Rothera Wharf Reconstruction
&
Coastal Stabilisation

Final Comprehensive Environmental
Evaluation

BAS Environment Office

September 2018

British
Antarctic Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL







Contents

NON-TECHNICAL SUMIMARY .....ccieueeiiiiiiineeennnssssesiimesnnssssssssssssssnsssssssssssssssnnsssssssssssssssssssssssssssnnssssssssssssnnnes 11
1. INTRODUCGTION ....ciiiitiieniiiiiitinennnensiesstnessnnssssssssssssnnssssssssssssssnnssssssssssssnnnssssssssssssnnsssssssssssssnnnssnnss 17
1.1. BACKGROUND TO DEVELOPMENT ..ecuvveeeetreeeeitreeeeesseeeesseeeeeseesesssssesessesessssesesessseessssesessssseessssssessssesesnne 17
1.2. OVERVIEW OF PROPOSED DEVELOPMENT ......uuveeeeeuteeeerueeeeiseeeeensseseessseeesssseeeessesesesssseesssssesssssesessssessnseeenn 17
1.2.1. ROENEIA WIS ..ottt ettt ettt ettt sate e eenanes 17

2 R Yo 0 Idol | ¢ To [l Ko Tole | i {o Yol /SO USRS 17

0 T 00 To Ky 0 1 IR Y 0o ] o] 1Yo 11 o £ B USRS 17

1.3. PURPOSE AND SCOPE OF DOCUMENT ...ciiiiiiiiiiiiie i ieie e eeseeese s e e e s e s e e s s s s s e s e s s s e s e s s 18

2. APPROACH TO ENVIRONMENTAL IMPACT ASSESSMENT .......cciiiiiiimeencceineereeennnnsnccesseeesnnnssssssssneens 19
2.1. STATUTORY REQUIREMENTS ....uvveeeutreesauresessseeesssessaassesessssesassssssassssessnssesasnsssesanssssssssssssssssssssnssssesnsnes 19
2.2. EIA IMIETHODOLOGY ...vvtieitreeeeieteeeeeetesessueeeeassseesassesasssssesasssessanssssssssessasssssesssssssssssessesssessssnssssssssesesnnsen 21
2.3. CEEQUAL . ..ottt et e e e e et e et e e e et e e e ete e e eeataee e e aseeeentbeseeasseeeensseeeeans seareeeensseeeennnees 22

3. DESCRIPTION OF PROPOSED DEVELOPMENT 1 — ROTHERA WHAREF .......ccccttuiiimiirnniinnnciencienccnannnns 24
3.1. PURPOSE AND INEED ...iiiiiiiieieieieieieiee e e e ee e e e s bs s s s snnnnne s 24
3.2. 0Ty 110 ] S PUPPPPPPPPPP 24
3.3. DESIGN DETAILS & SCOPE OF PREFERRED OPTION ..cceieiuuutvereeeeeesusrereeeseeesnssesesessessssssssesssessssssssesssnsssssssesanann 25
3.4. ALTERNATIVES CONSIDERED ...vvuvvvuvuvurusssasssasesssssssssssssesssssssssssssssssssssssssssssresemessmemeteem. 31
Ny B 0 To N Vo 14 1 T2 o USSR 31

R 3 0 Lo B 1Y 110 1 117 £ PSRRI 31

O R |V =14 o Lo LAV = D =X Lo K 32

3.5. OVERVIEW OF WORKS ... vvttttteeeieiittteeeesssetatteeeessseusbeteeeessssassstaaeessessssaseeesssssasstaeeesssssssssseeesssnssssseaneeesns 40
3.6. LAYDOWN AREAS ...iiieieieieieieieieeeeeee e e e e e e e eesese s e s e s e s e s e s e s e s s s s s sssssssssssssnnsnnn aaaes 40
3.7. EXISTING WHARF DISMANTLING MIETHODOLOGY ..eeuvveevveesureesseeesssessseeessaeesseesssessssessssesassesssessssessssessssessnses 46
3.7.1.  Assembly of Equipment (CONStruction SEASON 1) ........c.eeeeeceeeeeeeeeeeiieeeeeiieeeeeireeeeieeeeesveaeeans 47

3.7.2.  Dismantling Of EXiStING WRGHT ..........ooooueeeeeeee ettt e et e et eesteaaeeaea e e e 47

3.7.3.  AsSembly Of NeW WRAGI SETUCLUIE ..........oeeeeeeeeeeieeeeceeeeeeieseeeteaeetea e et ctas e e eaaaaesstssaeesaseaeeanes 47

3.7.4.  Preliminary Works for Mid and ReAr Walls.................ccueeeeoueeeeeieeesiieeeesiieeecieeessieeeesveaaenns 48

3.8. CONSTRUCTION IMIETHODOLOGY ....vveeeeuereeesereeeassseeessssssesssssseasssessssssssesasssssasssesssnsssssssssssessnsssssnnssssesnsseenn 49
3.8.1.  Rear Wall to Mid Wall CONSEIUCEION..........ccccveeeeeiiieestieeeesieeeecteeesceeaeesteaeesteaessasaaesseeeennes 49

3.8.2.  Back Fill Rear Wall t0 Mid WL ...........cooeueeeeeeeeeeeeeeeee ettt eeeetteteee s e ettiasveaaeeesssasasesaaenns 51

3.8.3.  Mid Wall to Front Wall Construction (Construction SEASON 2)..........cccueevveeevesiveeveesiivesiveennns 51

3.8.4.  Back Fill Mid Wall t0 FIONT WL........ccconeeeeeeeeeeeeeeeeeeee ettt eeetetaee e e e setavaaaaeeesssnsrenaaans 53

3.8.5. Installation of Bollards and Davit Crane FOUNAQLIONS. ............cccoueeeeeeueeeeciereeeiieeeeiieeeecieeeeanns 53

3.8.6. UNderwater ROCK BIASING...............uuueeeeeeeieeeieeeeeeeeee e e eeettteaa e e e e e ttataeaaeaeessnssaaaaeessssasssnaaans 53

3.8.7.  CONSLIUCEION MATEIIQIS .......ooeeeveeeeeee e et e et e ettt e e e ettt e e e a e e st e e e s tsaaeesaaaeaassaeesaeas 57

3.8.8.  EQUIPMENT AN VERICIES ...ttt e et ee e et e e et e e e saaaaesraaaaas ean 57

3.9. ANTICIPATED W ASTE . 1eeeeuutttesuteeeesuteeesasseessssesesasseesasssesesssssesssessasssssesanssssssnsesessnsssssssssesssssssesssssesesnnsenes 58
3.10.  PERSONNEL uvtteeeuteeesiueeesasuseeeaanssessassssessseesasssesesassssssasssssasssssssasssesssssssessnsssssanssssssnsssesssssessenssnnssesssnsens 60
3.11. PREDICTED LIFESPAN ... iiiieeeieieieee e e e e e e bssssssssnnnnne s 61
3.12. PLANS FOR DECOMMISSIONING ...ceeeiieieeeieieieieieeeeeeeeeseseseseseesesesasssesssesese s nnnnan 61

4, DESCRIPTION OF PROPOSED DEVELOPMENT 2 — QUARRYING, DRILLING & BLASTING.........ccc........ 62
4.1. PURPOSE AND NEED ..iiiiiiieieiiie i e e e e e e e e eeeeee e ee e e e s e s e e e s e s e se s e se s e e s e saaasssnsasasssnssnnnsnensnnnnnn oa 62
4.2. {07y 110 ] P SPPPPPPPPPP 64
4.3. DIESIGN DETAILS ciiiiiiiiiieieieie e et et e e e e e e e e e e e e e e s e s e s e s e s e s e s e s e s e s ettt bababebebtbbnbbbaen aeaaaen 64
4.4, ALTERNATIVES 1vvvtvvvvvvererererererererererereseseseeeeeeeeeteeseeteeeeeseteteteteteteteteteeeeeteeeeeteeeeeeeesesesesssesesesssssssessnsssessenens 70
B N [ 1T Yo Yo [ o I o Yol < {1/ R 70

4.4.2.  Sourcing rock at OtREr I0CAI QreasS..............ouuecveieeeeiieeeee et eecee s cee e ettt e e e sea e sssaeaeesseaaens 70



4.5.

4.6.
4.7.
4.8.
4.9.

5.1.
5.2.
5.3.
5.4.

5.5.
5.6.

5.7.
5.8.
5.9.
5.10.

1.1.

1.2.
1.3.

2.1.
2.2.
2.3.

IVIETHODOLOGY .eeiiiieieteteeeseiittteeeee s ettt et e s e s useb e eeeeesaabesaeeeesesaanneeeeeeeeeansneeeeeesesannreneeeeeeeaanssnneeee sunneen 70
4.5.1. Access and Egress to the Drill Gnd BIQSt Ar@Q ...........c.cccueeeeeieeeeeciieeeiieeeesiieeeeesveeeeiieaesssenan 70
4.5.2.  Drill and Blasting MethodOIOgy.............cccueeeeciieeeeeeeeceee et eeeete e e stteeesetaaeesstaaesaeaesssseaeens 71
4.5.3. Load HQUI & ROCK PrOCESSING .......oeeeeeeeeeeeeeeetiieeestee e etteaeetteaaesteaasssteaestsaaesssaaesnssasassseasens 71
F Y B o (o o [V ot 1 [0 T I o 1 (=X TS 72
4.5.5.  EQUIPMENt ANA VERICIES ..ottt e 73

ANTICIPATED W ASTE. .ttt ieuittteteeeeeeet ettt e e e e e ettt te e e e e aaauue e teeeeeeaaaabeteeeeesaaannbeeeeeeaaaanbeeaeeeesaaannbeaeeeeeaannreees 74

PERSONNEL ...ttt ettt et et ettt e e e ettt et e e e e et bee e e e e e e s aabe et e e e e e e as bbb e e e e e e s anbaeeeeeesaannbeeeeeeeeaanse seennnreeeas 74

