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T h e  concentrations a n d ,  p a r t i c l e  s i z e  distributions of s u s p e n d e d  s e d i r n e ~ ~ t  

w e r e  determined f o r  natural a n d  with-project conditions on  t he  Susitna River  

a t  G e l d  Creek  a n d  S u n s h i n e  stations. The estimates Eor the n a t u r a l  c s n d i -  

t i o n s  were based on d a t a  collected by  t h e  United S t a t e s  G e o l o g i c a l  S u r v e y .  

Under with-project conditions, the  concentrations were estimated u s i n g  t h e  

conceng:rakions int  t h e  Watana Reservsfis r e l eases  and  those!  from t h e  area 

intervening between Watana and  G o l d  Creek ,  and bctween Watarla and S u n s h i n e .  

The c o n c e n t r a t  ions  in t h e  Watana ~ e s e r v o i r  r e l eases  were determined u s i n g  

dynamic  reservoir simulation model OYRESM). 

I t  i s  estimated that :  t h e  average  s u s p e n d e d  sediment concentration a f  all 

f l o w s  e n t e r i n g  Watana Rese rvo i r  will be a b o u t  830 r n i i l i g r a ~ s  per  P i t r e  

( m g l l ) .  For S t a g e  I ,  t h e  summer suspel lded sediment c o n c e n t r a t  i o n s  would 

decrease  from abou t  60-3000 mg/l t o  a b o u t  60-150 mg/l a n d  t h e  w i n t e r  

concentrations would  i ~ c r e a s e  from a b o u t  1-80 mg/2 t o  abou t  20 - 100 mg/l. 

For  S t a g e  I1 operatioa, these  concentrations will be a b o u t  10-20 p e r c e n t  

smaller t h a n  those  f o r  S t a g e  I operation. 

The l a r g e r  a n d  deepe r  Stags 1 x 1  reservoir a t  Watand would f u r t h e r  rec . .  - '  - 

s u s p e n d e d  sedimeklt c o n c e t l t r a t  i ons  a t  Dev i l  Canyon.  The estimated c 7,  Y- 

trations i n  t h e  r e l e a s e s  fx-om t h e  Devil Canyon Reservoir w o u l d  r each  c h r i r  

lowest  v a l u e s  of a b o u t  15 t o  20 mg/l i n  April o r  May a n d  a p p r o a c h  a maximum 

of  about 90 t o  100mg/ l .  i n  Ji.tly o r  A i ~ g u s e ,  

T h e  estimated mean m o n ~ h l y  s u s p e r ~ d e d  sediment c o n c e n t r a t  i.ons a t  G o l d  Creek  

a n d  S u n s h i n e  f o r  S t a g e  I 2 n d  l a t e  S t a g e  TII a r e  s h o r n  on E x t l i b i t s  12 a n d  13 .  

p r o j e c t  operation would i n c r e a s e  t h e  concentration d u r i n g  w i n t e r  a n d  

dec rease  t h a t  d u r i n g  sunmer. AL G o l d  Creek,  November t h r o u g h  March c o n c e n -  

{-rations approximately woilld i .ncrease from abotit  5 m g / l  urrder  n a t u r a l  condia-  

t ion. ;  tci hc3twern 4-0 ant1 100 nrg/i f o r  Stage I .  'The c o n c e n t r a t i o n s  w o t ~ l d  

t lec*-eas~:  h a c k  tt.1 betweer7 25 ~ i i d  75 / f o r  S t a g e  111, The  i nc rec i s t ?  : i t  



S u n s h i n e  would be f rom a b o u t  5 mg/l unde r  t h e  n a t u r a l  conditions t o  between 

35 a n d  75 mg/l f o r  S t a g e  1. For  S t a g e  111, t h e  c o n c e n t t t s t i o n s  would b e  

r e d u c e d  back t o  between 25 and  60 mg/l. The concentrations in t h e  months o f  

A p r i l  and  October  a t  Gold Creek a l s o  will i n c r e a s e  compared ta t h o s e  u n d e r  

n a t u r a l  conditions. A t  S u n s h i n e ,  t h e  with-project May c o n c e n t r a t  i o n  w o u l d  

b e  n e a r l y  t h e  same as u n d e r  natural conditions ~ h i l e  t h e  Oc tobe r  concen t ra -  

t i o n s  would b e  lower ( ~ x h i b i t s  1 2  and  1 3 ) .  T h e  concentrations d u r i t l g  May 

t h r o u g h  September will decrease a t  b o t h  locations ( ~ x h i b i t s  12  and  1 3 ) .  



T h e  f i r s t  d r a f t  of t h i s  r e p o r t  was i s s u e d  in J u n e  1 9 8 4 ,  a n d  was reviewed by 

various members o f  t h e  A q u a t i c  St i ldy  Team. T h e i r  comments srere i n c l u d e d  i n  

t h e  second d r a f t  i s s u e d  i n  November 1984.  The ana ly se s  prrsented in t h o s e  

two  d r a f t s  were made f o r  a two-dam, two-stage development. A l s o  t h e  w i t h -  

p r o j e c t  s u s p e n d e d  sedimcz-nt concentrations a t  Watana were d e r i v e d  from a 

s t u d y  made by P e r a t r o v i c h ,  Not tingham and Drage, I n c . ;  ( P N D ,  !982) I / .  

A s  of April 1985, a two-dm, three-stage development i s  b e i n g  considered. 

Scclge I would be a low Watana (normal pool elevation = 2,000 f t )  develop-  

nenE,  Stage 11 would be a low Watana -  evil Canyon (normal  pool eAevation = 

1,455 f t )  deve lopment  and  Stage 1x1 would be  h i g h  Watana ([lorma1 poo l  

elevation = 2 , 1 5 5  f t )  - Devil  Canyon development. Stage  III  i s  f u r t h e r  

d i v i d e d  i n t o  e a r l y  S t a g e  111 a n d  l a t e  S t a g e  Iil based on two ene rgy  demand 

scenarios, 

T h i s  repor  t presents :he analyses  made f o r  t h e  two-dam three-stage p r o j e c t  . 
The w i  t h - p r o j e c  t s u s p e n d e d  sediment concen'ra~ i o n  estimates a *  s o  have been 

r e v i s e d  based on new analyses.  

