AN EVALUATION OF THE INCUBATION LIFE PHASE OF CHUM SALMON

IN THE MIDDLE SUSITNA RIVER

SUSITNA HYDRO AQUATIC STUDIES

WINTER AQUATIC INVESTIGATIONS:
SEPTEMBER, 1983 - MAY, 1984
1985 REPORT NO. §

VOLUME 2
APPENDICES A-F

m:ﬁyw

ALASKA DEPARTMENT OF FISH AND GAME
SUSITNA HYDRO AQUATIC STUDIES
620 EAST TENTH AVENUE
ANCHORAGE , ALASKA 99501




DRAFT 2/11/85

8.0 APPENDICES ‘ Page
Appendix A. Winter Temperature Data i
Appendix B. Study Site Maps B-1
Appendix C. Water Quality Data | C-1
Appendix D. Substrate Data 0-1
Appendix E. Additional Habitat Data E-1
Appendix F. Embryo Development and Survival Data F-1

With the exception of Appendix B, the information presented within all
appendices consists primarily of raw data tables and figures. Appendix
A includes text materials presented in standard report format, with
Introduction, Objectives, Methods, Results and Discussion sections.
This format was selected in order to make it easier for peopie to use
information in Appendix A for purposes other than those related to
salmon 9incubation. Appendix B provides a complete Tist of all study
sites used on this report and thus concludes no text or dava tables.
Appendices C-F primarily include tabular information, som: summary

figures and very 1ittle text.

Tabular data presested in Appendices C, D, £ and F 15 organized
according to study site location. Study sites are organized by river

b

mile, ascending from a downstream Lo upstream dirvection.
k1 ¥



DRAFT/PAGE 1
WIR/Title Pages

APPENDIX A

WINTER TEMPERATURE DATA



Apgeﬁdix A: Kinter Temperature Investigations

by: Theresa Keklak and Tim Quane

Alaska Department of Fish and Game
Susitna Hydro Aquatic Studies
2207 Spenard Road
Anchorage, Alaska 99503

ﬂﬁ?&‘ LY q
- o
= e A&7



e G
-
wr g de" e

TABLE OF CONTENTS

Page

TABLE OF CONTENTS. v vesnsnecensencnnenorncncocncncnsnsnensnnneneene 1
LIST OF APPENDIX FIGURES..ccccocavscecssnssaocsncssnsnssssssssoncce 1V
LIST OF APPENDIX TABLES...eccovcoccccocssaccansssconossssssonasasoe  1X
1.0 INTROBUCTION..ccoveccesccscocsoasssasssssososossncssssascsssss A=l
1.1 Background...ceccoococcsccossscsscasacassvscosoosssssscsccse A=l
102 0BJECEIVES . erecaeascenonasasoocavacasscasossasscsccssassncas A=2
2.0 METHODS. . veeerenrennennenconscancnsonconeensonsancaseensnnss As3
2.1 Site SelectioNecccscccosoocscsscsosononsscssssccsoscosccanas A=3
2.1.1 Mainstem Temperature Evaluation (Objective 1)........0.. A=3

2.1.2 Chum Salmon Spawning/incubation
Temperature Evaluation (Objective 2).cccecvcccoccoccnccs A=3

2.1.3 Preliminary Mitigation Evaluation (Objective 3)......... A=7
2.2 Field Data Collection...coecescconcocacecocscccsocacsosscaos A=/
2.2.1 Peabody-Ryan Temperature Recorders (Thermographs)....... A-8
2,2.2 Omnidata Temperature Recorders (Datapods).......c.ccocee. A=8
2.3 Data AnalysiS.ccecoccccsccsocsosc ncasccoccscscsacsosscsncss A=ll
2.3.1 Peabody-Ryan Temperaturs Recorders (Thermographs)....... A=10
2.3.2 Omnidata Temperature Recorders (Datapods)....c..ceeooee. A=l
3.0 RE%ULTS,QQ.;oe6.@@@6@@n@ﬁ@@g@@@@@@@qga@eggau@@agnaeea&aaea@,ag A=12
3.1 Objective 1: Mainstem Temperature Evaluation...ccceccoscoce A=12
3.1.1 LRX 9 - Sites 1 and 2 (RM 103.2) and Site 3 (RM 103.5).. A-12
3.1.2 LRX 29 {RM 126.1)cccocscocccocsocoonacsacoscosccnasoscos A=lB
3.1.3 LRX 87 (RM 142.3)..0ccoer voooacncconcsocaa. socncennanos Awl?

3.2 Objective 2: Chum Salmon Spawning/Incutation Temperature
gv&%m%%i@??a%QP&@\S@@@&Q@@@GO@Q’}@QQ@@&{E@*'R{llb{a-‘x'9@9@3@«&)@(&&70@%@9&&&!& ‘%m:%g%

Ewim} M@Eﬂgﬁ@m H&@%ﬁ&@gaw«e@ae&aaaa@@u&aanaqaa@waﬁm@@anmm@amaq ﬁng

2

I Bl o o e B gmomn &7 S N I ¥ X I 11 B T ¥ S B ID
3.2.1.1 Mainstem Susitna River af BM 136.1. ... ... concevona. A=1D

g



@ 5 g™ |
TABLE OF CONTENTS (Continued) Page
3.2.2 Side Channel HabitatsS....cococccocenscescscoonooe ceencens A-20
3.2.2.1 Side Channel 10 (RM 134.0).0cveccccoccace. ecosascess A-20

3.2.2.2 Upper Side Channel 11 (RM 136.3)..cccvoccvocccensess A=24
3.2.2.3 Side Channel 21 (RM 141.0)cccveccacocccncnccoonaosss A=27
3.2.3 Slough HabitatS.ucoceococococnscossscocososscnassacassss A=34
3.2.3.1 STough 8A....ccceeconocoscocoscsoscncssssunscessooscs A=34
3.2.3.1.1 Lower STough 8A (RM 125.6)ccuruererenencenenes A=36
3.2.3.1.2 Upper STough 8A (RM 126.6)...c.ccccccoacccccccsse A=38
3.2.3.1.3 Upper Slough 8A and Lower Slough 8A....ccc000c0. A=40

3.2.3.2 Slough 9 (RM 128.3)c.cccceciicnciocacacsoscccaccosa. A=40
3.2.3.3 Slough 10...c00000cocsceossoccssscccosossssacasassas A-42
3.2.3.3.1 Slough 10 Northeast Channel (RM 134.0)...... ceoo A-42
3.2,3.3.2 Slough 10 Northwest Channel (RM 134.0).......... A-45
3.2.3.3.3 STough 1C Northeast and Slough 10 Northwest..... A-45
3.2.3.4 STough 11 (RM 135.7)00cueennrnnecnncnconeecaocnesns. Acd8
3.2.3.5 Slough 21....... cereessesan casesnscsan cecessesencsans A-50
3.2.3.5.1 Lower STough 21 (RM 141.8)...cccooccncocsvoccces A=50
3.2.3.5.2 Upper Slough 21 (RM 142.0)...cc0vcconcocnccnoa .. A=50
3.2.3.5.3 Upper Slough 21 and Lower Slough 21............, A-52
3.2.4 Tributary Habitats.....oeeeeusoicencns Cerersionaeetanans A-55
3.2.4.1 Fourth of July Creek {RM 131.1; TRM 0.0)eccnvevonco. A=B5
3.2.4.2 Indian River (RM 138.65 TRM 0.2)...ccceevveccccocone A=58
3.3 0Objective 3: Preliminary Mitigation Evaluation....ceeeevooen A-60
3.3.1 Deadhorse Creek (RM 12C.93 TRM 1.0)cveececevnan.. veseeses A=G0

