Environmental Impact Assessment

NFE SOUTH HOLDINGS LIMITED LNG
TERMINAL AND PIPELINE PROJECT,

OLD HARBOUR, ST. CATHERINE

Report Version: Final Draft
Date: September 2016

Submitted by: GL=

ENVIRONMENTAL
rrrrrrrrrrrrrrrrrrr

Submitted to: NATIONAL ENVIRONMENT & PLANNING AGENCY




ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE i
PROJECT, OLD HARBOUR, ST. CATHERINE

ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY
MARINE TERMINAL AND PIPELINE PROJECT, OLD HARBOUR, ST. CATHERINE

Submitted to:
NATIONAL ENVIRONMENT & PLANNING AGENCY
10 and 11 Caledonia Avenue
Kingston 5

Submitted by:
CL ENVIRONMENTAL
20 Windsor Avenue
Kingston 5

September 2016

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE ii
PROJECT, OLD HARBOUR, ST. CATHERINE

TABLE OF CONTENTS ....ciiiiueceennssisssssssssssssnsssssssssssssssssnssssssssssssssssnnsssesssssssssnnnnnnnsssssssssnnnnnnnnnnnns !
LIST OF FIGURES. ... oceceiceccccmnrseeessssssmcmes s s s e sssssssnmmssss s s eesasssssnmmmssssseesssssnnnnmnnssseeennsssnnnnnnns Vil
LIST OF TABLES.....cceiiiiiiiiiiisssssssnnnnssssssssssssssss s sssssssssssssssssssesssssssssssnsnsnsessssssssnnnnnnsnnesssssssnnnnnns XV
Y IO o Y s XXI
LIST OF APPENDICES ......coiisssnmeennnimsssssssssnsssssnmmssssssssssssnssssesssssssssnsnnssssessssssssnnsnnnsnsessssssssnnnnns XXII
LIST OF ACRONYMS ... ecccmmrireesssssnncceensseesssssssmmmmns s s s eesasssssnnmmmnssseessssssnnnmmnsnseeesssssnnnnnnns XXIlI
1.0 EXECUTIVE SUMMARY ....coiiiiiiisssssnmmsnnmmmmsssssssssssssssssssssssssssssssssssssssssssnnnsnssssssssssssnnnnnnnnnnns 1
2.0  INTRODUCTION....cciiiiieeessissnnmmmensseesasssssnnmmmnnsseeeassssssnmmmsssseesssssssnnmmsnssseesssssssnnmnnnnseeessssnn 29
5728 IR = 7= Yo 1€ (o 11T o o SRR 29
2.2  Liguefied Natural Gas (LNG) ......ccccccerescmerrrrrssssssssmmmmeresssssssssmmesssesssssssssnmssssesssssssssnmsssnsssssssssnnnns 29
2.3 PrOJECt OVEIVIEW ....cceviiicccrrecmeeerrirssssssnmseeseeeessssssmsseeseeeaassssmnsseseesasssssnmmsseseeessssssnnnsseneesenssssnnnns 29
2.4  Justification of the Study Area BOUNAAIY .......ccceecceeerrrrrrrrrsnmmeeereresssssssmssseseeessssssssssssssesssssssnnnes 30
3.0 COMPREHENSIVE DESCRIPTION OF THE PROPOSED PROJECT .......cceeeeiemmcceenreeeennnnns 31
3.1  Project Concept and DESCIIPLION ....ccccceveeemeeerrrrrrrsrrsnmsrerrrressssssmsseerreesssssssmmseeseeessssssnnmnseseeeenssss 31
G 0t 0 O I 1= 30 = 0T o T = o | 31
3.1.2  Project LOCation @Nd SITING ....ceeeiieieieeiieeeee ettt e e s e s e s s e s ne e s ne e sneesneeenneenane 31
3.1.3 RatioNale @nd ODJECHIVES. ...cuiiceieiectiee ettt et e e e s s e s e e s s se e e e e sse e s e esneeeseseeeeesnseesennnnes 32
3.2  Project Infrastructure, Effluent and EMISSIONS .......ccuiiiiiiiiiiiiiiiiieseseesssessssssesssssssssssssssssssssssssees 35
3.2.1 Off Shore Berth and Regasification Platform ... 35
3.2.2 Natural Gas (NG) PIPEIINE .eeeeiieeieeee ettt s e e e s s e s e e e e e s e e s s sn e e e e e s s e sennseeeeeeseesnnnsneneessenanen 43
3.2.3  ON-S0Ore MeteriNg FACIHITY ...ueieeueiiierrieiiiessee st s e st s see st s e e s b e s ae e b e sne e s ase e sneesbeesneenane 44
3.2.4 Automotive Diesel Qil (ADO) FACITIES ..uuueeirveeereiiieieeteeesceeessssee s e cere e s ssse e e s ssee e s e snee e s s se e e s s ssseesessneeas 45
3.3 Associated Facilities and Environmental ISSUES........ccceeircierircsmerrnssme e sesemse s ssmme s eennes 49
0 T T N oo 1T gl €= o= =1 o o 49
G TR 0 I 1T RSP 49
G TR oG T o 7= o] [TV (T RSP 49
G T B A o Y oA = (= g == L =0 R 49
G 0 T o T o T o A= =3 = 50
G R TN G T N\ T T[T ST PPR 50
G T T A () ¢ '8 1T | = 51
IC T0C 70 S T O =1 To T =X €0 Y=Y T I 00 o o ) 51
3.3.9  Plant Control PRIlOSOPNY ...eceieieieiiieeeetee ettt e s e s e e e s s sane e e s ne e e e e ense e e enneeas 51
3.3.10  Safety and Fire ProtECION. ....co ittt st ee e s e s e s re e s ne e s neeeeneenane 51
G 0 T I A o[~ 0T T (= gl =Y od 1o 4 o o 51
3.3.12 Seawater INTAKE SYSTEM . ettt e e e e e s e e e e e e e e e e s e e s e anae e e e e e e e e annrneeeeeeaaann 52
3.3.13  Auxiliary Heat Exchanger and DiSCharZe.....cou e eeieiieeeeeee et e e 52
3.3.14  StOrage Of ChEMICAIS ..ccueeiieeiieeee et st e s e e e s s e s ne e s st e s neesreesneenane 52

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE iiii
PROJECT, OLD HARBOUR, ST. CATHERINE

3.3.15  Other Safety-related MEASUIES.....cccccuieirceeercceeereeceee e e ree e s es e e s e e e e s s sse e e e e seesesneeeseseeesesnseesennnnes 52
10 T 70 1 T 0T ¢ o Yo T o TN oo o 1 oY1 ) PSP 53
3.4 Engineering and Design Details for Old Harbour LNG Project........cccceeevvrmmerrrrrrssrrsnmmeeeeereennes 54
3.4.1 Reception (FSU t0 RE-Gas FACIIILY) ..uerieiieiiiiiieieiiiee it 54
G B 1 (o =Y < PR TRURUPRRE 54
G G T (0o =TT 1 = 54
I N =Y 1T o To i = 1A [ o PSR 54
3.4.5 Regulating and Metering STAtIONS ......coicuiiieiiiiice e s ne e s n e s ne e 54
3.4.6  Vehicle fOr DISTIDULION ...ciiiieiiesiieesee st s s e s ne e s s e e s ne e saseesneesreesneenane 55
BLA.7  FiNAI CONSUMIET cuutiiitieeeteesitteesaeessstessaeesssee s sse e s ssee s saee s s seessaee s saseesase s s s e e s aseesaseeeneesaseesseesaseesneesaseesannnnane 55
B T T (0] 1=t A o 7= V=T 55
10 2R W0t B 070 1 (1 o1 4o o [PPSR URPRRPNE 55
3.5.2 Project Operations and MaintENANCE ......cuivceeeiiiviiiiciee e s re e e e sas e s snnee s 63
4.0 POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK ........cooeeeemmemrrreeesssnmmccmenseeesssnas 65
4.1  Environmental Impact ASSESSMENT FrAMEWOTK ......cceeerrrrrrrrrrsmmererrrrsssssssmmsessreesssssssnmsssereeenses 65
O R = - 14 [T g T= (o T= Y o = 7= 1] PSR RPROE 65
4.1.2 Development Application and the EIA PrOCESS .....cuicccieeiiceier e cceeee e scee e e este e s e e e s s e e e e snne e s s nnees 65
07 I - (o = | == = o o 67
R B 1=V =Y [ o o g 1= o 0] o1 (o 67
4.2.2  EnvironmMental CONSEIVAION ....uiiii ittt e e st e s s nane e e s s ne e e e s sase e s s snnes 73
4.2.3 Public Health & Waste ManagemeENt.......cuceer e cciee e cseee s st e e e ere e s s sae e e e s e e e s e sann e e s e ne e e e e snneesennnes 79
A S Vo [ 1 d o = LI €U T L= 11T SRR SPSNE 81
4.3 Regional and International Legislative and Regulatory Considerations.........ccceeeevvmmeeeerrrennnns 82
4.3.1 Cartagena Convention (Convention for the Protection and Development of the Marine
Environment of the Wider Caribbean Region), 1O83.......oo et 82
4.3.2 United Nations Convention on Biological DIVEISILY .....cucceireereieriieeeee et 82
4.3.3 Convention on Wetlands of International Importance especially as Waterfowl Habitat, "Ramsar
(070 1V T=T o1 o o Rt I 5 82
4.3.4 United Nations Convention on the Law of the Sea (UNCLOS 1) 1982......ccccviireeceerveceereeceeee e 83
4.3.5 Convention on Fishing and Conservation of the Living Resources of the High Seas 1958............. 83
4.3.6 Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter ........ 83
4.3.7 International Convention on QOil Pollution Preparedness, Response and Co-operation 1990......... 84
4.3.8 Equator PrinCiple REQUITEMENTS ......oiii e et e ectee st e e et e s et e e s s e e e e e ns e e s e enneeeseaneeeeenseessnnnnens 84
4.3.9 National Fire Protection Association (NFPA) BOA........e et ecee s e e 85
5.0 DESCRIPTION OF THE EXISTING ENVIRONMENT .....ciiiiiiissssnsmssnnssssssssssssssssssssssssssnes 90
Lo TR IO 1. o7 | 20
5.1.1 Physiography, GE0olOgY and STIUCTUIE ....c.cceiiiiiiieeie ettt 90
5.1.2 Topography and BatNYMELIY ... e se e s e e e e s nnee s 90
o T IRC B C 1Yo =To] g gl Tez= 1B (U o VSRR 93
L T O s T | 99
o T R T T =T 1 1T o LSRR 101
5.1.6  Climate and METEOIOIOBY ......ceeroreiriiiiiieeiee et r e s sse e s n e e s sne e ss e e s sne e sne e sneenane 110
o T I A o 1o [ (o] (o =TSPV RTRRP PP 117
B.1.8  WAVE ClIMATE ..ttt e s e e e e e s s eane e e s s ne e e e e as e e e s enne e e s eaneeeennneessanneeas 127

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE iv
PROJECT, OLD HARBOUR, ST. CATHERINE

L 100 L T o 1Yo [0 To 1Y =0 0] ot 139
L0 ¢ O T Y 1= 0 TU =11 V2SS 173
0 ¢ I R V[ O T T 1SS 206
o 70 100 o2 T L= TSPV UPPRT 211
5.1.13 Electromagnetic FIeldS (EMF) ..ottt s e s s nn e e s 217
5.2 NatUural HAzards........cccccceciiiiiisiriiscceniscssnesssssssessssssmsesssssss e s ssssssssesssssessssssmsesesssnnesssssnnssssnsnns 219
5.2.1  FloOd Plain MOGEINE ....eeiiieiieiieiie ettt st ne e s s e s eme e s s e e s ne e sane e s ane e saneesneenane 219
B.2.2  HUIMICANE WAVES ... ueiiiiceiii ittt e st et e s st e s sse e s s be e e s ane e e s e se e e e s ase e e s ane e e seaseeeennseessannneas 228
5.2.3 Storm Surge and Coastal INUNAATION .....ccceeeereeiieceiee e e e e s e e e e e e s e nnne s 228
5.2.4 Coastal Erosion Hazard and VUINErability .....c.ccceereecierieieie e s e e e e e s e e s s e e e s 230
B5.2.5  SeismiCity and EQrtNQUAKES .....c.ccceiiiieiei ettt 240
Lo TOZ ST £=1¥ 0 =0 T TSPV RTUPPTRT 241
LG TG T = 1o ) [~ o | 248
TG 0 R O 1V 4V 1= PSS STUPRR 248
LT T2 O 1 o1 o Vo T N = o] |11 249
5.3.3 Offshore Facility and Pipeline Route (Benthic COMMUNITY)....ccccvieveeriiiienincieen e 259
5.4  EXiSting POIULION SOUICES......ccuitiiiirrrrrrmmreerrrrrssssssmsererreesssssssmssssseeeesssssssmmseseeesesssssnnmsseseesennses 279
5.4.1 Co0lNG Water DISCRAIEE ....eeeeeeiiieeieeeeiie ettt ettt ettt s e s s e s s e s ene e s s e e s ane e saseesaneesaneesneenane 279
5.4.2 RuUnOff from the BOWEIS GUIY ......oiiieiiiieee et sn e e ne e 280
B.4.3 AN POHULANTS ..vtiteiiieicies sttt e s se e s e s s e s abe e s se s s s e e s se e e aseesneenaseesanennaseesnnenane 281
5.5 Heritage and CUIUIE......ccceveceeeerrrrrrrerssmmseeeressssssssmsseereeesasssssmmsseeeeeessssssnmmsssneeeesssssnnmnseseesennsss 281
LT T o 103 7= 2 T Lo - | 282
5.6.1 Demography, Services and INfrastrUCTUIE .......coooeiiiieriieeee e 282
B5.6.2  LANd USE @NA ZONING .....uuiiiiiiieieeccieeeectee e eseeesesee e s e sseeessaeeeseaseessesnseessseeeseasseessasneessssseeesnanseesennnnes 306
B5.6.3  AesthetiCs and LandSCaAPING ...ceuiicueereeiieeieieieeeeiee s e see e e s sse e s s e e e s s s e e s s ane e e s e ne e e e s anneessennneas 313
6.0 PUBLIC PARTICIPATION AND CONSULTATION ....ccoecmemmmmmsssssssssmsssnssssssssssssnmsnnssssssssssns 318
6.1  Purpose Of this SECHION ... e e n e e s s s mmm e e e e e e e nnen 318
LS Y o o (o - Vo o T 318
LGRS N oY (o =Y u o) g IR U1 - R 318
(GRS 704 M T d (o To (W o3 oY g I=T Lo B2 o] o] o = T o SRR 318
6.3.2  Survey FINAINGS @Nd RESUITS ...ooiieieieeeee et e e ne e s s enn s 319
LT T0C T 0o T o] 1V T} o 1 323
6.4  Consultation with Stakeholders.........ccccccririirrccssccrrr e s n e e e nnes 325
6.4.1 Caribbean Coastal Area Management Foundation (C-CAM) .....coccceeirieeerecieenneceeee e e e seee s esneeas 325
6.4.2 Office of Disaster Preparedness and Emergency Management (ODPEM) ......cooccvrvevrienniiensieennane 325
6.4.3  Maring POIICE DIVISION ...eiiieiiieeiiiiisieersieesiee s st s ssse s st s sae s st e e sse s sbe e s se s s be e s sse e sabe e s seesaseesaneesaseesnennane 325
6.4.4 Ministry of Industry, Commerce, Agriculture & Fisheries (Fisheries DiviSion) ......ccccecceeevecceeevecnneen. 326
6.5 Index of Technical Responses to Stakeholder ISSUES .......cccovviiiiiiiiiiiiiiircrrcrcrrr e 326
7.0 IDENTIFICATION AND ASSESSMENT OF POTENTIAL DIRECT AND INDIRECT IMPACTS
AND RECOMMENDED MITIGATION ...ceeeieeeeeessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnnnns 330
7.1  Site Preparation and CONStrUCHION.........ccivcccccscmrrrrrrssssssssmcer e s e s rssssssssmse e s e e e s ssssssmmssessesssnsssnnnnes 339
A0 S T o 01T (o7 | ST PRPRR 339
400 0 =11 o= o | S 348
A0 G T o 110 =T a2 T Yo = | SRR 355

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE \Y;
PROJECT, OLD HARBOUR, ST. CATHERINE

47BN € oY1 - u oo S 357
A7 T = 01 [ | 357
7207 = 101 (o= o7 | 408
AR T [T T oS To To1 = PR 409
A O T Y[ g TR 0= T o 7= Lo | PP 411

7.3 LNG Specific Impacts and Mitigation.........cccceecmrmmiirnsscssecrrr e s s s s sssms e e e e s s s ssmmnes 412
7.3.1 Marine Environment, Shoreline and Terrestrial HabitatS .....coouviiiiiiiiiiiiiicciiccccccccccccccccccececeeecceee 414
7.3.2 Cryogenic Impacts in the Biological ENVIrONMENT.......coiceiercccieecceer et s e 415
7.3.3 Hazardous Material ManagemMeENTt ........uceicceeereeiiereeeeeeseceee s e s e e s esne e e s s sse e e s s s se e s e s neeessseeeensnseesennnnes 416
A R o (T g = | = PR 417
7.3.5 Flammable Vapour DISPEISION ......uccicccceeerereeereeetereesseeeessseeeseseeesesseessssseeeseaseessssnsessssseessesseessannnees 417
7.3.6  Thermal RAIGTION ...uoiieiieicceese ettt s s s e s sne e e b e e s ene e e s e e s nne e sareesneenane 422
4G T A = o To 10 g 1= 1= £ [ o 1SR 424
G TR S T o (0TS o 1 = PSPPSR 425
G B I = 1o == T PSS SSPR 425
400 00 O T N g = o' 1 1] o] SR 426
7.3.11  WaSste Man@gEmMENT ... .co ittt e e s e e s ne e s e e e ene e s e e e neas 427
0G0 o7 T YL PSPPSR 428
7.3.13 AL =Y ] 0T o TS 428
7.3.14  Shipping Hazards - Grounding and COIlISION ........cceereeriieenieriie e 429
7.3.15 LNG Release due to Equipment or System Failure ........cocccercccerccceiee s e eee e 429
7.3.16  Terrorism and SADOTAGE. ....c.ccuii et 430
7.3.17 A= L0z T I 1S T= Ty (=T £ SR 431

8.0 CUMULATIVE ENVIRONMENTAL IMPACTS.....cciiieeeecsnnmcccenreeessssssnmmmsssseeessssssnnmmmssssnes 432

8.1 Traffic (Vehicular and Pedestrian) and Road INfrastruCture ..........cccurrrmeemmeeissrrmresssmssssnnnenn 432
0t 0 T =0 (=Y 1 F= | L Y =] € 432
8.1.2 Recommended MiItIZAtiON ......c.cii et e e s e ne e e e e eneeean 432

8.2 Raw Materials and EQUIPMENT.........cciiiiiimmmmeeiirrirrrsssmsssssssrrssssssssssssr s sssssssssssrresssnssssssnenn 433
2 T o (=T 1 A= | g o 7= o] € 433
8.2.2 Recommended MiItIZAtiON ....c..eii et e e s e e s e e s 433

8.3  Storage of Fuels and ChemiCalS .......ccccuriceeirrincime e 433
SR T I =0 (=T 1 A= | g o 7= o] €N 433
SIS T2 = (< Toto T a0 g 1= a o [=To I 1Y, L1 4= = Ao o IR 434

8.4  Marine Water QUAalItY ....cevucccceecererrrissssssmcmes s e s s s sssssssms s e s e e s s ss s ssmms e e s e e e s s s smmmn e e e e s s s s snmmnn e e neennnnen 434
S =0 (=Y 0 A F= | L Y =] € 434
ES S = (< Toto T a0 g 1T a o (=To 1Y, L1 == Ao o TSR 434

SR T | [ (- 435
8.5.1  Potential IMPACTS oot e e nr e e nn e e e e ne e e eenee 435
8.5.2 Recommended MiItiZAtiON ......ccii e s e e e e s 440

E ST G V| g0 11 7= 111 7 PRPRPPPRPPPPINt 441
G T A =0 (=Y 1 = | g o 7= o] € 441

S A = 1 0] ] 0 1Y o | S 443
A T o (=Y 1 = | g ] = o] € 443
8.7.2 Recommended MiItIZAtiON ....coceii e e e e s e e nne e s 443

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE Vi
PROJECT, OLD HARBOUR, ST. CATHERINE

0.0  RESIDUAL IMPACTS ... .cciitsssnmmmnnnnimssssssssssssnsssmsssssssssnssssnsssssssssssnnsnsnssssssssssssnnnnnssnsssssssnn 444
9.1  Site Preparation and CONSTIUCTION.......ccccccerrriisssssmcmrerrrrsssssssmmsr s e e s s s s sssmms e e e e e s s s s sssmmnsessessnnses 444
£ 0 0t O T Y= 444
L T N[ O U= 14 PSRRI 444
£ 2 T = = 1 (o) 444
(I M o o T B oo g o 10 Y oS PR 444
10.0 IDENTIFICATION AND ANALYSIS OF ALTERNATIVES......ccceccmmmmrmssssssssnnmmnsnsssssssssssnnnnns 445
0 1L e O\ [0 37 e T I YL (= == 446
10.2 The Proposed Development as described in the ElA.........eennennsssnnsssssssassasasaann.. 446
10.3 Project Site and Layout ALErNatives........cccccceeerrrrrsssssmmrerrresssssssssmseesresssssssssmmesssessssssssnmmsssnees 447
10.3.1  Construct an Off Shore Platform and Associated Pipelines Near Goat Island........ccccccccevvruneenn. 447
10.3.2  Construct the Off Shore Platform at the Location in the Preferred Alternative but Install LNG
and ADO Pipelines on the Sea Floor Between the Two EXiSting REefs .......oooiiiiiiiiiiiciineeeeeeeeeeeee 449
10.3.3  Different Locations for LNG Import Terminal based on Varying Ship Sizes ......ccccooceevievrieennnen. 451
10.3.4 Land Based Storage, Regasification and Metering Systems.......ccccccereecceerrcceeeeecceee e e 460
10.4 Different Delivery OptiONS.......ccccccceerrriisssssmmererrsssssssssmmsessresssssssssmsssssessssssssnmnssssessssssssnmnsssnees 463
O o R V= T g T =T o = TP 463
IO 1140 o 1o L1 g1 466
O T I8 N € R U o] 0= I o TR 1) (= 469
10.5 Alternatives to Other Project Features........cccomiiiircccsmcmmrrresssssssscses s s s sssssssssse e s e s s s s ssmmsssenees 469
28 0t R - 1V G 469
10.5.2  Use of Seawater in the Regasification ProCESS .....cciccviiieccericiieee et 469
10.6 Overview of ARernative ANaIYSIS ........ceiiccccrcmmrrrrrisssssssmceeerresssssssssms e e e e e s sssssssmmms s s s essssssssnmnnsnnees 469
11.0 COST BENEFIT ANALYSIS......cccottssnmmmmmmmmmssssssssnnsnssnmesssssssssnssnnsssssssssssssnnnnsnssssssssssnnnnnns 470
0 o 1 |V = 1 T T [ o7 - 470
11.1.1  Calculation of Financial Profitability Measured at Market PriCeS.......cccvvvmieerieecccceeieeee s 470
11.1.2  Obtaining the Net Benefit of the Project Measured in Terms of Economic Prices .........cc......... 470
11.1.3  Adjustment for the Impact of the Project on Savings and Investment........cccccccvveceviecceeeccnenn, 471
11.1.4  Adjustment for the Impact of the Project on Income Distribution ........cccccvveceercccee e, 471
11.1.5 Adjustment for the Impact of the Project on Merit Goods and Demerit Goods.......cccceeeeeuuunnns 472
11.2 The Proposed Project Based on the Opportunity COSt.........e s 472
11.2.1  Calculation of Financial Profitability Measured at Market PriCeS.......ccovvvmieeriiecccieieeeee s 472
11.2.2  Obtaining the Net Benefit of the Project Measured in Terms of Economic Prices.................... 474
11.2.3  Adjustment for the Impact of the Project on Savings and Investment........cccccceveecvevvecceeenccneen, 478
11.2.4  Adjustment for the Impact of the Project on Income Distribution .........ccccvveeeeniicineecceen e, 479
11.2.5 Adjustment for the Impact of the Project on Merit Goods and Demerit Goods........c.ccccueerruneenn. 479
11.2.6  Calculation of Adjustment Factor and Adjusted NPV ..o 479
11.3 The Proposed Project based Zero Greenhouse Gas Alternative........ccccecccmcererrrrsssssssceeeeees 480
11.3.1  Obtaining the Net BENEfit ......cii i 480
11.3.2  Adjustment for the Impact of the Project on Income Distribution ........cccccvveeeeiniceneciceen e, 481
11.3.3  Adjustment for the Impact of the Project on Merit Goods and Demerit Goods .......c.cccceereuneenn. 481
11.3.4  Calculation of Adjustment Factor and Adjusted NPV ..o 481
11.4 The Proposed Project Incorporating Mangrove Analysis .........ccceceeeerineemersnssmesssssmeessssmnens 481
11.4.1  Evaluation of the Mangrove FOIrEST ...t 482

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE vVii
PROJECT, OLD HARBOUR, ST. CATHERINE

11.4.2  Environmental IMPact CApariSON .....eeeccieieeceeeeeieeeeeseeeseeree e s s see e s e s seeses e e e s e ssneesessseessnsnseesennneens 482
11.4.3  Net Social Present Value of Proposed Project ... 482
11.4.4  Adjustment for Project Impact on Income Distribution ........ooveceeeiiiiiiniccieee e 483
11.4.5 Adjustment for Project Impact on Merit Goods and Demerit GOOdS .....cccceveceeerercrercerererceeeenn 483
11.4.6  Calculation of Adjustment Factor and AdjuSTEd NPV ... e 484
I T 0o T o Vo 11 T oSSR 484

12.0 ENVIRONMENT HEALTH AND SAFETY (EHS) MANAGEMENT AND MONITORING PLAN

485
12.1 FSU and Regas Facility, Underwater Pipeline, and Onshore Pipeline.......ccccccccvrrrerccvcceenenen. 485
12.1.1  Monitoring During Site Preparation and CONSIIUCTION .....c.cooeiiiiieiriiiieeeee e 485
12.1.2  Monitoring During the Operational Phase.........ccoo i 486
12.2 Reporting REQUITEMENTS....ciicccccccerrrrrsssssssmmee e s e s s s ssssssmms e e e e e ssssssssmmn e e e s e ssssssssnmnssseeesassssnnmnnennees 487
12.2.1  NOISE ASSESSIMENT ...uiiiiicititiiieee s ssirt e e ss e s s e e s ss e e e e s ae e s sessre e s ssae e e s e seeeseaeee s e sneessasseeesnneeesennneas 487
12.2.2  Water QUAlity ASSESSMENT ......ueieeiieeeeec e e eecere e ee e e e e see e e e e e e e s e see e s e s seeseenseesessneesessseesannneessasnnes 487
13.0 EMERGENCY PREPAREDNESS AND RESPONSE ........ccoossmmmmmmmmmmmsssssssnmsssnsssssssssssnnnnns 489
13.1 Offshore Loading FACIlILY ......cceeveeceeerirrrrrrrsmmeeerrrrssssssmsseseeesessssssnmsseseeesssssssnmnssssesensssssnmnssennes 489
13.2 NAtUral GAs (NG) PiPEIINE...uuuuuuueuunnnnnnnnnnnnnsnssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnen 489
13.2.1  Pressure Monitoring & RESPONSE ....uieicciiereeiereeeeieeeeeeeitreseeseeesesaeesessseesesanseesessneesessseessnsnsessensnses 489
G T A = 1 Uo o] (Y=Y A SRR 489
13.2.3  SUDSEA BIOCK VAIVE ...ceeiieiii ittt sttt s e e s e e e e nn e e s snnee s 490
13.2.4  Hurricanes and TropiCal STOIMS ......cciiccciiiecceee e ceee et e e e ree e s e e e e e e s e sne e e s e sane e e e s ase e e senneesennnens 490
13.3 8-inch (20.32 cm) Automotive Diesel Oil (ADO) PiPeliNe......uuuuuuueunnnnennnnnnnnnnnnnsssnsnssssssssssnnes 490
13.3.1  Pressure Monitoring & RESPONSE ....ceiieiiiiieeeeeeeieee e et e e s ee e e s e s e e s ne e e s s nee e s e s re e e e nn e e s ennneeas 490
G TR 0 = 1 o Yo 2 V=YY= PR 490
G 0 70 T 1= 1 R 491
13.3.4  Hurricanes and TropiCal STOIMS ......ceii i e e et e e e e e e e s e ene e e s e sane e e e sas e e e eenneesennneas 491
010G T 0 T 3 Vo = - Vo 491
Gt R = (U= | = T € ) 491
13.4.2  Automotive DIeSEl Oil (ADO).....uueiieieeeeecieeececeeeeeecee e e e cte e e e e e e s s sree e e e s se e s eeenseesesaeesessseesannseessannnns 492
G T = o o] QY=Y N R 492
G T 1= 1 R 492
14.0 RISK ASSESSMENT ....ceoieiiiiiicisissmccmensreessssssssmmmessseeesssssssssmmmssseeesssssssnnmmnsnsssesssssssnnnnns 493
I O o 11 o /2 493
142 LNG Offloading FACilily.....c.cceacerrreearrriaramerircsme s rsssme e sesms e s sme s s smn e s smme s e mne s 493
I R O o= (=T o ol F= 4= (0 PP 493
I A T (=Y o oY= | (o [ ST 494
G T Y LI LT L = R 495
D424 POWEN QULAZE .ooeeeeiieeeieeie et et s st st st e st e e st e s et e e st e s et e e e st e s ne e e st e s aneesaneeseneeeaneesannesneas 495
14.2.5 YT O o=t = Yu o] o TP PSPPSR 496
14.2.6  LNG Unloading tO StOrage SYSLEM ....ceciciiiiieeeecrie ettt 496
I S (o 7= T R TRRTP TR 496
14.2.8  VAPOIiZAtiON PrOCESS .......eiiiiieeicccieiee e e e e e ceetee e s e e e s e eee e e e e s e s e s ns e e e e e s s ee s nnseseeeessesansnneeeesessnnnnnnen 496
14.2.9 Measurement and OdOUTZatioN PrOCESS.......uciiiveeerrciiereeieeesereeesessseesesseeesssseeeessseeeeesnseesesnnees 496

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE viii
PROJECT, OLD HARBOUR, ST. CATHERINE

14.2.10 Natural Gas discharge to floating units to onshore facilities......cccccvvereecceerccceee e, 497
14.3 NAtUral GAS PIPEIINE ..uueeeeeeeeeeeeeeeenennnnnnnnnnnsssssnsssssssssssssssssssssssssssssssssssssssssssssssnnnsnssssnnnsnnnnnnnnnn 497
14.4 ADO PIPEIINE ...cecereeerrrsmerrssmerssmesssmsesssmesssnesssssesssmsssssmesssnsesssmsessanessssesssmsesssnesssanesssnsesssnsnasa 497
15.0 REFERENCES.......ccotttsuemmmmmniiisssssssnssnsssnnssssssssssssssssssssssssssssssnnsssessssssssnnnnnnnssnsssssssnnnnnns 498
16.0 APPENDICES. .......cccccceecccemmireessssssncmmsssseessssssssmmmnsssseesasssssnnmmmsssseesasssssnnmmnnnsseessssssnnnnnns 506
Figure 3-1 Location of proposed project and pipeling roUte.......cceeeccvieeicciiee e 33
Figure 3-2 Shipping Channels in Portland Bight @rea.......ccccccevecciieiccciee e e 34
Figure 3-3 Plan view of the offshore LNG platform.......coer e 37
Figure 3-4 Elevation drawing of the breasting dolphins of the offshore LNG terminal .................. 38
Figure 3-5  Access trestle of the offshore LNG Terminal........ccoccceerecieercccieier e eceeee e s 39
Figure 3-6 Platform section of the offshore LNG Terminal.........ccccceeecveeiccvieesccveees e 40
Figure 3-7 Pig launcher platform SECHION ....eei e 41
Figure 3-8 Floating Storage Unit (FSU) mooring and LNG platform plan.......ccccceeeeicereceeneceennnee 42
Figure 3-9 Onshore facility [aYOUt PIAN ...t 46
Figure 3-10 Landside deVelOpMENT PlAN ..coceeieeiciiieicc e r e s e s e e e anes 47
Figure 3-11  ADO tank SECHION ... it e e e s s ne e s e e s re e s eme e e sneesennenas 48
Figure 3-12 Old Harbour fixed infrastructure development schedule (19 months to COD)............. 56
Figure 3-13  Pipeline construction SChEAUIE ........ceoiieii e 57
Figure 3-14 Organizational chart during project construction pPhase ........ccceecerecerrieeesseeencee e 63
Figure 3-15 Organizational chart during project operation phases .......ccceecveereecieereccveeee e 64
Figure 4-1 Development Order Areas in JAmM@ICa ...eeeeeereceerreeerereee e e e 69
Figure 4-2 Protected areas System iN JAME@ICEA ..ccucvueerueereeee e e s 76

Figure 5-1 Location map showing area within which detailed topographic surveys were conducted
(L= Ce =0 =T (=7 ) PP PPPTPP 91

Figure 5-2 Hydrographic chart of the project area showing offshore mooring location and nearshore
ADO line. 92

Figure 5-3  Hydrographic survey conducted of the mooring area..........cccveeevreeerieerceersencesseeseees 93
Figure 5-4  Test Location Plan — JPSCO......coo e e s e e e s me e s ne e snneeens 94
Figure 5-5  Location Plan for Additional Boreholes — JPSCO ........cccccivirimniinniee e 95
Figure 5-6 Gradation Envelope - JPS Old Harbour EXPanSioN........eeeieeennnceeeenneee e 97
Figure 5-7 Presumptive Profile; Boreholes# 1, 2, 3 & 4ot ee e e e e e 98

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE iX

PROJECT, OLD HARBOUR, ST. CATHERINE

Figure 5-8 Regional geology of the site. Yellow, White Limestone Group; grey, Quaternary sediments
of the Rio Cobre alluvial fan; brown, Holocene superficial sediments and soils of the coastline. Large
white rectangle is the PropoSEd NEW SITE...cuuuiiii e e e e e ane s 100
Figure 5-9 Sediment grain size SamMpling 10CAtIONS .....cceiiccier i e 101
Figure 5-10  Sieve analysis results (Braph). ..o ccer e e e 102
FIBUIE 5-11  SKEWNESS CUIVES......eeiiieereieeeraseeeaeeasaseesaasessaseesaseessaseesaseesssessansessassesansessnsessansessaneesanees 105
FIBUIE 5-12  KUIMOSIS CUINVES. ...eiiiiiieiieeeeeieeeeeseeessseessneesssee s seessseesaseeesseesaneeasneesaneessnsessaneessnseesaneess 106
Figure 5-13 Marine sediment Sampling 10CAtIONS......cceviiiieiieereeee e 108
Figure 5-14  Rainfall rates fOr 2011 ..o e e ne e s e e e s e e e ne e ene s 112
Figure 5-15 Rainfall rates fOr 2012 ... e s e esne e sne s 112
Figure 5-16  Rainfall rates fOr 2013 ...t e nene e snee s 113
Figure 5-17  Rainfall rates fOr 2014 ... e n e e e s 113
Figure 5-18 Rainfall rates fOr 2015 ... e s e e s as 114
Figure 5-19 Rainfall rates fOr 2016 ...cccceireieiieeeeeeeeeee e s s e s e e e ne e e s 114
Figure 5-20 Mean Climatological data for Bodles (1951-1980) - Jamaica Meteorological Service.

115

Figure 5-21  Overall increase in 24-hours rainfall intensity for the period between 1988 and 2009.
116

Figure 5-22 Difference (mm) between the 1930-1988 and 1992 to 2008 24-hours Extreme rainfall

intensities for the 50 Year Return Period EVENT. .....ccciiviiiiiin it 117

Figure 5-23 Difference (mm) between the 1930-1988 and 1992 to 2008 24-hours Extreme rainfall

intensities for the 100 Year Return Period EVENT. ......coccerivir e e rceee s ee e ssee s s 117

Figure 5-24  Proposed JPS sites and Bowers Gully catchment superimposed on Soils map of Jamaica.
121

Figure 5-25 Land use map of Jamaica with superimposed catchments and JPS proposed sites. 123

Figure 5-26  SCS 24-hour Rainfall DiStribULIONS .....cooicciieee e 124

Figure 5-27 Overall increase in 24-hours rainfall intensity for the period between 2010 and 2100.
125

Figure 5-28 Showing the Bowers Gully catchment in relation to the gauges.......ccccccveeerecceeeenneee. 126

Figure 5-29 Percentage occurrence of wind speeds associated with all possible directions for

onshore node 128

Figure 5-30 Percentage occurrence of wind speeds associated with all possible directions for
offshore node 128

Figure 5-31  Analysis of the offshore wind data for exceedance values ...........ccccovvieiceerierceeneene 129
Figure 5-32 Return period analysis of Wind SPEEUS.......ceeiccciericccier e e 129
Figure 5-33 Location of offshore point used for Extremal analysis, showing southern and south-
eastern track USed iN the @NaAIYSIS......u it s e e s n e s e e e e e nneeean 131
Figure 5-34 Hurricanes passing within 50 nautical miles of Portland Bight .........cceccviveevivennneen. 132

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE X

PROJECT, OLD HARBOUR, ST. CATHERINE

Figure 5-35 Hurricane wave climate for 100 year return period (RP) deepwater waves from the
south entering Portland Bight ......ouuiioiciiieccciee ettt e s e s e e e e s e n e s e e an e e e e e nnn e e e e nne s 137
Figure 5-36  Hurricane wave climate for 100 year return period (RP) deepwater waves from the
south-east entering Portland Bight ... s 138
Figure 5-37 Hurricane wave climate for 100 year return period (RP) deepwater waves from the
east entering POrtland Bright ... oo s e s e s me e s me e e e e s me e e emne e emns 138
Figure 5-38 Graph showing wind speed and direction on May 12t for falling and rising sessions
140
Figure 5-39 Graph showing wind speed and direction on May 13th for falling and rising sessions
141
Figure 5-40 Approximate path and direction of the drogues during drogue session #1................ 146
Figure 5-41  Approximate path and direction of the drogues during drogue session #3................ 147
Figure 5-42  Approximate path and direction of the drogues during drogue session #2............... 151
Figure 5-43 Approximate path and direction of the drogues during drogue session #4................ 152
Figure 5-44 Location of the ADCPs within the Portland Bight @rea .......cccccvevereiensccneieereceeeee 154
Figure 5-45 Wave heights and periods recorded during the ADCP deployment for the period May 11t
LCo YD AL L O b Ko Lo Tl (oY= 1o T <30 N 155

Figure 5-46  Wave heights and periods recorded during the ADCP deployment for the period May
R (T AL O K I o Tl (o071 (o] T3 155

Figure 5-47 Tide signal recorded using the ADCP at location #1 during the period 11th to 27th of
May, 2016 156

Figure 5-48 Measured and predicted tidal signature for Old Harbour Bay for the period May 11th to

Yo AL 3t I 157
Figure 5-49 Tide signal recorded using the ADCP at location #2 (Proposed mooring area) during
the period 11th of May to 27th 0f May, 2016 .......cccieieciee e e e ne e e e e e e ane s 157
Figure 5-50 Measured and predicted tidal signature for Old Harbour Bay for the period May 11t to
Yo AL 3t I 158
Figure 5-51  Satellite imagery of the area which shows the location of the offshore node used to
determine deepwater Wave ClIMAtE .......eiii it e e s e e e e n e e e e ne e e e nneeean 164
Figure 5-52 Wind Rose of NOAA Wind Data for 1999 — 2007 ... cccceeecciiee e eceee e e 164
Figure 5-53 Wind Rose of Norman Manley International Airport wind data (2004-2009)............. 165
Figure 5-54 Wind speed from JPS weather station from May 11th through May 13th, 2016....... 167
Figure 5-55 Wind direction from JPS weather station from May 11th through May 13th, 2016..167
Figure 5-56. Overview of entire Finite Element Mesh used for this project showing depth in metres
169
Figure 5-57 Predictions for current speeds in falling tide (Left) and rising (Right) tide under average
wind conditions (current speeds less than 12 cm/ s but greater than 2 cM/S)....ccccveecveereccceeeeceneen, 172
Figure 5-58 Predictions for current speeds in RISING tide (Left) and FALLING (Right) tide under fast
wind conditions (CURRENT speeds greater than 6 CM/S).uuieicceierccieeccceie st e s 172

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE Xi

Figure 5-59
and 2016

Figure 5-60
Figure 5-61

Figure 5-62
Figure 5-63
Figure 5-64
Figure 5-65
Figure 5-66
Figure 5-67
Figure 5-68
Figure 5-69
Figure 5-70
Figure 5-71
Figure 5-72
Figure 5-73
Figure 5-74
Figure 5-75
Figure 5-76
Figure 5-77
Figure 5-78
Figure 5-79
Figure 5-80
Figure 5-81
Figure 5-82
Figure 5-83
Figure 5-84
Figure 5-85
Figure 5-86
Figure 5-87
Figure 5-88
Figure 5-89
Figure 5-90
Figure 5-91

PROJECT, OLD HARBOUR, ST. CATHERINE

Water quality sampling locations in 2012, 2014/2015 (SJPC 360MW and JPS 190MW)
175

Average Temperature values at the various stations ......ccccccevevcivvineeeen e 177

Spatial temperature comparison for Om, 1m, 2m and 3m depths in 2014/2015 study
178

Average Conductivity values at the various Stations ........ccccccvvevieenisiieen v 179

Spatial conductivity comparison for Om, 1m, 2m and 3m depths in 2014 study...... 180

Average Salinity values at the various stations......c.ccceeviccieen e 181
Spatial salinity comparison for Om, 1m, 2m and 3m depths in 2014 study.............. 182
Average pH values at the various StationS ........cccevicvieen e 183
Average Dissolved oxygen values at the various stations........cccccevvevceeeniccieeniccceeennnns 184
Average Turbidity values at the various stations ........ccccvecieericciien v 185
Average TDS values at the various stationS.......cccccevccieer it 186
Average PAR values at the various StationS ........ccccevecerreeerreerssee e 187
Average BOD values at the various Stations ......cccccvvcceeericiiee e 188
Average TSS values at the various Stations ......cccccvvccieen e 189
Average Nitrate values at the various stations ... 190
Average Phosphate values at the various stations.......cccccccevicceer v 191
Average FOG values at the various stationS.......cccccvveceeericiieen e 192
Average Faecal coliform values at the various stations .......cccccccceeveccier s ccceeeeeas 193
Average Temperature values at the various stations .......ccccccveveeccrreee e, 195
Average Conductivity values at the various stations ........cccccevcceerceccieeccceee s 196
Average Salinity values at the various StationsS.........cccev e 197
Average pH values at the various StationS ........ccceevceciier e 198
Average Dissolved oxygen values at the various stationsS........ccccceevecceeeccccieeccccieeeeenne 199
Average Turbidity values at the various Stations ........ccceeccier e 200
Average TDS values at the various StationS.......cccceecccier e 201
Average PAR values at the various StationS......ccccevvcceier s 202
Average BOD values at the various Stations .......ccccvveveeeiieiieen e 203
Average TSS values at the various StatioNsS ......cccccevveveeen e 203
Average Nitrate values at the various Stations .........cccevievieeniccieen e 204
Average Phosphate values at the various stations.......cccccceevicvieen e 205
Average COD values at the various Stations ......ccccevveveeeniciieen st 205
Average Faecal coliform values at the various stations .......cccccceevieccieenicceeen e 206
JPS 190MW and SJPC 360MW particulate sampling stations .......cccceceeeeceeveceeriennnne 209

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

PROJECT, OLD HARBOUR, ST. CATHERINE X

Figure 5-92 JPS 190MW and SJPC 360MW noise survey stations.......ccccccceeeecveeeeccceeenecceeeseeceens 213
Figure 5-93 EMF measurement results in relation to diStance......ccccccevrccvcee e 218
Figure 5-94 Flood levels generated while calibrating the model with Hurricane Ivan.................... 221
Figure 5-95 Floodplain map showing flood levels predicted for the 1:2yr rainfall event ............... 222
Figure 5-96 Floodplain map showing flood levels predicted for the 1:5yr rainfall event ............... 223
Figure 5-97 Floodplain map showing flood levels predicted for the 1:10yr rainfall event............. 224
Figure 5-98 Floodplain map showing flood levels predicted for the 1:25yr rainfall event............. 225
Figure 5-99 Floodplain map showing flood levels predicted for the 1:50yr rainfall event............. 226
Figure 5-100 Floodplain map showing flood levels predicted for the 1:100yr rainfall event......227
Figure 5-101 Historical path of Hurricane Dean showing various stages of development ......... 228
Figure 5-102  The wave runup calculation was obtained following the van der Meer formulation
provided by the Costal Engineering Manual (CEM). Runup results for each transect are provided in
Table 5-66. 229

Figure 5-103  Historical Shoreline positions plotted over a satellite image of the area. The red, cyan
green and blue lines represent the 1968, 1991, 2000 and 2010 shoreline positions respectively.