1 /  Lndicat t : s  r e f e r e n c e  at t h e  e n d  o f  t e x t ,  - - 



3 , 8  SCOPE OF Tm STUDY 

T h e  scope  of t h i s  s t u d y  i n c l u d e s  t h e  a n a l y s i s  of s u s ~ e n d e d  s ; ( ? d i m e n t  co:~cen- 

e r a t  i o n s  u n d e r  n a t u r a l  conditions and  c h a n g e s  i n  t h e  e s  t i m a t t e d  concentra- 

t i o n s  d u e  co p r o j e c t  operation. The a n a l y s i s  is made f o r  t h e  Susitna River 

a t  t h e  Watana s i t e ,  G o l d  Creek and  S u n s h i n e  stream g a g i n g  stations ( s e e  

Exhibit I f o r  t h e  Locations). The major tasks a r e  to :  

1. d e f i n e  t h e  characteristics o f  suspended  sediment a t  se l ec t ed  loca- 

t i c n s  upstream of r h e  S u n s h i n e  stream gag ing  s t a . t i o n  ( S u n s h i n e  

gage 1 ; 

2 ,  d e i n e  t h e  characteristics of ~ u s p e r i d e d  sed iment  entering Watana 

Reservoir; 

3 .  estimate p r o b a b e  suspended  sedim2nt concentrations of water 

re leased  f r o m  t h e  r e s e r v o i r ;  

4 .  evaluate e f f e c t s  on s u s p e n d e d  sediment concentrations i l l  t h e  m a i n -  

stem due t o  major tributaries e n t e r i n g  t h e  S u s i t n a  River above 

S u n s h i n e  gage; and 

5 .  p r o v i d e  a comparison of monthly s u s p e n d e d  s e d i m e n t  concentrations 

a t  Gold Creek stream g a g i n g  s t a t i o n  ( G o l d  Creek  gage) and  a t  t h e  

S u n s h i n e  gage f o r  natural and w i t t i - p r o j e c t  conditions. 



SETTING 

1 "\ The S u s i t n a  R i v e r  d r a i n s  an a r e a  o f  abocit : ~ , 6 i ) 0  squa re  m i ' > s  (mi2) i n  t h e  

s o u t h  central r e g i o n  of A i a s k a .  T h e  inajor f r i b u ~ a r i . 2 ~  inc lud le  t h e  Ckulitna, 

T a l k e e t n a  an3 Yeqtna  r i v e r s  with d r a i n a g o  a reas  o t  a b o u t  2 ,650;  2,040 and 

6 , 2 0 0  m i 2  r e s p e c t  i v ~ l y ,  

The Sus i tuz?  Rive-. o r i p i n a t e s  in t h e  Wsst F ~ r k ,  S u s i t n a ,  ;East F o r k  and  

Maclaren g l a c i e r s  of t h e  Alaska Rari t j i  ( ~ u h i b i t  1 )  a n d  t rave l s  a d i s cance  of 

a b o u t  320 miles  tu i t s  m o u t h  a t  t h e  Cook Xnlet .  The Chulitna River  o r i g i -  

n a t e s  i n  t h e  g l a c i e r s  c n  t h e  s o u t h  s l .opes o: Mount McKinle:y a n d  j ~ i n s  t h e  

S u s i t n a  River  from t h e  west n e a r  Talkeetna at r i v s r  mi l e  (RM! 9 3  { r i v e r  

miles r e f e r e n c e d  f rom t h e  Cook ~ n l e t  ) .  The Talkeetna River a r i g i n a t e s  i n  

t h e  Talkeetna Mountains a n d  j o i n s  t h e  Susltna River from t h e  c a s t  near 

T a l k e e t n a  a t  13M 9 7 .  The Y e n t n a  River o r i g i n a t e s  i n  t h e  Alaska 7:ange and 

encers  t h e  S n s i ~ r a a  River  f r a m  t h e  west a t  55% 2 8 ,  

The S u s i t n a  H y d r o e l e c t - r i c ,  Project g i l l  i n c l u d e  t w o  dams,  Watana ~ n d  Devil 

Canyon,  located at RM 184 and  152 ,  rtspec~ively. The d r a i n a g e  a-ccxs at t h e  

two s i t e s  a r e  abou t  5 ,180 and  5,810 mi2, r e s p e c t i v e l y .  The p r o j e c t  will be 

d e v e l a p e d  i n  t h r e e  s t a g e s .  

S u s i t n a  st~eamflow i s  characterized by t u r b i d  h i g h  f lows  frain May t h r o u g h  

September a n d  c l e a r  low f l o w s  from October  t h r o u g h  A p r i l .  High spr'rig ar.d 

summer L ;ws a r e  caused by snowntelt, glacial m e l t  a n d  storm rainfall. 



5 , 0  SUSPENDED SEDIPENT 

S u s p e n d e d  sediment samples have t e e n  collected a t  a number of stream g a g i n g  

stations i n  t h e  S u s i t u ; l  River  ba s in  by t h e  United S t a t e s  Geological Survey  

(USGS) (USCS Water R e s o u r c ~ ~  Z t a a )  and  R&M Consultants (R&M, 1981). These 

samples have been  a n a l y z e d  f o r  t o t a l  suspended  sed iment  concentrat i o n  - - 

mg/l. A n u ~ b e r  a£ sarnples a l s o  have  been a n a l y z e d  f o r  particle s i z e  d i s -  

tribution. Exhibit 1 shows t h e  sampling stations f o r  which t h e  suspended  

sediment da ta  a r e  available. The numbers of samples collected at s e l e c t e d  

stations by t h e  liSGS d u r i n g  t h e  period of r e c o r d  a r e  g i v e n  in T a b l e  1. R&M 

Consultants a l s o  collected a b o u t  10 samples at Cantwe11 and 8 samples a t  

G o l d  Creek stream g a g i n g  stacions d u r i n g  ! 9 8 0  a n d  1981. 