3.4 Habitat Relationships....... Sesssraseusacsocuannsssaserenees A-62



- @
&g
i R

TABLE OF CONTENTS (Continued) Page
3.4.1 Mainstem Habitat RelationshipS..ccccccecccossccacccaconce A-62

3.4.1.1 Surface Water Temperatures at LRX 9 (RM 103.2),
LRX 29 (RM 126.1) and LRX 57 (RM 142.3)...cc0c0ce... A=B2

3.4.1.2 Intragravel Temperatures at LRX 9 (103.2),
LRX 20 (RM 126.1) and LRX 57 (RM 142.3)ccccccececs.. A-64

3.4.2 Side Channel Habitat RelationshipS..cccocccccacccoscccss A=64

3.4.2.1 Surface Yater Temperatures at Side Channels 10
(RM 134.0), Upper 11 (RM 136.3), and 21 (RM 141.0).. A-64

3.4.2.2 Intragravel Water Temperatures at Side Channels 10
(RM 134.0), Upper 11 (RM 136.3), and 21 {RM 141.0).. A-67

3.4.3 . STough Habitat RelationshipS.ceccccosocoscococcoscscoecs A=Y
3.4.3.1 Surface YWater Temperatures at Side Sloughs 8A
gﬁﬁ 126.6), 9 (RM 128.3), 11 (RM 135.7) and 21

ﬁﬁ i@zog)eocaoooansaeasaeooeneoeeoeseeoeoeeaeoeeose %e5§
3.4.3.2 Intragravel Water Temperatures at Side Sloughs
8A (RM 126.6), 9 (RM 128.3), 11 (RM 135.7) and

21 (Rﬁ ldzee)oaaeaaeaeoeeeaoeaoooeeeeaoaee sssss @eo 20 @ A”?l

3.4.4 Interhabitat RelationshipS.ccceaccccs censeseccoscescanss A-73

3.4.4.1 Slough 8A (RM 125.6, 126.6) and Susitna River
3% LRX 2§ (RM 12551)@66#@00006&000Goaaeeowooeaeesssc A“?B

3.4.4.2 Upper Side Channel 11 (RM 136.3) and Slough 11
(Rﬁ Egsa?}eeeoon@aaeooemwaeoseeeoeaoaeeaeaegaeeaauea A”?ﬁ

3.4.4.3 Slough 21 (RM 141.8), Side Channel 21 (RM 141.0),
and Susitna River at LRX 57 (PM 142.3)..cvvcvcccccss A=76

4.0 DISCUSSICH....ccocovccocccccocesassssscoocaconsanscnasocososses A-83
4.1 Objective 1: Mainstem Temperature Evaluation....cccevooooes A-83
4.2 Objective 2: Chum Spawning/Incubation Temperature

Evaluation...ccoenscoocvsoccoccoosccaass cosassos sessancsccces A=85

4.3 Objective 3: Preliminary Mitigation Evaluation...c.evee. voo PA=89
5.0 LITERATURE CITED..covocucocoocns o s e s oeeceeaiaaenneseneaueanas A-342
6.0 CONTRIBUTORS....cvcoceocne sessvessess sesbessccacanssesrasaase A-344



L B
<A GaThe

LIST OF APPENDIX FIGURES Page

Figure A-1, Locations of  temperature  monitoring
stations in mainstem, side channel, slough
and tributary habitats of the Susitna River
during the 1983-84 winter S€aSON...ccoocososocoscssss A=D

Figure A-2. Mean daily surface and intragravel water
temperatures recorded at Mainstem Susitna
River at LRX 9 - Sites 1 and 2 (RM 103.2)
and LRX 9 - Site 3 (RM 103.5) during the
1983-84 winter SEaSOM..-seccessccccscccccsstscccscass A=ld

Figure A-3. Mean daily surface and intragravel water
temperatures recorded at Mainstem Susitna
River at LRX 29 - Sites 1 and 2 (RM 126.1)
during the 1983-84 winter $€a8S0Mc.scccoescsncsscscscs A=16

Figure A-4, Mean daily surface and intragravel water
temperatures recorded at Mainstem Susitna
River at LRX §7 - Sites 1 and 2 (RM 142.3)
during the 1983-84 winter $Ea8S0N....cocccocosssscasas A-18

Figure A=5. Mean daily surface and intragravel water
temperatures recorded at the Mainstem
Susitna River at RM 136.1 during the
1%3“8@ w’gﬁtéf §$2880MNcovceesoacscoocsoccococoaacnccenso A“’Zl

Figure A-6. Mean daily surface and intragravel water
temperatures recorded at Side Channel 10 -
Sites 1 and 2 (RM 134.0) during the 1983-84
Winter SEASOM.cosocscsccsscccssasocccavnsosossosascacs 84-23

Figure A-7. Mean daily surface and intragravel water
temperatures recorded at Upper Side Channel
11 - Sites 1 and 2 (RM 136.2) during the
19@3“8@ W'ﬁﬂt@ﬁ“ g@@s@ﬂaoaees'oeoeaoee@aeeoeoecanoeoeea A"”zg

Figure A-8. Mean daily surface and intragravel water
temperatures recorded at Upper Side Channel
11 - Site 3 (RM 136.3) during the 1983-84
WINter Sea%0M..vcconoocosocososososasocsosncocasccssao MZLO

Figure A-9. Mean dafly surface and intragravel water
temperatures recorded at Upper Side Channel
1l » Sites 1, 2 and 3 (RM 136.1) during the
1983-84 winter S@AS0Nccocsoosrcooss coasosovssssasnos A-28

Figure A-10. Hean daily surface and intragravel! water
temperatures recorded at Side Channel 21 -
Sites 1 and 2 (RM 141.0) during the 1983-84
Winter Seas0N..cooscvssscononsossoe eoseunsesceacencs =30



Figure A-11.

Figure A-12.

Figure A=13.

Figure A-14.

Figure A-15.

Figure A-16.

Figure A-17.

Figure A-18.

Figure A-19.