232

Figure 5-104  Graph showing the displacements of the shoreline for different years about the 1968
shoreline for Old Harbour Bay (1964 10 20010) .....uuiiiiiieeriririieieiieresesseeesssseeessssseessssneessssssnessssssnes 233
Figure 5-105  Graph showing the rates of erosion/accretion for the shoreline about the 1968
shoreline for different time intervals for Old Harbour Bay (1964 t0 2010)....cccceecvereccieereeceeee e 234
Figure 5-106. Soil loss hazard map showing the magnitude of soils loss within the proposed site
and the wider Bowers GuIly CatChMENT. ... ..eeiii e s e e e s e e e e nneeean 240
Figure 5-107 Fault Parameters: L is the fault length, H is depth from surface to epicenter, W is the
width, strike is THE ANGLE in degrees from north, dip is the angle downwards measured FROM THE
horizontal plane, AND SLIP angle is counterclockwise from horizontal. .......ccccceeecveericciiencccceeeeeee, 243
Figure 5-108  Vegetation zones mapped in 2014 for the JPS 190MW project as well as in 2016 for
the PUrpOSES OF thiS PrOJECT. ....uueieei e e e e e e s e n e e e e e ne e e s e ane e e s e nneee s e nnees 252
Figure 5-109  Seagrass beds mapped in 2015 for the JPS 190MW project .....cccceeeceeeeecceeeeeennnen. 261
Figure 5-110  Algal Composition of the Backreef Ar€a .......coeeiccciee e 262
Figure 5-111  Species-Area curve for hard coral species in Study Area ......cccoccceeeeeeceeeeccceeeeeennen 265
Figure 5-112  Map depicted JPS and JEP Doctor Birds cooling water discharges.......c.cccceeeenneen. 280
Figure 5-113  Map showing the Social ImMpact Area (SIA) ... e 283
Figure 5-114  SIA 2001 and 2011 population data represented in enumeration districts .......... 285
Figure 5-115  Male and female percentage population by age category for the SIA in 2011 ...... 287
Figure 5-116  Population pyramid for the SIA N 2011 ... s 287
Figure 5-117  Sex ratio by ED Within the SIA ... e 288
Figure 5-118  Comparison of dependency ratios for the year 201 1.......ccccevevieriiennceneieereceee e 289
Figure 5-119  Proportion of persons in poverty in €ach COMMUNILY .....ovviceereieeriieeneiee e 290

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

PROJECT, OLD HARBOUR, ST. CATHERINE il

Figure 5-120  Percentage population attaining a secondary education within the SIA................. 292
Figure 5-121  Household size by ED within the SIAfor 201 1......coo oo 297
Figure 5-122  Percentage of housing units by type within the SIA.......ccoo oo 298
Figure 5-123  Percentage households by source of iBhTiNg .....ccccevviciieeicciee e 299
Figure 5-124  Households by source of lighting within the SIA for the year 2011...........cccce.n...ee. 300
Figure 5-125  Road network and transportation infrastructure located in the SIA........cccoceeenee. 303
Figure 5-126  Social. health and emergency services located in and around the SIA................... 306
Figure 5-127  Land use and protected areas wWithin the SIA ... 309
Figure 5-128  EXisting and fULUIe [ANd USE.......oiiiiericir e 310
Figure 5-129 St Catherine Coastal Development Order Mmap ....ccccvccveeeeccveensccceee s 311
Figure 5-130  Highway 2000 Corridor Development Plan (Portmore to Clarendon Park)............. 312
Figure 5-131  Collage showing views of the proposed project area ....ccccccveevvecveericcveeseccveeeseseneens 314
Figure 5-132  Collage showing an artis rendition of the offshore marine facility of the NFE South
Holdings Limited LNG Terminal and Regassification ProjecCt.....c.cccveeerrieiiieeessee e 315
Figure 5-133  Collage showing an artis rendition of the onshore marine facility of the NFE South
Holdings Limited LNG Terminal and Regassification ProjecCt.......cccveoerrieecieerssee e 317
Figure 7-1 Noise contours for the proposed NFE South Holdings Limited LNG Terminal and
0Tt TN o= Lo T 1] =T o] (SR 359
Figure 7-2 Noise limit lines for the proposed NFE South Holdings Limited LNG Terminal and
Y= EoToY o= L o) o (=Y o S 360
Figure 7-3 Noise limit noise for the landside INfrastruCture ..o 362
Figure 7-4 Noise station locations and limit lines for the marine terminal and regasssification
structures 364

Figure 7-5 Map showing Modeled Air Pollutant SOUICES.......uuiiicciiiicccieee e 387
Figure 7-6  Wind Rose Plot - (2011-2015) Preprocessed Met Data.....c..ccccceeeeciericcceeeeccceeee e 390
Figure 7-7 Model Domain showing the RECEPOr Grid.....uuicviiiicciiee e ee e 391
Figure 7-8  Terrain Data for the projJeCt @r€a ... cciee e e e 394
Figure 7-9 Predicted 24h PM10 Concentrations - Proposed LNG Terminal........ccceccceeeeccveennnnns 398
Figure 7-10 Predicted Annual PM10 Concentrations - Proposed LNG Terminal ........cccccccveenneee. 399
Figure 7-11  Predicted 1h NO2 Concentrations - Proposed LNG Terminal ......ccccccveeeieieereccnrnenn. 400
Figure 7-12  Predicted 24h NO2 Concentrations - Proposed LNG Terminal........ccccoceeecereccennenn. 401
Figure 7-13  Predicted Annual NO2 Concentrations - Proposed LNG Terminal........cccceecevevenrnnenn. 402
Figure 7-14  Predicted 1h CO Concentrations - Proposed LNG Terminal.......cccceeeeeeeereieereseeennneens 403
Figure 7-15 Predicted 8h CO Concentrations - Proposed LNG Terminal.......cccceecereiereieersceeennnens 404
Figure 7-16 Predicted 1h SO2 Concentrations - Proposed LNG Terminal ......ccccccevecerrieereceensnnen. 405
Figure 7-17 Predicted 24h SO2 Concentrations - Proposed LNG Terminal........cccoecevevceeneveennnenn. 406

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

PROJECT, OLD HARBOUR, ST. CATHERINE XV
Figure 7-18 Predicted Annual SO2 Concentrations - Proposed LNG Terminal ........ccccceeeeceeeennen. 407
Figure 7-19 FLACS geometry model of the LNG facility. c..cccceeeccien e 419
Figure 7-20 FLACS geometry model of the facility and surrounding areas. .......ccccceeeveeereecceeeeeennen 419
Figure 7-21  Vapour dispersion hazard footprint LFL (yellow) and 50%-LFL (blue) for LNG carrier
o]z Tod TRt =T aT= T o TSRS 420
Figure 7-22  Vapour dispersion hazard footprint to LFL (yellow) and 50%-LFL (blue) for unloading arm
failure scenario: close view (top) and view relative to the shoreline (bottom)......cccccoeveeerieeccneeen. 421
Figure 7-23 Thermal radiation hazard footprint for LNG carrier breach scenario. .....c..ccccveveeernnenn. 423
Figure 7-24 Thermal radiation hazard footprint for unloading arm failure scenario. .......cccccceeuee. 424
Figure 10-1  Alternative A near GOat ISIANG.......ccviieiie e 448
Figure 10-2 Alternative B with pipelines aligned with gap in reef ... 450
Figure 10-3 LNG Terminal offshore concept (small LNG VESSEIS)......cccerieeveeriiciier e cceeee e 453
Figure 10-4 LNG Terminal offshore concept (large LNG VESSEIS) .....ccveerireieericcieeer e e 454
Figure 10-5 LNG Terminal mid-bay concept (small LNG VESSEIS) ..c.cccveerieiveeriiceeesecceees e 455
Figure 10-6 LNG Terminal mid-bay concept (large LNG VESSEIS) ...c.cccvceeririveeriicieeer e ceees s 456
Figure 10-7 LNG Terminal nearshore concept (small LNG VESSEIS) .....eevveevieriiccieniccceeen e 457
Figure 10-8 LNG Terminal nearshore concept (large LNG VESSEIS) .....cccevveeveeriicveeericcveees e cceeee e 458
Figure 10-9 LNG Terminal nearshore concept B (large LNG VESSEIS)....cccecvceeriicieeriecieensccceeee e 459

Figure 10-10
Plant

General layout of the proposed JPS 190MW Combined Cycle Power Regasification
461

Figure 10-11  Section of the LNG tanK....c..ccceee it e s e e 462
Figure 10-12  Partial plan view of the maring treStle....... e 464
Figure 10-13 Maring TreStIe SECLION .....oei e e e e e e e e e e e e anees 465
Figure 10-14  Schematic of SUDSEa PIPEINE ... ..ueiieiiceee e e 467
Figure 10-15  JPS 190MW Combined Cycle Power Regasification Plant LNG fuel supply layout.468
Figure 11-1 Henry Hub natural as SPOt PriCE ....ccieeiiciieee et e e e e e e e e e 473
Figure 16-1 Proposed mangrove rehabilitation and replanting Sit€S ......ccccceveecveeeicccee e 553
Table 3-1 Estimated noise level DY SYSTEM ......coi i 50
Table 3-2 Carbon Emission rates for Oil-fired Utility BOIlErS .......oueveeiieeieiieeeereeee e 53
Table 3-3 Carbon Emission rates for 190 MW POWer Plant........cocccceeernieiiiiennsee e 53
Table 4-1 Existing categories of protected areas in Jamaica (as at 1 January 2012) - protected area

o AU LI er= LT Lo =SSP

74

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

PROJECT, OLD HARBOUR, ST. CATHERINE

Table 4-2 Existing categories of protected areas in Jamaica (as at 1 January 2012) - other
designations not considered part of the SYSTEM.....coi i 74
Table 4-3 Existing categories of protected areas in Jamaica (as at 1 January 2012) - international

designations 75

Table 4-4 Draft national ambient marine water quality standards for Jamaica, 2009.................... 80
Table 4-5  DESIGN SPIll..ceeeeeeee e e e s e e s me e s e e e s e e e s e e e e ne e s ne e s e e e e ne e e nneeennes 87
Table 4-6 Radiant Heat Flux Limits to Property Lines and OCCUPANCIES ......cevvvcreeerrireeeiricreeenssinnennns 88
Table 4-7 Distances from Containers and EXPOSUIES .....iiccueeririeeimiriieesissseeesssseeesssseeesssseessssssseesss 89
Table 5-1  SieVe @NalySiS FESUITLS. ....uiiiiiiiiiririeir s s s e s e s s s ne e s s e snne e s e annes 103
Table 5-2  Descriptive limitS Of SKEWNESS. ...ooiiiieereeie e eree s sse e s e s ne e s me e s neeseneenns 105
Table 5-3  Descriptive limitS Of KUMOSIS. .ovoouiiiiieeieererre e e e s e s e se e sse e s e e sre e s e s s neeseneennns 106
Table 5-4 Sediment sampling stations in JAD2001 with corresponding water quality stations .... 107
Table 5-5 Marine SEAIMENT FESUILS ..c.cceereeeeiriie e e e e s e sne e s e e s ne e s e e e s nneseneenns 109
Table 5-6 Heavy Metal Concentrations in Jamaican SOilS .......ccccueeerrieerreereseersreee e ssee e 109
Table 5-7 Heavy metal concentrations at various sites in Jamaica and worldwide ........cccccceveeenne 109
Table 5-8 Heavy metal concentration (mg/g) in the sediment from the different regions of the world
110

Table 5-9 Mean Climatological data for Bodles (1951-1980) - Jamaica Meteorological Service. 115
Table 5-10  Overall increase in 24-hours rainfall intensity (1988 - 2009). ....cccccevvevieereecceeeneecnen 116
Table 5-11  Outline of soil properties obtained from the Soil and Land Use Surveys.................... 119
Table 5-12  Summary of 24 hour intensities for 2010 and 2100 period. ....cccccoceeeecveereecceeereecnnee 124
Table 5-13  Present (1895-2010) climate return period and projected return period (2100) for
NMIA and SIA from statistical trend analysis of frequency analysis parameters based on corresponding
the present climate intensities for each Station. ..o e 124
Table 5-14  Rainfall intensities recorded by associated rain gauges in proximity to Bowers Gully
catchment 125

Table 5-15  Summary of peak flows generated for Bowers GUIlY. ........ceveeciereeciiercccceee e 127
Table 5-16  Characteristics of the hurricanes within 10 nautical miles of Portland Bight............. 132
Table 5-17  Characteristics of the hurricanes within 50 nautical miles of Portland Bight............. 132
Table 5-18  Summary of climate change CoONSIAErations. .......ccccveveerreerreerree e 134
Table 5-19  Extremal analysis of storm surge wave setup for Portland Bight ........ccceocereveeeriiennns 135
Table 5-20  Extremal analysis of wave heights and wave periods for portland bight .................... 135
Table 5-21  Predicted wave heights in the vicinity of the mooring area.......cccccccveevveeieccceen e 136
Table 5-22 Estimated STOrm SUIZE [EVEIS ... .o 136
Table 5-23 Wave parameter INPUL ... et nr e e e e e s s annns 137
Table 5-24  Summary of winds measured during drogue tracking SESSIONS .......eevcvevriveerrieeersieennns 141

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XVi
PROJECT, OLD HARBOUR, ST. CATHERINE

Table 5-25 Summarized drogue tracking session #1 - Falling tide conducted on May 12th, 2016

143

Table 5-26  Summarized drogue tracking session #3 - Falling tide conducted on May 13th, 2016
144

Table 5-27  Summarized drogue tracking session #2 - Rising tide conducted on May 12t, 2016
149

Table 5-28  Summarized drogue tracking session #4 - Rising tide conducted on May 13t, 2016
150

Table 5-29 Tidal Constituents obtained from the harmonic analysis of the raw ADCP data collected

along the Old Harbour Bay (LOCATION L) ..uiiiccieiiieiiieiieieeesssieee s sssee s ssssse e s ssssse e s ssse e ssssse e essssseeesssssnenan 156

Table 5-30 Tidal Constituents obtained from the harmonic analysis of the raw ADCP data collected

along the Old Harbour Bay (LOCAtION 2) ...ciiccuuiiiiciiieiieieieeseieee s sscsee s ss s s ssssse e e s e sse e s sse e s sssseeesssnnnenan 158

Table 5-31  Current velocities recorded in the project area for the ADCP deployment between May
11t to May 27th, 2016 for the surface and sea floor reSpectively. ... 159

Table 5-32  Statistical comparison of the currents measured by the drogues and ADCP deployed in
(O] o o F=T g oToTW T gl = 7= VR o T g o Yor= Y o] o 0 S 160

Table 5-33  Comparison plots for the X and Y components of velocity for the drogues (surface and
sub-surface currents) versus the ADCP measurements in Old Harbour Bay for the May 11th - 27th,

D21 B G0 [=T 0] o) Y/ L= ) 0T ¢ oY S 160
Table 5-34  Current velocities recorded in the project area for the ADCP deployment between May
11t to May 27th, 2016 for the surface and sea floor respectively.......cccevrcccceeicccee e, 161

Table 5-35  Statistical comparison of the currents measured by the drogues and ADCP deployed in
Old Harbour Bay fOr I0CATION #2 ......eeiieeie ettt e e ettt e s et e e e s e e e e e e e ne e e s e nne e e seanse e e s e nneeeeeenneenan 162

Table 5-36  Comparison plots for the X and Y components of velocity for the drogues (surface and
sub-surface currents) and the ADCP in Old Harbour Bay for the May 11th - 27th, 2016 deployment
period 162

Table 5-37  Historical wind data collected from Jamalco met station (October 2008 - August 2009)

165
Table 5-38  Wind Rose Plots for Rocky Point, Clarendon.........cccceeeeciercccieiee e e 166
Table 5-39  Calibration data for FEM for the existing bathymetric configuration based on drogue and
wind data for the drogue tracking missions carried out in May 2016. .......ccccceveeciiereecceerecceeee e 169
Table 5-40  Calibration plot of currents (in m/s) for drogue: Session 1 - Falling (Top Left), Session
2 - Rising (Top Right), Session 3 - Falling (Bottom Left), Session 4 - Rising (Bottom Right). ......... 170
Table 5-41  Summary of wind speeds and directions investigated.......cccccccvreiiieiiicieeneccceee s 171
Table 5-42  Predictions for current speeds in falling tide (left) and rising tide (right) under slow wind
conditions (current SPeeds 1SS Than 2 CMY/S) cuiiiiiiicciieeccieie et e et e s e e e s e se e e s e e nneeean 171
Table 5-43  Water quality sampling stations in JAD 2001 (2012 and 2014/2015 Studies)........ 174
Table 5-44  Water quality sampling stations in JAD 2001 (2016) .....ccccceeeuerereeieeeresceeeseeceeeseeeeens 174
Table 5-45  Average physicochemical water quality data for 2012 and 2014/2015 ................... 176
Table 5-46  Average biochemical water quality data for 2012 and 2014/2015......ccccceeccverenneen. 176

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XVii

PROJECT, OLD HARBOUR, ST. CATHERINE

Table 5-47  Average Physicochemical data for potable water station 12........ccccccvioiiiiiienienienne 193
Table 5-48  Chemical data for potable water station 12..........coiiriiriieriere e 194
Table 5-49  Average physicochemical water quality data for 2016 ......c.ccceeverveeirrieriee e 194
Table 5-50  Average biochemical water quality data for 2016.........ccccereeererieereereeree e 194
Table 5-51  Historical ambient air quality monitoring data for Lauderwood Air Quality Monitoring
Station 206

Table 5-52  JPS 190MW EIA Particulate sampling [0CAtIONS .....cocceerieerireereeee e 208
Table 5-53  SJPC 360MW EIA Particulate sampling l0CatioNS......ccevieericeerrieeereee e 208
Table 5-54  JPS 190MW EIA PMZL0 RESUILS ....ceeverieeeiirieseeserie s eseesteseeseesseseesseseseesnseneessesasesens 210
Table 5-55  SJPC 360MW EIA PMLO RESUILS ...ccverieeieiereereercrsieseeeees e seeseesseseesaesesseessesseessesnnensens 210
Table 5-56  JPS 190MW EIA PM2.5 RESUIS ..cecterieeiierieseinersieseesseeseeseesee e seesae e ssessesseessesnnensens 210
Table 5-57  SJPC 360MW EIA PM2.5 RESUILS.....ceceeeeieeirieseerersieseesseesiesseeseessessessessesssessessesssesasensens 211
Table 5-58  JPS 190MW EIA TSP RESUILS ..c.ueecieierieeiriereeseescsse s esees e seesses e seessesesssessesseessesanensens 211
Table 5-59  JPS 190MW EIA Noise Station numbers and locations in JAD2001 ........ccccveveeeriieennne 212
Table 5-60 SJPC 360MW EIA Noise Station numbers and locations in JAD2001.........ccccccereeene 212
Table 5-61  Comparison of average, daytime and night time noise levels at the stations with the
NEPA guidelines for the JPS 190 MW EIA ...ttt se e e s s ne e nnees 215
Table 5-62  Comparison of average, daytime and night time noise levels at the stations with the
NEPA guidelines for the SJPC 360 MW EIA........oo i eee s e e ee e se e e eee e snennees 216
Table 5-63  EMF reSUILS DY @XIS ..uuuiirieiiiieiciiieiectiieseceeee s et ee s e ae e e s e s e e e s e e ae e e s e nr e s e e nneeeeennneesennnees 218
Table 5-64  Summary of storm surge levels above MSL. ... e 219
Table 5-65  Comparison of anecdotal information obtained and model predictions..................... 220
Table 5-66  Wave runup reSUIS SUMMATY ....cciccciiereiieieeeceeeseeseeeseessseesesssseeseesseesesssssesssssssesssssnees 229
Table 5-67  Wave overtopping reSUIS SUMMATY....ccuccceierecieiereceeereeeee s e seee s e e sse e s e s ne e s s e neeeseennees 229
Table 5-68  Summary of ShOreling ChaNGES......coovi i 231
Table 5-69  Estimation of long-term erosion trends for Old Harbour Bay beaches using Bruun Model.

237

Table 5-70  Input parameters for 50 year return STOIrM. .......oovcccier e e e 238
Table 5-71 K-Factors associated with respective erosive soil properties. ......ccceecveevecceeereccnneenn. 239
Table 5-72  C-factors associated with SPecCifiC [and USES ......cuccceieiriiiieiireree e 240
Table 5-73  Summary of earthquake characteristics implemented .......cccv v ccccceeeeeeeee, 242
Table 5-74 Maximum wave elevations and velocities generated during simulation of 6.5 magnitude

earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave
elevation (Top right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)

Table 5-75

245

Maximum wave elevations and velocities generated during simulation of 7.0 magnitude

earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE xviii
PROJECT, OLD HARBOUR, ST. CATHERINE

elevation (Top right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)
246

Table 5-76  Maximum wave elevations and velocities generated during simulation of 7.5 magnitude
earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave
elevation (Top right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)

247
Table 5-77  Table showing the live hard coral species observed in the project area.........ccco....... 264
Table 5-78  Table showing a summary of the fiSh SUIVEY .....ceveciiiiiciiieice e 268
Table 5-79  Comparison of population densities for the year 2011 ......ccccvoevieviierencceeneccceeee e 284
Table 5-80 Age categories as percentage of the population for the year 2011........ccccevveeverinneen. 286
Table 5-81  Population 3 years old and over by highest level of educational attainment as a
percentage, for the YEAr 2011 ... et e s s e s e ae e e s e ne e e e nn s 291
Table 5-82  Educational attainment as a percentage of household members in the community of
(0o F= T 0T T Tl = 7= Y 02 L 4 TS 292
Table 5-83  Additional Financial Support received by Household Heads........cccooceeerveiccvneeeeennnnnn. 293
Table 5-84 Unemployment Status of Household Members by Gender........ccccovveeeeeeececcveeeeeeennenn. 294
Table 5-85  Main OccupatioNS DY GENUEN .....eiiieceeieieireee it e s ae e s s e s 295
Table 5-86  SKill Distribution DY GENUEN ......uiiiieeiie ittt ne s 295
Table 5-87  Comparison of national, regional and SIA housing ratios for 2011 ........ccccveveeriieennns 296
Table 5-88  Percentage of households by water supply for the year 2011 .......ccoeeecviereeccieneennnen. 301
Table 6-1  SUIrvey reSPONUENTS’ GEE .oovccuuiiiieceieeeieeereereee e e st ee e e s sseesessseesesssees e e aseeseeasneessesnnessennees 321
Table B-2  SUIVEY rESPONUENTS’ SEX.uiiieiuiiereiiueieieiireiereaireeeseaaseeeseasseeseasssresesasseesaessstesessssessasssnesssnnnes 321
Table 6-3 Survey respondents’ educational attainMment ... 322
Table 6-4 Home owners and renters iN SUINVEY SrOUP.....ccuccceeereeceeereessreresssresassseesesssssessessssessesssees 322
Table 6-5 Number of years respondents have been living in ar€a........ccceccceeeeecieeeeecceeeeeceeee e 322
Table 6-6 Income earnings of SUrVey reSPONAENTS .......eeiicciieiccieie e e e e e e e 322

Table 6-7 Summary comments from respondents in respect of the proposed project in Old Harbour
Bay 324

Table 6-8 Responses to concerns raised by the respondents during the perception survey......... 326
Table 6-9 Responses to stakeholder issues raised about the proposed project .......cccceeeceeeeennneen. 327
Table 6-10  Concerns raised on a previous LNG project in Jamaica (Responses geared toward the
LoT0T=T 01 A T (0] =T o ) SRR 328
Table 7-1 Impact assessment criteria for potential environmental impacts.......ccccvevvceeveecceeen e, 331
Table 7-2 Impact Matrix for Natural Gas Pipeline Horizontal Directional Drilling.........ccccueeeereieenns 332
Table 7-3 Impact Matrix for Offshore Terminal Platform ConstruCtion .......cccceecvceveecveenecceeenseceee 334
Table 7-4 Impact Matrix for Onshore Metering Centre........cou v ereve e e 335
Table 7-5  Operations IMPACt MATIIX c..c.ueieicieieicciee s s e s e e s e s n e e e e e ane e e s e nnees 337

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

XiX
PROJECT, OLD HARBOUR, ST. CATHERINE
Table 7-6  Typical construction equipMeENt NOISE [EVEIS .......ueiereciieecceeccc e e 339
Table 7-7 Guidance on the effects of VIDration ... 341
Table 7-8 Effects of CONStruction Vibration ...t e s s 341
Table 7-9 Vibration source levels for construction equipment (from measured data) .......cccceeen.... 342
Table 7-10  Equipment Vibration EMISSION LEVEIS .....coivecciiiiieiei e ee e snnneeeee e s 343
Table 7-11  Predicted vibration levels at the closest receptors to the Onshore Metering Facility in
PPV in/sec and PPV MM/SEC iN DraCKELS ...cuiicveiiiiciiee et s 344
Table 7-12  Comparison of average, daytime and night time noise levels from the LNG Terminal and
Regassification Project with the NEPA guidelines (JPS 190 MW EIA) .....cviiivei i 361
Table 7-13  Comparison of the predicted daytime and night time noise levels from the LNG Terminal
and Regassification Project with the NEPA guidelines (SJPC 360 MW EIA)......cccoccveiveeeircieeeenecineeenns 361

Table 7-14  Predicted noise levels around the LNG Terminal and Regassification marine structure
363
Table 7-15  Schools listed with the predicted noise LNG Terminal and Regassification Project
LoT L= = LA a1 (o] o 1= PR 366
Table 7-16  List of churches with the predicted noise from LNG Terminal and Regassification Project
LoT L= = LA a1 (o] o 1= PR 367
Table 7-17  Noise levels at clinics with the predicted noise from LNG Terminal and Regassification
Lo [=Toa oY 0T = AT == (] o1 USSP 368
Table 7-18  Hurricane wave climate for waves entering Portland Bight .......ccccooeieiiveneccceen e, 370
Table 7-19  Hurricane wave climate for waves entering Portland Bight .......cccccooeviiiieneccceen e, 371
Table 7-20  Wave parameter iNPUL ... .eiiiceieecciiere st e et ee s e e e e s e as e e s e ae e e s e e ne e s e e nneeeeennnessennnees 372
Table 7-21  Hurricane wave climate for waves entering Portland Bight .......cccccocerieiveeneecceee e, 372
Table 7-22  Hurricane wave climate for waves entering Portland Bight .......ccccocevieiveneccceen e 373
Table 7-23  Hurricane wave climate for waves entering Portland Bight .......ccccoovieiveneccceen e, 374
Table 7-24  Expected wave heights at the mooring [0Cation ........ccccccereeccier e 375
Table 7-25  Thermal modeling results (degrees) for rising and falling tides (proposed mooring area)
376
Table 7-26  Source Information Data for the Proposed LNG Terminal.......ccccoeecviereecieeeeccceeeeennee 382
Table 7-27  Air Pollutant Emission Rates for LNG Terminal.......c.ccuoeeeerieereenreeceeceesee e 382
Table 7-28  Source Information Data for the Proposed LNG-Fired 190 MW Power Plant ............. 383
Table 7-29  Air Pollutant Emission Rates for the Proposed LNG-Fired 190 MW Power Plant ....... 383
Table 7-30  Source Information Data for JEP, JPS and BDFM ... 383
Table 7-31  Source Information Data for Alumina Handling at Port ESQUiVel .........ccceooeveieeriieenns 384
Table 7-32  Criteria Emission Rates for other nearby Existing FacilitieS .......cccuecerrieiriceneieenneennns 385
Table 7-33  Available Priority Air Pollutant Emission Rates for nearby Sources.......cccccccveveevreeennns 385
Table 7-34  Calculated GEP Stack HEIgTS......cccciiiecieeeeeecte et 388

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XX

PROJECT, OLD HARBOUR, ST. CATHERINE

Table 7-35  SPECIAI RECEPIOIS wuvrieiiiiiciteiiiee et e s e e s e e e e s s s e sssr e s e s e s s sessnnsrereeesesesssnnnnesenssanns 392
Table 7-36  LANd USE CateOrES ..uuiiieiiieieieeieieireeese et e s e ssee e s e sseeesessseesessssee s s e ane e s s s nnnesssnnnesssannees 393
Table 7-37  Model Results — Proposed LNG Terminal.....ccccvceeeeeriieciiimieieeen s seccnnereeeeesesesnsssesessseens 395
Table 7-38  Model Results — Proposed LNG Terminal.....ccccvveeeeeriiecciinreieeen s seccnnnreeeeesesessnsssesessseens 396
Table 7-39  Organization of IFC General EHS GUIAEINES......ccuccceierecieieeccceiee et 414
Table 7-40  Details on the two accidental LNG release SCENAriOS ......uuvvvrvererirviereressieeessssenessssees 418
Table 8-1 Cumulative noise levels with the LNG Terminal and Regassification Project operational
compared with the NEPA standards and World Bank guidelines (JPS 190 MW EIA).....cccccoceevecvueennn. 437
Table 8-2 Cumulative noise levels with the LNG Terminal and Regassification Project operational
compared with the NEPA standards and World Bank guidelines (SJPC 360 MW EIA)......ccccccvecueenn. 438
Table 8-3 Schools listed in order of increasing distance (m) from the proposed JPS 190MW power
plant with the predicted noise from JPS 190MW and the Doctor Birds | and Il power plants........... 439
Table 8-4 List of churches in order of increasing distances (m) from the proposed JPS 190 power
plant with the predicted noise from JPS 190MW and Doctor Birds | and Il power plants................. 440

Table 8-5 Noise levels at clinics in order of increasing distance (m) from the proposed JPS 190 MW
power plant with the predicted noise from JPS 190MW and Doctor Birds | and Il power plants...... 440

Table 8-6 Cumulative Impacts (with Proposed LNG Terminal) .....ccccecceeerieiiereresiieeenesseeeseseee s e 442
Table 10-1  Summary of marine facility alternatives ... e 452
Table 11-1  Estimates of financial flows of revenue earned by the project during its lifetime
(MeaSsUred iS MITIONS O USD) ....uiiiiiiiiiiiiieieieeiieccissereeesssessssssresesssessssssssesesssesssssssssesesssesesssssssesesssenns 473
Table 11-2  Estimates of financial flows of operation and maintenance (O&M) expenditures in terms
of shadow prices (AUINE itS [IfE TIME)...uuriir i e e e e e s e e e e nneee s 475
Table 11-3  Greenhouse gas emission rates for oil-fired utility boilers facility ....ccccccocceeeecceerenneen. 476
Table 11-4  Greenhouse Gas Emission rates for LNG FacCility .....ccceecviereeciierecciee e 476
Table 11-5  Greenhouse Gas Emission rates for LNG Terminal .......ccocceeeeeieeneeienseenee e 476
Table 11-6  Combined Greenhouse Gas Emission rates for LNG Terminal and power plant........ 476
Table 11-7  Electricity consumption by income/consumption distribution.........cccceccvceneecceenennen. 477
Table 11-8 Net Social Present Value of the project......u it 478
Table 11-9  Calculation of Saving Impact on StakehOolderS.........ueiereccierccciee e 478
Table 11-10 Calculation of NPV @t StAgE 3 ..ot et e e ee e e e e e e e e s es 479
Table 11-11 Calculation of NPV @t STABE 5 .....eeeeieeeieeeeee e 479
Table 11-12 Net Social Present Value of the project under Zero greenhouse gas alternative....... 480
Table 11-13 Calculation of NPV at Stage 3 under zero greenhouse gas alternative..........ccceeeenne 481
Table 11-14 Calculation of NPV at Stage 5 under the zero Greenhouse gas alternative ............... 481
Table 11-15 Net present social value of project under zero greenhouse gas alternative and
ecosystem 483

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XXi
PROJECT, OLD HARBOUR, ST. CATHERINE

Table 11-16 Calculation of NPV at Stage 3 under zero green house gas alternative and Ecosystem

cost 483
Table 11-17 Calculation of NPV at Stage 5 under zero greenhouse gas alternative and Ecosystem
484
Plate 5-1  Picture showing existing site conditions in the vicinity of BH # 1....cccccooerivciiereccceeneee 96
Plate 5-2 Red mangroves at proposed entry point of PIPEliNe......cccocccceeviecvien e e 253
Plate 5-3 Black mangrove forest showing dense breathing roots (often extend 1-3 m deep within
substrate) 25m north of shoreline- along proposed pipeline footprint ... 253
Plate 5-4 Salt marsh/wetland area with back mangrove trees- northern end of proposed pipeline
footprint 254
Plate 5-5 View of tankfarm foOtprint @rea ......cccoccceei e e 255
Plate 5-6 Transect 2 -middle of tankfarm footprint: evidence of burning of Sporobolus grass and
(o] F= Yo S =Y T~ Y= R 255
Plate 5-7 Disturbed mangrove forest with salt marsh under-brush -footprint of western end of
tankfarm 256
Plate 5-8 Algae covering the substrate (CaUlErPa SP.) couuuiicveiiicicee et 263
Plate 5-9 Sandy/rubble substrate with some macro algae in SUrVey area ......ccccccveeeveereccveeeneennn 263
Plate 5-10  An example of sections of the substrate held together by sponges and algae. .......... 264
P I Ed 5d R 00 [ oY) o 41/ = TR o JA USSR 265
e E= LT 2 @ To g - TR o S 266
Plate 5-13  POrites @StErOIUES. oottt s n e s s s e e s ee e 266
Plate 5-14  Stephanocenia sp. and ManCinia SP. .ucuecccceeeccicee e e e ree e e e e e e e ne e e e nne s 267
Plate 5-15  Montastrea annularis COIONY ........coiccceeicciiee e e e e e e e e ne e e e e nne s 267
Plate 5-16  Sea cucumber on a soft silty substrate in the survey area in the current study ........ 269
Plate 5-17 Holes and tracks in the substrate caused by various meiofauna (similar to previous
studies) 270
Plate 5-18  Starfish, commonly seen in pervious and CUrrent SUIVEYS......ccccveeveeerireveessseveeeesseeens 270
Plate 5-19  Starfish from previous surveys, also seen in current Study .....ccceeevceeriecveeneecceeeeeeen 271
Plate 5-20  Halodule, Macroalgae and a silty sand in the nearshore environment..........ccccoe...... 272
Plate 5-21  Evidence of Burrowing animals in the soft silt sediment ........ccococvriveriineeceeecee e 272
Plate 5-22  Section of the proposed pipeline route passing below patch reef and looking towards
THE JPS 190 MW SItE ..niiiiiieitieeeie e ettt e e st e et e e e s ae et e se e e et e sae et e ese e e eeeeaeeneesneeneenees 273
Plate 5-23  Large, encrusting Solenastrea bournoni on patch reef.......ccooovevceeeverecerccceeveceeeceeenn, 274

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE Xxii
PROJECT, OLD HARBOUR, ST. CATHERINE

Plate 5-24  Montastrea Cavern0oSa COIONY ......ccicccieeicciieeeccieee e cecie e eeree e e raee e e e e e s e ne e e s e ne e e e e nnees 274
Plate 5-25  Porites sp., and a variety of soft corals along the Forereef........ccccvvevivcvieneccceeeeennen, 275
Plate 5-26  Large Montastrea flaveolata colony with an angel fish......cccccceiccvier e, 275
Plate 5-27  Seagrass, rubble and a small Mancenia areolata colony in the reef crest area......... 276
Plate 5-28  Gorgonians, seagrass, rubble and macroalgae in the reef crest area. .......ccccuveenneee. 276
Plate 5-29  Burrowing meiofauna in the foot print of the Off Shore Facility......ccccceeveeviiiveenicnnen. 277
Plate 5-30  Burrowing meiofauna in the foot print of the Off Shore Facility......ccccceeeveeriicveeniennen. 277
Plate 5-31  Starfish commonly found all along the pipeline route and in the terminal area ........ 278
Plate 5-32  Sea cucumber common in the ProjeCt ar€a.....ccccovvvceiiccceeen e e e 278
Plate 5-33  Drone aerial showing the JPS cooling channel ... 279
Plate 5-34  Photograph showing general conditions of Bowers GUIlY.......ccccceveeveericcceencccceeeecene 281
Plate 10-1  Test section of ITP PIPIP system (287 / 34" / 38").uuccvcererceenereeceenierienseessesseessessennees 467
APPENiX L = TEIMS Of REFEIENCE wuuuiiiiiiii it a e e s s e s ssa e e e e essse e nsnnnnneees 507
APPENAIX 2 = STUAY TEAMN..cuieiieeieeieeee ettt et s e e e e s e e s s e e se e s st e e e e s aeesaeeneeaneeaneesneesnnesaeessenas 521
Appendix 3 - NEPA Guidelines for Public Participation .........c.ccceoeereenenienee e 523
Appendix 4 - Hydrolab DS-5 Calibration CertifiCate .........ccuvoerierneiieeeeee e 533
Appendix 5 - Noise Calibration CertifiCate ... 534
APPENiX B — FlOral SPECIES LiSt.....eiiiieeeeeieeie et s e s e e s ne e snee s 536
Appendix 7 — AVIfaunNa SPECIES LiST.....uuiiicierieeiieeeree et s se e s e s ne e e s 538
Appendix 8 - JNHT Non-Technical Summary of Archaelogical Impact Assessment for 360MW Power
o o PR 543
Appendix 9 - Perception Survey QUESTIONNAINE........uueiiiciiee s e 546
Appendix 10 - Letter from the Ministry of Industry, Commerce, Agriculture & Fisheries (Fisheries
DTNV o] o) IS =T 01 = ] 01T a2 O 2 K T USSR 550
Appendix 11 - Draft Mangrove Rehabilitation/Replanting Plan Outhine .......cccccveeiericenscceeneceeseene 552
Appendix 12- NEPA Draft Mangrove Monitoring Specifications ......ccccccceeiccvee e 554

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



(@I

ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

AADT
ACGIH
ADO
AMC
amsl
BA

CBD
CDMP
CN

co
CO2
DAFOR
dBA
DBH
DEM
DO
DCS

EIA
EMP
ESRI
FHA
FOG
ft
FSU
g/l
GIS
GOJ
GPS
HA
HDD
hr
Hz
IPCC
IUCN
JAD 2001
JGQ
JNHT
km
Leq

PROJECT, OLD HARBOUR, ST. CATHERINE

Annual average daily traffic

American Conference of Industrial Hygienists
Automotive Diesel Oil

Antecedent moisture conditions

Above mean sea level

Basal area

Celsius

Convention on Biological Diversity
Caribbean Disaster Mitigation Project
Curve number

Carbon Monoxide

Carbon Dioxide

Dominant, Abundant, Frequent, Occasional, Rare
A-weighted sound level (decibel)

Diametre at breast height

Digital elevation model

Dissolved oxygen

Distributed control system

East/ Easting

Environmental Impact Assessment
Environmental Monitoring Programme
Environmental Systems Research Institute
Federal Highway Administration

Fats Oil and Grease

Feet

Floating Storage Unit (

Grams per litre

Geographic information system
Government of Jamaica

Global Positioning System

Hectares

Horizontal Directional Drilling

Hour

Hertz

Intergovernmental Panel on Climate Change
International Union for Conservation of Nature
Jamaica Grid 2001

Jamaica Gypsum and Quarries Limited
Jamaica National Heritage Trust
Kilometre

Time-average sound level

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.

XXiii



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XXiv
PROJECT, OLD HARBOUR, ST. CATHERINE

Lj jth sound level

LNG Liquefied Natural Gas Carrier

LNGC Liquefied Natural Gas Carrier

m Metre

m/s Metres per second

m3/sec Cubic metres per second

mg/| Milligrams per litre

mg/m3 Milligrams per cubic metre

min Minute (s)

mm Millimetre

MMBTU Million Metric British Thermal Units

mS/cm milli Siemens per cm

MSDS Material Safety Data Sheets

N North/ Northing

NAAQS National Ambient Air Quality Standards
NEPA National Environment and Planning Agency
NG Natural Gas

NMIA Norman Manley International Airport

NO2 Nitrogen Dioxide, Nitrite

NOs Nitrate

NOx Nitrogen Oxides

NRCA Natural Resources Conservation Act
NSWMA National Solid Waste Management Authority
NTU Nephelometric turbidity units

NWA National Works Agency

NWC National Water Commission

ODPEM Office of Disaster Preparedness and Emergency Management
OSHA Occupational Safety and Health Administration
PCQ Point-Centred Quarter

PEL Hearing Conservation and Permissible Exposure Limit
PIF Project Information Form

Particulate matter smaller than 10 microns in diametre,

PM10 respirable particulate matter
Particulate matter smaller than 2.5 microns in diametre, fine

PM2.5 .
particulate matter

ppm parts per million

ppt parts per thousand

QSP I Quest suite Professional

S Second

SCS US Soil Conservation Service

SIA Social Impact Area

S02 Sulfur Dioxide, sulfite

S04 Sulfate

SOx Sulfur Oxides

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



c

ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE XXV

STATIN
TCP Act
TDS
TSS
TCL
USEPA
WHO
WRA

yr

PROJECT, OLD HARBOUR, ST. CATHERINE

Statistical Institute of Jamaica

Town and Country Planning Act

Total dissolved solids

Total Suspended Solids

Trinidad Cement Limited

United States Environmental Protection Agency
World Health Organization

Water Resources Authority

Year

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 1
PROJECT, OLD HARBOUR, ST. CATHERINE

INTRODUCTION

The Jamaica Public Service Company Limited (JPS) has selected NFE South Holdings Limited (NFE) to
supply natural gas to Old Harbour Power Station Plant. Additionally, natural gas will be provided to
potential future industrial users. The main objective is to provide the Jamaica Public Service
Company’s Old Harbour Plant with a cleaner and more cost effective fuel in furtherance of the goals
of the National Energy Policy.

COMPREHENSIVE DESCRIPTION OF THE PROPOSED PROJECT

This project proposes to construct a marine terminal facility comprised of a vessel berth and off-shore
offloading and regasification platform at the general location approved by the Port Authority of Jamaica
in the Portland Bight area of Jamaica. This facility will accommodate a Floating Storage Unit (FSU)
vessel for Liquid Natural Gas (LNG) storage and a LNG carrier delivering LNG to the FSU. The FSU is a
LNG carrier refitted for use as a storage vessel. LNG will be delivered by ship from various potential
locations in the United States or other locations. The platform would contain equipment to regasify
LNG as well as related process and safety equipment. The liquid gas from the FSU would be carefully
regasified and the gas would then be released into an undersea pipeline which will be mostly
directionally drilled in basically a straight line from the platform to the vicinity of the JPS plant. This
submerged line will minimize environmental impacts since it will be directionally mostly drilled in a
relatively straight line. The gas pipeline would then be mostly directionally drilled on shore to a small
receiving facility on shore near the proposed gas power plant that JPS is constructing where it can be
metered and then sent to the power plant. In addition, the project will construct a new, or refurbish
an existing Automotive Diesel Oil (ADO) line from storage tanks to the renovated power plant in order
to enhance the reliability of the facility in case of LNG delivery interruptions.

Project Infrastructure, Effluent, and Emissions

The proposed LNG offloading facility location was selected after consideration of environment,
operations, and constructability. The facility will be constructed in approximately 14 meters of water
in the northwestern region of Portland Bight near the Old Harbour Power Plant. Phase 1 of the project
includes one vessel berth consisting of an unloading and regasification platform, metering and pig
launch platform, four (4) breasting dolphins and six (6) mooring dolphins. The dolphins and the
process platforms are connected for access using nine truss spans and four catwalks. Phase 2 of the
project includes a second berth, an extension to the Phase 1 unloading and regasification platform
and installation of four (4) additional breasting dolphins.

The structures will be constructed using steel pipe piles, steel framing, steel superstructure and
concrete deck slabs on the platforms. The dolphins will include a fender system and quick release
hooks for vessel mooring and berthing. The berths are designed for LNG vessel sizes ranging from
140,000 m3up to 175,000ms3 capacity with an approximate vessel length of 280m to 300m and draft
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of approximately 12.5m. The structures are designed to resist mooring and berthing loads under
operational conditions, as well as seismic and hurricane/tropical storm conditions.

The platform will be sized to include the following critical components of an LNG offloading and
regasification facility; an unloading area, control room, power distribution centre, boil-off-gas
compressor skid, LNG pump skid, vaporizer and process skid, flare skid including drain tank and
igniter, flare, nitrogen generator skid, seawater pumps, mixing tank, air burst system, crane, and
launcher area. The onshore facilities will have equipment for both the natural gas and the ADO
systems. The natural gas pipeline will be mostly directionally drilled using a horizontal directional drill
(HDD) from the planned fuel skid at the JPS plant to offshore for a distance of approximately 5,410
meters. The length of the HDD will allow the proposed pipeline to go under the coral and the ship
channel. A new or refurbished up to 8-inch (20.32 cm) ADO pipeline will run from the existing power
plant to either existing ADO tanks or the existing multipoint mooring buoys.

International standards and guidelines will be used during both the construction and operational
phases of the project.

Associated Facilities and Environmental Issues

Impacts from the construction and operation of the proposed project will potentially arise and it is
imperative to consider these likely impacts and assess the vulnerability of environmental features in
proximity to the project location, as well as on a national scale. The following Environmental Impact
Assessment was prepared following NEPA guidelines to more fully describe the project, analyse its
environmental and social impacts as well as measures taken to reduce and mitigation those impacts,
and finally to describe measures that will be taken to ensure that a facility is constructed and operated
that is safe for the environment, the nearby community, and workers while providing this important
new energy source for Jamaica.

The main potential impacts to the marine environment and shoreline during construction include;
sedimentation and temporary displacement of some species such as commercially important fish
species, marine turtles and crocodiles. Terrestrial impacts include the direct removal of vegetation
(including mangroves) for onshore facilities. This may also result in habitat loss and fragmentation for
avifauna, invertebrates and reptiles. However, mitigation measures have been proposed that reduce
these impacts.

Socio-economic surveys suggest there was a general feeling among respondents (who are primarily
fishermen dependent on the OHB Area for their livelihood) that the project could have a negative
impact on their fish catch. Notwithstanding the potential impact of the project on the fish catch the
majority of respondents, 74.2%, thought the proposed project site was appropriate.

Project Construction

Figure 3-12 shows the schedule for project construction and Figure 3-13 details the pipeline
construction schedule. It is anticipated that NG will be ready to be delivered to the JPS 190 MW Power
Plant by the second quarter of 2018.
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Platform

The proposed marine structures will be constructed utilizing jack-up and floating equipment. The
primary in-water construction activity is installing the steel pipe piles for the marine structures.
Following pile installation, pre-fabricated steel frames will be lowered onto the piles and welded in
place to form the substructure of the platform. Modular precast deck slabs will be installed on the
frame to form the platform deck. The four breasting dolphins and the six mooring dolphins consist of
steel pipe piles with a steel frame and steel superstructure. Construction activities for the process
equipment and skids will consist of first off-loading equipment/skids/materials/components from
barges or vessels followed by setting up of equipment/skids on the platform table-top.

Natural Gas and ADOQ Pipelines - Horizontal Directional Drilling (HDD)

The Natural Gas Pipeline will be mostly horizontally drilled. It is initiated onshore and exits at a point
beyond the coral reef along the predetermined pipeline route. The straight line path for the natural gas
line is approximately 5,410 km (3.36 miles). The HDD depth is estimated to be approximately 12 m
(40 feet) below the coral. The remaining pipeline length will be trenched to the platform. The ADO
pipeline will originate at the existing mooring field and will be directionally drilled as well. Both pipelines
(ADO and NG) will be mostly directionally drilled and be at least 25 feet (7.62 m) beneath the ground
at the onshore location. Therefore, there will be no need for a cleared maintenance corridor for either
pipeline on shore.