PREDICTED LIFESPAN ....ettttteeeeeitteeeee e e sttt et e e e s ettt e e e e e saneet e e e e e e s anbee e e eeeeeamnneeeeeesasnnbaneeeeesannnreneeeeeaannns 74

PLANS FOR DECOMMISSIONING .....cttttteeeiaiuunreeeeeseaaaunreeeeeessaansseeeeesssannnseeeeesesansnsaeeeesssaannnseeeeesssannnnneeesseanan 74
DESCRIPTION OF PROPOSED DEVELOPMENT 3 — COASTAL STABILISATION ......ccccoeveeinnnnnnnnnnnnnnnnnns 75

PURPOSE AND NEED ...veeiutiieiieesiteesiteestteesite sttt ssseessbeesuseesabeesueeessseesssesasaesnsaesaseesaseessseesuseenseesnssesnsessnseennss 75

(Koo 1 T [P PSPPSR 76

PROPOSED WORKS «.eeeieieieieieieiee e e e e e e s s sssssssnssnssnnnn aes 76

ALTERNATIVES CONSIDERED ..euuveeeuveessseessseessssansesessesasessseesseessssessssssssssssssssssansssssessnssssssessssesssssesssssnsens 77
O B S 0 Lo W |\l 1 1 112 o USSPt 77
5,42, DO MINIMUMN oottt ettt ettt et e et e e et et et e s et e s e s e s et e s e e s s e sarneees 78
5.4.3. AEINATLIVE WOIKS ...t etee ettt ettt e ettt e e ettt a e s aaa e et a e e ttaseessssaaeaasesanaann 78
5.4.4. AIerNQtivVe TECANIGUES........occceeeeeeeeeieeeeee et e ettt e et e ettt e e e ettt e e e aaa e sttt e e e sttesesasssaaessenaesaeas 78

LAYDOWN AREAS ... eetttetee e ettt et e e e s ettt et e e e s e anet et e e e e s e abese e e eesesaanseeeeeeeeeansnneeeeeeesannsaneeeeeeeaansrnneeaesesnnen 79

CONSTRUCTION IMETHODOLOGY ..uvveeuvteeueesureesiseesreesseessseesssesssseesssesssesssseesssesssseessessnsesssseessesssseesssesssees 80
5.6.1.  Removal of Existing Armour MQLEriQl ...............ccccueeeeueeeeesiiieeeieeeesceeeeeceeescteaesseaeesseaaeenns 80
5.6.2.  Sourcing of Fill and Filter Layer MQteriQl ................c.ccoovueenueenoeeeniiesieeiee et 80
5.6.3.  Levelling Of the REVELMENT TOC............cocueeereeeiiieeeeieeee ettt et 80
5.6.4.  Profiling of the exiSting MALEriQ.................ccoueeeeeeeeeeieeeeeseeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaeaeaseeaaeaann 81
5.6.5.  INSEQIATION Of FIlL@F LAY ...ttt eeeeeeteaeetaa e e eteaaeetsaaeeasaaeassne aaans 81
5.6.6.  Production of Concrete ArmouUl BIOCKS ............ueeeeeueeeeiieeeeesiiieeeieeeestteaeesveaeesseaessseaaessaeaeeans 82
5.6.7. Installation of CONCrete ArmouUr BIOCKS............ceeeeeueeeecieeeseiieeecieeeetaeeeeseaeesiaaaesesaesstseaeeans 82
5.6.8.  FINUSHING WOIKS ...oooeeeeeeeeeeeeeee ettt ettt ettt e et e e ettt e e ettt e e e a e e tsaaaeastasaeesssaaeaasssasseaaas 83
5.6.9.  CONSLIUCEION MATEIIQIS .......eoeeeveeeeeeee ettt e et e e e ettt e e s e ettt e e e s tteaesssaaesssseaeesaeas 84
5.6.10. EQUIPMENT QN VERICIES.....c...veeeeeeeeeeeeeeee ettt et e et te e e te e e e taaesraaaeassseaeens 84

ANTICIPATED WASTE 1veeuveeeuteesureessseessssansseessssassesssessssessssessssssssessssssssssasssssssesssssesssessnsesssesssesssssssssssnsens 84

PERSONNEL ..t eeeete it ie it iete e e e e e ettt e e e bt bnbnn aeeeeeeeeeeas 84

PREDICTED LIFESPAN «....ttttteeeeeittteeee e e ettt et e e e s ettt e e e e e s aubet e e eeaesaanbabeeeeeeasnnbeeeeeeeesaunbanteeeeseannrnneaaeeaannns 85

PLANS FOR DECOMMISSIONING ....vvteuveerreessseessesessseesesasseessesssesssessssessssessssessssessssessssessssessseessssessessssesen 85
OPERATIONAL PROCEDURES.......ccccettiiiiiiiiinniieniinsiinsiisssisssissssssssssssssssssssssssssssssssssssssssssssssssssssssssss 86

FUEL MANAGEMENT & OIL SPILL RESPONSE...cceeuttteeaurteeesirteesatteeesaueeessasreeessuseeesanseeessssesesssseessasseesssseeesan 86
1.1.1.  Outline Ship to Shore Refuelling Method ................cccueeeeeeeieeciieeeciieeeeeiee e e e e e 86
1.1.2.  Fuel Use — Coastal StADIlISATION ...........c..eeeeeeeeeeeeeeeeeeeeeeeee et e s ctee e ettt teeestea e s sseaaesiseaaesnens 87
I T 1V = IR e o o -SSP 87
1.1.4.  Additional FUEI SEOIQGE......cc.ueeeueeeiieieeieeee ettt ettt saeenane e s 87
1.1.5.  FUEILIN@ REMOVAI .......eeveeeeeeeeeee ettt ettt e e e ettt e e e e ettt a e e e e e s asasaaaseesssssansaae enaeas 88
O A SV -1 1Y, o T To o T=d ¢ £ =1 1 A o Lo [ BTSSP 94
1.1.8. Emergency Spill CONting@NCY PIAN.............cooueeeeeeeeeeeeeeeeeeeee et ee e tteea e e e e e sstaeaaaeesaans 96

WWASTE IMIANAGEMENT c.c e eettttteee e e sttt eeee e e s ettt e e e s e saanseeeeeeeeeansae e e e eesesannseeeeeeeeaaansabeeeeeeesnnreneeeseaannnsnneees 98

BIOSECURITY .eeeteieieiittttee e e ettt e e e sttt et e e e sttt e e e s e s b e et e e e e s e annre et e e e e e e anbaeeeeeesaannnbaneeeseaannnrene snnnneeees 99
DESCRIPTION OF SUPPORT ACTIVITIES .....cciiiiiiiiiiiiiniiiniinssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 100

SHIPPING & AIR FREIGHT = CARGO ....eeruveeteeesutesteeenteesteesseesuseesuseesseeesseessseessesssessuseesseesssessseessseesnseesne 100

SHIPPING & AIR FREIGHT = PERSONNEL...ccuvttesurersuteesutenteesteesuseesseesseeesseesssesssseesssesssessnseesseessessseesseesne 100

ACCOMMODATION .tvtvevererurererererererererereetttetereterereteteteteeeteteeteteteteteeeteteteteeeteaeasaeesesesesesesesesesasssssssssssnns 100



2.4,
2.5.
2.6.

3.1

4.1.
4.2.
4.3.

5.1.

5.2.

5.3.

5.4.
5.5.
5.6.
5.7.
5.8.
5.9.

5.10.
5.11.
5.12.
5.13.

6.1.