Figure A-20,

e g
-
o $ee™s”

Page
Mean daily surface and intragravel water
temperatures recorded at Side Channel 21 -
Site 3 (RM 141.0) during the 1983-84 winter

31
Seégéﬁosaeeae 00000 G929 EL 06O RLEDOETED &0 2 008 Q0 Qs 0008 A‘o

Mean daily surface water temperatures
recorded at Side Channel 21 - Sites 1, 2
and 3 (RM 141.0) during the 1983-84 winter
$@§seﬁoc¢aeeecae¢.oeeaeeeausoeaeoaeaeseoacooaeoeeeaee A°33

Mean daily intragravel water temperatures
recorded at Side Channel! 21 - Sites 1, 2
and 3 (RM 141.0) during the 1983-84 winter
S@ASOMNcncsoccososssosossocscsscscsssssaosssssccoccons M=35

Mean daily surface and intragravel water
tamperatures recorded at Lower Slough 8A -
Site 3 (RM 125.6) during the 1983-84 winter
S@AS0Meccoccocccoscossssesoscososncssecooncsssssscosce A3/

Mean daily surface and intragiav. - .ater
temperatures recorded at Upper - % 88-
Sites 2 and 3 (RM 126.6) during tis 1:563-84
Wfﬁ@@? seasaﬂaaeooeaeeooeceeaauoooaaeeoaaeeoeesioeaae A°39

Mean daily intragravel and surface water
temperatures recorded at Lower Slough 8A -
Site 3 (RM 125.6) and Upper Slough BA (RM
126.6) during the 1983-84 winter $88SO0N...coecceccceos A=Al

Mean daily surface and dintragravel water

temperatures recorded at Slough 9 - Site 3

(RM 128.6) during the 1983-84 winter .
E@AS0Mecccaos seesssesunse sasssses sevssanss cecssesoacas A-43

Mear daily surface and intragravel water
temparatures recorded at Slough 10
Nertheast (RM 134.0) during the 1983-84
%fﬁ@@? g@@ﬁ@ﬁaoaaoewweeo@aaaaeweaoeeeeesweaweeaoasaeo A“@@

Mean daily surface and intragravel water
temperatures recovded at Slough 10
Northwest (RM 134.0) during the 1983-84
WiNter SeaSOM...ccsoosscooascooccnscososcsssosoeaso seo A-46

Mean daily surface and intragravel water
temperatures  recorded at  Slough 10
Northeast (RM 124.0) and Slough 10
Northwest (RM 134.0) during the 1983-84
WINter S@ASOM...ccsovooocoooscosoaoaocsosncococnsnses A-47

v



Figure A-21.

Figure A-22,

Figure A-23.

Figure A-24,

Figure A-25,

Figure A-26.

Figure A-27.

Figure A-28.

Figure A-29.

Figure A-30.

= ‘\'w
é:s‘éa‘\ﬁa 4

Page

Mean daily surface and intragravel water
temperatures recorded at Slough 11 - Site 2
(RM 135.7) during the 1983-84 winter
S@ASON.cocacscsoe cesscnrcscssaravasens cocosesssascnssos A-49

Mean daily surface and intragravel water
temperatures recorded at Lower Slough 21 -
Site 2 (RM 141.8) during the 1983-84 winter
S@ASOM.ccesocosoeconoscscoosossssssonssscaaaosos cosses A=51

Mean daily surface and intragravel water
témpﬁwatures recorded at Upper Slough 21 -
Site 1 (RM 142.0) during the 1983-84 winter
S@ASON. 0 0cccocsssoccssccsoncosossss ceesocssasessessses A-53

Mean daily intragravel and surface water
temperatures recorded at Lower Slough 21 -
Site 2 (RM 141.8) and Upper Slough 21 -
Site 1 (RM 142.0) during the 1983-84 winter
$@8S0Nccoccoss cessscccesosescecocanes cecscs coocacceona A-54

Mean daily intragravel water temperatures
recorded at Fourth of July Creek and Plume
- Site 1 (RM 131.1) during the 1983-84
Wiﬁt@?‘ SéaSQﬁeneac@s aaaaaa 660000269 RC00OH80GIOL00€E0CE A“Sﬁ

Mean daily surface and intragravel water
temperatures recorded at Fourth of July
Creek - Site 2 (RM 131.1) during the
1983-84 winter seasoN...ccocoo.e cessee sesesvacsscsnas A=B7

Mean daily surface and {ntragravel water
temperatures recorded at Indian River -
Site 3 (RM 138.6, TRM 0.2} during the
1983-84 winter $eas0N..ccccccccncoscaccccsos cescessca A-59

Minimum, mean, and maximum daily surface
water temperatures recorded at 0Oeadhorse
Creek (RM 120.9, TRM 1.0) during the
1983-84 winter SeaS0M..ccecoccsocsoocoococoscancoasonae A-61

Mean daily surface water temperatures

recorded at Mainstem Susitna River at LRX 9

(RM 103.2), LRX 29 (RM 126.1), and LRX §7

(RM 142.3) during the 1983-84 winter

SRASONeocccocsns 65650 cano0senecssacnosacacooccesonane A-63

Mean daily intragravel water temperatures

recorded at Mainstem Susitna River @t LRX 9

(RM 103.2), LRX 29 (RM 126.1) and LRX 57

(RM 142.3) during the 1983-84 winter

SEASOM. o 0ovorunono vicasoosoossvsnocssaanasssnnssocee M=BDH



Figure A-31.

Figure A-32.

Figure A=-33.

Figure A-34.

Figure A-35.

Figure A-36.

Figure A=37,

Figure A-38.

S g
e
@0 sa"L 3

Page

Mean daily surface water temperatures
recorded at Side Channel 10 (RM 134.0),
Upper Side Channel 11 - Site 2 (RM 136.1),
and Side Channel 21 - Sites 1 and 2 (RM
141.0) during the 1983-84 winter sasof...c.coneeones

Mean daily intragravel water temperatures
recorded at Side Channel 10 (RM 134.0),
Upper Side Channel 11 - Site 2 (RM 136.1),
and Side Channel 21 - Sites 1 and 2 (RM
141.0) during the 1983-84 winter seasof...... cosscoss A-68

Mean daily surface water temperatures
recorded at Upper Slough 8A - Site 3 (RM
126.6}, Slough 9 - Site 3 (RM 128.3),
Siough 11 - Site 2 (RM 135.7) and Upper
Slough 21 - Site 1 (RM 142.0) during the

1983-84 winter $€850M...ccvocvccse A=70

Mearn daily intragravel water temperatures
recorded at Upper Slough 8A - Site 3 (RM
126.6}, Slough 9 - Site 3 {(RM 128.3),
Stough 11 - Site 2 (RM 135.7) and Upper
Slough 21 - Site 1 (RM 142.0) during the
1983-84 winter seasof..cocoses cescsoscascscsse ccsesas

Mean daily surface water temperatures
recorded at Upper Slough 8A - Site 3 (RM
126.6), Lower Slough 8A - Site 3 (RM 125.6)
and Mainstem Susitrna River at LRX 29 Sites
1 and 2 (RM 126.1) during the 1983-84

W'ﬁﬂt@?‘ seas@ﬁawaus'eanesneoe A“?a

QB RQeE SDeRPB RO OOCERYH SO OTeS

Mean daily intragravel water temperatures

recorded at Upper Slough 8A - Site 3 (RM

126.6), Lower Slough 9A - Site 3 (RM

125.6), and Mainstem Susitna River at LRX

29 - Sites 1 and 2 (RM 126.1) during the

1983-84 winter $€aS0N..ccoccocoocccace cecesccesacsesa A-75
Mean daily surface water temperatures

recorded at Upper Side Channel 11 - Sites 1

and 2 (RM 136.3} and Slough 11 - Site 2 (RM

135.7) during the 1983-84 winter season...... covano oo R=77
Mean daily intragravel water temperatures

recorded at Uoper Side Channel 11 - Sites 1

and 2 (RM 136.3) and STough 11 - Site 2 {RM

135.7) during the 1983-84 winter SEasSOM....ccceeone.. A-78



Figure A-39.

