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%,O INTRODUCTION 

1.1 e % 

The Alaska Department o f  Fish and Game Susjtna 'Hydro Acjaatfc 

Fe'easibi 1 i t y  Study Team has col lected surface and intriggravel water 

temperature data sn a continuous basis a t  selected locat ia~ns t h r o ~ g h o u t  

the Susitna River Basin since 1981, The p~Smry  intent o f  the data col- 

'I cctfon progpaar has been to eharacterjze the seasonal intragravei and 

supface water tempe~ature regimes o f  the mafnstem Susitnil River z.nd i t s  

pertphcra! side channel , side sl oogh, upland slough, tributary m ~ t h ,  

and t r ibutary habitats.  Results o f  these studies are su 

1981b), ADFLG 

and Keklak and Qrrarse Results of these investigations 

have been used by project biologists t o  evaluate the e f f e z t s  a f  

intr%gravel and surface water temperatures on f i s h  and f i rh ka l i i  t a t s ,  

and by project engineers ts valSidate o r  calibrate variolas tempc ratupe 

ml ated @ode% s, 

During the 1983s.1984 winter study season Qctobe~. 1983 t o  May 1984 

tempekzatlsre me~sitorlng s ta t i sns  were located a t  20 s i t e s  w i t h f i r  the 

inlddlle reach (Pal keetna t o  Devi 1 Canyon o f  the Susitna River, 



The ob.iectives o f  the 1983-84 winter temperature study wlere: 

1) t o  deternine and evaluate the winter surface and intragrab*el 

water temperature ragims o f  the middle r ~ a e h  $*3tkeetna to 

Bevi 1 Canyon) o f  the malnotem Susftna Wivep, 

to deteyfne and evaluate the intragravel and surface water 

tatnperetu~es asscsialed w i  t h  chum sqlmon spawni ng/t ncubation 

areas I n  selected slough, side channel and t r ibutary habitats,  

and. 

3 t a  detemirrc %he wr'nter s u ~ f a c e  water  temperature mgime o f  a 

t ~ f b u t a r y  selected as a potential water soupee f o r  possible 

mitfgattnn a c t i v s  ties. 

Th.i i; agpend'ix summarizes the i-esul ts  o f  these winter  temperature u'nveo- 

t i ga t i ans .  



1 - S i t e  Selection 

The ;aca%ions o f  the temperature m n i  tori ng stations estab'l i shed during 

the 1983-819. winter study season are presented i n  Appendix 'Table A-2 and 

Appendfx Figure A-1. The mnttor fng  stat ions and the rat ionale  for 

their selection are presented below aceot ding t o  study abjecctive. 

During the 1983-04 winter study season, intragravel and surface water 

temperatures were recorded i n  the mainstem Sarsi tna R i v e r  a t  three 

otatjons whtch had been established during the I983 open water season. 

The locations ineluded LRX 9 (M 103.2 W 1126.1), and LRX 57 

The s i t e s  were located in the lower, middle, and upper 

p o ~ t i a n s  o f  the Susitna Ra've~ i n  apeas considered t o  be represenhatwe 

a$ the mainstem, 

Temp~rature monitoring stations wepe i n s t a l  led a t  fourteen chum spawn- 

ing/.incuhatlon s i t e s  Appendix Table A-1, Appendix Figerre A-l 

i n  sfde channel, sfde s l ~ u g h ,  upland slough and t r f b u t a t * ~  hahkitats. 

Eni t ia l ' iy  each ten3perature s t a t t o n  was installed i n  a salmon rcdd 



Appendix Table A=%, Continuous temperature m n i  t o r $  rag stations 1 ocated 
i n  the Susitna River basin during t.he 1983-84 wl'nter 
SeaSon m 

Rlver  M Z I ~ / ~  Study Temperature 

kRX 8 103,2 maiqstem saib~faee and 
temp. eval. ma.P" nsteas i ntragravel  

LRX 29 126,1 mainstem surf ace 
temp. eval. mainstena i ntragravel 

LRX 57 142,3 m4 nstem 
temp. eval. 