Employment

It is estimated that during site clearance and preparation, approximately 20 persons will be employed.
The actual number of persons employed may vary depending on the timing and exact design of the
construction, however it estimated that a total of between 225 persons (average) and 250 persons
(peak)will be employed during the project construction.

During operations, it is estimated that approximately up to 40 persons will be hired primarily to work
on the FSU, as well as the platform and land.

Project Operation and Maintenance

Sea water will be pumped from the ocean using submersible column mounted pumps. The pump
columns will extend from the platform operating deck to below the minimum sea level. Column intakes
will be provided with screens to prevent suction of marine life/vegetation and/or debris. Cooled sea
water will be returned to the ocean (below sea level) at a temperature no more than 5 degree C below
the intake temperature via a sea water return pipe.

Maintenance will be minor at the off shore platform and will consist of routine inspections and special
inspections following severe weather in order to ensure the structural integrity of the platform. Routine
maintenance may include steel coating repair, or concrete defect repair. The Floating Storage Unit
fleet shall follow a risk-based approach to maintenance management, whereby equipment shall be
maintained (inspected, monitored, overhauled, and renewed) to achieve the level of reliable operation
required to reduce and manage the risk to personnel, equipment, and the environment.
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POTENTIAL DIRECT AND INDIRECT IMPACTS AND RECOMMENDED MITIGATION

Impact matrices for the impacts of construction and operation were developed and are available in
the EIS. These matrices describe the receptor, activity, impact, direct/indirect nature of the impact,
the direction of the impact (positive, none, or negative), the impact’s duration, and the impact’'s
magnitude. These matrices guided the analysis of potential impacts and the recommended mitigation
to manage the impacts as described below.

Site Preparation and Construction
Physical

1. NOISE

Site clearance for the construction of the metering facility necessitates the use of heavy equipment to
carry out the job. Construction noise can result in short-term impacts of varying duration and
magnitude. To gain a general insight into potential construction noise impacts that may result from
the project, the typical noise levels associated with various types of construction equipment were
identified.

Recommended Mitigation for Noise
i Use equipment that has low noise emissions as stated by the manufacturers.

ii. Use equipment that is properly fitted with noise reduction devices such as mufflers.

iii. Operate noise-generating equipment during regular working hours (e.g. 7 am - 7 pm) to reduce
the potential of creating a noise nuisance during the night.

iv. Construction workers operating equipment that generates noise should be equipped with
noise protection. A guide is workers operating equipment generating noise of > 80 dBA
(decibels) continuously for 8 hours or more should use ear muffs. Workers experiencing
prolonged noise levels 70 - 80 dBA should wear earplugs.

V. Management controls will be used to mitigate the potential noise impacts along the access
route. These are;

a. Trucks and other heavy duty vehicles will be required to travel at no more than 30
km/h along the access route.

b. Truck and heavy duty vehicles should travel along the access route only during day
time hours 7 am - 5 pm.

2. VIBRATION

Construction activities can result in various degrees of ground vibration. This is dependent on the type
of equipment used and the methodologies employed. The closest receptors to the onshore LNG
Metering Facility are: a wooden shack (211m away) and a house made of block and steel (310m
away). The vibration impact was predicted on these receptors with the use of ten (10) pieces of
construction equipment. The results show that both structures (wooden shack and house made of
block and steel) will be unaffected by vibrations as a result of the onshore construction activity.

Recommended Mitigation for Vibration
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i Avoid night time construction activities. People are more aware of vibration in their homes
during the night time hours.

ii.  Have regular meetings or devise a communication strategy to inform the residents nearby of
construction activities.

3. NOISE AND VIBRATION - TERRESTRIAL AND MARINE MAMMALS AND REPTILES
The construction/installation of the proposed project has the potential to have a negative impact on
terrestrial and marine mammals and reptiles albeit on a short term basis.

Recommended Mitigation for Terrestrial and Maine Mammals and Reptiles for Noise and Vibration

i. A soft start procedure can be used to cause marine animals to leave the immediate area of
the piling. This involves starting the energy of the impact at approximately 1/10th of the
desired level and progressively increasing the energy of the impact until the desired impact
energy is achieved. The ramp up time should be determined by the time it would take the
aquatic animal of interest to leave the high impact area.

ii. Impact cushions of plywood, nylon or other material can be placed between the top of the pile
and the hammer. These cushions can reduce the sound pressure level by between 4-26dB at
the cost of requiring slightly more impacts to achieve the same penetration depth.

iii. Bubble curtains may be used should noise mitigation be required for protection of marine
animals. A bubble curtain is a vertical ‘curtain’ of bubbles that completely surrounds the pile
while driving is in progress. The bubbles present an impedance mismatch which results in
transmission loss of between 320dB. Bubble curtains are less effective in areas where there
are strong currents or high turbulence as the transmission loss depends on the whole pile
being encased in the bubble curtain.

iv. Use vibropiling where possible

V. Reduce piling during breeding season

4. STORAGE OF RAW MATERIALS AND EQUIPMENT

Any raw materials used in construction of the onshore metering facility will be stored onsite. There will
be a potential for them to become air or waterborne. Stored fuels and the repair of construction
equipment has the potential to leak hydraulic fuels, oils etc.

Recommended Mitigation for Storage of Raw Materials and Equipment
i.  Acentral area should be designated for the storage of raw materials. This area should be lined
in order to prevent the leakage of chemicals into the sediment.

ii. Raw materials that generate dust should be covered or wetted frequently to prevent them from
becoming air or waterborne.

iii. Fine grained materials (sand, marl, etc.) will be stockpiled away from drainage channels and
low berms will be placed around the piles which themselves will be covered with tarpaulin to
prevent them from being eroded and washed away.

iv. Raw material should be placed on hardstands surrounded by berms.

V. Equipment should be stored on impermeable hard stands surrounded by berms to contain any
accidental surface runoff.
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vi. Bulk storage of fuels and oils should be in clearly marked containers (tanks/drums etc.)
indicating the type and quantity being stored. In addition, these containers should be
surrounded by bunds to contain the volume being stored in case of accidental spillage.

5. TRANSPORTATION OF RAW MATERIALS AND EQUIPMENT

The transportation and use of heavy equipment and trucks is required during construction. Trucks will
transport raw materials and heavy equipment. This has the potential to directly impact traffic flow
along local roads.

Recommended Mitigation for Transportation of Raw Materials and Equipment
i Paths of the planned roadways should be used, rather than creating temporary pathways just

for equipment access.

ii. Adequate and appropriate road signs should be erected to warn road users of the construction
activities. For example, signs which require reduced speed near the construction site.

iii. Raw materials such as marl and sand should be adequately covered within the trucks to
prevent any escaping into the air and along the roadway.

iv.  The trucks should be parked on the proposed site until they are off loaded.

V. Heavy equipment should be transported early morning (12 am - 5 am) with proper pilotage.

vi.  The use of flagmen should be employed to regulate traffic flow.

6. LIGHT
The platform and on-shore facility will be designed to minimize light pollution through the use of LED
lights and shielding as required to minimize the spread of light in the nearby environment.

7. AIRCRAFT
Any impacts on aircraft will be minimal since the platform and on-shore facilities are in remote
locations. In addition, the tallest structure will be the flare which will be under 30.5 m (100 ft) above
the platform deck.

8. WATER IMPACTS FROM OPERATIONS AND SPILLS

There are several potential pollution sources that have the potential to generate sediment plumes in
the marine environment, both nearshore and offshore. They include; directional drilling nearshore for
the pipeline, and driving of piles to build the offshore LNG platform. There will be no dredging or
associated spoil disposal or reclamation activities for this project. Therefore, no dredge related
impacts are expected. In terms of ballast water, it will only be released in accordance with international
and Jamaican standards. Only LNG spills apply to the LNG Re-Gas Facility at the platform. In the event
of a spill, the LNG will immmediately begin to vaporize.

Recommended Mitigation from Water Impacts

Turbidity barriers/silt screens are recommended to be used around LNG platform construction
activities and pipeline directional drilling activities nearshore. These should be placed so as to
reduce/contain the resultant sediment plume during these activities. Activities should only continue
when these barriers are fully operational, that is; placed correctly; calm to moderate sea conditions;
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without damage. These barriers are particularly important when operations occur near or may
influence sensitive ecosystems and species such as coral reefs and seagrass beds and or filter feeding
organisms and fish. The silt screens should encircle the areas and be deep enough to contain the
plumes so that plumes will not travel in the direction of the prevailing currents.

9. AIR IMPACTS

Site preparation for the onshore metering facility has the potential to have a two-folded direct negative
impact on air quality of the surrounding residential area. The first impact is air pollution generated
from the construction equipment and transportation. The second is from fugitive dust from the
proposed construction areas and raw materials stored on site.

Recommended Mitigation for Air Impacts
i.  Areas should be dampened every 4-6 hours or within reason to prevent a dust nuisance. On
hotter days, this frequency should be increased.
ii. Minimize cleared areas to those that are needed to be used.
iii. Cover or wet construction materials such as marl to prevent a dust nuisance.
iv. Where unavoidable, construction workers working in dusty areas should be provided and fitted
with N95 respirators.

Biological

1. ALONG PIPELINE ROUTE

The pipeline will be directionally drilled several feet underground, below the seafloor and topsoil layers.
Using this method of pipe installation, the impacts to the biological community are expected to be
minimal. Impacts were examined for marine invertebrates, terrestrial invertebrates, fish and filter
feeders, reptiles, avifauna, marine mammals, coral reef and seagrass communities, mangrove,
salina/salt marsh and thorn savanna.

Recommended Mitigation for Pipeline route

i Silt screens or other turbidity barriers should be used in any working area where a sediment
plume may occur.

ii. No work activities should occur in unfavourable or unsafe weather conditions. These include
high winds, rough seas, heavy rainfall and any other natural event which may increase the risk
of accidents or render silt screens and other mitigation tools ineffective.

iii. No lights should be pointed out to sea or illuminate sections of the beach so as to cause
confusion and disorientation of turtles or any other species that maybe affected by lunar
activity.

iv.  Fixtures in direct line-of-sight from the beach should be shielded down-light only fixtures or
recessed fixtures having low wattage (i.e. 450 lumens or less) "bug" type bulbs and non-
reflective interior surfaces.

V. Fixtures mounted as low in elevation as possible through use of low-mounted wall fixtures, low
bollards and ground level fixtures.

Vi. Floodlights, up-lights or spotlights for decorative and accent purposes that are directly visible
from the beach or which indirectly or cumulatively illuminate the beach shall not be used.
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For high intensity lighting applications such as providing security and similar applications
shielded low-pressure sodium vapour lamps and fixtures shall be used.

Avoid contact with sensitive, protected or hazardous species. These include turtles and
crocodiles. Any unavoidable interaction with these species should be handled by the regulatory
Agency and any incidents should also be reported to the Agency.

Temporary fencing or relocation maybe needed in working areas if crocodiles are present and
or any other recommendations by the Agency.

Workers should be sensitized to existence of hazardous animals as well as the procedure if
one is encountered. Works should be properly educated to ensure no animals are caught,
harmed, teased or otherwise harassed. Works should be aware of the reporting procedure in
the event of an encounter with a protected species.

Limit the vegetation clearance when possible. Mangroves and other large, protected or
endemic species should not be removed.

OFFSHORE FACILITY

Impacts for the off shore facility were described for marine invertebrates, fish and filter feeders, marine
mammals, and coral reef and seagrass communities.

Recommended Mitigation for the off shore facility

Vi.

vii.

viii.

Avoid or relocate macrofauna such as starfish and sea cucumbers in working areas.

Silt screens or other turbidity barriers should be used in any working area where a sediment
plume may occur. Further to this, special care should be taken in the placement of these
screens around these systems, in particular where seagrass beds occur near to shoreline
areas. Small sections of seagrass were found within the footprint near the shoreline. These
areas should be avoided where possible.

No work activities should occur in unfavourable or unsafe weather conditions. These include
high winds, rough seas, heavy rainfall and any other natural event which may increase the risk
of accidents or render silt screens and other mitigation tools ineffective.

Night time activities should be limited or avoided when possible. No lights should be pointed
out to sea confusion and disorientation of turtles or any other species that maybe affected by
lunar activity.

Fixtures should have low wattage (i.e. 450 lumens or less) "bug" type bulbs and non-reflective
interior surfaces.

Fixtures mounted as low in elevation as possible through use of low-mounted wall fixtures, low
bollards and ground level fixtures.

For high intensity lighting applications such as providing security and similar applications
shielded low-pressure sodium vapour lamps and fixtures shall be used.

Avoid contact with sensitive, protected or hazardous species. These include turtles and
crocodiles. Any unavoidable interaction with these species should be handled by the regulatory
Agency and any incidents should also be reported to the Agency.

Workers should be sensitized to existence of sensitive and protected species as well as the
procedure if one is encountered. Works should be properly educated to ensure no animals are
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caught, harmed, teased or otherwise harassed. Works should be aware of the reporting
procedure in the event of an encounter with a protected species.

ONSHORE FACILITY

Impacts were described for terrestrial invertebrates, reptiles, avifauna and mangrove, salina/salt
marsh and thorn savanna.

Recommended Mitigation for the on shore facility

Vi.

vii.

viii.

A mangrove relocation exercise should be conducted with the use of nursery grown plants in
an area approved by the Agency as a mitigation for the removal of mangroves as a result of
the construction activities.

No lights should be pointed out to sea to cause confusion and disorientation of turtles or any
other species that maybe affected by lunar activity.

Fixtures in direct line-of-sight from the beach should be shielded down-light only fixtures or
recessed fixtures having low wattage (i.e. 450 lumens or less) "bug" type bulbs and non-
reflective interior surfaces.

Fixtures mounted as low in elevation as possible through use of low-mounted wall fixtures, low
bollards and ground level fixtures.

Floodlights, up-lights or spotlights for decorative and accent purposes that are directly visible
from the beach or which indirectly or cumulatively illuminate the beach shall not be used.

For high intensity lighting applications such as providing security and similar applications
shielded low-pressure sodium vapour lamps and fixtures shall be used.

Avoid contact with sensitive, protected or hazardous species. These include turtles and
crocodiles. Any unavoidable interaction with these species should be handled by the regulatory
Agency and any incidents should also be reported to the Agency.

Temporary fencing or relocation maybe needed in working areas if crocodiles are present and
or any other recommendations by the Agency.

Workers should be sensitized to existence of hazardous animals as well as the procedure if
one is encountered. Works should be properly educated to ensure no animals are caught,
harmed, teased or otherwise harassed. Works should be aware of the reporting procedure in
the event of an encounter with a protected species.

Limit the vegetation clearance when possible.

Human/Social

1.

MARINE OPERATIONS

The presence of marine vessels associated with offshore LNG platform construction and pipeline
deployment activities has the potential to cause conflict with other marine vessels in the area.

Recommended Mitigation for Marine Operations

A safety plan should be developed in conjunction with NFE South Holdings Limited and the
Port Authority of Jamaica.
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ii. The use of marker buoys demarcating an exclusion zone should be used to keep out other
marine traffic from the work area during construction and pipeline deployment activities.

iii.  Ample notice must be placed in public media concerning the conducting of offshore
construction and pipeline deployment activities.

2. EMPLOYMENT

There is the potential for increased employment during the pre-clearance, construction phases, and
operation phases. Therefore, the construction of the facility will provide an additional source of jobs in
the immediate area. No mitigation is recommended for employment.

3. SOLID WASTE GENERATION

During the construction phase of the onshore metering facility, solid waste generation may occur
mainly from: From the construction campsite. From construction activities such as site clearance and
excavation (vegetative debris), construction materials packaging (cardboard, plastics, fencing
material, wooden pallets, containers etc.)

Recommended Mitigation for Solid Waste Generation
i Skips and bins should be strategically placed within the campsite and construction site.
ii. The skips and bins at the construction campsite should be adequately designed and covered
to prevent access by vermin and to minimise odour.
iii.  The skips and bins at both the construction campsite should be emptied regularly to prevent
overfilling.
iv. Disposal of the contents of the skips and bins should be done at an approved disposal site.

4, WASTEWATER GENERATION AND DISPOSAL

With every construction campsite comes the need to provide construction workers with showers and
sanitary conveniences. The disposal of the wastewater generated at the construction campsite has
the potential to have a minor negative impact on groundwater.

Recommended Mitigation for Wastewater Generation and Disposal
i Provide portable sanitary conveniences for the construction workers for control of sewage
waste. A ratio of approximately 25 workers per chemical toilet should be used.
ii. Showers should be provided for the workers.

5. HOUSING
It is not expected that the structure of housing will be adversely impacted and as such relocation of
residents is not a foreseen measure. No mitigation is required.

6. AESTHETICS
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Solid waste generation during the construction period can have a potential negative impact on visual
aesthetics if improperly collected and stored on site. There is also the potential for vermin infestation
if discarded food and food containers are present.

Recommended Mitigation for Aesthetics

Skips and bins should be strategically placed within the campsite and construction site.
The skips and bins at the construction campsite should be adequately designed and covered
to prevent access by vermin and minimise odour.

Operations
Physical

1.

2.

GEOTECHNIAL CONSIDERATIONS

Shift Structures away from Borehole Locations 1 and 2.

For detail study of the area it is critical that further testing be performed in the vicinity of the
proposed structures.

Excavate and remove the TOP1soils in the vicinity of Boreholes 3 and 4 and replace with 0.7m
of river shingle for pore pressure dissipation and 1m of compacted granular fill or to design
level (invert) whichever is thicker. Use Shallow Mat/Raft foundation above the fill. Note
excavation below the water table is anticipated.

Use short driven or cast in place pile foundation to a depth sufficient to safely carry the
anticipated loads for the structures with pile caps interconnected to mitigate differential
deformation.

SOIL

No impacts are expected on the soil for the onshore metering facility.

3.

NOISE

The predicted noise from the proposed LNG Regassification project was determined by using
SoundPlan version 7.4. The noise spectrum for the major equipment provided by the manufacturer
was used to calibrate the model. The predicted noise generated from the proposed LNG Terminal and
Regassification project are shown on figures in the EIA.

Landside Noise - The noise model was used to generate the night time limit lines for Industrial
facilities (70 dBA) and residential areas (50 dBA). This was done to determine the potential
noise impact from the operation of the LNG Storage and Regasification Project. The residential
and industrial noise limit lines are depicted in figures in the EIA.

Marine Infrastructure - The night time industrial noise standard (70 dBA) is met close to the
equipment generating the noise resulting in the noise levels generated meeting the NEPA
noise standard within the property boundary or on the regas facility (marine side) (Table 7-14
and Figure 7-4). When the NEPA night time noise standard was examined the noise limit line
for the landside fell within the property and no residential areas were impacted. The noise
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level for the marine side fell within the NEPA night time standard (50 dBA) for residential areas
within approximately 207 m of the marine facility.

e |mpact on Terrestrial and Marine Mammals and Reptiles- Based on this analysis as described
in the EIA, No mitigation required as the frequency of LNG delivery is inconsequential (1 ship
per month), therefore, the potential to significantly increase the noise climate in the area is
negligible. The operation of the pumps on the platform will not adversely influence the noise
climate

e Sensitive Receptors - Sensitive receptors (schools, churches and clinics) within 6 km were
mapped. Note that this list is not exhaustive. The noise attributed to the operation of the LNG
Terminal and Regassification Project alone at the various receptors was predicted using both
the General Prediction Model. All predicted noise levels were compliant with both the NEPA
daytime standard and the World Bank guidelines. Therefore, no mitigation is required.

4, STORM SURGE HAZARD

During a 1:50yr storm event, the mooring area is expected to experience wave heights of up to 3.16m
while during a 100yr event, wave heights up to 3.41 will be observed. For the proposed LNG site on
land, the vulnerability to storm surge was also investigated. It was determined that the expected storm
surge inundation levels for the 50yr and 100yr events is 3.14m and 3.26m respectively.

Recommended Mitigation for Storm Surge Hazard

i The floor levels can be set to 0.5m above the 50 or 100yr storm event, all critical components
should be at a minimum elevation of 0.5m above the expected flood level for the 1 in 100 year
rainfall event.

ii.  All coastal protective works should be employed to protect the seaward edges of the site. Due
consideration should be given to overtopping and direct wave damage. Such coastal protection
works should be constructed to elevations determined by the 95% confidence limits of the
storm surge re-analysis.

5. TSUMANI HAZARD

Modeling suggests that the tsunami waves are expected to arrive at the Old Harbour Bay fishing village,
Jamaica Public Service (JPS) power plant and JAMALCO (Salt River Bay) in approximately 135, 120
and 108 minutes after the earthquake, respectively.

Recommended Mitigation for Tsunami Hazards
i Regulatory authorities should not only implement but enforce early and public warning systems
inclusive of evacuation routes and assembly points throughout the Old Harbour Bay area.
ii.  Theimplementation of coastal protection such as tsunami breakwaters, dikes and revetments.

6. HURRICANE WAVE CLIMATE
Various scenarios of hurricane waves, water level setups, locally generated waves, and sea level rise
(2050 and 2100 projections) were made for the various components of the project. The results of
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these models are shown in the EIA. Results of these models were incorporated into project design as
appropriate.

7. WAVE OVERTOPPING PLATFORM

The modelling analysis indicates that, in a worst case scenario the mooring platform will see wave
heights of up to 5.33m and 5.63m for the 50year and 100year respectively. Platform design will
manage this wave scenario.

8. STORMWATER

On-shore stormwater potential will be minimal since the footprint of the metering facility is small.
Stormwater from the off-shore platform and FSU will also be minimal and not result in violation of
water quality standards at this location.

Recommended Mitigation for Stormwater
i Appropriately sized stormwater management will be incorporated into the design of this on
shore facility to manage stormwater runoff. The drainage design criteria for this project will be
guided by local requirements for permitting and international standards.

9. WATER QUALITY INCLUDING THERMAL OUTFALL

During construction, the immediate areas around the NG pipeline will have the potential to have
reduced water quality. The effluent of the power plant will be discharged through a thermal outfall. The
effluent is expected to be of a lower temperature than the ambient surroundings. Additionally, these
areas could be affected by wave action and currents resulting in the farfield dispersion of this thermal
effluent. Regulations stipulate that the effluent from the thermal outfall must be mixed with the
seawater until the temperature differences are within NEPA and EPA limits (< 2°C below ambient
temperature) within a radius of 100m from the outfall.

Recommended Mitigation for Water Quality
i Once the effluent temperature adheres to the standards prescribed by the statutory authorities
(NEPA, EPA, World Bank), no specific management measures will be required. Salinity changes
are expected to be within 38 ppt, hence impact of salinity and temperature on the marine biota
is expected to be minimal.
ii. However, it is recommended that good practices be implemented for inlet and outfall
management in order to protect the marine environment.

10. SEDIMENT TRANSPORT AND COASTAL DYNAMICS

There will be no structures built along the shoreline/coastline so no changes in the nearshore
sediment transport (erosion and accretion) or wave patterns are anticipated. The offshore facility will
be comprised of pilings, a floating platform and the FSU. Therefore, no changes in wave or current
patterns are anticipated. Therefore, no mitigation is required.

11. ADO SPILLAGE
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According to the National Oceanic and Atmospheric Administration (NOAA), diesel oil has a very low
viscosity and is readily dispersed into the water column with moderate winds (5 -7 knots) or with
breaking waves.

Recommended Mitigation for ADO spillage

i Pressure in the subsea ADO pipeline will be continuously monitored and recorded at the
onshore pipeline facility. When a vessel is delivering ADO to the tanks, JPS, or both, the flow
rate and pressure will be monitored both onshore and on the ship located at the offshore single
point mooring (SPM). In the event of a sudden drop in flow rate or pressure, the vessel will be
immediately contacted to stop delivering ADO into the pipeline and all isolation valves will be
closed.

ii. An automated block valve in the proximity of the beach will be located onshore and will be
used for isolation and emergency shutdown purposes. Automated block valves will be located
at the inlet of the meter skid and at each inlet to each regulator skid and the tanks. In the
event of a pipeline leak, the automated block valves will close to stop transportation of ADO to
the onshore storage tanks and/or to the power plant and isolate the pipeline.

ii.  The ADO storage tanks on land will each be located inside containment bunds sufficient to
hold 110% of the volume of one tank. Each tank will have instrumentation to automatically
shut down to prevent overfilling.

iv. In the event of a storm/hurricane, the pipeline will be shut down and the isolation valves will
be closed

12. AIR IMPACTS

An air dispersion modelling analysis was undertaken to determine the impact of the air pollutants from
the proposed facility on ambient air quality. A determination was also made whether a significant air
quality impact will be created based on the incremental contribution of the proposed facility to the
cumulative air quality impact. Section 7.2.1.3 of the EIA describes the modelling process, model
inputs, meteorological data, and the model domain.

The model predictions for the LNG Terminal revealed compliance with the CO, PM10, NO2 and SO2
ambient air quality standards and the priority air pollutant guideline concentrations for the applicable
averaging periods. The incremental impact of the criteria air pollutants was also less than the
established values that would have created a significant air quality impact.

Biological

1. LIGHTING

Lights will be placed on the platform as a security feature so as to prevent other marine vessels from
collision during night time or low visibility situations. Some amount of lighting will also be present by
the onshore metering facility.

Recommended Mitigation for Lighting Impacts
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i Lighting on the offshore platform should be minimal and only placed where necessary and
should be of low intensity.

ii. Fixtures should have low wattage (i.e. 450 lumens or less) "bug" type bulbs and non-reflective
interior surfaces.

iii. Fixtures mounted as low in elevation as possible through use of low-mounted wall fixtures, low
bollards and ground level fixtures.

iv. For high intensity lighting applications such as providing security and similar applications
shielded low-pressure sodium vapour lamps and fixtures shall be used.

V. No lights should be pointed out to sea or illuminate sections of the beach so as to cause
confusion and disorientation of turtles or any other species that maybe affected by lunar

activity.

Vi. Floodlights, up-lights or spotlights for decorative and accent purposes that are directly visible
from the beach or which indirectly or cumulatively illuminate the beach shall not be used.

Vii. Staff will be sensitized about the sensitive species in the area. Special precautions will be
taken during turtle nesting season, this will include logging and reporting of all turtle sightings
to the Agency.

2. COOLING WATER SYSTEM

Seawater cooling has been used in more than 50% of the LNG plants built since the 1960s (Birtwell,
2001). This is primarily attributed to the fact that use of seawater is more efficient, less expensive,
and generates less noise than air cooling or other mechanical means of cooling. These impacts are
described in the EIA.

Recommended Mitigation for Cooling Water System
i Once the effluent temperature adheres to the standards prescribed by the statutory authorities
(NEPA, EPA, World Bank), no specific management measures will be required. Salinity changes
are expected to be within 38 ppt, hence impact of salinity and temperature on the marine biota
is expected to be minimal.
ii. However, it is recommended that good practices be implemented for inlet and outfall
management in order to protect the marine environment.

Human/Social

1. MARITIME OPERATIONS
With the presence of marine vessels associated with offshore LNG platform as well as the LNG
platform itself, exists the potential for accidents with other marine vessels in the area.

Recommended Mitigation for Maritime Operations
i.  There will be a marine security zone of 500 meters enforced around the off-shore mooring
facility and clearly marked with buoys where boat access will be restricted and strictly
controlled for safety reasons. In addition, there will be a hazard zone of 1000 meters from the
platform where shipping will be restricted as clearly marked by additional buoys. The 500m
security zone will be enforced using patrol and safety boats. When an LNCG is at the terminal

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 16
PROJECT, OLD HARBOUR, ST. CATHERINE

the tug will additionally assist with the enforcement of the safety zone. The safety zone will be
published and broadcast as a notice to mariners. No vessel will be permitted to enter the zone
without authorization from the Terminal Operators.

ii. Due to usage of the area by fishers and concerns expressed during stakeholder consultation,
we are willing to reduce the 500m restricted/exclusion zone to 200m so as to accommodate
the local fisherfolk only.

iii. The terminal will be lighted per the llluminating Engineer Society (IES) recommendations and
applicable Occupational Safety and Health Administration (OSHA) standards. The platform
lighting will utilize high efficiency LED lighting, minimizing power consumption. Design
considerations will be taken to reduce the risk of light pollution such as unwanted spill lighting
and sky glow.

2. EMPLOYMENT

Approximately highly trained 40 workers will be needed to permanently operate the facility (on-shore
and off-shore). These positions will likely be a mix of off and on-island individuals. No mitigation is
required for this impact.

3. SOLID WASTE

It is expected that solid waste will be generated by the facility, at both the platform and on board the
ships. The facility may periodically generate hazardous waste (typically less than 100 kilograms per
month), including spent solvents, chemical cleaning wastes, and other wastes.

Recommended Mitigation for Solid Waste
i Any domestic (non-hazardous) garbage from the ship will be collected and taken to shore for
proper disposal. All food waste which is from locally obtained produce will also be collected
and taken to shore for proper disposal. Hazardous waste will be managed according to
applicable rules and regulations

4. WASTEWATER
Sewage and wastewater loads will be minimal for the on-shore facility and offshore platform.

Recommended Mitigation for Wastewater

ii. Domestic wastewater from the on shore terminal control room will be collected in a septic tank
and drain field to be constructed within the boundaries of the plant.

iii.  The facility will not result in the generation of process wastewater. The regasification process
will utilize seawater which will result in the discharge of cooled water into the sea near the
mooring facility using a mixing process to ensure that there is no more than 5° C change in
temperature. This effect will be carefully modelled and monitored to ensure that there are no
negative effects on marine life in the vicinity.

iv.  There will be no effluent discharge from the FSU. Effluent is treated onboard in a three stage
process and the effluent and waste will be collected by a waste handling company to discharge
in accordance with MARPOL Requirements. The waste handling company is responsible for
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the handling and final disposal of the wastes and providing the Ship’s Agent with a disposal
certificate.
v.  The following additional parameters will assist in avoiding pollution:
a. No oil or mixture containing oil shall be discharged or allowed to escape from a vessel
while at the terminal.
b. No garbage or other materials, either liquid or solid, shall be discharged overboard
from a vessel, but shall be retained in suitable receptacles on board for proper disposal
on land.

Carrying Capacity-
Carrying capacity refers to the number of individuals who can be supported in a given area within

natural resource limits, and without degrading the natural, social, cultural and economic environment
for present and future generations.

e Social Environment- Based on the analysis described in the EIA, It is anticipated that proposed
project will not negatively impact the social carrying capacity of the area.

o Natural Environment - - Based on the analysis described in the EIA, It is anticipated that
proposed project will not negatively impact the natural environment’s carrying capacity of the
area.

LNG Specific Impacts and Mitigation

International standards and guidelines will be used during both the construction and operational
phases of the project. These standards and guidelines include identification of potential impacts and
suggested mitigation for the biological and physical environment as well as general occupational
health and safety. Industry sector were used together with the IFC General EHS Guidelines to provide
guidance to users on common EHS issues potentially applicable to all industry sectors in order to
address the following issues in the EIA.

1. MARINE ENVIRONMENT, SHORELINE AND TERRESTRIAL HABITATS
Potential impacts to the marine environment and shoreline during construction include; trenching for
of pipelines and pile driving for the offshore facility.

Recommended Mitigation measures are as follows:

For LNG facilities located near the coast (e.g. coastal terminals marine supply bases, loading /
offloading terminals), guidance for protecting marine and shoreline environments is provided in the
IFC EHS Guidelines for Ports, Harbours, and Terminals, which includes the use of siltscreens. Ballast
water from international ships should not be discharged in the neashroe environment. This should be
monoitored by the facility as well as marine police and coast guard patrols. This should reduce the risk
of a species introduction.

It is important to design an LNG facility that will protect the public from a credible, major release or
incident. The following provides an outline of the design concepts and elements:
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e Each landed storage tank is surrounded by a bund which is designed to contain at least 110%
of the storage tank capacity (not applicable to floating storage.

o Areas outside the bund are provided with drainage and catch basins which will contain any
LNG release from the process area.

e The LNG tanks have no penetrations above the maximum liquid levels such that the only way
LNG can leave the tank is to be pumped out or to have a collapse of the tank integrity.

e There must be an extensive hazard detection system and continuous monitoring from the
control room.

e There will be an emergency shutdown system which will secure the facility in case a hazardous
event occurs.

2. CRYOGENIC IMPACTS IN THE BIOLOGICAL ENVIRONMENT
Negative long-term environmental impact from an LNG release is virtually non-existent. LNG is
colourless, odourless, non-toxic and leaves no residue after evaporation. LNG and LNG vapour are
not soluble in water, therefore ruling out water contamination. Potential damage to environmental
and socio-economic components is limited to short-term hazards.

Recommended Mitigation - Pipeline Placement

Pipelines should be placed in areas with little to no sensitive systems such as; seagrass beds, patch
reefs, mangroves or other rare or endemic species, where possible. If pipelines must be placed
through these ecosystems, then some sort of relocation or rehabilitation mitigation plan must be
included.

3. HAZARDOUS MATERIAL MANAGEMENT -
LNG is a highly flammable material (due to its characteristic boil-off-gas-BOG) - as a result the storage,
transport and transfer of LNG poses risks of fires and explosions.

Recommended Mitigation - Hazardous Material Management

o LNG storage tanks and components should meet international standards for structural design
integrity and operational performance. Applicable international standards may include
provisions for Overfill protection, Secondary containment, Metering and flow control,

e Fire protection (including flame arresting devices),

e Grounding (to prevent electrostatic charge).

e Storage tanks and components should undergo periodic inspection for corrosion and structural
integrity and be subject to regular maintenance and replacement of equipment.

e A cathodic protection system should be installed to prevent or minimize corrosion, as
necessary.

o Loading / unloading activities should be conducted by properly trained personnel according to
pre-established formal procedures to prevent accidental releases and fire / explosion hazards.
Procedures should include all aspects of the delivery or loading operation from arrival to
departure, connection of grounding systems, verification of proper hose connection and
disconnection.
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o Adherence to no-smoking and no-naked light policies for personnel and visitors

o A formal spill prevention and control plan should be developed in coordination with local
regulatory agencies that addresses significant scenarios and magnitude of releases. The plan
should be supported by the necessary resources and training. Spill response equipment
should be conveniently available to address all types of spills, including small spills.

e The facility should be equipped with a system for the early detection of gas releases, designed
to identify the existence of a gas release and to help pinpoint its source so that operator-
initiated ESDs can be rapidly activated, thereby minimizing the inventory of gas releases.

e An Emergency Shutdown and Detection (ESD/D) system should be available to initiate
automatic transfer shutdown actions in case of a significant LNG leak;

e For unloading / loading activities involving marine vessels and terminals, preparing and
implementing spill prevention procedures for tanker loading and off-loading according to
applicable international standards and guidelines which specifically address advance
communications and planning with the receiving terminal;

e Onshore storage tanks should be designed with adequate secondary containment. Facilities
should provide grading, drainage, or impoundment able to contain the largest total quantity of
flammable liquid that could be released from a single transfer in 10 minutes.

e Material selection for piping and equipment that can be exposed to cryogenic temperatures
should follow international design standards;

4. EXTERNAL FIRES

The possibility of an LNG release/fire caused by external events, such as a forest fires or adjacent oil
storage fire is extremely remote because the facility is built from non-combustible materials, mostly
steel and concrete. The facility should also be designed to contain vapour dispersion and thermal
radiation within its boundaries.

5. FLAMMABLE VAPOUR DISPERSION

The primary hazard from the storage and handling of LNG is the possibility of a fire from the ignition of
LNG vapours mixed with air. The two limiting conditions are an LNG release with and without
immediate ignition.

Dispersion modelling has been completed to determine the flammable vapour hazard footprint for a
hypothetical accidental release from the proposed LNG facility. The modelling process is described in
the EIA. The results of the vapour dispersion modeling are shown on figures in the EIA for the LNG
carrier breach and the unloading arm failure. The vapor cloud footprints show the maximum extent of
the flammable cloud, at LFL (Lower Flammable Limit) and at 50%-LFL even though the LFL is the
physical limit below which ignition is not possible, the 50%-LFL threshold is typically considered for
regulator purposes in order to allow for modeling uncertainties. The figures show that the flammable
vapor cloud for both release scenarios dissipates below 50%-LFL before reaching the shoreline.

6. THERMAL RADIATION
If the vapours from an LNG spills such as described above are ignited close to the source, a pool fire
will ensue on top of the liquid pool. Since an LNG pool over water is unconfined, its size will change
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over time and therefore the size of the fire (and the distance at which thermal radiation hazards can
extend) also varies over time. For the purpose of this study, the thermal radiation hazards were
calculated considering the largest size reached by the LNG pool during the spill scenario.

Recommended Mitigation for Thermal Radiation
Exclusion zones will be enforced around terminal platform.

7. VAPOUR DISPERSION

When a release occurs, the LNG will vapourise as it comes into contact with the relatively warm
surfaces and atmosphere. The initial hazard following a release comes from the LNG spreading over
the surface and vapourizing as it absorbs heat.

Recommended Mitigation - Vapour Dispersion

Canadian Standards Association (CSA Z-276-2007) requires that the isopleth (range or dispersion
path) for a (Lower Flammable Limit)LFL vapour cloud must not go beyond the LNG facility boundaries
or property that cannot or will not have occupancies and thus result in a distinct hazard to the public.
The hazard is not the vapour itself, but the possibility that it could be ignited. If ignited, the vapour
cloud will not expand any further, but instead, will burn back to the vapour source. The LNG fire will
continue to burn until the fuel is consumed or the fire extinguished.

8. FROSTBITE
Low temperatures (frostbite) may occur, but only in the immediate area of the release and would be
confined to the site.

Recommended Mitigation for Frostbite
Employees of the facility must be trained and instructed as to a safe course of action to follow in the
event of an emergency as required by the codes covering the facility.

9. WASTEWATER

Cooling water and cold water streams for revapourization heating at LNG receiving terminals may
result in significant water use and discharge streams. Other wastewater streams generated at LNG
facilities include; drainage, sewage water, tank bottom water (e.g. from condensation in LNG storage
tanks), fire water, equipment and vehicle wash water, and general oily water.

Recommended Mitigation for Wastewater

o Water conservation opportunities should be considered for LNG facility cooling systems. The
proposed project will utilize a seawater cooling system and reduce the water demand. Other
options include air cooled heat exchangers in place of water cooled heat exchangers and
opportunities for the integration of cold water discharges with other proximate industrial or
power plant facilities). The selection of the preferred system should balance environmental
benefits and safety implications of the proposed choice.

e Cooling or cold water should be discharged to surface waters in a location that will allow
maximum mixing and cooling of the thermal plume;
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o There will be no effluent discharge from the FSU. Effluent is treated onboard in a three stage
process and the effluent and waste will be collected by a waste handling company to discharge
in accordance with MARPOL Requirements. The waste handling company is responsible for
the handling and final disposal of the wastes and providing the Ship’s Agent with a disposal
certificate.

o The following additional parameters will assist in avoiding pollution:

o No oil or mixture containing oil shall be discharged or allowed to escape from a vessel
while at the terminal.

o No garbage or other materials, either liquid or solid, shall be discharged overboard
from a vessel, but shall be retained in suitable receptacles on board for proper disposal
on land.

10. AIR EMISSIONS

Air emissions (continuous or non-continuous) from LNG facilities include combustion sources for power
and heat generation (e.g. for dehydration and liquefaction activities at LNG regasification activities at
LNG receiving terminals). Sources of emissions from the on shore facility, exhaust gases, venting and
flaring and fugitive emissions are described in the EIA.

Recommended Mitigation for Air Emissions

e Air emission specifications should be considered during all equipment selection and
procurement.

o The overall objective should be to reduce air emissions and evaluate cost-effective options for
reducing emissions that are technically feasible. Significant (>100,000 tons CO2 equivalent
per year) greenhouse gas (GHG) emissions from all facilities and support activities should be
guantified annually as aggregate emissions in accordance with internationally recognized
methodologies and reporting procedures.

e Flaring or venting should be used only in emergency or plant upset conditions. Continuous
venting or flaring of boil-off gas under normal operations is not considered good industry
practice and should be avoided.

e BOG should be collected using an appropriate vapour recovery system (e.g. compressor
systems). For LNG plants (excluding LNG carrier loading operations), the vapour should be
returned to the process for liquefaction or used on-site as a fuel; on board LNG carriers BOG
should be re-liquefied and returned to the storage tanks or used as a fuel; for regasification
facilities (receiving terminals), the collected vapours should be returned to the process system
to be used as a fuel on-site, compressed and placed into the sales stream/pipeline, or flared.

e Methods for controlling and reducing fugitive emissions should be considered and
implemented in the design, operation, and maintenance of facilities. The selection of
appropriate valves, flanges, fittings, seals, and packings should be based on their capacity to
reduce gas leaks and fugitive.
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11. WASTE MANAGEMENT
Non-hazardous and hazardous wastes routinely generated at LNG facilities include various sources
outlined in the EIA.

Recommended Mitigation for Waste Management

Waste materials should be segregated into non-hazardous and hazardous wastes and considered for
re-use /recycling prior to disposal. A waste management plan should be developed that contains a
waste tracking mechanism from the originating location to the final waste reception location. Storage,
handling and disposal of hazardous and non-hazardous waste should be conducted in a way
consistent with good EHS practice for waste management.

12. NOISE

The main noise emission sources in LNG facilities include pumps, compressors, generators and
drivers, compressor suction / discharge, recycle piping, air dryers, heaters, vapourizers used during
regasification, and general loading / unloading operations of LNG carriers / vessels.

Recommended Mitigation for Noise

Atmospheric conditions that may affect noise levels include humidity, wind direction, and wind speed.
Vegetation, such as trees, and walls can reduce noise levels. Installation of acoustic insulating barriers
can be implemented, where necessary on land. On the off shore platform, personal protective
equipment will be made available to reduce worker exposure to unacceptable noise levels

13. LNG TRANSPORT

Common environmental issues related to vessels and shipping include; hazardous materials
management (risk of spills); wastewater and other effluents (ballast water and sewage); fires and
explosions, contamination of marine waters and other water sources; air emission; solid waste
generation of LNG tankers / carriers.

Recommended Mitigation for LNG Transport
Recommendations for their management are covered in the EHS Guidelines for Shipping. Measures
to Avoid, Minimize, or Mitigate Environmental Risk.

e LNG vessel design, construction and operations should comply with international standards
and codes; relating to hull requirements (e.g. double hulls with separation distances between
each layer), cargo containment, pressure / temperature controls, ballast tanks, safety
systems, fire protection, crew training,

e Guidelines include; International Maritime Organization’s (IMO) International Code for the
Construction and Equipment of Ships Carrying Liquefied Gases in Bulk, known as the
International Gas Carrier Code (IGC Code).

e Further guidance is provided in the standards, codes of practices, principles and guidelines
issued by the Society of International Gas Tanker and Terminal Operators (SIGTTO).

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 23
PROJECT, OLD HARBOUR, ST. CATHERINE

14. SHIPPING HAZARDS - GROUNDING AND COLLISION

The risk and environmental impacts of LNG shipping are different compared to the receiving (off shore
and on shore) facilities. In principle, the hazards are similar (fire from LNG release), however the
potential causes of a release are different and the area potentially affected by the release will move
along the route of a ship. These hazards are described in the EIA.

Recommended Mitigation for Shipping Hazards

As the ship approaches the facility, it will be under control of a licensed pilot. The manoeuvring for
berthing and turning of the ship will be assisted by tugboats. The tugboats will be able to control the
movement of the ship and prevent grounding. The potential for damage in the event of grounding
would be further mitigated by the ship’s reduced speed as it approaches the offloading berth and its
double hull. The energy required to cause a release of cargo during a grounding incident is very large
and would require both high ship speed and a hard, penetrating bottom.

Maritime regulations should be set regarding clearance areas between ships and smaller vessels.
Regardless of the very low probability of a collision, it is the general practice to establish a safety or
security moving zone for the LNG carriers. This also

15. LNG RELEASE DUE TO EQUIPMENT OR SYSTEM FAILURE
The most credible type of release is the result of equipment or system leakage, such as a leaking valve
seal or flange gasket. This type of release is typically small and non-threatening.

Recommended Mitigation for LNG Release due to equipment or system failure

The LNG facility should be equipped with an extensive array of gas detection and flame detection
equipment. Small leaks will be detected either visually, by trained personnel working in the facility, or
by the detection equipment. Small leaks and/or fires should be easily handled by facility personnel,
with assistance from the Fire Department if necessary.

Any release will be contained and directed to a sump, thus mitigating the extent of vapour dispersion.
Should the vapour ignite, the thermal radiation will be mitigated by containment in the sump. The fire
will continue until the fuel is consumed or the fire is extinguished. Damag Damage will be confined to
the terminal boundaries, including any controlled areas outside the property lines

16. TERRORISM AND SABOTAGE
A successful act of terrorism will require a high level of training and must be capable of being planned
and initiated without detection. This limits the size of the weapon that can be used in the attack and
therefore limits the credible threats.

Recommended Mitigation for Terrorism and Sabotage
e Terminal and shipping personnel will be screened by the terminal before hiring.
e Ship crews and plant operators tend to be very stable as the jobs are considered to be
monetarily attractive. There is very little turnover in terminal staffing and hence a low possibility
for unscrupulous persons to work aboard the vessels.
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e All authorized persons and vehicles will be subject to search before entering the facility. All
unauthorized persons will be turned back.

o LNG facilities should be required by law to have significant security features built into the
facility.

e LNG ship’s double hull plus separate cargo tanks prevent significant damage which may cause
a LNG release given a terrorist attack.

e The LNG ship’s cargo tanks are surrounded by insulation within the double hull construction
of the ship. The tops of the tanks have an outer cover above the main deck, called the weather
dome. The weather dome should absorb most of the blast from any explosion and any damage
to the cargo tank will be reduced.

e The credibility of the threat of a small boat with explosives is greatly reduced by the fact that
the LNG ship will be located in restricted waters with security provisions in the berth area. The
security provisions are normally for protection of the LNG vessel, other ships or a secondary
benefit of the security craft as a deterrent of sabotage in the waterway.

o Terrorists are more interested in “high profile” targets with strong symbolic value, or targets
that can cause mass casualties or severe economic damage. In general, LNG terminals are
not attractive targets due to their “low political profile”, difficulty of attack, and high level of
security.

17. NATURAL DISASTERS

The possibility of a LNG release resulting from an act of nature such as hurricane, earthquake and
tsunami is remote, as design standards should take seismic, wind and weather factors into account.
Should an act of nature cause a release, the result will be the same or less than other scenarios
previously stated.