Figure A-40.

Mean daily surface water temperatures
recorded at the Mainstem Susitna River at
LRX 57 - Sites 1 and 2 (RM 142.3), Lower
Stough 21 - Site 2 (RM 141.8), Upper Slough
21 - Site 1 (RM 142.0) and Side Channel 21
- Site 2 (RM 141.0) during the 1983-84

:wam‘q Wf
-
L T

winter Seasen'OOBQQQBGDOQDOQDFSOBQGBBQC.CQQO GGGGGGGGG A’?g

Mean daily intragravel water temperatures
recorded at the Mainstem Susitma River at
LRX 57 - Sites 1 and 2 (RM 142.3), Lower
STough 21 - Site 2 (RM 141.8), Upper Slough
21 - Site 1 (RM 142.0) and Side Channel 21
- Site Z (RM 141.0) during the 1983-84

winter SE8S0Mecccccoe ccscecsccane cecosescscssee

ooooo L3 ﬁt"'sz



LIST OF APPENDIX TABLES

Table A-1.

Table A-2.

Tabie A-3.

Table A-4,

Table A-5.

Table A-6,

Table A-7.

Table A-8.

Table A=9,

Table A-10.

Tahle A-11.

Continuous temperature monitoring statiqns
jocated in the Susitna River basin durirg
the 1983-84 winter S@aS0N...cccveccssaansces besscease A-4

Susitna River mainstem, side channel,
sTough and tributary winter season tempera-
tiﬂ”@ ind@ﬁ, 1g83“84-accoooetec;o-oc-coot ooooooooooo L A*QO

Instantaneous water temperatures recorded
at sites in the Susitna River basin during
the 1983-84 winter S@aSO0M...ccoscssscoccssasnscos ceee A=94

Sele~ted water quality data collected at
Deadhorse Creek during the 1983-84 winter
seas@ﬁeaeeoeaooneoaonc.aon.oeoece GGGGGGGGGGG ® & ® 969 ° ¢ 9 Alﬂgg

Seiected water quality data collected at
the cutflow pipe at Curry during the
1983-84 winter S@8SONR..ccccccccccccscsascs cosescsasas A-99

Datapod temperature recovrder data summary:
jntragrave’ and surface water temperatures
(¢) recorded at Mainstem Susitna River at
LRX 9 - Site 1, RM 103.2, GC S27NOSWZ26DAA......c0ncu.o A-100

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at HMainstem Susitma River at
LRX § - Site 2, RM 103.2, GC S27NOSK26DAA. .. ..cc00ees A-102

Datapod temperature recorder data summary:
intragravel and surface water temperatures
{C) recorded at Mainstem Susitna River at
LRY 9 - Site 3, RM 103.5, GC SETNOSW26ADD....cccc0v.e A-106

Datapod temperature recovder data summary:
intragravel and surfoce water temperatures
(C) recorded at Mainstem Susitma River at
LRX 29 - Site 1, RM 126.1, GC S3ONO3WIODCA........... A-110

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Mainstem Susitna River at
LRX 29 - Site 2, RM 126.1, GC S3ONO3WI9DCA........... A-114

Ryan tewperaiure data summary: intragravel
water temperatures (C) recorded at Mainstem
Susitna River at RM 136.1, GC S3INOZ2WIGADB........... A-120



Table A-12.

-

Table A-13,

Table A-14,

TE@?@ A“lao

Table A-16.

Table A-17.

Table A-18.

Table A-19,

Table A-20,

Table A-21.

Ty Ry LY
"
ot & aa*hd”

Page

Datapod temperature recorder data summary:
intragravel and surface water temperatures
{C) recorded at Mainstem Susitna River RM
136.1, GC S3INOZWI9ADB...covcoooonce cevccane cesssancns A-124

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Mainstem Susitna River at
LRX 57 - Site 1, RM 142.3, GC S32NO2W36CBA..... seeess A=127

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recordel at Mainstem Susitna River at
LRX §7 - Site 2, RM 142.3, GC S32NO2W36CBA....ccoccw- A-129

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Side Channel 10 - Site 1,
RM 134.0, GC S3INOSW31BBB...cocoososcoscsosccccacsons A-138

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(°C} recorded at Side Channel 10 - Site 1
when the site was frozen, RM 134.0, GC
Sglﬂgg%siasguaseneaeeeuaotaaeegeoooag-s eeeeee eceveeoo o A“l@z

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Side Channel 10 - Site 2,
RM 134.0, GC S3INO3W3IBBB. . vceecococccoesncoconnnsas . A-143

Datapod temperature recorder dats summary:

_surface water temperatures (C) recorded at

Side Channel 10 - Site 2 when the site was
Trozen, RM 134.0, GC S3INO3WIIBBB. . ccvvccosoooncvasns A-150

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Side Chamnel 11 -
Site 1, RM 136.3, GC S3LINO2W20BBD. c.ovevovececcancncn A-151

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Side Channel 11 -
Site 2, RM 136.3, GC S3INO2W20BBD...eeeuoerocncocone A-153

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C} recorded at Upper Side Channel 11 -
Site 3, RM 136.3, GC S3INO2WZOBBD.. ..o vevunennnn.. A=162



Tabie A-22.

Table A=-23.

Table A-24.

Table A-25.

Table A-26.

Table A-27.

Table A-28.

Table A-29.

Table A-30.

Table A-31.

Page
Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Side Channel 21 - Site 1,
RM 141.0, GC SIINO2WO2CAA. .. ccvocecscvcscccnncasnnnca A-167

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Side Channel 21 - Site 2,
RM 141.0, GC SIINO2WOZ2CAA. . c.cvecevonoccocsacccoscoes A=169

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C} recorded at Side Channel 21 - Site 3,
RM 141.0, GC S3INO2WO2CAA. . cc.ccccocsosvoccocossacaoos A=178

Datapod temperature recorder data summary:
intragravel and surface watre temperatures
(C) recorded at Side Channel 21 - Site 3
when the site was frozen, RM 141.0, GC
SIINOZWO2CAA. ....cc.s sesoccccaccaccocaccoconeeas cecco A=185

Datapod temperature recorder cdata summary:
intragravel and surface water temperatures
(C) recorded at Lower Slough 8A - Site 2,
RM 125.6, GC SIONO3W30BDB..ccococvcocococccocancoanns A-190

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Lower Slough 8A - Site 3,
RM 125.6, GC S30ONO3W30BDB..ooecorcosccsccoscoscscocas A=101

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Slough 8A - Site 2,
RM 126.6, GC S30NOG3W20CCA....... csessececcacane cesase A-201

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Slough 8A - Site 2
when the site was frozen, RM 126.6, GC
SagNGSMZOCCAQ@uu@mwaoaemeaaoc eeeeeeee @O CwE 0RO e ® 600 A“"ZOQ

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Slough 8A - Site 3,
RM 126.6, GC S3ONO3W20CCA..... ceocecencsansocnosiacas A-206

Ryan temperature recorder data summary:
surface water temperatures (C) recorded at
Stough 9 Incubation Site, RM 128.5, GO
SIONOIWOODCR. .. isenvnnoncenns Y . CY Vi



Table A-32.

