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The 1984 lower S u s i t n a  R ive r  f reezeup (below Tal keetna) was documented 

by v i s u a l  observations, ground measurements a n d  aer ia l  photography. 

These methods a r e  similar t o  those used during the previous 4 y e a r s  of 

t h e  on-going ice processes s t udy .  Emphasis during 1984 w a s  p l a ~ e d  on 

identi fying dominant ice processes influencing lower r i ve r  ice cover 

format ion.  Hydraul ic  d a t a  were collected a t  several locations f o r  use in 

modelling ana lyses.  Severa l  potential f ish h a b i t a t s  were  identified pr ior  t o  

t h e  f reezeup and were monitored as the  ice f r on t  progressed t h rough  t h e  

lower r i v e r  reach .  

General  conclusions regarding lower r iver  f reezeup based on d a t a  contained 

in  t h i s  repor t  should be avoided due  to the unusual n a t u r e  of ice cover 

progression attributed to mild weather dur ing t h e  1984 f reezeup .  This 

r e p o r t  descr ibes t h e  chronology of ice cover  deve lopm~n t  in Section 3 ,  a n d  

p resen ts  miscellaneous d a t a  pertinent to ice modelling in  Section 4 C* a n d  in  

Appendices A a n d  B .  Most o f  the specif ic processes control l ing freezeup, 

as  well as those of ice cover progression, were previously reported in a 

series of ice s tudy repor ts  ( R G M  1980, 1981, 1982 and 1983). Users ~i the 

d a t a  contained herein who a r e  not fami l iar  w i th  S u s i t n a  River ice processes 

a r e  r e f e r r e d  to these  published reports. This repor t  r e f e r s  t o  r iver  mile 

(RM) numbers f o r  ident i f icat ion of s p ~ c i f i c  s i t es  on the river mainstem, 

w i th  t h e  r i ve r  mouth a t  Cook I n l e t  corresponding t o  KM 0 .  R i v e r  M i l e  

n u m b e r s  have been annotated on the bluel ine photomosaic maps in 

Appendix C.  



2.0 SUMMARY 

The 1984 S u s i t n a  River f r eezeup  was character ized by: 

1 .  Low ' 2'  arges and stage levels 

2 .  Multil: 9s 

3 .  Rap id  ice f rant  progression 

4. Middle rive: i.,e bridge a t  R i v e r  Mile 105 

5. l o n g  reaches of open wate r  between ice bridges, a f t e r  ice cover  

progression 

6. Thick a n c h o r  ice deposits 

Unusually mild  w e a t h e r  during September and ear ly  October  de layed 

format ion  of signif icant f r a z i l  ice volumes u n t i l  the four th  week in October.  

The lack of l a t e  summer r a i n f a l l  resulted in  low freezeup s tages compared 

to  previous y e a r s .  The ice bridge near  Cook I n le t  formed on October 27, 

1984. The r iver s t a g e  was so low that  within 48 hours of t h e  i n i t i a l  

bridge, a series of ice br idges formed in q u i c k  succession between river 

mile (RM) 5 and RM 52. These closures resulted primarily f rom  grounding 

of l a r g e  s l u s h  ice floes in shal low w a t e r .  A f t e r  the  las t  ice bridge fo rmed 

a t  RM 52, a continuous ice cover progressed on the lower r i ve r  up t o  RM 

88. On a b o u t  November 2,  format ion of a midd le  r i v e r  ice bridge a t  RM 

105 blocked ice f rom c o n t i n u i n g  down to the lower r iver .  The r a t e  of 

middle r iver  ice cover progression w a s  subsequently rapid compared t o  

previous years  due to  low wate r  levels, large volumes of s l u s h  ice en ter ing  

t h e  reach f rom upstream, a n d  early init iat ion of ice cover development. 

The middle r iver  ice bridge cu t  of f  t he  upper Sus i t na  s l u s h  ice 

contribution t o  the  lower r i ve r  ice f ront ,  a n d  lower river progression 

signif icant ly slowed. Dur ing November, t h e  Chul i tna a n d  Talkeetna 

t r i b u t a r i e s  supplied some ice t o  the  lower  r i ve r  ice f ron t .  Ice f r on t  

p rog ress ion  eventual ly stopped conipletely a f t e r  ice bridges developed on 

these  tributaries in mid-November.  The remain ing open w a t e r  between the 

lower river leading edge a n d  t h e  RM 105 ice bridge was of i n s u f f i c i e n t  

length for generation of substant ia l  f r a z i l  ice volumes. 



The midd le  r i ve r  ice f r on t  p rogressed  continuously, reaching Sherman (Rh*! 

730) in ea r l y  December. Unusual ly  cold a i r  t empe ra tu res  i n  November 

brought the  number of a ~ c u m u l a t e d  f r e e z i n g  degree-days t o  the  average 

t o t a l  and a lso  caused large volumes of f r a z i i  ice on t he  middle a n d  upper 

S u s i t n a ,  as well as on the  Chuiitna a n d  Talkeetna R i v e r s .  A l t h o u g h  most  

of t h i s  ice contr ibuted d i r e c t l y  to  t h e  upstream advance of the t w o  ice 

fronts, a secondary consequence was rapid and mass i ve  accumulat ions of 

anchor ice. The anchor ice was readily vis ib le,  s ince it accumulated 

sediment and acqu i red  a l ight brown t i n t .  Upst ream of C u r r y  (RM 120) 

t h e  anchor ice formed th ick l aye rs  o n  the channel  bed in shallow a r e a s .  

By  e a r l y  December, many of these format ions were n e a r  the water  surface, 

e f fec t i ve ly  changing local hydraulics of the channel by damming f low.  The 

resu l t ing  backwater caused local s t a g e  increases which f r a c t u r e d  shore ice 

along f low marg ins  as buoyant l i f t ing fo rces  separated ice f rom the channel 

banks. Fragments  of shore ice were often seen f loat ing  do^. - s t r eam d i~ r ing  

December. On about December 15 several shore ice f ragnrents lodged on 

a n  anchor ice dam near RM 135.5. This ice jam prevented s l u s h  fr-om 

cont inuing downstream and t h u s  developed into a new ice f ron t .  The 

progress ion f rom this point was re la t i ve ly  short- l ived, e x t e n d i n g  only up 

t o  RM 137 before the slush ice volume generated ups t ream was so min imal  

t h a t  suff ic ient t h i c k e n i n g  fo r  continued ups t ream progress ior j  w a s  no 

longer possible. 

The remaining open wa te r  gradually diminished as shore ice extended to- 

wards the channe l  center. As of l a t e  December t h e  fol lowing rekshes 

remained open, some containing in termedia te  ice bridges: 

R M  24 - 25 Rh4 92 - 105 

RM 43 - 46 (West  channel) Rh4 131 - 135 

RM 49 - 52 ( E a s t  channel) RM 137 - I47 



On October 16, 1984, s l u s h  ice was f i r s t  observed f !ow ing  down t h e  

mainstem a t  Gold Creek .  Var i ab le  concentrat ions of ice avere absel-ved 

unt i l  t he  af ternoon of October 22, when a i r  temperatures w a r ~ ~ e d  t o  3'C 

a n d  all ice disappeared. A f u l l  6 feet  of accumulated border ice 

disintegrated a t  Gold Creek  during t h e  fol lowing two d a y s .  Slush ice 

concentrations began t o  inc rease  on October 25. On October 1 6 ,  a t  river. 

mile (RM) 9, nea r  t he  mouth of the Sus i tna  River ,  a d e n s e  concentr-ation 

of ice f loes had accumulated dur ing t h e  h i g h  t i d e  of 32.4  feet  (Anchorage 

reference s t a t i o n )  a t  abou t  7:30 a .  rn. (see Section 4 , 5 ) .  A t  RM 9 t he  t i da l  

f luctuat ion was measured t o  range  over 6 fee t  during th is  p a r t i c u l a r  cyc le .  

