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ABSTRACT 

A major power p r o j e c t  i s  be ing considered f o r  t h e  S t i k i n e  R iver  which 

f lows through Northwestern B r i t i s h  Co'lumbia and crosses the  I n t e r n a t i o n a l  

border i n t o  t h e  Alaskan panhandle. This  study I s  concerned w i t h  seasonal 

and s p a t i a l  v a r i a b l l l t y  i n  sediment and water chemist ry  i n  t h e  S t l k l n e  

River  Basin. Seasonally, t h e  St ik ' ine R iver  e x h i b i t s  t h ree  d i s t i n c t  

annual peak f l o w  events caused by snow mel t  i n  June, g l a c i a l  me l t  i n  l a t e  

Ju ly ,  and autumn r a i n  storms i n  October. S p a t l a l l y ,  t he  geology I n  t h e  

upstream p o r t i o n  o f  t h e  bas in  I s  dominated by vo lcan ic  rock w h i l e  t h e  

g l a c i a t e d  downstream p o r t i o n  OF t h e  laasin i s  dominated by g ranod io r i t e .  

The study was conducted t o  determine whether seasonal d i f f e rences  i n  

r i v e r  discharge and s p a t i a l  d i f f e rences  i n  bedrock geology would 

i n f l uence  sediment and water chemistry.  

A suspended sediment budget was ca l cu la ted  f o r  t h e  1982 hyd ro log i ca l  year 

and the  r e s u l t s  showed t h a t  t he  major ' l ty  o f  t h e  sediments o r i g i n a t e d  f rom 

t h e  S t i k i n e  stem o f  t h e  r i v e r  above the  I s k u t  R lver  conf luence. 

Seasonal d i f f e rences  w i t h  r i v e r  f l o w  i n  t h e  sediment chemist ry  and c l a y  

mineralogy were remarkably smal l ,  but  t he  water chemist ry  data d i d  show 

the  expected decreases i n  major i o n  concentrat ions d u r i n g  the  g l a c i a l  

me l t  pe r iod  and increases t o  maximum values du r ing  t h e  groundwater 

dominated w i n t e r  Flow per iod.  S p a t i a l  d i f f e rences  I n  sediment chemlst ry  

were observed f a r  Ca, Ng, S i  and Fe, g i v i n g  some support t o  the  

hypothesis t h a t  sedilments o r i g i n a t i n g  from t h e  dominant ly Hg-Fe-SI r i c h  

vo lcan ic  rocks i n  t h e  upper bas in  a re  d i f f e r e n t  f rom those o r l g i n a t l n g  

from Ca, K, and Na r i c h  g r a n i t i c  and sedimentary rocks which dominate the  

lower bas in.  

I t  was concluded t h a t  t h e  reg iona l  d i f f e rences  i n  sediment chemistry 

throughout t h e  r i v ie r  bas in  were no t  s u f f i c i e n t l y  g rea t  t o  a l l o w  

p r e d i c t i o n s  on the  impact o f  impoiindments on water q u a l i t y  a t  the  

I n t e r n a t i o n a l  border.  
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R E S UlYE 

Un impor tant  p r o j e t  de developpement hydro-e lec t r ique e s t  a 1 'e tude pour 

l a  r i v l e r e  S t i k i n e ;  c e l l e - c l  coule a t r a v e r s  l e  Nord-Ouest de l a  

Colombie-Britannique e t  f r a n c h i t  l a  f r o n t i e r e  canado-ambricaine pour 

deboucher dans l a  p a r t i e  sud-est de 1 'Alaska. Le present  rappor t  e tud ie  

l a  v a r i a b i l i t e  s p a t i a l e  e t  sa lsonni&-e des sediments e t  des va r iab les  

chimiques dans l ' e a u  du bass in de l a  r l v l e r e  S t i k i n e .  Du- p o i n t  de vue 

sa isonnier ,  l a  r i v i k r e  S t i k l n e  montre t r o i s  crues d i s t i n c t e s  causees par  

l a  fon te  des neiges en j u i n ,  l a  f o n t e  des g l a c i e r s  a l a  f i n  de j u i l l e t ,  

e t  l e s  orages automnaux en octobre.  [lu p o i n t  de vue s p a t i a l ,  l a  geolog ie 

du haut du bass in  e s t  dominee par  l a  roche volcanlque, t and ls  que l e  bas 

du bassin, sous l ' l n f l u e n c e  des g l a c i e r s ,  e s t  domine par  l a  

g r a n o d i o r i t e .  Cet te  etude a v a i t  pour b u t  de determiner s i  l e s  

d i f f e rences  s a l s o n n l b e s  dans l e  f l o t  de l a  r l v l e r e  e t  l e s  d i f f e r e n c e s  

spa t ia les  de l a  geo log ie  pouvaient i n f l u e n c e r  l e s  sediments e t  l e s  

c a r a c t e r i s t i q u e s  chimlques de l ' e a u .  

Une etude q u a n t i t a t i v e  des entrees e t  s o r t i e s  des sediments en suspension 

a Ct6 menee pour l 'annee hydro log ique 1982; l e s  r e s u l t a t s  montrent que l a  

p lus  grande p a r t i e  des sediments p rovena l t  de l a  p o r t i o n  de l a  S t i k i n e  

s i t u e e  en amont de . la  j o n c t i o n  avec l a  r i v l e r e  I s k u t .  

Les d i f f e rences  sa isonnieres ( r e l i e e s  au f l o t )  dans l a  ch imie des 

sediments e t  l a  minera log le  de l ' a r g l i l e  e t a l e n t  remarquablement f a i b l e s ,  

m a i s  l e s  va r iab les  chlmlques de l ' e a u  on t  come prevu montre une 

d im inu t i on  des ions majeurs durant  l a  fon te  g l a c i a i r e  e t  une augmentation 

maximale durant  l ' h i v e r ,  quand l ' i n f l u e n c e  des eaux souter ra ines  

predomine. Des d i f f e rences  spatiale!; dans l a  ch lmie des sediments ont  

Cte observees pour l e  calc ium, l e  magnesium, l e  s l l i c i u m  e t  l e  f e r ,  ce 

qu i  ren force  l 'hypothese se lon laquel ' le  l e s  sediments o r i g i n a i r e s  du haut 

du bassin,  ou l e s  roches volcaniques sont r i ches  en magnesium, f e r  e t  

s l l i c i u m ,  sont d i f f e r e n t s  des sediments o r i g i n a i r e s  du bas du bas in,  dont 

l e s  roches g ran i t i ques  e t  sedimentaires sont r i ches  en calc ium, potassium 

e t  sodium. 