Table A-33.

Table A-34,

Table A-35.

Table A-36.

Table A-37.

Table A-38.

Table A-39.

Table A-40. -

Table A-41.

;@l% q
«<w? § 'ﬂﬂ“tn

Page
ﬁatagsd temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Slough 9 - Site 3, RM
128063 GC SBONGs%IaBDCOOBGGQOOSQOOQQO”&.‘000.63@ eeeee A"'214
Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Slough 10 Northeast, RM
13%005 Gﬁ Ssylﬁﬁgggﬁgmonal‘.ﬂeoeIOQOOOOQteQaCQ eeeeeee AG223

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) vecorded at Slough 10 Northwest, RM
134.0, GC SIINO3W3BAAA. c.ccccveocnscosconsscscsscnsos A=23]

Ryan temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Slough 11 - Incubation
Site, RM 135.5, GC 31NO2WI190DD..0ceovcccscccocnscacas A=239

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Slough 11 - Site 2, RM
135.7, GC S3INOZ2WIODDD. . ccceccoccsccnvsscacacasoncons A-242

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Lower Slough 21 - Site 2,
RM 141.8, GC S31NOZ2WO2AAB......... ceoscecencas cocacas A-252

Datapod temperature recorder data summary:
intragravel and surface water temperatures
(C) recorded at Upper Slough 21 - Site 1,
RM 142.0, GC S32NOZ2W36CCC..cevconcccoccnosccacscoa ceo A=262

Ryan temperature recorder data summary:
surface water temperatures (C) recorded at
Deadhorse Creek, RM 120.9, TRM 1.0, GC
S2ONO4UI4BCR. . cccococncccoosossscocons secescsas cesnoe A-272

Datapod temperature recorder data summary:
intragravel water temperatures (C) recorded
at Fourth of July Creek and Plume - Site 1,
RM 131.1, TRM 0.0, GC S30NO3WO3DAC. . ccvvevecovcncanas A-279

Datapod temperature recorder data summary:
intragravel water temperatures (C) recorded
at Fourth of July Creek and Plume - Site 1
when the site was frozen, RM 131.1, TRM
0.0, GC SINOIWOIDAC. .o evecvcne fecoeoeancueseoeaseoeos A-288



Table A-42,

Table A-43.

Table A-44.

Table A-45.

Table A-46.

Table A-47,

Table A-48.

sm 4
& aaia )

Page
Datapod temperature recorder data summary:
intragravel and surface water temperatures
{C) recorded at Fourth of July Creek - Site
2, RM 131.1, TRM 0.0, GC S3ONO3WO3DAC...cccocncncancn A-296
Datapod temperature recorder data summary:
intragravel and surface water temperatures
{C) recorded at Indian River - Site 3, RM
138665 Tﬁﬁ ﬁs?g Gc SBZNGZ%QgCAngcaaosoeae aaaaa ese2es a0 A"BOI

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX 9
- Site 1, RM 103.2, GC S27NO5W26DAA.
Values were obtained from temperatures
measured at six-hour intervals by datapod
temperature recorder..coscccccsccssacsccsoscossassacs A=304

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX 3
- Site 2, RM 103.2, GC S27NOSW26DAA.
Values were obtained from temperatures
measured at six-hour intervals by a datapod
temparatire PeCOrder.cococcososososossccocssosscoccss A=305

Heekly minimum, mean ond maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX 9
- Site 3, RM 103.5, GC S27NOSW26ADD.
Values were obtained from temperatures
measured at six-hour intervals by a datapod
temperature recorder.coscccoseso ssseccsscoe coecscecsos A-306

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Main tem Susitna River at LRX
29 - Site 1, RM 126.1, GC S30ONO3WISDA.
Values were obtained from temperatures
measured at six-hour intervals by a datapod
temperature reCorder..cococcoccsocconasscoas coesseos . A=307

Heekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX
¢9 - Site 2, RM 126.1, GC S30NO3WiSOCA.
Values were obtained from temperatures
measured at six-hour intervals by a datapod
temperature recorder....... eescesseseassccecanasaasa A-308

xiid



Table A-49,

Table A-50.

Table A-51.

Table A-52.

Table A-53.

Table A-54,

Table A-55.

o w9 W?
w&"lﬂé‘i B

Pag&

Weekly minimum, mean and maximum intra-
gravel water temperatures (C) recorded at
Mainstem Susitna River at RM 136.1, GC
S3INC?W19ADB. Values were cobtained from
temperatures measured at two-hour intervals
by a Ryan temperature reCorder......ceooescccesocasss A=309

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at RM
136.1, GC S31NOZ2Wi9ADE. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
PECOTPAEI s ¢ oo voevoocaccososssssccososscscancaasnsosceos A=J10

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX
57 = Site 1, RM 142.3, GC S32N02W36CBA.
Yalues were obtained from temperatures
measured at six-hour intervals by a datapod
temperature recorder....c.oceocacssscscoconcses secssas A-311

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Mainstem Susitna River at LRX
57 - Site 2, RM 142.3, GC S32N02W36CBA.
Values were obtained from temperatures
measured at six-hour intervals by a datapod
temDerature reCorder....coccoscoccsscccccscccvosssrae A=312

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 10 - Site 1, RM
134.0, GC S31NO3W31BB8. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
rg@arde?‘ﬂdQbﬁ009660980'!000@&0‘88909@0000036&HGDOGHQBQG Aw313

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 10 - Site 1 when
the site was frozen, RM 134.0, GC
SIINO3W31BBB. Values were obtained from
temperatures measured at six-hour intervals
by a datapod temperature recCorder......ceoeceoevccnces A-314

Weekly wminimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 10 - Site 2, RM
134.0, GC S3LNO3W31BBS. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
PeCOrder. . coocanocan Ceanasaa voessssscenenavensenes A=I1EH
xiv



e g
SODIREY ¥

Page

Table A-56. Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 10 - Site 2 when
the site was frozen, RM 134.0, GC
S31NO3W31BBB. Values were obtained from
temperatures measuyred at six-hour intervals
by a datapod temperature recorder.......cscovcececco. A=316

Table A-87. Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Side Channel 11 - Site 1,
RM 136.3, GC S31NC2W20BBD. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
recarderaceaeeaeooeoeaasnaa@easoctaeceaao-eemeecoeoee A°317

Table A=58. Heekly minimum, mean and maximum intra-
gravel and surface water tempe atures ()
recorded at Upper Side Channel 11 - Site 2,
RM 136.3, GC S31INO2W20BBD. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
PECOrARY . e ccooesssccoocacoscosnasssccacossa coseascsas A-318

Table A-59. leekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Side Channel 11 - Site 3,
RM 136.3, GC S31NO2W20BBD. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
recorder..... soosacccecccsscscasas ceassesaso cosessces A=319

Table A-60. Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded ay Side Channel 21 - Site 1, RM
141.0, GC S31NO2WO2CAA. Values were
obtained from temperatures measured at
six=-hour intervals by a datapod temperature
?&cew@@?-eoceeonosgaewewe@namn@neoeeceaaoon@ aaaaaaaaa A"ng

Table A-61. HWeekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 21 - Site 2, RM
141.0, GC  S31NOZWOZ2CAA. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature
PRCOTURY . s cvoocovosoccnan e o0 eensonseceaconenaoanaaso A-321



Table A-62.