Recommended Mitigation for Natural Disasters
e Thetanks should be designed to take into account the wind loads (both typical and maximum)
for the region and must be able to withstand a Category 5 hurricane. Equipment and structures
must also be designed to withstand the harshest recorded environment for the region.
e [tis also important to ensure that the ship’s automatic disconnection.

CUMULATIVE IMPACTS AND RECOMMENDED MITIGATION

1. TRAFFIC

Traffic to and from the on shore facility will be minimal except during construction since LNG will be
piped directly to the metering station on shore rather than using trucks. There will be some minimal
traffic for on shore staffing at shift changes. Boat traffic to the platform will also be minimal after
construction is complete and will mainly consist of daily staffing changes which will be minimal since
only a small number of staff are needed to conduct offshore operations. Therefore, the cumulative
impact of traffic and site access will be minimal during operation of the facility. During construction
(especially of the off-shore facility and laying of the pipeline), there will be a temporary increase in boat
traffic.
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Recommended Mitigation

vi.
vii.

2.

Construction traffic entering or leaving Old Harbour Bay may be scheduled for off peak hours
to minimize additional congestion and or disruptions in the regular traffic flow.

Paths of the planned roadways should be used, rather than creating temporary pathways just
for equipment access.

Adequate and appropriate road signs should be erected to warn road users of the construction
activities.

The trucks should be parked within the proposed area unless they are in use.

Heavy equipment should be transported early morning (12 am - 5 am) with proper pilotage.
The use of flagmen should be employed to regulate traffic flow.

Efforts will be made with the Port Authority of Jamaica to coordinate this required work effort
in order to minimize conflicts with normal port marine vessel traffic.

RAW MATERIALS AND EQUIPMENT

Some of the materials to construct the on-shore facility will be acquired locally but the materials and
equipment for the off-shore platform and pipelines (as well as the equipment for the on-shore facility)
will have to be acquired off island due to their specialized nature.

Recommended Mitigation

3.

Paths of the planned roadways should be used, rather than creating temporary pathways just
for equipment access.

A central area should be designated for the storage of raw materials. This area should be lined
or fenced in order to prevent the leakage of chemicals into the sediment/water.

Equipment should be stored on impermeable hard stands surrounded by berms to contain any
accidental runoff.

STORAGE OF FUELS AND CHEMICALS

It is anticipated that refuelling and maintenance of large machinery will take place on the construction
site; except for the LNG stored on the FSU (there will be minimal storage of fuel and lubricants on site).

Recommended Mitigation

4.

Bulk storage of fuels and oils should be in clearly marked containers (tanks/drums etc.)
indicating the type and quantity being stored.

In addition, these containers should be placed on hard, impermeable surfaces and surrounded
by bunds to contain the volume being stored in case of accidental spillage.

LNG on the FSU will be carefully managed in order to ensure its safe delivery via pipeline to
the on-shore facility and the JPS plant.

Careful metering of the pipelines will ensure that any leaks are detected quickly and properly
managed.

MARINE WATER QUALITY

Cumulative impacts on water quality from the facility will be from the small on-shore facility as well as
the off-shore platform and associated FSU. With respect to the on-shore facility, there will be some

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 26
PROJECT, OLD HARBOUR, ST. CATHERINE

stormwater runoff from the facility as well as runoff during construction. The off shore facility and
associated FSU will have some potential water quality impacts mainly from stormwater runoff,
discharge of water used to warm the LNG before it is discharged into the pipeline, and domestic
wastewater from the platform and FSU from the staff required to maintain these facilities

Recommended Mitigation
i.  Stormwater from the facility will be managed through on-site stormwater management and

construction of Best Management Practices and use of capture strategies to avoid direct
discharge into the bay.

ii. The discharge of heating water will be done in such a manner as to meet all NEPA water quality
requirements.

ii.  All domestic wastewater from the staff for the platform or FSU will be treated to meet all NEPA
requirements before discharge.

iv. Care should be taken during connection and disconnection of pipeline ends to avoid or reduce
the amount of residual spillage of fuel during delivery.

5. NOISE

The cumulative noise impact takes into account all the existing background noise sources which
include the existing Jamaica Public Service Old Harbour power plant, the Jamaica Energy Partners
Doctor Bird | and Il Barges, Jamaica Ethanol, Operations at Port Esquivel, Hi Pro Feed Mill, and other
anthropogenic activities such as night noises. The predicted noise from the new noise source (the
proposed LNG Terminal and Regassification Project) is then added to the existing noise levels to
determine what, if any impact this new development would have on the surrounding community. This
is considered a worst case scenario as the existing Jamaica Public Service Old Harbour power plant
will be decommissioned once the new 190 MW plant becomes operational. After this analysis all
predicted noise levels were compliant with both the NEPA daytime standard and the World Bank
guidelines. Therefore, no mitigation is required.

6. AIR QUALITY

As part of the air dispersion modeling analyses, a determination of the impact of the existing sources
on the ambient air quality was made, as well as the cumulative impact with the addition of the air
pollutant sources associated with the proposed 190 MW power plant and the consequent retirement
of the existing oil-fired 190 MW JPS facility, as well as the sources of the proposed LNG Terminal. From
these results it can be concluded that the replacement of the implementation of the LNG Terminal and
the associated combustion of LNG at a new 190 MW power plant to replace the existing JPS oil-fired
power plant will significantly improve the prevailing SO2 ambient air quality concentration within the
air shed. Therefore, no mitigation is required.

7. EMPLOYMENT

About 20 workers will be needed for the site preparation work for the project for the on-shore facility,
225 to 250 workers for construction of the on-shore and off-shore facilities as well as construction of
the pipelines, and about 40 workers to permanently operate the facility (on-shore and off-shore). These
positions will likely be a mix of off and on-island individuals with much of the construction being done
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by locally contracted individuals. It is anticipated that persons from the community will be employed
directly with other persons benefiting indirectly. This has the potential to be a significant positive
impact. Therefore, no mitigation is required.

COST BENEFIT ANALYSIS
This analysis was conducted using the following approach. The approach for this analysis uses a five
stage methodology as described in the EIA:

H

) Calculation of financial profitability measured at market prices.

) Obtaining the net bene t of the project measured in terms of economic prices.
) Adjustment for the impact of the project on savings and investment.
)
)

A WIN

Adjustment for the impact of the project on income distribution.
Adjustment for the impact of the project on merit goods and demerit goods

Ol

Based on this analysis, the final NPV of the project after application of Social Cost Benefit Analysis
turns out to be US $953,410,000. Hence, the project should be undertaken as it has multiple social
benefits which are reflected in the final positive NPV of the project.

ENVIRONMENT, HEALTH AND SAFETY MANAGEMENT AND MONITORING PLAN

An environment, health and safety management and monitoring plan has been prepared as part of
the EIA. This plan provides detailed plans for the FSU and regas facility, underwater pipeline, and on-
shore pipeline both during site preparation/construction and operation. In addition, reporting
requirements are discussed for noise and water quality for the project.

EMERGENCY PREPAREDNESS AND RESPONSE

Measures to address emergency preparedness and response are addressed in the EIA. These
measures are outlined for the following topics: Off-shore loading facility, Natural Gas Pipeline, ADO
Pipeline, and the On-Shore Facility. Measures for the pipelines include pressure monitoring, block
valves, subsea block valves, tanks, and measures for hurricanes and tropical storms.

RISK ASSESSMENT

A Risk Assessment of the project was also undertaken. The following aspects of the project were
evaluated for their risk to the environmental and human health - LNG Off-Loading Facility (cryogenic
hazards, fire hazards, severe weather, and power outage), NG Pipeline, and ADO Pipeline. In general,
the probability of these incidences were low with severe weather risks (hurricanes and tropical storms)
was moderate. Measures were described to manage the severe weather risks.
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Item

Size*

Description

Off-shore platform

1,358 m2

Total area of platform

Off-shore platform

300 m2(100 m2 each)

Mooring footprint

Off-shore NG pipeline

100 m

On sea bed near platform

Off-shore NG pipeline 2,362 m Length, conventional lay

Off-shore NG pipeline 3,048 m Length, directionally drilled

On-shore NG pipeline 800 m Trenched on site to JPS plant.
Off-shore ADO pipeline 100 m On sea bed at exit point near mooring
Off-shore ADO pipeline 2,012 m Length, directionally drilled

On-shore ADO pipeline 800 m Trenched on site to JPS plant
On-shore facility 15,000 m2 Total footprint

On-shore facility 7,150 m2 Impact to mangroves

*Up to this size

SUMMARY OF MITIGATION

e 500-meter exclusion zone around platform (However, due to usage of the area by fishers and
concerns expressed during stakeholder consultation, we are willing to reduce the 500m
restricted/exclusion zone to 200m so as to accommodate the local fisherfolk only).

e Mangrove mitigation - 10,400 m2 impacted area (3,041 plantings)

e Stormwater - on site management

e Numerous safety measures - operational and spill related (see EIA for details).
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2.1 BACKGROUND

The Jamaica Public Service Company Limited (JPS) has selected NFE South Holdings Limited (NFE) to
supply natural gas to Old Harbour Power Station Plant. Additionally, natural gas will be provided to
potential future industrial users, including power generators. To meet the needs of JPS and other
future users, Liquefied Natural Gas (LNG) will be transported to Jamaica from the U.S. or another
location to a new LNG Off-Shore Terminal. The new fuel supply will be regasified and distributed by a
new natural gas pipeline from the off shore facility via an undersea gas pipeline to the JPS Old Harbour
190 MW Power Plant.

Impacts from the construction and operation of the proposed project will potentially arise and it is
imperative to consider these likely impacts and assess the vulnerability of environmental features in
proximity to the project location, as well as on a national scale. In order to evaluate these impacts, an
Environmental Impact Assessment (EIA) is required by the National Environment and Planning Agency
for the proposed project. The specific tasks, as outlined by the Terms of Reference (TORs) (Appendix
1) have been executed by the contracted entity, CL Environmental Co. Ltd., and this report serves to
compile and present the findings of the EIA.

2.2 LIQUEFIED NATURAL GAS (LNG)

LNG is the liquid form of natural gas, which is primarily methane, the lightest and cleanest burning of
all the fossil fuels. Natural gas originates from reservoirs beneath the earth’s surface and once
captured, can be stored and transported over long distances as a gas in pipelines or in a liquid form
(LNG) in cryogenic tanks on trucks, trains and ships. To return LNG to a gaseous state, it is regasified!
by warming in a controlled environment. LNG is more economical to transport because its volume is
approximately 600 times less than natural gas.

2.3 PROJECT OVERVIEW

This project proposes to construct a marine terminal facility comprised of a vessel berth and off-shore
offloading and regasification platform at the general location approved by the Port Authority of Jamaica
in the Portland Bight area of Jamaica. This facility will accommodate a Floating Storage Unit (FSU)
vessel for LNG storage and a LNG carrier delivering LNG to the FSU. The FSU is a LNG carrier refitted
for use as a storage vessel. LNG will be delivered by ship from various potential locations in the United
States or other locations. The platform (as described) would contain equipment to regasify LNG as
well as related process and safety equipment. The liquid gas from the FSU would be carefully regasified
and the gas would then be released into an undersea pipeline which will be mostly directionally drilled

1 “Regasification” is the process of turning a liquefied gas (like “Liquefied Natural Gas”) into a gas for ease of transport or
use.
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in basically a straight line from the platform to the vicinity of the JPS plant. This mostly submerged line
will minimize environmental impacts since it will be mostly directionally drilled in a relatively straight
line. Itfollows a route parallel to the general route of an existing Automotive Diesel Oil (ADO) line which
runs from the existing mooring facility to the JPS plant in Old Harbour. The gas pipeline would then be
mostly directionally drilled on shore to a small receiving facility on shore near the proposed gas power
plant that JPS is constructing where it can be metered and then sent to the power plant. In addition,
the project will construct a new ADO line to storage tanks in close proximity to the new power plantin
order to enhance the reliability of the facility in case of LNG delivery interruptions.

2.4 JUSTIFICATION OF THE STUDY AREA BOUNDARY

The boundary of the study area (2 km buffer around the Marine Terminal and Land side facilities) was
defined by analysing various areas of potential impacts. These were based on:

Air emissions,

Noise emissions,

Potential area for water quality pollution,

Potential for thermal radiation and explosion potential; and

The communities and potential livelihoods that potentially may be impacted by the
construction and operation of the proposed Project.

SR
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3.1 PROJECT CONCEPT AND DESCRIPTION

3.11 The Proponent

NFE South Holding Limited is an affiliate of New Fortress Energy and sponsored by Fortress Investment
Group. Fortress Investment Group is a highly diversified global asset management firm with
approximately $70.64 billion of assets under management and an experienced investor in
transportation, infrastructure, & energy assets around the world.

e Founded in 1998, Fortress Investment Group LLC (NYSE:FIG) was the first New York Stock
Exchange listed alternative asset manager
e Headquartered in New York, Fortress has 1,130 employees across 15 offices worldwide

3.1.2 Project Location and Siting

The FSU vessel and regasification platform is to be located on the south coast of Jamaica,
approximately 56.1 kilometres (~ 30.3 nautical miles) southwest of the Port of Kingston (Figure 3-1).
It is approximately 5.7 km south west from the Old Harbour fishing beach. The proposed natural gas
pipeline will run south of the entrance to the Port Esquivel channel and then be directionally drilled to
a location just southwest of the existing JPS Old Harbour facility, and the privately owned diesel power
plant (Doctor Bird | & II) (Figure 3-2).

The community of Old Harbour Bay, located on the southwestern coast of Jamaica in the parish of St.
Catherine, was estimated to have a total population of 5,471 in 2011. Located approximately 5 km
from the town of Old Harbour, the Old Harbour Bay community consists of twenty-four (24) small
communities, which include Blackwood Gardens, Kelly Pen, Thompson Pen, Bay Bottom, Terminal,
Dagger Bay, More Pen Lane, Peter’s Land, Sal Gully, Cross Road and Panton Town. Bordered by the
Colbeck Castle community to the east and Bourkesfield to the southeast, the Old Harbour Bay
community is one of many residential fishing villages found along the coast in Jamaica, and is
considered the largest fishing village on the island. The other industries and sources of employment
include mining, manufacturing, small retail shops and subsistence farming.

The location of the off-shore mooring facility was chosen with the assistance of the Port Authority of
Jamaica staff in order to lessen impacts on existing marine facilities in the Portland Bight. The NG
pipeline route was selected to be mostly directionally drilled from the on shore facility to the off shore
platform in a relatively straight line in order to lessen the potential for impact to the seabed from this
line. Similarly, the new ADO line route was selected to be mostly directionally drilled in a straight line
from shore to the existing ADO location in order to minimize environmental impacts and also provide
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the most direct route to the JPS plant. Both pipelines are planned to run underneath the degraded
coral reef community to minimize environmental impacts.

Delivery of LNG will take place approximately once every twenty five (25) days. The offloading of each
ship is expected to take a maximum of forty hours (40).

The majority of the marine facility will be largely assembled outside of Jamaica and therefore many of
the components will arrive in the island by sea and be installed directly on site offshore and not pass
through a port facility. To the extent equipment and materials need to be delivered through a port, the
preference will be Port Esquivel because of its proximity to the site. Materials may also be brought in
through other port facilities such as Rocky Point and Kingston as the logistics favour those movements
(small size, existing trade routes, delivery schedule, existing off-loading equipment, etc.

3.1.3 Rationale and Objectives

This proposed Project fits in with the National Energy Policy which seeks to develop a modern, efficient,
diversified and environmentally sustainable energy sector providing affordable and accessible energy
supplies, with long-term energy. The proposed Project forms the basis of providing a more diversified
and environmentally friendly fuel source that has the potential to reduce the cost of electricity to the
country and improve electricity supply reliability. The main objective is to provide the Jamaica Public
Service Company’s Old Harbour Plant with a cleaner and more cost effective fuel in furtherance of the
goals of the National Energy Policy.
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Figure 3-2 Shipping Channels in Portland Bight area.
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3.2 PROJECT INFRASTRUCTURE, EFFLUENT AND
EMISSIONS
3.21 Off Shore Berth and Regasification Platform

The proposed marine facility location was selected after consideration of environment, operations,
and constructability. The marine facility will be constructed off-shore in the western side of Portland
Bight, at a distance about 200 meters from the shipping channel to Port Esquivel in approximately 14
meters of water depth. This location offers sufficient depth to berth the FSU and the LNG carrier vessels
without the need for dredging, yet has sufficient protection from storm wave impacts as a result of the
shape of the Bight. This general location was reviewed by staff of the Port Authority of Jamaica and
does not interfere with on-going marine activities in the area.

Coordinates of the proposed platform are: LAT: NO17.8564; LON: WO77.1093.

This facility will contain an unloading area, control room, power distribution center, boil-off-gas compressor
skid, LNG pump skid, vaporizer and process skid, flare skid including drain tank and igniter, flare, nitrogen
generator skid, seawater pumps, mixing tank, air burst system, crane, and launcher area. The facility will
be designed so it can be readily expanded as demand for LNG grows in the region.

The project is organized in 2 phases. The elements for each phase and general construction materials
are outlined below:

e Phase 1 of the project includes one vessel berth consisting of an unloading and regasification
platform, metering and pig launch platform, four (4) breasting dolphins and six (6) mooring
dolphins. The dolphins and the process platforms are connected for access using nine truss
spans and four catwalks.

e Phase 2 of the project includes a second berth, an extension to the Phase 1 unloading and
regasification platform and installation of four (4) additional breasting dolphins.

The structures will be constructed using steel pipe piles, steel framing, steel superstructure and concrete
deck slabs on the platforms. The dolphins will include a fender system and quick release hooks for vessel
mooring and berthing. The berths are designed for LNG vessel sizes ranging from 140,000 m3 up to
175,000m3 capacity with an approximate vessel length of 280m to 300m and draft of approximately
12.5m. The structures are designed to resist mooring and berthing loads under operational conditions,
as well as seismic and hurricane/tropical storm conditions. The tallest structure or piece of equipment
on the Platform is likely to be the crane which could be +/- 7.6 m (25 ft) above the deck (the deck elevation
is + 10m). The Flare Stack, which will be located on one of the mooring dolphins is +/- 13.7 m (45 ft) tall.
Therefore, no structure or equipment will extend more than 17.6 m in height above the horizon and will
not be visually obtrusive from shore or from the sea.
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The offshore facilities will be buffered by a 500 m safety exclusion zone (international guideline) in which
navigation will be restricted. A 2008 study by Sandia National Laboratories looked at LNG tankers that
transport from 125,000 to 145,000 cubic meters of LNG in multiple (separated) cargo tanks on a
single ship. The study concluded that “Even with the increase in thermal hazard distances from pool
fires for the larger ships, the most significant impacts to public safety and property are still within
approximately 500 m of a spill, with lower public health and safety impacts at distances beyond
approximately 1600 m.”

All safety and navigational lighting will be in place 24/7 in an effort to ensure sufficient navigational
warning for vessels using this area.

The facility will contain mooring provisions for LNG ships to dock at the facility at varying intervals
depending on demand for the gas. The ships will then off-load the LNG which will be stored in the FSU
and regasified on the facility constructed on the platform and sent to the shoreside distribution
facilities. Under normal operation, a Boil off Gas compressor will compress boil-off gas from the FSU
to pipe line pressure and into the product pipeline. In the event of an emergency shut-down of the
system, boil-off gas will be diverted to a flare designed to handle the full rate of boil-off gas from the
FSU. The flare will be located on one of the dolphins furthest from the platform. The flare tip will be
at a height that will result in acceptable radiation levels to allow emergency egress of personnel. The
flare is designed to combust 5.64MMSCFD. The flare will be operated for short periods during initial
start-up and in the event of an emergency shut-down. We do not anticipate more than a few
occurrences per year after initial start-up.

Please see Figure 3-3 through to Figure 3-8 for associated project drawings.
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3211 Floating Storage Unit

The FSU will be designed to allow storage of LNG prior to being regasified at the off-shore facility and
before it is then sent to the mainland via the subsea pipeline. It is anticipated that this FSU will be
moored at the off-shore facility but it will be able to undock and move to shelter in case of pending
hurricane conditions.

3.2.1.2 Regasification System

LNG is pumped from the FSU tanker via marine loading arms to the LNG booster pumps located on
the regasification platform. The pumps boost the pressure of the LNG to approximately 650 psig and
send it to vaporizers which use warm sea water to vaporize the LNG and heat it to a temperature in
excess of freezing point to prevent ice formation on the outside of the pipe. Vaporized gas proceeds
to a metering skid and to the undersea, off shore pipeline. Seawater pumps are used to pump
seawater to the vaporizer. Seawater flowing out of the vaporizer is mixed with warm seawater to
stabilize water temperature, which then discharges back into the ocean.

A boil-off-gas compressor will be located on the regasification platform to collect surplus boil-off-gas
generated by the FSU and compress to about 650 psig to join vaporized gas. A flare, drain tank and
igniter is included to provide a means to flare off gas in case of an emergency. A nitrogen generation
system, which produces nitrogen from air, is installed on the regasification platform to be used to
operate valves and for purging.

In relation to gas flaring, the quantifiable maximum is assumed to be the condition dealing with boil-
off gas only, in that case, there is 4.7 mmscf/d. CO2 emissions from the flared gas assume
~117lb/mmbtu or about 381 Ibs of CO2/min. The relevant standards are local air emissions
standards, of which this level of emissions is below the applicable standard. Note that as part of the
manufacturing process for LNG, impurities are stripped from the feedgas, therefore consisting of
mostly methane.

3.2.2 Natural Gas (NG) Pipeline

The natural gas (NG) pipeline will run southwards from the proposed on-shore metering facility to the
offshore mooring berth and is located so as to not jeopardize the integrity of the existing line or the
anchors for the buoys. The total length of this pipeline is approximately 5,410 meters. An undersea,
off shore, carbon steel pipeline (up to 16 inches in outside diameter (40.64 cm)) will be constructed
to run from the regasification platform to the shore at the JPS plant. The pipelines are to be
directionally drilled in straight lines between the following points:

o Origin at platform:

= LAT:NO017.857451

= LONG: W077.110489
o Aton-shore tie-in:

= LAT: NO7.900010

= LONG: W077.110769

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 44
PROJECT, OLD HARBOUR, ST. CATHERINE

The design of the pipeline will be in accordance with ASME B31.8. A seismic analysis of the pipeline
will be performed during detailed design. The pipe joints will be 12.2-meter long. The pipe will be
coated with a corrosion coating and where applicable either an abrasive resistant overlay coating or a
concrete weight coating (see below). The concrete weight coating is to ensure on-bottom pipeline
stability under environmental loading (wave, current, and buoyancy). The concrete coating will also
provide impact protection. Bracelet type aluminum alloy anodes will be installed on the pipe to provide
corrosion protection in addition to the corrosion coating. These anodes will be installed at
predetermined locations along the pipeline length.

The natural gas pipeline will be mostly directionally drilled using a horizontal directional drill (HDD)
from the planned metering facility at the JPS plant to offshore for a distance of approximately 5,410
meters. The length of the HDD will allow the proposed pipeline to go under the coral and the ship
channel. The pipe lay for the HDD will start close to the open water HDD exit point and in line with the
HDD. A shallow water lay barge will be used. The pipe for the HDD will be coated with a corrosion
coating and an abrasion resistant overlay (ARO). The pipe will be welded together on the lay barge to
install a pipe string onto the seabed. After the HDD bore has been drilled, the drill pipe will be
connected to a pull head on the pipe string. The pipe string will be pulled into the drill hole using the
HDD or other installation equipment. A length of pipe string approximately 100 meters in length will
be left on the seabed at the HDD exit point.

The pipe lay for the remaining pipeline will start after the HDD pipe string is installed in the HDD drill
hole. The free end of the approximately 1200 meters of pipe at the HDD exit point will be lifted back to
the lay barge. The lay barge will weld pipe joints to the HDD pipe and commence to lay it on the
seabed. The lay barge will continue welding on pipe joints, laying the pipe to the seabed, and moving
along a predetermined route ending close to the FSU platform location. The pipe for the offshore pipe
lay will be coated with a corrosion coating and concrete coating.

To provide additional protection for the pipeline, it is proposed to trench it to at least a depth of 1
meter (measured from the existing seabed to the top of the pipe). The trenching will be performed at
least after the pipeline has been installed on the seabed and will start at a point near the open water
HDD exit point and stop close to the FSU platform location.

3.2.3 On-shore Metering Facility

A metering facility will be constructed at the on-shore end of the pipeline to measure the gas before it
enters the JPS facility. This facility will be constructed to allow additional connections for gas
distribution to future customers as demand requires.

Coordinates of the on-shore facilities are as follows: LAT: NO17.898946; LON: WO77.110665.

Please see Figure 3-9 and Figure 3-10.
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3.24 Automotive Diesel Oil (ADO) Facilities

A new (or refurbished) up to 8-inch (20.32 cm) ADO pipeline will run from the existing power plant and
end at the pipeline end termination near the existing multipoint mooring buoys. This pipeline will be
mostly directionally drilled from the shore and under the coral to a point near the mooring field.

Coordinates for the ADO line are as follows:

o Origin at mooring location:

= LAT: NO17.880062

=  LONG: WO77.103760
o Aton-shore tie-in:

= LAT: NO17.898946

= LONG: W077.110665

The onshore facility will include up to two 50,000 barrel storage tanks with approximately 55,000
barrels of containment in close proximity to the proposed new 190 MW power plant to be operated by
JPS. This ADO line will provide a back-up fuel source to the JPS plant in case of interruptions in LNG
delivery due to storms or other factors. The ADO will likely be supplied around once a year by ship and
off loaded using a process similar to the existing process that the JPS plant uses.

Please see Figure 3-11.
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Figure 3-10 Landside development plan
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3.3 ASSOCIATED FACILITIES AND ENVIRONMENTAL
ISSUES
3.3.1 Power Generation

Power for the on-shore metering facility will be supplied by JPS through existing electrical transmission
and distribution infrastructure. Power at the off shore platform will be supplied from the FSU or in
certain cases from a generator on the platform (with potential redundancy provided by onshore power).
In addition, one back-up diesel generator on the off-shore platform will power the emergency shutdown
(ESD) and associated critical items. Another generator will provide back-up power to a main water
pump. Generally, the platform equipment will have the capability to run on natural gas.

3.3.2 Diesel

Electricity will be provided by the ships or in certain cases from a generator on the platform. Diesel will
be used as fuel for the emergency generator for the off-shore mooring facility and as back-up fuel for
the main water pumps. Up to two diesel tanks will be stored on-site with capacities of 2 m3 each. These
pumps will also be designed to run on natural gas.

3.3.3 Potable Water

Utility provisions for the facility will be provided by a potable water source located on-site for the on-
shore metering facility and will be provided at the off-shore facility for the staff. Potable water is used
for domestic purposes at safety showers and eye wash purposes.

3.34 Wastewater Treatment

Sewage and wastewater loads will be minimal for the on-shore facility. Domestic wastewater from the
terminal control room will be collected in a septic tank and drain field to be constructed within the
boundaries of the plant.

The facility will not result in the generation of process wastewater. The regasification process will utilize
seawater which will result in the discharge of cooled water into the sea near the mooring facility using
a mixing process to ensure that there is no more than 5° C change in temperature. This effect will be
carefully modelled and monitored to ensure that there are no negative effects on marine life in the
vicinity.

There will be no effluent discharge from the FSU. Effluent is treated on board in a three stage process
and the effluent and waste will be collected by a waste handling company to discharge in accordance
with MARPOL Requirements. The waste handling company is responsible for the handling and final
disposal of the wastes and providing the Ship’s Agent with a disposal certificate.

The following additional parameters will assist in avoiding pollution:
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1. No oil or mixture containing oil shall be discharged or allowed to escape from a vessel while at
the terminal.

2. No garbage or other materials, either liquid or solid, shall be discharged overboard from a
vessel, but shall be retained in suitable receptacles on board for proper disposal on land.

While the FSU is permanently berthed, the basis is that there will be no discharge of waste or
contaminated water to sea. As part of the FSU operations; (a) Bilge, grey water, sludge and sewage will
be collected in holding tanks on-board the FSU, emptied periodically and sent to an external authorized
treatment plant, and (b) All solid and semi-solid waste will be collected and disposed by sending them
to an external authorized company.

3.3.5 Solid Waste

Solid waste will be generated by the facility, at both the platform and on board the ships. Any domestic
(non-hazardous) garbage from the ship will be collected and taken to shore for proper disposal. All
food waste which are from locally obtain produce will also be collected and taken to shore for proper
disposal. All generating wastes will be reused or recycled to the maximum extent possible. The facility
may periodically generate hazardous waste (typically less than 100 kilograms per month), including
spent solvents, chemical cleaning wastes, and other wastes. Hazardous waste will be managed
according to applicable rules and regulations.

3.3.6

Noise is a product of the various components of the offshore and onshore facility while it is operating.
Table 3-1 lists the types of equipment whose normal operation will result in noise from the facility. In
general, equipment will be purchased with sound attenuation consisting of enclosures (generators) or
lagging (pumps and exchangers) to limit noise levels to 85 dB at 5 ft. from the perimeter of the module
or skid.

Noise

Table 3-1 Estimated noise level by system
Line Iltem # System Line Size / Qty Estimated dBA Estimated Flow Rate / Pump hp

1 NG 2 80 2 MMSCFD
2 NG 4 98 29.1 MMSCFD/meter
3 NG 6 93 58.2 MMSCFD
4 NG 16 69 58.2 MMSCFD
5 ADO Pumps 2 70 5

Notes:

=  All flow and dBA values based on preliminary designs/data
= Two (2) of the three (3) ADO Pumps will operate simultaneously
=  No sound attenuation devices are included in the values above.

= NG - Natural Gas System

= ADO - Automotive Diesel Oil System
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3.3.7 Storm Water

On-shore stormwater potential will be minimal since the footprint of the facility is small. Appropriately
sized stormwater management will be incorporated into the design of this facility to manage
stormwater runoff. The drainage design criteria for this project will be guided by local requirements for
permitting and international standards, including National Works Agency’s (NWA’s) guidelines for
preparing hydrologic & hydraulic design reports for drainage systems of proposed development
applications, (guidelines) June 2015, the Government of Jamaica (GOJ) development and investment
manual, (manual), volume 3, section 1 and the methodology of U.S. Department of Agriculture (soil
conservation service technical release no. 55 (tr-55)), urban hydrology for small watersheds.
Stormwater from the off-shore mooring facility and FSU will also be minimal and not result in violation
of water quality standards at this location.

3.3.8 Onshore Erosion Control

On-shore erosion potential will be minimal since the on-shore pipeline will be mostly directionally drilled
rather than using an open cut. There is some potential for erosion during construction at the small on-
shore metering facility but proper erosion and sedimentation control measures such as silt fences
should suffice to manage this risk.

3.3.9 Plant Control Philosophy

The facility will utilize a distributed control system (DCS) that will supply continuous information to the
control room on both the off-shore and on-shore facilities. Fire detection (smoke, heat, or flame) will
produce equipment shutdown. Manual actuation of fire suppression systems and emergency
shutdown (ESD) will be provided to site personnel via manual call stations. The FGS (fire & gas
detection and alarm system) and ESD philosophy is to utilize a multiple detector voting logic.

3.3.10 Safety and Fire Protection

The project will be designed, constructed, and operated in accordance, and in reference to, the
National Fire Protection Association (NFPA) 59a, where appropriate, for the production, storage, and
handling of LNG. The offshore mooring facility will have a specialized system that safeguards the
facility against potential upset conditions and fires by utilizing early warning detection and emergency
shutdown systems. In the event of an emergency within the process area, the systems will detect the
emergency via fire and gas detection alarms, alert operators, and automatically shut down the process.
Manual activation of fire suppression and emergency shutdown will also be provided to site personnel
via manual call stations. Water based hydrants and monitors along with special hazard (dry chemical)
suppression systems will be included at the off-shore terminal. Additional safety measures will be
constructed at the small on-shore metering facility.

3.3.11 Firewater Description

The fire protection system is controlled and monitored by the fire and gas detection system and
monitoring panels and sensors. Dedicated firewater pumps will supply seawater from the ocean as
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the influent. Firewater monitors and hydrants will be located on the offshore facility as well as the
onshore metering facility.

3.3.12 Seawater Intake System

Sea water to vaporize the LNG will be pumped from the ocean using submersible column mounted
pumps. The pump columns will extend from the platform operating deck to below the minimum sea
level. Column intakes will be provided with screens to prevent suction of marine life/vegetation and/or
debris. Pump discharge will be at the top of the column which will be manifolded with other pump
columns into a single distribution header. The distribution header will provide sea water for LNG
regasification which occurs by indirect contact of the seawater with the LNG in a shell and tube heat
exchanger.

3.3.13 Auxiliary Heat Exchanger and Discharge

Cooled sea water will be returned to the ocean (below sea level) at a temperature no more than
5 degrees C below the intake temperature via a sea water return pipe. In order to optimize the size of
the re-gasification exchangers, some of the sea water flow will bypass the exchangers. This bypass
stream will be remixed with the cooled sea water exiting the exchangers prior to returning to the
sea. The mixing process will be carried out in a mixing tank. In-line mixers are being considered in
lieu of mixing tanks. Three pumps will be required for Phase |. Two pumps will be added to support
Phase Il as demand for LNG grows in the area.

3.3.14 Storage of Chemicals

The chemicals used or stored on the platform or the on-shore facility include the drilling mud for the
directional drill during construction, and nitrogen used on the platform. Other than these there will be
no other chemicals stored or used during normal operations other than the NG and ADO. Constituents
of the drilling mud cannot be finalized until the actual work has begun as the drilling contractor will
determing the most appropriate constitents to be used based on soil conditions.

3.3.15 Other Safety-related Measures

The planned undersea pipeline will have a leak detection system which contains numerous pressure,
flow, and acoustic detector devices to provide instantaneous feedback as to the presence and location
of a leak. The instantaneous feedback of the leak detection system may be used to initiate a system
shutdown per operating procedures and/or local requirements. There will be a marine security zone
of 500 meters enforced around the off-shore mooring facility and clearly marked with buoys where
boat access will be restricted and strictly controlled for safety reasons. The Purpose of a safety zone
is to reduce risks to public safety and property. In addition, there will be a hazard zone of 1000 meters
from the platform where shipping will be restricted as clearly marked by additional buoys.

The 500m security zone will be enforced using patrol and safety boats, as well as electronic
surveliance and monitoring technology. When a LNG delivery vessel is at the terminal, the tug will
additionally assist with the enforcement of the safety zone. The safety zone will be published and
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broadcast as a notice to mariners. No vessel will be permitted to enter the zone without authorization
from the Terminal Operators. The offshore terminal will be lighted per the llluminating Engineer Society
(IES) recommendations and applicable Occupational Safety and Health Administration (OSHA)
standards. The platform lighting will utilize high efficiency LED lighting, minimizing power consumption.
Design considerations will be taken to reduce the risk of light pollution such as unwanted spill lighting
and sky glow. It is anticipated that the illuminance at the Terminal will be on average 53.81 - 64.58
lux (5 - 6 foot candles (fc)), with a minimum of approximately 13.99 lux to a maximum of 161.46 lux
(1.3 - 15 fc).

3.3.16

3.3.16.1

Using USEPA* greenhouse gas emission factors for the existing Oil-Fired Utility Boilers and a total oil
consumption of 306,099,807 L/y, the following emission rates were calculated for the JPS 190 MW
power plant that this project will supply natural gas (Table 3-2):

Carbon Footprint
Carbon Emissions for Existing JPS Facility

Table 3-2 Carbon Emission rates for Oil-fired Utility Boilers
Facility Pollutant Emission Factor, Emission Factor, Facility Emission Rate,
Ib/1083 gal kg/L tonne/y
Oil-Fired Utility CO2 24,400 2.928 896,260.2
Boilers CHa4 0.28 0.0000336 10.3

*United States Environmental Protection Agency. May 2010. Emission Factor Documentation for AP-42: External
Combustion Sources, Tables 1.3-3, 1.3-8 and 1.3-12. Office of Air Quality Planning and Standards, Office of Air and
Radiation, U.S. Environmental Protection Agency, Research Triangle, North Carolina.

3.3.16.2 Carbon Emissions for NG Fired 190 MW Power Plant

Using USEPA* greenhouse gas emission factors for LNG-Fired Stationary Gas Turbines and the heat
consumption rate of 1.383 x 10° kJ/h for the LNG to be used, the following emission rates were
calculated (Table 3-3):

Table 3-3 Carbon Emission rates for 190 MW Power Plant
Facility Pollutant Emission Factor, Facility Emission Rate,
Ib/MMBtu tonne/y
LNG-Fired Combustion | CO2 110 573,000
Turbine CHa 0.0086 44.8

*United States Environmental Protection Agency. July 1998. Emission Factor Documentation for AP-42: Stationary
Gas Turbines. Office of Air Quality Planning and Standards, Office of Air and Radiation, U.S. Environmental Protection
Agency, Research Triangle, North Carolina.

The use of natural gas to fire the new JPS 190 MW power plant will result in a reduction of = 36.06%
in carbon dioxide and a 334.95% increase in methane generated by the power plant facility per year.
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3.4 ENGINEERING AND DESIGN DETAILS FOR OLD
HARBOUR LNG PROJECT

34.1 Reception (FSU to Re-Gas Facility)

The transfer of LNG from FSU to Re-gas facility will be continuous via articulating LNG arms. There will
be one liquid supply line, one vapor return line and one spare that is manifolded such that it can be
used either as back-up vapor or liquid line. Arm diameter is maximum 16”. Unloading pressure is 5.2
bar at the loading arms, LNG composition is 85%+ methane.

3.4.2 Storage

The loading from LNG tanker to FSU will be at a rate of ~12,000 m3/hr. The capacity of the FSU is
expected to be up to 170,000 m3 with 4 to 5 tanks depending on the selected FSU. The tanks are
expected to be low pressure membrane type with storage temperature (°C) -160 (+/- 3F) and storage
pressure of ~5 mbar. Isolation valves and cold detection system would be included;

3.4.3 Processing

The processing system will include up to four (4) vaporizers, boil off gas management system, and
controls that comprise the regasification system. Each vaporizer will have capacity of up to 225 m3/hr,
operating pressure of ~42 bar, outlet temperature (°C) ~27 C;

344 Transportation

3.4.4.1 NG Transportation Network

The natural gas would be transported to shore via a ~5.41 km pipeline with an operating pressure of
41.4 barg, and design pressure of 49.6 barg. The pipeline is proposed to be buried at least 1m to top
of pipe below natural seabed level. The pipeline is expected to have a diameter of up to 16 inches
comprised of material similar to APl 5L Grade X65 PSL2 and a preliminary thickness of 21.4 mm. The
final wall thickness will be determined based on pressure requirement, buoyancy, and seismic
analysis, type of cathodic protection system, and other factors. The proposed leak detection system
is a HIMA LDS that uses Enhanced Pressure Wave (EPW), Compensated Volume Balance (VBM), and
Pressure Drop (PDM) and leak detection methods to provide instantaneous feedback as to the
presence and location of a leak.

3.4.4.2 ADO Transportation Network

The ADO would be transported via a ~2.91 km pipeline with an operating pressure of 6.9 barg, and
design pressure of 18.9 barg. The pipeline is proposed to be buried at least 1m to the top of pipe
below natural seabed level. The pipeline is expected to have a diameter of up to 8 inches comprised
of material similar to API 5L Grade X65 PSL2 and a preliminary thickness of 8.2 mm. The final wall
thickness will be determined based on pressure requirement, buoyancy, and seismic analysis, type of
cathodic protection, and other factors.
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3.4.5 Regulating and Metering Stations

3.4.61 NG Onshore Regulating and Metering Station for Old Harbour Power Plant

Inlet pressure (bar) 37.2 barg, Outlet pressure (bar) 27.5 barg, Number of regulating lines 1 full flow,
1 low flow, Capacity per line (m3/h) full flow - 44,850 scmh, low flow - 3,532 scmh.

3.4.5.2 ADO Onshore Regulating and Metering Station for Old Harbour Power Plant

Inlet pressure (bar) 4.1 barg, Outlet pressure (bar) 4.1 barg, Number of regulating lines 1, Capacity per
line (m3/h) 36.3 m3/h.

3.4.6 Vehicle for Distribution

Vehicles will not be used to distribute natural gas. Natural gas will be distributed by pipeline.

3.4.7 Final Consumer

The natural gas will primarily be consumed by a combined cycle gas turbine (CCGT) operated by JPS.
The terminal would supply gas at a minimum pressure of ~24.5 barg.

3.5 PROJECT PHASES
3.5.1 Construction
3511 Schedule

Figure 3-12 shows the schedule for project construction and Figure 3-13 details the pipeline
construction schedule. It is anticipated that NG will be ready to be delivered to the JPS 190 MW Power
Plant by the second quarter of 2018.
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Figure 3-12 Old Harbour fixed infrastructure development schedule (19 months to COD)
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Figure 3-13 Pipeline construction schedule
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3.65.1.2 Construction Activities to be Carried Out

Marine Structures Construction

The proposed marine structures will be constructed utilizing jack-up and floating equipment. The
primary in-water construction activity is installing the steel pipe piles for the marine structures.
Following pile installation, pre-fabricated steel frames will be lowered onto the piles and welded in
place to form the substructure of the platform. Modular precast deck slabs will be installed on the
frame to form the platform deck. The platform deck modules will then be inter-connected using closure
pours. The platforms will be finished with a reinforced topping slab and containment curb.

The four breasting dolphins and the six mooring dolphins consist of steel pipe piles with a steel frame
and steel superstructure. The access walkways between the dolphins consist of truss bent structures
and the catwalk bent structures supported by steel pipe piles. Marine fenders and quick release hooks
will be installed on the dolphins. The steel trusses connecting the dolphins contain pipe supports and
cable trays for piping and electrical power and controls.

Process Equipment/Skids

Construction activities for the process equipment and skids will consist of first off-loading
equipment/skids/materials/components from barges or vessels followed by setting up of
equipment/skids on the platform table-top. Installation and weld-out of pipe supports/sleepers/racks
will be the next step followed by installation of interconnecting pipe spools and complete all closure
welds. Installation of electrical and control raceways between skids/equipment will be the next step
followed by installation of the PDC building. The next steps of the construction will involve power
terminations and installation and calibration of shipped loose instruments. The final steps of the
construction for process equipment and skids will be pressure testing, touch-up painting, completion
of the insulation (cold) followed by installation of the Control Room and the Control System.

Horizontal Directional Drilling (HDD) Construction

The HDD process is described below. It is initiated onshore and exits at a point beyond the coral reef
along the predetermined pipeline route. The straight line path for the natural gas line is approximately
5.410 km (3.36 miles) (see figure 3-1). The HDD depth is estimated to be approximately 12 m (40
feet) below the coral. The remaining pipeline length will be trenched to the platform.

The exit point will require some excavation (suction dredging) to provide a smooth transition for the
pipeline onto the seabed. An initial estimate of the excavation size is 465 to 557 sq. meters (5,000
to 6,000 sq.ft). Both pipelines (ADO and NG) will be mostly directionally drilled and be at least 25 feet
(7.62 m) beneath the ground at the onshore location. Therefore, there will be no need for a cleared
maintenance corridor for either pipeline on shore. The drilling process in HDD can be described as
follows:

SITE PREPARATION
The construction site is prepared before the main drilling operation. A drilling rig is set up at the proper
location. A transmitter is inserted into the housing provided on the pilot drilling string near the drill bit.
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Other equipment and facilities such as generators, pumps, storages, and offices are prepared at this
stage.

PILOT HOLE DRILLING

A small diameter drilling string will penetrate the ground at the prescribed entry point onshore at a
predetermined angle typically between 8 to 18 degrees. The drilling will then continue under the
seabed along a design profile.

PRE-REAMING
The final size of the bore will be slightly larger than the outside diameter of the product pipe.

PULLBACK
The pipe is prefabricated on the anchored barge located at the HDD exit offshore. Once the pre-
reaming operation is completed, the pipe can be pulled back into the reamed hole.

The drill pipe is connected to the product pipe using a pull head or pulling eye and a swivel. The swivel
is a device used to prevent the rotation of the pipeline during pullback. A reamer is also located
between the pull head and the drill string to ensure that the hole remains. The pullback operation
continues until the pipe or conduit surface at the drill rig, i.e. at the HDD exit point onshore.

Subsea Pipelay Operation

SUBSEA PIPELAY

Subsea pipe lay operation will take place between the HDD exit point offshore and the offshore LNG
Terminal location. An anchored barge and support vessels will be used for this purpose. Note that the
anchored barge will be used for welding and feeding HDD pipe even before the subsea pipeline is laid.
The following is a brief description of the subsea pipe lay operation.

An anchored barge will be mobilized along with support vessels. The anchored barge will set itself up
(moor) close to the HDD exit offshore. As mentioned above, the first job of the anchored barge will be
to feed pipe strings during the HDD operation. After the HDD pipe operation is completed, the same
anchored barge will be used for laying the up to 16 inch diameter subsea pipeline. The anchored
barge will recover the HDD tail section at the HDD exit point offshore and remove the blind flange. Next
pipe joints will be welded to the HDD pipe end and subsea pipe will be laid through the stinger on the
anchored barge. The stinger will be adjusted at an appropriate angle for this purpose. Depending on
the specifications of the anchored barge, a support vessel may be required to supply pipe joints to the
barge. Other support vessels will include two anchor handlers, a supply boat (to take personnel on and
off the offshore LNG platform and for other sundry tasks) and two small barges and tugs.

The pipe lay operation will continue until it reaches close to the offshore LNG terminal. At this point a
temporary pig launcher will be attached to the pipeline and the pipeline will be laid on the seabed. The
anchored barge will be demobilized at this time as it is generally a large and expensive vessel.
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SUBSEA PIPELINE FLOOD, CLEAN AND GAUGE

A small dynamic positioning (DP) Diving support vessel (DSV) complete with pipe flood spread will be
mobilized. Personnel and equipment will be located at the landfall site i.e. at the onshore end of the
pipeline. The pull head at landfall will be removed and a temporary pig catcher will be installed.

Divers on DP DSV will install flood hoses to a pig launcher at the other end of the pipeline near the
offshore LNG terminal. At this point, confirmation of readiness at the landfall and offshore will be
established. Next, the subsea pipeline along with the HDD portion will be flooded, cleaned and gauged
from offshore to onshore. Onshore personnel will coordinate with the offshore personnel to confirm
that pigs arrive in the pig catcher located onshore. The DP DSV will then remove the hoses and pig
launcher and install a blind flange at the offshore end of the pipeline.