5 .2  CWRACTER1S"JCICS 9F SUSPENDED SEDIMENT ..- 

Sediment i s  t r a n s p o r t e d  i n  suspension, as bed l o a d  rolling o r  sliding along 

t h e  bed a n d  interchangeably i n  s u s p e n s i o n  and  as bed l o a d .  The  n a t u r e  of 

movement depends  on t h e  s i z e ,  shape  and  s p e c i f i c  g r a v i t y  of t h e  sediment 

particles and t h e  a s soc ia t ed  f l o w  velocity and  t u r b u l e n c e .  Under some 

conditions of h i g h  f l n ~ r  velocity and  turbulence ( s u c h  as t hose  in s teep-  

gradient mountain streams) c o b b Z ~ s  ( 6 4  t o  256 im s i z e )  can  be  carried i n t e r -  

mittently i n  s u s p e n s i o n .  Conversely, s i l t  s i z e  particles ( .004  t o  .062 mm) 

may move a s  bed l o a d  i n  low-gradient, low-velocity channels. 

S u s p e n d e d  s e d i i n e n t  i s  t h e  sediment t h a t  i s  t r a l l s p o r t e d  o u t s i d e  of t h e  b e d  

l a y e r  i n  s u s p e n s i o n  b y  t h e  turbulent componenLs o f  t h e  f l o w ,  I n  t h e  S u s i t n a  

~ i v e r ,  t inc: a t a t e r i a l  ( s i l t  arid c l ; y  f i n e r  t h a i ~  0.062 m n l )  a n d  .fine tr,) nledium 

s a n d  p a r t i c I . 2 ~  ( s i z e s  betveen 0.062 nkm aild u p  t o  1.00 mii t )  h c ~ v e  commonly b e ~ n  

obt;erved i n  s u s p e n s i t > n ,  



The f i n e  material, a l s o  known as  w a s n  l o a d ,  i s  d e r i v e d  from s h e e t  erosion, 

g l a c i e r  melt and bank e r o s i o n .  The quantity o f  wash load  b e i n g  transported 

d e p e n d s  upon i t s  Pvailability because ,  f o r  t h e  observed  range of  flow, t h e  

S u s i t n a  R i v e r  call transport much l a r g e r  quantities of wash load t h a n  h a s  

been measured. T h e  coarse  ma te r i a l  ( s a n d  p a r t i c l e s )  m o v i n g  i n  suspension is 

d e r i v e d  e i t h e r  from r i v e r  bed erosion o r  from g l a c i e r  melt and  o t h e r  erosion 

pro-esses,  The maximum quantity o f  bed material b e i n g  transported i n  sus- 

pens  i o n  depends  upon t h e  magni t u d e  of f low.  

Suspended sediment samples at t h e  USGS stream g a g i n g  stations generally have 

been c o l l e c t e d  d u r i n g  the  months of Kay through October   able A few 

samples a re  a v a i l a b l e  f o r  some stations f o r  t h e  p e r i o d  from December t h r o ~ g h  

A p r i l  b u t  no sample has  been collected i n  November a t  any  station, 

S i n c e  t h e  s u s p e n d e d  sediment  consists of wash load and  sand p a r t i c l e s ,  i t s  

concentration var ies  b o t h  w i t h  t h e  availability of wash load and t h e  

capacity of f l c w  t o  t r a n s p o r t  sand  p a r t i c l e s .  Available d a t a  f o r  Gold Creek  

and  S u n s h i n e  gages a r e  p l o t t e d  on Exhibits 2 and 3 ,  respectively, t o  show 

t h e  v a r i a t i o n  of s e d i m e n t  concentration with water d i s c h a r g e .  The maximum, 

minimum and  median concera t ra t ions  measured a t  v a r i o u s  stream garzing stations 

a r e  l i s t e d  i n  T a b l e  2 .  The maximum and minimum concentrations a re  n o t  pro-  

v ided  f o r  t h e  months f o r  which o n l y  one o r  two saaples  a r e  a v a i l a b l e .  The 

median v a l u e s  in such  cases  a r e  a l so  noc  g i v e n .  

Knott and L i p s c o n ~ b  (1983, 1985)  ana lyzed  t h e  periodically o b s e r v e d  sed imen t  

concentrations and  c o r r e s p o n d i n g  water d i s c h a r g e s  and estimated m o n t h l y  

s u s p e n d e d  sed imen t  t r a n s p o r t  r a t e s  f o r  t h e  S u s i t n a ,  C k u i i t n a  a n d  TaLkee tna  

r i v e r s  ('Table 3 ) .  Based on t h e  few m o n t l ~ s  o f  c o n c u r r e n t  d a t a ,  t h e  s u s p e n d e d  

sedi.ment transport r a t e s  i n  t h e  Chulitna R i v e r  are s i g n i f i . c a n t l y  h i g h e r  t i l a n  

those i n  t h o  Silsitrra R.iver above i t s  c o n f l u e n c e  w i t h  t h e  C h u l i t n a  R i v e r .  

'Pirerefore, t h e  suspended sediment c o n c e n t r a t , ~ o n s  i n  t h e  S i r s i  t n a  R i v e r  belora 

tire conl iuer lce  axe  controlled by the Chu1.i tnn River, T h e  s i x e  d i  s i r i i b u t  ions 

o f  suspc2ndrld s e r l i m e n t  at v a r i o u s  ::r:ati.oos a r e  g i v e n  i n  'Table 4 .  1 s i x e  



aistributions a r e  available f o r  t h e  samples collected d u r i n g  t h e  months of 

May t h r o u g h  O c t o b e r ,  A f e w  samples c o l l e c t e d  d u r i n g  t h e  o t h e r  months were 

n o t  a n a l y s e d  by  t h e  USGS f o r  s i z e  distribution p r o b a b l y  because  of i n s u f f i -  

c i e n t  sediment q u w t i t y .  The smoothed s i z e  distribution c u r v e s  based  on 

T a b l e  4 a r e  shown on Exhibits 4 t h r o u g h  11. T h e  p e r c e n t a g e s  of f i n e  mate- 

r i a l  and  s a n d  p a r t i c l e s  a t  v a r i o u s  l o c a t i c n s  t a k e n  f rom t h e s e  e x h i b i t s  a r e  

g i v e n  below. 