surface and 
mal nstefls i ntragravel 

Slough 8A 125,6 
1 ower por t$  an 
o f  slough) 

incubatfan eval. 
secondary spawn. / 

surface and 
side slough intragravel 

Slough 88 126,6 

Slough 9 . 128,s 

fncubatian eval, 
secondary spawn. / 

surface and 
side slough intragravel 

f ncubattsn eval , 
secondary spawn, / slde slough surface 

incubation eval , 
secsnda~y spawn. / 

surface and 
side slough f nt~agrave l  

Fouzr4%h of 131 a 11 
July Creek O,Q 

surface and 
t ~ l  b u t a ~ y  i ntragravel 

Side Channel $0 134,O suvfaee aand 
side channel i ntragravel  

supface and 
up1 and slough i n t ~ a g r a v e l  

f ncubat i  sn evaL 
prf'mary spawn. / 

9%34,8 
northwest chann. 

suvface and 
upland slough intragravel 

s lde slough i n t r a g ~ a v e l  

Incubation eval . 
primary spawn./ 

suie4face and 
side slough in6ts*agravel 

surface and 
mai  nstem i ntraginbavel 



Appendix Table A-1 (Continued 

River ~ i l e / "  Study Temperature 

Upper Side 136,3 
Channel 18 

Deadho~ise f20,9 
Creek / l , O  

incubation eval. surface and 
p r l m ~ y  spawn./ side channel intragravel 

f ncubatisn eval , surface and 
secondary spawn. / trl butavy intragravel 

incubation eval. supface and 
primry spawn./ o i  de channel intragravel 

f ncubation evaH, supface and 
primary spawn. / side slough i nt~agravel  

1 ncubatfsn eval , surface and 
secondary spawn ./ side sl ough 1 nt ragrave l  

prel l m l  nary 
m i t t  gat  i on  eval . t r i bu ta ry  surface 

"~fver mile i s  calculated t o  wi th in  0.1 mf le  of temperature s ta t ion.  



F i  guve A - 1 .  L..ociaQions o f  tempeteature r~ani t o y 1  ng 
s t a t i o n s  i n  mainstem, s ide channel, slough 
and t r i b ~ e t a r y  habr ' tats  of the Ijaa?"nn 5"iivei- 
d u r i n g  the 1983-8d$ w i n t e r  season, 



whenever possible, ep 1 n a 1 oca t i  sn *hi ch was cons4 dered representat ive 

sf the npawnlng area w i t h i n  each study s i t e .  

Tempeirature s ta t ions  which had been disrupted by i ce  mavemc:nl or instru- 

ment failure weve reinstalled in the sam l o c a t i o n  whenever possib le.  

Additional si tes were also installed wi th in  a study location t o  

detems'ne variable conditions within  the! s t t e ,  t o  avodd dal:a loss, o r  t o  

collect temperatures a t  sites which were not 1.ikely t o  dewater o r  

fp~"@@~e, 

Surface waier  temperalu~es were recorded in Beadhorse Creek t o  evaluate 

the feasdbility of using tble creek as a water source for  possible 

m i t i g a t i v e  a c t i v i t i e s .  C~ntinuiovs temperatures were col lecled i n  a 

pool located below a divers ion dam approximately one mile from the mouth 

o f  the t ~ i b u t a ~ y .  Instantaneaus temperatupes were masured above and 

below the d"l\lersisn dam, and a t  an outflew pipe a t  Curry which i s  used 

t o  chansioel the diverted water i n t o  the Susjtna Rtver, 
*-u*I* 

2,2 - br%ald Data Collsctfsn 

Water temperatures wepe eon"c inuoaasly recorded us ing er ' ther Peabody-Ryan 

rnoesdal 41-90 temperature reco~dei~s or Omni data t ~ a  chaslnal da trapod record- 

ers.  The Peabody-Ryan tc?mperatutqe -recorders wepe used t o  record surCace 

~a'ci.1~ temperatures ov wefa biarj ed i s.l the substrzite t o  record i ri-trzrcgravel 