Tidal m e a s u r e m e n t s  were made u s i n g  a n  over lapping sereeies of s t a f f  gages 

installed on October 19, p r i o r  t o  t h e  ex t reme monthly t i d e  cycle. S l u s h  

ice f loes on t h e  Sus i t na  River generally consisted of l a rge  pans  of t igh t ly  

packed but poorly bonded clusters of sintered ice c r y s t a l s .  Near  t h e  

r i ver  m o u t h  the ice p a n s  had  p a r t i a l l y  solidif ied, forming a rigid sheet 4-2 

inches t h i c k  on t h e  surface. Under t h i s  sheet, up to 3 fee t  of s lush ice 

had not frozen solid. This condition of a solid surface layer was observed 

only on the  reach near RM 9. Pan s ize was var iab le  w i t h  a v e r a g e  

diameters ranging f rom 2 f ee t  to  over  6 Feet. The su r face  wa te r  veioci ty 

during t h e  high tide was less than 1 foot/sec. a n d  a t  low t i de  a b o u t  2 . 5  

feet/sec a t  center  c h a n n e l .  Ice floes t h a t  drifted into t h e  f low m a r g i n  

along t h e  e a s t  bank became grounded when t h e  t i de  receded. 

The fol lowing day ,  October 27, t he  ice concentration below R M  9 a g a i n  

increased during high t ide. W i t h  s u b s t a n t i a l l y  higher volumes of ice f loes 

coming into t h i s  a r e a  f r om ups t ream due to  cold a i r  temperatures, a n  ice 

bridge developed near  RM 5. Although t h e  a c t u a l  development was riot 

observed, evidence of t h e  format ion process sugges ted  the  following 

scenario. The high t i d e  on October 27 was near  33.0 fee t  a t  Anchc-age. 

A t  t h a t  level it would  have  s ign i f i can t ly  decreased t h e  wate r  velocity in 

t h e  reach of r i v e r  near R M  9. Dr i f t i ng  ice enter ing t h i s  reach of 

near -zero  velocity would quickly a c c u m u l a t e .  A continuous unconsolidated 



ice cover  was probably p r e s e n t  from Cook In le t  up to abou t  RM 12 a t  t he  

h i g h  t ide.  A s  t h e  t ide receded, ice floes s t a r t e d  f lowing  ou t  t o  sea. 

However,  be fo re  ice a t  RM 5 began moving, t h e  wate r  level h a d  dropped 

su f f i c ien t l y  so that  most  f loes grounded a t  t h e  channel marg in ,  resul t ing in 

a stable bottleneck which prevented movement of ice floes n e a r  center 

chanp-ael. Backwaber diminished as; the t i d e  continued 80 recede. The 

increased wate r  velocity stressed unconsolidated ice a t  RM 9, which 

eventual ly moved. However, because o f  the  s tab le  ice bridge a t  RM 5 the 

downst ream ice cover only compressed, increased in t h i c k n e s s  and created 

a backwater a r e a .  This backwater area s tab i l i zed  t h e  remaining ice above 

RM 9 so that  no f u r t h e r  movement took place. Since no direct 

observations were  made of t h i s ,  t he re  i s  no way of knowing  the upstream 

e x t e n t  of t he  ini t ia l  ice cover, b u t  assuming a continuous inf low of s l u s h ,  

t h e  cover would have  rapidly lengthened. 

On October  29, a n  overflight revealed a complex and papid ice cover 

development on the  lower reach. From RM 5 a somewhat continuous cover 

extended to  RM 19, ad jacen t  to  the  en t rance  of A lexander  Slough. The 

predominant  process of advance was juxtaposit ion. Large a r e a s  of open 

wa te r  were  present throughout  t h e  cover, indicating that  l i t t l e  pressure  

was ac. t ing on the  ice and no compression had occurred. By 10:30 a .m.  o n  

October 29, t h e  leading edge was located a t  RM 19. No fur ther  

advancement occurred due to  insuf f ic ient  ice f r o m  ups t ream.  The leading 

edge consisted of t h i n  layers of f i n e  s lush t h a t  accumulated  diagonally 

across the  channel f r om t he  a rea  of high w a t e r  ~Jelocity on t h e  outside of 

t h e  r i ve r  bend to  low velocity on t h e  inside of the bend. Open water-  w i t h  

no s l u s h  was  noted f rom RM 19 to R M  25.9 a t  S u s i t n a  S t a t i o n  (USGS gage 

s i te )  w h e r e  a second ice bridge had fo rmed.  A continuous ice cover 

occurred ups t ream f r om RM 25.9 t o  RM 43 of t h e  e a s t  channel t h r o u g h  t h e  

Delta Islands. An ice cover h a d  a lso  progressed up the Yentna R ive r  

a b o u t  72 miles.  The west channel through t h e  Del ta Is lands ,  f r o m  RM 4 2 . 5  

t o  RM 46, was e n t i r e l y  open.  On the  west  channel a t h i r d  ice bridge had  

formed a t  RM 46. This obstruct ion had prevented s l u s h  ice from drift ing 

downstream to advance t h e  ice cover  above RM 42.5 .  C ~ o r n  the ice bridge 



a-t RM 46, a n  ice cover had  progressed up t h e  west channel to  RM 51. A t  

t h i s  point t h e  main channel b i fu rca tes  c rea t i ng  t h e  west and e a s t  channels.  

The ice cover progression had stopped he re  and t h e r e  was  open w a t e r  up 

to RM 52. The e a s t  channel was open f rom RM 43 to  R M  52. A t  RM 52 a 

four th  ice bridge had fo rmed.  Very little s l u s h  ice emerged f r o m  under 

t h e  downstream edge of the bridge, indicating that most of the ice f loes 

were retained by the  advancing ice cover near  the leading edge. ] - h i s  ice 

cover- bcad p rogressed up t o  RM 55. Visual  est imates of s l u s h  concen- 

t ra t ions  3 t  Gold Creek, 4 d a y s  before the i n i t i a l  ice bridge formed, were 

never  less than 50% of the total  open wate r  sur face a r e a .  

On November 3, t h e  leading edge of ice accumulation had progressed to 

RM 71.5 a t  a n  average r a t e  of 4.1 mi les/day f rom the  ice bridge a t  RM 52. 

A t  the t h r e e  r ivers '  confluence, the Chulitna a n d  Ta lkee tna  R i ve rs  

appeared to  be contr ibut ing most  of t h e  slush ice to  t he  lower S u s i t n a .  A t  

RM 105, s l u s h  ice had bridged the  shallow channel. This bridge remained 

s tab le  long enough to  i n i t ia te  a n  ups t ream progression of ice on t h e  middle 

reach. The consequence of this new progression was a decreased supply 

of slush ice t o  the  lower r iver  ice front ,  ultimately delaying ice cover 

format ion below RM 105. The leading edge progression r a t e  slowed t o  

under 2 miles/day on t he  lower r iver, being ent i re ly  dependent on s l u s h  

f r o m  t h e  C h u l i t n a  and Talkeetna Rivers and f r a z i l  generated below t h e  ice 

bridge a t  RM 105. 

A warm weather period began on November 5 a n d  las ted unti l  the 1 0 t h .  

Ice concentrations sharply decreased during t h i s  period to  less than 10% a t  

Gold Greek on November 8. This subsequent ly decreased t h e  rate of 

leading edge progression t o  0 .5  miies/day on the rniddle river and 0 .2  

miles/day on t h e  lower r i v e r .  The open wa te r  reaches below RM 105, 

through the  e a s t  channel of t h e  Delta I s l ands  and between RM 26 a n d  

RM 20, remained open during t h i s  period. 

On November 10, cold a i r  temperatures once a g a i n  increasecl t he  ice 

concentrations. On November 13 t he  surface coverage was es,timated a t  



80"b by the Gold Creek  obse rve r .  The middle r i ve r  ice f r on t  adijanced 6 

miles (up to RM 121)  and t h e  lower river f r on t  moved u p s t r e a m  a b o u t  2 

miles (up to RM 86).  The midd le  r iver  ice fr0n.t progi-essed more rapidly 

due  t o  a larger % ~ o l u m e  of  s l ush  ice generated in available open w a t e r  

reaches between Gold Creek  a n d  W a t a n a .  Open wa te r  leads on t h e  lower  

r i ve r  we re  slowly f r eez ing  over  by a combination of upst ream covei- 

progression and border ice growth.  The s l u s h  ice contr ibut ing to  these 

processes originated f r o m  wi th in open wate r  reaches a n d  f r o m  u n d e r n e a t h  

t h e  downstream edge of existing covers ups t ream.  A t  t ha t  time, a n  

est imated 75% of the s l ush  forming t h e  lower r iver  ice cover above t h e  

Yentna R i v e r  confluence originated from the  Chulitna and 'Talkeetna 

R i v e r s .  