PERCENTAGES OF FINE YATERIAL AND SAND 
I N  SUSPENDED SEDZWNT 

Pjedian 
S t a t i o n  F i n e   ater ria% Sand Dia, 

9( ,062 rm) ( >  .062 mm) (mm) 

S u s i t n a  R ,  nr, Denali 
S u s i t n a  W e  wr, Cantwe11 
S u s i t n a  R ,  a t  Gold Creek 
S u s i t n a  R ,  n r ,  Talkeetna 

( above c s n f l u e n c e )  
ChuPiena R e  n r ,  Talkeetna 
Talkeetna R ,  n r ,  Tahkeetna 
S u s i t n a  R e  a t  S u n s h i n e  
S u s i t n a  8 ,  at S u s i t n a  S t a t i o n  

The above t a b l e  i n d i c a t e s  an  increase  i n  t h e  pe rcen tages  of f i n e  material 

f rom Besaali t o  above t h e  csnfPuenee a f  t h e  S u s i t n a  and  Chulitna r i - ~ e r s ~  

Downstream f rom t h e  confluence, t h e  t r e n d  i s  not  c l e a r  primarily because o f  

sediment:  contributions f r o m  t h e  ma j a r  t r i b u t a r i e s  a n d  partly b e c a u s e  o f  

l i m i t e d  number of samples available f o r  t h e  Susitna lii-ver a t  Susitna s t a -  

An insufficient [lumber o f  samples a r e  available at S u n s h i n e  a n d  Gold C r e e k  

t o  p r e c i s e l y  d e f i n e  t h e  concentration f o r  each m o n t h ,  However, by  r e f e r r i n g  

t o  d a t a  f o r  v a r i o u s  s t a t i o t ~ ~ ,  same i n d i c a t i v e  v a l u e s  o f  monthly c o n c e n t r a -  

t i o n s  f a r  t h e  S ~ ~ s i t n a  River a t  t h e  two stations were e ~ t . % m a t e d  as shown 011. 

~xhibits 1 2  a n d  1.3, respectively. The values i n d i c a t e d  on t h e  e x h i b i t s  are 

n o t  r e l a t e d  t o  s p e c i f i c  t i i s cha rges  a n d  a i ? p r o x i m n t r l  y r e p r e s e n t  t h e  mitclicin 

vai.~*au:; fr.s)ra t h e  r ange  o f  0bserve2d C O T ~ C ~ ~ I I ~ ~ S ~ ~ C P I I S  i~l lder r r ; ? , r ~ ~ r - ; ~ ' l ,  f ? . i ? w  c l , > r . u , i l i - -  



5 . 2 , 2  Suspended  S e d i m e n t  E n t e s i n g  Watana ~ e s e r v s i r  

T h e  characteristics of t h e  s u s p e n d e d  sediment e n t e r i n g  Watana Reservoir  a r e  

b e s t  r e p r e s e n t e d  by t h o s e  measured a t  t h e  Cantwell s t a t i o n .  T h i s  i n d i c a t e s  

t h a t ,  on t h e  average ,  t h e  s u s p e n d e d  sediment concentrations may v a r y  approx-  

imately between 0 t o  10 mg/l from November t h r o u g h  April and between 80 to 

3,000 m g / l  from May t h r o u g h  October .  The average s i z e  d i s t r i ~ b u t i o n  based on 

t h e  samples collected from May t h r o u g h  October i s  shown on Exhibit 5 .  T h i s  

i n d i c a t e s  t h a t  abou t  18 percen t  of t h e  s u s p e n d e d  sediment i s  l e s s  ehan .004 

mm ( c l a y  s i z e s ) ,  abou t  36 pe r cen t  i s  between .004 and  .062 (silt sizes) and 

a b o u t  46 p e r c e n t  is l a rge r  t h a n  .062 mm ( s a n d  s i z e s ) .  About 97  p e r c e n t  of 

t h e  s u s p e n d e d  sedimerlt i s  f i n e r  than .500 mine The average a n n t l a l  streamflow 

a t  Watana i s  about 8,000 c u b i c  f e e t  per second ( c f s )  ( H - E ,  F e b r u a r y  1985) .  

T h e  s u s ~ e n d e d  sediment i n f l o w  i s  estimated t o  b e  about  6,530,000 t ons  p e r  

year ( t o n / y r )  H E  A p r i l  1984) .   his g i v e s  an average  concentration of 

a b o u t  830 mg/? f o r  t h e  flow e n t e r i n g  t h e  reservoir. 

5.3 EFFECTS OF I C E  COVER 6%5 SEDXMENT TMNSPORT 

A s t u d y  made by W.W. S a y r e  and  G . B .  Song (sayre, 1979 )  t o  evaluate t h e  

e f f e c t s  of ice-cover on a l l u v i a l  channel f low and  sediment transport 

processes  i n d i c a t e s  t h a t  i c e  causes a number of changes  in alluvial channel 

f l o w s  by approximately d o u b l i n g  t h e  wetted perimeter and  t h e r e b y  p r o d u c i n g  a 

zedistribution of t h e  boundary and  internal shear  s t resses .  The t o t a l  d e p t h  

o f  f l o w  i n  t h e  channel with a g i v e n  u n i t  discharge a n d  s l o p e  i s  significant- 

l y  inc reased  (aboilt: 20 t o  30 p e r c e n t  f o r  a smooth cover  a n d  from 30 t o  80 

p e r c e n t  f o r  rough  c o v e r ,  relative t o  t h e  d e p t h  f o r  a f r e e  s u r f a c e  c c n d i -  

t i o n ) .  Due mainly t o  t h e  lower l r e l o c i t i e s ,  sediment discharge i s  signifi- 

c a n t l y  r e d u c e d .  

r Y I h e  above  corrc1,usiorls a r e  applicable t o  t h e  S r a s i t n a  ~ i v e r  f o r  t h e  p e r i o d  

bt2tween e a r l y  November and mid-May when an i c e  c o v e r  i s  generally present, 



