i s  
u s u a l l y   l i g h t l y   t o   h e a v i l y   v e g e t a t e d .  

i s l a n d  -- A heavi ly   vegetated  sediment   deposi t   located  between  two  channels .  

l a r g e   r i v e r  -- A r i v e r   w i t h  a dra inage   a rea   g rea te r   t han  1,000 km2 and a 
mean annua l   f low  channe l   top   w id th   g rea ter   than 100 m. 

l a t e r a l   b a r  -- An u n v e g e t a t e d   o r   l i g h t l y   v e g e t a t e d   s e d i m e n t   d e p o s i t   l o c a t e d  
ad jacent  t o  a channel   that  i s  n o t   a s s o c i a t e d   w i t h  a meander. 
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Manning 's   equat ion  -- I n   c u r r e n t  usage, an e m p i r i c a l   f o r m u l a   f o r   t h e   c a l c u l a -  
t i o n   o f   d i s c h a r g e   i n  a channel .  The formula i s  u s u a l l y   w r i t t e n  

Q = - R  I .49 213 s1/2 A. 
n 

mean f l o w  -- The  average  discharge  at  a g i ven   s t ream  l oca t i on   compu ted   f o r  
t h e   p e r i o d   o f   r e c o r d   b y   d i v i d i n g   t h e   t o t a l  vo lume  of   f low  by  the number 
of days,  months, o r   y e a r s   i n   t h e   s p e c i f i e d   p e r i o d .  

mean w a t e r   v e l o c i t y  -- The a v e r a g e   v e l o c i t y   o f   w a t e r   i n  a stream  channel ,  
which i s  equal t o   t h e   d i s c h a r g e   i n   c u b i c   f e e t   p e r   s e c o n d   d i v i d e d  by 
t h e   c r o s s - s e c t i o n a l   a r e a   i n   s q u a r e   f e e t ,   f o r  a s p e c i f i c   p o i n t   l o c a t i o n ,  
i t  i s  t h e   v e l o c i t y  measured a t  0.6 o f   the   depth   o f   the   average  o f   the  
v e l o c i t i e s  as  measured a t  0.2 and 0.8 o f   the   depth .  

meander  wave leng th  

meandering r i v e r  -- 
The meandering 
s i o n  and  depos 
grave I deos i t s 
meanders. 

medium r i v e r  -- A s  than  1,000 km 

-- The average  downval ley  d istance  of   two  meanders.  

A r i v e r   w i n d i n g   b a c k  and f o r t h   w i t h i n   t h e   f l o o d p l a i n ,  
channel s h i f t s   d o w n v a l l e y   b y  a r e g u l a r   p a t t e r n   o f   e r o -  
t i o n .  Few i s l a n d s   a r e   f o u n d   i n   t h i s   t y p e   o f   r i v e r  and 
t y p i c a l l y   a r e   f o u n d  o n   t h e   p o i n t   b a r s   a t   t h e   i n s i d e s   o f  

v e r   w i t h  a d ra inage   a rea   g rea te r   t han  100 km2 bu t   l ess  
and a mean annua l   f low  channe l   top   w id th   g rea ter   than 

15 m but  leSS than 100 m. 

m i c r o h a b i t a t  -- Loca l i zed   and   more   spec ia l i zed   a reas   w i th in  a community o r  
h a b i t a t   t y p e ,   u t i l i z e d  by   o rgan isms  fo r   spec i f i c   purposes   o r   events ,   o r  
bo th .   Expresses   the   more   spec i f i c  and f u n c t i o n a l   a s p e c t s   o f   h a b i t a t  and 
c o v e r   t h a t   a l l o w s   t h e   e f f e c t i v e   u s e   o f   l a r g e r   a r e a s   ( a q u a t i c  and t e r -  
r e s t r i a l )   i n   m a x i m i z i n g   t h e   p r o d u c t i v e   c a p a c i t y   o f   t h e   h a b i t a t .   ( S e e  
c o v e r   t y p e s ,   h a b i t a t ) .  