The Chulitna a n d  Talkeetna Rivers formed ice bridges severa l  miles 

ups t ream of the  S u s i t n a  confluence on November 14. These ice bridges 

prevented slush f rom enter ing t h e  S u s i t n a  a n d  ice cover progress ion (on 

t he  S u s i t n a )  stopped a t  RM 88. A n  i n s u f f i c i e n t  supply of s l u s h  prevented  

f u r t h e r  ups t ream progression a t  t h e  r a t e s  previously observed. 

I n  Slough $A, ponds wi th  black ice about  4-6 inches th ick overf lowed and 

t he  surrounding snow cover flooded on November 16, when t h e  leading 

edge was located a t  RM 127. Phis indicated t h a t  g roundwater  levels rose. 

T h e  entrance berm a t  R M  127 had  not ye t  been overtopped. However, t he  

berm a t  RM 126.1 had been fiooded. Ice f loes about 1 foot th ick h a d  

p a r t i a l l y  breached t h e  entrance be rm a n d  h a d  become s t randed,  indicating 

t h a t  a depth slightly less than th is  had occurred over  the berm.  Using a 

minimum overtopping depth of 8 inches a n d  a n  est imated flow w i d t h  of 50 

feet, then about 50 c fs  could have en te red  t h e  siough w i th  a veloci ty of 2 

f p s .  The ponds in Slough 8 A  increased in s i ze  prior to overtopping of t h e  

upper berm a t  RM 127, indicating a local increase in  the height: of the  

water  table, d u e  t o  the  s taged  mainstem. The upper en t rance  t o  'Slotlgh 

8A began overtopping on November 19 when t h e  leading edge was a t  RM 

128. This even t  was not  nea r l y  as  d r a m a t i c  as t h e  overtopping observed 

in  1982. From the a i r  it was d i f f icul t  to t e l l  that overtopping /lad 



occurred. The snow cover  was about 1 foot th ick a t  t h e  tir-ne, and 

mainstem w a t e r  only seeped through the snow pack. 

On November 21, t he  leading edge on t he  midd le  r i ve r  reached RM 129,  

n e a r  t h e  entrance to  Slough 9. No overtopping of t h e  ent rance b e r m  

sccu r r e d .  

By this t ime the r iver  ups t ream o f  Devil Canyon had become ice covered, 

severe ly  l im i t i ng  the  volume of f r a z i l  capable of being generated.  The 

leading edge advance ra te  subsequent ly  slowed t o  about 0.2  m i l e s l d a y  . 

The origin of t h e  slush responsible f o r  ma in ta in ing  this r a t e  of advance 

w a s  pr imar i l y  the open water  reach f rom Devil Cankjon to S h e r m a n .  This 

reach also developed mass ive  anchor ice deposits. A n c h o r  ice d a m s  oc- 

cu r red  a t  several  a r e a s  throughout th is  reach, clften formi.19 to  s ~ ~ c h  

thicknesses t ha t  backwater  a reas  developed. T h e  increased w a t e r  sur face  

elevation s t ra ined  t h e  border ice along f low marg ins ,  in many places 

causing it t o  f rac tu re  and f loat downst ream to  become incorporated in the 

ice cover. Anchor ice accumulated on t he  bottom in mass ive  proport ions. 

Thick l a y e r s  o+ten broke f r e e  f rom t he  bottom a n d  floated downst ream -to 

a lso  become p a r t  of t h e  downstream ice cover. 

On December 15, s t a g i n g  induced by anchor ice growth  a t  RM 135 caused a 

f rac tu r ing  of upst ream border ice.  A l a r g e  solid f r agmen t  drifted 

downstream but ins tead of f loating down to t h e  lead ing  edge a t  RM 131 it 

became lodged a t  a n  anchor ice dam n e a r  RM 135, creating a new ice 

bridge. This ice  bridge accumulated s l u s h  ice a t  t h e  ups t ream edge. The 

new ice f ront  prevented s l ush  f r o m  cont inuing downstream to  a d v a n c e  t h e  

previous leading edge. By December 20, t h e  river under t h e  Gold Creek 

bridge had frozen over a n d  t h e  leading edge w a s  approaching RM 137. 

The open wate r  below the  ice dam a t  RM 135 remained as  it appeared a 

we$& ea r l i e r .  

On t he  f inal observation f l ight, December 20, 1984, t h e  leading edge on 

the. Sus i tna  R ive r  berow the t h r e e  river*sl confluence had reached RM 92, 

a t  



a r a t e  of 0 .12  miles/day.  The Talkeetns River was f r ozen  over above  t he  

r a i l r o a d  bridge. The Chulitna R ive r  was open a t  t h e  confluence b u t  

f rozen  Dver about three miles upst ream.  Extens ive  open leads e x i s t e d  in 

t h e  Sus i t na  mainstem ice cover below Talkeetna.  Open water  s t i l l  pe rs i s ted  

on the  eas t  channel of  the  Delta I s l ands ,  although the f low velocity h a d  

diminished in m a n y  places a n d  border ice was beginning to  close t h e  open 

channel in severa l  a reas .  The leading edge progression i s  summarized in 

Table 3 + 1 *  

The 1984 ice cover development had several  in terest ing a n d  di f fe rent  

features which contrasted t o  those of previous years .  I n  1984, a la rge  

volume of anchor ice was observed f r om near Talkeetna t o  upst ream beyond 

t h e  Wa tana  a rea .  The onset of extremely cold weather e a r l y  during 

freezeup, from November 10 through November 13, cooled t h e  middle r i v e r  

below Gold Creek suff ic ient ly t o  generate f r a z i l  ice, which due to t he  

turbulent  n a t u r e  of this reach adhered t o  t h e  bottom, forming anchor ice. 

When a n c h o r  ice covered the channel bed, s a l t a t i n g  sediment particles and 

suspended sediment became entrained in t h e  ice, giving it a brown 

coloration. Anchor ice of ten continues gaining mass by accumulat ing 

f r a z i l .  Eventually a critical th ickness i s  at ta ined giving t h e  ice mass 

suf f ic ient  buoyancy to  float, of ten taking wi th it egt ra ined sediment and 

possibly bed mate r ia l  of various sizes. R a f t s  of a n c h o r  ice were 

f requent ly  observed f loating downstream. These r a f t s  become incorporated 

in the ice cover fu r the r  downstream. The r a f t s  var ied considerably in 

size. Some were qu i te  large,  wi th diameters of about 4-5 feet, but the 

most common anchor ice r a f t s  observed were genera l ly  1-2 f ee t  across. 

A n c h o r  ice generally develops every y e a r  to some e x t e n t  ups t ream of 

Cur ry  ( R M  ?20 ) ,  a n d  during cold w e a t h e r ,  in many a r e a s  between 

Talkeetna and Gold Creek .  The cold a i r  tempera tu res  of November 1984 

a n d  low w a t e r  levels caused e a r l y  formation of t h i s  ice, which subsequently 

led to very  thick a n d  widespread deposits, w i t h  volumes exceeding those  

observed in previous yea rs .  



'The f requency nf ice bridgz formation in 1984 i.; most l ikely a direct e f f e c t  

of  the low r i v e r  f lows dur ing f reezeup  (F igu re  3 .1 ) .  The r e s u l t i n g  

shal low w a t e r  in many  places provided n a t u r a l  iodgement points which  a t  

higher w a t e r  would  be negotiable by t h e  ice floes. 

Observat ions during the  1984 freezeup confit-med t h e  cr i t ica l  importance of 

l a r g e  s l u s h  ice volumes to in i t ia te  and continue ice cover development.  

