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Executive Summary

Cook Inlet has great potential for tidal stream energy development. However, the presence of
drifting sea ice could create hazardous collision risks for tidal turbine farms. Before turbines can
be installed in Cook Inlet, sites must be surveyed to determine how often sea ice is present,
how fast it will be moved by the current, and where the trajectories of drifting sea ice will be
concentrated. In this study, we assess the collision risk of drifting sea ice for a tidal turbine farm
in Cook Inlet using a methodology that combines three elements: 1) remotely sensed data to
characterize the seasonal sea ice conditions, 2) a hydrodynamic model to map the water
velocities, and 3) a particle tracking model to simulate the drifting sea ice trajectories.

Sea ice conditions in Cook Inlet were mapped with 3.125 km resolution sea ice
concentration data from a spaceborne microwave radiometer. Microwaves penetrate through
clouds, which enables sea ice concentration measurements regardless of the weather. Monthly
maps of average and maximum sea ice concentrations were produced from five years of daily
data. The average sea ice concentration maps showed that February is the month with the
most sea ice coverage and the maximum sea ice concentration maps showed January,
February, and March as all having the possibility of sea ice coverage from upper Cook Inlet
south to 60°N. December, April, and May all showed coastal sea ice but less ice in the middle
of the inlet. AlImost no sea ice was present in Cook Inlet from June until November.

The hydrodynamic model mapped the current speeds in Cook Inlet and was used as input to
the particle trajectory tracking model. The highest average current speeds were identified in the
Forelands area off the coast of Nikiski, due to the narrow channel. The particle trajectory
tracking model showed that many particles transit through the Forelands area closer to the
western shoreline than the eastern shoreline. Collision risk maps generated from the particle
trajectory maps showed a narrow track near the western shoreline where many particles
traveled and the collision risk was high. The collision risk maps were further refined by
discarding locations where the sea ice concentration was below 30% in the period of analysis.
A final map combines information from the current speed distribution predicted by the
hydrodynamic model, the sea ice concentration analysis, and the particle trajectory tracking
model. The collision risk map shows there are areas near the eastern shoreline that have high
current speeds but lower collision risks than near the western shoreline. The resulting map will
enable tidal energy developers to identify the best locations for the deployment of tidal turbines
and other offshore platforms in Cook Inlet.
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Acronyms and Abbreviations

ADCP
CFSv2
FVCOM
GCOM
GNOME
GSFC
NASA
NCEP
NOAA

Acoustic Doppler Current Profiler

Coupled Forecast System version 2

Finite-Volume Community Ocean Model

Global Change Observation Mission

General NOAA Operational Modeling Environment
Goddard Space Flight Center

National Aeronautics and Space Administration
National Centers for Environmental Prediction
National Oceanic and Atmospheric Administration
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'"HSWK DQGWLPH DYHUDJHG FXUUHQW VSHHGV RXWSXW E\ WKH )9¢&
E ORFDWLRQV ZKHUH WKHVSHHG LV JUHDWHU WKDQ PV F C
LVJUHDWHU WKDQ PV DQG G ORFDWLRQV ZKHUH WKH VSHHG

&RPSDULVRQ RI KLJK FXUUHQW VSHHG ORFDWLRQV ZLWK FROOLV
WKH GHSWK DQG WLPH DYHUDJHG FXUUHQW VSHHGV RXWSXW
Il PV E OD[LPXP FROOLVLRQV RI 5XQV ZKHUH WKH DYHUD
LFH FRQFHQWUDWLRQ LV !