mid-channel  bar -- An unvegetated or l i gh t l y   vege ta ted   sed imen t   depos i t  lo- 
cated  between two channels. 

parameter -- A v a r i a b l e   i n  a mathemat i ca l   f unc t i on   wh ich ,   f o r   each   o f   i t s  
p a r t i c u l a r   v a l u e s ,   d e f i n e s   o t h e r   v a r i a b l e s   i n   t h e   f u n c t i o n .  

permaf ros t  -- Perenn ia l l y   f rozen   g round .  

p i t   e x c a v a t i o n  -- A method  o f   remov ing   g rave l ,   f requent ly   f rom  be low  over -  
burden, i n  a manner t h a t   r e s u l t s   i n  a permanent ly   f looded  area.   Gravels  
a r e   u s u a l l y   e x t r a c t e d   u s i n g   d r a g l i n e s  or backhoes. 

po i  n 

poo I 

t bar -- An unvegetated  sediment   deposi t   located  ad. jacent   to   the  ins 
edge  of a channel i n  a meander  bend, 

i de 

I a- -- A body o f   w a t e r   o r   p o r t i o n   o f  a s t r e a m   t h a t   i s  deep  and q u i e t  r e  
t i v e   t o   t h e   m a i n   c u r r e n t .  
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poo l ,   p lunge -- A p o o l ,   b a s i n ,   o r   h o l e   s c o u r e d   o u t   b y   f a l l i n g   w a t e r   a t   t h e  
base o f  a w a t e r f a l l .  

p r o f i l e  -- I n  open  channel   hydraul ics,  i t  i s   t h e   w a t e r   o r   b e d   s u r f a c e   e l e -  
vat ion  graphed  aganis t   channel   d is tance.  

reach -- A c o m p a r a t i v e l y   s h o r t   l e n g t h   o f  a stream,  channel ,   or   shore.  

r e g i o n a l   a n a l y s i s  -- A h y d r o l o g i c   a n a l y s i s ,   t h e   p u r p o s e   o f   w h i c h  i s  t o   e s t i -  
mate   hydro log ic .   parameters   o f  a r i v e r  by  use  of   measured  values  of   the 
same p a r a m e t e r s   a t   o t h e r   r i v e r s   w i t h i n  a s e l e c t e d   r e g i o n .  

r i f f l e  -- A s h a l l o w   r a p i d s   i n  an  open  stream,  where  the  water  surface i s  
b r o k e n   i n t o  waves  by o b s t r u c t i o n s   w h o l l y   o r   p a r t l y  submerged. 

r i p a r i a n  -- P e r t a i n i n g   t o   a n y t h i n g   c o n n e c t e d   w i t h   o r   a d j a c e n t   t o   t h e   b a n k s  
of a s t ream  o r   o ther   body   o f   water .  

r i p a r i a n   v e g e t a t i o n  -- V e g e t a t i o n   b o r d e r i n g   f l o o d p l a i n s   a n d   o c c u r r i n g   w i t h i n  
f l o o d p l a i n s .  

r i p r a p  - Large  sediments  or   angular   rock  used as an a r t i f i c i a l  armor  layer. 

r i v e r   r e g i m e  -- A s t a t e   o f   e q u i l i b r i u m   a t t a i n e d   b y  a r i v e r   i n   r e s p o n s e   t o  
the  average  water  and  sediment  loads i t  rece ives .  

r u n  -- A s t r e t c h   o f   r e l a t i v e l y  deep f a s t   f l o w i n g   w a t e r ,  w 
e s s e n t i a l l y   n o n t u r b u l e n t .  

i t h   t h e   s u r f a c e  

scour -- The removal   o f   sediments  by  running  water ,   usual  
remova l   f rom  the   channe l   bed  o r   f loodp la in   sur face .  