When open water  contacts a i r  colder than about -lO°C, f raz i l  ice forms.  A 
steep, turbulent  r iver  reach can generate much more ice than a reach of 

lesser gradient  due t o  a higher ra te  of coaling. Li t t le  new f r a z i l  w i l l  f o rm  

once t h e  open water surface area  i s  about 70% covered by floating s l u s h ,  

s ince this i n t e r f e r e s  w i th  heat  e x c h a n g e  t o  the  atmosphere. The l e n g t h  of 

open wate r  required to generate a 70% s l u s h  coverage i s  dependent on t he  

degree of turbulence a n d  t he  prevail ing a i r  tempera tu re .  When t h e  ice 

bridge formed a t  R M  1C5. very l i t t l e  f r a z i l  ice was generated in the  open 

water  reach downstream to t he  leading edge a t  R M  73 .  M u c h  of t h e  ice 

supplying the lower r i v e r  l e a d i n g  edge a f t e r  November 3 or ig inated f r o m  

t h e  Chulitna a n d  Talkeetna Rivers.  This was  eliminated on November 74 

when ice bridges formed o~ t h e  t r i bu ta r i es .  Consequently, t h e  lower river 

ice f ront  received only minimal ice volumes which did not advance  t he  

leading edge. By the  l a s t  f i e l d  t r ip  the remaining open wate r  downstream 

of RM 105 (a length of  approx imate ly  13 miles in mid-December), was 

gradual ly  f reez ing  over  by shore ice growing laterally out f r o m  the  r i ve r  

b a n k s .  
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DATA 

Daily m e a s u r e m e n t s  of ice and meteorological pa ramete rs  were made a t  the 

Gold Creek  Bridge by Nancy Larson .  Twice p e r  day ,  u s u a l l y  a t  sun-up 

and sun-down, she obtained da ta  on t h e  c u r r e n t  a i r  tempera tu re  a t  the 

water  surface,  minimum and maximum daily a i r  temperatures,  w a t e r  temper-  

a ture,  w a t e r  velocity, s t a g e ,  shore ice w id th  and thickness, a n d  est imated 

slush ice concentration on the water  surface. These d a t a  are  listed in 

Appendix A .  Daily f lows are tabu la ted in  Tables 4.1 t o  4.3.  

Weather d a t a  f r o m  t h e  Talkeetna Flight Service Station (National Weather  

Service), Wa tana  (RGM Consul tants ]  a n d  Denali  ( R L M )  f o r  September 

through December 1984 a r e  included in Appendix  A .  A i r  t empera tu re  d a t a  

from these stations were summarized and are l i s t ed  in  Tables 4.4  to 4 . 2 2 ,  

along wi th  accumulated f reez ing-degree  d a y s .  Plots  of  mean daily a i r  

tempera tu res  in Figure 4.1 show relative temperature va r i a t i ons  between 

s ta t i ons ,  as well  as t empe ra tu re  t r e n d s  fo r  the four  months. As shown on 

t he  graphq a i r  tempera tu res  genera l ly  decreased s tead i ly  t h r o u g h  

October.  Ir. November a i r  t empera tu res  began f l u c t u a t i n g  considerably, 

wi th  t h i s  trend c o n t i n u i n g  t h r o u g h  December. November 1984 was co lder  

t h a n  normal, whi le  September, October and December all had above-normal 

temperatures. By the  end of December, to ta l  accumulated f reez ing-degree 

d a y s  were f a r  shor t  of the historical average. Additional a i r  temperature 

d a t a  f r om a s i t e  located in t h e  Delta I s l a n d s  (RM 47.8) a r e  shown in 

Tables 4 . 4  to 4 .6 .  In order  t o  quant i fy  the  va r i a t i on  i n  a i r  t empera tu re  

between t h e  W a t a n a  weather  stat ion,  located on t h e  h i g h  pla teau ad j acen t  

t o  the  r iver ,  and t h e  a i r  t empe ra tu re  n e a r  t h e  water  sur face,  a 

therinograph recorded a i r  t empera tu  r-es a t  the s t reamgag ing  site since 

September, 1984. The d a t a  f r om th is  recorder a r e  l i s ted  in Tables 4.15 to  

4.18, along w i th  the mean daily deviation f rom t h e  Watana  s t a t i o n .  



4 . 2  1-ower R iver  Cross Sections 

In  September, 1984, a to ta l  of 13 sect ions were surveyed on t h e  lower  

river below T a l  keetna.  S i x  new cross-sections were located between 

Ta lkee tna  and t h e  P a r k s  Highway Br idge a t  the  following river mi les :  

T h r e e  cross-sections, or iginal ly surveye in 1982, were re-surveyed in 

order t o  h a v e  recent d a t a  fo r  sediment modelling. These sections were  

located a t  r i v e r  mikes: 

95.9 (LRX - 0.7) 98.0 (LRX - 2.0) 

97.1 (LRX - 1.0) 

The p r i m a r y  purpose of these 9 sections i s  f o r  the  on-going r i v e r  

aggradation s tudy ,  which w i l l  ana lyze potent ia l  aggradation between t h e  

Chul i tna confluence and t h e  P a r k s  Highway Bridge. Detai ls per ta in ing  to 

t h e  cross-sect ion survey a n d  f ie ld d a t a  collected were reported by R t M  

Consul tants (1984). 

Four additional cross-sections wesbe s u  rvsyed below t h e  P a r k s  Highway 

Bridge a t  r i ve r  miles: 

These sect ions will be used f o r  es t ima t ing  ice volumes a n d  ice f r on t  p ro -  

gression rates under wi th-pro ject  condit ions. These four  sections a r e  not 

t i e d  in t o  pro ject  datum.  The elevations a r e  based on a n  al t imeter  survey 

which es-tablished approx imate  elevat ions on a l l  t h e  e a s t  bank bench m a r k s .  



In  addition to t h e  13 sections surveyed by RGM Consul tants ,  two  '2) 

cross-sections f r om t h e  U . S . G .  S .  s t reamgage s i t e s  a t  Sunshine and S u s i t n a  

S t a t i o n  were plotted and a r e  included w i t h  the  tabu la ted  c-oss-sect ion d a t a  

in Append ix  B .  Cross-section locations have been delineated on t h e  

bluel ine photomosaic maps in Appendix C. 

Measurements of s tage,  wa te r  velocity, a n d  ice th icknesses were made 

along t h e  fou r  sections below the P a r k s  Highway Bridge. Stage 

measurements were made along t he  9 sections abokie the  bridge. These  

d a t a  a r e  included in Figures 4 . 5  to  4.19. Ice th icknesses a r e  listed below. 

~ Lower Susitna River  ice Thicknesses 

R i v e r  Mile Date 

Solid Bee 

Thickness 

(feet) 

S l u s h  ice 

Thickness 

(feet) 

4 . 3  Porosity Measurements of Slush ice 

N u m e r o u s  measurements were made dur ing  the freezeup period in 1984 to  

quanti fy porosity of slush ice formed from f r a z i l  c r y s t a l s .  The v a l u e  of 

t h i s  parameter i s  necessary  fo r  accurate ly  de te rm in ing  t h e  volume of ice 

generated wi th in a speci f ic  open water  reach. The l e n g t h  of open w a t e r  

u p d r e a m  of t h e  m e a s u r e m e n t  site, as  wel l  as  t h e  a i r  temperatur-e, t o  a 

g r e a t  e x t e n t  determine the  poros i ty .  

D u r i n g  October 1984, a ser ies of measurements were t a k e n  a t  several 

locations on the Sus i tna  R i v e r  between Genal i  and Cook Inlet. The 



objective w a s  to document a change in porosi ty of s l ush  ice r e i d t i ve  to  

t r ave l  t ime  since f r a z i i  fo rmat ion.  Recorded a i r  t e m p e r a t u r e s  in  October a t  

Denali a n d  W a t a n a  were suff ic ient ly low f o r  s u b s t a n t i a l  f razil  genera t ion ,  

but a t  o ther  r i v e r  locations f u r t he r  d o w n s t r e a m  a i r  temperatures  remained 

general ly too warm fo r  m u c h  additional ice to form.  Theoretical ly, t h i s  

condition ~vou ld  lead t o  h i g h  porosi t ies near  Denali  where the f r a z i l  i s  

relatively new, and decreasing porosity values f u r t h e r  downstream as t h e  

f r a z i l  c r y s t a l s  metamorphose f rom very small f i a t  d isc shapes t o  coarser,  

rounded particles consisting of several crystals  sintered toge ther .  The 

s l u s h  was sampled w i th  a w i r e  basket,  allowed t o  d r a i n  and t h e n  weighed 

on a balance beam scale. I h e  resu l tan t  we igh t  of s l u s h  was then compared 

t o  the  weigh t  of  solid ice t o  obtain a va lue f o r  the percentage of ice in the 

sample. The s l u s h  porosity is  the  d i f ference between the  percentage nf 

ice in the sample and 100. The tabu la ted  d a t a  a r e  s h o w n  i n  Table 4.23  

and plotted in  Figure 4.20. A s  expected, t h e  p lo t  shows a decrease in 

poros i ty  over t ime, and a s i i yh t  increase wi th  the s l u s h  contr ibut ion f rom 

t h e  t r i b u t a r i e s .  