SUBSEA PIPELINE TRENCHING
The subsea pipeline will need to be buried so that the top of the pipeline is at least 1 m (=3 ft.) below
the seabed to prevent any damage to the pipeline and maintain its integrity as described above.

Pipe trenching personnel and equipment will be mobilized to the site. The DP DSV could be used to
carry out trenching operations depending on its capabilities. The DP DSV will be set up at the HDD exit
offshore. The first pass of the trenching operation will be carried out from the HDD exit offshore to the
pipeline end near the offshore LNG terminal. The second pass will then be performed at the pipeline
end near the offshore LNG terminal to the HDD exit offshore. The number of passes required will
depend on the subsea soil type, and will be known when results from the geotechnical field survey is
completed. Once the trenching operation is complete, the trench will be filled with local overburden
(i.e. soil).

HYDROTEST PIPELINE

The hydrotest/pneumatic test will be mobilized from the pipeline end near the offshore LNG terminal
and required pumps to pressurize the pipeline will be set up. The pipeline will be per ASME B31.8. At the
successful conclusion of Hydrotest (or pneumatic test, as appropriate the pipeline will be depressurized.

INSTALLATION OF RISER AND TIE-IN SPOOL AT OFFSHORE LNG TERMINAL

The riser will be preinstalled on the facility. Metrology will be performed to determine the exact
dimensions of the required tie-in spool . This tie-in spool will connect the subsea pipeline to the bottom
end of the riser near the seabed. A tie-in spool will be prefabricated and kept on the DP DSV deck.
Next, this tie-in spool will be cut to size per metrology results. Non-destructive evaluation (NDE) and
Field-joint coating will be carried out on pipe spool. At this juncture, divers and equipment will be
mobilized to the DP DSV. The blind flange on the pipeline end near the offshore terminal will be
removed and the tie-in spool installed.

PRE-COMMISSIONING OF ENTIRE SUBSEA PIPELINE SYSTEM
Once the tie-in spool is installed a continuous connection is established between the onshore facilities
and the offshore LNG platform.
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For pre-commissioning of the entire subsea pipeline system, personnel and nitrogen packing
equipment will be mobilized and set up at the offshore LNG terminal. Similarly, personnel and pressure
testing equipment will be mobilized and set up at the onshore facilities. A leak test of the pipeline will
be performed from shore to the platform.

At the successful conclusion of the leak test, the pipeline will be depressurized and a temporary pig
catcher will be installed at the offshore LNG terminal. At the same time, a temporary pig launcher will
be installed at the pipeline end at the onshore facility. The pipeline will be dewatered with pigs using
air from onshore to offshore. Hydrostatic testing will be used but before discharge any water will be
tested and treated as needed to meet water quality standards. Alternatively pneumatic testing may be
used if allowable by code.

Finally, the pig catcher will be reconfigured as pig launcher and vice-versa. Pigs will be pushed from
offshore to onshore with nitrogen. At the conclusion of this operation, valves will be closed at both
ends of the pipeline and the entire pipeline system will be ready for commissioning.

3.5.1.3 Sources of Raw Material

Off shore platform

The off shore platforms will be constructed of steel with a concrete deck structure. The concrete will
be obtained locally within Jamaica if possible or other alternative locations. Raw materials will consist
of structural steel in many forms and shapes, weld rod, flux, welding gases, nuts, bolts, washers, rods,
etc. Raw materials will be sourced mainly from U.S. or locally if they meet project requirements.

Seawater intake and auxiliary heat exchanger

Raw materials are limited since the intent is to modularize the equipment/systems to the maximum
extent possible. Raw materials may consist of weld rod, flux, welding gases, pipe/fittings, cable/tray,
gaskets, nuts, bolts, washers, rods, structural steel in many forms and shapes, etc. Raw materials will
be sourced mainly from U.S. or locally if they meet project requirements.

Subsea pipeline

Construction of the subsea pipeline will not require any quarry material except for the following
eventualities:

o HDD Dirill site preparation: The HDD drill site onshore will require site preparation. Depending on
soil conditions of the selected drill site, gravel may be required for surficial soil stabilization so
that heavy equipment and vehicles can be brought to site and operated during HDD operation.

e Line pipe storage onshore: As mentioned elsewhere in the EIA, most of the vessels used for
pipe lay operation have a certain capacity to store line pipes. The total length of the pipeline
in this project is approximately 5,410 m (17,749.30 ft.) which means that it will constitute of
444 pipe joints. Therefore depending on the vessel selected for pipe lay, the entire pipe length
could be stored in the vessel itself. The vessel would pick up the pipes at a port on the Gulf of
Mexico after concrete coating is completed.
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e |nthe case that pipes cannot be stored in the pipe lay vessel, a secured line pipe storage site
will need to be prepared. It can be near the power plant or at the nearest port site where
storage site should be readily available. The pipe haul vessel can pick up line pipes from the
pipe storage area and supply it to the pipe lay vessel as the pipe lay progresses. In case such
storage facility is not available, a secured storage area will need to be prepared elsewhere
which may require site preparation, quarry material as well as fencing to prevent pilferage.
Alternatively, a logistics plan may be prepared to supply pipe using pipe supply barges from a
pipe coating yard in the Gulf of Mexico right when the subsea pipe is being installed.

3.5.1.4 Transportation of Heavy Equipment - Route from Port Esquivel to Proposed Project
Site

HDD Equipment transport to Old Harbour Power Plant site: Fifteen trailer loads of equipment will need
to be transported to the Old Harbour Power Plant site to carry out the HDD operation. Each of these
trailer loads will weigh approximately 36.3 tonnes (40 tons). Equipment in these trailer loads will
include the drill rig, power unit, control cab, two mud pumps, two mud tanks as well as general and
spare parts. It is expected that these trailers will be offloaded at Port Esquivel and taken to the site via
the route suggested in Section 4.4.4 in the Environmental Impact Assessment for the proposed Old
Harbour Plant Re-Powering Project (190 MW) submitted to JPS in October 2015 (CL Environmental,
2015). The load restrictions of this route need to be investigated. Marine structural materials and
equipment will be shipped to Port Esquivel for customs and inspection and then transported by sea to
the offshore site location.

3.5.15 Employment and Organization Chart

It is estimated that during site clearance and preparation, approximately 20 persons will be employed.
During the construction phases during average and peak periods, the following employment
requirements are estimated:

o Construction of off shore platform: ~75-80 persons

o Off shore platform equipment installation and testing: ~40 persons

o Pipeline construction: ~20-30 persons

o Landside operation (including tank construction): ~90 - 100 persons

The actual number of persons employed may vary depending on the timing and exact design of the
construction, however it estimated that a total of between 225 persons (average) and 250 persons
(peak)will be employed during the project construction.

The organization chart for the construction phase may be seen in Figure 3-14.
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Figure 3-14 Organizational chart during project construction phase
3.5.2 Project Operations and Maintenance
35821 Heated Water Discharge

Sea water will be pumped from the ocean using submersible column mounted pumps. The pump
columns will extend from the platform operating deck to below the minimum sea level. Column intakes
will be provided with screens to prevent suction of marine life/vegetation and/or debris. Pump
discharge will be at the top of the column which will be manifolded with other pump columns into a
single distribution header. The distribution header will provide sea water for LNG
regasification. Cooled sea water will be returned to the ocean (below sea level) at a temperature no
more than 5 degree C below the intake temperature via a sea water return pipe. In order to optimize
the size of the re-gasification exchangers some of the sea water flow will by-pass the exchangers. This
by-pass stream will be re-mixed with the cooled sea water exiting the exchangers prior to returning to
the sea.

3.5.22 Maintenance
Offshore Platform

Maintenance will be minor at the off shore platform and will consist of routine inspections and special
inspections following severe weather in order to ensure the structural integrity of the platform. Routine
maintenance may include steel coating repair, or concrete defect repair. Longer term maintenance
may include items identified in routine inspections, but may consist of concrete repairs, fender system
repairs or replacement, or steel member repairs.
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Equipment maintenance can be categorized as routine (short duration) and long duration. Routine
maintenance includes activities than can be performed regularly such as: filter replacement, screen
cleaning, instrument calibration, instrument replacement, leak assessment and correction, oil
changes for equipment, and fan belt tightening. Longer duration maintenance would be
recommended by equipment suppliers but could include: pump replacement, compressor re-build
(seals, bearings, gaskets, rings, etc.), and pump re-build (seals, bearings, gaskets, etc.).

Floating Storage Unit

The FSU fleet shall follow a risk-based approach to maintenance management, whereby equipment
shall be maintained (inspected, monitored, overhauled, and renewed) to achieve the level of reliable
operation required to reduce and manage the risk to personnel, equipment, and the environment.

Sub-sea Pipeline

Pipeline pigging should not be required for the gas pipeline since this is a higher quality gas than a
typical export quality gas pipeline. Rather, LNG is being regasified into natural gas. Prior to LNG
liguefaction, a pre-treatment process is undertaken. As part of the pre-treatment process, the export
quality natural gas is dehydrated using molecular sieves which effectively removes all water content
from the gas. A periodic pig run with an interval of 6 months to 1 year should be evaluated for
confirmation of cleanliness.

Fouling of FSU

The FSU is designed to be moored for extended periods without dry-docking. The vessel's hull is coated
with an anti-fouling coating to prevent any fouling.

3.5.2.3 Employment and Organization Chart

During operations, it is estimated that approximately up to 40 persons will be hired primarily to work
on the FSU, as well as the platform and land. Figure 3-15 shows the organization chart for this project
phase.

’ New Fortress
L&

JFS
FSU Operator Terminal Operator

Figure 3-15 Organizational chart during project operation phases
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4.0 POLICY, LEGAL AND
ADMINISTRATIVE FRAMEWORK

4.1 ENVIRONMENTAL IMPACT ASSESSMENT
FRAMEWORK
4.1.1 Rationale and Basis

An Environmental Impact Assessment (EIA) is “a structured approach for obtaining and evaluating
environmental information prior to its use in decision-making in the development process. This
information consists, basically, of predictions of how the environment is expected to change if certain
alternative actions are implemented and advice on how best to manage environmental changes if one
alternative is selected and implemented” (Bisset, 1996). The basis and rationale of an EIA has been
summarised as follows (Wood, n.d.):

e Beyond preparation of technical reports, EIA is a means to a larger end - the protection and
improvement of the environmental quality of life.

e |tis a procedure to discover and evaluate the effects of activities on the environment - natural
and social. It is not a single specific analytical method or technique, but uses many
approaches as appropriate to the problem.

e |t is not a science but uses many sciences in an integrated inter-disciplinary manner,
evaluating relationships as they occur in the real world.

e |t should not be treated as an appendage, or add-on, to a project, but regarded as an integral
part of project planning. Its costs should be calculated as a part of adequate planning and not
regarded as something extra.

e EIA does not ‘make’ decisions, but its findings should be considered in policy - and decision-
making and should be reflected in final choices. Thus, it should be part of decision-making
processes.

e The findings of EIA should focus on the important or critical issues, explaining why they are
important and estimating probabilities in language that affords a basis for policy decisions.

4.1.2 Development Application and the EIA Process

4.1.2.1 General Procedures

The National Environment and Planning Agency (NEPA) 2 has been given responsibility for
environmental management in Jamaica under the Natural Resources Conservation Authority Act
(NRCA) Act of 1991. Since the promulgation of the NRCA Act, it has been strengthened by various

2 NEPA represents a merger of the Natural Resources Conservation Authority (NRCA), the Town Planning Department (TPD)
and the Land Development and Utilization Commission (LDUC). Among the reasons for this merger was the streamlining of
the planning application process in Jamaica.
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supporting regulations that became effective in January 1997. The Environmental Permit and License
System (P&L) is administered by NEPA through the Applications Section. It was introduced in 1997 to
ensure that all developments meet required standards and negative environmental impacts are
minimized. Under the NRCA Act of 1991, the NRCA has the authority to issue, suspend and revoke
environmental permits and licenses.

The NRCA permit procedure is initiated by the submission of the Project Information Form (PIF) to the
Authority. The PIF screening form is reviewed to determine whether an EIA is required and to begin
determining areas of environmental significance, especially in waste discharge. Based on the review
of the PIF, the NRCA advises if an EIA would be required for the proposed project and determines the
scope of the EIA through proposed Terms of Reference (TORs). The TORs are proposed using NRCA
guidelines and are ultimately approved by the NRCA. NRCA gives the approved final TORs for the
proposed project; Appendix 1 shows those specific to this project.

The NRCA requires that the EIA include the following:

o Adescription of the present environment, i.e. physical, biological and social environment. This
includes, for example, consideration of economic situations, cultural heritage and ecological
preservation;

e A description of the significant impacts the environmental professionals expect the
development to have on the environment, compared to the environment that would remain if
there were no development. This will include indirect and cumulative impacts;

e An analysis of alternatives that were considered in order to consider means of minimising or
eliminating the impacts identified above; and

e An Environmental Management Plan, which includes a Monitoring & Hazard Management Plan
and an Auditing schedule.

The NRCA guidance on ElAs states that this process “should involve some level of stakeholder
consultation in either focus groups or using structured questionnaires.” A draft EIA is submitted to the
developer to solicit the proponents’ input into the description of the project (to check for accuracy of
statements, and to enter into realistic discussions on the analysis of alternatives, as well as to inform
the proponents of any other relevant legislation with which they must comply). Fourteen copies of the
finalised draft are then submitted to NRCA, two to the client, and the consultant keeps one (17 in all
are produced). The NRCA distributes these to various other public sector institutions who sit on the
Technical Committee (e.g. Water Resources Authority (WRA), Environmental Control Division in the
Ministry of Health (ECD), Jamaica National Heritage Trust (JNHT)) for their comments. Typically, this
depends on the nature of the project.

As deemed necessary by the NRCA, Public Meeting(s) are then held, following the deposition of the
Draft EIA at Parish Libraries (by the NRCA). A verbatim report of the public meetings is required, as
well as a summary report of the main stakeholder responses which emerged. The comments of the
NRCA, the other GOJ interests and the public are compiled and submitted in writing to the consultant
not only for finalisation of the report, but for incorporation into the development’s design. The NRCA
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then reviews this report again, and if further clarifications are needed, these are again requested.
Once the NRCA is satisfied, the EIA is submitted to the Technical Committee of the NRCA Board for
final approval. If the EIA is not approved, the proponents may appeal to the Office of the Prime
Minister.

Please see Appendix 3 for the full guidelines on public participation in ElAs.

4.1.2.2 Project-specific Progress

Under Section 9 of the NRCA Act, all activities associated with Chemical: Construction and Operations
for Hydro-Carbon Production, Chemical: Construction and Operations Of Petroleum Storage and
Dispensing Facility, Construction Development: Pipelines & Conveyors - Construction or Installation
and Operation of Pipelines 20m or More in Length for the Transmission of Noxious, Explosive,
Flammable and/or Toxic Material Refining, Storage and Stockpiling, Pipelines and Conveyors, such as
the proposed project, require a Permit for construction and may, under Section 10 of the Act, require
an EIA.

The Permit Application was submitted on May 13, 2016. It was decided that an EIA was required and
this documents fulfils this requirement. The final TORs (Appendix 1) were used to guide the EIA
approach and assemble the report.

4.2 NATIONAL LEGISLATION

The following sections include a discussion of relevant national legislation, regulations/standards,
policies and other material thought to be relevant to the proposed project. The following main areas
are covered:

e Development Control: construction (including building codes and site management controls)
and subsidiary inputs (quarry material, etc.), public safety and vulnerability to disasters.

e Environmental Conservation: forestry, wildlife and biodiversity, protected areas and species,
water resources, heritage and cultural resources.

e Public Health & Waste Management: air quality, noise levels, public health, solid waste, storm
water, etc.

421 Development Control

This section deals with planning and development issues that can affect the establishment of a FSU
and associated pipelines as well as a small onshore LNG distribution facility at old Harbour. Several
development and planning related laws and regulations may affect the project. The applicability of
these laws is dependent on the location of the development chosen, social and socio-economic issues
as well as the availability of land for acquisition. The following agencies are those that may be
encountered for planning and development approvals:
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e St. Catherine Parish Council (Local Planning Authority - LPA) - All development applications
are made through the LPA which include enquiries, planning, building and subdivision
approvals.

¢ National Environment and Planning Agency (NEPA) - Applications reviewed by NEPA include
enquiries, planning applications, and building and subdivision applications.

e Factories Cooperation of Jamaica- Guidelines for safety, health and welfare of factory
employees.

4211 Town and Country Planning Act (TCP Act), 1957 (Amended 1987)

The Town and Country Planning Act (TCP Act) 1957 (Amended 1987) provides the statutory
requirements for the orderly development of land through planning, as well as guidelines for the
preparation of Development Orders. A Development Order is a legal document which is used to guide
development in the area to which it applies and the TCP Act is only applicable in an area where a
Development Order exists. It constitutes land use zoning map/s, policy statements and standards
relating to land use activities. Tree Preservation Areas and Conservation Areas (as specified areas the
gazetted Development Orders) are two types of protected areas associated this Act.

As seen in Figure 4-1, the Development Order relevant to this proposed is the St Catherine Coastal
Development Order. The proposed development falls within the boundaries of the St. Catherine Coast
Development Order 1964. Further, the proposed site falls within the boundaries of the Old Harbour/
Old Harbour Bay Local Planning Area of the emerging St. Catherine Area Development Order in an area
zoned for heavy industrial use. Hence, the proposed development is in conformity with the proposed
zoning.

The Town and Country Planning Act Act also establishes the Town and Country Planning Authority,
which in conjunction with the Local Planning Authorities (LPAs), also referred to as Parish Councils,
and are responsible for land use zoning and planning regulations as described in their local
Development Orders. The St. Catherine Parish Council is the LPA for this project. The TCP Act is also
administered by the National Environment and Planning Agency.

4.2.1.2 Parish Councils Act 1901 (Amended 2007)

Under the Parish Council Act, each LPA may revoke or alter regulations concerning the construction
and restrictions as to the elevation, size and design of buildings built with the approval of the relevant
Minister. It may also make regulations concerning the installation of sewers on premises. As
mentioned previously, the St. Catherine Parish Council is the local planning authority with responsibility
for development within the study area for the proposed project.

4.2.1.3 Local Improvement Act 1944

The Local Improvements Act is the primary statute that controls the subdivision of land.
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Figure 4-1 Development Order Areas in Jamaica

3 http://www.nepa.gov.jim/symposia_03/Laws/Maps/Map of Development Orders.htm
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4.2.1.4 Office of Utilities Regulation (OUR) Act 1995 (Amended 2000)

This Act was promulgated in 1995. Under this legislation, the OUR receives and processes applications
for a licence to provide a prescribed utility service and make such recommendations to the Minister in
relation to the application as the Office considers necessary or desirable. In relation to environmental
management and protection, the OUR may, where it considers necessary, give directions to any
licensee or specified organization with a view to ensuring that the prescribed utility service operates
efficiently and in a manner designed to:

1. Protect the health and well-being of users of the service and such elements of the public as
would normally be expected to be affected by its operation;

2. Protect and preserve the environment; and

3. Afford to its consumers economical and reliable service.

4.2.15 The Beach Control Act 1956 and the Beach Control (Amendment) Act 2004

This Act was passed in 1956 to ensure the proper management of Jamaica’s coastal and marine
resources by means of a licensing system. This system regulates the use of the foreshore and the floor
of the sea. In addition, the Act speaks to other issues including access to the shoreline, rights related
to fishing and public recreation and establishment of marine protected areas. Under section 5 of this
act, it is an offence to encroach on the foreshore or floor of the sea for a public or commercial purpose
without a licence.

The Beach Control (Licensing) Regulations 1956 require a permit for any works on a beach, coastline
or foreshore. Application for this permit must be made to NEPA. The requirements of the permit include
a Notice of Application to be posted on the landward and seaward sides of the property and said Notice
should be served on adjoining neighbours. Member of the Natural Resources Conservation Authority
or any officer authorised by the Authority may conduct investigations to ensure compliance with licence
and require information to be furnished.

In addition, the following regulations also fall under the Beach Control Act 1956:

e The Beach Control (Hotel, Commercial and Public Recreational Beaches) Regulations 1978
e The Beach Control (Safety Measures) Regulations 1957

4.2.1.8 The Maritime Areas Act 1996

Under this Act, Jamaica is declared an archipelagic State and defines the internal waters as areas of
the sea which are on the landward side of the closing lines within the archipelagic waters. It states
that the archipelagic baselines shall consist of straight baselines joining the outermost points of the
outermost islands and drying reefs of Jamaica and the breadth of the territorial sea, the contiguous
zone and the continental shelf shall be measured from the archipelagic baselines. As an archipelagic
State, the sovereignty of Jamaica extends to the waters enclosed by the archipelagic baselines, as well
as the air space over the archipelagic waters, their bed and subsoil and the resources, living and non-
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living, with the boundaries. Stipulations regarding infrastructure within and passage through the
archipelagic waters are made as well as limits and jurisdictions regarding the contiguous zone and
continental shelf

Offenses under this Act must be borne in mind during construction activities. Offenses include the
refusal, neglect or failure to comply with directive of Marine Officer or to produce licence to Marine
Officer and participation while on the vessel in acts contrary to Jamaica’s peace, order or security.

4.21.7 The Harbours Act (The Harbour Rules) 1971

These set of rules apply to any boat or vessel using any harbour in the Island, or the channels or
approaches to such harbour; as such, this piece of legislation is an important consideration to the
proposed project. Rules pertaining to safety and general conduct, licensing and competence are
outlined, as well as special rules for Kingston Harbour and other harbours explicitly stated. Of
particular interest to this project, is Section 10, 2 (a), which currently allows a mandatory one hundred
(100) metres from any wharf or vessel. The proposed safety buffer for the proposed project is 500m
in accordance with international guidelines and therefore complies with this rule.

4.2.1.8 Guidelines and Planning Standards (Natural Gas and LNG Infrastructure)

Guidelines pertaining to NG and LNG were prepared by NEPA in May 2015 and these are outlined
below. These documents were developed according to the structure of different chapters of Volume
1 Section 1 of the Development and Investment Manual of the Government of Jamaica. Each of the
below set of guidelines will be part of a final set of technical documents.

¢ Guidelines and Planning Standards - Gas Pipelines and Regulating & Metering Stations 2015
The aim of these guidelines and standards is to present the environment and planning
standards, guidelines and/or codes of practice related to natural gas pipelines and regulating
and metering stations, required during the application phase to obtain the necessary permits
and licenses.

¢ QGuidelines and Planning Standards - LNG Satellite Plants 2015
The aim of these guidelines and standards is to present the environment and planning
standards, guidelines and or codes of practice related to Design, Construction and Operation
LNG Satellite Plant, required during the application phase to obtain the necessary permits and
licenses.

e Guidelines and Planning Standards - Regasification Terminals 2015
The aim of these guidelines and standards is present the environment and planning standards,
guidelines and or codes of practice related to a Regasification Terminal, required during the
application phase to obtain the necessary permits and licenses.

o QGuidelines for Developing a Natural Gas Sector Regulatory Framework 2015
The aim of these guidelines these guidelines is to define the regulatory framework for the
natural gas sector in Jamaica.
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4.2.1.9 Vision 2030 and National Energy Policy

Overview

Vision 2030 is a National Development Plan for Jamaica, promoting four National Goals as well as
associated National Outcomes for each goal, to be achieved by 2030, with the objective of developing
Jamaica into a country with a vibrant and sustainable economy, society and environment; a high level
of human capital development; greater opportunities and access to these opportunities for the
population; and a high level of human security. Of the aforementioned outcomes, two apply directly to
the proposed project:

o National Outcome 10: Energy Security and Efficiency (under Goal 3: “Jamaica’s Economy is
prosperous.”) and;

e National Outcome 13: Sustainable Management and Use of Environmental and Natural
Resources (under Goal 4: “Jamaica has a healthy natural environment.”)

The outcomes outlined above are incorporated in the proposed project by directly increasing the
country’s energy efficiency, as well as considering environmental repercussions and outlining
mitigation activities throughout the development of this plant. In further accordance with Vision 2030,
the proposed development also aligns with the Ministry of Energy and Mining’s National Energy Policy,
created under the umbrella of Vision 2030. A synopsis of the goals and elements of the National
Energy Policy (Vision of Jamaica’s Energy Sector 2009 - 2030) is as follows:

e Goal 1: Jamaicans use energy wisely and aggressively pursue opportunities for conservation
and efficiency.

e Goal 2: Jamaica has a modernized and expanded energy infrastructure that enhances energy
generation capacity and ensures that energy supplies are safely, reliably, and affordably
transported to homes, communities and the productive sectors on a sustainable basis.

e Goal 3: Jamaica realizes its energy resource potential through the development of renewable
energy sources and enhances its international competitiveness, energy security whilst
reducing its carbon footprint.

e Goal 4: Jamaica’s energy supply is secure and sufficient to support long-term economic and
social development and environmental sustainability.

e Goal 5: Jamaica has a well-defined and established governance, institutional, legal and
regulatory framework for the energy sector that facilitates stakeholder involvement and
engagement.

e Goal 6: Government ministries and agencies are a model/leader in energy conservation and
environmental stewardship in Jamaica.

e Goal 7: Jamaica’s industry structures embrace eco-efficiency for advancing international
competitiveness and moves towards building a green economy.

The National Energy Policy seeks to develop a modern, efficient, diversified and environmentally
sustainable energy sector providing affordable and accessible energy supplies, with long-term energy
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security and supported by informed public behaviour on energy issues and an appropriate policy,
regulatory and institutional framework. This project being undertaken fulfils the goal of modernizing
the energy sector as well as making it more efficient through the primary use of LNG and allowing
energy to be more accessible through the replacement of an older, less efficient, diesel-fuelled power
plant with a newer, higher capacity, dual fuel capable plant using a cleaner and more cost effective
fuel in furtherance of the goals of the National Energy Policy.

Goal 3

Opportunities for further development of indigenous renewable energy resources such as solar, hydro,
wind and biofuels will be explored under this goal. The strategies and actions undertaken will be
designed to Increase the percentage of renewables in the energy mix with proposed targets of 11%
by 2012, 12.5% by 2015 and 20% by 2030. Increased percentage of renewable in the country’s
energy mix will reduce the dependence on imported oil. Increased use of renewables also will result
in lowering the level of air pollution, a smaller carbon footprint for Jamaica and better compliance with
international conventions on climate change.

Key points in relation to this Goal include:

e Develop diversification priorities based on cost, efficiency, environmental considerations and
appropriate technologies and competitiveness.

e Introduce incentives, where feasible, and a plan of action for implementation to foster the
development of wind, solar and renewable technologies. This will require the review by the
relevant regulatory authority of existing renewable power generators to afford them such
incentives that may be available, to encourage the sustainable development of the sector. The
creation of an enabling legislative and regulatory framework will be a priority.

e Develop an inventory of all potential sources of wind, solar and renewable technologies and
ranked according to their economics with full economic impact analysis

4.2.2 Environmental Conservation

4221 Policy for the National System of Protected Areas 1997

The system of protected areas should be an essential tool for environmental protection, conserving
essential resources for sustainable use, helping to expand and diversify economic development, and
contributing to public recreation and education. Six types of protected areas are proposed in order to
encompass the diverse natural resources and landscape, and are comparable to those of the IUCN
(International Union for Conservation of Nature) 4:

1) National Nature Reserve/Wilderness Area (Equivalent to IUCN Category |)
2) National Park, Marine Park (Equivalent to IUCN Category ).

4 It should be noted that since the publication of the Policy for Jamaica’s System of Protected Areas 1997, the IUCN has
revised the categories system and guidelines
(http://cmsdata.iucn.org/downloads/guidelines for applying protected area management categories.pdf)
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Natural Landmark/National Monument (Equivalent to IUCN Category )
Habitat/Species Management Area (Equivalent to IUCN Category IV)
National Protected Landscape, or Seascape (Equivalent to IUCN Category V)
Managed Resource Protected Area (Equivalent to IUCN Category VI)

This legislative instrument is a White Paper and essentially proposes a comprehensive protected areas

system for Jamaica (Table 4-1).

The NRCA/NEPA is the lead agency with responsibility for the

protected area system; however, a number of other government, local management entities, non-
governmental entities, private sector and individuals are outlined as important role players as well.

Table 4-1
system categories

Source: (Protected Areas Committee, 2012)

Existing categories of protected areas in Jamaica (as at 1 January 2012) - protected area

CATEGORY

RESPONSIBLE AGENCY

LAW

Protected Area

Forestry Department: Water, Land,
Environment and Climate Change (MWLECC)

Forest Act, 1996 and Forest
Regulations

NEPA: MWLECC

NRCA Act, 1991

NEPA: MWLECC

Beach Control Act, 1956

National Park

NEPA: MWLECC

NRCA Act, 1991

Marine Park

NEPA: MWLECC

NRCA Act, 1991

Environmental Protection
Area

NEPA: MWLECC

NRCA Act, 1996

Forest Reserve

Forestry Department: MWLECC

Forest Act, 1996 and Forest
Regulations

Fish Sanctuary

Fisheries Division: Ministry of Agriculture and
Fisheries

Fishing Industry Act, 1976

National Monument

Jamaica National Heritage Trust(JNHT)
Ministry of Youth and Culture (MYC)

JNHT Act, 1985

Protected National Heritage

JNHT: MYC

JNHT Act, 1985

Game Sanctuary

NEPA (NRCA): MWLECC

Wild Life Protection Act, 1945

Game Reserve

NEPA (NRCA): MWLECC

Wild Life Protection Act, 1945

Table 4-2

not considered part of the system

Source: (Protected Areas Committee, 2012)

Existing categories of protected areas in Jamaica (as at 1 January 2012) - other designations

CATEGORY

RESPONSIBLE AGENCY

LAW

Tree Order Preservation

Local Authority (Town and Country Planning
Authority): MWLECC and Local Government
Department, through Parish Councils

Town and Country Planning Act,
1958

Conservation Area

NEPA (Town and Country Planning Authority,
parish councils): MWLECC

Town and Country Planning Act,
1958

Protected Watershed

NEPA (NRCA): MWLECC

Watershed Act, 1963 Protection
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Table 4-3 Existing categories of protected areas in Jamaica (as at 1 January 2012) - international
designations
Source: (Protected Areas Committee, 2012)
CATEGORY RESPONSIBLE AGENCY CONVENTION
Convention on Wetlands of International
Ramsar Site NEPA (NRCA): MWLECC | Importance especially as Waterfowl Habitat

(Ramsar Convention)

World Heritage Site (no existing sites, Jamaica National
however submissions have been made) | Heritage Trust: MYC

World Heritage Convention

As seen in Figure 4-2, the proposed study falls within an area protected under various legal
instruments and agreements - Portland Bight Protected Area (declared April 22, 1999 under Natural
Resources Conservation Authority (NRCA) Act) and the Portland Bight Wetlands and Cays Ramsar Site.
Two game reserves are located to the southwest and southeast, namely Long Island Game Reserve
(declared August 21, 1998 under Wild Life Protection Act (WLPA)) and Amity Hall Game Reserve
(declared August 22, 1997, amended July 28, 2004) respectively. In addition, the Galleon Harbour
SFCA and the Salt Harbour SFCA are also located to the southwest and southeast of the project area.
Also protected by law is the Great Goat Island forest reserve, 4km southeast of the project area.

4.2.2.2 Natural Resources Conservation Authority Act 1991

The Natural Resources Conservation Authority Act (NRCA) may be considered Jamaica's umbrella
environmental law. The purpose of the Act is to provide for the management, conservation and
protection of the natural resources of Jamaica. This Act was passed in the Jamaican Parliament in
1991 and subsequent to this, the Natural Resources Conservation Authority (NRCA) was established.
The NRCA Act, under Sections 9 and 10 specifies that an Environmental Impact Assessment (EIA) is
required from an applicant for a permit for undertaking any new construction, enterprise or
development. It also speaks to the designation of national parks, protected areas etc.

The Act also gave power of enforcement of a number of environmental laws to the NRCA, namely the
Beach Control Act, Watershed Act and the Wild Life Protection Act, as well as a number of regulations
and orders including The Natural Resources (Permit and Licences) Regulations (1996), The Natural
Resources (Marine Park) Regulations 1992, The Natural Resources (Marine Park) (Amendment)
Regulations 2003 and The Natural Resources (Prescribed Areas) (Prohibition of Categories of
Enterprise, Construction and Development) Order 1996.

The Natural Resources Conservation (Permit and Licences) Regulations 1996 (Amended 2015)

A permit and licencing system was established under these regulations in order to control the
undertaking of any new construction or development of a prescribed nature in Jamaica and the
handling of sewage or trade effluent and poisonous or harmful substances discharged into the
environment.

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE

76
PROJECT, OLD HARBOUR, ST. CATHERINE

GLISTENING WATERS GAME RESERVE

MONTEGO BAY MARINE PARK

0 20 40
Kilometers
Gnd:Jamaica Metre Gnd
Projection: Lambert Conformal Conic One Standard Paraliel (18"North)

:WGS 34, Unit of Measure: Metre
Meridian of Origin: 77" West of Greenwich, Latitude of Origin: 18 North

ORAL SPRING - MOUNTAIN
EPRING PROTECTED AREA
R S .
BOGUE LAGOON CREEK GAME RESERVE o AR "m‘"
HAY Wil WipcRMCANBAY
’j'""{;' L bt ; pornp r a2 OCHO RIOS PROTECTED AREA
<
Hanover q SANCHOVY: v ¥ OW TOWN EAgssa
St Juames / ATEWAT fow SEONNE TN BAN000 il {
\ [ Treluwny l PRAT MARM
2 relywny ! g
-, — WARDDN TN ! st -
GREAT MORASS GAME RESERVE camne - , St Ay ek e
T scaumacar CRITER SARNO D R widerdcascoli |
NEGRIL PROTECTED AREA amETHEL w % _
CATBON / . \ Se. Mary N\ .
el bl INONOATRBELINCD m’“”—”f ~
Westmorelund B —— im‘;& ) PORT ANTONIO
3. LA AR A roN (o T aecawrass = o 2R [ e, PROTEGTED AREA (PROPOSED)
g oy : P ad Jnms;vea umamemegye ¥ ' \
»| S . N
\ ! “EWARTON ;  ~
3 “‘a\um WAUBOTTY 3 \ AVERSOACE | | /
< \ '
L / wnLs SuLLY \‘ \ s U {
NEGRIL MARINE PARK - \ )
N/ n&ﬁ&‘ SAMERESERVE s A i
N 5 | \ snsisibess l S
\(‘ St El e Wﬁm \ N St Catherine [ St Anidrew R
S "&.’s AMANGEVILLE PONUE : e 4
: Lol L \ TSR \ [ WITRON TOWN s s L
SLACK RIVER PROTECTED AREA I vcronm
\ Manchester ) (larendon \ N
. WALYERN | SPORT \ . \ 3
PAROTEE GREAT MORASS GAME RESERVE : o s, \ e \ ~ _‘<_| Nt. Thontas AATH {
! = ° HO BAY GREAT
! 7 Y MORASS GAE RESERVE
. \
. WORANT BAY ST
\‘Lf——- ———— BALISADORE PORT -.:f-ff..f— '\VS
: 2 NP A RO TECYED AREA YALLAMS SALT POND
ALLIGATOR POND/GUT RIVER/CANOE VALLEY GAME RESERVE ; /

PROTECTED AREA (PROPOSED)

ALLIGATOR POND PROTECTED AREA (PROPOSED)

PORTLAND BIiG

HT PROTECTE

ED AREA

\ //,_,/”_\\_,/

|74
Parish boundary Created: October 2014 =
Prepared by: CL Environmental Co. Ltd. ENVIRONMENTAL
“‘jor cities and towns Data Source: Protected areas (NEPA, 2014) Teving Care of You ant Your Environment
Figure 4-2 Protected areas system in Jamaica

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 77
PROJECT, OLD HARBOUR, ST. CATHERINE

The Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise, Construction and
Development) Order 1996 (Amended 2015)

The Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise, Construction and
Development) Order (1996) and the Permits & Licensing Regulations was passed as a result of section
9 of the NRCA Act. Section 9 of the NRCA Act declare the entire island and the territorial sea as a
‘prescribed area’, in which specified activities require a permit, and for which activities an
environmental impact assessment may be required. The major amendment made in 2015 was the
substitution of the Categories of Enterprises, Construction and Development (Column A), which lists
the various activities, by category, for which a permit is required. As discussed previously, an EIA was
required for the proposed project and this report fulfils one component of the EIA process.

4.2.2.3 The Fishing Industry Act 1975

The Fishing Industry Act 1975 is the overarching instrument relating to fishing activities within
Jamaica. The Act speaks to registration and licensing, fisheries protection, prohibited activities and
the declaration of an area as a fish sanctuary. Under the most recent Fishing Industry (Special Fishery
Conservation Area) Regulations 2012, Special Fishery Conservation Areas (SFCAs), more commonly
known as fish sanctuaries, are declared. There are currently 12 SFCAs declared as seen in Figure 4-2.
As mentioned previously, the Galleon Harbour SFCA and the Salt Harbour SFCA are located to the
southwest and southeast of the project area. Further, although fishing is not an activity to be carried
out intentionally during the proposed project, it must be kept in mind during construction activities
that it is an offence, during closed seasons, to take, disturb or injure fish, as well as to destroy or land
berried lobster and spiny lobster smaller than 3 inches (7.5 cm).

4.2.2.4 Wild Life Protection Act 1945 and Wild Life Protection (Amendment of Second and
Third Schedules) Regulations 2016

The Wild Life Protection Act of 1945 is mainly concerned with the protection of specified faunal species
and is the only statute in Jamaica specifically designated to this. This Act protects several rare and
endangered faunal species and the Wild Life Protection (Amendment of Second and Third Schedules)
Regulations 2016 provides substitutions for the Second and Third Schedules of the principal Act which
lists these species. The establishment of two types of protected areas, namely Game Sanctuaries and
Game Reserves is authorized under this Act. As mentioned previously, two game reserves are located
to the southwest and southeast, namely Long Island Game Reserve (declared August 21, 1998) and
Amity Hall Game Reserve (declared August 22, 1997, amended July 28, 2004) respectively.

4225 The Endangered Species (Protection, Conservation and Regulation of Trade) Act
2000 (Amended 2015)

The Endangered Species (Protection, Conservation and Regulation of Trade) Act was created in 2000
in order to ensure the codification of Jamaica’s obligations under the Convention for the International
Trade in Endangered Species of Wild Fauna and Flora. This Act governs international and domestic
trade in endangered species in and from Jamaica. The regulations associated with this Act were
amended in 2015, and include updated fees for the various permits and certificates granted through
this legislation.
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4226 Water Resources Act 1995

The Water Resources Act (1995) established the Water Resources Authority (WRA), which is authorized
to regulate, allocate, conserve and manage the water resources of the island. Section 25 advises that
a proposed user will have to obtain planning permission, if this is a requirement, under the Town and
Country Planning Act. In addition, under Section 21 it states that if the water to be used will result in
the discharge of effluents, an application for a license to discharge effluents will have to be made to
the Natural Resources Conservation Authority or any other relevant body as indicated by the Minister.

4.2.2.7 Towards an Ocean and Coastal Zone Management Policy in Jamaica 2000

The Council on Ocean and Coastal Zone Management was established in 1998, with responsibility of
defining a national policy for Ocean and Coastal Zone Management. The aim of this policy document
is to develop a policy that will “enhance the contribution of economic sectors to the integrated
management of coastal areas by developing awareness in sector line agencies and resource users.”
The document recognises the extensive use and resulting degradation of coastal and ocean resources
in Jamaica, including coral reefs, mangroves and seagrass beds, as well as non-living resources such
as sand.

4228 Towards a Beach Policy for Jamaica (A Policy on the Foreshore and the Floor of the
Sea) 2000 (DRAFT)

This green paper recognizes the value of beaches in Jamaica and importance of proper management

and protection. It was developed in order to review and update existing policies, as well as prepare a

comprehensive policy that considered new areas of concern at the time, including erosion and

pollution. The policy seeks to balance, the different interests of the main users of the beach - the

public, the private sector and fishermen.

4.2.29 National Policy for the Conservation of Seagrasses 1996 (DRAFT)

This policy is in its drafting stage and was created in recognition of the values that seagrass possess.
The issuing of licenses or permits for development activities including dredging and the disposal of
dredged material which have the potential to affect seagrass beds are covered by this draft policy.
Though a draft policy at present, the value of seagrass ecosystems should be kept in mind and efforts
must be made to conserve these habitats as best as possible. For these reasons, marine assessments
were included as part of the biological surveys.

4.2.2.10 Coral Reef Protection and Preservation Policy and Regulation 1997 (DRAFT)

This draft policy and regulation document aims to regulate coastal zone development as it relates to
coral reef destruction and or degradation. It discusses the functions and uses of coral reefs, as well
as the various issues affecting coral reef ecosystems. The aim of the policy is to ensure the
conservation of coral reefs in order to sustain their ecological and socio-economic functions. Though
in its drafting stage, the value of coral reef ecosystems should be kept in mind and efforts must be
made to avoid destruction and degradation of these habitats as best as possible. For these reasons,
marine assessments were included as part of the biological surveys.
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42211 Draft Policy and Regulation for Mangrove & Coastal Wetlands Protection

As outline in this draft policy, the Government of Jamaica has adopted the policy and regulation in
order to promote the management of coastal wetlands. The policy seeks to:

e Provide protection against dredging, filling, and other development;
e Designate wetlands as protected areas;
e Protect wetlands from pollution particularly industrial effluent sewage, and sediment;

e Ensure that all developments planned for wetlands are subject to an Environmental Impact
Assessment (EIA);

e Ensure that traditional uses of wetlands are maintained;

42212 The Jamaica National Heritage Trust Act 1985

The Jamaica National Heritage Trust Act established the Jamaica National Heritage Trust (JNHT) and
has been in operation since 1985. The main goal is the preservation and protection of the country’s
national heritage. The Act states the following offences are liable to a fine and/or imprisonment:

e Wilfully defacing, damaging or destroying any national monument or protected national
heritage;

e Wilfully defacing, destroying, concealing or removing any mark affixed or connected to a
national monument or protected national heritage;

e Altering any national monument or marking without the written permission of the Trust;

e Removing any national monument or protected national heritage to a place outside of Jamaica.

423 Public Health & Waste Management

4231 The Natural Resources Conservation Authority (Air Quality) Regulations, 2002

Under section 38 of the NRCA Act, regulations pertaining to air quality in Jamaica are stipulated. The
National standards, known as the National Ambient Air Quality Standards (NAAQS) are categorized into
two groups. Part | of the NRCA Air Quality Regulations (2002) instructs on license requirements and
indicates that every owner of a major or significant facility shall apply for an air pollutant discharge
license. Part Il makes reference to the stack emission targets, standards and guidelines.

4.2.3.2 The Clean Air Act 1964

The Clean Air Act (1964) refers to premises on which there are industrial works, the operation of which
is, in the opinion of an inspector, likely to result in the discharge of smoke, fumes, gases or dust in the
air. An inspector may enter any affected premises to examine, make enquiries, conduct tests and take
samples of any substance, smoke, fumes, gas or dust that may be considered necessary or proper for
the performance of his/her duties.
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4.2.3.3 Water Quality Standards

The NRCA has primary responsibility for control of water pollution in Jamaica. National Standards for
industrial and sewage discharge into rivers and streams, in addition to standards for ambient
freshwater exist. For drinking water, World Health Organization (WHO) Standards are utilized and
these are regulated by the National Water Commission (NWC). Since 1996, Jamaica has had draft
regulations governing the quality of the effluent discharged from facilities to public sewers and surface
water systems. These draft guidelines require the facility to meet certain basic water quality standards
for trade effluent including sewage.

Table 4-4 Draft national ambient marine water quality standards for Jamaica, 2009
Source: National Environment and Planning Agency (NEPA)
Parameter Measured as Standard Range Unit
Phosphate, p* 0.001-0.003 mg/L
Nitrate, N** 0.007-0.014 mg/L
BOD;s (0] 0.0-1.16 mg/L
pH 8.00-8.40
2-256 MPN/100mL
Total Coliform
Faecal Coliform <2-13 MPN/100mL
*Reactive phosphorus as P
**Nitrates as Nitrogen
4234 The National Solid Waste Management Authority Act 2001

The National Solid Waste Management Authority Act of 2001 is “an act to provide for the regulation
and management of solid waste; to establish a body to be called the National Solid Waste
Management Authority and for matters connected therewith or incidental thereto”. The National Solid
Waste Management Authority (NSWMA) was established in April 2002 as a result of this Act to
effectively manage and regulate the collection and disposal of solid waste in Jamaica.

4235 Public Health Act 1985

The Public Health Act is administered by the Ministry of Health through Local Boards, namely the parish
councils. The Public Health (Nuisance) Regulations 1995 aims to, control reduce or prevent air, soil
and water pollution in all forms. Under the regulations:

e No individual or organization is allowed to emit, deposit, issue or discharge into the
environment from any source;

e Whoever is responsible for the accidental presence in the environment of any contaminant
must advise the Environmental Control Division of the Ministry of Health and Environmental
Control, without delay;
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e Any person or organization that conducts activities which release air contaminants such as
dust and other particulates is required to institute measures to reduce or eliminate the
presence of such contaminants; and

o No industrial waste should be discharged into any water body, which will result in the
deterioration of the quality of the water.

4.2.3.8 The Natural Resources (Hazardous Waste) (Control of Transboundary Movement)
Regulations 2003

These regulations seek to implement the Basel Convention on the Transboundary Movement of
Hazardous Waste and control transboundary movement and prevent the illegal trafficking of certain
hazardous wastes. It is an offence to unlawfully dump or otherwise dispose of hazardous waste in
areas under the jurisdiction of Jamaica. Waste resulting from the proposed project should be properly
disposed of, and special attention should be paid to those considered hazardous under these
regulations and as listed above.

4237 Noise Abatement Act 1997

The Noise Abatement Act of 1997 was created in order to regulate noise caused by amplified sound
and other specified equipment. This act has been said to address “some concerns but is too narrow
in scope and relies on a subjective criterion” (McTavish). Given this, McTavish conducted a study to
recommend wider and more objective criteria in accordance with international trends and standards,
but tailored to Jamaica’s conditions and culture. To date, apart from the Noise Abatement Act (1997),
Jamaica has no other national legislation for noise.