l y  a s s o c i a t e d   w i t h  

scrape - A method  o f   remov ing   f loodp la in   g rave ls   f rom  sur face   depos i ts   us ing  
t r a c t o r s   o r   s c r a p e r s .  

sediment   d ischarge -- The v o l u m e t r i c   r a t e   o f   s e d i m e n t   t r a n s f e r   p a s t  a spe- 
c i f i c   r i v e r   c r o s s   s e c t i o n .  

s i n u o u s   r i v e r  -- S i n u o u s   c h a n n e l s   a r e   s i m i l a r   t o   m e a n d e r i n g   c h a n n e l s   w i t h  
a l ess   p ronounced  w ind ing   pa t te rn .  The channel may c o n t a i n   s m a l l e r  
p o i n t   b a r s  and  have  less   tendency   fo r   downva l ley   sh i f t ing .  The channels  
a r e  more s t a b l e   w i t h   r e s p e c t   t o   l a t e r a l   s h i f t i n g .  

s i n u o u s i t y  -- A measure o f   t h e  amount o f  w ind ing   o f  a r i v e r   w i t h i n  i t s  f l ood -  
p la in ;   expressed as a r a t i o   o f .   t h e   r i v e r   c h a n n e l   l e n g t h   t o   t h e   c o r r e s -  
pond ing   va l l ey   l eng th .  

s lope  -- The i n c l i n a t i o n   o r   g r a d i e n t   f r o m   t h e   h o r i z o n t a l   o f  a l i n e   o r   s u r -  
face. The   deg ree   o f   i nc l i na t i on  i s  usua l l y   exp ressed   as  a r a t i o ,   s u c h  
as 1:25, i n d i c a t i n g   o n e   u n i t   r i s e   i n  25 u n i t s   o f   h o r i z o n t a l   d i s t a n c e .  
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smal I r i v e r  - A r i v e r   w i t h  a d ra inage   a rea   l ess   t han  100 km2 and a mean 
annua l   f low  channe l   top   w id th   o f   less   than 15 m. 

s p l i t   r i v e r  -- A r i v e r   h a v i n g  numerous i s l a n d s   d i v i d i n g   t h e   f l o w   i n t o   t w o  
channels. The i s l a n d s  and   banks   a re   usua l l y   heav i l y   vege ta ted  and 
s t a b l e .  The channels   tend  to   be  narrower   and  deeper   and  the  f loodpla in  
narrower   than  for  a braided  system. 

s tage -- The e l e v a t i o n   o f  a water   sur face  above  or   be low an e s t a b l i s h e d  
datum  or   re ference.  

s t a n d i n g   c r o p  -- The  abundance o r   t o t a l   w e i g h t   o f   o r g a n i s m s   e x i s t i n g   i n  an 
a r e a   a t  a g i ven   t ime .  

s t r a i g h t   r i v e r  -- The tha lweg   o f  a s t r a i g h t   r i v e r   t y p i c a l l y   w i n d s  back  and 
fo r th   w i th in   t he   channe l .   Grave l   ba rs   f o rm  oppos i te   where   t he   t ha lweg  
approaches  the  s ide  o f   the  channel .   These  gravel   bars may not  be  ex- 
posed  dur ing low f l o w .   B a n k s   o f   s t r a i g h t   s y s t e m s   t y p i c a l l y   a r e   s t a b l e  
and   f l oodp la ins   a re   usua l l y   na r row.   These   r i ve r   sys tems   a re   cons ide red  
t o  be an u n u s u a l   c o n f i g u r a t i o n   i n   t r a n s i t i o n   t o  some o the r   con f i gu ra -  
t i o n .  

s u b a r c t i c  -- The b o r e a l   f o r e s t   r e g i o n .  

