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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. 



temperatures through November 2, when *the s t a t i o n  was moved t o  S i t e  2 .  

Mean da i ly  intragravel  temperatures a"LSite 1 (August 24 i:o November 2 

varied between O,T°C . and 8.9"C, khi  l e  mean dai  1 y surface! temperatures 

ranged from O.QQC t o  9.4"C. Between November 3 and December 17, 

intragravel temperatures a t  S i t e  2 were warmer t h a n  suirface water 

tempe~atures. D u r i ~ ~ g  this time mean daily inlragravel temperat~res 

ranged from 1,0 t o  2.0'6, whi le mean daily surface temperatures varied 

b~ een O.OaC and 0.4@C, From January 12 thicough March 4 only surface 

water tempereatures were recorded a t  LRX 9. Surface water temperatures 

re~iained near O.OQC from Janua~y through Apri!. From Marlck 4 t o  Apri l  

21, mean Jai l y  i n t r a g ~ a v e l  temperatures near O.OaC were recorded. 

3 . 1 . 3  LRX 57 (RM 142.33 

A t  LRX 57, supface and irrtragravel sater temperatures were recorded 

us ing  datapad temperilture recorders a t  two locat ions:  S i t e  1 and S i t e  

2. Teaj2eratures were recorded a t  S i t e  1 from August 24 t o  September 11 

when tile ppobes wene relocated t o  S i t e  2 t o  prevent dewater ing. Beth 

int ragravel  and surface water temperatures were recorded a t  S i t e  2 until 

May 31. Mean daily and monthly minfmum, m2an and maxinsum temperatures 

recorded a t  both s i t e s  a r e  presented i n  Appendix Tables 8-13 and A-14. 

klater year weekly temperatures are presented i n  Appendix Tables A-51 and 

A-52. R p l a t  of mean daily temperatures i s  shown i n  Figure A-4. 

l4l"ihough i n t r a g r a ~ e l  .temperatures were waSmPer than surface water 

*(:r;n~.i~i-.aiures t h t - ~ ~ d g k o u t  ttle perf ad OT record, 1 arge c i i  Ffer ;:nces i n  



F i g u r ~ .  A-4. Mean daf ly  surface and intragravel water 
temperatures recorded a t  Mainstem Sus'rtna 
Rdvev a t  LRX 57 - S$tes 1 and 2 
dur5ng the 1983-84 winter season. 



temperature were no t  observed u n t i l  mid-Octobep, In ea~r l y  October 5 0 t h  

surface and i ntragravel water temperatures had decl l ned t o  approximately 

O.5"C. However, by l a te  October surface water tcrmpe~atu~es had 

decreased t o  O.OaC, wki le  intragravel water temperatureis had increased 

t o  app~oximately 3.5"C. Sirnil a r  surface and intragravref temperatures 

were recorded until aid-Hay when surface water temperatures increased t o  

6.3'C and intragravel  temperatu~es increased t o  9.4'C. 

In support o f  Objective 2 ceo t i  nuous surface azd i ntragravel water 

temperatures were recorded a t  one mainstem s i t e ,  three side channel 

s i t es ,  e i g h t  slough sites , and two tributary !oeatiens t h r o u g h ~ u t  the 

1983-84 w i n t e ~  study season. Results of these ef-forts are presented 

below by hab i ta t  type. 

3,2,1,A Mainstem Susftna River a t  RM 136-1 

Although b o t h  surface and in t ragravel  water temperatures were recorded 

a t  the mainstern Susitna River  s i t e  3-RM 136.1, si:rface water 

temperatures were clot obtained until Fiiarcl? 2. 

loletmrr da' l y  and menth I:? 13-i nirrurn, mean, and max inrnnr ieniperatures rec;?rder; 

1 6 '"""LhC ina$r.j!;tein Sijsj*[;fia R-i"dpg- nH * @ ' j  i n  f i { ~ l - ; ~ - y - ~ J  f Y 



fables A - 1 1  and A-12. Water year weekly temperatures are presented i n  

Appendix Tables 8-49 and A-50. A p l o t  o f  mean da i ly  temperstures i s  

shown i n  Figure A-5. 

intragrave! temperatures were recorded w i t h  a buried Ryain temperature 

reco~der from October 1, 1983 through January 4, 1984. At the time o f  

instal la t ion  October 1, 1983 in t~agrava l  water temperaltures as h i g h  

as 4.0°C were masured, By October 7, mean daily intragravel tempera- 

tures had decreased t o  O.OaC. Thraugihout the remainder c f  the recording 

period i ntragravel temperatures near 0. O°C were recorded. 

Intragravel and surface water temperatures were recorded using a ds tapod 

temperature recarder fpom March 2 tkraugh May 3. Intrrtgravel and 

surface water temperatures Here s i m i i  ar u n t i  1 mid-Apri : , r;Z t h  tsmpera- 

tirres averaging near O.OaC. In mid-April, slight inc~sases i n  i n t r a -  

gpavel temperatures were observed, whi le larger incresses in surface 

water temperatures {rere seen, Apr i  1 surface water temperatures ranged 

Frast 0, I°C t o  2.JaC, whi le intragravel temperatures varied between O.a°C 

and O s S Q ' C ,  

3,2 ,2  Side Channel Hab i ta t s  

Sur'face arid i n t r a g r a v s l  \+rater temperatures idere cal lected a t  5i de 

Ci-i;ar-.ne! I0 i~ijirtg a da.tapod temperature recorder f r o m  August 24 t o  May 

"3 " 
$ a  8 * r \ + j ~  ~ e r n p ~ ~ r ; a t ~ x r ~  ~ j t g ~  ~ ~ ~ ~ ~ l ~ ~ ~ e ~  ji: the s i d e  c i~ant !<?j :  S q t e  i 
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Figure A-5. Hean da i ly  surface and intragravel water 
temperatures recorded a t  the Mainstem 
Suaitna River a t  RM 136.2 during the 
1983-84 winter season. 



agrd S i t e  2 .  Mean da i ly  and monthly minimum, meail, and maximum 

temperatures recorded a t  the s i tes  are presented in Appendix Tables A-15 

t o  A-18. klater year weekly temperatures are 1 isted in App~endix Tables 

A-53 t o  A-56. Mean dai ly temperatures recorded a t  the s i t ~ e s  are shown 

i n  Appendix Figure A-6. 

The temperature s t a t i o n  a t  S i t e  1 was operated from Aiugust 24 t o  

November 5 when the datapod recorder ma1 functioned. During this period 

ba th  surface and intragravel water temperatures were decreasing. 

However, surface water temperattires were mope variable than i ntragravel 

temperatures, Surface water temperatures wete also wanner than 

iritragravel temperatures unti 1 1 a te  October when the trend reversed. 

From August 24 t o  Navem$er 5 surface water temperatures a t  S i t e  1 ranged 

g-.-.- I B %pol8 n J c "$ A Q C  te 1 0 * 3 0 ~  aEd correspand$ng I l i ~ r - 3 9 ~  a*=-a age1 water teiilperatures 

ranged from 2.T°C t o  5.1°C. 

On November 16 a neu recorder was installed a t  S i t e  I ,  b u t  the s i t e  was 

f romen, and ba th  surface and intragravel tempo~zl tcres measured be1 on 

OaC, Therefore, a nrw recorder and a surface probe were installed a t  

Due t o  &dm elmnstraints an in t ragravel  probe was not  instal  led 

i n  S i t e  2 a t  this t9'me.) S i t e  1 remained frozen, a5d on Novtwber 36 the 

in.i:ragravel p ~ a b e  was moved !x SSite 2, 

S i t c  2 war inonitar@d thraugiq May 3 ho~ever, frozen cunbi t i o n 5  bvere 

~eeot~deci d t  tile s : ~ ~ ~ f a c e  bvater ~;;taLisw Fro81 December 15 ts December $8, 
* -* I n t r a g r a y e l  tgmperahdres p t  5-j tg :? weye stable,  \ u ; ; ~  !e s ~ j r f a r : e  7 e q 6 . t ~ p  





temperatuves were variable.  From November 16 t o  May 31, !surface water 

tenrperatiires ranged fverm O.OaC t o  14.7'C. Between Novembe~r 30 and May 

31 intragrrrvel water temperatures varied f rom 1.8"C t o  3.6"iC. 

S~s face  and i n t r a g ~ a u e l  water temperatures were recorded in Upper Side 

Channel 11 a t  three locattans: S i t e  1, S i t e  2 and S i t e  3.  Temperatures 

were ~ecorded s t  C i t e  1 f rom August 24 t o  September 12 when the recorder 

was relocated t o  Site 2 The S i t e  2 s t a t i o n  was monitcte.? from 

September 12 t o  May 3%. The temperature s t a t i o n  a t  Si te  3 was i n s t a l  led 

OR January 11 t o  deternine v a r i a t i o n s  in temperatures occuring wi th i n  

the side channel. Teape~aturos were recorded a t  the s i t e  th rough  May 

31, 

Mean da i ly  and monthly minimum, mean, and maximum temperatures recorded 

a t  the Upper Side Channel 11 s l t e s  are reported i n  Appendix Tables A-19 

t a  A-21. Wate~.  year weekly temperatures recorded are presented i n  

Appendix Tables 8-57 t o  A-59. Plots o f  mean da i ly  surface and 

I ntragravel temperatures are shown i n  Appendix Figupls A - 7  and A-8. 

Mean d a i l y  s u r f a c ~  water temperatures recorded a t  S i t e  1 ranged from 5.6 

t o  9.QaC , while mean d a i l y  intragra~iel temperatures varied between 5,s 

and 6,I0C, A t  S i t e  2 ,  surface water ternperatt~rer; were Warner t.han 

iritrlagravel temperatures i n  the fai ' l  (1 ate  August asld e a r l y  Septernb5tr 

and s p r r ' n y  ( A p r i  1 arfd May), and ~gcre c o l d e r  t h a n  i r!l-b-ac;~*avel 



Figure 81-7 M--- ..-,.. ly slurrace ~ ~ c i  @ i g b 8  a(.,,*- r 4 i m % ~ ~ a ~  w w -  - 
tsmgera tures recosded a t  Uppeb Side Ckqnnel 
1% - Sjtes 1 and 2 during the 
19Q3-84 winter season. 



Figure A-8. Mean da l ly  surface and in t ragrave l  water 
temperatures rgcorded a t  Upper S l  de Channel 
B I  - S i t e  3 1136.3) d ~ r t a g  &he 1983-84 
winter season, 



temperatures throughout  the winter. Mean monthly surface water- 

temperatures a t  S i t e  2 ranged from 0.4"C t o  8.6"C, whille mean monthly 

intragrave'l water temperatures varied from 2.6@C t o  6.4"C:. Supface and 

intragravel water  temperatures recorded a t  S i t e  3 f o i  lowed the same 

trend as the temperatures observed a t  S i t e  2.  Between January 11 and 

Hay 31 mean daily surface water temperatures a t  S i t e  3 riztnged from 0.2  

l o  8,0"6 whi 1 e mean dai  1 y i ntragravel temperatures rangled between 3.0 

and 5.7"C. The s i r n i l a ~ i t i e s  between temperatures ~ecorcied i n  S I t e s  2 

and 3 are i l  lus t~a ted  in Appendix Figure A-9. 

Surface and intragravel  water temperatures were recorded a t  three lo-  

S i tes  1, 2 ,  and 3 f n Side Channel 21. Surface and lntragravel 

temperatures were nrwns'tored a t  Slte 1 from August 24 t o  September 12 

when the stat ton was moved t o  S i t e  2.  Bath fntragravel and surface 

w a t e ~  tanperatu~cs were recorded a t  S i t e  2 from Septembe. 12 through 

January 10 whe~ the intragravel p ~ o k  was severed by fee mate~-it. From 

Janua~,y 11 t o  May 22, only surface water tempe~alures were recorded a t  

the Si te .  A monitoring s t a t ion  was established a t  S i t e  3 on Nevsrrrber 30 

"L oensre the collection o f  data i n  the ss'de channel. TI.9 S i t e  3 

s t a t t o n  was lnant tored through May 22. 

Mean daily and month1 y fi~s'nimum, mean, end ma,xirnum tempe~atures reca~ded 

a t  the s i t e s  were presented I n  Wppendlx Tables A-22 t o  A-25. Ua te r  year  

weekly ts?mpei.a&ta~pes are listed ln Appendix Tables 13-60 to A-64. Mean 



Fligure 8-9. Mean dal ly  surface and initsagravel water 
temperatures recorded a t  Upper Side Channel 
11 - Sites 1, 2 and 3 RH 136.11 during the 
1983-84 w in te r  season. 



dal ly  temperatures recorded a t  the s i t e s  are prewetted in Appendix 

Figures A-10 and 8-11. 