4238 Factories Act 1961

The Factories Act guides employers operating factories in safety, health and welfare provisions. Any
plans for new factories need to be provided to the Chief Factory Inspector. Some of the issues outlined
under safety include having proper fire escapes and that all electrical apparatus must be properly
installed. Under health and welfare, issues such as suitable sanitary conveniences, effective lighting,
reasonable temperatures shall be maintained and personal protective equipment (PPE) shall be
provided where applicable.

4.2.4 Additional Guidelines

In addition to the legislative instruments outlined in previous sections, there are a number of
guidelines prepared by NEPA that are important to the execution of this project:

e NRCA Guidelines for the Environment Impact Assessment 1998

o NRCA Guidelines for Development in the Coastal Zone in Jamaica 1998

e NRCA Guidelines for the Planning, Construction and Maintenance of Facilities for
Enhancement and Protection of Shorelines

e NRCA Handbook for Development in the Coastal Zone of Jamaica
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4.3 REGIONAL AND INTERNATIONAL LEGISLATIVE
AND REGULATORY CONSIDERATIONS

43.1 Cartagena Convention (Convention for the Protection and
Development of the Marine Environment of the Wider Caribbean
Region), 1983

Adopted in March 1983 in Cartagena, Colombia, the Convention for the Protection and Development
of the Marine Environment of the Wider Caribbean Region, more commonly referred to as the
Cartagena Convention, is the sole legally binding environmental treaty for the Wider Caribbean. The
Convention came into force in October 1996 as a legal instrument for the implementation of the
Caribbean Action Plan and represents a commitment by the participating countries to protect, develop
and manage their common waters individually and jointly. The Convention is currently supported by
three Protocols as follows:

e The Protocol Concerning Co-operation in Combating Oil Spills in the Wider Caribbean Region
(The Oil Spills Protocol), which was adopted and entered into force at the same time as the
Cartagena Convention;

e The Protocol Concerning Specially Protected Areas and Wildlife in the Wider Caribbean Region
(The SPAW Protocol), which was adopted in two stages, the text in January 1990 and its
Annexes in June 1991. The Protocol entered into force in 2000;

e The Protocol Concerning Pollution from Land-based Sources and Activities in the Wider
Caribbean Region (LBS Protocol), which was adopted in October, 1999.

43.2 United Nations Convention on Biological Diversity

Signed by 150 government leaders at the 1992 Rio Earth Summit, the Convention on Biological
Diversity (CBD) is committed to promoting sustainable development. The CBD is regarded as a means
of translating the principles of Agenda 21 into reality and recognizes that “biological diversity is about
more than plants, animals and microorganisms and their ecosystems - it is about people and our need
for food security, medicines, fresh air and water, shelter, and a clean and healthy environment in which
to live”. Jamaica’s Green Paper Number 3/01, ‘Towards a National Strategy and Action Plan on
Biological Diversity in Jamaica’, is evidence of Jamaica’s continuing commitment to its obligations as
a signatory to the Convention.

43.3 Convention on Wetlands of International Importance especially as
Waterfowl Habitat, "Ramsar Convention" 1971

The Ramsar Convention is an intergovernmental treaty that focuses on maintaining ecological wetland
systems and planning for sustainable use of their resources. It was adopted on 2 February 1971 in
Ramsar, Iran. The mission of the Convention was adopted by the Parties in 1999 and revised in 2005
- "the conservation and wise use of all wetlands through local, regional and national actions and
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international cooperation, as a contribution towards achieving sustainable development throughout
the world". Under Article 2.2 it is stated:

Wetlands should be selected for the List on account of their international significance in terms
of ecology, botany, zoology, limnology or hydrology” and indicates that “in the first instance,
wetlands of international importance to waterfowl at any season should be included.

Jamaica became a contracting party on 7 February 1998 and has 4 sites covering a combined total of
37,847 hectares (378.47 km?2).

434 United Nations Convention on the Law of the Sea (UNCLOS lil) 1982

The United Nations Convention on the Law of the Sea (UNCLOS), also referred to as the Law of the Sea
Convention and the Law of the Sea treaty, defines the rights and responsibilities of nations in their use
of the world's oceans, establishing guidelines for businesses, the environment, and the management
of marine natural resources. UNCLOS Ill supersedes the Convention on the Territorial Sea and the
Contiguous Zone (entered into force on 10 September 1964), as well as the Convention on the
Continental Shelf (entered into force 10 June 1964), and both agreed upon at the first United Nations
Convention on the Law of the Sea (UNCLOS I). Jamaica was the fourth country to ratify the UNCLOS llI
of 10 December 1982 on 21st March 1983. As of August 2013, 166 countries have joined in the
Convention.

4.3.5 Convention on Fishing and Conservation of the Living Resources of
the High Seas 1958

This convention considers that the development of modern techniques for the exploitation of the living
resources of the sea has increased man’s ability to meet the need of the world’s expanding population
for food and has exposed some of these resources to the danger of being over-exploited. It was done
at Geneva on 29 April 1958.

43.6 Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter

This instrument was adopted at the Inter-Governmental Conference on the Convention on the Dumping
of Wastes at Sea, in London, United Kingdom in November 1972 and is commonly known as the
London Convention. The London Convention, one of the first international conventions for the
protection of the marine environment from human activities, came into force on 30 August 1975.
Since 1977, it has been administered by the International Maritime Organization (IMO).

The London Convention prohibits the dumping of certain hazardous materials and specifies that a
special permit is required prior to dumping of a number of identified materials and a general permit
for other wastes or matter. In 1996, Parties adopted a Protocol to the Convention on the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter 1972 (known as the London Protocol)
which entered into force in 2006. It is expected that this Protocol will eventually replace the 1972
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Convention. It stressed a “precautionary approach” and introduces a different approach to regulate
the use of the sea as a depository for waste materials. Article 4 outlines the prohibition of dumping
wastes or other matter with the exception of those listed in Annex 1 of the document.

43.7 International Convention on Oil Pollution Preparedness, Response
and Co-operation 1990

The International Convention on Oil Pollution Preparedness, Response and Co-operation (OPRC
Convention) is an international maritime convention that sets measures for the preparation for and
response to marine oil pollution incidents. The OPRC Convention was drafted within the framework of
the International Maritime Organization (IMO) and entered into force in 1995. Jamaica is one of 107
parties to the convention (as of July 2013).

43.8 Equator Principle Requirements

The Equator Principles (EPs) is a credit risk management framework for determining, assessing and
managing environmental and social risk in Project Finance transactions. Project Finance is often used
to fund the development and construction of major infrastructure and industrial projects. The EPs are
adopted by financial institutions and are applied where total project capital costs exceed US$10
million. The EPs are primarily intended to provide a minimum standard for due diligence to support
responsible risk decision-makings. The EPs are based on the International Finance Corporation
Performance Standards on Social and Environmental Sustainability and on the World Bank Group
Environmental, Health, and Safety Guidelines (EHS Guidelines).

4.3.8.1 IFC Performance Standards on Social and Environmental Sustainability

Of the eight (8) Performance Standards, seven (7) are applicable:

e Performance Standard 1: Assessment and Management of Environmental and Social Risks
and Impacts

e Performance Standard 2: Labour and Working Conditions

e Performance Standard 3: Resource Efficiency and Pollution Prevention

e Performance Standard 4: Community Health, Safety, and Security

e Performance Standard 5: Land Acquisition and Involuntary Resettlement

e Performance Standard 6: Biodiversity Conservation and Sustainable Management of Living
Natural Resources

e Performance Standard 8: Cultural Heritage

4.3.8.72 World Bank Group Environmental, Health, and Safety Guidelines

The Jamaican EIA process has been strongly influenced by the original World Bank Guidelines on EIAs.
This EIA report has been reviewed for compliance with International Finance Performance (IFC)
Standards 2012 and The World Bank Group Environmental, Health and Safety Guidelines (2007 &

5 http://www.equator-principles.com/index.php/about-ep

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.


http://www.equator-principles.com/index.php/about-ep

ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 85
PROJECT, OLD HARBOUR, ST. CATHERINE

2008) and meets all requirements for the Project from design to implementation. The Bank also
provides guidelines which promote minimal resource consumption, including energy use, and the
elimination or reduction of pollutants at the source. Pollution control systems are required to meet
these specified emission limits. All of the maximum levels should be achieved for at least 95% of the
time that the plant or unit is operating. Guidelines are provided for the following pollution factors (See
Relevant sections of the Environmental Health and Safety Guidelines - Thermal Power: Guidelines for
New Plants):

o Air Emissions

e Energy efficiency and Greenhouse Gas emissions
e Water consumption and aquatic habitat alteration
o Effluents

e Solid wastes

e Hazardous materials and oil

o Noise

e QOccupational Health and Safety

4.3.9 National Fire Protection Association (NFPA) 59A

The NFPA 59A Standard was developed to provide minimum fire protection, safety, and related
requirements for the location, design, construction, security, operation, and maintenance of LNG
plants. It applies to the following:

1. Facilities that liquefy natural gas

2. Facilities that store, vaporize, transfer, and handle liquefied natural gas (LNG)

3. The training of all personnel involved with LNG

4. The design, location, construction, maintenance, and operation of all LNG facilities

It does not apply to the following:

1. Frozen ground containers
2. Portable storage containers stored or used in buildings
3. Al LNG vehicular applications, including fuelling of LNG vehicles

The Standard provides general definitions to terms used in the industry and general requirements
such as:

General Requirements

e Site Provisions for Spill and Leak Control
e Corrosion Control Overview e Buildings and Structures
e  Control Center e Designer and Fabricator Competence
e Sources of Power e  Soil Protection for Cryogenic Equipment
e Records e Concrete Design and Materials
Plant Siting and Layout Process Equipment
e Plant Site Provisions e Installation of Process Equipment
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Pumps and Compressors

Flammable Refrigerant and Flammable
Liquid Storage

Process Equipment

Stationary LNG Storage

General
Design Considerations
Tank Systems

Vaporization Facilities

Classification of Vaporizers

Design and Materials of Construction
Vaporizer Piping, Intermediate Fluid Piping,
and Storage Valves

Relief Devices on Vaporizers

Combustion Air Supply

Products of Combustion

Piping Systems and Components

Materials of Construction

Installation

Pipe Supports

Piping Identification

Inspection, Examination, and Testing of
Piping

Purging of Piping Systems

Safety and Relief Valves

Corrosion Control

Cryogenic Pipe-in-Pipe Systems

Instrumentation and Electrical Services

Liquid Level Gauging

Pressure Gauging

Vacuum Gauging

Temperature Indicators
Emergency Shutdown

Electrical Equipment

Electrical Grounding and Bonding

Transfer Systems for LNG, Refrigerants, and Other
Flammable Fluids

General Requirements

Piping System

Pump and Compressor Control

Marine Shipping and Receiving

Tank Vehicle and Tank Car Loading and
Unloading Facilities

Pipeline Shipping and Receiving

Hoses and Arms

Communications and Lighting

Fire Protection, Safety, and Security

General
Emergency Shutdown (ESD) Systems
Fire and Leak Detection
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Fire Protection Water Systems

Fire Extinguishing and Other Fire Control
Equipment

Maintenance of Fire Protection Equipment
Personnel Safety

Security

Requirements for Stationary Applications Using
ASME Containers

General Requirements

Containers

Container Filling

Container Foundations and Supports
Container Installation

Automatic Product Retention Valves
LNG Spill Containment

Inspection

Shop Testing of LNG Containers
Shipment of LNG Containers

Field Testing of LNG Containers
Welding on Containers

Piping

Container Instrumentation

Fire Protection and Safety

Gas Detection

Operations and Maintenance

Operating, Maintenance, and Personnel Training

General Requirements

Manual of Operating Procedures
Emergency Procedures
Monitoring Operations

Transfer of LNG and Flammables
Maintenance Manual
Maintenance

Personnel Training

Records

Performance (Risk Assessment) Based LNG Plant

Siting

General Requirements

Definitions

Risk Calculations and Basis of Assessment
LNG and Other Hazardous Materials
Release Scenarios

Release Probabilities and Conditional
Probabilities

Environmental Conditions and Occurrence
Probabilities

Hazard and Consequence Assessment
Risk Result Presentation

Risk Tolerability Criteria

Risk Mitigation Approaches
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Three important factors in siting of an LNG facility are defined in the Standard including the
methodology in determining the factors. These are vapour dispersion, thermal flux or radian heat flux
and container spacing. For vapour dispersion, it states; “the spacing of an LNG impoundment to the
property line that can be built upon shall be such that, in the event of an LNG spill as specified in Table
4-5, a predicted concentration of methane in air of 50 percent of the lower flammability limit (LFL)
does not extend beyond the property line that can be built upon, in accordance with a model that is
acceptable for use by the authority having jurisdiction that has been evaluated by an independent
body using the Model Evaluation Protocol facilities published by the Fire Protection Research

Foundation report “Evaluating Vapour Dispersion Models for Safety Analysis of LNG Facilities.

Table 4-5 Design Spill

Design Spill Source Design Spill Criteria Design Spill Rate and Volume

Containers with Penetrations Belonr the Laqpud Level

Containers with penetrations A spall through an assumed opening Use the following formula:
below the liquid level without at, and equal in area 1o, that .
internal shutofl valves penetration below the liquid level q= —.iﬂ"\"f
resulting in the Lirgest flow from an X
initially full conminer until the differential head acting on the opening is
If more than one conminer in the L
impounding area, wse the container For STunits, use the following formula
with the largest Aow 1L.06 . -
0= “vh
10,000
until the differential head acting on the opening is
L
Containers with penetratons T'he flow through an assumed opening  Use the following formula:
below the liquid level with at, and equal in area to, that § =
internal shutoff valves in penctration below the liguid level q =-li41‘\4‘h
accordance with 9.4.2.5 that could result in the Largest flow :
from an imtally full container For ST units, use the following formula:
.06,
§=—7""t ‘vq
10,000
for 10 minutes,
Containers with Over-the-Top Fill, with No Penetrations Below the Liguwid Level
Full or double containment No design spill None
containers with concrete
secondary containers
ING Process Faalities
Containers with over-thesop fill, The largest flow from any single line I'he largest low from any single line that could be
with no penetrations below the that conld be pumped into the pumped into the impounding area with the
liquid level impounding area with the container coneainer withdrawal pump(s) delivering the full

withdrawal pumpls) considered to rated capacity as follows:
be delivering the fullvated capacity (1) For 10 minutes if surveillance and shutdown is
demonstrated and approved by the authority
having jurisdiction
(2) For the time needed to empty a lull conminer
where surveillance and shutdown s not

approved
Impounding arcas serving only Ihe flow from any single accidental For 10 minutes or for a shorter time based on
vaporization, process, or LNG leakage source demonstmble surveillance and shutdown
transfer areas provisions acceptable to the authonty having

jurisdiction

s (m?
Note: g = flow rate [0 /min (o Zonn) | of Tguid; f = diameter [in, (mm) ] of tnk penetration below the Hoguid
level; &« height [t (m) | of hguid above penctration in the container when the container is full
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For radian heat flux the Standard states that: “The maximum radiant heat flux from a fire shall not
exceed the limits listed in Table 4-6.

Table 4-6 Radiant Heat Flux Limits to Property Lines and Occupancies

Radiant Heat Flux

Btu/hr/ft*  W/m* Exposure

1.600 5,000 A property line at ground level that
can be built upon for ignition of
a design spill*

1,600 5,000 The nearest point located outside
the owner's property line at
ground level that, at the time of
plant siting, is used for outdoor
assembly by groups of 50 or
more persons for a fire in an
impounding area”

3.000 9,000 The nearest point on the building
or structure outside the owner's
property line that is in existence
at the time of plant siting and
used for assembly, educational,
health care, detention and
correction, or residential
occupancies for a fire in an
impounding area"™

10.,000) 30,000 A property line at ground level that
can be built upon for a fire over
an impounding area”

‘See 5.5.3.7 for design spill.

"The requirements for impounding areas are located in 5.3.2.

“Sce NFPA 101, Life Safety Code, or NFPA 3000, Buildimg Conxtruction and
Safety Codde, for definitions of occupancies,

In regards to container spacing from property lines that can be built on, it states: “The minimum
separation distance between any type of LNG container of 70,000 gal (265m3) water capacity or less,
single containment constructed LNG containers of greater than 70,000 gal (265 m3) water capacity,
or tanks containing flammable refrigerants and exposures shall be in accordance with Table 4-7 or
with the approval of the authority having jurisdiction at a shorter distance from buildings or walls
constructed of concrete or masonry but at least 10 ft. (3.0 m) from any building openings.”

The Standard also outlines the minimum distances that vaporizers should be from property lines and
the minimum distances between vaporizers.

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 89
PROJECT, OLD HARBOUR, ST. CATHERINE

Table 4-7 Distances from Containers and Exposures

Minimum Distance from

Edge of Impoundment or
Container Drainage Minimum Distance
System to Property Lines Between Storage
Container Water Capacity That Can Be Built Upon Containers
gal m’ ft m ft m
<125* <0.5 0 0 0 0
125-500 20.5-1.9 10 3 3 1
H01-2,000 21.9-7.6 15 1.6 5 1.5
2,001-18,000 27.6-63 25 7.6 5 1.5
18,001-50,000 263-114 50 15 5 1.5
30,001-70,000 21 14265 7 23
>70.000 =265 0.7 times the container Vi of the sum of the
diameter but not less diameters of adjacent
than 100 ft (30 m) containery
[53ft (L.5m)
minimum |

*If the aggregate water capacity of a multiple contiiner installavon is 501 gal (1.9 m") or greater, the
minimum distance must comply with the appropriate portion of this table, applying the aggregate capacity
rather than the capacity per container, 1f more than one installation is made, cach installation must be
separated from any other inswllation by ar least 25 ft (7.6 m}). Do not apply minimum distances between
adiacent containers to such installation,
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5.1 PHYSICAL

5.1.1 Physiography, Geology and Structure

The geology of the area consists of unconsolidated sands and sandy clays, and carbonaceous sandy
clays and clays of Holocene age. The present beach sediments consist mainly of non-carbonate grains
(Wood, 1976). Unconsolidated or semi-consolidated deposits of Holocene age probably extend to a
depth exceeding 100 metres (Figure 5-8); data from Porter and Bateson, 1974, Fernandez, 1983;
Halcrow, 1998). All these are underlain by lithified rocks of the White Limestone Group.

5.1.2 Topography and Bathymetry

The Floating Storage Unit (FSU) vessel and regasification platform is to be located in approximately 14
m of water and the pipeline route between 0.5 - 5 m of water depth. Onshore (Landside), the proposed
site is largely a flat area with the pipeline and metering station located on lands with site elevations
varying from approximately 1.5 m to approximately 3 m above mean sea level.

5.1.2.1 Topography

Recently available topographic data in the area is restricted to Old Harbour Bay the fishing beach and
the JPS property. These data were collected during the 2012 & 2014 EIA studies conducted for the
proposed JPS 360MW plant (see Figure 5-1 for topographic survey). The data showed the area to be
relatively flat with varying in elevations from 0.5 to 1.5 meters above Mean Sea Level (msl) along the
coast line of the fishing village to approximately 200 meters inland. Within the vicinity of the JPS Power
Plant, the elevations range from 0.32 meters to 2.95 meters above MSL, with a mean elevation of 1.5
meters and a general sloping of the land in a South-East direction. These levels compared well with
the 1:12,500 charts available from the survey department. Those charts extend beyond the western
and northern boundaries of the project area. The overall topography of the area as indicated on the
charts have gently sloping plains extending from the foothills of the mountains in the north down to
the shoreline in the south. The western section of the project area near to Rocky Point has the
Brazilletto Mountains with moderate to steep slopes down to the mangrove which wetlands separate
the foothills from the shoreline.
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Figure 5-1 Location map showing area within which detailed topographic surveys were conducted
(hatched area)
5.1.2.2 Bathymetry

Existing bathymetric data within the Portland Bight area was previously collected during:

e CEAC (2007) study for Jamalco and Rinker Minerals at Rocky Point;
e CEAC study JPS 360 MW power plant (2012); AND
e CEAC Study Jamaica Energy Partners (JEP) Thermal Outfall (2014).

All bathymetric surveys conducted to date, within the Old Harbour Bay area, concur with the water
depths identified on the bathymetric admiralty chart.

With respect to the LNG mooring area, bathymetric survey of the project area revealed that the
bathymetry is relatively deep (14m) in the immediate area of the pier. As the NG pipeline traverses
northerly towards the shore, the bathymetry will become relatively shallow out to the reefs which are
approximately 1.7 km from the shoreline. The existing ADO mooring area is located within 9-10 m of
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water where the associated pipeline travels between two (2) reefs where it continues to traverse until
it reaches JPS shores. The seafloor slopes gently at an average of 2 percent from the shoreline out to
the reefs (0.3 percent along the pipeline), with depths of 5 to 6 meters between the reefs and the
shoreline.
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Figure 5-2 Hydrographic chart of the project area showing offshore mooring location and nearshore ADO
line.
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Figure 5-3 Hyd rographic survey conducted of the mooring area
5.1.3 Geotechnical Study

A geotechnical investigation of the proposed area was conducted by NHL Engineering Ltd. for the
Jamaica Public Service Company Ltd. in November 2010.

The investigation sought to determine the following:

1. The insitu density of the soils on site.

2. Soil stratification and distribution across the site.

3. The design parameters relevant to the design of the anticipated structural and infrastructural
elements required on site.

4. Water table level.

The field investigation entailed the drilling and sampling of 14 locations as shown in the test location
plan. The borings were to be taken to a depth of 30m (90’).

The borings were made by NHL Drillers using a truck Mounted CME Drill Rig, with a 160 mm hollow
stem auger string. Sampling was done with a Split Spoon in accordance with Standard Penetration
Test specifications, using a Cathead Hammer (N55 values). In general, S.S samples were taken at
0.76m intervals of depth to the first 3.81m and thereafter at 1.5 metre intervals to the maximum
depth. In clayey areas where the blowcounts were determined to be in the soft to firm levels (less than
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8 b/ft), Shelby tube (undisturbed) sampling was done. The boreholes were to be used to recover
representative samples of the soil for examination by the Soils Engineer and for the carrying out of the
laboratory testing programme.

These results were used along with site deductions during the sampling exercise and intuitive
knowledge of the deposition history of the area, to arrive at a reasonable presumptive profile and
subsequently a design profile across the site.

The results of the field and laboratory tests are found in the Soil Investigation Report - The Proposed
Jamaica Public Service Old Harbour Industrial Gas Turbine Expansion Project; St. Catherine, Jamaica
(2010). The soils encountered were generally a mixture of very soft/loose Clays/Silts plus some peat
overlying very stiff to hard Silty Clays. Ground water was encountered in boreholes at an average of
about 1 m below existing ground.

The locations of the boreholes are depicted in Figure 5-4 and Figure 5-5 and an example of the existing
site conditions is shown in Plate 5-1.

Figure 5-4 Test Location Plan - JPSCO
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Figure 5-5 Location Plan for Additional Boreholes - JPSCO
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Plate 5-1 Picture showing existing site conditions in the vicinity of BH # 1

5.1.3.1 Classification & Index Testing:

Grainsize Distribution:

Figure 5-6 shows the grainsize distribution envelopes of the samples tested. The figure indicates that
the samples have gradation that falls essentially into two significant groups. The following is the group
description:

1) Group A - the Graded Coarse to Fine Gravels plus Some Sands and Clays/Silts (2)
2) Group B - the Clayey Gap Graded Medium to Fine Sands (5)

Soil Plasticity

The samples tested had significant coarse grained content. They samples classified as inorganic Clays
of high plasticity (two exceptions - CM). Their liquid limits ranged from 46.7% to 87.0%; their Plastic
Limits ranged from 12.0% to 27.8% and their Moisture Contents ranged from 13.5% to 32.5%.

Based on these results, it is expected that these soils will exhibit high swell shrinkage and
compressibility and therefore will bear significantly on the choice and design of the foundations where
they were encountered.

Consolidation Tests

Consolidation tests were done on one sample (BH2@1.52 to 2.13m). The Compression Index was
0.24; Coefficient of Consolidation (within the anticipated load range) was 0.027in2/min; initial void
ratio was 0.705.
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Figure 5-6 Gradation Envelope - JPS Old Harbour Expansion

5.1.3.2 Presumptive Soil Profile

The subsoil layers applicable for evaluating engineering behaviour and construction concerns can be
characterized as three (3) distinct types (Figure 5-7). The types are as follows:

A) TOP 1
1) The Very Soft/Loose Silty Clays and Sands+ Trace of Peat

Depth Range O - 6 metres
Average Nb5 =1
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Soils

Soils in the proposed project area consists of Lodge Clay and undifferentiated salina:

Lodge Clay (POc1) described by (Campbell et al 1986) is equivalent to the Lodge Clay loam
(low salinity phase) mapped by Vernon (1958). It is formed from a very mixed gravelly and
sandy old alluvium (Campbell et al 1986 and Vernon, 1958) that is from Bowers Gully source.
These clays are moderately well drained deep reddish brown cracking clays occurring in
primarily topographically flat areas, dominant slope range is 0-2°, but also at slightly elevated
sites on the old alluvial clay plain. This soil is typically moist throughout with fair external
drainage. Internal drainage is good to 11” (5 cm) and moderate below. Permeability is however
low after cracks have been closed. Soils are very hard when dry and very sticky when wet
(Campbell et al 1986). The surface layer is dark brown in colour, and ranges in thickness from
40-70 cm (Agricultural Chemistry Division 1964). A saline old alluvial soil, derived partly from
mixed gravel is found in the Bowers Gully; depth very deep- more than 60” (1.5 m) (Agricultural
Chemistry Division 1964).

Undifferentiated Salina are saline areas are located between the sea, mangrove swamps and
the alluvial coastal plain swamps. They consist of poorly drained, deep, strongly saline and
sodic soils of varying textures and colours and are strongly calcareous (Campbell et al 1986).
They are mostly devoid of tree/shrub vegetation except for some salt tolerant plants. Soil is
classified as typical halaquepts (Campbell et al 1986).
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Figure 5-8 Regional geology of the site. Yellow, White Limestone Group; grey, Quaternary sediments of the Rio Cobre alluvial fan; brown, Holocene

superficial sediments and soils of the coastline. Large white rectangle is the proposed new site
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5.1.5 Sediments

5151 Shoreline Sediments

The following shoreline sediment analysis was conducted in 2014 during the EIA for the JPS 190MW
plant.

Sediment Size

Surface sediment samples were recovered from the project area at two locations east of the SJPC
proposed site. Two samples were collected from each location; one from the Beach front (BF) and the
other from the back of the beach (BB) (Figure 5-9). Grain size analysis of these samples was
conducted and the results of this analysis are summarized in Figure 5-10 and Table 5-1.

Figure 5-9 Sediment grain size sampling locations
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Figure 5-10 Sieve analysis results (graph).
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Table 5-1 Sieve analysis results.
Sample ID Beach Face 1 Back of Beach 1 Beach Face 2 Back of Beach 2
Mean (mm) 1.932 0.586 4.626 0.411
Mean (phi) -0.950 0.771 -2.210 1.283
Description very coarse sand coarse sand gravel medium sand
Percentage silt 0.38% 0.13% 0.3% 0.0%
Percentage >0.06mm and <6.0 mm 73% 84% 5206 96%
Uniformity Coefficient 10.257 2.789 17.469 2.589
Standard Deviation 1.441 1.968 1.299 1.143
poorly sorted poorly sorted poorly sorted poorly sorted
0.608 -0.152 2.616 0.986
Skewness —
V. strongly positive
strongly positive skewed negative skewed skewed strongly positive skewed
. 0.264 1.095 0.204 1.412
Kurtosis
extremely leptokurtic mesokurtic extremely leptokurtic leptokurtic
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The grain size analysis was done using the unified classification system which is widely used for
classification of granular material. The sand sizes vary from very coarse to coarse sand moving from
the front of the beach to the back of the beach at sample location one with grain sizes of 1.93mm to
0.586mm respectively. Sample location two had grain sizes varying from gravel to medium sand from
the front of the beach to the back of the beach with median grain size of 4.626mm and 0.411mm
respectively. The levels of silt present in the sands are consistent with what was observed on the
beach, with sample location one having the highest concentration/percentage of silt.

Uniformity Coefficient

The uniformity coefficient is a measure of the variation in particle sizes. It is defined as the ratio of the
size of particle that has 60 percent of the material finer than itself, to the size of the particle that has
10 percent finer than itself.

The uniformity coefficient is calculated as:
Uc =D60/D10
Where:

Uc - uniformity coefficient
D60 - The grain size, in mm, for which 60% by weight of a soil sample is finer
D10 - The grain size, in mm, for which 10% by weight of a soil sample is finer

Within the unified classification system, the sand is well graded if Uc is greater than or equal to 6. The
samples collected from the front of the beach at both sample locations have well graded sand as the
uniformity coefficients were greater than 6. The back of the beach had uniformity coefficient values of
2.8 and 2.6 for sample locations one and two respectively. This sand in this area is considered to be
poorly graded.

Standard Deviation

The Standard deviation is a measure of the degree of sorting of the particles in the sample. A standard
deviation of one or less defines a sample that is well sorted while values above one are poorly sorted.

The sand samples for the respective beaches are:

. Sample Location 1 (Beach Back- Poorly sorted)

. Sample Location 1 (Beach Front - Poorly sorted)

. Sample Location 2 (Beach Back- Poorly sorted)

. Sample Location 2 (Beach Front - Poorly sorted)
Skewness

Skewness describes the shift in the distribution about the normal. The skewness is described by the
equation:
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$84 + ¢16 - 2(950) $95+ ¢5 - 2($50)

2(¢484 - ¢16) 2095 - ¢5)

This formula simply averages the skewness obtained using the 16 phi and 84 phi points with the
skewness obtained by using the 5 phi and 95 phi points, both determined by exactly the same
principle. This is the best skewness measure to use because it determines the skewness of the “tails”
of the curve, not just the central portion, and the “tails” are just where the most critical differences
between samples lie. Furthermore, it is geometrically independent of the sorting of the sample.

L.
i
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T

T _'_'_du# T T T T T
-2 1 0 1 2 3 4 5 B
Phi
— Mormal Positive —— Negative
Figure 5-11 Skewness curves.

Symmetrical curves have skewness=0.00; those with excess fine material (a tail to the right) have
positive skewness and those with excess coarse material (a tail to the left) have negative skewness.
The more the skewness value departs from 0.00, the greater the degree of asymmetry. The limits on
skewness are outlined in Table 5-2.

Table 5-2 Descriptive limits of skewness.

Values from: Values to: Mathematical Description Graphical Skew
+1.00 +0.30 Strongly positive skewed Very Negative phi values, coarse
+0.30 +0.10 Positive skewed Negative phi values
+0.10 -0.10 Near symmetrical Symmetrical
-0.10 -0.30 Negative skewed Positive phi values
-0.30 -1.00 Strongly negative skewed Very Positive phi values, fine

The results for skewness for the stretch of shoreline can be summarized as follows:

e Sample Location one and two at the front of the beach along with sample location two back
of the beach have a strong positive skewness ranging from 0.61 to 2.62. This is indicative
of excessive fine material and a moderated wave climate that does not wash out the fine
sediment particles.
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e Sample location one at the back of beach has negative skewness of -0.15. This is indicative
of a long coarse tail of particles and an aggressive wave climate that washes out the fines
particles.

Kurtosis

Kurtosis describes the degree of peakedness or departure from the "normal" frequency or cumulative
curve. In the normal probability curve, defined by the Gaussian formula; the phi diameter interval
between the 5 phi and 95 phi points should be exactly 2.44 times the phi diameter interval between
the 25 phi and 75 phi points. If the sample curve plots as a straight line on probability paper (i.e., if it
follows the normal curve), this ratio will be obeyed and we say it has normal kurtosis (1.00). Departure
from a straight line will alter this ratio, and kurtosis is the quantitative measure used to describe this
departure from normality. It measures the ratio between the sorting in the "tails" of the curve and the
sorting in the central portion. If the central portion is better sorted than the tails, the curve is said to
be excessively peaked or leptokurtic; if the tails are better sorted than the central portion, the curve is
deficiently or flat-peaked and platykurtic.
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Phi
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Figure 5-12 Kurtosis curves.

Strongly platykurtic curves are often bimodal with subequal amounts of the two modes; these plot out
as a two-peaked frequency curve, with the sag in the middle of the two peaks accounting for its
platykurtic character. For normal curves, kurtosis equals 1.00. Leptokurtic curves have a kurtosis over
1.00 (for example a curve with kurtosis=2.00 has exactly twice as large a spread in the tails as it
should have, hence it is less well sorted in the tails than in the central portion); and platykurtic have
kurtosis under 1.00. Kurtosis involves a ratio of spreads; hence it is a pure number and should not be
written with a phi attached.

Table 5-3 Descriptive limits of kurtosis.
Values from To Equal
0.41 0.67 very platykurtic
0.67 0.90 platykurtic
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Values from To Equal
0.90 1.11 mesokurtic
1.10 1.50 leptokurtic
1.50 3.00 very leptokurtic
3.00 oo extremely leptokurtic

A similar trend was observed in the Kurtosis analysis as was observed in the skewness analysis. The
following is a summary:

e Sample location two front and back of beach sediment is leptokurtic to extremely leptokurtic
and sample location one of beach is extremely leptokurtic. This is indicative of aggressive
coastal processes that sort out the particles into a discrete particle size.

e Sample location one back of beach is mesokurtic. This is indicative of mild to moderate
sediment transport processes.

5.1.5.2 Marine Benthic Sediments

The following marine benthic sediment analysis was conducted in 2014 during the EIA for the JPS
190MW plant (2014/2015).

Method

Sediment sampling was conducted on July 22nd, 2014. Five (5) sediment samples were taken using
a sediment grab sampler, and analysed for the heavy metals (Pb - lead, As - Arsenic, Cd - Cadmium,
Hg-Mercury) and Total Petroleum Hydrocarbons (DRO and GRO). The sediment sampling locations are
shown in Table 5-4 and depicted in Figure 5-13. The samples were stored on ice in a cooler and
transported to Test America Pensacola Laboratory in Florida for analyses.

Table 5-4 Sediment sampling stations in JAD2001 with corresponding water quality stations
SEDIMENT SAMPLING STATION NORTHING EASTING
JP Soil 1 637939.98 736562.72
JP Soil 2 638212.01 736685.40
JP Soil 3 637345.73 737652.15
JP Soil 4 637940.01 737698.80
JP Soil 5 637182.43 739350.31
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Figure 5-13 Marine sediment sampling locations

Results

Table 5-5 displays the sediment sampling results for various parameters at the various sampling
locations. Arsenic values were similar throughout stations, ranging from a low of 5.9 mg/kg at Station
2 to a high of 8.9 mg/kg at Station 3. Lead values were similar throughout the stations with Stations
1, 2 and 3 have concentrations of 11 mg/kg each, with a low of 8.4 mg/kg at Station 5 and a high of
12 mg/kg at Station 4. Mercury values also varied slightly amongst the stations, with Station 2 having
a low of 0.088 mg/kg and Station 5 having a high of 0.18 mg/kg. No cadmium, GRO or DRO were
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detected in any of the samples taken. When compared to the average levels found in Jamaican Soils
(Table 5-6), all values were below reported averages.

Table 5-5 Marine Sediment results
Stn Arsenic (mg/kg) |Cadmium (mg/kg)| Lead (mg/kg) [Mercury (mg/kg)] GRO (mg/kg) | DRO (mg/kg)
JPSoil 1 7 ND 11 0.1 ND ND
JPSoil 2 5.9 ND 11 0.088 ND ND
JPSoil 3 8.9 ND 11 0.14 ND ND
JPSoil 4 6.7 ND 12 0.11 ND ND
JPSoil 5 7.4 ND 8.4 0.18 ND ND
ND - None Detected
Table 5-6 Heavy Metal Concentrations in Jamaican Soils
Metal Average Conc. (mg/KG) Range (mg/Kg) 95th Percentile (mg/KG)
Arsenic 25 1.4-203 <64.9
Cadmium 20 0.2-409 <77.6
Lead 46.5 6-897 <90
Mercury 0.2 0.04-0.83 <0.46

Source: A Geochemical Atlas of Jamaica, Centre for Nuclear Sciences, UWI, 1995, Canoe Press.

Comparison with other Sites

The heavy metal concentrations are within the average soil concentrations in Jamaica as listed in the
Soil Atlas of Jamaica and had lower concentrations when compared with sediment concentrations at
three other marine areas around Jamaica (Table 5-7). Comparison with other international ports and
harbours has also shown that the concentrations obtained in Old Harbour 190 MW were below those
obtained at the other locations (Table 5-8). Total Petroleum Hydrocarbon (TPH) is not considered a
heavy metal, however, the concentrations obtained in Old Harbour 190 MW were in compliance with
the NRCA standard of 1000 mg/KG.

Table 5-7 also shows marine sediment metal concentrations obtained during the SJPC 360 MW EIA
study from 2012 (highlighted in yellow).

Table 5-7 Heavy metal concentrations at various sites in Jamaica and worldwide
PALISADOES | GEOCHEMICAL FASIHING EAST PORT
METAL NEGRIL SJOPL(I:) 3%/?)ij EIA CARIBBEAN ATLAS OF I;.C?IQAT';A gz&lgLA PORTS LONDON ELIZABETH
SEASIDE JAMAICA SAMOA HARBOUR HARBOUR
Arsenic
(As) 1.1-45 6.50 - 8.67 9.1-14 25
(mg/KG)
Cadmium
(Cd) ND ND ND 20 0.3-0.7 03-1.2
(mg/KG)
Lead (Pb) 0.93 - 1,230 - 790 - 11.3 -
(Mg/KG) 4.0 9.77 - 13.33 0.74 -5.1 46.5 2,820 2,030 36.8 15.4-44
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PALISADOES | GEOCHEMICAL FISIHING EAST PORT
METAL NEGRIL SJOFI’-(I:D 3%/-:)ij ERIA CARIBBEAN ATLAS OF I?O)IQAT';A S,I:l(\:/llg: PORTS LONDON ELIZABETH
SEASIDE JAMAICA SAMOA HARBOUR HARBOUR
Mercury
(Hg) ND 0.04 - 0.05 ND 0.2
(mg/KG)
TPH 140 -
mg/ka) | 1100 11 - 68.67 ND
Table 5-8 Heavy metal concentration (mg/g) in the sediment from the different regions of the world
Rivers Cu Pb Reference
This study 0.97-3.82 1.23-2.82
Balachandran er al.
Cochin estuary. India 53.15 71.28
Pt / (2005)1€]
. . Baptista Neto et al.
Jurujuba sound. Brazil 51.0 61.0 Q OpO 0ym
T,olo harbour. Hong 84.0 144.0 Owen ?11;]d Sandhu.
Kong (2000)
Izmit Bay. Turkey 67.6 102.0 Pekey (3006)[19]
Koahsiung Harbour, Chen et al.
i 5.046 9.5-470 gl
Taiwan (2004)
Abdallah and
Eastern Harbour,
Bt 14.09 - Abdallah
oV 5
s (2007)R!
Singh et al.
River Ganga. India 0.09 - S
. (2012)
Mudflat of Salinas de
S: 0 L3 : . Mohammad H.R et
S Pedro Lagoon 0.085-0.47  0.05-0.38

California. USA
Source: Imo T etal. 2014

al. (2013)P

5.1.6 Climate and Meteorology
B.1.6.1 Climate within Study Area
Methodology

Temperature, relative humidity, wind speed and direction, rainfall and barometric pressure were
recorded at one (1) location adjacent to the proposed site (atop the JEP Doctor Bird Barge security
post building). This weather station has been recording data from January 6%, 2011 until present.
Weather data was recorded by using a Davis Instruments wireless Vantage Pro2 weather system with
a data logger and a complete system shelter erected on a tripod. Data were collected every fifteen
minutes and stored on the data logger. This information was downloaded using the WeatherLink 5.9.3
software.
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Results

Over the course of January 6th, 2011 - May 12th, 2016:

o Average temperature was 27.29 °C and ranged from a low of 18.3 °C to a high of 36.4 °C.
o Average relative humidity was 81.06% and ranged from a low of 40% to a high of 99%.

o Average wind speed was 3.17 m/s and ranged from a low of O m/s to a high of 17.0 m/s.
e Dominant wind direction was from the southeast.

e Mean barometric pressure was 1013.4 millibar and ranged from a low of 982.4 millibar to a
high of 1020.5 millibar.

The total amount of rainfall over the period was 4960.56 mm. This is divided as is:

e 2169.82 mm from January 6 - December 31, 2011
e 917.28 mmin 2012

e 626.56 mmin 2013

e 368 mmin 2014

e 292.6 mmin 2015

e 586.3 mm from January 1, 2016 - May 12th, 2016.

Figure 5-14 to Figure 5-19 show the rainfall patterns per month for each year. In 2011, rainfall peaked
in July, while in 2012 and 2013 rainfall peaked in May and September. In 2014, there was peak
rainfall in March and May, while in 2015, rainfall peaked in February and October. In 2016, April had
the highest rainfall thus far.
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Rainfall rates for 2011
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Rainfall rates for 2012
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Figure 5-16 Rainfall rates for 2013
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Figure 5-17 Rainfall rates for 2014
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5.1.8.2 Historical Climate Data
30 Year Climatological Data (1951-1980)

As seen below in Table 5-9 and Figure 5-20 temperatures are greatest during the months of June
through September. Lowest mean minimum temperature of 15.3 0C is seen to occur in the month of
February and the greatest mean maximum temperature of 31.9 occurs in between June and July.
Rainfall is seen to have two yearly peaks of greater than 150 mm in September and October. January
and February are seen to be the driest months of the year.

Table 5-9 Mean Climatological data for Bodles (1951-1980) - Jamaica Meteorological Service.

1951-80 MEAN CLIMATOLOGICAL DATA FOR SELECTED LOCATIONS

Station (Altitude) Parameter JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

Max Temp. (C) 293 | 292 | 204 | 304 | 304 | 311 | 319 [ 319 | 311 | 307 | 304 | 302

Bodles (Old Harbour) | MinTemp.(C) | 163 | 153 | 170 | 181 | 193 | 201 | 203 | 202 | 197 | 189 | 192 | 181

(St.Catherine) Rainfall (mm) 41 42 49 56 123 91 58 97 161 | 198 83 53

(alt. 37 metres) Rel. Hum-7am (%) | % 92 92 88 89 87 86 89 92 94 93 91

Rel. Hum.- Ipm (%) | 64 65 63 62 69 66 63 68 70 70 66 66

MEAN CLIMATOLOGICALDATA FORBODLES, OLD HARBOUR (1951-80)

250 250.0
I Rainfall (mm)
200 Linear (Max Temp. (C)) 200.0
Linear (Min Temp. (C))
_ )
E150 1500 o
£ 5
= Lt
= o
"E Q.
£100 100.0 g
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50 50.0
0 0.0
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Figure 5-20 Mean Climatological data for Bodles (1951-1980) - Jamaica Meteorological Service.

Extreme Rainfall

The rainfall data for gauges in Jamaica were obtained from the Meteorological Office of Jamaica.
Information for the gauges spanned 1930 to 1980 and 1992 to 2008. Both sets of data were
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subjected to Weibull analysis for the extreme rainfall data ranging for the 2, 5, 10, 25, 50 and 100
year. Historical rainfall extremes for stations across the island for the period 1930 to 1988 were
compared with the extremes determined for the period 1992 to 2008. Rainfall depths for
corresponding return periods were subjected to comparative analysis in order to determine if there
was an overall increase or decrease in extreme rainfall. The analysis has indicated that there has
been an overall increase ranging from 11.7% (for the 2 year Return Period Event) to 1.5% (for the 100
year Return Period event) for all stations. This increase has occurred over a time frame of 21 years
(1988 to 2009). This equates to 0.7% to 5.6% increase per decade.

Table 5-10 Overall increase in 24-hours rainfall intensity (1988 - 2009).

Return Period (yr.)
2 5 10 25 50 100
Number of stations considered 117 117 117 117 117 116
Average increase (mm) 14.0 10.0 5.6 5.9 6.3 5.3
Average rainfall depth (mm) 1930 t0 1988 | 119.8 | 175.0 | 217.7 | 268.2 | 307.8 | 345.7
Overall increase 11.7% | 5.7% | 2.6% | 2.2% 2.1% 1.5%
Increase per decade 56% | 2.7% | 1.2% | 1.0% | 1.0% | 0.7%

14.0%

B Overall increase

12.0%

10.0%

8.0%

6.0%

4.0%
2 5 10 25 50 100

Return Period (Years)

Percent increase in 24--hours rainfall intensity

Figure 5-21 Overall increase in 24-hours rainfall intensity for the period between 1988 and 2009.

See Figure 5-22 and Figure 5-23 below for the rainfall changes estimated for the 50year and 100year
24 hour extreme rainfall.
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Figure 5-22 Difference (mm) between the 1930-1988 and 1992 to 2008 24-hours Extreme rainfall
intensities for the 50 Year Return Period Event.
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Figure 5-23 Difference (mm) between the 1930-1988 and 1992 to 2008 24-hours Extreme rainfall
intensities for the 100 Year Return Period Event.

5.1.7 Hydrology
5.1.7.1 Approach

The methodology used for the analysis is as follows:

1. Data collection to include:
a. Collection of soils information
b. Collection of land use maps
c. The topography of the catchments
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d. Anecdotal data collection
2. Delineating catchments and confirmation of streams/rivers
3. Calculating runoffs using the US Soil Conservation Service (SCS) method considering climate
change.

Description of Hydrological Model

Soil Conservation Service (SCS) method is an empirical model for rainfall runoffs which is based on
the potential for the soil to absorb a certain amount of moisture. On the basis of field observations,
this potential storage S (millimetres or inches) was related to a 'curve number' CN which is a
characteristic of the soil type, land use and the initial degree of saturation known as the antecedent
moisture condition. Hydrological modelling of the watersheds encompassed three main elements:

e Precipitation
e Rainfall abstraction model (Curve number method)
o Runoff model (Dimensionless unit hydrograph)

The SCS curve number method was used to determine the rainfall excess Pe using the following
equation:

(P -13)
Pb=———+S§
€ P—1I,
Where, P = precipitation
la = initial abstraction
S = Potential retention which is a measure of the retention capacity of the soil.

The Maximum Potential retention, S, and the watershed characteristics are related through the Curve
number CN.

o 25400 — (254 X CN)
B CN

Curve Numbers have been tabulated by the NRCS on the basis of soils group, soil cover or land use,
and antecedent moisture conditions (initial degree of saturation).