suspended  load -- The po r t i on   o f   s t ream  l oad   mov ing   i n   suspens ion   and  made 
up o f   p a r t i c l e s   h a v i n g   s u c h   d e n s i t y   o f   g r a i n   s i z e   a s   t o   p e r m i t  movement 
f a r  above  and f o r  a l o n g   d i s t a n c e   o u t   o f   c o n t a c t   w i t h   t h e   s t r e a m  bed. 
The par t i c les   a re   he ld   in   suspens ion   by   the   upward   components   o f   tu rbu-  
l e n t   c u r r e n t s   o r  by c o l l o i d a l   s u s p e n s i o n .  

t a l i k  -- A zone o f   u n f r o z e n   m a t e r i a l   w i t h i n  an area   o f   permaf ros t .  

t e r r a c e  -- An abandoned f loodp la in   fo rmed  as  a r e s u l t   o f   s t r e a m   d e g r a d a t i o n  
and t h a t  i s  e x p e c t e d   t o  be   i nunda ted   on l y   by   i n f requen t   f l ood   even ts .  

tha lweg -- The l i n e   f o l l o w i n g   t h e   l o w e s t   p a r t   o f  a va l ley ,   whether   under  
w a t e r   o r   n o t ;   a l s o   u s u a l l y   t h e   l i n e   f o l l o w i n g   t h e   d e e p e s t   p a r t   o r  
m i d d l e   o f   t h e  bed  or  channel  of a r i v e r   o r   s t r e a m .  

thermokarst  -- Landforms  tha t   appear   as   depress ions   in   the   g round  sur face  
o r   c a v i t i e s   b e n e a t h   t h e   g r o u n d   s u r f a c e   w h i c h   r e s u l t   f r o m   t h e  thaw o f  
i c e - r i c h   p e r m a f r o s t   m a t e r i a l .  

t o p   w i d t h  -- The w i d t h   o f   t h e   e f f e c t i v e   a r e a  of f l o w   a c r o s s  a s t ream chan- 
n e l .  

v e l o c i t y  -- The t i m e   r a t e   o f   m o t i o n ;   t h e   d i s t a n c e   t r a v e l e d   d i v i d e d   b y   t h e  
t i m e   r e q u i r e d   t o   t r a v e l   t h a t   d i s t a n c e .  

wash load -- I n  a s t r e a m   s y s t e m ,   t h e   r e l a t i v e l y   f i n e   m a t e r i a l   i n  near-perman- 
ent  suspension,  which i s  t r a n s p o r t e d   e n t i r e l y   t h r o u g h   t h e  system, 
w i thou t   depos i t i on .   Tha t   pa r t   p f   t he   sed imen t   l oad   o f  a s t ream  which i s  
composed o f   p a r t i c l e   s i z e s   s m a l l e r   t h a n   t h o s e   f o u n d   i n   a p p r e c i a b l e  
q u a n t i t i e s   i n   t h e   s h i f t i n g   p o r t i o n s   o f   t h e   s t r e a m  bed. 
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w a t e r   q u a l i t y  -- A term  used to   desc r ibe   t he   chemica l ,   phys i ca l ,  and biolog-  
i c a l   c h a r a c t e r i s t i c s   o f   w a t e r   i n   r e f e r e n c e   t o  i t s  s u i t a b i l i t y   f o r  a 
p a r t i c u l a r  use. 

we t ted   pe r ime te r  -- The length  o f   the  wet ted  contact   between  the  s t ream of  
f low ing   water  and i t s   con ta in ing   channe l ,   measured   i n  B p l a n e   a t   r i g h t  
a n g l e s   t o   t h e   d i r e c t i o n   o f  f low.  

w i l d l i f e  -- A l l  l i v i n g   t h i n g s   t h a t   a r e   n e i t h e r  human nor  domesticated;  most 
o f t e n   r e s t r i c t e d   t o   w i l d l i f e   s p e c i e s   o t h e r   t h a n   f i s h  and i n v e r t e b r a t e s .  
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