Table A-63.

Table A-64.

Table A-65.

Tabie A-66.

Table A-67.

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 21 - Site 3, RM
141.0, GC S3INOZWOZCAA. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature

?ecg?de?6“0§000¢9EOOQOQ&&GQQ OOOOOOOOOOOOOOOOOOO

Heekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Side Channel 21 - Site 3 when
the site was frozen, RM 141.0, GC
S31NO2WO2CAA. Values were obtained from
temperaturas measured at six-hour intervals

= oy ;
#8572 é"g

Page

by & datapod temperatures recorder......c... seece ceee A=323

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Lower Slough 8A - Site 2, RM
125.6, GC S30NO3W30BCD. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature

PECOrder.ccoccccone ceocsssesnssscen secocscoccesuss

Heekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Lower Siough 8A - Site 3, RM
125.6. GC S30NO3W308BDB. Values were
obtained from temperatures measured at
six-hour intervals by a datapod temperature

recerderoccoeoa 00000 £ 292 C Q0O PO T EOEOOR®O O 0CQCOSERTCCO OO

Heekly =inimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Slough 8A - Site 2, RM
126.6, GC  S30NO302CCA. Values were
obtained from temperatures measured at
six=hour intervals by a datapod temperature

?“@gafd@%‘admaeuseoet 000000 L - S e B o0 en I OO SE

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Slough 8A - Site 2 when
the site was frozen, RM 126.6, GC
S30NO03W20CCA., Values were obtained from
temperatures measured at six<hour intervals

by a datapod temperature recordeér....... cevssons

..... A-325

,,,,, A-326

aaaaa A-327



Table A-68.

Table A-69.

Tab‘i e A“"70 e

Table A-71.

Tahle A-72.

Table A-73.

Tabie A-74.

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Slough 8A - Site 3, RM
126.6, GC S30NO3W20CCA. Values were
obtained from temperatures measured at
six-hour intervails by a datapod temperature
PECOTd@r. cooccoosecccococsososnsosesscscs cosececcnsoes A-328

Weekly minimum, mean and maximum surface
water temperatures (C) recorded at Slough 9
Incubation Site, RM 128.5, GC S30NO3WOSDCB.
Values were obtained from temperatures
measured at two-hour intervals by a Ryan
temperature recorder...ccesccescsccecccoasccsaosssscss A=329

Heekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Slough 9 - Site 3, RM 128.6, GC
S30NO3WI6BDC., Values were obtained from
temperatures weasured at six-hour intervals
by a datapod temperature recorder..... ceonsecs ceoons . A=330

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Slough 10 Northeast, RM 134.0,
GC S31NO3W36AAA. Values were obtained from
temperatures measured at six-hour intervals
by a datapod temperature recorder..... ceccesessecasis A-331

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Slough 10 Northwest, RM 134.0,
GC S3IINO3W3GAAA. Values were obtained from
temperatures measured at six-hour intervals
by a datapod temperature reCorder......coceoocsocosass A-332

Weekly minimum, mean and maximum intra-
gravel water temperatures (C) recorded at
Stough 11 - .acubation Site, RM 135.5, GC
SIINOZ2W190BD. Values were obtained from
temperatures measured at two-hour intervals
by a Rvan temperature recorder.c.ccsceccsscscosccoscna A-333

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Slough 11 - Site 2, RM 135.7,
GC S30MO3WI9DAD. Values were obtained from
temperatures measured at six-hour intervals
by a datapod temperature recorder.....cceevceovonssos A-334

AR



Table A-75.

Table A-76.

Table A-77.

Table A-78.

Table A-79.

Table A-80.

TRy g
ar g )ﬁ-‘:e‘g

Page

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Lower Slough 21 - Site 2, RM
141.8, GC S31NO2WOZ2AAB. Values were
obtained from temperatures measured at
six=hour intervals by a datapod temperature
PECOrGEY e coocovcoosasccscscnoassasssscsonssans vessose A=335

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Upper Slough 21 - Site 1, RM
142.0, GC S32N02W36CCC. Values were
obtained from temperatures measured at

.six-hour intervals by a datapod temperature

?’Qﬁﬁrdﬁ?‘ee eeeeeeee scs0ceco0s 8000600 e C0 600023000 C000 0@ A“’gas

Weekly minimum, mean and maximum surface
water temperatures (C) recorded at Dead-
horse Creek, RM 120.9, TRM 1.0, GC
S29N04W14BCB. Values were obtained from
temperatures measured at two-hour intervals

by a Ryan temperature recorder...c...cocesecsocscocacs A=337

Weekly minimum, mean and maximum intra-
gravel water temperatures (C) recorded at
Fourth of July Creek and Plume - Site 1, RM
131.1, TRM 0.0, GC S3ONO3WO3DAC. VYalues
were obtained from temperatures measured at
six-hour intervals by a datapod temperature
PECOTTET . o cccccososcccncocacccsssssccnscasossos cevsoo A-338

Weekly minimum, mean and maximum intra-
gravel water temperatures (C) recorded at
Fourth of July Creek and Plume - Site 1
when the site was frozen, RM 131.1, TRM
0.0, GC S30NO3WO3DAC. Values wevre obtained
from temperatures measured at six-hour
intervals by a datapod temperature
PRCOPderecsccoccnocacascas Pessenssasannassessacatannss A-339

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Fourth of July Creek - Site 2,
TRM 0.0, RM 131.1, GC S30NO3WO3DAC. Values
were obtained from temperatures measured at
six=hour intervals by a datapod temperature
PRCOPUEY. o o uvovscococsoonoansosoaansscasocansaanasa .. A=340

wviti



Table A-81.

Weekly minimum, mean and maximum intra-
gravel and surface water temperatures (C)
recorded at Indian River - Site 3, RM
138.6, TRM 0.2, GC S31NO2W09CAB. Values
were obtained from temperatures measured at
six-hour intervals by a datapod temperature

T e " g
- 4§ Qd“'\j‘s

Page

reccgudépe&Guaweeeaoleeaeeecooolinooeoeaawaa.-eoa-onoa Amgéj




1.0 INTRODUCTION

1.1 Background

The Alaska Department of Fish and Game (ADF&G) Susitna Hydro Aquatic
Feasibility Study Team has collected surface and intragravel water
temperature data on a continuous basis at selected locations throighout
the Susitna River Basin since 1981. The primary intent of the data col-
lection program has been to characterize the seasonal intragravel and
surface water temperature regimes of the mainstem Susitna River ind its
peripheral side channel, side slough, upland slough, tributary mcuth,
and tributary habitats. Results of these studies are summarized in
ADF&G (198.a), ADF&G (1981b), ADF&G (1983a), ADF&G (1983b), ADF&G
(1983¢c) and Keklak and Quane {1984). Results of these investigations
have been used by uroject biologists to evaluate the effects of
intragravel and surface water temperatures on fish and fish habitats,
and by project engineers to validate or calibrate various tempevature

related models.