water temperatures. The two channel datapod reeorde~s were installed a t  

moni torl ng stations t o  simultaneously record bo th  in t ragravel  and 

surface water temperatures, or i ntragravel water temperature on1 y a t  two 

locations w i th in  a study s i t e .  
I 

The Peabody-Ryan model J-90 temperature recorders tkenmgraphs 

ueusiy ~eeord tempe~atures on a 90-day s t r i p  chart. linstrlsrnent aecurzr- 

cy, as stated by the manufacturer, i s  +9.6'C. Prior to f ie ld  installa- 

tion, each instnament was screened a t  two temperahres OaC and between 

using a cal e'brated hepicar? Society fop  Testing and Manufactur- 

themewter as a standard. F~llowfng this screening pvocess 

a calibration factor  was applied t o  each instrument. The graphs found 

i n  errer by mre t h a n  2@C a t  either screening temperature are returned 

t a  the manufacturer fo r  eal l bration, 

Peabody-Qala temperature recordolps are used t o  m o n i t o ~  surface water 

temperatures, o r  t o  record intpagravel water temperatures a t  a depth o f  

approxii8atel y 12 inches, Themagpapha are inspected tw ice  each manth t o  

petsieve the charto and t o  detect malfunctioning instrumnts. Each time 

the themog~aphs are checked, an instantaneous water temperature 

meaatlrene'lent i s  taken using a caf i b ra ted  Brooklyn themameter 

Field installation pracedu~es are outlined ir: the FY 84 ADF&G 

SU Hydro Aquat ic  Stisdla?~ (May, 1983 J L ~ ~ P ,  1984 Plmocr;edures piaf.aual 



. Omtpn'data model BP2321 two channel temperature recorde!cs (datapods 

simul taneeusl y record water temperatures using TP1QV tsrriper*ature probes. 

Instrwent accuracy, as stated by the manufacturer, Om~nidata inter- 

national, i s  kO.PeC. fernperaturn data arc recorded on an u l t ravio le t ,  

erasable electronfe mmsy chip  referred t o  as a data storage module 

Temperatures are masu~ecf every f ? v e  minutes and the mean, 

minimum, and maximum temperature measured during each six-#hour interval 

are recorded en the DSM. P r i o ~  to installation each temperature probe 

i s  calibrated by Dryden and LaRue Engineers and assigned a c o ~ r e c t i o n  

factor.  Intrag~avel temperatures are measured a t  a substrate dept,h o f  

appreximately 15 inches, whereas surface water temperatures are measured 

approximately two inches above the substrate. 

The datapods are a lso  examtned tw ice each month te  exchange DSM's and t o  

detect ~mal functf oniosg units. A s h o ~ t  display sequence is activated on 

the datapod which enables the Ptelcd investigator t o  detemflmtine the 

ope~atr'r2g condit ion o f  the instpument and associated probas. The 

fello~Sng i n .FQmt i on  I s  displayed by the instrument, and recorded by 

t h e  field investigator: ekpors m e  i n  s topages number e f  storsge 

poi wts used, mi nutes u n t i  1 the next recs~di  ng , and current temperatures, 

Arn instantaneous surface water ternpi3ratu~e was a l s o  measured using a 

calibralLed .Brooklyn the~mameter accuracy 50. I B C j .  

Didring the @*inter months, the datagod reeorderm and prol~es are pe -iod- 

l c a l  ly exposed t o  exeveme environmental conditions which inel iide ambient 



a i r  temperatures outside the manufacturer's [Omnldata International 

stated operating pange o f  -20°C t o  +60°C, i c e  fo rna t ion ,  and i c e  move- 

mnt, Extremely law a i r  temperatures result i n  poor inst:rument perfor- 

mance and bri t t le  probe connectors. 1 fo rna t ion  increases the 

d i f f i c u l t y  s f  probe lnstallatr 'on and fee movement can sever the 

temperature probe wires. Fie ld  instal l a t ion  o f  new probes through the 

i ce  often requires drilling through f ive f ee t  o f  ice. During severe i c e  

conditions it i s  also d t f f i c u l t  t o  detect damaged pro~bas making  i t  

necessary to rely on the short display sequence t o  detennjne the operat- 

ing  conds'tian o f  the instrument. 