A -  .ough both  intragravel and surface water temperatures at: S i t e  h were 

decl l n i n g  , surface water temperatures were wa r e  Supface water 

temperatures ranged Prom 4.9'6 t o  9.2'C, and i ntragravel temperatures 

va_ried between 3.9 and 7.9'C. 

Surface and in t ragravel  water- temperatures were recorded a t  S i t e  2 from 

Sep",rE?mer 13 t o  January 10 when the intragravel probe was severed by i c e  

mavemnt. From Januaw 11 through May 22 only sulrface water 

temperatu~es were recorded a t  S i t e  2. 

In Septe~mber and October both  surface and intragravel  water temperatures 

were decreasinq, however, intragravel water temperatures were wamr 

t k ~ a ~ l g h  September. Supface water temperatures were warmer t h a n  

i ntragravcl temperatures throughout October. From September 13 through  

Oetobep. 31  surface water temperatures a t  S i t e  2 ranged from l . ( i Q C  t o  

7.5'C ~ h i l e  intragravel temperatures var ied  f ~ o m  1.6'G t o  6,3'C. In 

Nsvcnrber both surface and intragravel water temperatures fncreased 

s? i ghtly. From November t o  January 18, 1 ntragravel  water tempe~etures 

were wammr t h a n  surface water temperatures although both showed s i m i l a r  

trends. From November unt f  1 January 10 intt-agravel temperatures 

remained near 2.5'6. Except COP a short per f~d t n  Jianuavy when s u r f a l e  

temper-atla yes decreased t o  0.9'6, supface water  ten~percstures rema i ned 

near Be5'C u n t i l  l a t e  April when the tempevatures began t o  increase. Xn 

!433/, i;u r f a c e  water tcnlperattires s t  Si $:@ 1 rans!ed ht.tb*iecpn 2 , I . O C  2nd  

$ 6 a  
*j! :i! -* f# - 
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Figure A-10. EVlean d a i l y  surface and jotragravel water 
temperatures recorded a t  Side Channel 21 - 
% % t e s  B and 2 during the 1983-84 



Figure A - P I  . Hean dai ly  surf rce and ti wt i tsg~ave l  trraitcr 
temperatures recarded a& Side Charsnel 21 - 
S i t e ?  3 (KH 1b1.0 during 1963-84 #inter 



Surface and intragravel  water temperatures were recorded a t  Side Channel 

21  - S i te  3 from Mov@mlPe~ 30 t h rough  Way 22. The stlrface water 

temperature man1 tori ng 1 oci l t f  on was frozen from December 8 through 

December 14, and from January 22 t o  January 31. The actual s ta tus  of 

the intragravel water temperature monitoring s t a t i o n  i s  uncer ta in  from 

January 22 t o  Apr i l  27. However, the low and constant temperatures 

indicate that  the s ta t ion  was a1 so frozen during thls tlme p~eriod. 

Surface watera temperatures a t  S i t e  3 increased gradu8l l y  f rom l a te  

January u n t i l  la te  A p r i l .  Hean monthly, February, March, and Apr i l  

surface water temperatures were 11.2, 2 ,2  and % . 4 O C ,  respelctively. In 

la te  April, a sharp increase i n  surface water temperatures occurred. 

Temperatu~er; as hf gh 8s 12.8'6 were recorded i n  mi d-May before tempera- 

"eves decreased sharply. Tetnperaturas masuriag less thara 0.5'C were 

recorded in lafe Nay before temperatures began t o  increase again. 

Intragravel water tensperatu~es a t  Site 3 remained near -J.IaC from 

February t h ~ o u g h  late Apr.il, p ~ s s f b l y  due t a  i c e  condits'rtns. A sharp 

increase i n  i ntragrave'l tempe~aturres a1 so B C C ' J P P ~ ~  i n  1 ate Apr i  1 . 
Intragravel water temperatures fa1 lowed a temperature trend s i m i  1 a r  t u  

the surface water temperature trend through May altholrgh *in"crggravel 

temperatu~cs were lower. 

W c c m p a ~ i  son of surface water temperatures iFecorded wi t h i  n Side Channe'i 

21  was made to  deternine var ia t ions  sn temperatures occtarring withr'n the 

site (Appendix Figuse A-12 Because the d a t a  r*ecerrded a t  Sfate 3 p ~ i o i *  



SE P OCT NOV APW 3UN 

Figure 8-12. &an dai ly surface water temperatures 
recorded a t  Side Channel 21 - Sites 1 2 

during the 1983-84 winter 
season * 



t o  Janua?v 10 9's not continuous, only the periods o f  record from January 

10 t o  May 22 were camparad. from January 22 t o  January 31 !, the surface 

w a t e ~ .  temperature s t a t i o n  a t  S i t e  3 was presumed frozen. The l~west 

temperature, -1,5"C, was recorded a t  this s i t e  on January i!9. Tempera- 

tures recorded a t  S i t e  2 had also decreased a t  t h i s  time. The lowest 

temperature recorded a t  S i t e  2 ,  0.7'C, was also recorded osli January 29. 

. By Jasruary 31, surface water temperatures a t  S i t e  2 had increased t o  

I .SQC. Surface temperatures remtldned near 1.5'C th~ough A p ~ i  1 and 

increased sharply i n  early May. Surface water tempereturt?~ a t  S i t e  3 

incseased gradually through Ap~1'1 and a lso  rose rapidly i ~ n  early Flay. 

Al though temperatures a t  Site 3 were genesally higher, surface 

ternperatu~es a t  Si tes  2 and 3 followed s i m i l a r  temperature t ~ e s r d s  

through ktay. 

Because very I 1 t t l e  concurrent i ntragravrll temperature data are 

available ~ Q P  S i tes  2 and 3 ,  a comparison o f  the intragravel 

temperatures recorded withs'n Cide Channel 23. was not  made 

Figure A-13 

Surfaeie and fntvagravel water temperature monitoring strations were 

located i n  both the l ~ w e ~  and upper ps r t i ons  o f  S l o ~ ~ g h  8A, 



FB garre A-13. k a n  daf ly dntragravel water temperatures 
recorded a t  Side Channel 21 - S i tes  1 %  2 

during the 1983-84 winter 
SedSOa * 



D ~ t h  surface and in t ragravel  va ter  temperatures were recorded a t  the 

stage m c ~ n i t o ~ i n g  s t a t i o n  in the lower par t ien  of Slough 8A a t  S i t e  3 

From Wugtist 24 through May 22. Gaps occurred in the datzi i n  November 

due t o  fnstmmnt faflure. Mean daily and monthly minfmu~m, mean, and 

maximum temperatures recorded a t  lo we^ Slousk 8W are presented l'n 

Appendix fables 8-26 and A-27. Water year weekly temperatures are 

listed r'n Appendix Tables 8-64 and Ads .  A plo t  o f  the mean daily 

temperatures recorded a t  the s i t e  i s  shown i n  Figure A-14. 

Except fo r  b r i e f  periods in late August and early December, intragravel 

and supface ~ c l t e ~  temperatures recorded a t  the s i t e  were relatively 

sfmiliar. In August, mean dai ly  s u ~ f a c e  water temperatures we= 

approx4mcstel y 8.5'C whi 1 e mean dai  I y intragravel temperatures were 

approximately 5.0°C. By late October, both 9'nt;cagravel and surface 

temperatures were near 0.5@C. 

From November 27 to Decen~ber 18 i ncrcased i ntragravel temperatures o f  

epproxiaately 2.8"C were recorded whi Te surface water  tempee~atu~es 

remlai rped near 0.5'C, A1 though these elevated i ntragravel temperatures 

appear t o  be anemalous, the instrument and probe appaared t o  be 

n p e ~ a t i n g  accurately during t h i s  period. On Decembe-r 18 iritragravel 

temperatures o f  a p p ~ o x i m a t e l  y 0,5'C wei-e agzai r, recorded a 60th 

i ra'trifg~~avel and surface temperatures measured app~aximaiel y 0.5"C from 

Decse~ber t h r ~ u g h  ear ly  March. In March and Ap~" i1 ,  starface and 



Figrare A-14. Was, dsl ly  surface and tatragraves water 
temperatures recarded a t  Lower Slough 8A - 

BurJng the 1983-84 winter 
SP950n * 



irstragravai wa.ter temperatures increase&. Mean monthly i n t ~ a g r a v e l  and 

s~ r f ace  tempa~atureo i n  App.31 wars 3.3'C and 3.6"C, respectively. In 

Hay jntragrarel  tenpe~atu~es ranged f rom 3.0"C t o  8.a°C, wih i  l e  surface 

tempe~8tures uai-icd betrseen 3.5'6 and 11.2"C. 

Pntragravei and supface ~ a l e r  temperetures were recortled a t  two 

Saeatfons in Uppep Slough 8W a t  Si te  2 and S i t e  3. Mean daily and 

morrthly mfnimurn, man an6 mximum temperatures reeo~ded a t  the s i t es  are 

presented in Appendix Tables A-28 t o  A-30. Water year wsekly 

temperatures are 1;stcd i n  Appesrdlx Tables A-66 t o  A~68.  A plot o f  r2an 

daily &empe~.atures F E C Q P ~ ~ ~  a t  the rites i s  presented in Appendix Figure 

A==* 

Bebeen Octeber 27 and Noreber II intragravel temperatures a t  S i t e  2 

~"aspged Prom 8. IQC t o  4.0°C, and surface uater temperatures ranged f rom 

0, O°C t s  %.6'C. Beth i n t r a g r ~ v e l  and ourface water temperature stations 

weye frozen Prom Ksvember 3 through December 21 when the s ta t i ons  were 

awved t o  an open rater lead a t  Site 3 

Fleer; 4ai Sy 'r~tragg.avel watep tenpevatlat-@% recorded a t  S i t e  3 remai ned 

near 2.8'C rf.g aughout the ~ e s o ~ d l n g  pei-lod, Due t o  a p+:rurr*lng probe 

nta1fur;etfon and therefore an incomplete dataa record, RIgats das'ly skdrd'ate 

wate i>  temperatuses were nat salculat~d from December 2 1  throogh blarch 5, 

@UP? ng t k j  s time, iz~kqever, surFace water temrreratcreo ii.ezmf5 general : y 



Fjgure A-15. Hean dai ly  surface and iwtra-ingravel water 
teweratuscs recorded a t  Upper Slough 8A- 
Sites 2 aomd 3 duriag the 1983-84 
~ f w t e r  season, 



lower than i ~ t s a g r a v e l  water temperatures. The 1 imited data avail  a b l e  

indicate t h a t  surface water temperatures were general ly  near 2.0uC. 

A p l o t  o f  man daily intragrirvel and muflace water temperatures recorded 

iri the lower and uppep p~rtl'ens o f  Slough 8A was developed t o  deternine 

tempe~ature v a r l a t f  ons oeeusri ng w i t h i n  the Slough Appendix Figure 

Due t o  a malfunetfoning recorder and a fpazen si i te a t  Upper 

Slough 8A, only temperatu~es recorded bemeen December 21 and May 22 

were compared. Between Beeember and Niirek wa r intri~gravel and 

surface tenperatul-es were obsewed a t  Upper Slough 8A. The surfgee 

water temperaturz probe i n  Upper Slough 8A ma1 functlcned i n  early March, 

while the fntrag~aval temperatures remined stable through bfay. A t  

Lower $ 3  ough 88, both the i ntragriivel and supface temperatures i nc~eased 

s k a ~ p l y  from March through early May. 

Intrag~avel and surfiiee wiatep tgmpe~atureo weE "erescsrcled a t  one Sacat ion 

i n  Slough 9 a t  S f t a ?  3. Tempe~aQures were calleeted f rom August 24 

thraugh May 36. A gap in the data acsidri-tng f rom January 10 through 

P4a~eR 23 was due t o  a. malfunetfoning datapad recovder. Surface water 

temperatures were a490 ~ecorded usin9 a RQyan temperature ~ e a a ~ d e r  a t  a 

s i t e  t*e*ferred ts as the Slough 9 incubatton s i t e  f r o g ]  August 41 t o  

c* ; ; , L @ ~ ~ ~ + ~ P  ,'%--.,A 2. 
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Figure W-16. Mean daily fntriagravei and surface water 
temperatures recorded a t  Lower Slough 8W - 

( W  1125.6 and Uppes Slough 8A 
c iu~fng the 1983-84 winter season. 
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Mean dai ly  and mnth ly  minimum, mean and maximum temperatures recorded 

a t  Slough 9 are presented in Appendix Tables A-31 and A-32., Water year 

kqeekly tempepatures are 1 i s t e a  on Appendix Tables A-69 and 14-70. A plot 

o f  the mean dai ly  intragravel and surface temperatures recorded a t  

Slough 9 - Site 3 i s  shown on Appendix Figure A-17. 