La conclusion genera le  e s t  que l e s  d i f f e r e n c e s  reg iona les  dans l a  chlmie  

de l ' e a u  e t  des sediments a t r a v e r s  l e  bassin  de l a  r i v i e r e  ne sont pas 

suffisamment importantes pour p r e d l r e  l l ' lmpact  de l a  re tenue des eaux sur 

l e u r  q u a l i t t i  a l a  f r o n t l e r e  canado-amerlcaine. 
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1. INTRODUCTION 

A major power p r o j e c t  i s  be ing consider  d f o r  t h e  S t i k i n e  R iver ,  

which f lows through Northwestern B r i t i s h  Columbia and crosses t h e  

i n t e r n a t i o n a l  boundary i n t o  the  Alaskan panhandle be fore  d ischarg ing  

i n t o  the  P a c i f i c  Ocean. In land  Waters and Lands o f  t he  Conservat ion 

and Pro tec t i on  Serv ice (Environment Canada), has a mandate t o  moni tor  

t he  q u a l i t y  o f  water c ross ing  the  I n t e r n a t i o n a l  boundary between 

Canada and the  U.S. 

The o v e r a l l  

development, 

those va r iab  

A t  t he  incep 
R iver  bas ln  

o b j e c t i v e  o f  t he  ,study was t o  descr ibe,  p r i o r  t o  

cu r ren t  base l ine  wat.er q u a l i t y  cond i t ions ,  emphasizing 

es which would p o t e n t i a l l y  be a f f e c t e d  by impoundments. 

i o n  o f  t h i s  p r o j e c t ,  water q u a l i t y  data f o r  t h e  S t i k i n e  

was l l m i t e d  t o  severa l  sampllngs a year a t  t h e  USGS 

gauging s t a t i o n ,  near # range l l ,  Alaska. Therefore,  t h i s  represents  

the  f i r s t  d e t a i l e d  study on the  chemistr-y of suspended sediments and 

water i n  the  S t i k i n e  R iver  bas in.  An a d d i t i o n a l  o b j e c t i v e  was t o  

p r e d i c t ,  where poss ib le ,  t h e  p o t e n t i a l  e f f e c t s  o f  impoundments on 

water q u a l i t y  a t  t he  Canada/U.S. boundary. 

The S t i k i n e  R iver  p r o j e c t  inc luded s tud ies  o f  l o t i c  b i o l o g i c a l  

communities, water and sediment chemistry.  ' This  r e p o r t  examines 

s p a t i a l  and temporal v a r i a b i l i t y  i n  the  chemistry o f  suspended 

sediments and water .  Other resu1t:s f rom the  S t i k i n e  R iver  study have 

been publ ished i n  a data r e p o r t  (Churchland and Schre ier ,  1984) and 

an i n t e r p r e t a t i v e  r e p o r t  (Churchland and Schre ier ,  1987). 

I n  order  t o  e s t a b l i s h  a base l ine  f o r  water q u a l i t y ,  i t  i s  necessary 

t o  understand t h e  r e l a t i o n s h i p  between r i v e r  discharge, suspended 

sediments, and water chemistry.  Concentrat ions o f  c e r t a i n  water 

q u a l i t y  va r iab les  I n c l u d i n g  t o t a l  phosphorus, t o t a l  metals such as 

i r o n ,  manganese, copper and zinc, ,  and n u t r i e n t s  such as p a r t i c u l a t e  

organic  carbon a re  i n t r i n s i c a l l y  t i e d  t o  the  q u a l i t y  and q u a n t i t y  of  

sediment. 



The s p e c i f i c  o b j e c t i v e  of t h e  p o r t i o n  o f  t h e  study presented i n  t h i s  

r e p o r t  was t o  i d e n t i f y  t h e  i n f l uence  o f  two major f a c t o r s  on the  
water and sediment chemist ry  I n  the  S t i k i n e  R iver  bas in.  We wished 

t o  determine whether t h e  th ree  peak f l o w  cond i t i ons  o f  snowmelt, 

g l a c i a l  me l t  and F a l l  f loods,  and the  geographic d i f f e rences  i n  

bedrock geology, produced any systemat ic d i f f e rences  i n  water and 

sediment chemistry.  If such systemat ic d i f f e rences  cou ld  be 

i d e n t i f i e d  t h e  r e s u l t s  cou ld  be used, w i th  i n fo rma t ion  on the  

l o c a t i o n  o f  dam s i t e s  and the  expected f l o w  reduct ions through t h e  

year, t o  p r e d i c t  t he  p o t e n t i a l  changes a t  t he  i n t e r n a t i o n a l  boundary 

which would r e s u l t  from impoundments. 

Water and sediment chemistry I n  streams a f f e c t e d  by g l a c i e r s  a re  

known t o  be sub jec t  t o  g rea t  temporal and seasonal v a r i a t i o n  ( S l a t t  
1972,  Zeman and Slaymaker 1975,  Stednick 1981,  Salomons and Forstmer 

1984). Ongley e t  a1 (1981) showed t h a t  f u r t h e r  work was needed t o  

determine the  r o l e  o f  suspended sediments i n  t h e  t r a n s p o r t  and 

accumulation o f  n u t r i e n t s  i n  streams. This  t r a n s p o r t  phenomenon may 

be o f  p a r t i c u l a r  i n t e r e s t  i n  streams such as the  S t i k i n e  where 

t u r b i d i t y  and suspended sediment t ranspor t  i s  h igh  throughout the  

i c e - f r e e  per iod.  

2. DESCRIPTION OF THE STUDY AREA 

The S t i k i n e  R iver  o r i g i n a t e s  i n  t h e  C o r d i l l e r a n  reg ion  o f  no r th  

c e n t r a l  B r i t i s h  Columbia and discharges i n t o  t h e  P a c i f i c  Ocean near 

Wrangell, Alaska (F igure  1) .  The S t i k i n e  R iver  has a drainage area 

o f  50,000 km and inc ludes t h e  I s k u t  River ,  a major t r i b u t a r y  t o  

t h e  S t i k i n e .  S i t e s  i n  t h e  steep wa l led  canyons o f  bo th  the  I s k u t  and 

S t i k i n e  Basin a r e  being considered as p o t e n t i a l  l o c a t i o n s  f o r  

h y d r o e l e c t r i c  power development. Throughout the  middle and lower 

p o r t i o n s  o f  t he  bas in  numerous g l lac iers  occur w i t h i n  a few hundred 

meters o f  t he  main stream channel (F igu re  1) .  The S t i k i n e  R iver  i s  

nav igable f r o m  below the  canyon t o  the  mouth b u t  access i s  d i f f i c u l t  

and l i m i t e d  t o  smal l  boats. 

2 
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m, The r i v e r  d ra ins  Inaccess ib le  and rugged topography and c a r r i e s  a 

heavy sediment load throughout t h e  pe r iod  f rom break-up t o  

freeze-up. The r i v e r  t y p i c a l l y  e x h i b i t s  t h ree  annual peak f l o w  

per iods produced by th ree  d1s t inc : t l y  d i f f e r e n t  r u n o f f  events which 

dominate t h e  stream f low throughout the  bas in.  T h i s  i s  most 

g r a p h i c a l l y  i l l u s t r a t e d  i n  the  198#2 data o f  F igure  2 - 3 .  The f i r s t  

d ischarge peak occurs du r ing  the  sp r ing  snowmelt per iod .  A s l i g h t l y  

l ess  d i s t i n c t  peak f l o w  event occurs I n  midsummer and can be 

a t t r i b u t e d  t o  the  mel t  o f  t he  g l a c i a l  i ce .  I n  l a t e  f a l l  

(September-October) another peak f low event occurs as a r e s u l t  o f  

extens ive P a c i f i c  storms which produce heavy orographic r a i n f a l l  i n  

t he  coas ta l  reg ion.  These f a l l  ra instorms u s u a l l y  c rea te  maximum 

d a i l y  mean d ischarge values f o r  t he  year i n  the  lower s t a t i o n s  o f  t h e  
drainage basin,  bu t  t h i s  e f f e c t  cllminishes w i t h  i nc reas ing  d is tance 

from the  coas ta l  zone. A t  t he  irppermost s t a t i o n  I n  t h e  bas in  t h e  

f a l l  peak, a l though o f t e n  s t i l l  SiJbStantlal, i s  normal ly  exceeded by 

t h e  sp r ing  snowmelt peak and the  g l a c i a l  peak upstream i s  much less  

pronounced (F igures 2 - 3 ) .  