5,4  SEBImNT" TRANSPORT DkTYBING FWEZE-UP 

~ i e L d  observations on t h e  Susitna ~ i v e r  show t h a t  f r e e z e - u p  generally b e g i n s  

i n  Oc tobe r  a n d  generally c o n t i n u e s  u n t i l .  break-up in e a r l y  t o  mid-May, The 

beginning of f r a z i l  i c e  ( a  spongy o r  slushy accumulation o f  i c e  c r y s t a l s  

w h i c h  form in supercooled water t h a t  i s  t o o  turbulent t o  p e r n i t  coagulation 

o f  t h e  c r y s t a l s  i n t o  shee t  i c e )  is marked by a r a p i d  reduction i n  s u s p e n d e d  

sediment  concentration. As t h e  p rocess  continues, t h e  r i v e r  becomes c l e a r  

w i t h i n  a day o r  two. The contributions o f  f i n e  sediment from t h e  e r o s i o n  

process  and from g l a c i a l  f l o u r  a r e  stopped due  t o  f r o z e n  ground and  t h e  

elimination of g l a c i e r  melt .  The r i v e r  remains practically c l e a r  until 

b r e a k u p  . 

The f r a z i l  c r y s t a l s  o f t e n  f l o c c u l a t e  i n t o  l a r g e r  c l u s t e r s .  S i n c e  water  can 

permeate t h r a u g h  t hese  c l u s t e r s ,  t h e y  f i l t e r  o u t  sediment particles w h i c h  

remain entrapped i n  t h e  i c e .  During b r e a k u p ,  a significant quantity of 

s e d i m e n t ,  m o s t l y  silt a n d  c l a y ,  i s  obse rved  t o  b e  mixed with i c e .  The 

sediment i s  c o n c e n t r a t e d  a t  p laces  r a t h e r  t h a n  distributed over  t h e  whole  

mass, 

Anchor i c e ,  s i m i l a r  t o  s l u s h  i c e  b u t  a d h e r i n g  temporarily t o  t h e  r i v e r  b o t -  

tom, a l s o  has been observed t o  be mixed w i t h  sediment. The anchor  i c e  prob- 

a b l y  c a t c h e s  sediment moving as bed l o a d  as well as s u s p e n d e d  l o a d .  The 

a n c h o r  i c e  is generally formed a t  n i g h t  - re leased  d u r i n g  t h e  d a y  and t h e n  

d r i f t s  downstream, 

.5,5 PROJECT EFFECT 

5.5.1 S u s p e n d e d  S e d i m e n t s  Concentrations at Watana Reservo i r  Outlet 
- ~ w ~ , ~ , ~ - - ~ ~ - m . - " - - ~ ~ . - - ~ ~ - - - - ~ - ~ ~ - ~  --*-" --.------ "- 

P e r a t r c v l c h ,  Nottingham a n d  Drage, I n c . ;  ( P N D )  made a n  analysis o f  turbidity 

l e v e l s  in t i l t .  Wataila Reservoir  us i r lg  a cornputer  model UCPOSI1l'S ( P N D ,  1 9 8 2 ) .  

T ~ I P  rnrrjor c o n c l u s i o n s  made b y  PND tl-lnt a r c  i ~ e r t i n e r ~ ~  t o  t h i s  study a r e  give11 

Psel o w .  



1. Sediment particles of a b o u t  .004 mm and  l ess  will r e m a i n  i n  s u s -  

p e n s  i o n ;  

2 .  Ma~cinnurn sediment coracernt ra t ian~ i n  t h e  Watarna releases wcsuld b e  

be tween  200 a n d  400 mg/l; and  

3. ~ i n i m u m  sediment concentrations i n  t h e  Watana releases would be 

between 30 and 70 mg/l. 

Harza-Ebasco s t u d i e d  t h e  suspended  sediment characteristics; i n  t h e  Watana 

Reservoir  and  i n  t h e  outflow from t h e  r e s e r v o i r  f o r  t h e  two-dam, three-stage 

p r o j e c t ,  The p u r p o s e  of t h e  s t u d y  was t o  r e f i n e  t h e  a n a l y s i s  made by PND. 

T h e  DYRESM model ( ~ m b e r g e r  a n d  Patterson, 1981) ,  u s e d  f o r  t h e  r e s e r v o i r  

temperature a n d  i c e  s t u d y ,  was enhanced  t o  i n c l u d e  a s u b - r o u t i n e  t o  simu- 

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

t h e  reservoir a n d  t h e  s u s p e n d e d  sediment concentration i n  t h e  outflow. The 

model considers t h e  sediment mix ing  due  t o  meteorological forcing, t u r b u -  

l e n c e ,  d e n s i t y  currents and  externally s p e c i f i e d  vertical settling ve lo -  

c i t i e s .  The e f f e c t  o f  t h e  i c e  cover on t h e  s u s p e n d e d  sediment c o n c e n t r a t i o n  

a l s o  is c o n s i d e r e d .  Compared t o  DYRESM, t h e  DEPOSITS model u s e d  monthly 

inflow d a t a  a n d  t h u s ,  was not r e s p o n s i v e  t o  r a p i d l y  chang ing  sediment i n -  

f Iqws d u r i n g  f l o o d s .  The e f f e c t s  of stratification, density c u r r e n t s  a n d  

i c e  cover  a l s o  were n o t  c o n s i d e r e d ,  

For  t h e  Stage I o p e r a t i o n  ( ~ a t a n a  o n l y ,  normal pool  elevation = 2,000 f t ) ,  

t h e  s u s p e n d e d  sediment concentrations i n  t h e  reservoir a n d  t h e  o u t f l o w  were 

simulated u s i n g  t h e  e n h a n c e d  version o f  D Y R E S M  model; 1970, 1981 and  1.982 

f l o w  conditions with Case E - V I  downs treant f i o w  requi renients  (W--E, November 