A t  Slough 9 intragravel tempepatures wem relatively stablle th~oughout 

the perl'sd o f  record with tmpev'atures ranging from 3.0''C to 3 . T ° C .  

S U P S ~ . ~ ~  water temperatures wem more var iab le  ranging fl~om Q.IaC t o  

Surface and intragravel water temperatures were ~ecerded a t  both the 

n o ~ t h e a s l  and ncvthwest channels, 

Surf  ace and i n t r a g ~ a v c l  water temperatures were recorded in the 

northeast channel o f  SIaugR 10 f rom October 19 thpoucgh May 22, Datly 

and mnthl y minimum, mean, and maximum temperatures recorded are 

presented s'n Appewdfx fable 8-33. Hater  yeas weekly tenpepatupes are 

listed i n  Apgendlx Table A-71. W p lo t  o f  mean d a i l J f f  temperatures i s  

s h o ~ ~ n  i n  Appendix Figure A-18. 

1 ~ t ~ ; ~ g r f a v e l  temperatdres 1 pi t h e  northeast channel were wai-mer thhan 

sr~i-face agater 't@mpe~.atures from October l+3 rr r l t i  1 Apr i  l 23 ~.:i?eo the .[:rend 
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Figure 8-17. Hean daily sesrface and intragravell water 
recorded a t  Slough 9 - Site  3 
da~sIrsg the 1983-84 winter  

sea "tSn, 



Figure A-18. Nean d a i l y  surface and intlsingravel water 
temperatures recorded 6 t  Sl @ugh 10 
Northeast during the 1983-84 
winter season, 



reversed. In ge~eral  , intragravel tenperature were stable ranging from 

2,4OC t o  4.2OC, while surface water temperatures were rnore variable 

ranging from 0.3"C in Decembe~ 

Surface and intragravel tempepatures were recorded a t  cnc? l ocation i ~n 

the nopthwest ekanncl o f  Slough 16) from October 19 through May 22. A 

gap i n  the data  occurring Prm February 5 through February 22 was caused 

by a malffunctioning pecorder. Daily and mnthly minim~um, man and 

maximum temperatures recorded a t  Slough 10 Northwest Channel arRe 

ppesetatad i n  Appendix Table W-34. bdate~ year weekly temperatures am 

reported i n  Appendix table 8-92. Mean daily temperatures are p lo t ted  i n  

Appendix Figure W-19. 

IntragraveP temperatures @ere stab1 e th roughout  the period 05 vecord 

wS t h  temperatures v a ~ y i  ng f rent 2.9@6 t o  3. g ° C .  Surface water 

temperatures w e  mre v a ~ i a b l e ,  ~anging Prom 1.2'C ts 7,8'C. 

l i a t ~ a g ~ a v e l  tamperatarcs were wa r than surface water temperatures 

u n t i  1 iai d-Apri 3 when the trend reversed. 

A p l  o"r.;ofi?pa~t ng the mgaep diai 1 y tempera t u ~ e s  recorded i n  the Northeast 

and Nurthvdest channels o f  Slough 10 i s  presented i n  Appendix Figure 

A-2n, The mean da19y 4ntragi~aveli ternpea*atures i n  the Fdai-tkeast ;2nd 



Figure A-19. #rean daily surface and intragircavel water 
temperatures recorded a t  Slough PO 
Northwest during the 1983-84 
w4 wter season, 



Figlure 8-20. Hean da i ly  surface and jntragravel water 
temperatures recorded a t  Slough 10 
Northeast and Slough 10 
Northweat during the 1983-84 



Northwest channels were sin3 1ar  and stable  throughout  thte recordi~g 

period. Surface w a t e ~  tempe~atures recorded i n  the No~theas t  and 

Nsrth\$est channels w e ~ e  also a i r n i l a re  

Mate? dssrzperatures were cal Tected a t  Wo locations i n  Slough 1%: S i t e  2 

and the Slough 11 Incubation station. A datapudl temper~ture recorder 

was used t o  collect surface and intpagrslvel data a t  S i t e  2 from August 

24 t o  May 22. A Ryan te~perature recorder was used t o  collect 

ineragravel data a t  the incubation s i t e  from Beceder 30 t a  /February 25. 

Daily and mnthly  mfnimum, mean, and maximum temperatures recorded a t  

Slough II si tes ape presented in Appendix Tables A-3% and A-36. Water 

year ~ e e k l y  temperatures am f4'sted i n  Appendf x Tables A-94 and 8-74. A 

p l o t  o f  the man daily temperatures pecarded a t  Slough 11 - S$te 2 i s  

shewn on appendix Figure A-2%. 

Surf  ace w a t e ~  temperatures ?!ere Warner than i ntragravel temperatures 

from August 24 t e  September 24, and from > 4 p ~ i l  3 t h v ~ u g h  the end o f  the 

reserdi ng perf ad. Surface water temperatures recorded a t  S i  t e  2 ranged 

f rom 0,9"@ i n  September i n May). Intl-agrevel t c ~ ~ e r a t u r e s  

were relative?ly stiible &ht"oraghout the p @ p i ~ d  of re";~rd wi th  temperatures 

pangring between 3,O" 

Mean dai  4y i wtragravel tempe~atores recorded a t  the %laugh 11 Xneubatf on 

s i t e  were stable and ranged from G,5"C to 0.7"C, 
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Fjglare A-2%.  Mean dally surface ilnd intriagravel water 
temperatures recorded a t  Slough la - Site 2 

during the 1983-84 winter 
S@aQOn, 



Datapod temperature   cord err; were  red t0 record surface and 

in t~agravel  walelr femperatuves from both the lower and uppeir portions o f  

SIde Slough 21. 

Str~face and iiitsagravel water temperatures were recorded a t  one s i t e  in 

the lower partion o f  Slough 21 from August 24 th~ough flay 31. Daily and 

mnthly  minr'mum, @&an, and maxs'mlmm temperatures recorded are presented 

i n  Appendix Table b%-37. Yatcr reap weekly temperatures are reported i n  

Appendix Table A-35. A p l a t  o f  man daily temperatures ~eeorded a t  the 

sSte f s  presented in Wppndix Figure A-22. 

Intragravel water temperatures recarded i n  Lower Slough 21 exhibt  ted 

1 i t t l e  v a ~ i a t i a n  th roughou t  the meordi ng period. Between August 24 and 

Ray 31 ineragravel temperature vanged fpom 3 . 4 O C  t o  4.3'C. However, a 

wide pang@ o f  surface water temperatures were recorded lnr! t h  tempa~etsrl-es 

pang* ~ r g  bePde@w 0.0 and P i ,  6°C. Surlgace k;aater temperatures were rsamier 

than intragraval *:@mpe~aturas t h ~ o u g h  i8-id-September9 and S P D ~  Apri 1 25 

t o  the end o f  the reea~dlng season, 



Figure A-22. Nean daily surface and intragravel water 
temperatures recorded a t  Lower Slough 21 - 

during the 1983-34 winter 
SeaSOn, 



were ~esorded  from August 24 through M8y 222. However, be!eause o f  a 

ma1 functioning probe intragravel water temperatures were col lected only 

from August 24 t o  January XII. 

Daily and manth'ly minimum, Rean and maximum temperatures recorded a t  

Upper Slough 21 are presented i n  Appendix Table A-38. Mater year wekly 

tempe~atu~es are 1 isted in Appendix Table A-76. A p l o t  o f  surface and 

intragravel teraperatures is presented i n  Appendix Figure A-29;. 

Surface and intiragravel temperatu~es recorded i n  the upper por t ion  of 

S l ~ u g h  21 corresponded closely t o  each other. During the win~ter surface 

water temperatures ranged from 1 .O°C t o  9.gJC while i n t ragrave l  

temperatures varied between 1 .e9C and 8.6'C. 

Surface and in t ragravel  water tempepatures recorded in the upper  and 

I~wer* p e ~ t i a n  qf Slough 29 were compared t o  evaluate the ternperatu~e 

ds'fferencer crcsurring wi th in  the c,lough Appendix Figure A-24 

i ntragravel and surface water temperatures recorded i n  the upper portion 

of the slough and the surface water temperatures recorded a t  the lower 

slough exhib i ted similar temperature trends throughout the winter 

seasan, klowever, in t ragravel  water tempe~atures recorded f row the 1 ower 

portion of tAe slough were stab12 f rom September through May. 
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Figure A-23. Hean dai ly  surface and %atragravel water 
temperatures recorded a t  Upper Slough 21 - 

during the 1983-84 winter 
season* 
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Flgtare A-24. Hean daily intragravel and surface water 
res recorded a t  Lower Slough 21 - 

and Upper Slough 21 rm 

urfng the 1903-84 winter 



Two datapod temperature recorder statfons were instal 1 ed i n F o u r t h  of 

July Creek a t  Sltes 1 and 2. A t  S i t e  1 inlragravel water temperatures 

were reeosded a t  the mouth s f  the tributary and downstlream o f  the 

t r ibutary  muth i n  the cleamrltelr plume, Temperatures were ~ e c e ~ d e d  a t  

S i t e  1 f rom September 11 t~ May 311. Due t o  a rmal functionilng recorder, 

Gmm .lanuary 28 t o  February 6, and from Febi-uavy 10 data gaps oceurreo w... - -..- 
t c  March 11. Bet~een October 27 and May 20, the tempera~ture s ta t ion  

located i n  the plume was observed frozen. 

Surf  ace and i ntrsgravel water temperatures were recorded i n  Fourth of 

July C~eek  a t  Site 2 from January t l  t o  May 31. ThIs station was 

installed t o  manitor surface w a t e ~  temperatures i n  the creek, a?ad t o  

supplement the tntragravel data Prom S i t e  I. 

Daily and monLR1.y minirmam, mean and maximum temperatures recorded a t  

SStes 1 and 2 i n  Fourth o f  July Creek are presented i n  Appendix Tables 

A-46 tra A-42. Idater year weekly temperatures are presented i n  Appendix 

Tables A-78 t o  A-80, P lo t s  o f  the man dally temperatures r:,arded a t  

the sl i tes are shotvn i n  Appendix Figures A-25 and 4-  fG. 

Intragriavel temperatlrr~s t.ecp:aed i n  the t r i b u t a t * ~  and the plume were 

si~1'8 1 ai- i n  Scptenll3-, and October, idowever , gl urn@ tenlperakrsres appear t o  

l a g  I El!@ ci-eek temperatures. Ouriilg t i i i s  perfoci t r i t r i + ~ j i * ~ v ~ l  
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Figure A-25. lslean dal ly  intragrave't water temperatures 
recorded a t  Fourth o f  uqlly Creek and Plume 
-. S%te 1 t ~ r i f l g  1983-84 
winter season, 



Figlare A-26. Mecan ;i;~iily surface and dntrisgravell water 
?Letapeeel&tarres recorded a t  Fourth o f  July 
Greek S t  2 dklrlng the 
T983-84 @inter season. 



temperatures i n  the creek ranged Prom -0.3"C t o  8.g°C whi le  plum t o  

temperatures varied from -0.2"C t o  7.9°C. From October 27 t o  May 31 

intragravel water temperatures in the creek ranged from -0.3"C t o  8. g5C 

and i n t ~ a g r a v e l  temperatures i n  the plume ranged from -0.4'iC t o  6.2'13. 

During the period t h a t  tlqe temperature s ta t ion  in the plume was frozen, 

temps:ature as Tow as -1.9"C wepc recorded. 

Surface and i n t r ag~ave l  temperatures reco~ded a t  the S i t e  2 s ta t ion  

csr~espcandeb 61 0sel y t o  each other. Surface water temperatures ranged 

from 0. I0C t o  7.O"C and i n t r a g ~ a v e l  tempe~atures varied beween m-Q.2"C 

Surface and intragravel water temperatures were ob ta i  oed i n  Indian River 

a t  one locat ion referred t o  as S i t e  3. Data were recoiaded f r om Febvua~y 

29 until Apr i l  25 when the recorder fai!ed, Due t o  a malfunctions'ng 

probe surface water temperatures were not obtained until March 23. 

Daily and monthly minimum, man and maximum temperaWres recorded a t  

Indian River ara presented i n  Appends'x Table 8-43. Water year weekly 

temperatusas are repo~ted i n  Appendix fable A-81. A p l o t  of mean dally 

temperatures ~ecorded a t  the sf te  i s  shown in Appendlx F i g u ~ e  A-29. 

r$ 

Surface and tntragravel temperatures a t  Indian R l ' v e ~  were 're1 ativel y 

sisns' 1 a ~ .  Surface water temperst\~res ranged Pram -0.3'C 'to 4.3"C whP' le  

i n t r a q ~ a v e l  temperatures varied between -0.2'C and 4.2"C. 