Since the stream f l o w  regime of t he  S t i k i n e  R iver  i s  sub jec t  t o  

seasonal d ischarge events i t  i s  pos tu la ted  t h a t  these events w i l l  

i n f l uence  t h e  amount and type o f  sediment t h a t  i s  t ranspor ted.  

Sediment provenance du r ing  snow mel t  and f a l l  storms i s  presumed t o  

be a combinat ion o f  bank and channel sources p lus  weather ing products 

con t r i bu ted  by i n t e r f l o w  and sur face r u n o f f .  The p r o p o r t i o n  o f  bank 

t o  overbank sources w i l l  be determined by t h e  ex ten t  o f  f rozen 

ground. Dur ing g l a c i a l  me l t  t he  sediments should c o n s i s t  maln ly  o f  

g l a c i a l  f l o u r  r i c h  i n  pr imary minera ls  and 2 : l  t ype  c l a y  minera ls .  

I n  a d d i t i o n  the re  a re  major d i f f e rences  i n  bedrock and s u r f i c l a l  

geology between t h e  headwaters anld the  lower p o r t i o n s  o f  t h e  basin.  

The headwaters po r t i ons  a re  dominated by py roc las t i c '  vo lcan ic  $ rocks  

which cover up t o  5000 km2 o f  b a s a l t i c  in t ra-canyon spread and 
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sheet-  f l o w s  (Souther 1972) known as M t .  Edziza, Spectrum Range, 

Hazel ton Mountain, and S t i k l n e  R iver  lava  f lows (F igu re  1) .  

I n  con t ras t ,  t h e  lower p o r t i o n s  of t he  bas in  a re  dominated by 

g r a n o d i o r i t e  w i t h  minor i n t r u s i o i w  o f  sedimentary and metamorphic 

rocks (Ker r  1948). According t o  cu r ren t  knowledge o f  weathering, one 

would expect a more r a p i d  d i s i n t e g r a t i o n  and Weathering o f  t h e  dark 

co loured m i n e r a l s - i n  the  vo lcan ic  rock producing a sediment r i c h  i n  

secondary c l a y  minera ls ,  w h i l e  the  sediments f rom t h e  g r a n o d i o r i t i c  

rocks should be dominated by pr imary minera ls  (Paton 1978, B i rke land 

1983). I n  a d d i t i o n  the  sediments, produced from t h e  vo lcan ic  rocks 

should be dominated by Mg-Fe s i l i c a t e s ,  w h i l e  those from the  

g r a n o d i o r i t e  should be h igher  i n  Cal, Na and K s i l i c a t e s .  

3. METHODS 

3.1 Sampling S ta t i ons  

Seven sampling s t a t i o n s  were se lected f o r  t h i s  p r o j e c t .  S i t e s  were 

chosen t o  represent  cond i t i ons  i n  t h e  border reach and near p o t e n t i a l  

dam s i t e s ,  and were d i c t a t e d  i n  p a r t  by a c c e s s i b i l i t y  t o  t h i s  h i g h l y  

remote area. They were th ree  upstream s t a t i o n s  (1-3) w i th  road 

access, one middle stream s t a t l o n  (4 )  access ib le  on l y  by h e l i c o p t e r ,  

and th ree  downstream (5-7)  s t a t i o n s  access ib le  by boat.  (F igure  1 ) .  

S i t e s  were chosen when poss ib le  t o  correspond t o  water gauging 

s t a t i o n s  operated by t h e  Water Resources Branch, loca ted  a t  s t a t i o n s  

1 (08CB001), 4 (08CG004). 5 (08CG001) and 7 (USGS s t a t i o n  #15024800). 

3.2 Sampling Frequency 

The sampling design was such t h a t  t he  temporal v a r i a b i l i t y  i n  

sediment and water q u a l i t y  could be examined. Because 'of  t h e  l a r g e  

s i z e  and, i n a c c e s s i b i l i t y  o f  t h e  basin,  t h e  genera l l y  poor c l i m a t i c  

cond i t ions ,  and the  cos t  o f  operatl ing i n  such a remote area, sampling 

f o r  water and sediment chemistry was r e s t r i c t e d  t o  f o u r  t r i p s  per 

hyd ro log i ca l  year between June 1981 and February 1983 (F igures 2-3).  
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Sampling t imes based on past  dlscharge records were se lected t o '  

co inc ide  w i t h  the  t h r e e  peak f l o w  per iods and w i n t e r  low f low.  Each 

sampling t r i p  was o f  approximately 6 days du ra t i on .  D a i l y  d ischarge 

and suspended sediment data a re  a v a i l a b l e  through t h e  p u b l i c a t i o n s  o f  

the  In land  Waters D i r e c t o r a t e  (,1982-84) and the  U.S. Geologica l  

Survey (1983-84). 

3.3 Water Chemistry 

A t  t he  upstream s t a t i o n s  (1-3) and t h e  mid-stream s t a t i o n  (4)  t h ree  

samples were c o l l e c t e d  du r ing  each f i e l d  t r i p ,  us ing  a b o t t l e  

supported by a metal  frame. The b o t t l e  was submerged and f i l l e d  as 

the  frame was drawn up through the  water column. A t  t h e  more 

access ib le  downstream s t a t i o n s  (5 -7 )  t h r e e  samples were c o l l e c t e d  

w i t h  a p e r i s t a l t i c  pump from th ree  p o i n t s  across t h e  r i v e r .  Winter  
samples were c o l l e c t e d  from S ta t l ons  5, 6 and 7 us ing  a c losed 

sampling b o t t l e  w i t h i n  a metal  frame which was lowered through th ree  

sampling holes c u t  through t h e  I c e .  Once the  b o t t l e  was submerged t o  

between 2-4 meters i n  depth, t h e  stopper was released and an 

i n teg ra ted  sample was c o l l e c t e d .  Water samples were c o l l e c t e d  i n  

var ious b o t t l e s  which had been approp r ia te l y  t r e a t e d  f o r  subsequent 

chemical ana lys is .  A l l  water samples were analyzed f o r  n u t r i e n t s ,  

major ions  and t o t a l  meta ls  us ing  standard methods descr ibed by the  

In land  Waters D i r e c t o r a t e  (1979). 