ENERGY USE . iiiiiiiiiiiiiii ettt bbbttt bttt atn e e e eaeaeas 101
WVATER . 1ttttttttttrtttteterererererereseseseeeeeeteeeeeeeeseeeeeeeeeeeteseteeeteeeeeeeeeeeteeeeeeeeeeeeeesesesesesesesesesssssssasasssssesesesesennns 101
TEMPORARY JETTY AND BOAT HOUSE ... uietiiiiieieciiieeee ettt tee ettt e e e e s saar e e e e s e sanbane e e e s s ssansnnneeaesennns 101
TIMESCALE, DURATION & INTENSITY OF ACTIVITIES....ccccciittuiiiiiinninienniiiennisiiesssnisssssesssssansssns 106
CONSTRUCTION PROGRAMME......ctcttieieieieieieeeieeeeeeeeeeeeseeeeesesesesesesesesseeeeeseseseseseseseseseesesesssesesesssssssesssesesnns 106
3.1.1. 2018 -2019 SCUSON c..cueeeeeeeeeeeeeeeeeeeeeeeeeeee ettt e e et e e e e e e e e e e e e e e e e e et e e et e e e e e e e e et e e e e e e e e a e e e e e aearaaaraanaaes 106
3.1.2. 2019 — 2020 S@ASON ......vveeeeeeeeeeeeeeeeeeeeeteeae e e e ettt aa e e e e ettt a e e e e e s s sttt e aaaeeaa s ataaaaeeaaarrrraaae e 107
DESCRIPTION OF SITE.....cccuciitteuiiiieeeeereneneerennneereenseessenssessenssessensssssenssssssnssssssnsssssssnsssssensssssnnssssnen 110
{077y 110 ] N OO PPPPPPPPPP 110
HISTORY OF SITE ciiiiiiiieiiieieie i e e e e e e e e e e e e e e e e e e s e s e s e s e s e s e s bbbttt ettt eb e beba bt aaaen e e e s 110
CURRENT USE OF SITE citttiitiitieiiieieieieieieieeeeeeeeeeaeeeaeaeteteaeaeaeaeaeaeaeesasesesesesesesesasesssessssssssssssssssssssenensssnsnans 114
3 B R D T T o =Y [l ST PUPRPTRN 114
B B B Yol [ o ol -2 USSR 114
4.3.3. AT OPEIALIONS ...ttt ettt e s et e e s e s s st e s et eenas seannees 115
4.3.4. VERNICIE OPEIALIONS ...ttt ettt ettt ettt e et e st e s seenate e s sanes 116
4.3.5.  BOQLING OPEIALIONS ...cevvveveeeeeiiiiieeeiieeieeeeeteee et ettt e e e e e e et e e e e e e e e e e e e e e e e e e e e e e eeee e e e e e e seseseesssssssessees 116
F B B T V1] IR e ] g [+ [ USSRt 116
4.3.7.  POWEE GENEIATION ...ttt sttt tetesaaesesesasaasasasasasasasasssasesssans 118
4.3.8. WAL GENEIATION ...ttt ettt e teaaaesesesaaassasasasasssasasasasesssues 118
DESCRIPTION OF THE ENVIRONIMENT ......ciiieiiiiiiniiiieniciieneesnenssssiennssersensssssnnssesssnsssssenssssssnnsssses 119
{0l ] 1 PSSP PPUPPRPN 119
I O B =T =Xy 4 1o = (o o S 119
N B Y 1= 4 4 =Xy 1 g o]l ol [V o Lo BSOSOt 121
5.1.3.  Marine BenthiC COMMUNIEIES ...........ceeeeeeeireeeeeeeeeiiiaeeeeeeeeeeciseeeeeeesessaseeeseeesesisssesaseesssssssseeees 122
5,104, AVIFOQUNQ ...ttt ettt e et e et e e et e e e et e e ettt e e et a e et a e et a e aaennnnas 131
5.1.5.  MQaliN€ MOMMQIS ..........eveeeeeeeeeeee ettt e ettt e e e e e ettt a e e e s e et aaaeeesssasssaaaaeesssssssssnaeses 134
5.1.6.  INON-NQATIVE SPECIES ..ccevvveveeeiiiiieieiiiiiiieieeeete ettt ettt ettt ettt e et et e e e e e e e e e e e e e e e e eesesesssessssssaees 138
PHYSICAL CHARACTERISTICS 1t tttteteteieieieiesesesesesssasassssssesssesesessssanasasesanasssasasssssssssnsnsssnsssnsssssssssesesnsssesesenene 140
5.2.1.  MeteorologiCal CONTILIONS ...........cccuueeecceeeeeeiieeesiee e eeeeeesee e e e ete e et ttte e e st e e eestsaaessssaaeessseaeeaes 140
5.2.20 AU QUAIIEY oottt ettt ettt st et e ettt sbaeeree s 141
I R I 1o (2 [ Lo BN o =X S 141
5.2.4.  BAEAYMELIY .ottt ettt sttt et et ettt et ettt e st e enee s 142
GEOMORPHOLOGY ..evivieieiereieieeeeeeeeeteeseeseeteeesesseesesetesasssesssessssseesssseessssssseesesesesesesesesesesesesesesesssesssnsasasans 142
G 2 N Yo T KU UUSUURNt 143
5.3.2. SUIFACE WALEK ...ttt te e e et e e ettt e e et e e e et s e e et e s eesssaeesns essns 143
GEOLOGY ctttieieieieteieieieteteeeieteeeeteteetaeaetetetetetetetaeeseeseeteeeeseeeeeseeeeessesesesesesesesesesesssesesssssssssasssssssesesesesennes 143
GLACIOLOGY ctttieieieieieieeeteteteteeeteeeeetteeeteaetetetetetetetateeeteeeeeeeseeseeeeeeeesesesesssesesesesesesesesesssssssssssssssssssesenenens 145
L Y Y200 L OO PPPOP P PPPPPPR 146
FLOOD RISK..utttttteesiesutitteteseseitteeeeessessuataeeeesssasuesaaeeeesessnsaneeeeesasnssaneeasssassssanseesssasansseneeessssnnnsesessnnnes 147
INOISE & VIBRATION ....uevtveeteseieittteteeeesessnseeeeesssassssaeeeesssassnssaseesssassssssnesessssssssseseeessesssssseesesssnnsssseneeesnns 147
PROTECTED AREAS....cuutteeeeeeeeieitreeeeeeeeasasrereeeeeeaaasrsseeeeeeasassssesessesasstssseesesasasssssessssesassssssseseeesensssesee e 147
(O T Y o [ Y =S 148
WILDERNESS & AESTHETIC VALUE ....tttieeeeeeeeititeeeeeeeeeiatteeeeseeestaseeaaeeesntasseeeesesnnsasssasssessssenseessenssnsens 153
CLIMATE CHANGE PROJECTIONS ..c.ettiteiiiiieieieieieieieieeeeeee et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeaeaeaeseananan 154
FUTURE ENVIRONMENTAL REFERENCE STATE 1iiiiiiiiiiiieieieieieieieeeeesseseeesesesesese s s asaaaanannen 155
IMPACT IDENTIFICATION & MITIGATION.....ccuuiiiiteiiiiteniieienniertrneeriensssrensssessnnssssssnsssssenssssssnnsssnes 156
IMPACTS OF GENERAL CONSTRUCTION ACTIVITY 11eteiieieieieieieieieiesesesesessssssesssesesssenesennsnassnnsssnsnnnssnnsnnnsnnnnnnnns 156
L I R 7] Yo g o L [0 I ) ilfete e o FS S 156
6.1.2. Deployment of personnel and associated luggage/Cargo...........coeuvuevveveeveeiveeireeireeveeanens 157



6.2.

6.3.

6.4.

7.1.
7.2.
7.3.

8.1.
8.2.
8.3.

9.1.
9.2.
9.3.
9.4.

10.

11.

12,

13.

14.

15.

15.1.

6.1.3.  Increased number Of PEOPIE ON STALION..........cccccuvereeceeeeecieeeesieeeesceeeecceeeeeceeeescaaaessasaeenns 158

6.1.4.  WQASEE MANAGEMENT c.cccccceveeeeiieieieieeeeee ettt e e e st e e s e s e s s s s s s s s s e s e s s ss s s s s s s s e s e s s s s e s saes 158
6.1.5.  Use of vehicles, plant GNd GENEIALOIS .............cceecuueeeceueieeeciieeeceeescieeeesteeeesiteaesssaeeeessasananns 159
6.1.6.  General Construction ACLIVIty ON SEALION ........cc.eeeeeeueeeeeeiiieeeciee s e eecee e eee e e seaeesteaesenees 161
ROTHERA WHARF IIMPACTS .. eeeeeeee et s bnssbsbnssnnnnee 162
6.2.1.  DUSE AEPOSIEION ...ttt ettt sttt s et e s et e bt e e saee et snee s 162
6.2.2.  Sound pressure waves in the marine environment (underwater rock breaking) ................... 162
6.2.3.  Sound pressure waves in the marine environment (underwater blasting) ............................ 163
6.2.4. Sound pressure waves in the marine environment (from blasting on land) .......................... 166
6.2.5.  EXpansion Of WAGI fOOLPIINT .........oooeueeeeeeiiieeeee et eeeteeeettea ettt e e e tae et e e e sraaaestaaeesanees 169
6.2.6.  Sediment in MQAriN@ @NVIFONMENT .........c.eecvieriieeiiiesiieeiiessitesiieessieessteesteesseesseesssssssessseenans 169
6.2.7. Ground displacement and VIiDration................ccccueeeecueeeeeciieeescieeeeseeeesceeeeeeteeesireaaessanaenanes 170
6.2.8. ROCK ERIOW ..ottt ettt ettt et et e et e e bt et eebessbnestes sasasee s 172
6.2.9.  MQGIINE POIULION. ......cooueeieiieeieeeeeee ettt ettt ettt e st s e st e s ne e s snee s 172
6.2.10. US@ Of lIGRAING TG oottt ettt 172
6.2.11. Disturbance to benthic ice Scour MONItoring SIteS...........ccvueeeeeeeeeiiveeieeeeeesiiieeeeeeeeccrveennn 173
QUARRY, DRILLING & BLASTING IIMPACTS .eeevvirieieieieieieieieieeeeeeeeeee et e e e e et e e e e e e e e e e e e e e e et e e e e e e et e e e e e e e e e e e e e ee e 173
6.3.1.  Permanent rOCK r€MOVQA...........cccueecuuieseeeiiiissiieeieesiieesieesieesteesiteesteesstessaesssssessseessseessseenass 173
6.3.2.  USC Of @XPIOSIVES ...ttt e et e ettt e e et e e ettt e e et tta s e e saa e e e taaaeastseaeessaaeasssssnaans 174
6.3.3.  Use of explosives creating Noise (Qir-OVer PreSSUre) ..........ccuuucueeeeeveeeesireeeesiereesiiveaesiisneaens 174
6.3.4.  Sound pressure waves in the marine enVirONMENTt ...............ceecvueeeecveeeesiireeeiiesesiieeeesiseeenanns 176
6.3.5.  Ground displacement & VIDIGLiON .............cc..ueeeeueeeeieieeeeiiieeecteeeeceeeeseeeeseeeaeseraaaessaaaenanes 178
6.3.6.  DUSE AEPOSILION ...ttt ettt e s et e s e e saee bt e e st e et snee s 180
6.3.7.  ROCK throw dUring BIASING .......cc.coeueeeieiiieieeeeieeeeet ettt 181
COASTAL STABILISATION IMPACTS ... tttteeeeeeeeitttteee e e e ettt eeeaesauteateeeeessansbeeeeeeesaanbnbeeeeeeeaannraeaeeessannnnees 182
6.4.1.  CONCrEte CASLING ccoveeeeeeeeeeieeeee ettt ettt et e e e e e et e e e e e e s e s e s e s e s s s s s s e s ssssssssansaeees 182
6.4.2.  Underwater roCk BreQKiNG ............cueoucueeeeeieeeeeieeeeiiteeeeeieeeestteaesiraaaestasaeessesesssssaeastssaenanes 182
IMPACT ASSESSIMIENT ....cuiiiiiiiiiiiiiiiiiniiisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 183
IVIETHODOLOGY .eeiieuiieteteteeeeeiittetteee s e sttt e e e sesamnttteeeesaaanbeeeeeeesaamnbeeeeeeeeannbaneeeeesasnsreneeeeeeaanssnnee nnnee 183
IIVIPACT IVIATRIX ¢ttt ette ettt eteesateesateesuteesabeesuteesateessteesseeestesabaesasaesabeesabeesabaesabeesaseesabaenseeenntaanseesbans aenns 186
CUMULATIVE IMPACTS .ttt tuteestteesitessteeeteeeseesbaessseesabeesaseessteessseessseesstesssassseesasaesnseesnseesaseessseesssesnseesnses 192
MONITORING & AUDIT REQUIREMENTS ....cccuuuiiiiiiiimmmnnniiiiniiimensesssiisiimmsesssssssssssisssssssssssssssssssnssss 193
IMIONITORING PLAN L.t s s bbb s s sbessbesesebesenenenene 193
ENVIRONMENTAL IMANAGEMENT ...tttteteteeutetteeeeeeatteteeeeeesaubseeeeeeeeaaasseaeeeeaesanseeteeeeaeaannnnbeeeeeesansenaeaeens 194
AUDIT PROGRAMIMIE ...ceiiiiiiittteee e e ettt e e e e e st ettt e e e e eaasbeeeeeeeesaaabeeteeeeee s nnbabeeeeeesaansabeeaeesesansnneeeeeeasannes 194
GAPS IN KNOWLEDGE & UNCERTAINTIES ....ccetttttierieemieemmeenmeenieeereeemeesmmesmessmmesmsessesssssssssssssssssssasnes 195
ROTHERA MVHARF ...ttt ettt e ettt e e e e ettt e e e e ettt e e e s e s mn b e et e e e e e e anbaeeeeeeeesnnreneeeeeeeansnnneee nee 195
COASTAL STABILISATION ...eettttteeeeesunteteeeeeaaausteeeeeesasaunreeeeeeesasansssaeeeesesanseseeeeeeeaansseneeeesesannsnnenesesesannnnees 195
ROTHERA IMIODERNISATION ...uvteeutteettesureesseesuteesseesueeesusesssseesssesssessnsesssseessessnseessessseesssesssesnsesenseesnsees 195
OTHER FUTURE PROJECTS «..vteuteesuteestieesiteestteestteesteesbeesseesabeesaseesateesasesssseesssessseesnseessesssassnseesseesnsessnne 197
CONCLUSIONS ...ttt ettt ettt et e et e e te e st e e s teesateasaaeebe e e saeeaseesaseeasseesaseansseasaeanseesnsaannses eesnseesssaenseean 198
AUTHORS OF THE CEE ......ccccevveereeemmemmmmmmmmemmmeemmeemmeemmmmmmeemmeemmmemmmemmmemmmmmmmemmimmmmemmmmmmmmimmmmmmemmmmmmmmsmeenn 200
ACKNOWLEDGEMENTS ....cccettiiiieiietteeeieeeteereeeeteeemeeeseeseeeseesssesssesssessseessssssesssesssesssesssessssesseessssssasnes 200
REFERENCES .....ccuiitiiiuiiiieiiiniiiniieeiiiesiiiesiiessirsesissssissssrsssssssssssssssssssssssssssssssssassssassssnssssssssnsssanssss 201
BIBLIOGRPAHY ....ciiiiiiiiiiiiiiiiiiiiiiiiiiiisiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 203
APPENDICES ....cccettiittiietiieniietiteeitemieeemeeeemesmeeettesmeestemsmtesmesmmeeettetmeeeteesmeesmeesteeeseesseesseesseesssesseessesnes 205
APPENDIX A — MARINE DRILLING AND BLASTING MANAGEMENT PLAN: ROTHERA WHARF........ccoeiiiiniiiiieeeennnee 205