Ffgure W--29. Meam dadly surface and Intragravel water 
temperatures recorded a t  Indian Wfver - 

RM 1138.6, TRM 0.2) during the 
1983-84 wlwter seasaw, 



Continuous surface wa t e p  temperatures were recorded a t  De!adhcrse Creek 

t o  evaluate the f e a s i b i l i t y  tyof using the t r ibu ta ry  as a wal:er source for 

possfble mi t iga t i ve  act!vit?cs. 

Surface water temperatu~es wem recorded a t  one location in Deadhorse 

Creek utiing a Peabody-Rya~ temperature reearde~ from Decernbler 22 thrsugh 

May 31. Daily and mntkly minimm, man and maximum temperatures are 

presented i n  Appendix Table A-39. Water year week1 y temperatures are 

listed i n  Apperrdfx Table A-77. A p lo t  o f  daily minimum, man and 

max.lmum temperatures i s  shown t n Appendix Figure A-28. 

Bebeen Deceirrbe~ 22 and March 31 surface water temperatures in Deadhorse 

Creek ranged Prom 0.0'6 t o  0.5'C. Daily Cluctuat-iens i n  surface water 

temperatures were nat abserved u n t i  1 mi d-8pr.i 1 correspandi ng t o  

increases in temperature, Between A p ~ i l  1 and May 31 surface water 

temperatures ranged between 0.5"C t o  5.5"C. 



JAM MAR ABR 

Ffgcsre W-28. fldr~isnurn, man,  and rrsaxioawan daily surface 
greraterres recorded a t  Deadhorsc 

M 120.9, TRM 1.0 during the 
1983-84 w i  ntes season. 



3,4 Habi ta t  l$ePatisnski~s 

A plot o f  the rrtttn daeily surface water temperatures recorded a t  the 

mainstem temperazure sta"tions located a t  LRX 9, LRX 29, and LRX 57 is 

presented i n  Jkppendix F i g u ~ e  A-29. P comparison o f  Gata reoel-ded during 

the antire winter season cannot be made due t o  gaps irr the data. 

Hawever, the arai lable data indf cate tha t  surface water temperatures a t  

these three statians were similar from mid-kgust t~ late-March. 

During the September and October surface temperatures a t  a l l  three 

s ta t tons  genera71y declined t o  near O.OQC, A t  LRX 29,  surfzce 

temperatures p~maingd near O.O°C u n t i l  April  2 1  when the recovder 

'ailed. Tempe~attares a t  LRX 57 d i d  not increase until mid-Hay. A t  LRX 

9 ,  temperatures near O.QeC were ~ecorded u n t i l  J a n ~ a : ~ y  when the rec~rder  

failed, When the new probe was installed i n  an open lead on February 8, 

s ~ r f i c e  'tc?mpei"atur@s as h i g h  as 2.4"C were recorded before the 

teaperatures decreased t o  app~oximately O.OaC. Temperatu-es a t  the s i t e  

regadned near 0.0.C through March. Temperatu~es as h igh as 4,9'C weye 

reco?*ded a t  LRX 9 i n  A p v i l .  I n  early Nay, surface teiuperatures a t  the 

s i t e  again decreased t n  6,0UC a ~ e l  therl i n ~ r ! - ~ : e d  rapidly .  



Figure A-29. Mean da1 ly surface water temperatures 
recorded a t  Hafnslem Susitna Rives a t  LRX 9 

and LRX 57 
3-84 wjnter 



A comparison of intragravel watev tempepatures recorded a t  LRX 9 

and LRX 57 i s  illustrated in 

Figure A-30. 

Intsagravel temperatures recorded a t  the three sites are similar until 

m i  ell-October when temperatures a t  LRX 57 i ncreaised from approximately 

0.5"C t o  3.5'C. Temperature values near 3A°C were recarded a t  LRX 57 

through mid-Miny when increased temperatures were observed. From October 

1 t h ~ o u g h  December 23, when the recorder failed, mean dai ly ineragravel 

temperatures a t  LRX 9 varied between O.OaC and 3.QaC. From February 8 

thmugh May 31 man dai ly irrtragravel teinpe~atures a t  the reinstalled 

LWX 9 s i t e  ranged Prom 2.7 t o  3.6"C. Betweerr Octobe~  1 and December 17, 

when the recorder "ailed, mean dai ly  intragravel temperatures a t  LRX 29 

vanged Prom 0.7'C t o  3.1i°C. Between March 5 and A p r i l  21, ineragravel 

temperatures near O.OaC were rece~ded a t  the LRX 29 s i t e .  

Kefiin d a i l y  ourface water temperatures recorded a t  Side Charnel 90, Upper 

Side Channel  I I ,  aod S ide  Channel 2 1  are shown i n  Appendix Flgure  A-31. 

f l~ twecn  'i a t e  Alaguct and ear*'ly November 1 sstr.agr;;veI t e ~ , ; p ~ ~ r ~ - ~ \ ~ r e ~  i n  



Figure A-30. Mean da i  1 y i ntraqlravel wate r  temperatures 
recorded a t  Madnstem Susttna River a t  LRX 9 

and BRX 57 
during the 1983-84 winter 



Flglere b\-31. Hean d a i l y  surface water temperatures 
recorded a t  Side Channel 18 
Upper Sfde Channel h l  - Site 2 

Be Chanrnel 21 Sites 1 and 
durtng the 1993-84 winter season. 



general were decreasing a t  a l l  three si tes .  During the time period, 

s t  temperatures and 1 argest temperature f 1 lmctuations were recorded 

a t  Side Channel 10. Overall coolest temperatures were reccsrded a t  Upper 

Side Channel 1 Side Channel 21 exhib i ted the least v a r i a t i o n  in 

temperatures through early November. 

Between NsvelRber 1. and March 1, temperature variats'ons a t  a l l  three 

locations were minimal. However a t  Uppep Side Channel 11, rjean da i ly  

temperatures did  vary between 0.4 and 2.9'C. Surface wate~r temperatures 

a t  Side Channel 10 and Upper Side Channel 11 began t o  incrcrase i n  March. 

A t  Side Channe'l 21 surface water temperatures remained near l . S a C  u n t i l  

late Apr f l  when sharp increases were observed. Temperatures a t  a l l  

three sites decreased t o  approxfmately 3.5-4.QeC i n  la te  May and then 

f ncreased * 

A comparis~n o f  i n t ~ a g r a v e l  water temperatures recarded a t  Side Channel s 

10, Upper 11 and 21 i s  presented i n  Appendix Figure A-32. Overall 

temperatures s t  Upper Side Channel 11 weve wampr and f luctuated more 

t h a n  those recorded a t  the sther s ide channels. Pemperattdrer; a t  Side 

Channel 10 were staklle especially between February a d  !May when nrean 

da i ly  .temperatures remained near 3.3sC. By November 3, intragravel 

ten~percatures a t  Side Channel 21 had increased from 1,#7'L "c o 3 . Q o C  

tr.mperaeutaes recnained rlerlr 2.5'C t o  3.0°C tilt-augh e a r l y  Jar!i!arey when "the 

y robe In3 1 Ftsruet 1 caned. 
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Ffgodre A-32. Mean daily inlsagsavel water 
recorded a t  Side Channel 10 
Upper Side Channel 11 - Site 2 
and Side  Channel 21 - Sites 

during the 1983-84 winter season. 



A comparison o f  surface water temperatures recorded a t  Uppier Slough 88, 

Slough 9, Slough 11 and Upper Slough 21 i s  shown in Appendix Figure 

8-33. Because mean daily data i s  available fpom Upper Sllough 88 only 

between December 2 1  and March 5 ,  i t  i s  d i f f i c u l t  t o  compare temperatures 

~ecsrded a t  the st t e  t o  those from ather locattans, 

General l y  temperatures recorded a t  the s l  tes exhib i ted a oimi 1 ar trend. 

By early Moveher wan daily surface w a t e ~  temperatures a t  Sloughs 9, 

I!, and 21 had deewascd t o  approximately 1,4'C, 2.0°C, and 2.3"C 

~espeetivel y. S i m i  1 al- temperatures were recorded a t  the moni taring 

stat ions through February. Surface water temperatures a t  Upper Slough 

88 generally were wameP. Mean daily surface kater  temperatures as h i g h  

as 3.5'C were recorded a t  Upper Slough BA in January. 

Between March 1 and May 41 temperatures r'ncreased ove~ali. However, 

tamperalures a t  Sl augh 11 increased mare rapid1 y t h a n  the tempsratul-es 

a t  o t h e ~  locations. ISy May 21 mean da i l y  temperatures as higi.1 as 7.(ieC 

were recorded a t  Slough 11 while temperatures recorded a t  Slough 9 and 

21 were aipprcaximtely 6,l"C and 5.8'6 respectively, 
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Figure A-33. Mean d a i l y  surface water temperatures 
ed a t  Upper Slough 8A 

Slough 9 - Slte 
11 - Slte 2 

Slough 21 - Slte k 
1983-84 winter wason. 



Mean da i ly  1 ntragravel temperatures recorded a t  Upper S'l ough 8A (RM 

Slough 9 Slsugh 11 and Upplep Slough 23. 

RM 142.0) ape colapared i n  Appendiix Figure A-34. A ccampletr~ data record 

i s  available f o r  Slough 11 only making direct comparisens d i f f i c u l t .  

The greatest var.iations in temperature were observed a t  Uppisr Slough 21. 

Beween August 24 and October 1 man daily intragravel tennperatures a t  

the s i t e  ranged Prom 2.0°C t o  S,leC. Hawever between Clctober 1 and 

danara~y g9 ,  when the probe fatlad, w a n  daily s u ~ f a c e  water temperatures 

varied only from 2.0QC t o  3.8'C. In genepal the telnpe~atures recorded 

a t  Upper Slough 88, Slough 9 and Slough 11 were stable, Mean 

ternpe~atures a t  Upper Slough 88 between December 21 and May 22 varied 

from 1i.S)'C t o  3.5'C. From August 29 t o  May 31, intrmgravel temperatures 

a t  Slough 9 ranged fron: 3.I0C t o  3.7@C, Mean dai ly  intragravel 

temperatures recorded a t  Slough 11 from August 24 through May 3 1  ranged 

fiaom 3 , $ Y  t a  4,3"C, 
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61gure A-34. Hean dal ly in t ragr i lve l  water temperatures 
ed a t  Upper Slough 88 

Slough 9 Site 3 
11 - SSte 2 

Slough 21 - SlSe 9 
1983-84 winter season. 



3.4.4 Interhabi t a t  Re1 at ianshi  3s 

feinpepatures reco~dcd ; : Slough 8A upper and lower sections and 3-t .:he 

Suriitna River a t  LRX 29 were compared to detlzmin~ possible relat i  an- 

ships betwee~ the hab i t a t  types Appendi x F i  gures A-35, A-:36 

the per4 ads o f  record for each s i t e  are incomplete, direct: cornparis ons 

are not possible f e ~  the en t i r e  seasen. In general intpagriavel tempt ra- 

tures recorded a t  Lower Slough 8A and mainste~ S9sitna River a t  LR3 29 

were s im i  1 a r  from September through February. In March surCace tempcjra- 

tures in Lower Slough 8W began t o  increase rapidly. Mainstem sur'aee 

temperatu~es remained near zero through mid-April when the recoa*der 

malfunctioned, The small amunt of data collected in the upper  pori:icn 

o f  the slough indicate tha t  surface temperaeures a t  thjs s i t e  are  not 

directly comparable l o  "Lheso ~eearded i n  the lower section o f  slougk or  

in che miastern. 

Again xRe ineragravel temperature data records f o r  Slough 8A and 

!~ainsdem S u o i t n a  River a t  LRX 29 are incomplete. Figure 8-36 shows t $ a t  

between early September and 1 ate October i n f  ragrae4el temperatures a t  

Lower Slough 8A and the maSnstem Susitna River were similar. Throughawl: 

the re?% of the winter season, no s- ;mi la~. i t~es  were getand betr\reen the  

intragrabel data  recorded i n  the slough and the mainstem. 