3.4 Suspended Sediment Chemistry 

A t  each o f  t he  7 sampling s i t e s  water , f rom 3 l o c a t i o n s  was 

composited. S i x  t o  twelve l i t e r s  were f i l t e r e d  through a 142 mm 
0.45 1 f i l t e r  ( S S )  f o r  chemical ana lys i s  o f  suspended sediments. 

To ta l  elemental ana lys i s  was c a r r i e d  out  on t h e  < 63 1 sediment 

s i z e  f r a c t i o n ,  us ing  an aqua r e g i a  (HN03 and HCL) and h y d r o f l u o r i c  

a c i d  d i g e s t i o n  method. (Bennett  197'7, P r i c e  and Whiteside 1977). The 

d i g e s t i o n  was c a r r i e d  out  i n  a te f l lon  bomb over a 45-minute pe r iod  a t  

110°C. Ten m l  o f  5% b o r i c  a c i d  was added t o  the  d iges t ,  reheated t o  

100" f o r  30 minutes and d i l u t e d  f o r  ana lys i s  w i t h  an i n d u c t i v e l y  
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coupTed plasma spectrophotometer ( ICAP)  . I n  a d d i t i o n  x-ray 

d i f f r a c t i o n  ana lys i s  was c a r r i e d  ou t  on t h e  c l a y  f r a c t i o n  (<4 pm) 

us ing  the  Mg and K s a t u r a t i o n  method descr ibed by K i t t r i c k  and Hope 

(1963). The samples were them analyzed w i th  a P h i l l i p s  PW 

d i f f rac tomete r .  

3.5 SusDended Sediment Regime 

Published d a i l y  data a re  a v a i l a b l e  f o r  t o t a l  suspended sedlment 

concent ra t ion  and sediment load z i t  s t a t i o n s  1, 4, 5 ( I n l a n d  .Waters 

D i rec to ra te ,  1984), and 7 (U.S. Geologica l  Survey, 1983-84). The 

methods used f o r  sample c o l l e c t i o n s  and load ing  c a l c u l a t i o n s  a re  

descr ibed i n  these publ icat ion ls .  D a i l y  samples were u s u a l l y  

c o l l e c t e d  w i th  a depth i n teg ra ted  sampler through a s i n g l e  v e r t i c a l  

sec t ion ,  w i th  p e r i o d i c  c o l l e c t i o n  o f  severa l  depth i n teg ra ted  samples 
across each r l v e r  sec t lon .  The d a l l y  suspended sedlment loads were 

ca l cu la ted  i n  these p u b l i c a t i o n s  by m u l t i p l y i n g  t h e  d a i l y  mean 

sedlment concent ra t ion  by the  d a i l y  mean discharge, and app ly ing  t h e  

appropr ia te  conversion f a c t o r .  For purposes o f  d i r e c t  comparison 

w i t h  Canadian values, U.S.G.S. l oad ing  data was converted t o  m e t r i c  

tonnes. 

A n a l y t i c a l  methods f o r  t o t a l  suspended sediment concent ra t ion  and 

p a r t i c l e  s i z e  a r e  as descr ibed i n  In land  Waters D i r e c t o r a t e  

p u b l i c a t i o n s  (1983-84). To ta l  suspended sediment concent ra t ion  was 

determined by e i t h e r  evaporat ion o r  f i l t r a t i o n ,  and p a r t i c l e  s i z e  was 

determined us ing  t h e  bottom wlt 'hdrawal technique. Unpublished as 

w e l l  as publ ished data on p a r t i c l e  s i z e  was used t o  d e r i v e  Table 1. 

4. RESULTS AND DISCUSSION 

4.1 Sedlment/Discharqe Re la t ionsh ips  Over Time 

Many s tud ies  have shown t h a t  t he re  i s  a r e l a t i o n s h i p  between 

discharge and sediment concentrat ions.  However, as shown by Hem 

(1970). Glover and Johnson (1974) ,, and W h i t f i e l d  and Schre ier  (1981). 



a l l  such r e l a t i o n s h i p s  a re  t ime dependent and s i t e  s p e c i f i c .  A 

s imple discharge/sedlment r e l a t i o n s h i p  ca l cu la ted  f o r  sampling 

s t a t i o n  #7 nearest  t he  mouth o f  t he  r i v e r  showed a s i g n i f i c a n t  

o v e r a l l  r e l a t i o n s h i p  ( r  = +0.56, p = <0.05).  However, t ime r e l a t e d  

hys te res i s  I s  ev ident  (F igure  4). The h ighes t  suspended sediment 

l e v e l s  precede t h e  snow me l t  peak. Elevated suspended sediment 

l e v e l s  a l s o  accompany t h e  snow mel t ,  t he  f a l l  ra instorms,  and t h e  

g l a c i a l  i c e  me l t  peak, a l though the  l a t t e r  i s  much less  pronounced. 

F igure  4 suggests t h a t  t h e  d i f f e r e n t  peak f l o w  per iods a re  o f  g rea t  

importance when cons ider ing  t h e  sediment t r a n s p o r t  i n  t h e  S t i k i n e  

River .  

Publ ished data on d a i l y  suspended sediment loads f o r  s t a t i o n s  

1, 4, 5, and 7 f o r  most o f  t he  1982 i c e  f r e e  f l o w  pe r iod  ( I n l a n d  

Waters D i r e c t o r a t e  1984, U.S. Geological  Survey 1983) were used t o  

est imate a t o t a l  1982 sediment budget f o r  t h e  th ree  annual peak f l o w  

per iods.  We assumed t h a t  l l t i t l e  ne t  sediment depos i t i on  and 

resuspension occurs between stat ia lns and what i s  measured a t  s t a t i o n  

#7 i s  t he  t o t a l  y e a r l y  suspended sediment f l u x  w i t h i n  the  basin.  

This i s  c l e a r l y  an ove rs imp l i f l i ca t i on  cons ider ing  t h a t  a l a r g e  

sec t i on  o f  t he  lower I s k u t  R iver  , is  extremely bra ided f e a t u r i n g  many 

depos i t i ona l  land  forms. 

The r e l a t i v e  sediment d i s t r i b u t i o n  w i t h i n  t h e  bas in  can be determined 

by d i v i d i n g  t h e  sediment data i n t o  th ree  general  peak f l o w  per iods:  

snow me l t  (May 28 - June 30), g l a c i a l  me l t  ( J u l y  1 - August 31). and 

f a l l  storms (September 1 - October 12, 1982). Overa l l  t he  snowmelt 

pe r iod  produced 45% o f  t h e  t o t a l  suspended sediment load w h i l e  

g l a c i a l  me l t  amounted t o  36% and the  f a l l  storms t o  19%. The S t i k i n e  

River  Channel produced the  l a r g e s t  amount o f  sed ment a t  a l l  t imes o f  

the  year, bu t  t h e  r e l a t i v e  c o n t r l b u t i o n  o f  t h e  I s k u t  R iver  changed 

over t ime (F igu re  5 ) .  I n  Ju ly  and October when the  sediment 

c o n t r i b u t i o n  f rom t h e  Upper S t i k i n e  channel i s  smal l  (4-5%), t h e  

I s k u t  produces 38-403 o f  the t o t a l  suspended sediment load a t  
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s t a t i o n  7. I n  a d d i t i o n ,  a s i g n i f i c a n t  p o r t i o n  of t h e  October 

sediment c o n t r i b u t i o n  (13%) or ig l tnates between s t a t i o n s  4 and 5. 