During the 1983-1984 winter study season (October 1983 to May 1984)
temperature monitoring stations were located at 20 sites within the

middie reach (Talkeetna to Devil Canyon) of the Susitna River.



1.2 Objectives

The objectives of the 1983-84 winter temperature study were:

‘A
e

to determine and evaluate the winter surface and intragravel
water temperature regimes of the middle reach (Talkeetna to

Devil Canyon) of the mainstem Susitna River,

2) te determine and evaluate the intragravel and surface water
tamperatures associated with chum salmon spawning/incubation
areas in selected slough, side channel and tributary habitats,

and,

3} to determine the winter surface water temperature regime of a
tributary selected as a potential water source for possible

mitigation activities.

This appendix summarizes the results of these winter temperature {nves-

tigations.
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2.0 METHODS

2.1 Site Selection

The iocations of the temperature monitoring stations established during
the 1983-84 winter study season are presented in Appendix Table A-1 and
Appendix Figure A-1. The monitoring stations and the rationale for

their selection are presented below accovding to study objertive.

2.1.1 Mainstem Temperature Evaluation (QObjective 1)

During the 1983-84 winter study season, intragravel and surface water
temperatures were recorded in the mainstem Susitna River at three
stations which had been established during the 1983 open water season.
The locations included LRX 9 (RM 103,2), LRX 29 (RM 126.1), and LRX 57
(RM 142.3). The sites were located in the lower, middle, and upper
portions of the Susitna River in areas considered to be representative

of the mainstem.

2.1.2 Chum Salmon Spawning/Incubation Temperature Evaluation

(Objective 2)

Temperature monitoring stations were installed at fourteen chum spawn-
ing/incubiation sites (Appendix Table A-1, Appendix Figure A-~1) located
in side channel, side slough, upland slough and tributary habitats.

Initially each temperature station was installed in a salmon redd
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Appendix Table A-1. Continuous temperature monitoring statiecns located
in the Susitna River basin during the 1983-84 winter

season.
River ﬁfie/a Study Temperature
Site Trib. Mile Objective Habitat Data Type
LRX 9 103.2 mainstem surface and
temp. eval. mainstem intragravel
LRX 29 126.1 mainstem surface
temp. eval, mainstem intragravel
LRX 57 142.3  mainstem | surface and
temp. eval. mainstem intragravel
STough 8A 125.6 incubation eval. surface and
(Tower portion secondary spawn./ side slough  intragravel
of slough)
STough 8A 126.6 incubation eval. surface and
(upper portion secondary spawn./ side slough intragravel
of slough)
Slough ¢ . 128.5 incubation eval.
secondary spawn./ side slough surface
Stough 9 128.6 incubation eval. surface and
secondary spawn./ side slough intragravel
Fourth of 131.1/  incubation eval. surface and
July Creek 0.0 primary spawn./ tributary intragravel
Side Channel 10 134.0 incubation eval. surface and
primary spawn./ side channel intragravel
Stough 10 134.0 incubation eval. surface and
(northeast chann.) primary spawn./ upland slough intragravel
Stough 10 134.0 incubation eval. surface and
(northwest chann.) primary spawn./ upland slough intragravel
Stough 11 135.5 incubation eval.
primary spawn./ side slough intragravel
Slough 11 135.7 incubation eval. surface and
primarv spawn./ side slough  intragravel
Mainstem at 136.1 incubation eval. surface and
RM 136.1 primary spawn./ mainstem intragravel

rv—

wy

d o . . ; : s . - . »
River mile is ralculated to within 0.1 mile of temperature station.



Appendix Table A-1 (Continued).
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River Mile/? .Study Temperature
Site Trib. Mile Objective Habitat Data Type
Upper Side 136.3 incubation eval. surface and
Channel 11 primary spawn./ side channel intragravel
Indian River 138.6/ incubation eval. surface and
0.2 secondary spawn./ tributary intragravel
Side Channel 21  141.0 incubation eval. surface and
primary spawn./ side channel intragravel
STough 21 141.8 incubation eval. surface and
(lower portion) primary spawn./ side slough intragravel
Stough 21 142.0 incubation eval. surface and
(upper portion) secondary spawn./ side slough intragravel
Deadhorse 120.9 preliminary
Creek /1.0 mitigation eval. tributary surface

3 River mile is calculated to within 0.1 mile of temperature station.
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during the 1983-84 winter season.
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whenever possible, or in a location which was considered representative

of the spawning area within each study site.

Temperature stations which had been disrupted by ice movement or instru-
ment failure were reinstalled in the same location whenever possible.
Additional sites were alsc installed within a study location to
determine variable conditions within the site, to avoid data loss, or to
collect temperatures at sites which were not likely to dewater or

freeze,

2.1.3 Preliminary Mitication Evaluation (Objective 3)

Surface water temperatures were recorded in Deadhorse Creek to evaluate
the feasibility of using the creek as a water source for possible
mitigative activities. Continuious temperatures were collected in a
pool located below a diversion dam approximately one mile from the mouth
of the tributary. Instantaneous temperatures were measured above and
below the diversion dam, and at an outflow pipe at Curry which is used

to channel the diverted water into the Susitna River.

2.2 Field Data Collection

Water temperatures were continuously recorded using either Peabody-Ryan

model J-90 temperature recorders or Omnidata two channel datapod record-
ers. The Peabody-Ryan temperature recorders were used to record surface

water temperatures or were buried in the substrate to record intragravel

A7
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water temperatures. The two channel datapod recorders were installed at
monitoring stations to simultaneously record both intragravel and
surface water temperatures, or intragravel water temperature omly at two

locations within a study site.

2.2.1 Peabody-Ryan Temperature Recorders (Thermographs)

The Peabody-Ryan model J-90 temperature recarde%s (thermographs) contin-
uyously record temperatures on a 90-day strip chart. Instrument accura-
cy, as stated by the manufacturer, is z0.6°C. Prior to field installa-
tion, each instrument was screened at two temperatures (0°C and between
10-16°C) using a calibrated American Society for Testing and Manufactur-
ing (ASTM) thermometer as a standard. Following this screening process
a calibration factor was applied to each instrument. Thermographs found
in ervor by more than 2°C at either screening temperature are returned

to the manufacturer for calibration.

Peabody-Ryan tempeyature recorders are used to monitor surface water
temperatures, or to record intragravel water temperatures at a depth of
approximately 12 inches. Thermographs are inspected twice each month to
retrieve the charts and to detect malfunctioning instruments. Each time
the thermographs are checked, an dinstantaneous water temperature
measurement is taken using a calibrated Brooklyn thermometer (accuracy
£0.1°C). Field installation procedures are outlined in the FY 84 ADF&G

Su Hydro Aquatic Studies (May, 1983 - June, 1984) Procedures Manual
(ADF&G 1984).

b
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2.2.2 Omnidata Temperature Recorders (Datapods)

Omnidata model DP2321 two channel temperature recorders (datapods)
simultaneously record water temperatures using TPIOV temperature probes.
Instrument accuracy, as stated by the manufacturer, Omnidata Inter-
national, is #0.1°C. Temperature data are recorded on am ultraviolet,
erasable electronic memory chip referred to as a data storage module
(DSM). Temperatures are measured every five minutes and the mean,
minimum, and maximum temperature measured during each six-hour interval
are recorded on the DSM. Prior to installation each temperature probe
is calibrated by Dryden and LaRue Engineers and assigned a correction
factor. Intragravel temperatures are measured at a substrate depth of
approximately 15 inches, whereas surface water temperatures are measured

approximately two inches above the substrate.