Figure A-35. Mean dai Py surface water temperatures 
recorded a t  Upprr "lough 8A - S 
%26,6 1,  lower Slough &A - S i  ee 3 

Rlver a t  LRX 29 Sf tes  
during the 1983-84 
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Figure A-36. Mean da i ly  1 nkragravel  water temperatures 
recorded a t  Upper Slough 8A - Site 3 

Lower Slough SA S i t e  3 
and Mainstem 

29 -. Sites 1 and 2 
1983-84 winter  season, 



A camparison o f  surface and intragrave! temperatures recorded i n  Upper 

Side Channel 11 snd Slough 11 was made t o  determine s i m i l , r i t i c - ~  or 

d i  iferences between hab i ta t  f3ypes. The overal I surface we+atq 

temperature trends observed i n  Slough 11 and Uppep Side Channel 11 are 

similar. how eve^, a wider range o f  temperatures and greater 

Cluctuatisns i n  temperature were shown i n  Upper Side Chanlne! 11. For 

example, a drarnatic decrease jn temperatures which occurred i n  mi &-May 

a t  Upper Side Channel 11 was not observed i n  Slough 11 Appendi x Figure 

The man daily intragravel  water teaperatures recorded a t  Upper Side 

Channel 11 and Slough 11 are shown i n  Appendix Figure 8-38. Int ragravel  

water temperatures a t  Slough 11 were s tab le  throughout the recording 

p e ~ i o d  while intragravel temperatures a t  Upper Side Channel 'ii M E ~ E  

v a r i a b l e *  From September t h r ~ u g h  May mean dai! y h t t r a ~ ~ e l  

temperatu-es a t  Slough .If. ranged frog! 3.b"C t s  4.3OC. Mean da i ly  

temperatures at open ranged 

3,14,4,3 

and SkTsitna River a t  i R X  57 (RM 142.3) 

rp *n ~ .anpdr- ison o f  temperatures reco~c'ed i n  S70ugl? dl, Sict i? Channel L A ,  a n d  

iiiair;s"ium Su?;itrsa R i v e r  a t  IT:." 57 elas ; ; k ~ i e  . i x a ~ ~ j n ~  s$milarjtjes 31110 !CJ 

~ ~ I ; s  " <$sn f : r~ r - aeuy~v  ~ J C C ! J \ * T ~  fig 3~ e t r : , ,  s \ + p + a ~ -  , - A  , p - 1 %  b a r *  , /: . '!q %f i t6k ; s  * 
I '  G"' 
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Figure A-37. Mean da i ly  surface water temperatures 
r Side channel 11 - Sf tes 1 
and Slough 11 - Si te  2 

e 1983-84 winter seasm. 



Figure A-38. Dilean daily imtragravel water temperatures 
s Side Channel 1 2  - Sites 1 
and Slough i h  - S i t e  2 

e 1983-84 winter season, 
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Flgmre blL39. Hean da5 l y  surface water tcsnperatures 
recorded a t  the Hajnstem Sositaaa River a t  
LWX 57 - Slltes P and 2 (RM 1142.3), Lower 
Slough 21 - Upper Slough 
26 - Si te  B and Sdde Channel 21 
- Sdte 2 during the 1983-84 
%Inter seassfi, 



t ha t  i n  general surface water temperatures a t  a1 1 s i t e s  were decreasing 

th rough  September. By mid-October, manainstem surface terater temperatures 

a t  CRX 57 had decreased t o  near O.BJC. Surface temperatures a t  the s i t e  

LRX 53) remained near O.OeC through early Ffay when sharp increases i n  

temperature were observed. From September. through May the most similar 

temperatupes C C C U P P ~ ~  fn the upper and lower sections s f  Slough 21. 

However, from b:ovember t o  May, supface water ts~peratures in the lower 

section of the slough were cooler that1 those recorded i n  the uppei. 

section. Due t o  a f a i l e d  recarder, temperatures in the s ide  channel 

were not recorded f ~ a m  Nove~her t o  eai-!y January, From January through 

Nay surface  hate^ temperatures iecorded in Side Channel 21 werg not 

comparable t o  those recorded a t  any o f  the other s i t es ,  

Intragravef temperatures recorded in the sl augh , side channel and 

mainstea a t  LRX 57 are presented i n  Appendix Figure 40. Due t c  failed 

recorders, i ntragt-svel temperateres were ~eccsrded a t  S f  de Channel 21 - 
Si Ye 2 and  Upper Slough 2 h o n l y  from September through mid-clanua~y* 

Intragravel  temperatures recorded zit Side Channel 2% - S i t e  3 were not 

platted because the s i t e  was probably f r o z e n  cntil ea r ly  May. In 

September and Octobe~,  intragravel temper8lures a t  a1 I s.i t e s  were 

d i s s i m i  % a r e  

From ea r ly  November t o  mid-January, wkela the recorder; ma1 funct ianed,  

intragravel .teJgperatbarer; a t  @per S:ough 21 and Side Cllannel 21 were 

extremei,:: s i m i  l ata. FI-wm Mcrven!ber t h r a u g h  Apr i  1 , ' n l r a g r a v e l  

tecrrpei itcres a t  Lovier S'lotigh 21 and the mair~stem Strsi t n a  R j v e r  a t  LRX 3: 



Flgure A-40. Mean daily ,ineragravel water .temperatures 
recorded a t  the Wainshem Susttna River a t  
LRX 57 - Sites  1 
Slough 21 - S i t e  2 
2 1  - S i t e  1 ide  Channel 21 
- Si te  2 ring the 1983-84 
winter season, 



trere s t ab le  and sfmtlar. Intragravel temperatures of {approximately 

3.5"C were i-ecopeieel a t  both  si tes d u r i n g  t h i s  time. lin early May 

-2ssks= ~S&FS~Y&@~I ~ ~ ~ ~ s F ~ ~ s F s S  ~BCF~&S&& sha~pl2 &&I 32 $EB~~YSZ&Y~S 

alp t he  'lowor po~t fon  of  the slough remained near 3.5"C. 



4,O DISCUSSION 

A discussion o f  the results o f  the 1983-81 winter temperature) s t u d i e s  i s  

presented by study ob,iective. Discussions o f  the temperatiare d a t a  as 

appl i ed  t o  made1 1 ing ,  e f f e c t s  on b i o l o g i c a l  a c t i v i t y ,  and impact 

analyses are addressed Sn the body o f  t h i s  report and i n  othelr reports. 

During the 1983-84 w in te r  season surf ace and i n t r ag t  avel water tempera- 

tures were recarded a t  s i t e s  located a"g.RX 9 LRX 29 (RM 

126.1) and LRX 57 RM 142.3). Simtilar surface water temperature pa t -  

terns were exhibited a t  a l l  o f  the mainstem locations except LRX 9 - 
S i t e  3. Generally, surface water "temperatures decreased t o  approxi- 

~ a t e l y  O°C by October, and remained near 0°C through May when 

temperatures increased. However, surface water temptlratut-es neair 2 -0°C 

were recorded a t  LRX 9 - S i t e  3 f o r  approximately two days f a i  low1 ng the 

+nstallation 31 the intragravel and surface eater probes a t  the s i t e  on 

Febnaa~y  8. Temperatures a t  the s i t e  decreased t o  g°C by February 12 ,  

and remained stable th reugh  N"laeek. Seginning i n  Rpr i  I temperatures 

recorded a t  the s i t e  ware agas'n warmer and mare varhbb'ie t h a n  t he  

surface temperatures recorded a t  the LRX 29 and LRX 57 l oca t ions .  The 

warmr. surface temperatures occurring a t  LRX 9 - S i t e  3 may be t h e  

:.esulf: of groundwater upwe1 1 i n g  b~hfch was $1 $0 ref Iected cn the  

incrraseci i n - t r a g ~ a v u l  temperatures w h i c h  were recorded a H L e  s i t e .  



Frcm August through e a ~ l  y October, i atragravel  temperatures recorded a t  

the mainstem sites a t  LRX 9 ,  LRX 29, and LRX 5 1  are similar. Hawever, 

frcrn mid-October through May intragravel temperatures a t  tihe s ta t ions  

were dissilrr i  jar.  O f t ~ n  temperature di f ferences were observed1 w i t h i n  the 

h a b i t a t  1 esation when a new probe or  s i t e )  was installeld within a 

monitoring lacation. The temperature differences can plrobably be 

a"e~rihuteci i:o the variable graundwate~ influences and the e f  feces o f  

mainstem discharge. 

The h i g h  i n t ~ ~ g ~ a v e l  temperatures recorded a t  LRX 9 were {observed a t  

S i t e  3 wht!fi "Le intragravel probe was instal  led i n  an open-lead upwell- 

ing area. Increased intragravel temperatures were a lso  recorded a t  LRX 

29 - S i t e  2 from November 11 t o  December 17 when the in t ragrave l  probe 

was damged by fciest movement. The @arm temperatures observed may be due 

t o  the influertee of groundwater from the upper p o r t i o n  o f  Slough 84. 

However, no d:", aaie available from Upper Slaugh 8A a t  t h i s  :igw because 

the temperature s t a t ion  was f razefi f rom November u n t i  I mi d-December. 

Variations i n  intragravel temperature were a?se seen a t  LRX 57 when the 

s i t e  Mas moved from S i t e  1 t c  S i t e  2 i n  Septervd3ebe, Want intragrave! 

~esnperatu~es o f  apppoxina4tely 3.5'C were recorded a t  LRX 57 - S i t e  ? 

from mid-Qetober t o  ear ly  May. The temperatures recorded d u r i n g  t h i s  

t ime coi-responded d i r e c t l ~  t o  t he  itltrsgratjel temperatures rgcorded i n  

the lower par:ticn o f  Slough 2 Stab le  temperatures tcrere na longer 

observed at the mains",m s i t e  beginning -2n mid-May p o s s i b l y  drae t o  

t,he e f f e c t s  o f  increased mainstem d4 i  scharye. 



Rsinste~a Habitats 

En support o f  Objective 2 ,  intrjigravel ~ a t e r  temperatures ireye recorided 

only a t  one ~a in s t en  mnitaring stat ion established a t  RM 13tt.I. 

'Frsmperratures wepg mmani toped f r a ~  October 1 t o  January 4 ,  and from Mikrch 

2 thmugh May 3. lntragravel temperatures a t  .ne s i t e  averaging ,ear 

0. OaC rere recorded u n t i  1 m i  d-Apri 1 when temperatures began to  i ncre  is^. 

Surface water tempet'atures ~ecorded from March 2 t e  Nay 5 ~ a n g e d  f ~ s m  

-O.ICC t c  2.0°C. InWragaveI water temperatures recorded a t  t h i s  s i t e  

d t  d na"Lref lect the i n f  1 uencg o f  groundwater upwl 1 i ng. 

%id@ Cb~nnel Habitats  

Variable in i r l~grave t  and surface water temperatures were recordeci a t  

Side Channel 10 f%Y 1134.8), Upper Side Channel  I1 

Channel 2 1  (W 142.3 t h r o u g h o ~ ~  t the 1933-S4 w.3 nter season. Ternpcrra- 

tures recorded wi th in  a h a b i t a t  Tac~ t ion  we.c a l s o  often d i s s i m - l a ,  

ref 7 ec t i ng  the inf'luertces of var ie i rs  groundwater snui-ees. W i  t k i  11 a 

locat ion srle site was s f ten  observed frozen f o r  var ious periods aaf t ime 

while o-tb$eps remained f r e e  Flcning. No clesr p:jt:terr; ue i  freezing ..ras 

observed w i t h i n  the s i d e  che:t~nel t a l e ,  '1 ! i l:4ii  #, d a t a  4s ava '  1 - 
2ble t a  GePi-ie the re1a"cicmshig. .the i'u.ee;*t;? and  cb5?2:ing aye  pr*c?ak iy 

4.rfliienceG ijy ;;;ainstem stage. [ n c r e a s ~ d  .--tag? caused i>!* jams c 31 



Increase %?de channel and slough) disctsar'g~ either by overtapping o r  by 

increasing groundwater f low.  Wkerr overtopping occurs side! channel or  

sl cugk t~mperatures of ten decrease, whereas groundwa1:er changes 

general ly  thaw previously frozen areas. 

A t  Side Channel 10, both  the intrag~avel and surface water s ta t ions  a t  

S i t e  1 weye frozen fram Novehczr t e  mid-Februa~y. wHI1e the surface 

water s t a t i o n  a t  S i t e  2 was obseli-ged frozen only far a short period i n  

Decembe~, Thmlrghaut the winter the intratgrave't s t a t i o n  a t  Sr'te 2 never 

fell below &7'C. 

The mnitorfng s ta t i on  a t  Upper Side Channel il were !lot observed frozen 

throughout the period o f  record. Temperatu~es recorded a t  both s i t e s  

within the side channel wepe similar indicating a co 

A t  Upper Side Channel 2 1  vera'able temperatures were resa~ded a t  a l l  o f  

the s t  tes indtcating the iraf luences a f  groundwater upwell ing and various 

water soulrces charging the sites. Var iab i  e temperatures were observed 

i n  the side channel when the statlsn was moved f r om S t  te  1 t o  S i t e  2. 