Theoret ical  values f o r  porosity of f r a z i l  a r e  general ly cons iderab ly  higher 

than those measured on t h e  S u s i t n a .  Published ice porosi ty values  

generally range f rom 40-70 percent. The range of values  measured on the 

S u s i t n a  i s  slightly lower, between 29 a n d  55 percent .  This could be 

exp la ined  by t h e  long residence t i m e  of s l u s h  in the  r i v e r ,  which ear ly  

during freezeup corresponds to  the  t r a v e l  t i m e  required to negotiate the 

upper  and middle r iver reaches, a d is tance of  over 200 miles. 

As freezeup continues, more a n d  more of t h e  r i ve r  begins generat ing f r a z i l  

as  a i r  tempera tu res  drop below f r e e z i n g  all along t h e  r i v e r  dawn t o  Cook 

I n l e t .  The reach above Ta lkee tna  probably generates t h e  most f r az i l  due  

to  the  h i g h  degree of trfphulence resu l t i ng  i n  more m i x i n g  w i t h  coid a i r .  

Or ig ina t ing  f a r  upst ream,  t h e  low porosi ty old s l u s h  h a s  developed into a 

mass of re lat ive ly  c-- i * :  3-grained and rounded p a r t i c l e s  m i x e d  w i t h  new 

high porosi ty  f r a z i i ,  :vi~ich are  generally very  smal l  discs. The r e s u l t a n t  

ice mass h a +  t h e  in te rs t i ces  between t h e  old coarse grains occupied by 



n e w e r  f r a z i l .  This arrangement produces very  dense s l u s h  r a f t s  w i t h  low 

porosgiies. For t h i s  reason,  porosi ty va lues  measured on t h e  S u s i i n a  tend 

to dc3crease as  f reezeup progresses. 

Mater ia l s  such as  unconsolidated sediments (gravels  a n d  s a n d s )  show 

s imi lar  tendencies towards lower poros i t ies  w i t h  incr-easing grain s i z e  a n d  

also for poorly -sorted (coarse pa r t i c l es  m i x e d  ~ i t h  f i n e s )  sediment 

compared to  well-sorted (un i f c rm s ize)  sediments. Por*osit.y i s  dependerit 

on particIe shape ,  pacf~ing,  a n d  s i ze  dis-tribution ( ' i av i s  and Delt ' iest, 

1966). Highly a n g u l a r  par-ticles t e ~ d  to be held a p a r t  by i t - regu la r ,  s h a r p  

corners,  producing high va lues of porosity *for a given gr-ain size. 

S u b a n g u l a r  par t i c les  w i l l  contact a l o n g  f l a t  faces a n d  have  max imum 

compaction, wh i l e  rounded particles wi l l  be  less compact. Tabular  particles 

2 f t -az i I  d i s cs )  tend to fo rm box - l i ke  openings, part icular iy  in  f i n e  

grained particles, r e s t i l t i n g  i n  high pot-osit ies. Porosit ies of mater-iais 

other t h a n  ice a r e  tabulated in Table 4.71 and plotted in  Figur-e 3 . 2 1 .  

4 . 4  Observat ions a t  F i sh  H a b i t a t  Study Areas 

D u r i n g  t he  s u m m e r  of 1984, Alaska  Oepartn ient  of Fi sh  a n d  Game identified 

a series of sites between t h e  Yentna  R i v e r  confluence a n d  Ta lkee tna  f o r  

t h e  Resident Juvenile Habitat S t u d y .  Table 4 . 2 5  lists the s t u d y  sites and 

r i v e r  m i l e  locations, as well as a n y  documented ef fec ts  on the  s i t es  dur ing  

ice cover development. 

As  indicated by t h e  table,  t h e  major i t y  of t h e  listed s t u d y  sites were not 

a f fec ted by m a i n s t e m  r i v e r  ice processes.  On ly  s ide  c h a n n e l s  a t  R u s t i c  

Wi lderness a n d  Goose Creek were overtopped. Several sites were  f looded 

by b a c k w a t e r  as  the  mainstem became choked w i t h  ice, and as  t h e  s t a g i n g  

mainstem caused w a t e r  to i n u n d a t e  t h e  s n o w p a c k ,  eventual ly  f reez ing  sol id. 

The  resuit i s  s imi la r  in appearance  t o  t h e  r l ~ a i n s t e m  ice cover ,  but  snow ice 

r e s t s  on t h e  c h a n n e l  bottom and has  a genet-ally smoother surface than the 

hummocked t e x t i l r e  typical of t h e  m a i n s t e m .  



Sev~ : r - a [  at-eas o ther  t h a n  t h o s e  l i s t e d  in  7-able 4 . 2 5  were a f f ec ted  some~\ lhat  

by ce- induced stay ing.  S u n s h i n e  Slough a t  RR.1 86.7 Lvas overtopped in  

mid-November, 1984. but not  t o  the  d e g r e e  obse rved  in  pi-evious y e a r s .  A 

b a c k w a t e r  a r e a  was a l so  seen a t  the confluence of S u n s h i n e  GI-eek/Siough 

a n d  t h e  S u s i t n a  mainstem a t  RM 84.0. This b a c k w a t e r  extended up  the 

s i d e  channel app rox ima te l y  200 y a r d s .  The s ide channel  d o ~ v n s t r e a m  of 

Goose CI-eek was overtopped by a s u b s t a n t i a l  volcirne of w a t e r  on November 

3, '1984. The overtopping cont inued fo r  about: 10 clays.  Anchor ice  was 

seen foi*ming on t h e  s ide channel bed a n d  a n  ice ft-ont p r o g r e s s e d  s low ly  

up t he  s ide  channel f r om about RM 69.5.  Mainstem s tage even tua l ly  

subsided a t  t h e  s ide channel entrance a n d  the  overtopping flow was 

minimal by November 14. The interconnecting c h a n n e l  between the 

mainstem a n d  east  b a n k  s ide  c h a n n e l  a t  RM 51 was overtopped a n d  t h e  

w a t e r  inundated the  s ide  channel, regaining the mainstem a t  RM 50 a n d  a t  

Willow C r e e k .  Several of t h e  in termedia te  channels through the Delta 

I s l a n d s  contained open wate r .  Since no s l u s h  ice entered these channels,  

t h e y  remained essent ia l ly  open u n t i l  cold a i r  temperatures caused closure 

by shore ice growth. Kroto Slough a t  RM 40.1 was slightly overtopped, 

but not nea r l y  t o  the degree of previous years .  Alexander  Slough was not 

overtopped during t h e  1981 f reezeup.  

In  general,  t he  1984 lower r i ve r  f reezeup was marked  by a minimal degree 

of flooding, w i t h  few sloughs o cide channels overtopped. This resulted 

p r i m a r i l y  f rom the low init ial  f reezeup  s tages  and w a t e r  velocit ies, 

attr ibuted to  t h e  re la t ive ly  low discharges during ice cover progression. 