1 9 8 4 )  and d a i . l y  s u s p e n d e d  sediment i n f l o w  r a t e s ,  The water years 1970, 1981 

a n d  1982 were j u d g e d  t o  represent  near minimum, maximum and  average  s u s p e n d -  

ed serliinent inflow condit i . u n s ,  respectively . Dai1.y sediment i r i f  low r a t e s  

Glr?lae esi:irnateti f o r  t he se  years by t r a ~ ~ s p o s j n g  t h c  c o r r e s p o n d i n g  d a t a  a t  ~ o i d  

Creel<. The i : r a n s p o s i t i c n  was rnade u s i r ~ g  tile procedt i res  d i s c u s s e d  i n  a 



previous r e p o r t  (H-E,  A p r i l  1984).  The amount  o f  suspendecl  sediment cor-  

r e s p o n d i n g  t o  a g i v e n  range of sediment particle s i z e s  was (.$timated u s i n g  

t h e  particle s i z e  distribution c u r v e  shown on Exhibit 5 .  

Resuh t s  of the s i r n u l a t i a n  i n d i c a t e d  t h a t  a l l  s i z e s  above TC) microns  would 

s e t t l e  o u t  i n  t h e  reservoir. A l a r g e  portion o f  particles with s i z e s  

between 3 and 10 microns  a l s o  would s e t t l e  o u t .  The pa r t i c l l e  s i z e s  up t o  3 

micrrrns  would remain i n  suspensiou f o r  a l o n g  p e r i o d  due  t o  low settling 

v e l o c i t i e s  and  t h u s  would constitute t h e  major par t  of suspended  sediment 

concr!nt+ation d u r i n g  w i n t e r  months. Exhibits 1 4 ,  15 a n d  16 show sediment 

c o n c e n t r a t  i o n s  in t h e  sutf l o w s  from t h e  Watana Rese rvo i r ,  The concentration 

i s  nea r ly  constant from J u l y  t h r o u g h  November a n d  t h e n  decreases from 

December t h r o u g h  e a r l y  May when i t  reaches  a minimum v a l u e .  T a b l e  5 g i v e s  

t h e  average  and range of  monthly concentrations u n d e r  S t a g e  I conditions. 

Therefore, t h e  downstream suspended  sediment concentrations near t h e  p r o j e c t  

s i t e  will be  a f f e c t e d  by t h e  operation o f  t h e  Watana Stage I Reservoir. The  

summer suspended  sediment level would be decreased from a b o u t  60-3,000 mg/l 

t o  a b o u t  60-150 mg/l and  i n  t h e  w i n t e r ,  t h e  l e v e l  wou ld  b e  i nc r ea sed  f r o m  

abou t  1-80 mg/i t o  abou t  20 t o  100 mg/l. 

The enhanced DYWSM model was a l s o  a p p l i e d  t o  simulate t h e  s u s p e n d e d  

sed imen t  concentrations i n  t h e  Watana a n d  D e v i l  Canyon r e s e r v o i r s  u s i n g  Case 

E-VI  d o m s t r e a n i  f low requirements, S t a g e  11 e n e r g y  demand l e v e l  a n d  1982 

s e d i m e n t  i n f l o w  conditians (average y e a r ) .  The sedimenr inflows f o r  maximum 

a n d  minimum sediment conditions were n o t  simulated because  t h e  ana lyses  made 

f o r  t h r e e  scenarios f o r  Stage  I can be  u s e d  t o  p r o v i d e  a n  i n d i c a t i o n  of  

r e l a t i v e  changes  f o r  minimum o r  maximum sedi .ment irlr'lows u n d e r  S t a g e  11. 

T;xble 6 s u m a r i z e s  t h e  results a f  t h e  a n a l y s i s .  Exhibits 1 7  a n d  '9 show t h e  

estimated suspended sediment concentrations from t h e  Watana a n d  Devil. Canyon 

r e t ; e rvo l r s ,  r e r ; p e c t i v e l y .  ulese e x h i b i t s  i n d i c a t e  t h a t  a small q r l a n t i t y  o f  

p a r J t m i c l r s  s i z e s  be iow 10 ~ i l i c r o n s  a l s o  wou ld  settle o u t  i i l  the  Devil Cz;lyoil 

Res er vo i r , The  s u s p e n d e d  s e d i t ~ ~ e n t  concent r a t  i o n  in t h e  Devi l .  Canyon 



~ e s e r v o i r  r e l eases  would b e  about 10-20 p e r c e n t  l e s s  t h a n  t h a t  f r o m  t h e  

Watana Reservoir  u n d e r  Stage I .  

The  enhanced DYREIESM model a l s o  w a s  a p p l i e d  t o  s i m u l a t e  t h e  s u s p e n d e d  s e d i -  

ment  concentrations i n  t h e  Watana a n d  Devil  Canyon r e s e r v o i r s  u s i n g  l a t e  

S t a g e  T I 1  ene rgy  demand l e v e l ,  Case E-VI  downstream flow requirements, a n d  

1982 (average yea r )  sediment inflow conditions. T h e  results of t h i s  a n a l y -  

s i s  a r e  g iven  i n  Tab le  7 and  a l s o  shown on Exhibits 19 t h r o u g h  22. A s  under  

Stage I1 conditions, a small quantity of particles with s i z e s  below 10 

microns  would s e t t l e  ou t  in t h e  Devil Canyon Reservoir. The suspended  sedi -  

ment concentrations i n  t h e  r e l eases  f rom t h e  Devil  Canyon Reservoir would be  

more uniform d u r i n g  s u m e r  compared t o  t h o s e  u n d e r  n a t u r a l  conditions. 

Under  l a t e  S t a g e  III c o n d i t i o n s ,  t h e  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n  i n  t h e  

Watana re leases  would  b e  l e ss  t h a ~ ~  t h a t  u n d e r  S t a g e s  I a n d  :fI. D u r i n g  t h e  

monrhs  of J u l y  a n d  ~ u g u s t  t h i s  reduction would  b e  a b o u t  50 n g / l .  T h i s  i s  

due  t o  t h e  l a rge r  a n d  deeper Watana Reservoir i n  Stage III .  Correspond- 

i n g l y ,  t h e  su spended  sedi lnent  concentration i n  t h e  r e l eases  from t h e  Devil  

Canyon Reservoir  would be  less u n d e r  S t a g e  I I i  t h a n  unde r  Stages  I and  11. 