Also tempcratarre differences @ere sbseW.ied a t  S i tes  2 and 3 th roughout  

the winte;, At S f t e  3 ,  the surface \dater temperature s i te  was frozen i n  

December anti January only, whila the intragravel s i t e  was frozen Pram 

Dece~ber th rough  Api*j1. Although out*Pace temperatures at* S t  t e  2 

decreased t o  OQC the s i t e  wa3 n u t  observed frozen throughout the per iod 

o f  record. The freezing a t  S i t e  3 i r r  Janara~y % was concurrent r.rith 

extre.~~iely lo\$ aarrbient temperatures. 
B 



A l  though the actual temperatures varied,  surface water temperatures 

*corded a t  a l l  side slough habi ta t s  except Lower Slough I )A,  generally 

Pol lowed similar trends. Surface water tempe~atur3s recorded a t  the 

Lower Slough 8A s i t e  were s i m i l a r  t o  mainstem surface wa~ter tempera- 

tures. Surface w a t e ~  tempera tupes a t  the other side slough s i t e s  

8A, 9, 11, 21 were generally warmer than mainstem ' temperatu~es. 

Surface temperatures a t  th@se sites ranged f rom approximately 1' t o  2'C. 

Surface water temperatures recorded i n  the Northeast and Northwest 

channels o f  upland Slough 10 weye also similar t o  the genepal slough 

temperatupe trends. However, temperatures a t  the s i t e s  d i d  not increase 

as sharply as the surface water .temperatures a t  the sfde slough s i t e s .  

The only slough s t a t i o r i  which was observed f rozen was the s i t e  located 

in the upper povtton o f  Slough 84. The surface and intragravel s t a t i o n  

a t  Upper Slough 88 - S i t e  2 was obse~ved frozen from November t o  mid- 

Decenber wkm mainstem d-i sekarges increased, 

Intrag~.auel  temperatu~es recorded a t  tne s i t e s  i n  Upper Sloagk 88, 

Slough 9, and Stotrqh 11 we ? sfmitar th~oeaghout the winter season 

averagl ng be t~eew 2,s and 3.5' The monitoring s t a t i o n s  cere ppobdbly 

1 oeated i n  areas 01' groundwater upwell i ng. 

V a r i  a b i  *I -l "iy 4n i nett-agrave"l~mperatures w i t h i n  sl  otacjhs was observeci -i il 

#b +* S l ~ ~ i i g k  TiA, Slough II and S I o u c ~ h  dl. ill;2 a l l  8 C P ; ~ I ~ ~ J $ ~  .. -..;. cd i, ij re!!3 



recot-deb a t  the Lower Slough 8A s l t e  were similar t o  mainstem 

tmperalures. In Uppet. S9 ough 21 intragravel temperatli~res var ied  

threlsghout the winter  and were generally similar t o  t:emperatures 

recorded a t  the m~nitoring s t a t i a n  a t  Side Channel 2 1  - S i t e  2.  

1ntragrave"rt.mgeratures reeerded a t  Lower Slough 21 krere stable 

throughout the wintes, hawever, the temperatures were generally warmer 

t h a n  those recorded a t  the other 91 ough manj t o r ing  stations. 

Ineragravel tempe~atures recorded a t  Upper Slough 2 1  corresponded 

dikectly t o  those recorded a t  the rnainstem monitoring station a t  LRX 57 

indicating a possible co n water source. In Slough II the intragravel 

temperatures mcorded a t  the incubatloo s i t e  were mdch lower tkan those 

recorded a t  the Slough 11 - S i t e  2 s t a t i o n  ind ica t ing  the vartabfllt3 

w i t h i n  the sl te ,  

I n  support o f  Objective 2, tempe~atures were recorded a t  F o u r t h  o f  July 

Creek and Indian Rlver.  A t  F o u r t h  QP July Cvaek the ineragravel wate r  

s t a t i o n  1 aeated 4n the plum was frozen from mid-October t o  May, 

lntraqraval and surface water temperatures recorded wi th in  the  creek a t  

S i t e  2 were s imi la~.  Iwtrag~avel te3pcratures were also recorded i n  the 

creek a t  Site 1, However, a1 though intragravel temperztu~es recot ded a t  

S i t e  1 wew similar t o  those recorded a t  S f t e  2 ,  the actual  temperatures 

a r e  warMr. I t  1s d i f f i c u l t  t o  exp'ia*in the var1i ;b i l i ty  between these 

~VJCI  s i t e s .  %t i s  poss jb le ,  h~wever, t h a t  the in-tracgravel pvobe located 

8% S' i te  3 was damaged f r om mid-March t o  mid-May possibly due  t o  the c o ? d  



temperatures. Throughout the winter seasosr, i ntragravel and surface 

temperatures recorded a t  Fou~ th  a f  duly Creek ( S i t e  2 )  Pol lmwcd a t rend 

similar t o  the surface water tempe~atures recorded in ttle mainstem. 

Temperature remained nea;" O°C through March and Increased iin Apri  1 and 

May. Daily fluctuations were ms'nimel u n t i !  mid-May when temperatures 

v a ~ f e d  as mck as 4°C per day. 

A t  Indian River very l i t t l e  data wepe eelfecPed due t o  malfuilcttoning 

mco~ders. However, du r ing  the short  pertod of record no differences 

between 1 ntragravel and surface temperatures were abserved. 

Temperatu~eo recorded a t  India8 Rfver also followed a t ~ e n t i  similar t a  

mainstem tempe~atu~es. Bat 7y f luctuat ions o f  lap t o  3.%"C werE observed 

a t  the s i t e  beginning i n  mjd-Ap~fl. 

femperatui-cs recorded a t  Deadhorse Creek in support o f  CibJective 3 

~emsi ned near 0. O°C through March when temperatures began t o  increase 

and da t 1 y f l uctuatfons weye observed. 



Table'  Ae2, ADF&G Susitna River mainstem, ride channel, r;!oughs, and 
t r i b u t a r y  winter "Lwperature index, 1983-1984. 

Susi tna R i v e r  a t  %RX 9 
S i t e  #1 RM 503,2 

S27N05W260M 

Suai twa Rivep a% LRX 9 
Sf te  82 KM $83,2 

S27MQSW26DAA 

Susftna Rjvep 3% %RX 9 
S i t e  f 3  RM 103,5 

527R05M26ADO 

Deadhorse Creek 
WM f28,9 TRH %,Q 

S29NO4WlBBCB 

Susitna Rtver a t  LRX 29 
S i t e  #I R:M 126,P 

S30N03MI9OCA 

!li?pev. $1 niigbl AA 
S i t e  //2 RM 126,6 

%30N03\42QCCA 

Datapod 
Surface 08/24/83-08/26/83 
SntrajSu~face 05/27/83-09/19/83 
Intragravel 09/19/83-03/11/83 

Dirtapod 
Intra/Sur%ace 09/12/83-10/22/83 
Intragravel ?0/23/83-10/31/83 
Intr~gravel 11/01/83-11/33/83 
Int~a/Surface 11/04/83-12/23/83 
Surface %2/24/83-12/29/83 

Datapod 
Intra/Surf ace 02/08/84-03/06/84 
latragravel 03/07/84-03/22/84 
Intrs/Surface 03/23/84-05/41/84 

Themagraph 
Surface 12/22/83-05/31/84 

Datapod 
Intra/Surf ace 08/25/82-11/C4/93 
Intre/Surfaee 11/12!84-1; j13/dJ 
Intra/furf ace Il/l4i83-11/15/8% 
Entragravel lP/25!83-11/26/83 
Intra/Su~f ace 11/27/83-05/22/84 



Upper Slough 8A 
S4te f 3  8M P26,6 

S3Qt403~20CCW 

Slough 9 
Incubation s i t e  
WM 128,s 
S3BN63W %6CBC 

Slough 9 
SI te  #3 RM 128,6 

S3QHQ2Ml6BBZ 

FslurtR af Ju3y G~eett 
S i t e  #I WM 131,f 
Plume and C ~ e e k  

S3FH03W03DAG 

F o u r t h  of '  d ~ l y  Creek 
S l t e  #2 RM %3%,1 

S30W03W630AC 

Datapod 
Intra/Su~Pace 12/21/83-03/ 12/84 
lntragravel 03/13/84-03/ 22/84 
Intra/Sc, f a -e  03/23/84-05/15/84 
Intragravel 05/16/84-55/22/84 

Da tapod 
Intra/Su~face 08/24/83-09/04/83 
Intragra~e l Q9/85483=0g4 15483 
I B % T ~  jS@~.Tgca Wr"i7$83-Ti=rf10gS3 
lntrag~ave! 10/51/83-10/20/83 
%ntra /Sur f  ace 10/21/83-01/ 10184 
Tntra/Surf ace 03/23/84-65/3U84 

Betapod 
lntragravel 
Intragravei 
Intragravel 

S ide  Channel EO Datapod 
S i t e  f l  RM 1341,O In%ra/Surf ace 08!24/83-11/05/83 

S31N03k43 1888 lntragravel 11/16/83-11/30/83 

Datapad 
IntralSarf ace %B/E9/83-85/22/84 

Da tapod 
%ntra/Surfase IO/P9/83-05622/84 



Slaugk 11 
Si te  #2 RM 135.9 
S3BM02W19DWO 

Datapod 
IntraiSurf ace 03/24/83-05/22/84 

Susftna Rlver a t  R% 136*1 Themagraph 
RM %36,1 f ntragravel  10/61/83-81/04/84 
S3 lN02Wl9ADB Datapod 

Intra/Surf ace 03/02/811-85/03/84 

Upper Side Channel %I 
S i t e # %  WM136e3 
S31NB2W20BBD 

Upper Sfde Channel I1 
Sbte #2 RM 136,s 
S3lM02W26BBO 

Upper Side  Channel 11 
S i t e  #3 RM 136,3 

S3 1N02\H20880 

Datapad 
IntralSurf ace 09/12/83-12/29/83 
Int~agravei 12/29/8:3-12/3(1/83 
Intra/Surf ace 12/31/8%-05/31/83 

Datapod 
Int~a/Surf ace 01/Pl/84-03/14/84 
Intragravel 03/18/84-03/19/84 
Hntra/SurPace 03/20/84-05/41/e4 

Indian River  Datapod 
S i t e  #3 WN %3$,6 TRM 0,2  I n t~a /Su r f  ace 03/01/84-03/03/84 

S3 IN82W09CAB Intragravel 03/04/84/03/22/84 
Intralfurface 04/28/84-04/25/84 

Side Chawnsei 21  
Site #I RM 141*0 

931N02W02CAA 

SDde Channel 2 1  
S l%e  52  RM H41,O 

S3 1N021102CM 

Lower Slough 21 
S i t e  12 RM 14E,8 
S31NQ2W02AAB 

Upper Slough 21 
6 " " "  s=\'!:e #I Rbf 142,O 

S32K62bi3fiCCC 

-Datapad 
In%ra/Surf ace 08/29/83-09/85/83 
Intragravel 09l06l83-09/l2/83 

Datapod 
Intra/Su~f ace 091 13/83-01/10/84 
S ~ ~ f a $ s t @  01/11/84-05/22/84 

Datapod 
En%ra/Surf ace 12/01/83-12/28/83 
Intra/Surf ace 691 10/84-05/22/84 

Datapod 
Intra/SurFace U8/24/83-01/10/04 
Surface 





.jippendix Table A-3. Instanta~ecsus water temperatures recoded a t  s i t e s  i n  the Susitna River basin during the 
1983-84 ice-covered season, 

Date 
P 

831221 
831221 
8401 10 
8481 10 
$40126 
840126 
848207 
840207 
810361 
848301 
840322 
840522 

Water 

a -0. Ib 
-0.2 
2,1 
2.8 
%,O 
2,7  
1.4 
3,Q 
4,O 
2*9 
3,4 
3 ,4  

surface 
4 ntragrawel 
surface 
d ntragravel 
surface 
4 ntragsavel 
s ~ r f a c e  
itatragravel 
su r f  ace 
4 ntsagsavel 
surface 
surface 

Instrument -- 
datapod recorder 
datapod recorder 
datapad recarder 
datapad recorder 
mrcury thhermowter 
datapod recorder 
rslercury the 
datapod recorder 
mrcury themoweter 
datapod recorder 
naercury themomtier 
mercury thermmeter 

4 t h  of July Creek 2 831201 1046 Q,4 surface da tapod recorder 
RN %31,1 2 831209 1046 0 ,3  intragravel datapod recorder 

2 831206 1445 0,3 surface datapod recorder 
2 831206 1445 0,2 4 ntragravel datapod recorder 
2 831221 2234 Q50 surface mrcury thegorrreter 
2 831221 1234 0, I Int lrzgravel datapod recorder 

Side  C b a n ~ e l  10 3" 831130 1440 1,4 surf ace mercury themmeter 
Rfi 1136,O 3C 831130 1440 2,7 i sllragravel datapod recorder 

:. 83 1206 I329 0. 3. 4 ntragvavel datapad recorder 
83 1206 1319 5-3  surface mercury themometer 

2 Hater  was observed flawing over the temperature probe. 
5 4  Anchor i c e  was sbserved adjacent t o  the temperature probe. 
P- 

ja instantaneous miirlarernents only were taken a t  this si te .  