4 . 5  Ice Bridge Formation Near Cook In let  

Downst ream of RM 15 t h e  S u s i t n a  River i s  inf luenced by t idal  f l u c t u a t i o n s  

in Cook In le t .  These t i d e s  of ten range over  30 f ee t  above the datum fo r  

the Anchorage t i d e  re fe rence  s t a t i o n .  The local Anchorage t i d e  d a t u m ,  

f r o m  which the  high a n d  low tide levels are calculated, i s  16.4 f e e t  below 

local m e a n  sea leve l .  The local datum should not b e  confused w i t h  t h e  

National Geodetic Ver t i ca l  Datum of mean sea level which i s  re ferenced fo r ,  



among o the r  t h i n g s ,  map elevat ions.  For ins tance,  t h e  h ighes t  ? ! d e s  of 

a b o u t  34 Feet [ r e f e r e n c e d  to  rnean low w a t e r )  corresponds t o  7 7 . 6  f e e t  

above  mean sea leve l ,  

Dur-ing a high t i d e  cycle,  w a t e r  veloci t ies a r e  reduced considerably 2n t h e  

lower 10-15 miles of the S u s i t n a  R i v e r .  The h i g i j  t ide in  Cook inlet 

r e s t r i c t s  t he  nor-mal f low of t h e  r i v e r ,  r a i s i n g  t h e  water  level and reducing 

t h e  veloci ty.  Ice floes e n t e r i n g  t h e  backwater  tend t o  accumulate rapidly 

s ince  they  a r e  not conveyed through this reach a t  t h e  same r-ate a s  t hey  

en ter .  The accumulations of ten a t t a i n  ex tens i ve  proport ions, resemb l ing  a 

continuous ice cover  but still moving a t  a slow rate. When the tide begins 

t o  recede t h e  wa te r  level dr-ops a n d  f low velocity i nc reases.  However, as  

t he  backwater  e f fec t  i s  removed, t h e  s u r f a c e  ares of the r i ve r  decreases.  

The r i ve r  can no longer t r a n s p o r t  the accumulated volume of ice f l o a t i n g  

on t h e  su r face ,  a n d  a jam results. The ice jam g a i n s  stabil i ty a s  t h e  

w a t e r  level drops a n d  more ice f loes become grounded. This ice jam 

bridges the w a t e r  surface,  prevent ing other ice f loes f rom passing out  to 

sea. I t  h a s  not been ascer ta ined what  c r i t i ca l  volume of ice i s  required 

f o r  a n  ice bridge t o  fo rm in th i s  manner .  A t  low ice concentrat ions a 

bridge wi l l  not develop a n d  accumula ted ice wi l l  he  flushed o u t  to sea.  ice 

bridges h a v e  been observed to  f o r m  a t  RM 5 and R M  9 dur ing t h e  3 years  

(1982-1984) of ice s t u d y  on t h e  lower r iver .  This has  u s u a l l y  occurred 

during the l a t te r  hal f  of October, corresponding t o  a per iod of ex t r eme  

t ide f luctuat ions (greater than 30 f e e t ) .  Usua l ly  by t h i s  t ime a i r  

temperatures have dropped suf f i c ien t ly  throughout  t h e  watershed so tha t  

upper and middle S u s i t n a  reaches a n d  major t r i b u t a r i e s  a re  genera t ing  

s u b s t a n t i a l  volumes of ice. When a h i g h  t i d a i  cycle a n d  low a i r  

tempera tu res  coincide, the r e s u l t  i s  t he  formation of ice bridges a t  t he  

observed locations. 

S t a f f  gage measurements were  obtained a t  RM 9 pr-ior t o  formation of t h e  

ice bridge a t  RM 5 in 1984. The RM 9 s i t e  was selected since t h e  ice 

br-idge formed n e a r  th is  a r e a  in previous y e a r s .  The object ive was to 

monitor the rise a n d  f a l l  of r i ve r  water  a n d  correlate the observat ions w i t h  



the  Anchoi-age t i d e  cycle.  On October 19, thr -ee gages  w e r e  s e t  w i t h  the 

lower s t a f f  r e a d i n g  2 . 0  feet  a t  1630 1 7 o ~ t - s ~  a b o u t  2$ hours  a f te r  t h e  daiiy 

higi-\-high t i de  of 26 .1  f e e t .  The fol lowing low tide wou ld  occur  a t  201'1 

hours  a t  a h e i g h t  of 8.8 f e e t .  The surface f low velocit; a t  1630 hours  was 

about 2 feet/second in mid-channel .  On October- 26 the preced ing  high 

t i d e  level was demarcated o n  t h e  upper s t a f f  gage a t  about 8.0 f ee t .  The  

Anct~or*age high tide a t  0716 hours was 32.4  f e e t .  For a tidal variat ion of 

about 15 fee t  in Cook In le t ,  t h e  r i ve r  wa te r  level a t  R M  9 fluctuated about  

6 feet.  The relat ionship i s  not l inear, however, a n d  to  accurately 

c o r r e l a t e  t h e  affects of tides on w a t e r  level  a t  RM 9, a continuous recorder 

should be  installed. However, the chances of recover ing such a recordet- 

a f t e r  the  s t a r t  of s l u s h  i ce  movement during f reezeup  i s  minimal .  Table 

4 . 2 6  i s  a reproduct ion f rom t h e  1984 Tide Tab les  of the National Ocean ic  

and Atmospher ic  P.dlninistration showing the t imes and heights of high and 

!OW wa te r s  for the Arlchorage area.  



Date 

Gold Creek Water  Levels 
a n d  Computed Discharges 

October, 1984 

Wire Weight (ft) 



Table 4.2  

Gold Creek  Wate r  Levels 
and Computed Discharges 

November, 1984 

Date Wire Weight (ft) Flow (cfs)"  
Wa te r  Sur face 

Elevation (Surveyed)  

* S t a g e  levels a r e  a f f ec ted  by a n c h o r  ice and shore  ice  f r o m  November 3 
t h r - o u g h  December 15. 



Table 4 2  

Gold Creek Wate r  Levels 
and Computed Discharges 

December 19M 

Wire Weight (ft) 

8.49 
Ice Covered 

Flow (~4s) " 

* Stage levels are  af fected by anchor ice a n d  shore ice f r o m  November 6 
through December 15. 



Table 4,4 

Delta i s lands  A i r  Temperature and 
Freezing Degree-Days Summary 

October 19W 

Minimum (OC) Maximum (OC) 

Mean M o n t h l y  A i r  Temperatui -e 
Total M o n t h i y  Freez ing  Degree-Days 
Total A c c u m u l a - t e d  Freezing Degree- D a y s  

Average (OC) 



Table 4-25 

Date 

Delta Is lands  A i r  Temperature a n d  
Freezing Degree-Days Summary 

November 49W 

Minimum (OC) Maximum (OG) 

Mean Monthly A i r  Tempera tu re  
Total Month!y Freezing Degree-Days 
Total  Accumulated Freez ing Degree-Days 

Average (OC) 



Table 4,6 

Delta I s i a n d s  A i r  Temperature a n d  
Freezing Degree-Days Summary 

December 19W 

Date Minimum (OC) Maximum (OC) 

Mean Monthly A i r  Tempera tu re  
Total Monthly Freez ing Degree-Days 
Total Accumulated Freez ing Degree-Days 

Average [OC) 



Table 4,7 

Talkeetna Weather Sta t ion  Air  Temperature 
a n d  Freezing Degree-Days S u m m a r y  

September 19M 

Min imum (*C) Maximum ( 'C )  

M e a n  Monthly A i r  Tempera tu re  
Total Monthly Freezing Degree-Days  
Totar A c c u m u l a t e d  Freez ing Degree-Day s 
Average  Histor ica l  Accumulated F r e e z i n g  Degree-Days 

Average ( ' C )  



Talkee tna  Weather S t a t i o n  A i r  Temperature 
a n d  Freezing Degree-Days S u m m a r y  

October %9M 

Minimum ( ' C )  

Meat1 Monthly A i r  Telnperatu re 
Tota l  Monthly Freezing Degree-Days 
Total Accumulated Freez ing Desree-Days 
Average  H is to r i ca l  Accumula ted Freez ing  Degree-Days 

Average (OC)  



Talkee tna  Weather  S t a t i o n  A i r  Temperature 
a n d  Freez ing Degree-Days Summary 

November 19M 

Day Minimum (OC) Maximum (OC) 

klean M o n t h l y  A i r  Tempera tu re  
Total Monthly F r e e z i n g  Degree-Days 
Total Accumulated Freezing Degree-Days 
A v e r a g e  Histor ical  Accumulated Freez ing  Degree- D a y s  

Average j°C) 



Day 

Ta lkee tna  Weather S t a t i o n  A i r  Temperature 
a n d  Freezing Degree-Days Summary 

December 1984 

Minimum (OC) Maximum ( ' C )  

Mean  M o n t h l y  A i r  T e m p e r a t u r e  
Total Monthly Freez ing  Degree-Days  
Total Accumulated Freez ing  Degree-  Days 
Average  Historical Accumuiated F r e e z i n g  Degree-Days 

Average (OC) 