&XUUHQW VSHHG PDSIRUWXUELQH VLWLQJLQ WKH)RUHODQGV UH
DUHD PDUNHG LQ EODFN 7KH FXUUHQW VSHHG GDWD DUH GHSW
WKH )9&20 UXQ 7KHEODFNFROOLVLRQULVNDUHD VKRZV ORFDYV
FROOLVLRQV ZHUH JUHDWHU WKDQ ILYHDQG WKH DYHUDJH )HE
ZDV JUHDWHU WKDQ

DEOHYV

9HVVHO DQG VWUXFWXUH GDPDJHLQ &RRN ,QOHW FDXVHG E\IORDYV
HW DO 3DUNHU DQG -DFREV

SDUWLFOH 7UDMHFWRU\ 6LPXODWLRQV
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 QWURGXFWLRQ

&RRN ,QOHW $ODVND KDV HQRUPRX\OWKIED G \§ FOEN W S\RVHHIRFIDDADL R Q
WKH LQOHW WKDW KDYH KLJK WLGDO FXUUHQW VSHHGYV DUH DOVR DI
FUHDWHYV KD]JDUGRXV FROOLVLRQ ULVNV IRU VKLSV DQG RIIVKRUH VW
LPDJH RI VHD LFH LQ &RRN ,QOHW RQ -DQXDU\ ZKHUH LFH FDQ E
7XUQLJDLQ $UP QHDU $QFKRUDJH DQG H[WHQGLQJ GRZQ VRXWK RI W
VKLSY DQG GRFNV KDV EHHQ GRFXPHQWHG DW VHYHUDO ORFDWLRQV
DUH OLVWHG QROPIEOHQ HW3IDONHU DQG -DFREHWD LFH SUHVHQWYV ULVN
DOO RIIVKRUH &MQUXHFUWMRIHB QG 5HX®HI HW DODQG QHHGV WR EH

PDSSHG EHIRUH GHYHORSHUV FDQ FKRRVH WKH EHVW LQVWDOODWLR

J)LJXUH 6HDLFHLQ &RRN ,QOHW RQ -DQXDU\ 7KH ORFDWLRQV R
$QFKRUDJH 7XUQDJDLQ $UP DQG WKH )RUHODQGV UHJLRQ D!
,PDJH &UHGLW 02',6/DQG 5DSLG 5HVSRQVH 7HDP 1$6% *6)&

T, QWURGXFWLRQ
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7TDEOH 9HVVHO DQG VWUXFWXUH GDPDJHLQ &RRN ,QOHW FDXVHG E\

OXOKHULQ HW DO 3DUNHU DQG -DFREV
/IRFDWLRGC 'DPDJH &DXVH RI$FFLGHQW
S3RUW RI $QFKRUDJH 3LOLQJV WRUQ IURP GRFN 'LQWHU LFH D

.QLN $UP 6 KRL 7DOQNHWMH UXSWXUHG FDUJF :LQWHU LFH ULSSHG RXW PDUNHU [
DIWHU VWULNLQJ VKRDO

SRUW RI $QFKRUDJH 3KLODW WONSKIDREMHFWH SDQ SXVKHG VKLS LQWR REVWI

JLUH ,VODQG ¢ IW 6BHZDUNRXQGHG +HDY\LFH DQG WLGH

3RUW RI $QFKRUDJH *DOYHANB®RB ORRVH ZKHE LERH DQG WLGH
VHYHUHG PRRULQJ OLQHV

$QFKRUDJH &l IW 63KLODG HBSIILBHG Z /DUJH LFH SDQ IRUFHG VKLS LQWR
ILNLVNL 6HDEXONBURSHIUHH DQGFH DFFXPXODWLRQ EURNH WKH PR

JURXQGHG RQ RSSRVLWH VKRUH

T, QWURGXFWLRQ



311/

OHWKRGYV

5HPRWHO\ VHQVHG VHD LFH GDWD DUH FRPELQHG ZLWK D K\GURG\QD|
DQG D WUDMHFWRU\ PRGHO WR PDS WKH VHD LFH FROOLVLRQ ULVN LC
FRQGLWLRQV LQ &RRN ,QOHW DUH FKDUDFWHUL]HG E\ SURGXFLQJ PD
DYHUDJH VHD LFH FRQFHQWUDWLRQV $ FLUFXODWLRQ PRGHO LV XVH
WUDMHFWRU\ PRGHO XVHV WKRVH ZDWHU YHORFLWLHYV DQG ZLQG GD!
OLNHO\WR PRYH GXH WR WKH FXUUHQWY DQG ZLQG 7KH UHVXOWLQJ
VLPXODWHG WUDMHFWRULHYV DUH FRPELQHG WR SURGXFH FROOLVLR
FRPSDUHG WR WKH DYHUDJH FXUUHQW VSHHG PDS WR GHWHUPLQH W
VSHHGV DQG ORZ FROOLVLRQ ULVNV IRUWXUELQH LQVWDOODWLRQV