15.2. APPENDIX B - QUARRYING, DRILLING AND BLASTING MANAGEMENT PLAN: OPTION H...cevvviviieeiieeereiiceee e, 205

15.3. APPENDIX C— EQUIPMENT LIST: ROTHERA WHARF. .. uutuuuuututerurerarersressresessssssereserersrererererersmesesemesmmmmeeesesenne 205
15.4. APPENDIX D — SITE WASTE MANAGEMENT PLAN: ROTHERA ...vvtiiiiiieiiiiieeeeeeeeitereeeeeessieneeesessssnnrnneeessssnnnnns 205
15.5. APPENDIX E — BIOSECURITY PLAN: ROTHERA . tiittiieeteeeceitteeee e e esireree e e s e snsteneeeesssssnssaneeassssnnnnneeesesnsnnnnes 205
15.6. APPENDIX F - MONITORING PLAN: ROTHERA ....ccttttuuiieeeeetetetuiieeeeeeeeeasnuneseseeeresssnnnsaesesesnsnsnnaeseeessnsnnnnnaeeees 205
15.7. APPENDIX G = NOISE ASSESSIMENT ...uvuvuvurururersssssrsssssssssssssssssssssssssssssssssssessseresssssesesrseseressserserrerererererereren 205
15.8. APPENDIX H — ECOLOGICAL SPECIES LIST uuvutuuutuuuuuiutuuerereseseserssssssesssssssesssesesreressreseseseresesemeseeeseseesreeeeerenen 205
15.9. APPENDIX | — GEOTECHNICAL INTERPRETATIVE REPORT .. .uuuuutuuururuuereresesesesssssssssssssessssssssssssssesssesesesemesesesenee 205
15.10. APPENDIX J — COASTAL STABILATION TECHNICAL NOTE ..iiiitiiiiiiiiiiiiiieieieieieeeeieeeneseiesesesesesesesesesesesesneeseens 205
15.11. APPENDIX K — RESPONSE TO COMMENTS RECEIVED BY THE CEP AND TREATY PARTIES ...cvtvirirerererereeeeeeeeeeeenns 205

LIST OF FIGURES

Figure 3-1 Location of Rothera Research Station — Antarctic Peninsula ..........cceeecveiiiiee s 24
Figure 3-2 Aerial VIEW Of ROTNEIA .. ..ottt et be et aee s 25
Figure 3-3 Rothera Wharf Preferred Layout - Option H .......ooeiiiiiiiiiiiieeee ettt 26
Figure 3-4 Rothera Wharf Preferred Layout — Elevation of side walls...........c.ccoooeiiiiiiiiiii i, 27
Figure 3-5 Rothera Wharf Preferred Layout - Elevation of front wall ............coooeiiiiiiiiii e, 28
Figure 3-6 Deep Frame Section — Front to ANChor Wall........c.uviiiiee ittt e aree e 29
Figure 3-7 Rendered Image — Option H with SDA aloNgSide .......ccocciiiiiiiiieecieececee et 30
Figure 3-8 Rendered Image — Eastern Wall. Area where rock extraction will be required. ........cccccocvveiiiinnenns 30
Figure 3-9 option 4 Port Side Derthing.........eee it e e et e e e e nte e e s nteeeesntaeeeanes 34
Figure 3-10 Option 4 — Starboard Side DErthing .......c..eeeiiiii e et e e e e erre e e sereeeenes 35
Figure 3-11 Option 4 — Developed to 65% DeSISN SAZE .......ceeeiiiriiiiniieiieerie ettt s 36
Figure 3-12 Option E - Wrap Existing Wharf and Extend East by 18m .........cccceiiiiiiiiiiiiniieieeeiee e 37
Figure 3-13 Option F — Combine Wharf Upgrade with Runway South End Stabilisation works...............cccuee.... 38
Figure 3-14 Option H — Demolish and Rebuild in Similar LOCation .........cccoviieiiiiicciiiee e 39
Figure 3-15 Construction Site LayoUt SOULH ........coociiiiiece e e e e e e ree e e e taee e 42
Figure 3-16 Construction Site LayoUt NOIth ........oi it e et e e e e e tee e e etaeeeenns 43
Figure 3-17 Temporary ACCESS ROAA ......ccocuiiiiiiiiiieiie e cte e et e et e e st e e e et te e e e ate e e snaeeeesteeesnsassaeessnseeeesnseeesanns 46
Figure 3-18 New wharf layout showing rear, mid and front Walls ...........ccoeocuiiireiiiii e 47
Figure 3-19 lllustration of five steel frames between the rear to mid wall........ccccvviieieeeicie e, 48
Figure 3-20 Indicative Position of Grout Bag 0n ROCK Bed ........cc.coiiiiiiiiiiiiiniiiiiectcee e 49
Figure 3-21 Pre-assembled steel frame for the mid to front wall ...........coooiiiiiiiiiinii e 52
Figure 3-22 Showing areas to be blasted in beige & GreeN ........ooiiiiiii i e 54
Figure 3-23 Cross-section 2 showing the rock to be blasted. ... 55
Figure 4-1 Proposed Location of TEMPOrary QUANTY .......cc.ueeeecieeeeiieeeeiiteeeeeeiteeesesreeeestreeeessseseesseessssssesesssssesennns 64
Figure 4-2 Rock extraction area from the south — the red line shows the approximate boundary. .................... 65
FIGUIE 4-3— QUAITY STAZE ONE .eeiiuiiiiiiiieee ettt ettt ettt e e ettt e e e e e e sbe e e e smb et e s aneeessareeesanbeeeseeeennneeesanseeeesnrenesanns 66
Figure 4-4 Quarry Stage 1 — ISOMELIIC VIBW ..ccoiuiiiiiiiiee it ettt e st e e s essnne e s e e snreeessaneeesanns 66
Figure 4-5 Quarry Stage 2 -Upper face progression towards the North. ........ccccocieeiiiiiiiiieinene e 67
Figure 4-6 — QUArry Stage 2 -ISOMETIIC VIEW. ..cccuuuiiiiiieeiiiiieeeiee ettt e s e s e e e e snreeeesaneeesenns 67
Figure 4-7 Quarry stage 3 showing the upper bench worked out, production continuing on the lower bench..68
Figure 4-8 Quarry Stage 3 - ISOMELIIC VIEW. ciiiiiiiiiiii e 68
Figure 4-9 Final extraction outline — iSOMELIiC VIEW. ...ccooeiiiiiiii et 69
Figure 4-10 Schematic Quarry processing diagram — set up for backfill production...........cccccceeiveiiiiiieeccieecnnen. 70
Figure 5-1: Current rock armour across the embankment around the Cove...........ccovviiieciiiiccciie s 75
Figure 5-2 Rock revetment in front of the western wall of Biscoe Wharf.........ccccvviieee v 76
Figure 5-3 Aerial View of cove from SoUth Of FUNWAY .........eiiieiiii i e e e e 76
Figure 5-4 Proposed Extent of Reconstruction of the Embankment.........ccccvvvreiiiiicee e 77
Figure 5-5 Typical X-Bloc Plus Armour ArrangemMENTt......c.c.eeivueeeieeiieentee ittt et esbee et st esbeesbee s sbeeesaeeenee 79
Figure 5-6 Cross section with revetment toe highlighted ..........ccooiiriiiii e 80
FigUIre 5-7 teMPOrary DUNG.........ooiiieee et e e e e ettt e e e e e e ee et b e e e e e e sean e e eeansasaeeeeaesennnraneeas 81