This i s  a sec t i on  o f  t h e  r i v e r  whlich i s  ex tens i ve l y  bra ided and ac ts  

as a sediment t r a p  du r ing  t h e  June-September per iod .  The coas ta l  

storms i n  October, which have t h e  g rea tes t  impact on t h e  lower 

p o r t i o n  o f  t h e  r i v e r  basin,  appear t o  re lease p o r t i o n s  of  t h e  

deposi ted sediments du r ing  t h a t  per iod .  The resuspension o f  these 

upstream sediments cou ld  mask any geochemical d i f f e rences  between 

sediments o r i g i n a t i n g  i n  the  upper and lower p o r t i o n s  o f  t h e  r i v e r .  

I f  we assume t h a t  t h e  1982 discharge record I s  rep resen ta t i ve  o f  t he  

average annual f l o w  c o n d i t i o n  and I f  we ignore  bedload t ranspor t ,  t h e  

S t i k i n e  Channel suppl ies t h e  greatelst amount o f  sediment a t  a l l  t imes 

bu t  i t s  r e l a t i v e  c o n t r i b u t i o n  d imin ishes between June and October. 

Sediment p a r t i c l e  s i z e  data f o r  s t ta t ions  5 and 6 (Table 1)  show t h a t  

t he  c l a y  content  i n  t h e  suspended1 sediments I s  g rea te r  d u r i n g '  t he  

October peak f l o w  than du r ing  the  June peak f low,  w i th  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e rences  between June and J u l y  a t  S t a t i o n  5, June and 

October a t  bo th  s ta t i ons .  

4.2 Seasonal D i f fe rences  i n  Clay Size M i n e r a l o w  

Samples c o l l e c t e d  du r ing  peak f l o w  events between June 1981 and 

October 1982 were analyzed f o r  c l a y  minera ls .  Table 2 shows t h a t  

t he re  i s  v i r t u a l l y  no d i f f e r e n c e  I n  c l a y  minera ls  between the  

d i f f e r e n t  hyd ro log i ca l  events i n  1981-82. The l i m i t e d  r e s u l t s  f rom 

two years '  f i e l d  work do no t  support t he  hypothesis t h a t  t h e  th ree  

annual peak f l o w  events, which induce predominant ly stream bank 

eros ion  du r ing  I c e  break up, rock f l o u r  du r ing  g l a c i a l  i c e  mel t ,  and 

sur face eros ion  and sediment resuspension du r ing  autumn storms, can 

be separated on t h e  bas is  o f  d i f f e rences  i n  c l a y  mineralogy. The 

most l i k e l y  d i f f e rences  were expected f o r  t h e  g l a c i a l  me l t  pe r iod  bu t  

i t  appears t h a t  sediments f rom o ther  sources may confound t h e  

p i c t u r e .  R a i n f a l l  events i n  Ju l y  might be responsib le  f o r  d i l u t i n g  
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t he  g l a c i a l  e f f e c t .  A se t  o f  sediment samples obtained d u r i n g  an 

August 1980 reconnaissance t r i p  d i d  indeed show t h e  expected 
dominance o f  pr imary minera ls  over secondary minera ls  I n  t h e  

sediments (Table 2) .  Th is  suggests t h a t  a b e t t e r  m ine ra log i ca l  

separat ion might  be poss ib le  n o t  a t  t he  peak f l o w  i n  J u l y  bu t  a t  a 

lower f l o w  i n  August when t h e  g1,acial c o n t r i b u t i o n  t o  the  sediment 

f l u x  i s  p r o p o r t i o n a l l y  h ighes t .  

4.3 Seasonal D i f fe rences  i n  Sediment Chemistry 

Using the  s i x  sets  o f  suspended sediment samples c o l l e c t e d  through 

two hyd ro log i ca l  cyc les,  t o t a l  ana lys i s  f o r  14 elements was performed 

on the  < 63 1 f r a c t i o n .  Differeinces I n  chemical composi t ion were 

again remarkably smal l  (Table 3 ) .  A Wilcoxon s i g n i f i c a n c e  t e s t  

(Table 4) shows t h a t  values f o r  S i  and Fe decreased c o n s i s t e n t l y  f rom 
the  June t o  the  J u l y  peak f l o w  per iod.  This  suggests t h a t  t h e  

g l a c i a l  sediments a r e  l e s s  r l c h  i n  these t w o  components. Add i t i ona l  

d i f f e rences  were a l s o  observed folr Mn and P which reached h ighes t  

annual values and T i  which reached lowest annual values I n  October. 

The observat ions f o r  t he  l a t t e r  t h ree  parameters a re  somewhat 

t e n t a t i v e  s ince  data were a v a i l a b l e  f o r  on l y  one complete 

hyd ro log i ca l  cyc le .  The most impor tant  observat ion i s  t h a t  t he re  a re  

few seasonal t rends i n  t h e  chemical composi t ion o f  t h e  sediments, f o r  

t h e  14 chemical elements which were tes ted .  

4.4 Seasonal D i f fe rences  i n  Water Chemistry 

Selected water q u a l i t y  va r iab les  were a l s o  examined a t  t h e  peak f l o w  

per iods and i n  t h e  w i n t e r  f o r  two hyd ro log i ca l  cyc les.  For the 

purpose o f  t h i s  repo r t ,  f i f t e e n  chemical parameters measured i n  th ree  

samples f rom each s t a t i o n  were considered. The complete water 

q u a l i t y  data se t  i s  a v a i l a b l e  I n  a data r e p o r t  (Churchland and 

Schre ier  1984). 

As shown i n  Table 5, S i ,  Na, and NO3 concentrat ions decreased 

c o n s i s t e n t l y  between June and Ju ly ,  bu t  regained and surpassed June 
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l e v e l s  I n  October and I n  February. This t rend  was cons is ten t  a t  a l l  

s t a t l o n s  and du r lng  bo th  1981 and 1982 hyd ro log l ca l  cyc les .  Ch lor ide  

and t o t a l  inorgan ic  carbon ( T I C )  showed the  same p a t t e r n  and Ca, Mg, 

C1 and s u l f a t e  (SO4) concentrat ions were c o n s i s t e n t l y  h igher  a t  a l l  

s t a t l o n s  i n  October and February t:han I n  June and Ju ly .  I r o n  and t o  

a l esse r  ex ten t  P and Mn values were u s u a l l y  a t  a maxlmum dur lng  t h e  

J u l y  peak f l o w  and decreased throughout the  r e s t  o f  t h e  hyd ro log l ca l  

cyc le .  These observat lons suggest t h a t ,  as shown I n  o ther  g l a c l a l  

s tud les  (Rainwater and Guy 1961, Zeman and Slaymaker 1975, C o l l l n s  

1979), t he  g l a c i a l  me l t  pe r lod  I n  J u l y  e x h l b l t s  lower s o l u t e  

concentrat lons than o ther  major d ischarge per iods.  