6HD ,FH &RQFHQWUDWLROQ

6HD LFH FRQFHQWUDWLRQ GDWD ZHUH REWDLQHG IURP WKH $GYDQFF
$065 LOVWUXPHQW ZKLFK LV IORZQ RQ WKH *&20 : VDWHOOLWH
GHWHFW VHD LFH WKURXJK FORXGYV ZKLFK PHDQV VHD LFH FRQFHQW
UHJDUGOHVV RI WKH ZHDWKHU 7KH $065 GDWD ZHUH SURFHVVHG LCQC
IURP /HYHO 5 EULJKWQHVV WHPSHUDDWXBKNHBWXHHRNEWWW DO
7TKH JULGGHG NP UHVROXWLRQ GDWD ZHUH GRZQORDGHG IU]|
+DPEXUJTYV QWHJUDWHG &OLPDWH 'DWD &HQWHU
IWS IWS SURMHFWYV FHQ XQL KDPEXUJ GH VHDLFH $065 NP "
GDWD ZHUH GRZQORDGHG IRU ILYH \HDUV IURP WR DQG DQDO\]
PRQWKO\DYHUDJH DQG PD[LPXP VHD LFH FRQFHQWUDWLRQ LQ &RRN

+\GURG\QDPLF &LUFXODWLRQ ORGHO )9&20

7KH K\GURG\QDPLF FLUFXODWLRQ LQ &RRN ,QOHW ZDV PRGHOHG XVL
9ROXPH &RPPXQLW\ 2FHDQ OR&HQ HW&R0 ,Q WKLV LPSOHPHQWDW|
)9&20 WKH ZDWHU VXUIDFH HOHYDWLRQ DQG YHORFLWLHV WKURXJKF
DIWHU XVLQJ WKH HIWHUQDO IRUFLQJ RI RSHQ ERXQGDU\ WLGDO HOH
VXUIDFH JUDYLW\ ZDYHV ZHUH QRW XVHG DV IRUFLQJV RUPRGHOHG L
EDWK\PHWU\ ZDV LQWHUSRODWHG WR WKH PRGHO JULG IURP 12$$7V
EDWK\PHWU\ GDWD VHW 7KH PRGHO JULG KDG DSSUR[LPDWHO\
ZLWK YDU\LQJ VSDWLDO UHVROXWLRQV IURP P WR P &RRN ,QOH
JRUHODQGV UHJLRO®GLWKHH)RGH VSDFLQJ LY GHQVH WKHUH WR UHVR
ZLWK KLJK UHVROXWLRQ 7HQ XQLIRUP VLJPD OD\VHUV ZHUH XVHG LQ \
ZDV IRUFHG ZLWK WLGDO HOHYDWLRQ WLPH VHULHV ZLWK PDMRU K
UXQ LQ EDURWURSLF PRGH ZKLFK GRHV QRW WDNH LQWR DFFRXQW W
FDXVHG E\ VDOLQLW\DQG WHPSHUDWXUH JUDGLHQWY &XUUHQW DQ
PRGHO YDOLGDWLRQ 7KH FXUUHQW DQG ZDWHU OHYHO GDWD ZHUH F
PRRULQJV DQG WKUHH WLGH JDXJHV 7KH PRGHO ZDV UXQ IRU GD\V
-DQXDU\ 7KH 1RYHPEHU RXWSXW ZDV FRQVLGHUHG WKH VSLQ X
RXWSXW ZDV XVHG WR IRUFH WKH WUDMHFWRU\ PRGHO 7KH GHWDLO
DQG YDOLGDWLRQIDQUIHDIQAG KD EJ