F ie ld  IInstaT latien procedures are out1 ined i n  the ADF&G Su Hydro Aquatic 

May, 1983 - June 1984 P~oceduses Manual ADF&G 19834 

Using f ie ld  nates as as glas'de, a11 Peaboely-Ryan themogrilph s t ~ i p  cha r t s  

were screened f a r  anomiila~s temperatures which mkay have resulted f rom 

i n s t ~ r a n ~ w t  CaJllare. From the strip charts, a reduced temperature d a t a  

base was obtained as two hcdu~ po in t  'temperatures. 

W correction value -For each stsip e l ~ a r t  was detemfned as the dIffemp7ce 

between the tealperattare obtained wr'th a calibrated Brtlok?yn thewnometer 

c?ccurmcy -LO. 1°C asrd the themiograph reading a t  the &tree? the s t r i p  

tiler-E: \tdas renj~vcd. ( A  copr~ct.8'on bla'lrlc i s  detcirfijb~@cj a$: the f:jffic! 0.f 



str ip chart  removal rather t h a n  installation because respcanse time o f  

the recarder t o  actual water temperatures can vary w i t h  each i n s t a l  l a -  

The correction value was then used t o  c a r ~ e c t  the t h ! ~ - h o u r  point 

temperatidre data  obtained from each s t r i p  chart,  From these corrected 

data bases, diadly, USGS water year weekly, and monthly minimum, mean, 

and maxinurn surface? water temperatures were computer ca'l cul ated and 

=ported i n  tables and p l o t s ,  

Water temperature dala were ret~ieved from the datapod temperature 

recorders as six-hour minimum, man, and mximum temperatures by reading 

the d a t a  storage module v i a  an Omnfdata model 217 Datapod/cassette 

reader i n t o  a microcomputer. These six-hour data bases veve edi ted and 

s~r rec ted  for  storage ~ P P O P S  and anomatnus data.  From these corrected 

data bases, dai ly,  USGS water year weekly, and monthly mispfmum,  man, 

and maximum temperatures were computer calculated and reported i n  tab les  

and p lo t s .  

Durl ng the winter season, f i e l d  observations indicated t h a t  several 

in~ragravel and o t j~ face  water temperature s i t e s  were Frozen. These 

reseelting low temperatures were ~emovad from the o~igfwral  base da ta  f i l e  

and Included f n  a separate data  base. Tables of da i ly ,  USGS water year 

week'ly , i*@d mnthly minimum, mean, and inaxinmum temperatures ~ e c a ~ d e d  a t  

these fvozen s i t e s  W&P@ developed. Daily meinn temperatures o f  these 

d a t a  arc a l s o  included i n  the temperalure p lo t s  developed For each s i t e .  



3,8 aDBB RESULTS 

A surrmaary o f  the results o f  the 1983-84 wdnter temperat:ore st;idies i s  

presented by study objective. The appl  i cat ions o f  theise temperature 

data t o  model ling, e f f e c t s  on biolsglcal a c t i v i t y ,  and +impact analyses 

ape addressed In the body o f  ths's ~ e p o r t  and i n  other reports. The 

1983-84 ir~inter season period o f  P ~ C O P ~  f o r  each o f  the stations are 

presented i n  Appendix Table A-2. Instantaneous water temperatt~res 

recorded a t  selected s i t e s  are listed i n  Appendix Tables A-3, A-4, and 

A-5. S i te  maps f o r  each of the locat ions am presented i n  Appendix 8, 

Continuous i n t ~ a g r a v e l  and/or surf ace water temperature d a t a  were 

recorded a t  $h~ee minstem locatiens 1 w the mf Qdle peach s f  the Susf tna 

River: LRX 9 H 126.P), and LWX 53 

Surface and i ntragravel water . temperatures were col l ected a t  three 

LWX 9 locatiorrs using a datapod temperatu~e? recorder: Site 1, S i t e  2 

and Site  3 ,  Temperatures were ~ e c ~ r d e d  a& S j t e  1 until September l a  

when the  temperature probes were moved further i wto the river, t o  S i  ee 2 

t o  avo id  dewatering. Temperatures were recorded a i  S i t e  2 from 

September 11 t c  l a t e  December  hen the probes were severed hgr icr: 



mvemnt. The S$te 3 mnonit~ring ststion was installed on February 8, in 

an open lead, t o  replace the S l t e  2 station. 