Figure 5-8 Cross SECtioN Of ProfiliNg .......cciiiiiiiiiic ettt e e rte e e s tte e e e tr e e e s e eatae e e abeeeesssaeeeanns 81

Figure 5-9 Cross SECION Of fIlLEI [QYEI ...ciii ettt e et e e s rbe e e e s ba e e e s e eataeesareeeeestaeeeanns 82
Figure 5-10 the red line denotes the position of the concrete armour as the final layer on the embankment. .83
Figure 5-11 Red line denotes are to be filled behind the X-blocks. ........cccceeiiiiieiciiii e 83
Figure 6-1 Coastal stabilisation anticipated fuel consumption ..........ccccceevveeneennne. Error! Bookmark not defined.
Figure 7-37-1 South Cove TemMPOrary JEELY .....co ittt sttt sttt s e e sar e saeeenee s 104
Figure 7-2 Location of Proposed Temporary SIipWay.....ccccccevveeveeenieeseessieeenneeennes Error! Bookmark not defined.
Figure 8-1 Rothera Wharf Construction Programme .........coooiiiiiieiiie ettt ettt e et eeaae e e e e eeareeean 108
Figure 9-1 Rothera Research Station buildings on Rothera Point, Adelaide Island. ............cccceeeeiiiiiiiiieeinnennn. 110
Figure 9-2 Aerial photographs of ROtNera POINt..........ccoiiiiiiciiie ettt e e erae e e s aree s 112
Figure 9-3 Buildings and other minor infrastructure (aerials, masts, radars, cairns, etc.) located on Rothera Point
2006, 1 uteeetee ettt et ettt e e e bt e te e s ae e bt e e sh e e e b et e bt e e be e e b e e e abe e e be e e At e e sabeen e eabeenhbeenhbe e bt e e nbeeebeesbeenree s 113
Figure 10-1 Areas of green vegetation detected on Rothera Point using NDVI methodology..........ccccceeuueee. 120
Figure 10-2. Small population of Antarctic Pearlwort C. quitensis.  Figure 10-3 Plant with previous year’s seed
TS T USRS 121
Figure 10-4 Location of Antarctic Hairgrass Deschampsia antarctica. Figure 10-5 Inflorescence...................... 121
Figure 10-6. Species densities at SOULh COVE .........ueiiiii it e e e ar e e e e e e e e anra e e raeeas 123
Figure 10-7 ROV transeCt I0CAtIONS ......ceeiiiiieeciiie ettt et e e tee e e et e e e e ate e e e ata e e e sataeeeaas sentaeeeenseaeesasenanan 124
Figure 10-8 Underwater photographs of benthic biodiversity at 5-10 mdepth ........ccccveeeiieeccciiiieee e, 125
Figure 10-9 Underwater photographs of benthic biodiversity at 10-20 m depth ........cccceeeeiieeeecciieeciee e, 125
Figure 10-10 Underwater photographs of benthic biodiversity at 20-30 m depth ........cceeecvveieiiiivceeeeeees 126
Figure 10-11 Underwater photographs of benthic biodiversity at 30-40 m depth........cceecvieieiiiivcee e 126
Figure 10-12 Underwater photographs of benthic biodiversity at 40-50 m depth ......c.cccovceeviiiieniiinieneee 127
Figure 10-13 Underwater photographs of benthic biodiversity at 50-60 m depth ..........cooceeviiiiieiiiiinieiieee 127
Figure 10-14 Underwater photographs of benthic biodiversity at 60-70 m depth .........cccccoeiieiiiiiiiieiccieeen, 128
Figure 10-15 Underwater photographs of benthic biodiversity at 70 - 100 m depth .........ccoceeeeiiiiiiiiiiiiien, 128
Figure 10-16 Distribution of skua nesting sites on Rothera Point, Adelaide Island between 2005 and 2016...132
Figure 10-17 Number of skua territories and fledged chicks at Rothera Point, 1999-2016............ccccvveeeurennne 133
Figure 10-18 Low lying area of Rothera Point where low densities of seals & penguins may be found commonly
............................................................................................................................................................................ 135
Figure 10-19 Krill predatory distribution and habitat prediction plot for Marguerite Bay based on data collected
during surveys undertaken in April to May (taken from Friedlaender et al., 2011).....ccccceevcveevreenieenieesreennen, 137
Figure 10-20 Observational data of whale species from Rothera Point (2010-14) .......ccceevevierieneenercieneene. 137

Figure 10-21 Map of the Antarctic Peninsula region showing the distribution of known non-native species.. 139
Figure 10-22 Monitoring location for the non-native springtail Hypogastrura viatica in the vicinity of Rothera

Point and islands of MargUEIITE Bay.........cccuieiiiiiieiiiiee ettt ettt e e et e e e atae e e e bae e e ebbee e e sentaeeennsaeeesasaeaaan 140
Figure 10-23 Mean monthly air temperature at Rothera Point, Adelaide Island (1977-2015) ........ccccceeeeuneenn. 141
Figure 10-24 Wind rose for Rothera Point, Adelaide ISIand ...........ccoooeiieeeciiie e e e 141
Figure 10-25 Bathymetry data for the area immediately adjacent to the existing Biscoe Wharf..................... 142
Figure 10-26 Magma mingling on ROthera POINt..........ccuieiiiiiii i e e e e e e s nreeean 144
Figure 10-27 The ice ramp that connects Rothera Point to the Wormald Ice Piedmont. .........ccccceevveerieennnene 145
Figure 10-28 Elevation of the Rothera ice ramp between 1989 and 2013........ccccceevieriieiiiienieeeriee e 146
Figure 10-29 Map of ASPA No. 129 Rothera Point, Adelaide ISland............cccvireeiiiiiiciiee e 148
Figure 10-30 Rothera MoNUMENTS INSITU ..eeiiiiieiiiiieee e e e e e e st e e e e e e strae e e e e eeseeaeeennnraeeeas 150
Figure 10-31 Memorial plaque for Stanley E Black, David Statham and Geoffrey Stride..........ccccceeeevveeeinneennn. 151
Figure 10-32 Memorial cross (left), with plaque underneath (right), for John H M Anderson and Robert Atkinson
............................................................................................................................................................................ 151

Figure 10-33 Memorial cairn, with plaque, for Kirsty M Brown insitu (left), and prior to deployment (right) .. 152
Figure 10-34 Memorial plaque from three angles, for N J Armstrong (Canada), D N Fredlund (Canada), J C

Armstrong (Canada) and E P Odegard (NOIWAY) ....ccccueeeieeiiieeeiieiieesteesiteesteeestaessseesseessseesseessseesasessssssssssessnses 152
Figure 10-35 The British Antarctic Sledge DOg PlagqUe. .......coouiiriiiriieiieeee ettt 152
Figure 10-36 View from Rothera Point across Marguerite Bay to Leonie Island, and the Princess Royal Range
0721 Zo] Vo I U UUUT 153



Figure 10-37 Prevalence of fast ice and ice scour at South Cove, Rothera Point. Fast-ice duration (top), the

number of experimental markers hit by icebergs (Dottom). .......coocciiiiiiiiie e 155
LIST OF TABLES

LI Lo [ R A oY [ Tot AV T Q) = = =TSSR
Table 3-2 Blast PaAramEters....coucuii ettt ettt st ste e st e st e e s te e bt e e bt e s bt e s bt e e bt e s sebtesbeeenaee s baeebeesares
Table 3-3 EXCAVATION WaASTE...couiiiiiiiiiieieet ettt sttt ettt e sa e e bt e e bt e e s bt e es satesbaeenbeesbaesnbeesares
Table 3-4 CONSTIUCTION WASTE ....viiiiiiiii ittt ettt e ettt e s te e e st e e e s e te e e eaaeeeessteeeeasseeesans saneeeeensseeeensteeesnnnees
Table 3-5 DEMOIITION WaASTE ..ciiiiiiiieiiie ettt e et e e st e e e te e e seaaeeeessteeeesnseeasen senseeeeensaeeesnnteeesnnnnes
Table 4-1 ROCK Fill REQUIFEMENTS .......uviiiiei ettt e e ettt e e e e e e st r e e e e e e e abaaeeeeeeesanstaasbaaeeaeeeseansnsaeaaaaeann
Table 4-2 Summary of total extraction