Watana Weather Station A i r  l empera ture  
and Freez ing Degree-Days Summary  

September 19&1 

Minimum ( ' C )  

Mean Monthly A i r  Tempera tu re  
Total  M o n t h l y  F r e e z i n g  Degree-Days 
Total Accumula t ed  F teezi  ng Degree- Days 
Average Historical Accumulated Freezing Degr-ee-Days 

Average  ('6) 



Table 4 - 1 2  

Watana  Weather Station A i r  Temperature 
and Freering Degree-Days S u m m a r y  

Day Minimum ( 'C )  Maximum (OC) 

Mean Monthly A i r  Tempera tu re  
Total M o n t h l y  F reez ing  Degree-Days 
Total Accumulated F r e e z i n g  Degree-Days 
Ave rage  Historical Accumula ted F r e e z i n g  Degree-Days  

Average (OC) 



Table 4 1 3  

Watana Weather S t a t i o n  A i r  Temper*ature 
a n d  Freez ing Degree-Days Surnma8.y 

November 1984 

Day Minimum (OC) Maximum ( ' C )  

Mean Monthly A i r  Tempera tu re  
Total M o n t h l y  Freez ing Degree-Days 
Total Accumulated Freez ing  Degree-Da\/s 
Average  Historical Accuinuiated Free/ ing Degree- D a y s  

Average (OC) 



Watana  Weather  S t a t i o n  A i r  Temperature 
a n d  Freezing Degree-Days Summary 

Minimum ( " G )  Maximum ( ' C )  

Mean M o n t h l y  A i r  Tempei-atu r e  
Total Monthly Freez ing  Degree-Days  
Total Accumulated F r e e z i n g  Degree-Days  
Average His tor ica l  Accumula ted  F r e e z i n g  Degree-Days 

Average ('C) 

* Est imates based on l inear  i -egression w i t h  T a l k e e t n a  ( N W S )  



Date 

Watana Streamgage Site 
A i r  Temperature a n d  

Freez ing Degree-Days Summary 
September 19&1 

Minimum (OC) Maximum (OC) Average ('C) 

M e a n  Monthly A i r  Ternpet-ature 
Total M o n t h l y  Freez ing  Degren-Days 
To ta l  Accumulated Freezing Degree- D a y s  

Deviation Fi*-.srr~ 
Watana Weasther 

Station (OC) 



Table  4,16 

Date 

Watana  S t reangage  S i t e  
A i r  Temperature and 

Freezing Degree-Days Sum;:.ary 
October 1984 

Minimum (OC) Maximum (OC) Avei-age ( ' C )  

Mean Monthly A i r  Temper*ature 
Total M o n t i ~ i y  F r e e z i n g  Degree-Days  
Total A c c u r n u i a t e d  Fr*eering Degree-  D a y s  

Deviation From 
\Vatana Weather 

S t a t i o n  (OC) 



Table 4.17 

Date 

Watana Streamgage S i t e  
A i r  Temperature a n d  

Freezing Degree-Days Summary 
November 149W 

Minimum (OC) Maximum ( ' C )  Average (OC) 

M e a n  Mon th ly  A i r  Temperature 
Total M o n t h l y  Freez ing  Degree-Days 
Total Accuml.liated FI-beering Degree-Days  

Deviation From 
Watair.4ra Weather  

Stat ion (O6) 



D a t e  

Watana Streamgage S i t e  
A i r  Temperature and 

Freezing Degree-Days Summary 
December 19W 

Deviation Frsrw 
Watana N/eather  

Minimum (OC) Maximum (OC) Average ('C) S t a t i o n  (OC) 

A v e r a g e  -2.5'C 

M e a n  M o n t h l y  A i r  Temperature  - i 4 . 9 "C  
T o t a l  Mof l th ly  F reez ing  Degree-Days 463, f 
Total Accumu la ted  Freezing Degree-Days  984, 1 



Table 4 -19  

Denali Weather S t a t i o n  A i r  Temperature 
a n d  Freez ing Degree-Days S u m m a r y  

September 19&1 

Minimum ( ' C )  Maximum (OCJ 

Mean M o n t h l y  A i r  Tempera tu re  
Total Monthly F reez ing  Degr-ee-Days 
-Tota l  Accumulated F reez ing  D e g r e e - D a y s  
Ave rage  W i s t cp i ca l  Accumula ted F r e e z i n g  Dey r e e - D a y s  

Average  (OC) 



Denali Weather  Stat ion A i r  Tempera tu re  
a n d  Freez ing  Degree-Days. S u m m a r y  

Minimum (OC) Maximum (OC) 

Mean Monthly A i r  T e m p ~ r - a t u r e  
Total Month ly  Freezing Degree-Days 
Total Accumulated Freezing Degree-Days 
Average  tiistoricai Accumula ted F r e e z i n g  Degr-ee-Days 

* E s t i m a t e  based o n  l i n e a r  r e g r e s s i o n  i v i t h  W a t a n s  h e a t h e r  S t a t i o n  



Denali  Weather Sta t ion A i r  Temperature 
a n d  Freezing Degree-Days S u m m a r y  

November 19% 

D a y  Minimum ( 'C )  M a x i m u m  (OC) 

Vean Fvlonthly A i r  Tempera ture  
Total M o n t h l y  Freez ing  Degree-Days  
Total A c c u m u l a t e d  Freezing Degree-Days 
Average W istorical Accumulated Freezing Degree- D a y s  

Average ( ' C )  

* Est imate based on l i near  regression with W a t a n a  Weather  Station 



Denali Weather Station A i r  Temperature 
and  Freezing Degree-Days Summary 

Minimum (OC) Maximum ( " C )  

klean Monthly A i r  Tempera tu re  
Total M o n t h l y  Freez ing  Degree-Days 
Total A c c u m u l a t e d  Freezing Degt-ee - D a y s  
Average  Histor ical  Accumulated Freez ing Degree- Days 

Average ( 0 6 )  



Location 

Desaali 

jHztarta 

Gold Cree$< 

RM 3 

Y e ~ t n a  

T a t  k e e h a  

G k u f i t n a  

Rbl 60 

RM 78 

C u r r y  

Near* Slough 8 

62. shermsn 

S u s i t n a  R i v e r  Freezeup 19M - 
S lush Ice Porosity Values 

Date 



Table 4,24 

Published Porosity Values 
FOP Various Materials 

Soi ls  
Clay 
S i  I t  
Medium tQ coarse mixed  sand  
Uni fo rm sand 
F ine  "i medium mixed  sand  
G ravel (well - s o r t e d  mate r i a l )  
Grave l  and s a n d  [poorly --sorted mate r ia l )  
Sandstone 
S h a l e  

New s n o w  
Old snow 
Fi a-n 
Glacier ice 

Porosity (%I 

* Socrce: Dav is  a n d  Dewiest, 1966. 



Table 4,25 

Juvenile Anadromsus Habitat  Study Sites 

Name 

Muoiigan Side Channel 

Eagles Nes t  Side C h a n n e l  

Kroto  Slough Head 

Rolly Creek Mouth 

Bear  Bait  Side C h a n n e l  

L a s t  Cbsance Side Channel 

Rus t i c  Wi lderness Side Channel 

CasweII Creek - Mouth 

Is land Side Channel 

b4ai~1stem West  R a n k  

Goose 2 Side Channel 

Circu la  t d  Side Channel 

S a u n a  Side C h a n n e l  

Sucker Side C h a n n e l  

Bea\/er D a m  Slough 

Sunset  Side Channel 

S u n r i s e  Side Channel 

Bi rch Creek  Slough 

Trapper Creek Side C h a n , ~ e l  

Location 

(R ive r  M i l e )  

Observed 

ice Effects 

None 

Same flooded snow 

None 

None 

None 

None 

Over topped 

None 

Flooded snoew 

Some flooded snow 

Over topped 

None 

None 

None 

None 

None 

None 

None 

None 



B N C M O R A G E ,  F f L A S K A ,  1 9 8 4  

T ~ m e s  a n d  H e ~ g h t s  o f  Mlgn a n d  Low b i a t i ? r s  
* 

T i n e  H e l q n t  T i m e  M e l q h t  T i m e  H e ~ g h t  I l m e  H e 1 g i . l ~  Time Helqsl t  ircne h e 1  g h t  I 1 

> d y  D a y  3 a  Y D 8 Y 3 , j ,  3 d y  1 
h n I? - n r ~  f e  m h m f t  n n m f t  v h n f n: h I i t  m I I 

* Source: NOAA, T i d e  T a b l e s  (1984) 
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Date 

S b g e  a n d  DTscharge Data 
Cmss Secti.an at Rive r  M i J e  40-0 

(Qesh k a ]  

3 Veloci-b Temperature 
CFS Fe/sec "C 

w. - 
2,9 - 

- - 
3-2  6,6 

- - 
Ice Covered 

1 ,  Elevations bas& an dtimefm e;s.~blliish.ed &turn otsi i-ebar = '75 feet .  
2. USGS p r e l i m i n a v  @&mate% f . S u m r i f i n e  gage s i te .  
3 .  Su rface velocity. 