Appendix Table A-3 (C~n%jw~ed 

%Id@ Channel 10 
Rf4 1134,O 
Con& i naed 

l ntrsgravel 
wrface 
S ntra.agravel 
surface 
surface 
Jntsagravel 
surface 
intragravel 
surface 
Jntsagsavei 
dntrsgravel 
intragsavel 
surface 
intragrawel 
surface 
jntragsavel 
surface 
intragravel 
surface 
i ntragravel 
surface 
intragravel 
surface 
4 ntragravel 
surface 
a r ~ a k v  -b5.-,,,,,,~ ay# a v ~ ~  

Instrumnt 

datapod recorder 
daLa pod rcssrdes 
datapad recorder 
datapod reporder 
da ta  pod recorder 
datapod recorder 
daxapod recorder 
datapod recorder 
datapod ret2rder 
datapod recorder 
datapod recorder 
datapod recorder 
mercury themmeter 
datapod recorder 
~tercury t hemnometar 
datapod recorder 
datapod recorder 
da tapod recorder 
me scu ry t hemoubettl.r 
datapod recorder 
mercury thernometer 
dhtapod recorder 
mercury themomet~r 
da tapod recorder 
mer~.:ury themometer 
A*&-.-...A -&-&-A%-- 
W a  EBptiBttU @%'rc"LIJU-UFF-  

3 Icstantaneous measurements only were taken a t  this site.  
;h 

" SurP3ce "~~atei* was observed frozen t o  the substrate, 





Appsndix Table 8-3 

Site Hater 

BOOB 
$500 
910 
910 

1207 
1620 
1024 
910 

1560 
844 
910 

intragsavel 
surfaca 
surface 
lntragravel 
surface 
surface 
surf ace 
surface 
intragriavel 
ineragravel 
i n t  ragravel 

datapod recorder 
mrcury thermomgter 
mercury tile 
datapad recorder 
datapod recorder 
datapod recorder 
datapod recarder 
datapod recorder 
datapod recorder 
datapod recorder 
datapod recorder 

d Instaj~*leneoa~s mt?asuremnts only were taken a t  t h i s  sdta?. 



As>gend$x %ab3e k-4,  Hates quality &aka collectad n t  Deadhorse Creek rs@erwo%s dur%ng the 1983-84 w%nLar season, 

--? -- 
, " *. V :*, !' 
"a, 
iir .I' 



Rppsndjn Table A-5 ,  W ~ t e r  q ~ ~ l i t y  d19& C Q ~ ~ $ C % B ~  at Carry QU@%BW pOp@ during the 1983-84 w d n t ~ r  S B ~ S O ~ ~  



Appendix FabLe 8-6. Datapod e e ~ ~ p e r o e u r e  recorder da6a sux 
incragravel  and surface water tenoperaltures (C) 
recorded ae Mainssem Susi%na River ak LRX 9 - 
S i t e  1, W 10302, S6 S27M05M26Da. 

His Mean Hax Min Meaw Max 

caw- 







Appendix Table 8-7  (coaeinucd). 

Mia Hega Max Hin Mean Max . 

eCdLIReVEIVr*liB Data woe a v a i l a b l e .  





Appendix Table  A-7 (continued).  

I s lc rep~mgl  Suff asa Waeef 



1" 0" 0 
t* OQO 
&" 1" 
2" 6" 0 
z* %" 
Z" Q"O 
0" 0 T".... 
ae I *- 
IS % "- 
0"- T "- 
0"- 
0"- B *- 

1" I"- 
O"0 I " .= 
0 "- 'IP)- 
0" 1"- 
1 * 1'- 
1 a 1 "- 
8" 0" 6 
roe L*P 
8" I S" 
1FDm-w 

'I" 



Appendix Table (eaatiauedf . 

M a ~ c h  1984 

Xntzagrslval Supface Water 
Dace 'P~(BBQD~CPP--~~~---.OQ- raises* -a- 

Nin Meea Hgx Mia Mean Max 

Hca$hby Value 2,3 3 ,O 3.6 -el -=-a- l F I S  



spa- 

- * - '  -7 

Appendix Table 4-6 ( c ~ n t i ~ u e d ) .  

------------- 
A p r i l  11984 

H i  Me&@ mx M i n  Mean Msx 



AppeaQKx Table a-8 Cceatinued 1. 

Honthly Value L ,6 3 A5 8,9 -s2 S e Q  11,5 



Appendix TahLe A-? D&eapod temperaeure r e ~ ~ r d e r  data surnrnary : 
inkragravel and surface water temperatures (C) 
recbzded ac M a i ~ s ~ a  Susigns  River a t  ERM 29 - 
S i t e  1, BPi 126.1, GG S301643W19DU. 

Xwesapravel Surface Wi&tes 
De t ie 

Hin Haaa Max Mia Hean Wax 

IData not avaifablec 



Appendix Table fl-9 ( e ~ n ~ i a u e d ,  . 

September 1983 

Ineragravel Suzfaee Water 
Data 

M i  M ~ & Q  Max Mia Wsaa Hax 



6 e t o b e ~  1983 

IatragraveI Surface @ate% 
Daea -am-~-~m-w---ak----m 

Mia Mesa Max Min Mean Hax 

~ ---(.-a Data noc a v a i l a b l e M  







Appasdirs Table @-/a (contiasled) . 



.a-EQ, Data aet avai lable ,  



Appendix Table! ( C B D $ ~ ~ U @ ~  . 

February 2984 

Sagface Water 
Date 

H i  M Q ~  U x  Min Mesa N x  



Appendix Table P \ - I ~  (csntiaued). 



Appebadiac Table  A-D ( i sat inued) .  

Surface Water 
Data 

Hin Heaa U x  Hin Hean b a r  





Append i rr T a b l e  f i  - 1  1 (cesnei~urd) . 

Xo&ragx&vel USECP T-prrature (C) 
D&ts OBI?C9elolsB-.Ps 

Mat -m &x 



Hem Max 

Mearhiy Value 0,O .O .5 



DATE 

Mnthly Value 0.0 6,8 

Daea not avai1ab%eO 



Appendix Tabla A-i& i)o~appr~d temapc~aeure resordet data su-ary: 
ingztagtslvcl &ad eplrf ace apaeer faparaturea (C 
recorded ag b i n g t -  S u ~ i ~ n a  River ae 
FlPa lL34aPs GC 83BEO2@EW19bDBe 

bll~aspsl-bhly Value 0 dl r 1 2 - a 2  .2 

P L ~ a r ~ s m m  Data no& atrai!mabBe, 



Appendix Table a ~~2 ( cczn~inued . 

~ ~ ~ ' F P 9 B a P ~ ~ ~ * i m ~ I r s - ~ ~ - - ( B - - ~ . B ) - ~ - ~ ~ C P - - ) 1 0 ) B L P l i P ~ ~ E Q . p i z ~ Q l s 4 0 ~ 4 . 1 , ~ ~ B O ~ - a s ' I C 3 - ~ - - ~ ~ - - ~ L I D - ~ C P D F I L - ~ . o i r . c p  

A p r i l  1984 

Intragxave ?, Surf ace Watier 
Baec -*ssBw~--e*a-m-'bJI.glrsBL~mw 

i n  Meaa &ax Min Hean Max 



Appendix Tab le  Au-Iz (consinued) . 

- - -a-~-*----s-------~-~~em~~~w-m---------- - - - - - - - - - - - - - -*-mD------  

Hay 1984 
~ ~ ~ ~ - ~ * ~ ~ ~ * - - m ~ ~ ~ - ~ ~ - ~ ~ ~ - - ~ p ~ ~ - - - -  

Suxf ace Wa&,e~ 
Date - - * - - - - e - - eb - -w- -  

Mia &lean b x  Min Hem Max 





Append i x  Tab %e A"i3 ( eon& inued) . 

Septmber  1883 

Intrag+avol Surface Water 
Date -*em-e--w--------w- 

Min Heaa %BX Hin Hem Max 



"Vg39EBZONZES 33 't"l9'l W1I '% 33lS 
.-. ~a 3~ srao~~~ enaTsng -2saTq 7% pepszso3as 
(3) sa~rn-~~sedmq arPaaA aDassne pas a~ss8asav 
: dammns araep aapaosaz esnl.ssadm%a pads3~~ _$r alqez x~poladdv 

&.** -& ** 



lla&~rigrava l Surf ace Wager 
Date 

W x  Hin Meen khx 



% a  Hem M x  %in Hean Max 

erBsllSliUedem- Daata not  avai lable  



Isrregstive b Surface Wager 
Data 

Mrbn He= b x  btia Heaa Max 





Appendix Table A-17 (conci-aued 

February 1984 
'1)RX3 



I eb rag~ave f  Surf aee Matex: 

kfacsn*h%y Value 3 ,3 3,6 3 , P  0,O .B .I 



Appendix Tab le  A 7 (eangiaued). 

April 1984 

Iratraggavel Surface Wategg 
Dace ~ ~ ~ ~ - * ~ ~ ~ w * - - m d a - - - w  

Hi% a x  M n  Mesa Wx 



Mia Me= -&% g in  Hean b x  



Appeedix Table 16a-15. Datapod aewpcrature  reeerder daca suimmry : 
itltragravel and surface  water t a p e r a t u b e s  (C) 
recarded a t  S i d e  ChanaeL 10 - S i t e  1, W 134.0,  
G@ S3 hM03W3 lBBBa 

Intragraval Surfate Wate:e 
Date -*e--w~---ww--*tmm-- 

%fin Meea Max H i s l  Mean ]Max 





Appciodix Table  A-15 (continued). 

Eatragrave P Susf ace @af;er 
Date ~ ~ - - ~ - - - ~ m ~ - w - m m - * - - *  

Min Neaa Hax Mia Mean Max 
* p ~ ~ - ~ ~ ~ l p I l a I C ~ ~ - y c r ~ e  



Appendix Table (cantbnued) . 

- ~ e ~ - ~ - ~ . ~ ~ - ~ ~ * * ~ ~ ~ ~ ~ * ~ - ~ - ~ - * - e ~ ~ - - ~ ~ - - ~ a - = - - - - - ~ ~ - - - * - - - - - - a w * - - b ~ - -  

November 1% 883 

$atragsave k Surf ace Watee 
Date 

Mia Heaa Hax Hin Heaa Max 

N~nthly Value ==is % 3 ,O q 4  ---sjBDSpl P *!I4 

Daga as$ avai lab le*  
**** Baga ava i lab le ;  s i t e  h e w ,  



Appead ix. ~ a b ~ e  A - I ~ ,  Dagapocf t mperature rgzcorder data s 
ineragsavel  vater eeslperaeurtls (C)  recorded 
a t  S i d e  Chaanel %O - S i t e  when the  !g id te  

was f rozen ,  W %34,8, GC S 3 f H O P M 3 f B B 8 ,  

Ierrupravcl Suzface W a ~ e ~ r  

Min Hem Max Mia Mew H a a ~  

HagoatkEy Value O *Q 



Appendix Table b-17~ Datapod t a p e r a e u r e  recorder data  surnrnary : 
in t ragravel  and surface vaeer ternreratares f C )  
recorded a t  Side  Channel IO -  sit^ 2, Rkl i 34 .0 ,  
GC %31Ne"$3%f31SBBe 

Raveaber 1983 

Intragrave l Surface Water 
Da$c w--mmm-m---m--a am--- 

Hin Hem Max i n  Mean Hax 
- - - - * m ~ - ~ ~ l m m - ~ - - ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ - ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ m ~ ~ ~ - - ~ ~ ~ ~ ~ ~  

.**  
*#."" sf,!. ,.$ 

x"""Bg ,.s S # : *. 





Surface Water 
Bate -waw-m--m-*e--*---- 

Mia Neasr Max 



- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ % - e - ~ - m ~ ~ ~ m - ~ - - ~ ~ ~ * - * ~ ~ - ~ m ~ ~ % = * - ~ - e ~ - w ~ * ~ - ~ - m m - - - - ~  

February L984 

Intsagravel Surf ace Wager 
DaEe -lO l i - l i a C ~ B B l l ~ ~ r s p a r s r c D o m  

5in &ken $tax Min Hem Max 





Xaggagravel Surface Water 
--------------*---*= 

His Heaa Max Mia Neaw Max 



xnbragrwe I Suzface Waler 

H i 8  Hega Hax Min Hax 



Agpessdbz Table A-18. Daesapod tkapezPiturc recorder daEg s i;y- 2 

8;unrfacc waeal: tmpegatutcs ( C f  zacorded 
Side Chawaaffa 18 S i t e  2 whe3 ehhc s i ~ t e  

vsis E~ezea,  PM 134.0, GC S31N03W3LBBB, 

De~mbag 8983 g ~ i g e  % ~ s z a n % '  

Xsexagaavc? k Sarfgcc Wa~gkz 
Date 

Mgs Me= &z Mia Maaa mix 





Appendix Table kj-17 (conr inusd) .  

- ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~ ~ - - ~ - ~ ~ - ~ - ~ ~ ~ - - ~ - - ~ ~ ~ ~ ~ - ~ - ~ ~ ~ . m ~ - ~ ~ ~ ~ ~ ~ ~ ~ - ~ * - - ~ - - m e ~ ~ -  

Sepember  1983 
~ E ~ I I I ~ ~ W ~ B S ~ C I P ~ ~ ~ & ~ L O ~ ~ ~ ~ Q ~ ~ ~ ~ ~ ~ ~ E ( B O ~ ~ ~ Q - ~ ~ , ~ G B ) B K I F ~ B ~ ~ I ~ - ~ ~ ~ ~ B P ~ ~ ~ ~ . B ~ ) - - E * C - ~ ~ P ~ P - - ~ ~ ~ ~ . ~ ~ ~ - C B ~ ~ ~ C C ~ O B E B ~ ~ ~ ~ ~ ~ B P ~ ~ ~ B ~ ~ L B P ~ * I  

In&~aggave l  Surf aee Water 
Da$e rra 

C Q l - w ~ w - ~ - B a r - - - t ~ ( L I P a -  

Min Mam Max M i  Mean {Max 

5,8 
5.7 
S o 7  
S e 5  
5 e 4  
50% 

5 & 2  
5%2 
5*2  
s e a  

5 * 2  





October %983 

m--me-*w~wm~m~wmm--  

Hin Heaa Max Mia Msaa ;Isax 



NogsehBy Value 3 A  4,O 4,8 23 B ,8 3 25 



D ~ c ~ B ~ P  198% 

Surf ace Wakter 
Date 

Nax H i e  Heaa 8hx 

M~nghLy Value g a l  4,8 4,7 0 % , 9  % * I  



Append i x  Table A ^ m  ( coatinued . 

Intrlagrwel Surface Water 
Bats rBD~~w4a*raXBD-~anap*rrs*apbmwrcaP--ar 

bEia Nag k x  H ~ E  ~ea;ff% Max 



February 1984 
w w - - e e a a m w a w * w -  

tjs'ltgagrave b Surface Waiter 
Da%c ea3 



3 83-4 
4.0 
4,1 
4b5 
4 e 7  
4,8  
4,6 
S a P 
f e d  
5.1 
4*2 
5 00 
5 tpo 
5 a P 
5 *a 
5=0 
6,7 
Q,Q 
4,b 
4,s 
8e8 
4 e 4  
t o 7  

4 a 7  
5 * 2  
5 e 3  
5,4 
5*5 
5 e 2  
8*7 
5 I %  



-------------------------*------ 

A p r i l  1984 

Xnezagrave% 
Qata 

Mi% M@&B mx 



Xaeragrsvel Surface Water 
Data m e - - - ~ ~ w ~ m - - - ~ w ~ m - w  

M Hem Max Mia Eean Max 





Surdaee Wetes 
Data 

*8 
.9 
@4 
09 

B ,2 
a 7  

a 7  

e 6  
.2 
.4 
0 9 
.8 
a 9  

1 *I 
I * l  
H e l  

1 *8 
P e t  

1*1 
.4 
Q Z  

1 a 0  
10% 
a e 2  

1.3 . 
a 7  

FJ5 
.5 
@6 



&re$ 1984 

Ineragravel Surf ace Wstcz 
DaPc 

Mia Hem Max Min Mean Max 

e3 b 
.6 

=Y r e f  

(s 9 
l e 7  

1 *3  
1,Q 
2*1 
P ,S 
I .Q 
% a 0  

03 
* %  

16112 

*3 
.a 

--m211-m- Data noe ava i lab le ,  



Knbrsgravel Surface Wagelr 
Date 

M b  He= Hax M($bi.rsr, Mesa lhx 



Appelcadix Table A-21 ( ccneinued) . :" ? -  . .* 

Suaf ace Walker 
Date 

Mia Mesa Max 



Appenad i x  Table A -a Daeaipsd teoaperaeuge recarder data suc 
intr~agraveL arad surf ace water geraperrcaturlee (C)  
recsgdad a% Side Ch~aaeL 21 - S i t e  M 96+% ,0, 

S3%&02VQ2GU. 

Data aoe @vai%&b%e, 



Sepempaber 1983 

fatrragnsvel Sugfaee Watea 
Bate 

Win W x  .Mia Mesa Wix 

Hsathfy Value 3.9  %*d 4,7 8*2  



-* 9 -pp -bU"* * * - ; 4  

Cppeiedix 'fable 4-;La Datapod tmperaturc recoidar dabr  81 

intrag, &vel and scrfaca water Emperatu;ree (C)  
recarded a t  Side Charanel 21 - S i z e  2,  NilK 141.0, 
66 S31N02@026M- 

Surf ace Watiea: 
Data 

t9in Heaa b x  Hin Hem b x  
ea 3 

t * 3  
6 , s  
7 83 
6 3  
d*P 
6 , s  
B a l k  

Q m t  

4,6 
6 *7  
5 a 8  
4 - 0  
4 ,9  
QeB 
4 ,8  
6,9 
4*8 
4 A? 



Oegober 1983 
*- --We 

Surf ace Watelrie 
Data 

Mia Mean &x Min Me- l k x  



Wppelzd i x  Table  A - s  con t iniled . 

1.8 
2 s 2  
3 .Q 
2*8 
3 a 0  
2 08 
2.9 
301 
3 48 
a a s  

2*8 
3 
a ,a 
%*5 
2*7 
2*9  
2,6 
2*7 
2 B S  

2*6 
2a9 
3 a 0  
aBp9 
2@7 
2,6 
2 a 7 
2,8 
2 ,9  
2,8 
2,9 



Data 



Appendix Table (caacinuedl) . 

Xatragrave b Surface Water 



Appendix Table A-23 (coagiaued 1. 

Sutfaee gater 
Date 

Monekxly Value B e &  P ,6 b e 7  

-mwr%CBam Dlata n o t  available, 



Data 
i n  Meon Max H i a  Hem Max 



Intragravel Surf ace Waitex 
Daea 

Mia Hean mz Mia Heaa b x  



B F L " . c ) . D s P f - , w s B ~ ~ ~ ~ ~ ~ ( B 1 a e , ~ . s l ) ~ ~ ~ ~ 4 8 8 . o F I a P T O s ~ Q r J I ,  

IarragraveE ~ u s f a s e  ~ s e c g  
Date 

- Do&a ast avai lable* 



Appendix Pa$ l e  l?s*w Datapod teapegatare geeorder data slurnraary : 
ingzagravel and surf eee sraiter tezpperaturts ( C )  

3.""' 3 
recskdad a& Side  Channel 2% - S i t e  9 ,  RR P b I , O ,  
G@ S31N02WQ2CA4D 

&oveabar 1963 

Eatgagravel Surface Waetcr 
Date 

H i  He- Max Mia Hean b x  



Appel~Qin Table A - t q  (continued) . 

Gntt.agravcl Surface Wat~cr 
Date 

Mia Mean mx Mia Hesa WX 

- *8  
-r  f 
- e Q  

0 *Q 
008 
8 e o  

-e 1 

**- 
we- 

- e l  

- 0 1  
- *  l 
0 e O  

-*O 

b n ~ h l y  Value .2 0 0O 

- gaga I ; E L Q ~  availableQ, 
* Data available;  e i ee  f rsnen.  



Appendix Table l%-Xq (sonneinucd). 

J~nuaay 1984 

In~ragrava  f % u ~ f  sea Watret 
Data 

Mia Heaa Max Mia Me- Max 

we- 

-I*dDEBB-- Da&a aot availablee 
Daga available ; s i t e  frozen a 



Append is Trable A-2Y ( coaeinued! 

February 1984 

Intragrassva?L dueface Water: 
Date ems 

Mia Mesa Fax Xin Hem EEgx 



MenehEy Value -*** **** **** 1 * 6  2 2  3 2  



Appendi-. Table AmzLf (soratiauetd). 



Appendix Table A'b'bf (eontirsued). 

Date 



Wppeadiar Table A - s  Daeapod tempargeure reecsder draera s ry : 
i a ~ ~ a g s a v a l  gad siirfaea water tmpeetulses 
(c) recordad a t  Side Channel 2 1  - S i t e  3 
whea ehe @it@ was Prozan, 141 .O, 
GC S3%MQ2W02CMe 

' December 1983 (site frozen) 

Ineregravel Suzface Water 
Dage 

K i a  Hem Max H i  Hem mx 



Append i x  Tab Ee ( cor jy-inusd . 



Mia Hsm U x  Mia Hem Max 

++*++ Data available;  s i t e  n(s6 Proeem. 



Appeedix Table  /Q-u (cc~aginued) 

Wrch 1984 ( S i t e   froze^) 

Iatrieg~ervel S u ~ f  ace Wa~e~r 
Dage ~ - w m ~ ~ e ~ - m - - m ~ - 4 m e - -  

Mia mx - Mia Heaa H&:K 





" aQBOGMf 8NO&S 33 
'96~~1 $2 asTS - vg qSnol~ aa"09 aa papzosas 
(3) saan2ssadmaa saaeh aDoljlns pula ~a~slIic~~2ul 
: dsmmns s3t.p aapzoaaa aala2eaadm.a podlaasa b/z@\i, alcjrrp x~paaddv 



Apperndimc Tabla 4-27 Daeagcd Eapercaure recorder date rsuamey: 
incragrave? and surface wager tmperati~res (c) 
recarded a t  Lcves Siuragk 8A - S i t e  3 ,  IN lU5.6, 
CC S30NO%W30BDBo 

August, 8983 

ICnt%agravel Surface Wager 
Data 

Mia Hem b x  M i  Mean Hax 

~ -- Da,ea aot available,  



Surface Wate~: 
Da%c 

Mia Mean !tax 





Append ii: Tab l a  ,Lb-27( can% ingxed) . 

Isleragravel Surf oea fFatez 
Batsa 

Mi= Ma= N x  Miss Mean gsgg 



Deceaber 1983 

Int~agravel. Surf  see Wagel: 
Bate 

Min Hem a% Min Meaw PEax 

Monthly Value e J - EI!5 s 3 .6 8 

- ,3, -#a Data no$ aua iml sbhe ,  



Appendix Table A-zg (continued). 

Surface Wste~r 
Date 

Min Me= Max 19 ax 

.**, Data no% available, 



Appendix Pabke kz? (seneinlied). 



Append i n  T ~ b l e  4-27 ( continued) . 

Harch 1984 

Xatragrclvrl Surface Wacef 
Dgee 

i s  He~a b x  Mia Meas;., Max 



Surface Watler=" 

Mia Mean Max 

Nog&ih&y Value a 6 3 , %  7 .4 3 * Q  l d Q l  



Appetldix Table @ - ~ 7  (coneinuedl . . 

May 1984 

Itatragravel Surf ace Wcaecer 
Dote -maawm--  =-----urn--em 

Hin Mesa M x  Mia Hean Max 



" V33BZMCONQCS 33 
' 9'9~1 L~ a37~ - ~8 q%na~~ .zaddfi 3e papirosas 
(3) sasn2saadmsaq za3en ase3ans pua ~ah%a%s33rr~ 
: 6larn;ranr e2ep 3ap3c3a3 asnaeaadma~ podeqeg Rev alqez xrpuaddv 



Appendix Table 8-2E3 (coatinued 1. 

Bceobeo L883 

Intragrave l Sushoce Watckr 
Data 

Mia Hean Max Win Mesa Hax 
~ t l O ~ c o . ~ * b h 9 i l D L Q P P e -  



Appendix Table 40% (e~nginued) . 

Ingragsava l Surf ace Waee~r 
Bake wBiDQ.SI-iaPIP--*CB.m --IPBa4.-dwCIIQ-m 

Min Heaa Maw Hirsa Mean Ifax 
----**--*-------------*---4814m---- 



Apgaadix Ta~bPe A 9 9  Datapod temperatuze reeo~des daEa @ 
kcra(gravel snd surface water 6 m  
fC )  recorded a t  Uppes Slough 8A - 
whera E ~ E  ~ i t e  was frozest, RM 126.6. 
GC S3QN03W20CGe 



Ices-agzweL Suxf ace Water 
Date 



Appendix T a b l e  & J D~rapild taperatrrre recorder d a t a  suri 
intragrsvcl a;ld surface u s ~ e : r  t m p e r a t u r e ! ~  ( C )  
recarded at Upper Slough 8A - S i t e  3 ,  RPI ! 26 ,6 ,  
GC S3QH@BW266CA, 