The U.S. Army Corps of Engineers’ HEC-HMS was utilized to model the precipitation-runoff processes
of the Bowers Gully watershed system. A model of the watershed was constructed by separating the
hydrologic cycle into manageable segments and delineating a natural watershed of interest.
Watershed parameters such as infiltration losses, transforming excess precipitation and hydrologic
routing methods were selected based on existing conditions. Historical meteorology data was analysed
using the user-specified hyetograph method Hydrographs produced by the program are used directly
or in conjunction with other software for studies of water availability, urban drainage, flow forecasting,
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future urbanization impact, reservoir spillway design, flood damage reduction, floodplain regulation,
and systems operation.

Hydraulic River Modeling System

The MIKE11 hydrological modelling system, created by the DHI Group, was utilized in simulating
surface water flow of the Bowers Gully. MIKE11 can be used to model steady and unsteady, one-
dimensional, gradually varied flow in both natural and man-made river channels including hydraulic
structures. The hydraulic input parameters used within MIKE11 were created in HEC-HMS. The output
created within MIKE11 is used to model flood plain areas using MIKE SHE hydrological (humerical)
model.

MIKE SHE includes both a simple, semi-distributed overland flow method for rainfall-runoff modelling
and a 2D, diffusive wave, finite difference method for detailed runoff and flood modelling. MIKE SHE
can simulate detailed flooding based on fine scale topography in a coarser numerical grid, as well as
detailed two-way exchange with surface waters and groundwater. Using the MIKE11 geometry and
computed water surface profiles, inundation depth and floodplain boundary datasets are created
through MIKE SHE.

Soils Data

MINISTRY OF AGRICULTURE DATABASE

The catchment of Bowers Gully was superimposed on the ministry of Agriculture’s soils map of Jamaica
to identify the soils distribution within the watershed. Soils are classified into four Hydrologic Soil
Groups (A, B, C, and D) according to their minimum infiltration rate defined by the Natural Resources
Conservation Services (NRCS) TR-55 after prolonged wetting. It was noted that the catchment
encompasses ten (10) soils with slight to moderate erosive properties as shown in Table 5-11. It was
found that all the sub-catchments had high proportions of Clay loam and Stony loam. The soil types
are distributed across the catchment as follows:

1. The upper third catchment basin area of the Bowers Gully has high concentrations of Clay
Loam and Clay while its lower reach has a small segment of Sandy Loam.

2. Majority of the middle third of the Bowers Gully basin has over sixty percent (60%) Stony Loam
with the remaining segments being Clay Loam and Sandy Loam.

3. The lower third area of the Bowers Gully watershed comprises of over eighty percent (80%)
Clay Loam, twenty percent (20%) Sandy Loam and the remaining areas being Stony Clay.

4. The JPS proposed site comprises of more than eighty percent (80%) Clay Loam with the
remaining areas being Sandy Loam.

Table 5-11 Outline of soil properties obtained from the Soil and Land Use Surveys.
Soil Type Erosion Hazard Drainage through Soil
Bonnygate Stony loam High if developed Extremely Rapid
Carron Hall Clay Slight to Moderate Moderate
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Soil Type Erosion Hazard Drainage through Soil
Diamonds Clay Loam High Rapid
Whim Sandy loam Slight -
Lodge Clay Loam Slight -
Union Hill Stony clay Moderate to high Fairly Rapid
St. Ann Clay Loam Moderate to high Moderate
Bundo Clay Almost none Very Slow
Belfied Clay High Moderate
Bodles Clay Loam Slight Almost none

120

The relevant sections of the soil textures map over which the Bowers Gully catchment is superimposed

is shown in Figure 5-24

SOILS ENGINEERING REPORT

A Soils report prepared by NHL Engineering Ltd in 2011 for JPS was obtained from the client. The

report shows where several boreholes were done on the project site and it was found that:

1. Thetop O-7m layers of the ground surface consist of silty sands and some clays
2. Ground water was found to be on average 1.75m below the ground surface

These findings were consistent with the ministry of agriculture’s soils map within the project site.
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Land Use Data

The Land use for each catchment was determined from inspection of the Forestry Department land
use map seen in Figure 5-25, as well as satellite imagery of the catchment. Land use was classified
into categories consistent with the schedules published by the Natural Resources Conservation
Services (NRCS) TR-55 for cover type and hydrologic condition. The land use of the project area was
prepared for the initial evaluation of the pre-development hydrologic condition. This 'benchmark' data
is used to evaluate peak flow estimates prior to the application of developed land use changes. The
following was noted:

1. The upper regions of the catchment were observed to have mostly forests, fields and crops
with sparse residential settlements on lots more than 1/4 acres in area.

2. The lower reaches of the catchment is comprised primarily of fields, forests and plantations;
there also exists a small portion of swamp forest.

3. The proposed site of JPS is composed of swamp forest lands.

The land use changes that will be generated by the proposed JPS site development are implemented
in the assessment for the post-development hydrologic condition of the catchment area.

5.1.7.2 Runoff Calculations

General

The peak runoffs were calculated using the type lll rainfall distribution. The primary inputs into the
model are as follows:

e Drainage area size (A) in square miles (square kilometres);
e Time of concentration (Tc) in hours;

o Weighted runoff curve number (RCN);

e Rainfall distribution (see Figure 5-26);

e Total design rainfall (P) in inches (millimetres).

The runoff generated for these events were used in the flood plain model to estimate the flood levels
in the bowers gully flood plain. The models were adjusted as necessary to ensure reasonable
agreement with the actual observation of the residents.
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map of Jamaica with superimposed catchments and JPS proposed sites.
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The analysis indicates that there has been an overall increase in the average rainfall ranging from
6.1% (for the 5 year Return Period event) to 42.1% (for the 100 year return period event) and 5% (for
the 5 year Return Period event) to 56.6% (for the 100 year return period event) for the Norman Manley
International Airport (NMIA) and Sangster’s International Airport (SIA) weather stations. This increase
will occur over a time frame of 90 years (2010 to 2100). See Table 5-12 and Figure 5-27 below. These
were further verified in Burgess et al (2014)

Table 5-12 Summary of 24 hour intensities for 2010 and 2100 period.
Retgrn Stationary Mean Varying Mean + S.td' Mean + std. dev. Mean (2100) | Average %
Period (2010) (2100) dev. Varying * skewness Predictions | Increase
(yrs) (2100) Varying (2100)
5 178 [132.6] | 170.9[132.8] | 160.2[133.1] 166.5 [120.8] 165.9[128.9] | -7% [-3]
10 220.5[163.6] | 216.3[166.2] | 212.4[172.4] 248 [157.4] 225.6 [165.3] 2% [1]
25 271.7[202.7] | 275.1[209.0] | 283.5[229.2] 378.6 [224.3] 312.4 [220.9] 15% [9]
50 308.1[231.7] | 319.8 [241.1] | 351.2[280.0] 562.1[292.0] 411[271.0] 33% [17]
100 | 342.9[260.5] | 365.1[273.3] | 426.7 [336.9] 845.1[381.2] 545.6 [330.5] | 59% [27]
Table 5-13 Present (1895-2010) climate return period and projected return period (2100) for NMIA and

SIA from statistical trend analysis of frequency analysis parameters based on corresponding the present climate

intensities for each station.

Present Return Period (1895 - 2010) NMIA (2100) SIA (2100)
5 6.1 5
10 9.3 9
25 17.5 19
50 26.3 329
100 421 56.6
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Figure 5-27 Overall increase in 24-hours rainfall intensity for the period between 2010 and 2100.

Meteorological Data

The rainfall data for gauges in Jamaica were obtained from the Meteorological Office of Jamaica.
Information for the gauges spanned 1930 to 1980 and 1992 to 2008. Both sets of data were
subjected to Weibull analysis for the extreme rainfall data ranging for the 2, 5, 10, 25, 50 and 100
year. Historical rainfall extremes for stations across the island for the period 1930 to 1988 were
compared with the extremes determined for the period 1992 to 2008. Rainfall depths for
corresponding return periods were subjected to comparative analysis in order to determine if there
was an overall increase or decrease in extreme rainfall.

The rain gauge locations were superimposed on the main catchment area to determine rainfall depths
that will be used in the hydrology model (Figure 5-28). A total of three (3) gauges were noted inside of
and within 3 km of the overall catchment boundary. The revised rainfall intensities for these stations
were increased to reflect climate change for all the return periods respectively. The current intensities
as well as the recommended design values are listed in Table 5-14.

Table 5-14 Rainfall intensities recorded by associated rain gauges in proximity to Bowers Gully catchment
STATION PARISH 24 HOURS EXTREME RAINFALL DEPTHS (RECOMMENDED)
2 5 10 25 50 100
Longyville Park | Clarendon 111.7 193.9 260.7 353.1 425.4 499.5
Bodles St. Catherine 177.2 228.6 265.3 312.0 346.5 380.3
Bois Content St. Catherine 164.5 217.0 256.2 307.5 346.0 384.4
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Figure 5-28

Showing the Bowers Gully catchment in relation to the gauges.
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Estimated Peak Flows

It was necessary to model the storms that were observed by the residents to calibrate the models
before using them to predict the 2, 5, 10, 25, 50, and 100 year return period storm events. Climate
change was considered in estimating the peak flows. The peak runoff generated for each event was
as follows:

Table 5-15 Summary of peak flows generated for Bowers Gully.
Storm Peak Flow (m3/s)

Hurricane lvan 302.5

1:2 year 62.6

1:5 year 117.4

1:10 year 214.9

1:25 year 328.8

1:50 year 347.6

1:100 year 401.5

The peak runoff was generated for the catchment using the average of the SCS method. Hurricane
Ivan flows were noted to be above the 10 year return but below the 25 year storm. For the Bowers
Gully, the peak flows ranged from 62.6 to 401.5 m3/s for the given 2 to 100 year return periods.

5.1.8 Wave Climate

The objective of this exercise is to derive both a nearshore and deepwater wave climate in order to
estimate the wave forces on the existing shoreline and the proposed marine outfall. The weakly
nonlinear combined refraction and diffraction model described here denoted REFDIF simulated the
behaviour of a random sea over an irregular bottom bathymetry incorporating the effects of shoaling,
refraction, energy dissipation and diffraction. Although the model is developed to simulate a random
sea state, it can also be used to model the behaviour of monochromatic waves.

The output from the storm surge model used for hurricane impact analysis provided the incident wave
height and period as well as the water setup for the deepwater extremal analysis, while locally
generated waves were predicted using the JONSWAP equations. This equation determines wave height
and period from fetch, storm duration and depth of water in the generating area, where fetch is the
distance into the wind direction from a point of interest to the nearest shoreline. Portland Bight is
significantly large with a maximum fetch of approximately 19 km for a storm moving across the Bay. It
is quite possible for local waves with significant wave heights to reach the project area and damage
the outfall pipe and so it was necessary for locally generated hurricane waves to also be determined
as well. The wind speeds and directions were input into the equations where the corresponding wave
heights and periods were determined. These incident wave heights and periods were then used to
determine the hurricane climate under future conditions (climate change).
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5.1.58.1 Winds

Onshore

Measured wind data are typically available from airports. However, this data may differ from marine
winds due to the effects of topography and often these data are unavailable during storm events. For
this summary, data from the Norman Manley International Airport (NMIA) was analysed and compared
to wind from a 30-year offshore wind model. The database obtained from the NMIA meteorological
station consists of data recorded daily for the last 19 years. A “rose plot” and summary table shows
the frequency of these winds by direction and intensity.

Percentage of Occurrence
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Figure 5-29 Percentage occurrence of wind speeds associated with all possible directions for onshore node

Offshore Station

Wind data was purchased from Ocean Weather International (OWI) based on regional hindcasts of
weather patterns. The model data is extracted at an offshore location 25 miles southeast of Portland
Bight. This database of wind records consists hourly wind speed and direction over a 30-year span
from 1980 through 2010. This dataset was adjusted to include extreme events (i.e. hurricanes).
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Figure 5-30 Percentage occurrence of wind speeds associated with all possible directions for offshore node
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Comparison of the two data sets shows similar wind directions but higher speeds for the offshore data
corresponding to storm events and open water conditions. Analysis of the offshore wind data for
exceedance values are shown in Figure 5-31.

Percent Exceedance

-

Station CU012121
N, = 90584
W=1267.0=438

Exceedance, %

Wind Speed, it
Figure 5-31 Analysis of the offshore wind data for exceedance values

The exceedance chart shows winds exceed 23.2 knots less than 1% of the time. When analysed for
return period, the 100-year offshore wind speed is on the order of 60 knots at the indicated location
south of Portland Bight. Wind speeds may be higher in other locations around the Country.
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Figure 5-32 Return period analysis of wind speeds
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5.1.8.2 Extremal Wave Climate

Wave modelling is an attempt to fill in the gaps where actual measured data is absent. Wave
measurements are available for the two ADCP locations. The remainder of the Bay will have different
wave conditions which are dependent primarily the bathymetry of the bay.

The Old Harbour Bay coastline is susceptible extreme waves generated within the Bay as a result of
passing storms. Direct historical measurements are not available for this area, it was therefore
necessary to utilize hindcast modelling to estimate the extreme waves to which the bay and coastline
are exposed.

Method

It was necessary to define the deep-water hurricane wave climate at a point offshore Portland Bight:

e Latitude: 17.733 degrees North
e Longitude: 76.975 degrees West

The National Hurricane Center (NOAA) database of hurricane track data in the Caribbean Sea was
utilized to carry out a hindcast, wave breaking (along two tracks) followed by a statistical analysis to
determine the hurricane: waves, wind and set-up conditions. The database of hurricanes, dating back
to 1851 to 2014, was searched for storms that passed within a 300km radius from the site. The
following procedure was carried out:

e Extraction of Storms and Storm Parameters from the historical database. A historical database
of storms was searched for all storms passing within a search radius of 300km radius of the
site.

e Application of the JONSWAP Wind-Wave Model. A wave model was used to determine the wave
conditions generated at the site due to the rotating hurricane wind field. This is a widely applied
model and has been used for numerous engineering problems. The model computes the wave
height from a parametric formulation of the hurricane wind field.

e Application of Extremal Statistics. Here the predicted maximum wave height from each
hurricane was arranged in descending order and each assighed an exceedance probability by
Weibull’s distribution.

e A bathymetric profile from deep-water to the site was then defined and each hurricane wave
transformed along the profile. The wave height at the nearshore end of the profile was then
extracted from the model and stored in a database. All the returned nearshore values were
then subjected to an Extremal Statistical analysis and assigned exceedance probabilities with
a three parameter Weibull distribution.
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‘Hellshire

Figure 5-33 Location of offshore point used for Extremal analysis, showing southern and south-eastern
track used in the analysis

Historical Hurricanes

Historical hurricane track data was obtained from the NOAA hurricane database. Hurricanes passing
50 nautical miles of Portland Bight are shown in Figure 5-34. Table 5-16 shows names, years,
maximum wind speeds, storm category and trajectories for each of the 3 hurricanes that have passed
within 10 nautical miles of Portland Bight. Table 5-17 shows names, years, maximum wind speeds,
storm category and trajectories for each of the 40 hurricanes and tropical storms that have passed
within 65 nautical miles of Portland Bight.
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Figure 5-34 Hurricanes passing within 50 nautical miles of Portland Bight
Table 5-16 Characteristics of the hurricanes within 10 nautical miles of Portland Bight
Name Year Max. Wind (kts) Cat.
GILBERT 1988 110 H3
CHARLIE 1951 95 H2
UNNAMED 1874 90 H2
Table 5-17 Characteristics of the hurricanes within 50 nautical miles of Portland Bight
Category Number of events Max. Wind (knots) Year
H5 0 - -
H4 3 135 1988-2007
H3 2 105 1903-1944
H2 8 90 1852-1951
H1 14 80 1874-2012
TS 13 - 1879-2008

Climate Change Considerations

It was necessary to consider the effect of climate change on the project area. A 2013 study conducted
by the Climate Studies Group at the University of the West Indies (UWI) Mona (Climate Studies Group,
UWI Mona, 2013) was used to inform the approach; it assessed literature on current and projected
trends in sea level rise, wave heights and storm intensities in Jamaica. The findings of the report are
summarized in the following subsections.
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CURRENT AND PROJECTED TRENDS FOR MEAN AND EXTREME SEA LEVELS

Global sea levels have risen through the 20th century, and it is expected to accelerate through to the
21st century and beyond because of global warming, but their magnitude remains uncertain. Two main
factors contribute to this increase: thermal expansion of sea water due to ocean warming and water
mass input from land ice melt and land water reservoirs. In Jamaica, and the region near it, the sea
level rise is approximately the global average of 3.2 mm/yr (+ 0.4) (IPCC 2013). Projected increases
in global and Caribbean mean sea level by 2100 relative to the 1980-1999 is 0.37m (+ 0.5 m relative
to global mean) and this is equivalent to 3.7 mm/yr (IPCC 2007).

CURRENT AND PROJECTED TRENDS IN MEAN AND SIGNIFICANT WAVE HEIGHTS

In 2000 Wang and Swail detected statistical significant changes in the seasonal extremes of
significant wave heights in the North Atlantic only for the winter (January - March) season; these
changes were found to be linked with the North Atlantic Oscillation. Specifically, significant increases
in significant wave heights in the Northeast North Atlantic matched by significant decreases in the
subtropical North Atlantic are found to be associated with an intensified Azores High and a deepened
Icelandic low.

The IPCC-AR5 predicts that the annual mean significant wave heights will decrease by approximately
1 to 2%. This marginal figure was, not included in the design so as to enable the dunes and mangrove
nourishment areas best changes to the climate change projections.

CURRENT AND PROJECTED TRENDS IN STORM INTENSITIES

The AR5 notes that evidence suggests a virtually certain increase in the frequency and intensity of the
strongest cyclones in the Atlantic since the 1970s. It is further noted that the average lifetime of North
Atlantic tropical cyclones shows an increasing trend Of 0.07 day/yr for the same period which is
statistically significant (Climate Studies Group, UWI Mona, 2013).

The AR4 concluded that a range of modelling studies projects a likely increase in peak wind intensity
and near storm precipitation in future tropical cyclones. Simulations consistently find that greenhouse
warming causes tropical cyclone intensity to shift towards stronger storms by the end of the 21st
century (2 to 11% increase in mean maximum wind globally).

SUMMARY

Based on the assessments and literature reviewed the following climate change factors were
incorporated into the design (Table 5-18), specifically the deep water and nearshore wave climate
analysis carried out in the following sections.
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Table 5-18 Summary of climate change considerations.
Present Climate Climate Factor (Cf) Future Climate
Water Level (above existing msl) 0 3.75 mm/yr 0.188
Operational Wave Height (m) 0.6 1-2 % decrease 0.6
Swell Wave Height (m) 1.2 1.2
50 YR 100 YR 50 YR 100 YR
Hurricane Wave Height (m)(Harbour) 2.38 2.83 1.054 2.51 2.98
Hurricane Wave Height (m) (Deepwater) 6.70 7.10 1.054 7.06 7.48
Wave Frequency (Increase) 2.2 = 5.2% 5.2%
100*log(A1B/CTRL)
Results

DEEP WATER WAVES
The results of the search clearly indicate the sites overall vulnerability to such systems. In summary:

e 88 hurricane systems came within 300 kilometres of the project area
o 8 of which were classified as catastrophic (Category 5)
e 14 were classified as extreme (Category 4)

The more destructive hurricane events (category 4 and 5) have been occurring more frequently. This
speaks to the site’s overall vulnerability to such systems and the likelihood of events occurring
relatively frequently. The bi-variant table analysis indicates that the waves generated offshore the site
have approached from all seaward possible. However, the most frequent hurricane waves have been
noted to come from a south-easterly direction. In summary, there are:

e 38 (x6 hours) occurrences from the east
e 64 (x6 hours) occurrence from the south-east
e 61 (x6 hours) occurrence from the south

The south and south-easterly directions are more prevalent for the node considered because of the
seaward projection of the eastern part of the bay that buffers the site from remote easterly waves. The
site however becomes more exposed as soon as the passing hurricane systems are more south of the
island.

Static storm surge was investigated in the analysis for all major components of storm surge. The
phenomena considered were:

e Wave breaking and shoaling

e Wind set-up
e Refraction
e Tides
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e Global Sea Level Rise (over a 50 year project life)
e |nverse Barometric Pressure Rise

The south eastern profile is the most extreme direction as shown in Table 5-19. The results indicate
that the expected 50 and 100 Year storm surge wave setups are 2.14 and 2.34 meters respectively.
The maximum and minimum confidence limits showed increased variance from the return values as
the return period increases. The confidence limits for the setups showed an average variance of less
than 0.36m between return value and the maximum and minimum levels for the 100 year return
period. This is reasonable given that the source data covers 125 years.

Table 5-19 Extremal analysis of storm surge wave setup for Portland Bight

Return Total setup (m)

Period All Sw w NW N NE E SE S
1 0.00 0.00 0.00 0.05 0.05 0.05
2 0.37 0.12 0.07 0.00 0.00 0.00 0.64 0.84 0.40
5 0.85 021 0.416 0.00 0.00 0.00 1012 132 0.64
10 1.22 027 0.23 0.00 0.00 0.00 123 1.60 0.79
20 1.59 033 0.31 0.00 0.00 0.00 142 185 0.92
25 1.71 035 0.34 0.00 0.00 0.00 148 192 0.96
50 2.08 040 042 0.00 0.00 0.00 164 2.14 1.08
75 230 043 047 0.00 0.00 0.00 174 226 1.15

100 245 046 051 0.00 0.00 000 180 234 1.19
150 267 049 056 0.00 0.00 000 189 245 1.25
200 283 051 060 000 0.00 000 194 253 130

These are extreme waves with the potential for generating significantly high currents within the bay,
and damaging structures on the seafloor. It is more likely, though, that south eastern and southerly
waves will have the greatest impact on the project area.

Table 5-20 Extremal analysis of wave heights and wave periods for portland bight

Return Wave height (m)

Periods All SwW w NW N NE E SE S
1 2.5 1.5 1.5 0.0 0.0 0.0 1.5 1.5 1.5
2 3.7 3.4 3.5 0.0 0.0 0.0 4.5 4.2 3.5
5 4.9 4.0 4.4 0.0 0.0 0.0 5.6 5.2 4.5
10 5.8 4.3 4.8 0.0 0.0 0.0 6.1 5.8 5.0
20 6.6 4.5 5.2 0.0 0.0 0.0 6.6 6.2 5.4
25 6.9 4.6 5.3 0.0 0.0 0.0 6.7 6.4 5.5
50 7.6 4.8 5.7 0.0 0.0 0.0 7.1 6.7 5.9
75 8.1 4.9 5.8 0.0 0.0 0.0 7.2 6.9 6.1

100 8.4 5.0 6.0 0.0 0.0 0.0 7.4 7.1 6.2
150 8.9 5.1 6.1 0.0 0.0 0.0 7.6 7.2 6.4
200 9.2 5.1 6.2 0.0 0.0 0.0 7.7 7.4 6.5
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An offshore profile, which considers the proposed mooring area, was compiled and simulated in order
to determine the wave heights which the area will experience. During a 1:50yr storm event, the
mooring area is expected to experience wave heights of up to 3.16m while during a 100yr event, wave
heights up to 3.41 will be observed. The wave heights determined to reach the mooring point are
shown in Table 5-21.

Table 5-21 Predicted wave heights in the vicinity of the mooring area
Return Period (yr) Wave Heights (m)

2 1.34

5 2.07

10 2.47

25 2.89

50 3.16
100 3.42

For the proposed LNG site on land, the vulnerability to storm surge was also investigated. It was
determined that the expected storm surge inundation levels for the 50yr and 100yr events is 3.14m
and 3.26m respectively. It is recommended that these levels are considered when establishing
building floor and foundation pad elevations. The storm surge levels determined to reach the LNG site
are shown in Table 5-22.

Table 5-22 Estimated storm surge levels
Return Period (yr) Storm Surge Level (m)
2 1.34
5 2.07
10 2.47
25 2.89
50 3.16
100 3.42
NEARSHORE WAVES

The nearshore wave climate was simulated with STWAVE, a spectral balance and half plane wave
model. It is a finite difference model which considers the propagation, growth and dissipation of
spectral energy on a 2-dimensional uniform rectilinear grid. The inputs required were bathymetric and
shoreline information as well as the general wave properties. The scenarios examined were for waves
coming out of the south and southeast as these were the more likely and extreme directions.

The worst case scenario (100yr storm event) was simulated, including estimated water setup to
determine the wave heights anticipated to reach the mooring area and pipelines. The wave heights
and periods in Table 5-23 were implemented.
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Table 5-23 Wave parameter input
Direction Wave Height (m) Wave Period (s)
East 7.380 13.471
South-East 6.183 12.367
South 7.050 13.176

Inspection of the nearshore wave climate conditions revealed that the mooring point will experience
wave heights of up to 0.02m, 1.04m and 1.35m for the eastern, southern and south-eastern
directions, under hurricane wave climate conditions. The proposed pipeline will be exposed to similar
wave heights for the eastern, southern and south-eastern directions.

Additionally, five (5) scenarios were simulated to include sea level rise projections for the year 2050
and 2100. Also, locally generated wave were simulated within the nearshore waters.
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Figure 5-35 Hurricane wave climate for 100 year return period (RP) deepwater waves from the south
entering Portland Bight
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Figure 5-36 Hurricane wave climate for 100 year return period (RP) deepwater waves from the south-east

entering Portland Bight
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Figure 5-37 Hurricane wave climate for 100 year return period (RP) deepwater waves from the east entering

Portland Bright
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5.1.9 Hydrodynamics

5.1.9.1 Introduction

The current regime (i.e. patterns and speeds) in the coastal setting determines the ability of an area
to flush and maintain sufficiently good water quality. Currents are generated by winds, tides and waves:

o Tides - Rising tides will cause water to enter the harbour and a portion will leave on the falling
tide that follows. This will result in some exchange of water between the outside and inside of
our project area. This result is dependent on the ratio of the water entering to the water leaving;
this ratio is dependent on the tide, range, hydraulic efficiency of the entrance, and the water
internal depths.

e Wind - Wind action over the water surface will generate a surface current that will essentially
be in the direction of the wind. This wind generated current will be a few degrees to the right
of the wind, (in the northern hemisphere), owing to the Coriolis effect, (Bowden, 1983). If the
fetch and duration are sufficient, the surface current speeds may approach 2 - 3% of the wind
speeds.

Circulation patterns can be predicted by numerical, physical models or field studies. Numerical models
are most often used as it simply requires the collection of field data to calibrate and verify the model
for use in a predictive mode. The field data includes drogue tracking missions which verify the current
speeds and directions recorded by the Acoustic Doppler Current Profiler (ADCP). The models are also
robust enough to include prediction of sediments and nutrients dispersion in the Bay.

5.1.9.2 Objectives and Approach

The objectives of this analysis were to:

e Characterize the existing hydrodynamic regime in the area so as to describe the surface
current patterns on which the surfaced buoyant plume moves, and

e Determine spatially the most appropriate location of the outfall based on the World Bank
guidelines.

The approach was to setup and calibrate a numerical hydrodynamic model (RMA 10) to analyze the
effluent temperatures generated at the proposed outfall location. The results were compared to NEPA
standards.

5.1.9.3 Drogue Tracking (Currents)
Methodology

In order to facilitate the development of the hydrodynamic model for the area and to fully understand
the relationship amongst tides, winds and currents, current speed and direction information was
required. In addition to ADCP deployments, drogues have also been used to track currents in the Bay.
Tracking sessions were executed within the project area over the last three (3) years. The drogue
tracking data spans over the following periods:
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i. January 14th, 15t 28th gnd 30t of 2014;
ii. January 21stto 23rd of 2015;
iii. September 17th and 18t of 2015;
iv. May 12th and 13t of 2016.

A two-day drogue tracking programme was executed by the CEAC team on May 12th and May 13th,
2016. Eight (8) drogues were placed within the Old Harbour Bay. Four (4) surface and four (4) sub-
surface drogues (3m) were placed: (i) near shore (ii) outside the reef (iii) deepwater within the ship
channel and (iv) deepwater at the proposed mooring area.

The drogues were tracked during two separate sessions over the two days, one in the morning and the
other in the evening, in order to capture the rising and falling tides on each day.

The GPS and drogue log sheet results from the drogue tracking missions were reduced and
incorporated in a database. The data was then analyzed in order to determine current speed and
directions, and current speed vectors were produced for the rising and falling tides.

Winds During Drogue Tracking Session

Wind data was retrieved from a weather station located at the Norman Manley International Airport.
The wind data was retrieved for the days when drogue tracking missions were done. The data was
plotted and shown below in Figure 5-38 and Figure 5-39.
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Figure 5-38 Graph showing wind speed and direction on May 12t for falling and rising sessions
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Figure 5-39 Graph showing wind speed and direction on May 13t for falling and rising sessions

The wind speed and direction for each session is shown in Table 5-24 below. From the data we see
that generally stronger winds are observed during the rising tide sessions.

Table 5-24 Summary of winds measured during drogue tracking sessions
Session Tide Average wind speed (m/s) Average wind direction
1 Falling 2.83 NNW
2 Rising 6.68 NNW
3 Falling 5.14 SSE
4 Rising 6.95 SSE
Results
FALLING TIDE

Sessions 1 and 3 were conducted during falling tide conditions. The average wind speed recorded for
session 1 was 2.83 m/s and that for session 3 was 5.14 m/s. The average wind directions were NNW
and SSE for day 1 and 2 respectively.

Near Shore

During sessions 1 and 3, the surface drogues near shore were tracked moving in northerly and westerly
directions, at speeds of 2.0 cm/s and 1.9 cm/s respectively. The sub-surface drogues deployed near
shore travelled in a north-westerly directions at average speeds of 1.2 cm/s and 1.4 cm/s for sessions
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1 and 3 respectively. The directions of the drogues for session 1 correspond to the wind directions
measured by the onshore wind station while the results for session 3 did not. This difference indicates
the main driver of nearshore currents were not due to winds.

Outside Reef
During sessions 1 and 3, the surface drogues near shore were tracked moving in easterly and north-

westerly directions, at speeds of 2.9 cm/s and 5.7 cm/s respectively. The sub-surface drogues
travelled in a north-westerly direction with average speeds of 2.9 cm/s during both sessions 1 and 3.

Ship Channel

During sessions 1 and 3, the surface drogues near shore were tracked moving in south-westerly
directions, at speeds of 2.2 cm/s and 2.4 cm/s respectively. The sub-surface drogues travelled north-
westerly with average speeds of 0.53 cm/s during session 1 while they travelled 1.6 cm/s in a south-
westerly direction during session 3.

Mooring Area

During sessions 1 and 3, the surface drogues near shore were tracked moving in south westerly and
southerly directions, at speeds of 3.9 cm/s and 2.2 cm/s respectively. The sub-surface drogues
travelled south westerly with average speeds of 1.8 cm/s during session 1 while they travelled 2.6
cm/s in a southerly direction during session 3.
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Table 5-25 Summarized drogue tracking session #1 - Falling tide conducted on May 12”‘, 2016
Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
Drogue # @m) Sail Notes Easting Northing o) B cm/s) cm/s) gMotion
8 8:54 deploy 275648 1975663 19.209 584 3.289
8 9:04 measurement 275633 1975651 23.409 566 4.136
8 9:14 Surface measurement 275625 1975629 23.345 561 4.161 3.919 South Westerly
8 9:23 measurement 275608 1975613 22.361 547 4.088
8 9:32 remove 275588 1975603
7 8:55 deploy 275647 1975662 13.416 612 2.192
7 9:05 measurement 275641 1975650 11.314 515 2.197
7 9:13 3m measurement 275633 1975642 11.180 535 2.090 1.791 South Westerly
7 9:22 measurement 275628 1975632 3.606 526 0.685
7 9:31 remove 275626 1975629
3 8:59 deploy 276658 1977268 5.831 614 0.950
3 9:09 measurement 276653 1977271 19.698 527 3.738
3 9:18 Surface measurement 276645 1977253 9.899 561 1.765 2.227 South Westerly
3 9:27 measurement 276638 1977246 6.708 569 1.179
3 9:36 remove 276635 1977252
4 8:59 deploy 276656 1977270 6.708 617 1.087
4 9:09 measurement 276650 1977273 6.083 505 1.205
4 9:18 3m measurement 276649 1977279 2.236 561 0.399 0.530 North Westerly
4 9:27 measurement 276648 1977281 4.123 -34061 -0.012
4 9:37 remove 276647 1977285
8 9:45 deploy 277239 1978739 10.817 605 1.788
8 9:55 measurement 277248 1978745 10.198 361 2.825
8 10:01 Surface measurement 277258 1978743 13.601 348 3.908 2.863 Easterly
8 10:07 measurement 277271 1978739 12.042 411 2.930
8 10:14 remove 277283 1978738
7 9:52 deploy 276116 1979491 14.422 413 3.492
7 9:59 measurement 276108 1979503 12.530 335 3.740
7 10:04 3m measurement 276102 1979514 8.062 357 2.258 2.925 North Westerly
7 10:10 measurement 276101 1979522 12.530 567 2.210
7 10:20 remove 276095 1979533
3 9:52 deploy 276110 1979496 14.318 362 3.955
3 9:58 measurement 276107 1979510 4472 359 1.246
3 10:04 Surface measurement 276111 1979512 9.055 358 2.529 2.006 Northerly
3 10:10 measurement 276112 1979521 9.220 411 2.243
3 10:17 remove 276110 1979530
5 9:46 3m deploy 277238 1978745 10.770 571 1.886 1.189 North Westerly
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Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
Drogue # am) Sail Notes Easting Northing ™ ©) cm/s) cm/s) gMotion

5 9:55 measurement 277234 1978755 1.414 359 0.394

5 10:01 measurement 277233 1978754 4.243 344 1.233

5 10:07 measurement 277230 1978757 7.211 372 1.938

5 10:13 remove 277236 1978761

Table 5-26 Summarized drogue tracking session #3 - Falling tide conducted on May 13th, 2016
Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
Drogue # @m) gail Notes Easting Northing ™ B) cm/s) cm/s) gMotion

8 8:05 deploy 275769 1975658 22.561 558 4.043
8 8:14 Surface measurement 275774 1975636 16.031 640 2.505 2163 Southerly
8 8:25 measurement 275773 1975620 18.111 -30308 -0.060 ’
8 8:34 remove 275771 1975602
7 8:05 deploy 275770 1975653 25.632 610 4.202
7 8:15 3m measurement 275779 1975629 22.023 612 3.598 2577 Southerly
7 8:25 measurement 275778 1975607 21.095 -30354 -0.069 )
7 8:34 remove 275776 1975586
3 8:09 deploy 276718 1977272 17.029 654 2.604
3 8:20 measurement 276707 1977259 26.401 543 4.862
3 829 | UM% [~ casurement | 276691 | 1977238 27.785 30591 | 0.091 2386 South Westerly
3 8:41 remove 276667 1977224
6 8:10 deploy 276708 1977274 11.402 618 1.845
6 8:21 measurement 276701 1977265 17.464 542 3.222
6 830 3m measurement | 276684 | 1977261 17.493 30609 | -0.057 1.583 South Westerly
6 8:42 remove 276669 1977252
8 9:56 deploy 276178 1979462 33.615 405 8.300
8 10:02 measurement 276149 1979479 37.537 420 8.937
8 1000 | Surface measurement | 276121 | 1979504 58.000 36585 | -0.159 5.693 North Westerly
8 10:19 remove 276074 1979538
7 9:51 deploy 277284 1978783 20.518 486 4.222
7 9:59 measurement 277270 1978798 17.889 392 4.563
7 10:06 3m measurement | 277262 | 1978814 24.083 36385 | -0.066 2906 North Westerly
7 10:14 remove 277246 1978832
3 9:51 deploy 277290 1978778 19.647 484 4.059
3 9:59 Surface measurement 277271 1978773 15.133 386 3.920 1926 Westerly
3 10:06 measurement 277256 1978775 25.000 -36360 -0.069 )
3 10:13 remove 277236 1978790
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Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
Drogue # am) Sail Notes Easting Northing ™) B cm/s) cm/s) Motion
6 9:55 deploy 276182 1979461 11.705 448 2.613
6 10:03 measurement 276178 1979472 12.042 433 2.781
6 10:10 3m measurement | 276177 | 1979484 16.553 36622 | 0.045 1.368 North Westerly
6 10:18 remove 276170 1979499
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Figure 5-40 Approximate path and direction of the drogues during drogue session #1.
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RISING TIDE

Sessions 2 and 4 were conducted during rising tide conditions (Table 5-27 and Table 5-28). The
average wind speed recorded for session 2 was 6.68 m/s and that for session 4 was 6.95 m/s (Figure
5-42 and Figure 5-43). The average wind directions were NNW and SSE for day 1 and 2 respectively.

Near Shore

During sessions 2 and 4, the surface drogues near shore were tracked moving in north-westerly
directions, at speeds of 3.5 cm/s and 2.2 cm/s respectively. The sub-surface drogues deployed near
shore travelled in north-westerly directions at average speeds of 3.8 cm/s and 2.9 cm/s for sessions
2 and 4 respectively. The directions of the drogues for session 2 correspond to the wind directions
measured by the onshore wind station while the results for session 3 did not. This difference indicates
the main driver of nearshore currents were not due to winds.

Outside Reef
During sessions 2 and 4, the surface drogues near shore were tracked moving in north-westerly
directions, at speeds of 4.8 cm/s and 5.8 cm/s respectively. The sub-surface drogues also travelled
in a north-westerly direction with average speeds of 4.1 cm/s and 4.5 cm/s during sessions 2 and 4
respectively.

Ship Channel

During sessions 2 and 4, the surface drogues near shore were tracked moving in north-westerly
directions, at speeds of 10.5 cm/s and 3.3 cm/s respectively. The sub-surface drogues travelled north-
westerly directions with average speeds of 4.3 cm/s during session 2 and 2.9 cm/s during session 4.

Mooring Area

During sessions 2 and 4, the surface drogues near shore were tracked moving in north-westerly
directions, at speeds of 6.3 cm/s and 2.0 cm/s respectively. The sub-surface drogues travelled
westerly with average speeds of 2.5 cm/s during session 2 while they travelled 0.97 cm/s in a north-
westerly direction during session 4.
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Table 5-27 Summarized drogue tracking session #2 - Rising tide conducted on May 12th, 2016
Drogue Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of

i am) Sail Notes Basting | Northing ™) ©) (cm/s) (cm/s) B Notion
8 12:45 deploy 275574 1975685 62.801 772 8.135
8 12:58 measurement 275524 1975723 39.661 -42559 -0.093
8 1:08 Surface measurement 275502 1975756 50.931 609 8.363 6.291 North Westerly
8 1:18 measurement 275465 1975791 64.900 741 8.758
8 1:31 remove 275411 1975827
7 12:44 deploy 275589 1975663 34.000 872 3.899
7 12:58 measurement 275559 1975679 17.464 -42628 -0.041
7 1:08 3m measurement 275543 1975686 18.358 600 3.060 2.506 Westerly
7 1:18 measurement 275527 1975695 20.100 647 3.107
7 1:29 remove 275507 1975697
3 12:51 deploy 276721 1977244 81.271 -42527 -0.191
3 1:03 measurement 276675 1977311 67.956 645 10.536
3 1:13 Surface measurement 276638 1977368 63.781 601 10.612 10.447 North Westerly
3 1:23 measurement 276596 1977416 91.214 895 10.192
3 1:38 remove 276540 1977488
4 12:51 deploy 276732 1977234 39.051 -42523 -0.092
4 1:02 measurement 276702 1977259 42.426 640 6.629
4 1:13 3m measurement 276672 1977289 44.385 597 7.435 4.292 North Westerly
4 1:23 measurement 276631 1977306 59.414 -5007 -1.187
4 1:35 remove 276588 1977347
8 1:45 deploy 277257 1978838 25.000 503 4.970
8 1:53 measurement 277237 1978853 15.556 410 3.794
8 2:00 Surface measurement 277226 1978864 19.105 366 5.220 4778 North Westerly
8 2:06 measurement 277224 1978883 27.785 542 5.126
8 2:15 remove 277210 1978907
4 1:49 deploy 276097 1979528 23.601 459 5.142
4 1:57 measurement 276083 1979547 16.553 371 4.462
Z 2:03 3m measurement | 276068 | 1979554 9.434 364 2590 4.065 North Westerly
4 2:09 remove 276060 1979559
3 1:49 deploy 276103 1979526 20.809 468 4.446
3 1:57 measurement 276091 1979543 16.971 370 4.587
3 203 | SuMace casurement | 276079 | 1979555 9.055 363 2.495 3541 North Westerly
3 2:09 remove 276070 1979556
5 1:45 deploy 277254 1978849 12.083 493 2.451
5 1:54 measurement 277249 1978860 14.000 410 3.415
5 2:00 3m measurement | 277249 | 1978874 14.142 361 | 3917 3800 North Westerly
5 2:06 measurement 277247 1978888 25.632 630 4.069
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Drogue Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
# am) Sail Notes Easting | Northing ™ ®) cm/s) cm/s) Motion
5 2:17 remove 277238 1978912

Table 5-28 Summarized drogue tracking session #4 - Rising tide conducted on May 13th, 2016

Drogue Time Depth of . . Distance Travelled Time Speed Average Speed Average Direction of
# am) Sail Notes Easting | Northing m ) (cm/s) (cm/s) Motion
8 12:48 deploy 275627 | 1975662 93.814 42245 | -0.222
8 1:04 measurement 275551 1975717 78.715 964 8.165
8 120 | SV reasurement | 275481 | 1975753 89.627 4829 | -1.856 2029 North Westerly
8 1:39 remove 275408 | 1975805
7 12:48 deploy 275624 | 1975667 34.015 242290 | -0.080
7 1:03 measurement 275593 1975681 37.696 1062 3.550
7 121 3m measurement | 275558 | 1975695 27.203 4894 | 0556 0971 North Westerly
7 1:42 remove 275532 1975703
3 12:56 deploy 276678 | 1977261 84.149 42203 | -0.199
3 112 measurement | 276618 | 1977320 95.483 1062 | 8991
3 T30 | UM reasurement | 276549 | 1977386 130.231 5420 | 2.403 3.294 North Westerly
3 1:54 remove 276461 1977482
6 12:55 deploy 276683 | 1977253 73.553 242199 | 0.174
6 1:12 measurement 276632 1977306 81.566 1051 7.761
6 1.29 3m measurement | 276570 | 1977359 107.490 5395 | -1.992 2884 North Westerly
6 151 remove 276493 | 1977434
8 344 deploy 276234 | 1979546 22501 260 9.044
8 3:51 measurement 276206 1979578 41.773 485 8.613
8 350 | SuMace I surement | 276175 | 1979606 47.202 14393 | 0.328 5843 North Westerly
8 211 remove 276147 | 1979644
7 3:39 deploy 277173 | 1978832 20.817 575 7.099
7 349 measurement | 277138 | 1978853 26.833 209 6.561
7 355 3m measurement | 277114 | 1978865 20.411 14159 | -0.208 4.484 North Westerly
7 4:05 remove 277090 1978882
3 3:39 deploy 277182 | 1978819 45.453 584 7.783
3 348 measurement | 277147 | 1978848 20.396 449 4543
3 356 | SUMaC casurement | 277127 | 1978852 34.438 14176 | 0.043 2150 North Westerly
3 4:06 remove 277096 1978867
6 343 deploy 276242 | 1979534 25.000 507 2.931
6 3:52 measurement 276222 1979549 30.806 495 6.223
6 200 3m measurement | 276197 | 1979567 34.409 14427 | -0.239 2:992 North Westerly
6 2:09 remove 276169 | 1979587
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Figure 5-42 Approximate path and direction of the drogues during drogue session #2.
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152
PROJECT, OLD HARBOUR, ST. CATHERINE

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 153
PROJECT, OLD HARBOUR, ST. CATHERINE

SUMMARY

The two days of drogue tracking involved four (4) sessions total; two (2) falling tides and two (2) rising
tide. In regards to the proposed mooring area, the current speeds varied from 2.2 cm/s to 3.9 cm/s
and 1.8 cm/s to 2.6 cm/s for the surface and sub-surface drogues respectively for the falling tides. In
regards to the ship channel area, the current speeds varied from 2.2 cm/sto 2.4 cm/s and 0.53 cm/s
to 1.6 cm/s for the surface and sub-surface drogues respectively for the falling tides. The current
speeds varied from 2.9 cm/s to 5.7 cm/s and 2.9 cm/s for the surface and sub-surface currents during
the falling tides, just outside the reef. Closer nearshore, the current speeds averaged from 1.9 cm/s
to 2.0 cm/s and 1.2 cm/s to 1.4 cm/s for the surface and sub-surface drogues respectively for the
falling tides.

In regards to the proposed mooring area, the current speeds varied from 2.0 cm/s to 6.3 cm/s and
0.97 cm/s to 2.5 cm/s for the surface and sub-surface drogues respectively for the rising tides. In
regards to the ship channel area, the current speeds varied from 3.3 cm/s to 10.5 cm/s and 2.9 cm/s
to 4.3 cm/s for the surface and sub-surface drogues respectively for the rising tides. The current
speeds varied from 4.8 cm/s to 5.8 cm/s and 4.0 cm/s to 4.5 cm/s for the surface and sub-surface
currents during the falling tides, just outside the reef. Closer nearshore, the current speeds averaged
from 2.2 cm/s to 3.5 cm/s and 2.9 cm/s to 3.8 cm/s for the surface and sub-surface drogues
respectively for the falling tides.

Knowledge of the prevailing wind conditions allowed for the determination of the effect of wind speed
and direction. The current speeds are generally higher for the rising tides than for the falling tide
session. It is evident that the deeper waters in the bay area tidally dominated (as expected) and the
shallower waters are wind dominated.

5.1.9.4 ADCP Deployment and Measurement

An Acoustic Doppler Current Profilers (ADCP) determines current speed and direction by detecting the
Doppler shift of reflected acoustic signals which bounce off particles moving with the water. The ADCP
separates depth cells or bins in the water column from which it measured the current speed and
direction. Several Studies have been conducted in the Portland Bight Area which have warranted the
use of Acoustic Doppler Current Profilers (ADCP) in the past. Historically, however, there has not been
any deployment of ADCP within the proposed project area to measure waves, tides or currents.