For l a t e  Stage 111, t h e  s u s p e n d e d  sediment: concentration i n  t h e  r e l eases  

from t h e  Devil  Canyon Reservoir, would  reach i t s  lowest I e v c l  of about  15 to 

20 mg/l in A p r i l  o r  May and app roach  a maximum of abou t  90 t o  100 mg/l i n  

J u l y  o r  Augus t .  These r e s u l t s  a r e  b a s e d  on t h e  simulation of average flow 

conditions d u r i n g  1982. The c o r r e s p o n d i n g  v a l u e s  f o r  a low o r  h i g h  sediment 

i n f l o w  year  can be estimated by t h e  relative decrease  or i nc rease  f o r  t h e s e  

yea r s  f o r  t h e  S t a g e  I simulation. 

5.5.2 River  Water Temperatures -- --------- 

The ext%eM$ o f  formation o f  i c e  cover  on t h e  Snsitna ~ i l ~ e r  dawnstream from 

t h e  reservoirs will d e p e n d  upon  t h e  reservoir outflow temperatures and t h e i r  

e f f e c t  on r i v e r  water  tempilratilres.  E\ecouse t h e  forinat:  --; o f  i c e  coves  

a i f e c t : s  t h e  s e d i r n e n t  transport a s  d i s c t i s s e d  i lniier sub--sc.ct: i l 2 i i  7 3, a11 e v a l u -  

a t i o n  o f  c i i t h - p r o j e c t  r i v e r  w a t e r  temperat~i:- . is  was made. 



Harza-Ebasco has  conducted a water temperature a n d  i c e  s t u d y  f o r  t h e  Watana 

a n d  D e v i l  Canyon reservoirs and  a r i v e r  i c e  s t u d y  f o r  t h e  reach between t h e  

Devi l  Canyon R e s e r v o i r  a n d  t h e  c o n f l u e n c e  with t h e  Chulitna R i v e r .  T h e  

s t u d y  results a r e  p r e s e n t e d  i n  t h e  d r a f t  L icense  Application Amendment 

E x h i b i t  E ,  Chapter 2 ,  Water Use a n d  Quality ( A P A  19851,  a n d  i n  a r e p o r t  o n  

i c e  simulations (HE November 1985) f o r  t h e  th ree- - s tage  p r o j e c t .  The s t u d y  

i n d i c a t e s  t h a t  t h e  outflow temperatures a t  Wstana u n d e r  Stage I can be  

controlled t o  approximate t h e  n a t u r a l  instream temperatures u s i n g  

multi-level i n t a k e s .  The outflow temperatures under  Stage I, wouid r a n g e  

between 5 ° C  and  1 2 ° C  in t h e  sumsser and between 0,5"C and  3°C: in t h e  winter 

d e p e n d i n g  upon t h e  meteorological conditinas. Under Stages  LI and  111, t h e  

outflow temperatures from t h e  Devil Canyon Reservoir  would be between 1 . 5 " C  

a n d  3 ° C  i n  tlne w i n t e r  a n d  between 4°C a n d  10°C i n  t h e  summer. 

The Arc%ic Envirorawsntal Informatian and  Data C e n t e r  (A'EIDC:~ has conducted 

r i v e r  temperature s t u d i e s  ( ~ x h i b i t  E ,  Chapte r  2 ,  APA 1985) t o  investigate 

p r o j e c t  e f f e c t s  on t h e  r i v e r  reach  downstream E r a m  t h e  dam(s) t o  S u n s h i n e .  

For a l l  t h r e e  s t a g e s  of t h e  p r o j e c t ,  t h e  r i v e r  temperatures between t h e  

dam(s) and  t h e  end of t h e  i c e  cover ,  were p r e d i c t e d  to be  between O D C  and 2 O  

t o  3 ° C  i n  comparison to 0'6 temperature in t h e  same reach under  natural 

conditions. Exhibits 23 t o  25 show t h e  positions o f  i c e  f r o n t s  f o r  t h e  

t h r e e  stages. S i n c e  t h e  r i v e r  temperatures d u r i n g  w i l ~ t e r  would b e  h i g h e r  

t h a n  those  under  n a t u r a l  conditions, f r a z i l  a n d  anchor  i c e  formation a c t i v i -  

t i e s  would  b e  r e d u c e d .  T h i s  would  r e s u l t  in a decreased entrapment of 

s u s p e n d e d  sediments by f r a z i f s  . 
5 3 . 3  S u s p e n d e d  S e d i m e n t  Concentration between  Watana and t h e  Chulitna ----- ------"--. - 

Confluence 

T h e  s u s p e n d e d  sediment concentration i n  t h i s  r e a c h  will b e  controlled by t h e  

concentration i n  t h e  r e se rvo i r  re leases  ( s u b - s e c  t i o n  5 .5 .1  ) a n d  any  sediment 

csntributisn from t h e  r e a c i ~ ,  

T h e  s u s p e n d e d  sediment c o n c e r ~ t r a t i o n  i r l  t h e  r e a c h  a b o v e  t h e  i c e  Frk.>ni:  will 

i ~ i i  neo r1 .y  t h e  same as i n  t h e  ueleasc2s. Any r r i i i -~ct l ion c:ausrd b y  f r - n z i  i :ji~~i 

k c  i c e  1 1  L bi) corr~penaaf:t$d by s a n d  f > i i ~ - r L c : l ~ ~ : : :  yi.~+.,-d LA;)  f ro~ i -~  t i ~ t ~ :  I - I V ~ : L *  



bed because of 'nigher w i n t e r  f low.  The formation o f  i c e  i n  t h e  reach 

between t h e  i c e  f r o n t  and t h e  confluence will r e d u c e  t h e  sediment transport 

c a p a c i ~ y  of t h e  r i v e r  a n d  some sediment could b e  t r a p p e d  by i c e .  However, 

t h e  reduction i n  t h e  concentration will b e  r e l a t i v e l y  smal l .  Therefore, t h e  

with-project w i n t e r  s u s p e n d e d  sediment concentrations r ~ o u l d  b e  about t h e  

same as i n  t h e  outflows from t h e  Watana Reservoir  u n d e r  S t a g e  I and  f r ~ m  t h e  

Devi l  Canyon Reservoir under  Stages I1 and 111. Dur ing  summer f l o o d  

p e r i o d s ,  t h e  c o n t r i b u t i o n  from t h e  intervening areas  may i nc rease  concen- 

tyations i n  t h e  mainstream but the  concentration would be  significantly l ess  

t h a n  those  under  n a t u r a l  conditions. E x h i b i t  12 shows approximate suspended  

s e d i m e n t  concentrations d u r i n g  va r i ous  months at Gold Creek f o r  an average 

flow year .  