Table 4-3 Quantities anticipated for @XPIOSIVES: .........coiuiiiieiiee et e et e e et e e et e e e tae e eenneas 71
Table 4-4 EQUIPMENT & VENICIES....ccc ittt et e st e e e tte e e tte e e e tte e e e stae e s asasaaeeenbbeeeestaeeennsens 73
Table 5-1 Coastal Stabilisation Construction Materials.........cccociiirieiiiiiiieni e e 84
Table 9-1 Chronology Of Construction On Rothera POiNt .........ccccuiiiiiiiei e e e e 111
Table 9-2 Bulk MGO storage at ROTNEIa......ccccuiii ittt e e e e st e e e snre e e s e esnneeeesssaeeennes 117
Table 9-3 AVTUR StOrage at ROTNEIa ....co.ciiiiiiii ettt sttt st s bt sne e st e sane e e 117
Table 9-4 Other fuel Storage at ROTNEIa........ui ittt st e e 117
Table 10-1 Abundant benthic species found at different depths in the vicinity of the wharf........................... 129
TADIE 10-2 TidE TABIE ettt e st e e sttt e e s b bt e e sabteesabeeesaabe sbbeeesstaeesneaeessbaeennnns 142
Table 11-1 Predicted pressure peak pressure pulse for underwater blasting............ccccoeeeiieeiiiieiiiiee e 164
Table 11-2Temporary and Permanenet HEaring RANGES.........uviiiciieiiiiiieeciieeceiee e ectee e e tee e eeaae e e sraeeeetreeaaeenns 165
Table 11-3 Calculations relating to blasting adjacent t0 Water..........occuiieieiiii i 168
Table 11-4 Indicative Blast Vibration PrediCtion ...........ooiiiieniiiciieeececesee ettt e 171
Table 11-5 Calculations relating to blasting adjacent to Water ..........ccveeeecieeieciie e 177
Table 12-1 IMPact ASSESSMENT CrITEIIA «o.vieiieirieeiieete ettt sttt ettt et e st e e bt e e saee s bt eesaneesareesanee e 184
Table 12-2 Risk SCOre & DeSCIHPLION ....eiiiiiiiiieitie ettt ettt sttt e st esbee s e sabeesaneesaneesaneenns 185
Table 14-1 Future Work Stages for Rothera Modernisation ...........cccoouiieieiiiieieiiie ettt ee e 196



10



Non-Technical Summary

This final Comprehensive Environmental Evaluation (CEE) has been prepared by the British Antarctic
Survey (BAS) to assess the potential environmental impacts associated with two related projects at
Rothera Research Station; the reconstruction of Rothera Wharf and associated coastal stabilisation
works. Over the next ten years the combined Antarctic Infrastructure Modernisation Programme
(AIMP) represent the largest UK Government investment in polar science since the 1980s and will
enable BAS to continue to deliver world leading science capability in the Polar Regions. Rothera Wharf
reconstruction and the coastal stabilisation are the first activities at Rothera included in the AIMP
projects. BAS have appointed the civil engineering company BAM as their Construction Partner to
deliver this project.

This CEE has been prepared in accordance with Article 8 and Annex | to the Protocol on Environmental
Protection to the Antarctic Treaty (1991).

e 2 ! ] 5

Fig 1. Map showing location of Rothera Research Station

The existing wharf at Rothera Research Station, referred to as the Biscoe Wharf is 25 years old and is
now beyond economic repair. In addition the Natural Environment Research Council (NERC) have
commissioned the construction of a new ship the Sir David Attenborough (SDA) which as a much larger
research vessel than the current BAS ships, requires a new deeper and longer wharf, to be built at
Rothera. The water depth at the existing Biscoe Wharf is too shallow for the SDA to berth alongside
and it is not long enough to offload people and cargo safely. The proposed solution is to dismantle
and replace the existing wharf with a new larger wharf built in the same location. The design of the
new structure is similar to the existing 60m long wharf design but will have a berthing length of 76m
and extend further out to provide greater water depth. The preferred option will be constructed over
two Antarctic summer seasons 2018-2020. Demolition of the existing wharf and partial build of the
new wharf will occur in the first season and completion of the construction will take place in the
second season.
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Fig 2. Aerial view of Rothera Research Station & Biscoe Wharf at Rothera Point

The ‘do nothing” and the ‘do minimum” options were evaluated but would not enable safe and
efficient berthing and mooring of the SDA so were rejected. A number of alternative designs were
evaluated but were not considered viable due to cost, logistics, safety or environmental constraints.

In order to provide the rock fill required for the Rothera Wharf reconstruction and the coastal
stabilisation works, it is proposed to quarry rock from Rothera Point. The intended site which is
approximately 6000 m?, is within the current overall footprint of the station operations, directly
adjacent to the current Biscoe Wharf. In order to produce the necessary rock fill, it is anticipated that
a gross quantity of approximately 65,000 — 80,000 tonnes (24,000-30,000 m3) of in-situ rock will be
sourced.

In order to source the rock the following activities will have to be undertaken:
e drilling and blasting;
e Jloading and hauling rock; and
e processing, crushing and screening.

Sourcing the rock fill from alternative locations at Rothera Point and outside of Antarctica was
considered. Other locations to source rock locally were discounted on environmental grounds
because they were outside of the current operational footprint and in a more sensitive location or too
close to station buildings. Sourcing rock fill from outside of Antarctica was rejected as an option owing
to the high risk of accidentally importing non-native species.

In association with the construction works for the wharf, it is proposed to reinforce an area of shore
protection. The location of these works is a small man-made cove situated between the runway at
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Rothera and the current Biscoe Wharf. The rock embankment which is built up around the cove,
provides shore protection to both the aforementioned structures. It is predicted that due to the new
wharf design, which will protrude further into the sea than the current one, that there is a small risk
that the wave and ice effects within the cove will be amplified. Any subsequent damage to the existing
cove embankment could impact the safe operation of either the Rothera Runway or the wharf. It
could also impede the main sea water intake location in the cove that is used to supply all drinking
water at Rothera. As aresult of a qualitative assessment (completed since the submission of the Draft
CEE), which analysed the anticipated impact of the wharf on wave energy and subsequent erosion in
the cove, the anticipated works are now smaller in scale. Itis anticipated that the proposed works will
require a gross quantity of approximately 1,600 tonnes, (800m?) of in-situ rock also to be sourced from
Rothera Point.

The ‘do nothing’ and ‘do minimum’ options were considered but discounted because neither option
will maintain the performance of the shore protection for a further 25 years. The preferred option
was chosen because it was considered to provide optimal protection with minimal maintenance.

The anticipated volume of cargo required for the construction works will require the use of a
commercial charter vessel at the start of the construction programme. Dependent on the future
programming of BAS ships, it will be necessary to charter a vessel for demobilisation at the end of
project. Construction personnel will be deployed to Rothera using existing BAS logistics. All personnel
will be housed in either the existing permanent accommodation at Rothera or within temporary
accommodation units proposed to be installed in the 2017-2018 season.

Power generation for all construction activities will be provided independently to normal BAS
operations. Other site services such as water, power and sewerage required for domestic use by
construction staff will be provided by existing BAS services.

A temporary jetty is proposed to be constructed in order to continue the normal BAS small boating
operations, during the reconstruction of the wharf. The jetty will also be used during resupply of the
station by the BAS ship’s tender vessel whilst the wharf is unavailable for use. This will be located in
South Cove.

Rothera Research Station has been used operationally on a continuous basis since 1975. The station
was initially planned and constructed in phases, after which other infrastructure was added as
operational requirements changed. The works proposed in this CEE are predominantly within the
current operational footprint and previously developed areas of the site.

Levels of biodiversity at Rothera Point are not high compared to other equivalent areas in Antarctica.
However, it does contain some examples of Antarctic fellfield environment, which is reasonably rare
in the wider area. This is typically a dry, cold terrestrial habitat prone to rapid freezing and thawing,
that experiences seasonal snow cover and long hours of daylight in summer and to which organisms
have adapted in order to survive the extreme conditions. In contrast, the near shore marine
environment is considerably more species diverse and the subject of most biological research in the
area. South polar skuas are the most abundant breeding birds at Rothera with occasional pairs of kelp
gulls nesting and one Wilson's storm petrel nest has been found. Adélie Penguins are regular visitors
but do not breed at Rothera. Although no seals breed at Rothera, Weddell and leopard seals are
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present all year round. Crabeater, elephant and fur seals are also present during the summer months.
Minke, humpback and killer whales are seen in Ryder Bay each summer.

Antarctic Specially Protected Area (ASPA) 129 is located on the northern end of Rothera Point, which
was designated to protect scientific values, and to serve as a control site, against which the effects of
human impact associated with the adjacent Rothera Research Station could be monitored in an
Antarctic fellfield ecosystem. It is more than 500 metres away from the propose construction activity.

No non-native plants or invertebrates are known to be present at Rothera Point or in the adjacent
marine environment.

A full assessment of the potential environmental impacts is included within this CEE. Most of the
predicted impacts will be minimised by implementing existing BAS procedures or with the addition of
specific mitigation and monitoring. The most significant potential impacts predicted are:

e Introduction of non-native species

e Terrestrial or marine pollution from fuel spills

e Removal of rock resulting in a change in the aesthetics of Rothera Point
e Loss of ice free ground for terrestrial habitat

e Disturbance to marine mammals by underwater noise

e Loss of marine benthic habitat

The introduction of non-native species as a result of importing cargo or the deployment of personnel
could have a significant impact in the longer term, but these impacts are less likely because normal
biosecurity procedures will be followed.

The most significant potential impact is the permanent removal of rock for use in the wharf
construction. This will potentially alter the aesthetic value for Rothera Point and reduce the available
ice free terrestrial habitat. The decision to quarry rock locally was influenced by the need to reduce
the risks associated with the importation of large quantities of aggregate which have the potential to
introduce non-native species.

The probability of impacts associated with fuel spills occurring will also be reduced by compliance with
standard operating procedures with during refuelling. In the unlikely event of a spill, oil spill
contingency plans are in place and will be followed to minimise the severity of impacts.

Disturbance or harm to marine mammals from changes in underwater noise could result in avoidance
behaviour or hearing damage however, the robust mitigation measures outlined will be adhered to,
to ensure that the risk of this occurring is minimised and where possible avoided.