4.5 S p a t l a l  D i f fe rences  I n  Dlscharge/Sedlment R e l a t l o n s h i m  

Re fe r r l ng  t o  F igure  5, I t  I s  ev ident  t h a t  l n  June a s l g n l f l c a n t  
p r o p o r t l o n  (50%) o f  t he  t o t a l  suspended sedlment load ( a t  S t a t l o n  7 )  

o r l g l n a t e s  f rom areas around the  headwater s t a t i o n s  1-4. Thls  

c o n t r l b u t l o n  decreases from 50% t o  38% i n  J u l y  and t o  31% i n  October. 

Furthermore the  r e l a t i v e  c o n t r l b u t l o n  f rom the  upper S t l k i n e  

d lmln lshes from 27% t o  5% I n  Ju l y  and 4% I n  October. Sedlment 

c o n t r l b u t l o n s  between s t a t i o n s  1 and 6 (50 t o  57%) and upstream o f  

s t a t l o n  4 (23 t o  33%) a r e  f a i r l y  constant  f o r - a l l  t h ree  f l o w  

per iods.  As p rev ious l y  mentioned, i n  June and J u l y  l i t t l e  a d d i t i o n a l  

sediment appears t o  o r l g l n a t e  between s t a t i o n s  4 and 5 (1-5%) bu t  i n  

October 13% o f  t h e  t o t a l  suspended load o r l g l n a t e s  f rom the  lower 

I -skut dralnage area. 

Because of heavy r a i n f a l l s  i n  the  lower bas in  p a r t i c l e  s l z e  data were 

compared between s t a t i o n s  1, 5, and 6 (Table 1) .  Percent sand 

content  was h lgher  i n  t h e  suspended sedlments a t  t he  upstream than 

downstream s t a t l o n s  f o r  t he  June f reshe t  per lod.  Dur lng t h e  r e s t  o f  

t he  year suspended sedlment concentrat lons a t  S t a t l o n  1 were too  low 

t o  a l l o w  f o r  p a r t i c l e  s l z e  analys'ls. Changes I n  maln stream v e l o c l t y  

and r i v e r  morphology, and d i f f e rences  I n  g l a c l a l  t r l b u t a r y  

c o n t r l b u t l o n  downstream could account f o r  d i f f e r e n c e s  i n  p a r t i c l e  
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size.' I n  a d d i t i o n  t o  changes downstream, It was a l s o  found t h a t  t he  

c l a y  s i z e  f r a c t i o n  i n  the  lower I s k u t  R iver  was h igher  than i n  the  

S t i k i n e  du r ing  the  Ju l y  peak f l o w  per iod .  This  suggests t h a t  t he  

i n f l u e n c e  o f  volcan c m a t e r i a l  i n  producing c l a y  minera ls  i s  g rea ter  

i n  t h e  I s k u t  R iver .  

4.6 Spa t ia l  D i f fe rences  I n  Clay Mineral= 

As can be seen f rom Table 2, very few s p a t i a l  d i f f e rences  were 

observed I n  the  c l a y  mineralogy as t h e  same types o f  c l a y  minera ls  i n  

t h e  same r e l a t i v e  order  o f  magn'itude were found a t  a l l  s t a t i o n s  

w i t h i n  the  basin.  

4.7 Spa t ia l  D i f fe rences  I n  Sediment Chemistry 

Based on t o t a l  ana lys i s  o f  14 elements, s p a t i a l  d i f f e rences  i n  

sediment Chemistry were assessed between s ta t i ons .  Only Ca and Mg 

were found t o  be good d l f f e r e n t l a t l n g  parameters between l o c a t i o n s  i n  

the  r i v e r  bas in  w i t h  v i r t u a l l y  no d i f f e rences  between the  th ree  

downstream s t a t i o n s .  Ca/Mg can be used t o  d i f f e r e n t i a t e  between the  

vo lcan ic  and g r a n i t i c  bedrocks, t he  former genera l l y  be ing 

s i g n i f i c a n t l y  lower i n  Ca than t h e  l a t t e r .  S t a t i o n  3 has a sediment 

chemistry which i s  s l i g h t l y  d i f f e r e n t  f rom t h e  o ther  upsteam s t a t i o n s  

( 1  and 2) suggest ing t h a t  t he  sediment chemist ry  becomes more un i fo rm 

downstream. 

To e labora te  on s p a t i a l  d i f f e rences  the  upstream s t a t i o n s  1 and 2 and 

the  downstream s t a t i o n s  5 and [i were compared i n  Table 6 and 

downstream t rends  were a l s o  elxamined. Small bu t  cons i s ten t  

d i f f e rences  were observed i n  Fe, Mn, and P values between s t a t i o n s  1 

and 2, and i n  Ca and Mg value!; between s t a t i o n s  5 and 6. I n  

add i t i on ,  some cons is ten t  t rends were a l s o  observed I n  the  downstream 

d i r e c t i o n .  I n  bo th  the  S t i k i n e  and I s k u t  Channel, S i ,  N i  and C r  

decreased downstream w h l l e  Ca, Mg, and t o  a l esse r  degree, Na, and Ba 

Increased downstream. I n  add i t i on ,  bo th  channels showed a 

s i g n i f i c a n t  increase i n  the  Ca/Mg sediment r a t i o  and a decrease i n  
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t h e  Fe/Ca r a t i o  downstream. l h i s  conf i rms t h a t  t h e  r e l a t i v e  

p ropor t i on  o f  Mg, Fe, and S i ,  t he  dominant components o f  t h e  vo lcan ic  

rocks, i s  h igher  upstream then downstream. I n  con t ras t ,  Ca, Na, and 

Ba values more commonly associated w i th  g r a n o d i o r i t e  and s e l e c t i v e  

sedimentary rocks i n f l u e n c e  the  sediment chemist ry  downstream. 

4.8 Spa t ia l  D i f fe rences  i n  Water Chemistry 

Since th ree  samples were a v a i l a b l e  f o r  a l l  s t a t i o n s  and dates, t he  

chemical d i f f e rences  between s t a t i o n s  were examined separa te ly  f o r  

each o f  the  s i x  sampling dates (Table 7 ) .  As i n  t h e  case o f  t he  

sediments, upstream-downstream d i f f e rences  w i t h i n  each r i v e r  were 

grea ter  than upstream-downstream o r  downstream-downstream d i f f e rences  

between r i v e r s .  D i f fe rences  amalng upstream s t a t i o n s  were more 

pronounced than among downstream s ta t i ons .  The I s k u t  R iver  I n  bo th  
t h e  upstream and downstream stat ic ins were found t o  have c o n s i s t e n t l y  

h igher  Na, Ca, and SO4 values than the  S t l k i n e  R iver .  Magnesium 

showed a s i m i l a r  t rend  except t h a t  t he  downstream d i f f e rences  were 

very smal l .  The S i  data showed a more complex p a t t e r n  i n  t h a t  t he  

S t i k i n e  headwaters were lower than i n  t h e  I s k u t  b u t  downstream the  

opposi te  was the  case. 