Daily and monthly minimum, mean, and maximum surface and intragravel 

water temperatures recorded a t  each si te  are presented in Appendix 

Tables A-4 t o  8-8. CJater year weekly temperatures are presented i n  

Appendix Tables A-44 to A-46. A plo t  o f  the m a n  da i ly  tckmperatures i s  

presented i n  Figure A-2. 

Overai 1 temperatures ~eeordad a t  S i t e  1 were decreasing from Wugv ; 24 

t o  Septefier 11. Ho~ever, surf  are water temperatures were general 1 y 

warmer than intragravel temperatures. A t  SS t e  2 temperatures continuetr 

t a  decrease through October, Wl thaugh surface and intragravel waterb 

temperatures vecorded a t  S i  t e  2  ere general 1 y simi 1 ar , i ntragravel 

water temperatur2es werg slightly wamer than surface w a t e ~  temperatures 

by lalate-October, Mean dafly intragravel temperatures a t  S i t e  2 ranged 

f roa -0, l°C t o  7'.2'C, r r R l  le  surface tea:pcratures varied between -0.1"C 

and 8,,0"C, FPW~ February through mid-May , intragravel water 

temperatures recorded a t  S f t e  3 wepe much Warner than surface water 

temperadaares, Far example, the mean mnthly February intragravel w a t ~ r  

temperature a t  S i t e  3 was 2.8"C while the average surface wh"Lv 

temp@ra%ur@ was 0.3'C. In mP'd-May bath surface and intrayravel watev 

temperatures inc~eased. May surface water  tempei'atur'es 1-anged 'from 

-0,2°C t o  i l , [ i a C ,  while intragsavel temperratuiees var ied  between 1.6"C 

and 4*9''Ce 
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Figure A-2. Mean da l l y  suuqface an@ infragravel water 
temperatures recarded a t  OiOatir?stem !#us$ tna 
River a t  LRX 9 - Sites 1 and 3 
and LRfi 9 - S i t . .  ? (k?H 103.51 during the 
1983-84 winter season, 



At LRX 29,  surface and intragravel  water temperatures a t  rvere col lected 

using datapod recsrders a t  two locatians: S i t e  1 and Site 2 .  

Temperatures were obtained a t  S i t e  1 until Novewber 2 ,  when t h e  

te:rlpei~aQure probes wepe moved fur the^ into the river, t:o S i t e  2 ,  t o  

iivaid dewatering. Temperatures were reccrded a t  S i t e  2 from Movenbar 2 

until December 17 when the p~obes were severed by I c e  movement. 4 

surface water prebo was reinstalled a t  S i t e  2 on January 12, however, 

ice conditiaas dnd deep water p~evented the installation af an 

+ntragravef p ~ o b e  u n t i l  March 4. Both  surface and intragravel  water 

temperature were recorded a t  S i t e  2 through Apr i l  21 when both probes 

were severed by i c e  mvement. 

Daily and monthly minimum, mean and maxfmurm surface and intragravel 

temperat~re; recorded a t  both s i t e s  are presented i n  Appendix Tables A-9 

and 8-3-0. Water yea:- rer4ly temperatu~es are presented i n  Appendix 

Tables 8-47 and A-48. W p lo t  of the mean daily surface and intragravef 

temperatures i s  presented i n  Figure 8-3. 

lblthougi~ temperatures a t  i R X  29 - S i t e  1 were? generally declin"ng 

t h r o u g h  1 a te  September, i ntragravel and surface \dater temp~riature5 

remained s4milar. In l a t e  September, surl'acc watev "L~perature:; 

det:reaszd t o  --Dm I°C, whi 7 e .  -tile minimu:n fa t ragravel  *tc?mpei.;ztii:-.e r.ecorded 

i~i:~r; l.O°C. In",ra~virvel t;ntpg$r;i*!.erraes remained war*irier t h d n  s i i r f a c e  \q,-:.ti?r 
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Figair@ 8-3.  Wedn dali ly surface and in t raglravel  water 
temperatures recorded a t  Malinstem Susttna 
Wver a t  LWX 29 - Sites P and 2 
dur ing  the 1983-84 winter season. 






























































































































































































































































































































































