5 , 5 , 4  Suspended  Sediment Concentration between thc Ghulitn~ Confluence a n d  

I n  t h i s  r e a c h  t w c  major t r i b u t a r i e s ,  t h e  Chulitna and  Talkeetna R i v e r s ,  j o i n  

t h e  S u s i t n a  River.  These r i ve r s  c a r r y  little sediment during w i n t e r   able 

2). Under with-project conditions, t h e  increased  w i n t e r  flow will p i c k  u p  

s a n d  particles from t h e  main c h a n n e l  o f  t h e  Susitna River .  However, some of 

t h e  sediment will b e  t r a p p e d  by i c e ,  and  t h e  n e t  increase  in sediment con- 

centrations w i . 1 1  be  insignificant. The concentration d u r i n g  w i n t e r  will, 

t h e r e f o r e ,  be controlled by t h e  concentration i n  t h e  Susitna River above t h e  

c o n f l u e n c e .  Dur ing  summer months, low concentrations i n  t h e  Susitna River  

above t h e  confluence will reduce  t h e  concentration a t  S u n s h i n e  compared t o  

t h a t  under  natural conditions. The monthly concentrations a t  S u n s h i n e  gage 

were estimated based  on monthly s u s p e n d e d  sediment concentrations a n d  d i s -  

c h a r g e s  obse rved  i n  t h e  Chulitna a n d  Talkeetna r i v e r s ,  wi th-projec t monthly 

discharges a n d  concentrations i n  t h e  S u s i t n a  R i v e r  above  t h e  confluence a n d  

flow contributions from t h e  i n t e r v e n i n g  area. The with-project monthly 

discharges were t hose  computed f o r  various s t a g e s  b a s e d  on Case E-VI  down- 

stream recluircments .  Exhibit 13 shows approximate s t l spended  szdinent con-. 

cc?ntrat io .*ss  d u r i n g  various months a t  S u n s h i n e  f o r  an average  f l o w  y e a r .  T h e  

l r i i~~brnurn  corrct2mt~-at iul-1 i s  a b o u t  25 mg/l i n  M a r c h ,  b t i  tl-I the maxirnum conceniro-- 

t i i ; r ~  o f  about  675 mg/l  i n  A i l g t l s t ,  
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SUSPENDED SEDIMENT SALWLES 
COLLECTED AT %JS@S STREMI GAGING STATIONS 

Months 
J F M k M - J J A S O N D  

Susitna River n r *  Cantwell 

S u s i t n a  Uve r  a t  Gold Creek 
Susitna River  n r ,  TaPkeetwa 
C k t l s l P t n a  Uver  nr Talkeetna 

TaPkeetna 53ver artfa T a I k e e t n a  
Susitaa R i v e r  a t  Sunsh ine  

Susiena mver at S u s i t n a  
S t a t i o n  

Per iod  No, a 
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SUSPENBED SEDImNT CONCENTUTEQMS ( M C ~ E )  
WATANA - DEVIL C N Y O N  OPERATION, STAGE I T  

Average Rarnge o f  
Range of Obucrved Range )f eoncent r a t i o &  Concentration- 3 / 

Month 
P 

I I Goncentratian- ."-- -,------ concentrat i onz /  (Average -- Year) (Averge Year) ---- 
Jan 
Feb 
t4a x- 
APE 

Jun  
Jul 
Bug 
Sep 
Oct 
Nov 
Dec 

I /  From T a b l e  2 ,  us ing  data f o r  t h e  Susitna R i v e r . n e a r  Cantwell (pe r iod  1 9 6 2 - 7 2 ,  .-- 1980-82) and a t  Gold Creek (pe r iod  1 9 7 4 - 8 2 ) ,  

2/ Estimated from d a i l y  sediment  transport in tons p e r  day and corresponding mean d a i l y  

.=- 

discharge in cfs at Watana, 1982 f low cond i t i ons  (average year) .  

3 /  Based on DYRESM s i rnu la t ion  f o r  1982, releases from D e v i l  Canyon Reservoir .  

N / h  = n o t  available. 



Range o f  Obse  rved 
Month Concentration- I f  

SUSPENDED SEDSmNT COMCENTRATIONS ( M G / L )  
VATMA - DEVIL CMYON O&ER,6,TIBN, LATE STAGE 11.1 

Jan  
Feb 
Har 
A P ~  

Jun 
JuI 
Aug 
S ~ P  
Oct 
Merv 

, Dec 

Range sf 
2 /  Concentration- 

Average 
concent r a t  ions 
(Average Year) - 

Range of 
3 Csncent  r a t  i o n d  

(Averge Year) -- 

1/ From Table  2 ,  using data f o r  t h e  Susitna River  near Cantwell ( p e r i o d  1362-72, 1 - 1980-82) and at Gold Creek ( p e r i o d  1914-82). 

2 1  Estimated from d a i l y  sediment t r a n s p o r t  in tons per day and corresponding mean d a i l y  
discharge i n  c f s  a t  Watana, 1982 flow condi t ions  (average year). 

31 Based on D Y E S M  s i m r l a t i o n  f o r  1982, releases from Devi l  Canyon Reservoir. 

1 4/ N / A  = not  available. 
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EXHIBIT 12 
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