The extension of the wharf will result in a small reduction in the local marine benthic habitat within
the footprint of the new wharf. A further impact to the surrounding benthic communities could occur
from disturbance through underwater construction activity. The wharf design has sought to reduce
the amount of sea bed preparation required and therefore the extent of this potential impact.
Additionally a long term monitoring programme is already underway in order to verify the predicted
impacts.
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The Rothera Wharf reconstruction and coastal stabilisation works, are essential activities for BAS to
be able to fully utilise the new BAS ship, the SDA. The project has been designed to take account of
environmental and social impacts which will be evidenced through the CEEQUAL assessment; this is a
sustainability evaluation for infrastructure projects and undertaken by an independent verifier. The
proposed plans largely avoid areas of ecological sensitivity and will predominantly occur in previously
disturbed and developed locations at Rothera.

A monitoring plan has been produced which defines the monitoring activities to be undertaken during
the project. The monitoring tasks are split into two types of activities;

a) Short term monitoring of activities which could result in an immediate impact on the
environment and can be modified during the construction programme to avoid adverse
effects including:

e Neutralisation of cement contaminated water

e Sediment levels in seawater (turbidity)

o Wildlife displacement

e Noise from quarrying and construction activities

e Vibration from quarrying and construction activities
e Marine noise from construction activities

e Airborne dust

b) Long term monitoring of activities which could result in impacts that can only be measured
over several Antarctic seasons. Such activities are unlikely to be modified during the
construction period. This will include monitoring of the following activities:

e Skua breeding success on Rothera Point
e Marine benthic invertebrate communities

The information provided for the Draft CEE for Rothera Wharf was based on the ‘65% design details’
available at the time of writing. There have been no significant departures from the 65% design to
date Minor changes to the design have been incorporated into this document .Impacts associated
with any minor changes to the design have been evaluated and included in this final version of the
CEE.

Since the submission of the Draft CEE the amount of rock required for the wharf has decreased
significantly from 140,000 - 155,000 tonnes (52,000-27,400m3) to 65,000 — 80,000 tonnes (24,000-
30,000 m3).

The final solution for coastal stabilisation works, will be confirmed after further investigations on site
have been completed which is likely to be in April 2019. An EIA update will be provided if the final
solution differs to proposed option presented in this CEE.

The Rothera Modernisation project is a future programme funded by NERC, which aims to upgrade
the station infrastructure at Rothera over a 5-10 year period. It is anticipated that an EIA will be
prepared for the works once further design detail is completed in 2019. The EIA will assess the
cumulative impacts associated with works included in this assessment and any other known future
developments.
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Having prepared a full CEE and presented rigorous mitigation measures to reduce the risk of these
impacts occurring, it is considered that some activities within the project will have a greater than
minor or transitory impact. This level of impact is considered acceptable considering the significant
scientific and operational advantage that will be gained as a result of the projects.

This CEE has been prepared by Clare Fothergill of the BAS Environment Office. The baseline section
was written by Kevin A. Hughes with input from a number of expert contributors listed in the
acknowledgements section. Construction specific mitigation measures, biosecurity procedures, spill
response and waste management procedures were written in conjunction with Neil Goulding of BAM.

Further information or copies of this CEE can be obtained from:

Clare Fothergill

BAS Environment Office
British Antarctic Survey
High Cross, Madingley Road
Cambridge

CB3 OET

United Kingdom

Email: clathe@bas.ac.uk
Tel: 00 44 1233 221 239
www.antarctica.ac.uk
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1. INTRODUCTION

This final Comprehensive Environmental Evaluation (CEE) has been prepared by the British Antarctic
Survey (BAS) to assess the potential environmental impacts associated with the proposed Rothera
Wharf reconstruction and coastal stabilisation works. The proposed activities are part of the Natural
Environment Research Council’s (NERC) plans to modernise Rothera as the UK’s gateway to Antarctica
and to support the new polar research vessel, the Royal Research Ship Sir David Attenborough (SDA)
currently being built and funded by the UK Government department Business, Energy and Industrial
Strategy (BEIS).

1.1.Background to Development

Over the next ten years the combined Antarctic Infrastructure Modernisation Programme (AIMP)
represent the largest UK Government investment in polar science since the 1980s and will enable BAS
to continue to deliver world leading science capability in the Polar Regions. Rothera Wharf
reconstruction and the coastal stabilisation are the first activities at Rothera included in the AIMP
projects. BAS have appointed the engineering consultancy Ramboll as the Technical Advisors for the
duration of the AIMP projects. BAM have been contracted as the Construction Partner, who in turn
are partnered with design consultants Sweco UK.

1.2.0verview of Proposed Development
1.2.1.Rothera Wharf

NERC have commissioned the construction of the SDA, to replace the two existing British polar
ships, the RRS Ernest Shackleton and the RRS James Clark Ross. Operated by BAS, it is anticipated
that the SDA will be ready for use in the 2019/20 season. As a much larger research vessel than
the current ships, the SDA will have an impact on the requirements for marine infrastructure and
cargo storage at all the BAS research stations in Antarctica and South Georgia.

The SDA will require a greater depth of water at the quay side for safe operations than is currently
available. The mooring and berthing forces on the existing Biscoe Wharf from the SDA will also
be much higher than the existing ships and therefore the structural elements of the wharf will
need to be more substantial. This means that the current wharf will have to be demolished and a
new structure built that is fit for purpose.

1.2.2.Sourcing Local Rock

In order to provide the rock fill required for the Rothera Wharf reconstruction and the coastal
stabilisation works, it is proposed to quarry rock from Rothera Point. The intended site which is
approximately 6000 m?, is within the current overall footprint of the station operations, directly
adjacent to the current Biscoe Wharf. In order to produce the necessary rock fill, it is anticipated that
a gross quantity of approximately 65,000 — 80,000 tonnes (24,000-30,000 m3) of in-situ rock will be
sourced. Due to refinements in the design of the wharf the quantity of insitu rocks required has
decreased from the original anticipated amount of 140,000 - 155,000 tonnes (52,000-27,400m?3).

1.2.3.Coastal Stabilisation

The proposed location for the stabilisation works is small man-made inlet which is located
strategically between the runway at Rothera and the edge of the existing Biscoe Wharf.
Stabilisation works may be required to ensure that it remains resilient to wave action and sea ice
for the next 25 years.
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1.3.Purpose and Scope of Document

This CEE has been prepared in accordance with the requirements of Article 3 of Annex | to the
Environmental Protocol to provide sufficient information on the Rothera Wharf reconstruction and
associated coastal stabilisation works for an informed judgement to be made on the possible
environmental impact of these activities on the Antarctic environment and whether or not they should
proceed. The scope of this document covers the works associated with the Rothera Wharf
reconstruction and coastal stabilisation only. Other development works which may be undertaken at
Rothera in the future but have yet to be fully scoped, designed or funded are not included in this
assessment. Such future initiatives have however been outlined in Section 14: Gaps in Knowledge and
Uncertainties. The document has been split into the following sections;

e Section 1 provides an introduction to the proposed project

e Section 2 provides the approach to the environmental impact assessment

e Sections 3-5 describe the split of the proposed development into three work packages, namely;
the Rothera Wharf reconstruction, sourcing local rock and coastal stabilisation. Detail is included
here on the need, scope, location, design plans and construction schedules.

e Section 6 outlines the standard operational procedures that will be followed

e Section 7 provides a description of the support activities that will be required to complete the
works on station

e Section 8 outlines the overall construction programme and works schedules

e Section 9 provides a description of the current site and existing operations

e Section 10 outlines the current baseline environment conditions

e Section 11 identifies the potential environmental impacts and proposed mitigation

e Section 12 presents the impact assessment

e Section 13 presents the proposed monitoring and audit programme

e Section 14 provides information on any known gaps in knowledge or uncertainties

e Section 15 sets out the conclusions of the assessment

e Section 16 provides contact details for the authors of the document

e Section 17 acknowledges the contributors to the document

e Section 18 provides the references

e Section 19 provides the bibliography

e Section 20 provides the appendices
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A non-technical summary has been included at the beginning of the document to provide an overview
of the CEE in a clear, concise and non-technical manner as well as outlining the conclusions achieved.

2. APPROACH TO ENVIRONMENTAL IMPACT ASSESSMENT

2.1.Statutory Requirements

To ensure the protection of the Antarctic environment, the Antarctic Treaty nations adopted the
Protocol on Environmental Protection to the Antarctic Treaty in 1991 (hereafter referred to as the
Environmental Protocol). The UK enforces the provisions of the Environmental Protocol through the
'Antarctic Act 1994 and Antarctic Act 2013' and 'Antarctic Regulations 1995/490 (as amended).

Article 8 to the Environmental Protocol requires that any activities in the Antarctica Treaty area shall
be subject to an assessment, in accordance with the procedures set out in Annex | to the
Environmental Protocol, Environmental Impact Assessment (EIA).

One of the guiding principles is that an EIA be carried out before any activity is allowed to proceed.
Activities should be planned and conducted on the basis of ‘information sufficient to allow prior
assessments of, and informed judgements about, their possible impacts on the Antarctic environment'
(Article 3, Environmental Protocol).

Annex | to the Environmental Protocol sets out the detailed requirements for EIA in Antarctica, and
establishes a three-stage procedure based on different levels of predicted impact.

The assessment levels are:
e Preliminary Stage;
e Initial Environmental Evaluation (IEE); and
e Comprehensive Environmental Evaluation (CEE).

If an activity is determined as having less than a minor or transitory impact, the activity may proceed.
An IEE must be prepared if it is determined that an activity will have an impact equal to or no more
than minor or transitory. A CEE is for activities that are likely to have more than a minor or transitory
impact on the Antarctic environment.

Following the EIA process as outlined in Annex | and in agreement with the UK Foreign and
Commonwealth Office, BAS concluded that a CEE is the appropriate level of assessment for the
Rothera Wharf reconstruction & coastal stabilisation works.

It is acknowledged that EIA best practice is to take a holistic approach for multiple developments
proposed at one particular site, over a number of years, in order to account for cumulative impacts.
However due to a lack of detailed design available for other AIMP projects proposed for Rothera at
the time of writing this CEE, it was considered appropriate to provide that information in a future EIA.

Cumulative impacts have been addressed where possible within this assessment. The activities in this
assessment will also be assessed cumulatively in any future EIA submission for the overarching AIMP
at Rothera.