OHWKRGV
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J)LIXUH &RRN ,QOHW D EDWK\PHWU\ E GHSWK DQG WLPHDYHUDJH

FDOFXODWHG E\)9&20 1LNLVNLLV WKHWRZQRQ WKHHDVWH
UHJLRQ

7KH )9&20 RXWSXW WKDW LV XVHG WR IRUFH WKH WUDMHFWRU\ PRG
VSHHGV LQ WKH )RUHODQGY DUHD RIl WK H FKHD BWSRV K LINLWWD J HIGI K X °U
VSHHG RIITVKRUH RI ILNLVNL LV XS WR P VDQG WKH WLGDO UDQJH LV
JLIXUBBDQG E 7KH WLGHV KDYH VWURQJ GLXUQDO LQHTXDOLW\ DW \
GLITHUHQFHV LQ WKH FXUUHQW VSHHGV DQG ZDWHU OHYHOV GXULQJ
KDYH PD[LPXP FXUUHQW VSHHGV RI PVDQG DWLGDO UDQJH RI P

JLIXUH )9&20 RXWSXW RIITVKRUH RI 1ILNLVNL D 'HSWK DYHUDJHG F

7TUDMHFWRU\ORGHO *120(

6HD LFH WUDMHFWRULHY ZHUH FDOFXODWHG XVLQJ WKH *HQHUDO 12
(QYLURQPHQW *120( *120(LV D WUDMHFWRU\PRGHO GHYHORSHG E\
DQG 5HVWRUDWLRQ WRHMWUDFN. BDRWHSLOWXVHG RSHUDWLRQDOO\ LQ

OHWKRGV
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JXLGH WKH HPHUJHQF\ UHVSRQVH DIWHU D VSLOO ,Q WKLV VWXG\ LW
3\*120( XWLOLWLHV DQG ELQGLQJV KWWSV JQRPH RUU QRDD JRY G
*120( XVHV LQSXWV RI FXUUHQW DQG ZLQG WR SUHGLFW ZKHUH VXU
LFH ZLOO WUDYHO ,Q WKLV VWXG\LW ZDV IRUFHG ZLWK )9&20 FXUUH!
JRUHFDVW 6\VWHP 9HUVLRQ &)6Y KWWSV UGD XFDU HGX 7TKH Z
KDG fUHVROXWLRQ DQG ZzDVDYDLODEOH DW KRXUO\ WLPH VWHSV !
*120( KDV VHYHUDO DGMXVWDEOH SDUDPHWHUV WKDW FRQWURO KRZ
SDUWLFOHYVY 7KH ZLQGDJH FRQWUROV KRZ PXFK WKH ZLQG PRYHV WK
ZLQGDJH RI WKH LFH SDUWLFOHV ZDV VHW DW 7KLV QXPEHU ZDV C
UHVHDUFKHUV ZKR WUDFNHG GHEULV IURP2WKH ODNVXIQ@RR HY -DSD !
7KH HIDFW ZLQGDJH YDOXH RI VHD LFH LQ &RRN ,QOHW LV QRW N
WVXQDPL GHEULY WKDW KDV VRPH VXUIDFH DUHD DERYH WKH ZDWHU
ZLQGDJH EHFDXVH RLO GRHVY QRW SURWUXGH IURP WKH VXUIDFH DW I
GHWHUPLQHY KRZ PXFK HDFK SDUWLFOH UDQGRPO\PRYHV DW HDFK W
PHWKRGV IRUFDOFXODWLQJ GLIIXVLRQ EXW IRU WKLV VWXG\ ZH XVH
VHW DW
SDUWLFOH WUDFNLQJ VLPXODWLRQV ZHUH UXQ IRU GD\V DQG WK
HYHU\ PLQXWHV EXW RQO\RXWSXW HYHU\ KRXU )RU WKH FROOLVL
ZHUH UHOHDVHG RQ DQ HYHQO\ GLVWULEXWHG JULG ZLWK RRLQWYV Vi
JULG ORFDWLRQV ZHUH FKRVHQ EHFDXVH WKH\ DUH WKH VDPH ORFDW
PHDVXUHPHQWY 6RPH RI WKH SDUWLFOH UHOHDVH ORFDWLRQV ZHU}
GXULQJ WKH WUDMHFWRU\ WUDFNLQJ