Downstream t rends showed a cons is ten t  increase f o r  Fe, Mn, P, K, and 

C l  i n  bo th  channels (Table V I I ) .  The downstream decrease i n  the  Mg 

content  was ev ident  i n  bo th  channels w h i l e  a s i m i l a r  downstream 

decrease I n  S i  and SO4 was on’ly ev ident  i n  t h e  I s k u t  Channel. 

These r e s u l t s  suggest t h a t  t he  s o l u t e  and major i o n  concent ra t ion  

increases downstream w i th  t h e  except ion o f  Mg and S i  which a re  

in f luenced by vo lcan ic  rock condit5ons i n  t h e  headwaters. 

~4 
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5. CONCLUSIONS 

The S t i k i n e  R iver  t ranspor t s  l a r g e  q u a n t i t i e s  of sediments throughout 

the  e n t i r e  i c e  f r e e  pe r iod  and an understanding o f  t he  sediment 

d i s t r i b u t i o n ,  sediment q u a l i t y  and water chemist ry  i s  e s s e n t i a l  p r i o r  

t o  any hydropower developments. Based on t h e  above f i n d i n g s  the  

f o l l o w i n g  conclusions a re  made. 

5.1 Sediment D i s t r i b u t i o n  

The S t i k i n e  R iver  e x h i b i t s  t h ree  d i s t i n c t  annual peak f l o w  

cond i t ions :  snowmelt I n  June, g l a c i a l  i c e  me l t  i n  l a t e  Ju ly ,  and 

l a t e  autumn storms i n  October. Thle h ighes t  t o t a l  suspended sediment 

concentrat ions i n  1982 were associated w i t h  t h e  pre-snowmelt per iod .  

The f a l l  ra instorms produce t h e  second h ighes t  suspended sediment 
values, fo l lowed by snowmelt and g ' lac la l  i c e  mel t .  A s imple sediment 

budget f o r  1982 showed t h a t  45% o f  t he  annual suspended load near t h e  

mouth occurred du r ing  the snowmelt per iod ,  36% dur ing  g l a c i a l  i c e  

mel t ,  and 19% dur ing  t h e  autumn storms. 

The m a j o r i t y  of t h e  sediments o r i g i n a t e d  from t h e  S t i k i n e  R iver  

channel, bu t  t h e  r e l a t i v e  c o n t r i b u t i o n  f rom t h e  I s k u t  channel 

increased over the  season from a low o f  24% o f  t h e  t o t a l  suspended 

sediment load du r ing  sp r ing  snowmelt t o  38% d u r i n g  the  g l a c i a l  me l t  

per iod,  and t o  40% dur ing  the  October storms. 

The average c l a y  content  i n  the  sediment increased from 21% dur ing  

the  snowmelt t o  29% dur ing  the  Octlober peak f low.  Dur ing the  g l a c i a l  

me l t  pe r iod  the  c l a y  content  i n  the  sediments f rom t h e  I s k u t  R iver  

was s i g n i f i c a n t l y  h igher  than t h a t  from the  S t i k l n e .  

5.2 Clay Hinera loqy and Sediment Chemistry 

No d i f f e r e n c e  i n  t ype  and r e l a t i v e  dominance o f  c l a y  minera ls  was 

observed i n  bo th  t ime and space. I n  a d d i t i o n  t h e  elemental  chemist ry  

o f  t h e  sediments was remarkably un i fo rm a t  a l l  sampling s t a t i o n s  and 
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a t  a l l  sampling t imes. S i l i c a  and Fe were t h e  on ly  parameters t o  

show a seasonal e f f e c t ,  decreasing du r ing  t h e  g a c i a l  me l t  per iod.  

S p a t l a l  d l f f e rences  i n  sedlment chemistry were ev ident  f o r  Ca, Mg, 

and Ba. I n  a d d i t l o n  S I  values and Fe/Ca r a t i o s  decreased i n  t h e  

downstream d i r e c t i o n  w h i l e  Ca, Mlg, Na, and Ca/Mg r a t i o s  decreased 

downstream. I n  most cases these d i f f e rences  were smal l ,  b u t  they do 

r e f l e c t  t h e  d i f f e r e n c e  I n  t h e  reg iona l  geology. The upstream p o r t i o n ,  

o f  t he  basin,  which i s  domlnated by Mg-Fe r l c h  vo lcan ic  rocks, was 

c o n s i s t e n t l y  lower i n  Ca and Ca/Mg and c o n s i s t e n t l y  h igher  i n  S i  and 

Fe/Ca. The importance o f  Ca, k:, and Na i s  much g rea te r  i n  t h e  

dominant ly g r a n o d i o r i t e  and sedimentary rock i n  t h e  lower bas in  and 

t h i s  l s  r e f l e c t e d  I n  these downstream t rends.  The on ly  no tab le  

except ion i s  t h e  increase i n  Mg and Fe content  i n  t h e  sediments 

downstream and we suspect t h a t  tht! upstream sampling l o c a t l o n  I n  t h l s  
h l g h l y  i naccess ib le  area was probably  no t  optimum t o  e l u c i d a t e  the  

d i f f e r e n c e  i n  t h e  geo log ica l  provenance o f  t he  sediments. 

5.3 Water Chemistry 

Seasonal and s p a t i a l  e f f e c t s  were more pronounced I n  the  water 

chemistry.  Sodium, S i  and n i t r a t e  and, t o  a l esse r  ex ten t ,  Ca, Mg, 

C 1 ,  s u l f a t e  and t o t a l  inorgan ic  carbon reached lowest values du r ing  

the  g l a c i a l  me l t  pe r iod  and h ighes t  values I n  l a t e  w i n t e r  when stream 

f l o w  i s  dominated by groundwater. 

S p a t l a l  d i f f e rences  which r e f l e c t  t he  reg iona l  bedrock geology were 

most apparent f rom Mg and S i .  Both showed decreases i n  the  

downstream d i r e c t i o n  and t h i s  c o r r e l a t e s  w i t h  decreases i n  sur face .  

exposure o f  Mg-Fe-si l ica r l c h  vo lcan ic  rock downstream. 

I t  was concluded t h a t  reg iona l  d i f f e rences  i n  sedlment and water 

chemistry were no t  s u f f i c i e n t l y  g rea t  t h a t  p r e d i c t i o n s  o f  t h e  impacts 

o f  impoundments on water q u a l i t y  a t  t h e  i n t e r n a t i o n a l  boundary could 

be made on t h l s  bas is .  
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Table 1 :  Seasonal and spat ia l  d i f ferences  in  par t i c l e  s i z e .  

DATE 

31 /5/82 
t o  

20/6/82 

1 /7/82 
t o  

25/8/82 

2/9/82 
t o  

13/10/82 

PART I CLE 
S I Z E  

FRACTION 

% Sand 
% S i l t  
% Clay 

% Sand 
% S i l t  
% Clay 

% Sand 
% S i l t  
% Clay 

SAMPLING 
STATION #6 

(Downstream) 

36% 47% 16, 
45% 28% 16' 
18% 34% 16, 

37% 26% 16, 
45% 18% 16 
18% 38% 16 

30% 54% 101 
41% 23% 101 
29% 43% 10 

SAMPLING 
STATION #5 

(Downstream) 

i %cv n 

33% 32% 20 
45% 16% 20 
21% 22% 20 

28% 41% 22 
40% 19% 22 
32% 24% 22 

28% 41% 15 
46% 17% 15 
29% 28% 15 

SAMPLING 
STATION #1 
(Upstream) 

i %CV n 

52% 46% 16 
30% 45% 16 
19% 67% 16 

* 

* 

S i g n i f i cant  tempo r a  1 d i f f e re  n c es i n8 : 
% Clay between June and J u l y  ( i n ,  I s k u t  R ive r ) ;  
% Clay between June and October ( i n  I s k u t  and S t i k i n e  R ive r ) .  