The datapods are also examined twice each month to exchange DSM's and to
detect malfunctioning units. A short display sequence is activated on
the datapod which enables the field investigator to determine the
aperating condition of the instrument and associated probes. The
following information is displayed by the instrument, and recorded by
+—the field investigator: errors made in storage, number of storage
points used, minutes until the next recording, and current temperatures.
An instantaneous surface water temperature was also measured using a

calibrated Brooklyn thermometer (accuracy =0.1°C).

During the winter months, the dataped recorders and probes are pe ‘iod-

P

ically exposed to extreme environmental conditions which include ambient



air temperatures outside the manufacturer's (Omnidata International)
stated operating range of -20°C to +60°C, ice formation, and ice move-
ment. Extremely low air temperatures result in poor instrument perfor-
mance and brittle probe connectors. Ice formation increases the
difficulty of probe installation and ice wmovement ¢an saver the
temperature probe wires. Field installation of new probes through the
ice often requires drilling through five feet of ice. During severe ice
conditions it is also difficult to detect damaged probes making it
necessary to rely on the short display sequence to determine the operat-

ing condition of the instrument.

Field installation procedures are outlined in the ADF&G Su Hydro Aquatic

Studies (May, 1983 - June 1984) Procedures Manual (ADF&G 1983d).

2.3 Data Analysis

2.3.1 Peabody Ryan Temperature Recorders (Thermographs)

Using field notes as as guide, all Peabody-Ryan thermograph strip charts
were screened for anomalous temperatures which may have resulted from
instrument failure. From the strip charts, a reduced temperature data

base was obtained as two hour point temperatures.

A correction value for each strip chart was determined as the difference
between the temperature obtained with a calibrated Brooklyn thermometer
(accuracy $0.1°C) and the thermograph reading at the time the strip

chart was removed. (A correction value is determined at the time of

A-10
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strip chart ramevaTArather than installation because response time of
the recorder to actual water temperatures can vary with each installa-
tion). The correction value was then used to correct the two-hour point
temperature data obtained from each strip chart. From these corrected
data bases, daily, USGS water year weekly, and monthly minimum, mean,
and maximum surface water temperatures were computer calculated and

reported in tables and plots.

2.3.2 Omnidata Temperature Recorders {Datapods)

Water temperature data were retrieved from the datapod temperature
recorders as six-hour minimum, mean, and maximum temperatures by reading
the data storage module (DSM) via an Omnidata model 217 Datapod/cassette
reader into a microcomputer. These six-hour data bases were edited and
corrected for storage errors and anomaious data. From these corrected
cata bases, daily, USGS water year weekly, and monthly minimum, mean,
and maximum temperatures were computer calculated and reported in tablies

and plots.

During the Wint@r season, field observations indicated that several
invragravel and surface water temperature sites were frozen. These
resulting Tow temperatures were removed from the original base data file
and included in a separate data base. Tables of daily, USGS water year
weekly, and monthly minimum, mean, and maximum temperatures recorded at
these frozen sites were developed. Daily mean temperatures of these

data are also included in the temperature plots developed for each site,.
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3.0 RESULTS

A summary of the resuits of the 1983-84 winter temperature studies fis
presented by study objective. The applications of these temperature
data to modelling, effects on biological activity, and impact analyses
are addressed in the body of this report and in other reports. The
1983-84 winter §eéscn period of record for each of the stations are
presented 1in Appendix Table A-2. Instantaneous water temperatures
recorded at selected sites are listed in Appendix Tables A-3, A-4, and

A-5. Site maps for each of the locations are presented in Appendix B.

3.1 OQObjeetive 1: Mainstem Temperature Evaluation

Continuous intragravel and/or surface water temperature data were
recorded at three mainstem locations in the middle reach of the Susitna

River: LRX 9 (RM 103.2), LRX 29 (RM 126.1), and LRX 57 (RM 142.3).

3.1.1 LRX 9 Sites 1 and 2 (RM 103.2) and Site 3 (RM 103.5)

Surface and intragravel water temperatures were collected at three
LRX & Tocations using a datapod temperature recorder: Site 1, Site 2
and Site 3. 'Tempewaﬁuwﬁg were recorded at Site 1 until September 11
when the temperature probes were moved further into the river, to Site 2
to avoid dewatering., Temperatures were recorded at Site 2 from

September 11 tc late December when the probes were severed by ice
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movement. The Site 3 monitoring station was installed on February 8, in

an open lead, to replace the Site 2 station.

Daily and monthly minimum, mean, and maximum surface and intragravel
water temperatures recorded at each site are presented in Appendix
Tables A-6 to A-8. Water year weekly temperatures are presented ih
Appendix Tables A-44 to A-46. A plot of the mean daily temperatures is

preseateé»in Figure A-2,

Overall temperatures recorded at Site 1 were decreasing from Augu ¢ 24
to September 11. However, surface water temperatures were generally
warmer than intragravel temperatures. At Site 2 temperatures continuec
to decrease through October. Although surface and intragravel water
temperatures recorded at Site 2 were generally similar, intragravel
water temperatures were slightly warmer than surface water temperatures
by late-October. Mean daily intragravel temperatures at Site Z ranged
from -0.1°C to 7.2°C, while surface temperatures varied between -0.1°C
and 8.0°C. From February through mid-May, intragravel water
temperatures recorded at Site 3 were much warmer than surface water
temperatures. For example, the mean monthly February intragravel watap
temperature at Site 3 was 2.8°C while the average surface water
temperature was 0.3°C. In mid-May both surface and intragravel water
temperatures increased. May surface water temperatures ranged from
=0.2°C to 11.5°C, while intragravel temperatures varied between 1.6°C

and 4,9°C.
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3.1.2 LRX 29 (RM 126.1)

At LRX 29, surface and intragravel water temperatures at were collected
using datapod vrecorders at two locations: Site 1 and Site 2.
Temparatures were obtained at Site 1 until November 2, when the
tenperature probes were moved further into the river, to Site 2, %o
avoid dewatering. Temperatures were reccrded at Site 2 from November 2
until December 17 when the probes were severed by ice movement. A
surface water probe was reinstalled at Site 2 on January 12, however,
ice conditions and deep water prevented the installation of an
intragrave! probe until March 4. Both surface and intragravel water
temperature were recorded at Site 2 through April 21 when both probes

were severed by ice movement.

Daily and monthly minimum, mean and maximum surface and intragravel
temperatures recorded at both sites are presented in Appendix Tables A-9
and A-10. MWater yvear werkly tempsratures are presented in Appendix
Tables A-47 and A-48. A plot of the mean daily surface and intragravel

temperatures is presented in Figure A-3.

Although temperatures at LRX 29 - Site 1 were generally declining
through late September, intragravel and surface water temparatures
remained similar. In late September, surface water temperatures
decreased to -0.1°C, while the minimum intragravel temperature recorded

was 1.0°C. Intragravel temperatures remained warmer than surface water
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