This draft CEE is publicly available on the BAS website and has been circulated to the Antarctic Treaty

Consultative Parties (ATCP) for comment for 90 days and has been submitted to the Committee for
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Environmental Protection at least 120 days prior to the Antarctic Treaty Consultative Meeting (XLI
ATCM) in 2018.
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2.2. EIA Methodology

The approach taken when compiling this EIA followed the Environmental Impact Assessment
Guidelines (ATS, 2016) prepared by the Committee for Environmental Protection (CEP). The guidelines
provide advice and recommendations on appropriate document structure as well as methodologies
for identifying and evaluating impacts. These suggestions have been followed wherever possible.

Other previously published CEEs and IEEs have been used as sources of information on the potential
environmental impacts of activities within Antarctica, including how these have been assessed and
how mitigation measures have been identified.

The purpose and need for the activities and a description of the principal characteristics of the Rothera
Wharf reconstruction and coastal stabilisation works have been provided in an attempt to define the
project (Sections 3-5). Design and construction details have been provided by the Construction
Partner BAM and the Technical Advisor, Ramboll.

Baseline information on the current environmental state at Rothera has been included in order to
evaluate the predicted impacts effectively. This information was largely sourced from scientific
experts within BAS.

In order to forecast the potential impacts the construction activities have been divided into four main
categories namely general construction; Rothera wharf; quarry, drilling and blasting; and coastal
stabilisation. Individual construction activities were then considered in the context of the effect they
could have on a relevant environmental resource. Factors considered included temporal and seasonal
variations (of both the activities and the sensitivity of the environment), exposure rates, repetition of
occurrence, and how multiple effects on a single resource could occur. The detailed information on
the construction activities was obtained from the Construction Partner and expert advice from BAS
scientists was sought to understand the potential cause and effect relationships.

Section 11 presents the impacts that have been identified. Where negative impacts are predicted,
measures to mitigate or to prevent those impacts are identified and discussed. The impacts of support
activities have been included in the Impacts of General Construction Activity in Section 11.1.Social
impacts have been considered with regard to the potential impacts to the continuation of science on
station during construction, on users of buildings in close proximity to the construction site and with
regard to local heritage. Further consideration of these are included in the final section of Appendix
B: Quarrying, Drilling and Blasting Management Plan.

As suggested by the CEP’s EIA guidelines, and successfully used in previous ElAs, a matrix format has
been used to present the impacts assessment. This method enables the impacts identified to be
presented concisely along with the correlating assessment, suggested mitigation and risk score (pre
and post mitigation).

The impacts have been predicted on the basis of professional opinion and experience of individual
BAS scientists and the BAS Environment Office. Noise specialists Aquatera (and sub consultants
Subacoustech) have provided the underwater noise assessment for blasting and rock breaking.

Direct, indirect, cumulative and unavoidable impacts have been examined and are ranked according
to their extent, duration, probability and significance. A risk rating has been applied to each impact
before and after mitigation. A more detailed explanation of the methodology used is outlined in
Section 12 Impact Assessment.
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A monitoring and audit plan has been developed to ensure that early warning of adverse effects can
be identified quickly and modifications of activities can be made should they be necessary.

An overarching conclusion of the EIA process has been presented in Section 15.

2.3.CEEQUAL

CEEQUAL is the international evidence-based sustainability assessment, rating and awards scheme
for civil engineering, infrastructure, landscaping and works in public spaces. It is a voluntary scheme
which supports the UK Government approach on assessing, benchmarking and rating the
sustainability performance of projects. The scheme rewards project and contract teams in which
clients, designers and contractors go beyond the legal, environmental and social minima to achieve
distinctive environmental, economic and social performance in their work.

All CEEQUAL Project or Contract Awards are based on a self-assessment carried out by a trained
CEEQUAL Assessor that is then externally and independently verified by a CEEQUAL-appointed
Verifier. The scheme uses a points-scoring-based assessment, which is applicable to any civil
engineering project. The scheme is made up of 200 questions relating to environmental and social
aspects of an infrastructure development such as the use of water, energy and land, impacts on
ecology, landscape, neighbours, archaeology, as well as waste minimisation and management, and
community relations and amenity. Individual questions deemed irrelevant to the project or contract
can be scoped-out during the Scoping Process, following the discussion and agreement between
Assessor and Verifier. Assessors then use a rigorous self-assessment process, collecting supporting
documentary evidence for questions relevant to their project or contract, and scoring them
accordingly. An Online Assessment Tool is used to capture the scores and evidence commentary.
Upon completion of the assessment, the performance score is ratified by CEEQUAL, and the project
or contract team is granted an Award.

There are several different CEEQUAL Award levels that a project can achieve, depending on the
percentage number of points scored against the scoped-out question set.

These are:

e more than 25% - Pass

e more than 40% - Good

e more than 60% - Very Good
e more than 75% - Excellent

The Rothera Wharf and Coastal Stabilisation project is currently progressing through the process of
gaining a CEEQUAL award. A CEEQUAL Whole Project Award has been applied for, meaning that the
entire scope of the project from conception through to construction is subject to assessment and
all parts of the team are working together to progress the award. The project has already been
subject to CEEQUAL scoping. This is the process which helps select the questions that are relevant
to the project and makes the assessment bespoke. The evidence collection phase continues until
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the construction activities end. At this point the project assessment will be verified by CEEQUAL
and the award given. This CEE will provide evidence for a number of key environmental
considerations relevant to the assessment.
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3. DESCRIPTION OF PROPOSED DEVELOPMENT 1 — Rothera Wharf
3.1.Purpose and Need

BAS are proposing to redevelop and extend the existing wharf at Rothera Research Station (hereafter
referred to as Rothera) to be able to accommodate the new RRS Sir David Attenborough (SDA) and
other vessels. The existing wharf at Rothera is known as Biscoe Wharf and was designed and
constructed in 1990/91 by Pelly Construction.

The provision of the Biscoe Wharf greatly reduced the amount of time it previously took to resupply
Rothera. This is due to the ability to offload bulk cargo and shipping containers from the BAS ships
directly onto the wharf. The wharf at Rothera is now vital to BAS operations in Antarctica. The current
BAS ships, the RRS James Clark Ross (JCR) and the RRS Ernest Shackleton (ES), bring passengers and
essential supplies including food, fuel, scientific equipment, vehicles, building supplies and personal
possessions to Rothera at least twice each austral summer. It is anticipated that the SDA (128m long)
will replace the ES (80m long) in 2019 and the JCR (99m long) the following season. The SDA requires
a minimum seabed level of -9 mCD (metres chart datum) to accommodate the draught of the ship and
an additional allowance for the thrusters and motion under cargo handling. The water depth at the
existing Biscoe Wharf is too shallow for the SDA to berth alongside. The existing berth (60 m long) also
does not meet the British Standard BS6349: Maritime Structures recommendations, for the length of
berth needed by the SDA. A new deeper, longer berth is therefore needed to enable safe and efficient
berthing and mooring of the SDA, as well as safe and efficient transfer of personnel and cargo.

3.2.Location

T

-, Fd _|' () i\ o

Figure 3-1 Location of Rothera Research Station — Antarctic Peninsula

The location of the proposed wharf is at Rothera which is located on the Antarctic Peninsula Lat.
67°35'8"S, Long. 68°7'59"W.
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Figure 3-2 Aerial view of Rothera

3.3.Design details & scope of preferred option

The Biscoe Wharf was built as a sheet piled structure with upper and lower ties and is filled with stone
material, which was locally quarried. The western return wall of the wharf was reconstructed following
overload by an iceberg, and the eastern wall was extended as a precaution against erosion of the
riprap revetment on that side. A repair was carried out to the western corner of the wharf in February
2016, following damage to the corner sheet pile, which split due to iceberg loading.

The proposed design solution (referred to as Option H) is to dismantle and replace the existing wharf
with a new longer wharf, in deeper water, in the same location. The existing wharf will need to be
dismantled, with the majority of existing elements fully removed, to allow the new larger structure to
be built in the same location. The design of the new structure is similar to the original wharf design
and consists of an outer sheet piled wall retained by a tubular pile mid wall and a sheet piled anchor
wall. The new wharf will have a berthing length of 76m; the western side wall (nearest to the runway)
will be 50m long and the eastern side wall will be 37.5m. The top of the wharf will be at +4.9mCD and
the seabed, at the deepest point, will be at -11.5mCD. This option meets the recommendations of the
British Standard BS6349: Maritime Structures.

The layout of the preferred option is shown in Figure 3-3.
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Figure 3-3 Rothera Wharf Preferred Layout - Option H

The alighment of the wharf has been optimised with respect to the contours of the seabed.
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Figure 3-4 Rothera Wharf Preferred Layout — Elevation of side walls

Figure 3-4 and Figure 3-5 show the elevation of the side and front walls, illustrating the seabed profile, which falls away steeply at the eastern end.
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Figure 3-5 Rothera Wharf Preferred Layout - Elevation of front wall

Steel frames will be used to anchor the front wall to the mid wall and from the mid wall to the rear anchor wall, as shown in Figure 3-6. The frames will also
be used as a temporary works platform to allow the anchored rock foundations for the front and mid walls to be drilled and installed. The frames will not
require any tie rods to support the walls and they will be backfilled with rock quarried locally in the vicinity of the wharf site.
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The wharf is proposed to be formed from prefabricated steel frames, which will be installed by 300T
crawler crane and hydraulically jacked to the correct level. The Option H Method Statement (2017)
outlined in Section 3.5 describes the methods that will be utilised to safely undertake the dismantling
and construction activities, while minimising risks to personnel and the surrounding environment. The
rendered image of the preferred option in Figure 3-7 shows the SDA alongside the new wharf,
including the position of the runway and ice cliffs. Figure 3-8 shows the area where rock extraction
will be required.

where  rock ﬂ
removal is required.

Figure 3-8 Rendered Image — Eastern Wall. Area where rock extraction will be required.
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3.4.Alternatives Considered

The overall pro