J)LIXUH /RFDWLRQV RI WKH VHD LFH SDUWLFOHVY UHOHDVHG LQ WKH *
SRLQW VSDFLQJ LV NP D 5HIJLRQRISDUWLFOH UHOHDVFE
JRUHODQGV UHJLRQ

OHWKRGV



311/

'LQG )RUFLQJ

'LQG VSHHG GDWD XVHG WR IRUFH WKH WUDMHFWRU\ PRGHO ZHUH WK

&)6Y ZKLFK ZDV REWDLQHG IURP WKH 1DWLRQDO &HQWHUV IRU (Q)Y
7KH ZLQG VSHHG RIIVKRUH RI ILNLVNL LQ WKH ) RUHOMWQQ@V WHKH.RQ LV
VWXG\ SHULRG WKH ZLQG ZzDV PRVWO\ IURP WKH QRUWK EXW GLG UHY
PD[LPXP ZLQG VSHHG ZDV DSSUR[LPDWHO\ PV

J)LIXUH :LQG VSHHG DQG GLUHFWLRQ DW 1LNLVNL REWDLQHG IURP Wt
9HUVLRQ &)6Y :LQGVSHHGLV VKRZQ DV WKH GLVWDQFH IU
GLUHFWLRQLY SORWWHGDV WKHGLUHFWLRQ WKHZLQG LV F
[ D[LVLQGLFDWH WKH ZLQG LVIURP WKH QRUWK DQG DUURZV
ZLQG LVIURP WKH VRXWK

OHWKRGYV
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SDUWLFOH 7TUDMHFWRU\G6LPXODWLRQV

7UDMHFWRU\ WUDFNLQJ VLPXODWLRQV ZHUH FRQGXFWHG ZLWK VLQJ
UHOHDVHG DW PXOWLSOH ORFDWLRQV 6HQVLWLYLW\VLPXODWLRQV
ZLQG DQG WLGDO FXUUHQWY RQ SDUWLFOH WUDMHFWRULHV E\ UXQQ
DQG ZLQG DQG FXUUHQWY FRPELQHG 3DUWLFOHVY ZHUH UHOHDVHG G
WKH GD\VLPXODWLRQV FRYHUHG D UDQJH RI WLGDO FRQGLWLRQV
OLVWHG LQ 7DEOH 5XQV * ZHUH VLPXODWLRQV ZLWK D VLQJOH SD!
DUHD RIIVKRUH RI 1ILNLVNL WR FRQILUP WKDW WKH SDUWLFOHV ZHUH
WR WKH ZLQG DQG FXUUHQW IRUFLQJV 5XQV * ZHUH WKH VLPXODWL
SDUWLFOHV DW WKH SRLQWY QRUWK RI f1 5XQ ZDV VWDUWHG G.
UHOHDVHG HYHU\ KRXU IRU VL[ KRXUV DW DOO RI WKH ORFDWLRQV
ZHUH WKH VDPH DV 5XQ EXW VWDUWHG GXULQJVSULQJIORRG QHDS

7TDEOH S3DUWLFOH 7UDMHFWRU\6LPXODWLRQV

5XC 3DUWI :LQ( &XUU (EE )ORRG 6SU 7LGHS

1 < (6
< < (6
1 < ) 6
< < ) 6
< 1 (6
1 < (6
< < (6
[ < < ) 1
[ < < ) 6
[ < < (1
[ < < (6
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