S i g n i f i c a n t  s p a t i a l  d i f f e rences  i n :  
% Sand i n  June between s t a t i o n s  1 and 6; 
% Sand i n  June between s t a t i o n s  1 and 5; 
% Clay i n  J u l y  between s t a t i o n s  5 and 6. 

Based on Mann-Whitney U-Test ( d r =  0.05) 

* Sediment concen t ra t i on  was too  low f o r  p a r t i c l e  s i z e  ana lys is .  

e 
I 
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Table 4 :  Variables  which showed s i g n i f i c a n t  seasonal  d i f f e rences  i n  

sediment chemistry.  

OCTOBER 
n=7 

PARAMETERS 
CONSIDERED 

June A1 Ba Ca Mg C r  
n= l4  Cu Fe Mn Na 

Ju l y  I 
n=l4 

I Mn2 T i 3  jr I N i  P S i  T i  Zn 

~~ 

1 = Consis tent ly  lower dur ing J u l y  a t  a l l  seven s t a t i o n s  
2 = Consis tent ly  higher dur ing October a t  a l l  seven s t a t i o n s  
3 = Consis tent ly  lower dur ing October. a t  a l l  seven s t a t i o n s  
* Complete data on ly  f o r  1982 seasonal comparisons 
Based on Wilcoxons matched p a i r s  t e s t  ( &  = 0.05) 

Table 5: Variables  which showed s i g n i f i c a n t  seasonal  d i f f e rences  in  water chemistry.  

June 
n=42 

J u l y  
n=42 

October 
n=4 2 

JULY 
n=42 

Na’ S i ’  NO3’ 

OCTOBEF! 
n=42 

2 2  2 Na S i  NO- 
5 

Ca2 Mg2 S042 
c i 2  TI$ 

4 4  Mn Fe 
2 2  2 Na S i  NO, 

Ca 2 ~g~ 32 

c i 2   TIC^ 
4 4  4 Fe P M n  

FEBRUARY 
n=l8 

Na3 S i 3  Nom3 
Ca3 Mg 3 SO4 j 3  

c13  TIC^ 
Fe5 Mn5 

3 3  3 
3 3  3 

Na S i  NO3 

Ca MCJ SO4 
c13  TIC^ 
Fe 5 5  P Mn 5 

3 3  3 
3 3  3 

Na S i  NO3 
Ca Mg SO4 

c13  TIC^ 
Fe 5 5  P Mn 5 

~~ 

PARAMETERS 
CONSIDERED 

Ca Fe Mg Mn 
Cu Zn Na P 
S i  K C1 SO4 

NO3 T I C  TOC 

1 = Consis tent ly  lower dur ing J u l y  a t  a l l  seven s t a t i o n s  
2 = Consis tent ly  h igher  dur ing October at: a l l  seven s t a t i o n s  
3 = Consis tent ly  higher dur ing February a l t  a l l  seven s t a t i o n s  
4 = Consis tent ly  lower dur ing October a t  a l l  seven s t a t i o n s  
5 = Consis tent ly  lower dur ing February at. three s t a t i o n s  i n  the  lower r i v e r  

Based on Wilcoxons Matched Pai rs  Test (de  = 0.05) 
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Table 6 :  Spa t i a l  d i f f e rences  i n  sediment chemistry:  upstream vs. downstream 

d i f f e rences .  

STIKINE UPSTREAM 
STATION 1 

n=6 

ISKUT DOWNSTREAM 
STATION 5 

n=6 

STIKINE DOWNSTREAM 
STATION 6 

n=6 

STIKINE UPSTREAM 
STATION 1 

n=6 

Di f ferences Downstream 
S t i k i n e  

S i  3 N i  . 3  C r  3 Fe/Ca3 
Na 2 2 2  Ca Mg Ca/Mg2 

ISKUT UPSTREAM 
STATION 2 

n=6 

Di f ferences between 
Upstream Sta t ions  

1 1  Fe' Mn P 

Di,fferences Downs tream 
I s k u t  

N i ' 3  C r 3  Fe/Ca3 

Ca,/Mg Ca Mg Ba 2 2 2 2  

1 = values a t  stat i .on 1 < 2 a t  a l l  s i x  sampling t imes 
2 = values increase downstream a t  a l l  s i x  sampling t imes 
3 = values decrease downstream a t  a l l  s i x  sampling times 

4 = values a t  s t a t i o n  5 < 6 a t  a1 

5 = values a t  s t a t i o n  5 > 6 a t  a1 

s i x  sampling t imes 

s i x  sampling t imes 

Based on Wilcoxons Matched Pa i rs  Test  (d .  = 0.05) 

ISKUT DOWNSTREAM 
STATION 5 

n=6 

i f f e rences  betweei 
ownstream Stat ion!  

4 4  Mg Ca 
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STIKINE UPSTREAM 
STATION 1 

n= l8  
r 

1 -  Table 7 :  Spatial  d i f ferences  in water chemistry: upstream vs.  downstream 

ISKUT UPSTREAM 
STATION 2 

n= l8  

I 
I 
I 
I 
I 
I 
1 
I 

STIKINE DOWNSTREAM 
STATION 6 

n= l8  

dif ferences  . 

Di f fe rences  Downstream 
S t i  k i  ne 

~ STIKINE UPSTREAM 
STATION 1 

n= l8  

D i f f e rence  between 
Upstream S ta t i ons  

1 1 1  I Mg Na S i  S041 Ca’ 
I I 
I I 

~ ISKUT DOWNSTREAM I Di f fe rences  Downstream 
I s k u t  

2 2 2 2  Fe Mn P K C12 
3 3 3  I SO4 Mg S i  

ICa2 Fez Mn2 P2 K2 C12 I 

ISKUT DOWNSTREAM 
STATION 5 

n = l 8  

D i f fe rences  between 
Downstream S ta t i ons  

4 4  4 Na Ca SO4 
s i  

1 = values a t  s t a t i o n  1 < 2 a t  a l l  s i x  sampling t imes I I  
I 
I 

2 = values inc rease downstream a t  a l l  s i x  sampling t imes 
3 = values decrease downstream a t  a l l  s i x  sampling t imes 

4 = values a t  s t a t i o n  5 > 6 a t  a l l  s i x  sampling t imes 
5 = values a t  s t a t i o n  5 < 6 a t  a l l  s i x  sampling t imes 

Based on Wilcoxons Matched P a i r s  Tes t  (k. = 0.05) 
Parameters considered: Ca C1 Cu Fe K Mg IYn Na NO3 P SO4 S i  TIC TOC Zn I 
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