- 
PREPARED 8Y: 



S b g e  and Discb~arge Data 
 on Kivait. Mile 47,9 

hDe!.(la lidmlds West )  

3 
Velocity Temperature 

Foil ,-g9 25 600 - 
1 W -35. mjp TtlD 5.2 
Tm*a m2m Tm - 
Pm.,a T8',000 5 .2  
48-50 ... 

T02-05 S w e d  Top of i ce  
97-0 

1 ,  {!iiuhed d a t u m  an rebas  - 106 feet ,  
2 ,  U'SGS prel im,i nary e s t i m  u n . s h i n e  gage s i te .  
3 .  Sunfa- veracity, 

97 
S3W0 

DISCHARGE ( efs 

PREPARED BY:  

4Q SUSl T'NA JOiPJY \~ i .NT \ !~Y$  



Figure 4.4 

Stage a n d  Discharge Data 
Cross Section River Mile 47-9 

(Delta is lands Eas t )  

Stage 1 Flow 2 ~ e l o c i t ~ ~  Temperature 
Date Ft cds FtPsee OC 

Staging 
lee Covered 

1. Elevat ions based on a l t imeter  da tum establ ished on spike on l e f t  bank 
t r e e  = 11 5 Beet. 
Rebar on r ight  bank elevat ion = 105.15 fee t .  

2 .  USGS p re l im inary  estimates f rom Sunshine gage site. 
? 
%d - Surface velocity est imates. 

l nadequate data for stage/discharge curve 



Stage and Discharge D a t a  
Cross Sectio5 Rives  M i l e  59,7 

[Kashwitna West) 

Stage 
1 Flow 2 ~ e l o c i t ~ ~  Temperature 

Date F t  c f  s Ft/sec OC 

09\06/84 147.37 25,600 6.0 
091 I 6/84 146.45 20,700 - 
09/25/84 146.41 19,200 - 
10/03884 146.73 18,000 5,O 
10/23/84 745,46 .s - 
1 1/03/84 146.87 Ice Covered 
I I / $  "184 145.88 - - 

1. Based on altimeter datum establ ished on L.B. alcap elevatiorrs here 
were  surveyed of f  a rebar  wi th  computed elevation 153 feet .  

2 .  USGS p r e l i m i n a r y  estimates f rom Sunshine gage site. 
3 ,  Sur face velocity estimates. 

DISCHARGE ( s f s )  

PREPARED BY:  



Stage and  Discharge Data 
Cross Section River Mile 59,7 

(Kashwitna East )  

Date 
Stage 1 

Staged 

velocity3 Temperature 
Ft lsec OC 

Based on altimeter datum establ ished on alcap = 152 feet .  
U S G S  p r e l i m i n a r y  est imates f rom Sunshine gage site. 
S u r f a c e  velocity estimates. 

DISCHARGE ( c f s )  

PREPARED FOR 



Date 

Stage and Discharge D a t a  
Cross Section River Mile 76.8 

(Molsitana Creek) 

Stage 4 

F t  

Staged 
lee Covered 

1 .  Based on datum established by al t imeter  on t h e  left b a n k  a l cap  = 242 
feet .  

2 .  USGS prel iminary estimates f rom S u n s h i n e  g a g e  s i t e .  
3 .  Surface  velocity. 

238 P" 
237 / 

B% 

236 R 

233 

2% 

D I S C H A R G E  ( cis 1 

PREPARED BY; 
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I WE;M CoIuseJeTAw-Ts, I I P ~ C .  
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PREPQRED FOR: 



Stage and Discharge Data  
Ct*oss Section River  M"ae M.6 

Stage 
1 Flow 2 Velocity Temperature 

Date F t  c f  s FtPsec OC 

Water a u  r face  elevation referenced t o  project datum. 
USGS pre l iminary  est imates f rom S u n s h i n e  gage s i te.  

d 
#' 

DISCHARGE ( c f s  1 

PREPARED B Y :  
J Ty-/u '- 

&UL 2 _ - - 4 .  - -  MARZAaEBAB@@ 
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SL!SlTNA JOIN-T V E N T I I R E  



Sbg+e a n d  Disha rge  Data  
Cmss Section River Mile 86,3 

-J! 
Stage- Velocity Tenlperature 

Ft/sec O C  

1. W a ~ r  surface elevation. refera-ced to project  datum. 
2. USSpre l iminwy  estimates from Sunshine gage site. 

DISCHARGE ( c f s )  

PREPARED FOR 

RGM C~NSULTANTS~ lrJCm 
L P J B P W ~ P R B  O~SCPLUO~IPO W V W L I ~ L ~ ~ I P Y B  a u a w s v m m s  

SUSITNA JOINT VENTlJHE 



Date 

Stage and Discharge D a t a  
Cross Section River  Mile 87,8 

Stage 1 

F t  
F Slow 2 Velocity Temperature 

cfs Ft/see OC 

1 .  W a t e r  sur face eievation referenced to project datum. 
2 .  USGS pre l im ina ry  est imates f rom Sunshine gage s i te .  

DISCHARGE ( c f s )  

-- --- ----- - ---- 

PREPARED FOR;  



Stage a n d  Discharge Data 
6rsss Section River Mile 90.0 

Date 
Stage 1 

F't 
Flow 2 

cds 
Velocity Tempera-ku r e  

Ft lsec "C 

1.  Wa te r  sur face elevation referenced to project da tum.  
2. USGS prel iminary estimates f rom Sunshine gage site. 

5 W O  

DISCHARGE ( c f s )  

PREPARED BY:  PREPARED F O R ;  



Stage I 

Stage a n d  Discharge Data  
Cross Section River Mile 91.7 

Flow 2 Velocity Temperatur re 
ef s F tP"sec aC 

1 , W a t e r  sur face elevation referenced t o  pro jec t  datum. 
2 .  USGS preliminary est imates f rom Sunshine gage s i te.  

DISCHARGE ( c f s )  



Sbge- and Dlocharge Da ta  
Cmss Sec.~on River  Mile 93,3 

Stage 1 

Ft 
Velocity Temperature 

Ft/sec OC 

1.  M t e s  s u d a c e  elevation referenced to  project datum. 
2.  USGS prel iminary estimates f m m  Sunshine gage s i te.  

DISCHARGE ( cfs  1 

PREPARED BY: PREPARED F O R ;  



Stage 2nd Discharge D a t a  
Cross Section River Mile 95-9 

hRX - 8.7 

Stage 1 Velocity Temperature 
Ft/sec OC 

1 ,  W a t e r  s u  r face elevation referenced to project da tum.  
2 .  USGS prel iminary est imates f rom Sunshine gage s i te .  

inadequate data for stageldischarge curve 



Stage a n d  Discharge Data  
Cross Section Rivet- Mile 97 , l  

LRX - 1.8 

Stage 
I Flow 2 Velocity 

Date F t  c f  s Ftbsec 

1. W a t e r  sur face elevation referenced t o  project datum. 
2 .  USCS prel iminary estimates f rom Gold Creek gage s i te .  

Temperature 
OC 

l nadequate data  for stageldischarge curve 



Stage a n d  Discharge Data  
Cross Section River  Mile 98,O 

LRX - 2,0 

Stage 
1 Flow 2 Velacity Temperature 

Date F t  c f  s F%/'sec "C 

I % W a t e r  surface elevation referenced to project datum. 
2 .  USGS preliminary estimates from Gold L r e e k  gage s i te.  

l nadequate data fo r  stageldischarge curve 


















































































































































































