Two (2) ADCP devices were deployed at off-shore locations over a three (3) week period from May 11t
to May 27t, 2016. Unfortunately, due to interference with the recording instrument, current data for
May 27t was incomplete. The first location (Location #1) is approximately 4.5km from the JPS
shoreline, at the proposed LNG mooring area. The second location (Location #2) is 1.9km from the
JPS shoreline, just outside the existing reefs (Figure 5-44). Both ADCPs collected wave, tide and current
data which spans May 11t to 27t of 2016.

At Location #1 (JPS), the ADCP was deployed in 12m of deepwater and set to record averaged current
and wave readings collected data during 20 minute bursts with a sample interval of 60 minutes (1
hour). Similarly, the ADCP at location #2 was deployed in 7.8m of water collecting data at 1hr intervals.
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Figure 5-44 Location of the ADCPs within the Portland Bight area

h.1.9.5 Waves

The waves recorded over the period May 11t to 27t of 2016 ranged from 0.2m to 0.84m for location
#1 while location #2 experienced wave heights ranging between 0.11 and 0.72m (Figure 5-45 and
Figure 5-46). A bivariate analysis of the raw data showed the average wave conditions at locations 1
and 2 were 0.5m and 0.3m respectively. The majority of the recorded waves were out of the southeast
to easterly directions.

It can be observed that, based on a comparative analysis, waves of greater heights reach the proposed
LNG mooring area than those which arrive at the second location just outside of the reefs. The
difference in wave heights vary from 0.03 to 0.36m between both ADCP locations.
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Figure 5-45 Wave heights and periods recorded during the ADCP deployment for the period May 11t to
27, 2016 for location #1
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Figure 5-46 Wave heights and periods recorded during the ADCP deployment for the period May 11t to
27th, 2016 for location #2

5.1.9.6 Tides

Tidal information was important in order to build a numerical hydrodynamic model to simulate the
currents and water level fluctuations within the Bay. Tides were recorded at two (2) locations -
proposed mooring area and just outside the reef.

Location 1 (Proposed Mooring Area)

The tide range measured at Rocky point during the period May 11th, 2016 to May 27t, 2016
deployment period was -0.15 t0 0.22m.

Tidal harmonics is essentially the blending of the different cosine curves for each harmonic constituent
of the tide until it closely matches that obtained from the recorded tidal signature. This is useful for
predicting the tides for future times when there is no data available.
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The amplitudes of the seven most significant harmonic constituents were determined from the raw
tide data by utilizing the least squares method. In this method, a set of cosine terms are used as a
model. The blended curve is made to fit the data recorded by the ADCP by making the sum of the
squared differences between observed and model-predicted tides to be as small as possible. The
resulting amplitudes and phase lag are outlined below in Table 5-29, and it allowed reasonable tide
predictions for future times when running FEM and wave models. It is evident that the K1 constituent,
that is, the diurnal tide, is dominant. Both semi-diurnal tidal constituents were detected.

—Tide
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Tide Elevatior

(=]
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=

Figure 5-47 Tide signal recorded using the ADCP at location #1 during the period 11th to 27th of May, 2016

Table 5-29 Tidal Constituents obtained from the harmonic analysis of the raw ADCP data collected along
the Old Harbour Bay (Location 1)

Tide Constituent M2 $§2 o1 K1 N2 P1 L2
Speed (hours per period) 12.42 12 25.82 23.93 12.66 24.07 12.19
Phase lag (radians) -4.22 -2.04 1.71 13.11 -0.39 1.33 -3.00
Amplitude (meters) 0.046 0.023 0.050 0.074 0.017 0.042 0.016
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Figure 5-48 Measured and predicted tidal signature for Old Harbour Bay for the period May 11t to May
27th, 2016

Location 2 (Outside Reef)

The tide range measured at Rocky point during the period May 11thto May 27t, 2016 deployment
period was -0.147 to 0.221m.
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Figure 5-49 Tide signal recorded using the ADCP at location #2 (Proposed mooring area) during the period
11th of May to 27th of May, 2016

Tidal harmonics is essentially the blending of the different cosine curves for each harmonic constituent
of the tide until it closely matches that obtained from the recorded tidal signature. This is useful for
predicting the tides for future times when there is no data available.
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The amplitudes of the seven most significant harmonic constituents were determined from the raw
tide data by utilizing the least squares method. In this method, a set of cosine terms is used as a
model. The blended curve is made to fit the data recorded by the ADCP by making the sum of the
squared differences between observed and model-predicted tides to be as small as possible. The
resulting amplitudes and phase lag are outlined below in Table 5-30, and it allowed reasonable tide
predictions for future times when running FEM and wave models. It is evident that the K1 consistent,
that is, the diurnal tide, is dominant. Both semi-diurnal tidal constituents were detected.

Table 5-30 Tidal Constituents obtained from the harmonic analysis of the raw ADCP data collected along
the Old Harbour Bay (Location 2)

Tide constituent M2 S2 o1 K1 N2 P1 L2
Speed (hours per period) 12.42 12 25.82 23.93 12.66 24.07 12.19
Phase lag (radians) -1.78 1.15 -1.65 12.77 -2.55 -1.13 -2.53
Amplitude (meters) 0.047 0.023 0.050 0.061 0.017 0.038 0.015

0.25

Elevation above msl (m)
o
—
— —
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-0.2
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Figure 5-50 Measured and predicted tidal signature for Old Harbour Bay for the period May 11t to May
27t, 2016

Summary

The tide range measured at location #1 during the period May 11t through May 27t, 2016
deployment period was -0.15 to 0.22m. In comparison, the tide range measured at location #2 during
the same deployment period was -0.147 to 0.221m.

The amplitudes of the seven most significant harmonic constituents were determined for both
locations. It can be evident that for both locations, the K1 constituent (which represents diurnal tide)
was dominant and comparable. This confirms the results from the ADCPs are truthful and can be used
for the simulation of the model.
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5.1.9.7 Currents

Location 1

The ADCP determines current speed and direction by detecting the Doppler shift of reflected acoustic
signals which bounce off particles moving with the water. The ADCP separates depth cells or bins in
the water column from which it measured the current speed and direction. The currents in three layers
of the water column were examined, the surface, mid depth and just above the sea floor.

X-Y vectors of the currents were plotted to show the direction and speeds of the currents in the vicinity
of the deployment for both locations. At Location #1, the plots indicated that the surface currents in
the area moved predominantly towards the northwest and west with speeds up to 0.23 m/s and 0.15
m/s for the surface and sub-surface currents respectively. The subsurface currents are similarly
distributed, (Table 5-31).

The determination of current speeds is a manual process whereby the observer measures the time it
takes for the currents to physically move the drogue from one point to another. Drogue plots were
generated based on the four (4) tracking sessions completed.

Table 5-31 Current velocities recorded in the project area for the ADCP deployment between May 11t to
May 27th, 2016 for the surface and sea floor respectively.

Vx Im's)

Vi (min)

Surface

Sea Floor

The currents recorded by the ADCP were checked against the drogues to confirm that the ADCP was
recording the correct currents (speeds and direction); the X and Y components of the currents were
compared. For the surface drogues, a 98.8% and 31.1% correlation was obtained for the X and Y
components respectively, while for the sub-surface drogues the correlation was 30.7% and 97.6% for
the same components respectively. Table 5-32 summarizes these findings and Table 5-33 presents
graphs that highlight the correlation using scatter plots. These figures indicate that the relationship
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between the ADCP and the drogues were good in terms of magnitude, but the directions in some cases

were different.

Table 5-32 Statistical comparison of the currents measured by the drogues and ADCP deployed in Old
Harbour Bay for Location 1
Correlation
Depth
ep Vx (/) Vy (m/s)
Surface -98.8% -31.1%
Sub-Surface -30.7% -97.6%
Table 5-33 Comparison plots for the X and Y components of velocity for the drogues (surface and sub-

surface currents) versus the ADCP measurements in Old Harbour Bay for the May 11th - 27th, 2016 deployment

period

Surface Current - ADCP vs Drogue
Vx (m/s)

0.035

000

0.045 0025 0005 0.015 0035

Surface Current - ADCP vs Drogue
Vy (m/s)

035

0085 QO6E 0.025.0006 0.0

Sub-surface Current - ADCP vs Drogue
Vx (m/s)

Sub-surface Current - ADCP vs Drogue
Vy (m/s)

0.035

003%
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Location 2 (Proposed Mooring Area)

At the proposed mooring area, the surface currents were in the order of 0.11 to 0.25 meters per
second and were predominantly north-westerly and south-westerly within the north and south
guadrants respectively. The subsurface currents are south-easterly aligned and much slower, i.e. less
than 0.15 meters per second.

X-Y vectors of the currents were plotted to show the direction and speeds of the currents in the vicinity
of the deployment for both locations. At Location 2, the plots indicated that the surface currents in the
area moved predominantly north-westerly and westerly. Analyzing the long term historical wind data
(Table 5-38), it can be concluded that the currents in this area move in the north-western to western
direction as they are wind driven; the wind and current directions have a strong correlation.

Table 5-34 Current velocities recorded in the project area for the ADCP deployment between May 11t to
May 27th, 2016 for the surface and sea floor respectively.

Vy (mis)
Vy (mis)

—_ 4 —_—

Vx (mis) . B3 ; ' Vx {mis)

Surface Sea Floor

The currents recorded by the ADCP were checked against the drogues to confirm that the ADCP was
recording the correct currents (speeds and direction); the X and Y components of the currents were
compared. For the surface drogues, a 95.2% and 32% correlation was obtained for the X and Y
components respectively, while for the sub-surface drogues the correlation was 52.2% and 97.2% for
the same components respectively.

Table 5-26 summarizes these findings and Table 5-27 presents graphs that highlight the correlation
using scatter plots. These figures indicate that the relationship between the ADCP and the drogues
were good in terms of magnitude, but the directions in some cases were different. Analyzing the drogue
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plots, it can be concluded that the surface currents were predominantly driven by the wind whereas

the subsurface currents were mostly driven by tides.

Statistical comparison of the currents measured by the drogues and ADCP deployed in Old

Table 5-35
Harbour Bay for location #2
Correlation
Depth
P VX (m/s) Vy (m/s)
Surface -95.2% -32.0%
Sub-Surface 52.2% 97.2%
Table 5-36

Comparison plots for the X and Y components of velocity for the drogues (surface and sub-

surface currents) and the ADCP in Old Harbour Bay for the May 11th - 27th, 2016 deployment period

Surface Current - ADCP vs Drogue
Vx (m/s)

0055

035 a01s

Surface Current - ADCP vs Drogue
Vy (m/s)

003 0o oo 0 o

0015

Sub-surface Current - ADCP vs Drogue
Vx (m/s)

Sub-surface Current - ADCP vs Drogue
Vy (m/s)

001 002 003
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Summary

Analyzing the ADCP and drogue data, it can be concluded that the surface currents were predominantly
driven by the wind whereas the subsurface currents were mostly driven by tides. Within location #1
(proposed mooring area), majority of the surface currents were observed to be moving in a westerly to
north-westerly direction with speeds up to 0.06m/s. The sub-surface currents travelled southerly to
south-westerly directions with speeds up to 0.03m/s.

The data for location #2 indicates that the surface currents were predominantly driven by the wind
whereas the subsurface currents were mostly driven by tides. Majority of the surface currents were
observed to be moving in a westerly to north-westerly direction with speeds up to 0.05m/s. The sub-
surface currents were observed to be moving in a north-westerly direction with speeds up to 0.04m/s.
The proposed mooring area (location #1) is exposed to faster moving surface currents than the second
location (outside the reefs) while for the sub-surface currents it is the opposite.

5.1.9.8 Wind Regime

Historical and current wind data for the project area was obtained from two main sources:

o Offshore measurements - NOAA climate service floating stations (buoys); and
e Onshore measurements - Weather station on JEP site and Norman Manley International
Airport (NMIA) Meteorological Station.

Historical Wind

NOAA CLIMATE SERVICE (THE NCEP/NCAR REANALYSIS MODEL DATA)
A node was chosen in front of the bay and the wind and wave data corresponding to that node
obtained. The node used was:

e Zone: 18
e FEasting: 286049
e Northing: 1948299

The data spanned the years of 1999 to 2007 recorded on a daily basis at three hour intervals. The
data is shown in a wind rose in Figure 5-52. The data was analyzed in terms of percentage occurrence
of various wind speed and direction combinations in order to characterize the wind climate for the site.
The analysis revealed that the winds have a direction of NE to ESE direction with wind speeds of 20
m/s or less approximately. Southerly and Westerly wind directions were noted to occur but rarely.
Overall the average wind speed and direction is between 6 to 8 m/s from the ENE to ESE.
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Deepwater Wave Analysis

Figure 5-51 Satellite imagery of the area which shows the location of the offshore node used to determine
deepwater wave climate
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Figure 5-52 Wind Rose of NOAA Wind Data for 1999 - 2007
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NMIA METEOROLOGICAL STATION

The data obtained from the NMIA Meteorological station spanned the years 2004 to 2009. Analysis
of this data revealed that the winds were predominantly from the ENE to ESE directions approximately
with winds of 6-8m/s over 20 percent of the time.
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Figure 5-53 Wind Rose of Norman Manley International Airport wind data (2004-2009)

ROCKY POINT - JAMALCO PIER (ONSITE ANEMOMETER)

A temporary weather station was established and maintained by environmental consultants, CEAC
Solutions Co. Ltd., located on the eastern end of the Jamalco pier (Rocky Point). Wind readings were
obtained, the data analyzed and respective graphs plotted. From the Table 5-37 below, it can be
determined that, during the eleven (11) months of monitoring, the average and maximum wind speeds
experienced was 5.2 m/s and 14.6 m/s respectively. Table 5-38 shows wind rose plots for Rocky Point,
Clarendon which illustrates distinctive peaks of wind speed and wind direction with the exception of
February and March (see Table 5-38). These high wind speeds tend to blow to a generally easterly
direction (blowing from west to east).

Table 5-37 Historical wind data collected from Jamalco met station (October 2008 - August 2009)
Data Collection Period Average Wind Direction Wind Speed (m/s)

Range Average Max
Oct 2nd - 31st, 2008 SE 0.2-13.7 4.7 13.7
Nov 3rd - 30t, 2008 ESE 0.2-13.8 4.8 13.8
Dec 1st- 31st, 2008 ESE 0.5-13.1 5.1 13.1
Jan 1st-31st 2009 ESE 0.47-13.2 5.1 13.2
Feb 1st- 28th, 2009 SSW 0.4-12.1 5.8 12.1
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Data Collection Period Average Wind Direction Wind Speed (m/s)

Range Average Max
Mar 1st - 31st, 2009 SSW 3-14.3 7.2 14.3
Apr 1st- 31st, 2009 SSW 0.39-13.9 5 13.9
May 1st - 31st, 2009 NNE 0.17 - 13.7 4.8 13.7
Jun 1st-30th, 2009 ESE to SE 0-12.0 3.9 12.0
Jul 1st- 31st, 2009 NNE to ENE 1.1-14.63 5.9 14.6
Aug 1st - 31st, 2009 NNE to ENE 0-13.52 4.7 13.5

Table 5-38 Wind Rose Plots for Rocky Point, Clarendon
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Current Wind

A weather station, maintained and monitored by environmental consultants CL Environmental Ltd is
located north of the JEP barges at the JEP Offices. Data were collected from the station to support the
drogue studies and to calibrate a numerical hydrodynamic model of the area during the study. Wind
readings were obtained, the data analyzed and respective graphs plotted. There are distinctive peaks
of wind speed and wind direction (Figure 5-54,). The general trend shows that these peak wind speeds
occur after 12 pm each day. The maximum wind speed observed during the three (3) day period was
10.7 m/s which occurred on May 11th around noon. These high wind speeds tend to blow to a generally
north-westerly direction. The wind direction graph in Figure 5-55 also shows the majority of recording
points in the ranges corresponding to the wind originating from the south-east.
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Figure 5-54 Wind speed from JPS weather station from May 11th through May 13th, 2016.
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Figure 5-55 Wind direction from JPS weather station from May 11th through May 13th, 2016.
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Annually, the historical wind data illustrates that majority of the winds are out of the east. On a micro
level, the first quarter of the year have a spread about the northern and southern directions with bias
to the west. As the year progresses, the winds tend to move towards the north where they
predominantly originate from the east for the latter parts of the year.

5.1.9.9 Hydrodynamic Model Development
Description of Model (RMA 10)

The model used to simulate the currents across the project area is known as the RMA 10 model
developed in Australia. RMA-10 is a three-dimensional finite element model for stratified flow by King
(1993). The primary features of RMA-10 are:

e The solution of the Navier-Stokes equations in three-dimensions;

e The use of the shallow-water and hydrostatic assumptions;

e Coupling of advection and diffusion of temperature, salinity and sediment to the
hydrodynamics;

e The inclusion of turbulence in Reynolds stress form;

e Horizontal components of the non-linear terms are included;

e A capacity to include one-dimensional, depth-averaged, laterally-averaged and three-
dimensional elements within a single mesh as appropriate;

¢ No-, partial- and full-slip conditions can be applied at both lateral boundaries;

e Partial or no-slip conditions can be applied at the bed;

e Depth-averaged elements can be made wet and dry during a simulation; and

e Vertical turbulence quantities are estimated by either a quadratic parameterization of
turbulent exchange or a Mellor-Yamada Level 2 turbulence sub-model.

Finite Element Mesh Development

The process of mesh developments entails the following steps:

e Input of bathymetric data for the wider area and in detail for the project area
o Specifying of nodes in the mesh

e Element construction in the mesh

e Interpolation for depth at nodes

e Specifying of open boundaries

The mesh constructed for the calibration and existing configuration extended some 34 kilometers in
a southerly direction from the shoreline at the JPS Power Plant. The outer deep water areas were
gridded with large mesh which gradually decreases on approach to the project area (Figure 5-56). The
eastern and western boundaries were used as the open boundaries on which tides were applied.
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Figure 5-56. Overview of entire Finite Element Mesh used for this project showing depth in metres

Calibration

The model was calibrated, both deepwater and nearshore, by adjusting the tide elevation signal on
the model boundaries, turbulence and viscosity parameters, until there was reasonable agreement
between the observed currents and model predictions. This was conducted for all historical drogue
sessions executed.

Predicted current speeds and directions and drogue tracking sessions’ data (May 2016) are
summarized in Table 5-39. The model predictions were within the data ranges for the observed
occurrences in most instances. Of the four (4) calibration sessions, three (3) showed a positive
correlation ranging between 82 to 95%. The remaining session displayed strong but negative
correlation. This means that there was no direct positive relationship between the variations of the
values at different points during those two sessions even though the predicted currents were generally
similar in direction and magnitude to the drogues.

Table 5-39 Calibration data for FEM for the existing bathymetric configuration based on drogue and wind
data for the drogue tracking missions carried out in May 2016.
Session ! Drogue Model .
Date (Tide) Location Speed (cm/s) | Direction | Speed(cm/s) | Direction Correlation
Mooring Area (Deepwater) 3.9 SwW 1 SW
12- Falling Ship Channel (Deepwater) 2.2 SW 2 SW 058
May-16 Outside Reef (Offshore) 2.8 E 5 NW
Nearshore 2.0 N 5 NW
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Session . Drogue Model .
Date . Location Correlation
(Tide) Speed (cm/s) | Direction | Speed(cm/s) | Direction
Mooring Area (Deepwater) 6.2 NW 3 N
- Ship Channel (Deepwater 10.4 NW 11 N
12 Rising P> (Deepwater) 0.93
May-16 Outside Reef (Offshore) 4.7 NW 3 NW
Nearshore 3.5 NW 3 NW
Mooring Area (Deepwater) 2.1 S 1 S
13- . Ship Channel (Deepwater) 2.3 SW 1 SE
Falling - 0.82
May-16 Outside Reef (Offshore) 1.9 W 3 NW
Nearshore 5.6 NW 5 NW
Mooring Area (Deepwater) 2.0 NW 2 NW
_ Ship Channel (Deepwater 3.2 NW 2 NW
13 Rising P - ( pwater) 0.95
May-16 Outside Reef (Offshore) 2.1 NW 2 NW
Nearshore 5.8 NW 3 NW

The calibration data essentially indicates that there is reasonable agreement between the model and
the data (observations). The model was considered suitable for analyzing the design conditions that
would be experienced within the bay, in regards to the Liquefied Natural Gas (LNG) and Automotive
Diesel Oil (ADO) pipelines and mooring areas. The calibration parameters were kept constant and used
for prediction under varied wind and tide conditions and their impacts on far-field dispersion of effluent
(cooling water in this instance).

Table 5-40

Rising (Top Right), Session 3 - Falling (Bottom Left), Session 4 - Rising (Bottom Right).

Calibration plot of currents (in m/s) for drogue: Session 1 - Falling (Top Left), Session 2 -
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5.1.9.10 Current Predictions
Approach

The current speeds were investigated for different wind speeds and directions given their impacts on
currents within the Bay. The wind directions and speeds investigated were from the more predominant
south-eastern direction. The speeds and directions used are summarized in Table 5-41.

Table 5-41 Summary of wind speeds and directions investigated
Conditions Speed (m/s) Direction
Slow 2.0 South-Easterly
Average 5.5 South-Easterly
Fast 15.5 South-Easterly

Slow Wind Conditions

Surface current predictions for the slow wind speed meteorological conditions for the existing
shoreline configuration indicated that current velocities below 2 cm/s can be expected within the
proposed LNG and existing ADO mooring areas and respective pipelines. The current directions are
predominantly north-westerly which indicates the surface currents are wind driven during periods
when the tidal currents are not very active. Along the route of the LNG and ADO pipelines, currents
speeds of up to 1.2 cm/s can be expected under the slow wind conditions.

Table 5-42 Predictions for current speeds in falling tide (left) and rising tide (right) under slow wind
conditions (current speeds less than 2 cm/s)

Average Wind Conditions

Surface current predictions for the average wind speed meteorological conditions for the existing
shoreline configuration indicate that current velocities below 12 cm/s for rising and falling tides within
the bay. The current directions are predominantly towards the west and north-west indicating that the
surface currents are predominantly wind driven. Both along the route for the proposed pipelines and
at the mooring area, currents speeds ranging from 1cm/s to 8 cm/s can be expected under the
average wind conditions.
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Figure 5-57

Predictions for current speeds in falling tide (Left) and rising (Right) tide under average wind

conditions (current speeds less than 12 cm/ s but greater than 2 cm/s)

Fast Wind Conditions

Surface current speeds in proximity to the proposed mooring area are expected to remain below
20cm/s. The currents during these periods are driven primarily by the fast winds. It should be noted
that these conditions are expected to occur less than 5% to 10% percent of the time. Along the route
for the proposed LNG and ADO pipelines, currents speeds range from 6 cm/s to 17 cm/s can be

expected under the fast wind conditions.

Rising Tide

Falling Tide

Figure 5-58
conditions (CURRENT speeds greater than 6 cm/s)

Predictions for current speeds in RISING tide (Left) and FALLING (Right) tide under fast wind
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Summary

The surface currents in the bay move predominantly in a westerly direction during the falling tides
regardless of the wind condition. This can be observed where the current speeds increase with wind
speed in the direction to which the wind blows. During slow wind conditions, the tides have no clear
direction in the project area, however when the wind speeds increase, the currents adopt the wind
direction. The currents in the project area are mostly influenced by the direction of the prevailing winds.

During rising tides, the surface currents are generally below 2 cm/s, moving in a north-westerly
direction, for the slow wind speed meteorological conditions. During the falling tides, the currents are
generally slower in the near shore than the offshore and tend to move north-westerly along the
shoreline. Surface current predictions for the average wind speed meteorological conditions for the
existing shoreline configuration indicate that current velocities below 12 cm/s for rising and falling
tides within the bay. Surface current predictions for the average wind speed meteorological conditions
for the existing shoreline configuration indicate that current velocities up to 20cm/s for falling and
rising tides could occur in sections of the bay. The currents during these periods are driven primarily
by the fast winds. It should be noted that these conditions are expected to occur less than 5% to 10%
percent of the time.

5.1.10 Water Quality

Water quality sampling exercises were conducted in the area in 2012 and 2014 during the South
Jamaica Power Company 360 MW EIA and the Jamaica Public Service Co. Ltd. 190 MW EIA
respectively. There were eleven (11) water quality stations in common between the two studies.
Sampling dates were as follows:

o April 26,2012
e May 10, 2012
o May 24,2012
e July9, 2014

o July22,2014
e August7,2014

Sampling was also conducted at four (4) locations in 2016 on the following dates:

e April 28, 2016
e May 11, 2016
e May 18, 2016

5.1.10.1 Methodology

Physical data (Temperature, conductivity, salinity, dissolved oxygen, pH, turbidity, and total dissolved
solids - TDS) was collected in situ at identified marine locations within the project environs and potable
water location, using a Hydrolab DataSonde DS-5 meter (Calibration Certificate in Appendix 4).
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Measurements were taken at intervals throughout the water column. Chemical and biological data
were obtained from whole water samples collected at a depth of approximately 0.5 m. The samples
were collected in pre-cleaned 1L plastic bottles. Bacterial samples were collected in sterilised 100 mi
bottles at above mentioned depth. Fats Oil and Grease samples were collected in glass bottles. The
samples were stored on ice in a cooler and transported to Caribbean Environmental Testing and
Monitoring Services, and Test America Pensacola Laboratory for laboratory analyses. Thirteen (13)
marine and one (1) potable water quality sampling stations were sampled. The potable water sample
was taken from the JPS Old Harbour Bay power station bathroom faucet (Station 12). Their locations
in JAD2001 are listed in Table 5-43 and depicted in Figure 5-59, for the 2012 and 2014 studies.
Stations 1 - 11 were common between the 2012 and 2014 EIA studies. Water quality sampling
locations for 2016 are also depicted in Figure 5-59 and listed in Table 5-44. These were accurately
mapped using Trimble® GeoExplorer 6000 GPS units.

Table 5-43 Water quality sampling stations in JAD 2001 (2012 and 2014/2015 Studies)

STATION JAD 2001 (m)
NUMBER NORTHINGS EASTINGS
1 639438.343 737654.465
2 638597.429 737507.143
3 638357.524 738155.675
4 637987.383 738937.267
5 638813.095 738832.651
6 637216.854 738447.687
7 636661.153 739006.650
8 636051.270 737552.652
9 636842.198 736505.603
10 637635.129 737550.379
11 637982.890 736600.345
13 638772.680 738504.530
14 634110.970 737380.530
Table 5-44 Water quality sampling stations in JAD 2001 (2016)
STATION JAD 2001 (m)
NUMBER NORTHINGS EASTINGS
1 634248.819 737968.303
2 634041.386 737898.453
3 634551.503 737727.002
4 634331.369 738309.087
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The parameters analysed for the marine water samples were: BOD, Total Suspended Solids, Nitrates,
Phosphates, Oil and Grease, Faecal Coliform and Total Petroleum Hydrocarbons (TPH) - Gasoline
Range Organics (GRO) and Diesel Range Organics (DRO). The parameters analysed for the potable
water sample were: barium, boron, fluoride, manganese, nitrates, faecal coliform, residual chlorine,
arsenic, cadmium, chromium, copper, cyanide, lead, mercury, nickel and selenium.

The results from these sampling runs were compared to National Environment and Planning Agency
(NEPA) Standards and World Health Organization (WHO) Guidelines where applicable.

Spatial interpolation of the data (temperature, conductivity and salinity) was undertaken in order to
model the spatial patterns within the study area.

5.1.10.2 Results (2012 and 2014/2015)

Table 5-45 shows the average physicochemical water quality data for each station while Table 5-46
shows the average biochemical data.

Table 5-45 Average physicochemical water quality data for 2012 and 2014/2015

Stn TEMP. °C COND (mS/cm) SAL (ppt) pH PAR (uE/cm/s) D.O. (mg/l) Turb (NTU) TDS (g/1)
1 30.33 49.78 32.69 7.74 N/A 6.19 30.26 31.87
2 30.03 54.53 36.17 7.98 785 5.53 44.50 3491
3 29.32 54.52 36.15 8.02 458 5.86 6.27 34.90
4 29.01 54.45 36.11 8.06 385 5.79 3.75 34.89
5 28.84 54.30 36.00 8.04 311 5.77 18.03 34.76
6 28.86 54.31 36.01 8.00 465 5.34 1.50 34.76
7 28.80 54.44 36.10 8.06 321 6.03 4.55 34.84
8 28.94 54.43 36.10 8.04 350 5.76 5.84 34.83
9 29.41 54.39 36.07 8.06 431.46 6.06 75.54 34.81
10 29.23 54.53 36.17 8.05 399.81 5.99 8.83 34.90
11 29.42 54.29 36.01 8.04 597.22 5.71 11.12 34.77
13 36.55 55.03 36.54 8.22 915.00 6.00 12.29 35.13
14 29.23 54.96 36.48 8.33 159.83 6.32 4.92 35.18

Table 5-46 Average biochemical water quality data for 2012 and 2014/2015

Phosphate FOG F. coliform DRO GRO
Stn BOD (mg/I) TSS (mg/l) Nitrate (mg/I) (mg/1) (mg/1) (MPN/100ml) (mg/1) | (mg/l)
1 6.83 42.00 0.60 0.64 11.96 150.00 ND ND
2 6.50 19.34 0.90 0.49 14.62 10.50 ND ND
3 7.00 5.84 1.35 0.43 6.91 657.50 1.5 ND
4 9.84 7.00 0.97 1.09 6.91 10.50 ND ND
5 7.17 12.17 1.04 0.33 3.15 83.17 ND ND
6 7.00 5.50 1.32 1.08 3.53 52.67 ND ND
7 9.17 8.33 1.40 0.65 7.91 35.50 ND ND
8 6.17 5.00 1.20 1.07 5.38 10.50 ND ND
9 6.17 8.50 1.23 0.27 25.79 49.17 ND ND
10 5.84 6.17 0.92 0.25 4.79 28.84 ND ND
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Phosphate FOG F. coliform DRO GRO

Stn | BOD (mg/l) TSS (mg/1) Nitrate (mg/1) (mg/1) (mg/l) | (MPN/100ml) | (mg/l) | (mg/l)
11 7.67 9.34 0.89 0.17 19.34 292.34 ND ND
13 1.67 7.33 2.07 2.48 2.33 18.67 ND ND
14 2.67 6.33 157 1.34 2.00 10.00 ND ND

ND - None Detected

Temperature

Average temperature values ranged from 28.80 - 36.55°C across the stations. The highest

temperature value was reported at station WQ13 (by the JPS cooling water outlet) and the lowest
temperature was at station WQ7 (Figure 5-60). Figure 5-61 shows the spatial temperature comparison
in contour form for depths of Om, 1m, 2m and 3m. It clearly shows that the source of higher
temperature water within the bay is from the JPS cooling water outlet and gradually spreads along the

nearshore down past the WINDALCO pier in a southwesterly direction.
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Figure 5-60 Average Temperature values at the various stations
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Figure 5-61 Spatial temperature comparison for Om, 1m, 2m and 3m depths in 2014/2015 study

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 179
PROJECT, OLD HARBOUR, ST. CATHERINE

Specific Conductivity (SpC)

Average specific conductivity values ranged from 49.78 - 55.03mS/cm across the stations. The
lowest values were reported at station WQ1 while station WQ13 had the highest value. WQ1 is located
within the Bowers Gully, thus freshwater influence would result in lowered conductivity and salinity
values (Figure 5-62).

Figure 5-63 shows the spatial conductivity comparison in contour form for depths of Om, 1m, 2m and
3m, taken during the 2014 study. It clearly shows that the source of higher conductivity/salinity water
(at the time of sampling - 2014) is from the Bowers Gully and gradually spreads outwards in a south
southeasterly direction into and throughout the bay. This extreme salinity/conductivity within the gully
could be a combination of salt water intrusion from the sea and drought conditions throughout the
island during the sampling period. Although Station 1 is not seen on the map, Station 2 is located at
the mouth of the Bowers Gully and shows the highest conductivity values. Figure 5-63 also shows a
source of lower conductivity/salinity water to be the JPS cooling water outlet (Station 13) compared to
the conductivity/salinity at Station 2.
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Figure 5-62 Average Conductivity values at the various stations
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Figure 5-63 Spatial conductivity comparison for Om, 1m, 2m and 3m depths in 2014 study
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Salinity

Average salinity values ranged from 32.69 - 36.54ppt across the stations. The lowest values were
reported at station WQ1 while station WQ13 had the highest value. WQ1 is located within the Bowers
Gully, thus freshwater influence would result in lowered conductivity and salinity values (Figure 5-64).

Figure 5-65 shows the spatial salinity comparison in contour form for depths of Om, 1m, 2m and 3m
taken during the 2014 study. It clearly shows that the source of more saline water (at the time of
sampling - 2014) is from the Bowers Gully and gradually spreads outwards in a south southeasterly
direction into and throughout the bay. This extreme salinity/conductivity within the gully could be a
combination of salt water intrusion from the sea and drought conditions throughout the island during
the sampling period. Although Station 1 is not seen on the map, Station 2 is located at the mouth of
the Bowers Gully and shows the highest salinity values. Figure 5-65 also shows a source of lower
salinity water to be the JPS cooling water outlet (Station 13) compared to the salinity at Station 2.
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Figure 5-64 Average Salinity values at the various stations
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Figure 5-65 Spatial salinity comparison for Om, 1m, 2m and 3m depths in 2014 study
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pH

Average pH values ranged from 7.74 - 8.33 across the stations. The highest pH value was reported
at station WQ14 and the lowest pH was reported at station WQ1. All stations were within the NEPA
Standard for Seawater of 8.0 - 8.4 for pH, excepting for Station WQ1 located in the Bowers Gully and
Station WQ2 located at the mouth of the Bowers Gully (Figure 5-66). In marine waters, pH levels tend
to range between 8-9 pH units. Higher pH indicates the possibility of photosynthesis changing the pH
within the zone.
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Figure 5-66 Average pH values at the various stations
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Dissolved Oxygen (DO)

Average Dissolved oxygen values ranged from 5.34 - 6.32mg/| across the stations. The highest value
was observed at station WQ14, as this was the station located furthest from the coastline and prone
to having less anthropogenic pollution sources thus higher dissolved oxygen content. The lowest D.O.
value was reported at station WQ5. Average D.O. values at all locations were above the NEPA standard
of 5 mg/I (Figure 5-67). Dissolved oxygen levels were all within acceptable levels (>4 mg/1) and above
the level that would be considered detrimental to aquatic life (< 3 mg/1).
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Figure 5-67 Average Dissolved oxygen values at the various stations

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 185
PROJECT, OLD HARBOUR, ST. CATHERINE

Turbidity

Average Turbidity values ranged from 1.5 - 75.4 NTU across the stations. The highest turbidity value
was reported at station WQ9 while the lowest value was observed at station WQ6 which is located on
a shallow area of reef northeast of the entrance to the shipping channel (Figure 5-68).
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Figure 5-68 Average Turbidity values at the various stations
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Total Dissolved Solids (TDS)

Average TDS varied little across the stations ranging from 31.87 - 35.18g/l. The lowest value was
reported at WQ1 and the highest TDS value was reported at station WQ14 (Figure 5-69).
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Figure 5-69 Average TDS values at the various stations
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Photosynthetically Active Radiation (PAR)

Average PAR values ranged from 159.83 - 915 uE/m2 /s across the stations. The lowest PAR reading
was obtained at station WQ14 and the highest value was obtained at station WQ13. When compared
with depth, all stations showed a general decrease in PAR levels with increasing depth. This is
expected as with increasing depth less active radiation is able to penetrate (Figure 5-70).
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Figure 5-70 Average PAR values at the various stations
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Biochemical Oxygen Demand (BOD)

Average BOD values ranged from 1.67 - 9.835 mg/I across the stations. The highest average BOD
value was reported at station WQ4 whereas the lowest value was observed at station WQ13. All
stations had values that were above the NEPA BOD Standard for Seawater of 1.16mg/I (Figure 5-71).
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Total Suspended Solids (TSS)

Average TSS values ranged from 5.0 - 42.0mg/| across the stations. Station WQ1 reported the highest
value whereas the lowest value was observed at station WQ8. The Bowers Gully is prone to high
suspended solid content from land based sources of pollution and terrigenous sediments. The lowest
value was observed at station WQ8 which is located far from the coastline and prone to having low
sediment churning and low anthropogenic pollution sources thus low suspended solid content (Figure
5-72).
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Figure 5-72 Average TSS values at the various stations
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Nitrate

Average Nitrate values ranged from 0.6 - 2.07mg/I across the stations. The lowest nitrate value was
reported at station WQ1 which is the Bowers Gully. The highest nitrate value was observed at station
WQ413 located by the JPS cooling water outlet. All stations were above the NEPA standard for Seawater
for nitrates; however, these values are typical for Jamaican coastal waters (Figure 5-73).
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Figure 5-73 Average Nitrate values at the various stations
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Phosphate

Average Phosphate values ranged from 0.165 - 2.48 mg/I across the stations. The lowest phosphate
value was reported at station WQ11 while the highest phosphate value was observed at station WQ13
located by the JPS cooling water outlet. Similar to the nitrate values, all stations were above the NEPA

standard for seawater for phosphates; however, these values are typical for Jamaican coastal waters
(Figure 5-74).
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Figure 5-74 Average Phosphate values at the various stations
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Fats, Oils and Grease (FOG)

Average FOG values ranged from 2.0 - 25.785 mg/| across the stations. The highest value was
reported at station WQ9 while the lowest value was reported at station WQ14 (Figure 5-75).
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Figure 5-75 Average FOG values at the various stations
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Faecal Coliform

Average Faecal coliform values ranged from 10 - 657.5 MPN/100ml across the stations. The highest
value was reported at station WQ3 while the lowest value was reported at stations WQ 14 (Figure
5-76). It is important to note that goat and cattle farming are prevalent in the area close to the Bowers
Gully and informal settlements are also located in and around this area, which may contribute to
elevate coliform levels in the gully and marine areas.
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Figure 5-76 Average Faecal coliform values at the various stations

Total Petroleum Hydrocarbons - DRO and GRO

Average Diesel Range Organics (DRO) of 1.5 mg/| was detected at Station 3 during the 2012 study.
No other Total Petroleum Hydrocarbons (TPH - DRO and GRO) were detected at any other stations on
any of the sampling runs.

Potable Water (Station 12)

Table 5-47 and Table 5-48 below shows the average potable water quality values for Station 12,
compared with the NEPA Draft Ambient Freshwater Standards, 2009 and World Health Organization
Drinking Water Guidelines. The results indicate that the water is of good quality.

Table 5-47 Average Physicochemical data for potable water station 12.
Station Temp. (°C) | Cond. (mS/cm) Sal. (ppt) pH D.O. (mg/1) | Turb (NTU) TDS (g/1)
12 30.13 1.35 0.71 7.56 7.44 0.57 0.81
NEPA i 0.15-0.6 : 7-84 : - 0.12:0.3
Standard . ’ - . .

Values in red are non-compliant with Standard/Guideline
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Table 5-48 Chemical data for potable water station 12.
Station I(R;ﬁfédril:]ael Nitrate F.coliform Arsenic Barium Boron Cadmium | Chromium
(mg/l) (mg/1) | (mpn/100ml) | (mg/l) (mg/1) (mg/1) (mg/1) (mg/1)
12 0.42 2.0 19.8 ND 0.084 0.028 ND ND
NEPA ) 0.1- ) ) i i i
Standard 7.5
WHO 0.2 50 ] 0.01 0.7 0.5 0.003 0.05
Guideline
Copper Lead Manganese Nickel | Selenium | Mercury Cy-zl;?lti.de Fluoride
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/l) (mg/1)
12 0.016 ND 0.004 ND ND ND ND 0.14
NEPA ) ) ) ) i i i
Standard
WHO
Guideline 2 0.01 04 0.07 0.01 0.006 0.07 15
ND - None Detected
5.1.10.3 Results (2016)

Apart from the physical parameters (temperature, conductivity, salinity, dissolved oxygen, pH, turbidity,
and total dissolved solids - TDS), the parameters analysed for the marine water samples were: BOD,
COD, Total Suspended Solids, Nitrates, Phosphates, Faecal
Hydrocarbons (TPH) - Gasoline Range Organics (GRO) and Diesel Range Organics (DRO), at four (4)
marine locations by the proposed floating storage regasification terminal.

Coliform and Total

Petroleum

Table 5-49 shows the average physicochemical water quality data for each station while Table 5-50
shows the average biochemical data.

Table 5-49 Average physicochemical water quality data for 2016
Stn | TEMP.°C |COND (mS/cm)| SAL (ppt) pH PAR (uE/cm/s)| D.O. (mg/l) | Turb (NTU) | TDS (g/1)
wQl | 29.52 56.10 37.34 8.10 427 6.25 2.15 35.90
WQ2 | 29.49 56.06 36.81 8.07 389 6.19 2.32 35.44
WwQ3 | 28.94 56.13 37.35 8.10 439 6.25 0.88 35.91
waQ4 | 29.51 56.08 37.32 8.11 499 6.25 2.20 35.89
Table 5-50 Average biochemical water quality data for 2016
Phosphate CcoD F. coliform DRO GRO
Stn | BOD (mg/l) | TSS (mg/l) | Nitrate (mg/l) (mg/1) (mg/l) | (MPN/200ml) | (mg/l) | (mg/l)
WQ1 0.9 <5 1.45 0.065 243 26 ND ND
wQ2 0.765 <5 1.6 0.085 132 <2 0.22 ND
wQ3 0.33 <5 1.7 0.12 123 <2 0.52 ND
wQ4 0.9 <5 1.7 0.055 154 <2 0.23 ND

ND - None Detected
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Temperature

Average temperature values ranged from 28.94 - 29.52°C across the stations. The highest
temperature value was reported at station WQ1 and the lowest temperature was at station WQ3
(Figure 5-77).
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Figure 5-77 Average Temperature values at the various stations
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Specific Conductivity (SpC)

Average specific conductivity values ranged from 56.06 - 56.13mS/cm across the stations. The
lowest values were reported at station WQ2 while station WQ3 had the highest value (Figure 5-78).
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Figure 5-78 Average Conductivity values at the various stations
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Salinity
Average salinity values ranged from 36.81 - 37.35ppt across the stations. The lowest values were
reported at station WQ2 while station WQ3 had the highest value (Figure 5-79).
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Figure 5-79 Average Salinity values at the various stations
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pH

Average pH values ranged from 8.07 - 8.11 across the stations. The highest pH value was reported
at station WQ4 and the lowest pH was reported at station WQ2. All stations were within the NEPA
Standard for Seawater of 8.0 - 8.4 for pH (Figure 5-80). In marine waters, pH levels tend to range
between 8-9 pH units. Higher pH indicates the possibility of photosynthesis changing the pH within
the photic zone.
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Figure 5-80 Average pH values at the various stations
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Dissolved Oxygen (DO)

Average dissolved oxygen values ranged from 6.19 - 6.25mg/| across the stations. The highest value
was observed at stations WQ1,3 and 4 (6.25 mg/I) while the lowest D.O. value was reported at station
WQ2. Average D.O. values at all locations were above the NEPA standard of 5 mg/| (Figure 5-81).
Dissolved oxygen levels were all within acceptable levels (>4 mg/I) and above the level that would be
considered detrimental to aquatic life (< 3 mg/1).
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Figure 5-81 Average Dissolved oxygen values at the various stations
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Turbidity

Average turbidity values ranged from 0.88 - 2.32 NTU across the stations. The highest turbidity value
was reported at station WQ2 while the lowest value was observed at station WQ3 (Figure 5-82).
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Figure 5-82 Average Turbidity values at the various stations
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Total Dissolved Solids (TDS)

Average TDS values ranged from 35.44 - 35.91 g/I. The lowest value was reported at WQ2 and the
highest TDS value was reported at station WQ3 (Figure 5-83).
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Figure 5-83 Average TDS values at the various stations
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Photosynthetically Active Radiation (PAR)

Average PAR values ranged from 389 - 499 uE/m2 /s across the stations. The lowest PAR reading
was obtained at station WQ2 and the highest value was obtained at station WQ4. When compared
with depth, all stations showed a general decrease in PAR levels with increasing depth. This is
expected as with increasing depth less photosynthetically active radiation is able to penetrate the

water column (Figure 5-84).
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Figure 5-84 Average PAR values at the various stations
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Biochemical Oxygen Demand (BOD)

The average BOD values ranged from 0.33 - 0.9 mg/| across the stations. The highest average BOD
value was reported at station WQ1 and WQ4 whereas the lowest value was observed at station WQ3.
All stations had values that were compliant with the NEPA BOD Standard for Seawater of 1.16mg/I

(Figure 5-85).
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Figure 5-85 Average BOD values at the various stations

Total Suspended Solids (TSS)

Average TSS values were all less than 5 mg/l. These concentrations indicated clear water as they
were below 20mg/I. (Figure 5-86).
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Figure 5-86 Average TSS values at the various stations
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Average nitrate values ranged from 1.45 - 1.7mg/| across the stations. The lowest nitrate value was
reported at station WQ1 while the highest nitrate values were observed at stations WQ3 and WQ4. All
stations were above the NEPA standard for Seawater for nitrates; however, these values are typical for

Jamaican coastal waters (Figure 5-87).
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Figure 5-87 Average Nitrate values at the various stations

Phosphate

Average phosphate values ranged from 0.055 - 0.12 mg/I across the stations. The lowest phosphate
value was reported at station WQ4 while the highest phosphate value was observed at station WQ3.
Similar to the nitrate values, all stations were above the NEPA standard for seawater for phosphates;
however, these values are typical for Jamaican coastal waters (Figure 5-88).
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Figure 5-88 Average Phosphate values at the various stations

Chemical Oxygen Demand (COD)

COD values ranged from 123 - 243 mg/I across the stations. The highest value was reported at
station WQ1 while the lowest value was reported at station WQ3 (Figure 5-89).
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Figure 5-89 Average COD values at the various stations
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Faecal Coliform

Average Faecal coliform values ranged from 1.95 - 26 MPN/100ml across the stations. The highest
value was reported at station WQ1 while the lowest values were reported at the other three stations
(1.95 MPN/100ml) (Figure 5-90). Only WQ1 exceeded the NEPA standard.
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Figure 5-90 Average Faecal coliform values at the various stations

Total Petroleum Hydrocarbons - DRO and GRO

Gasoline Range Organics (GRO) were not detected in any of the samples taken on any sampling runs.
However, there were minor traces of Diesel Range Organics (DRO) detected at Stations WQ2, WQ3 and
WQ4. No traces of DRO were detected at Station WQ1.

5.1.11 Air Quality

5.1.11.1 Historical Ambient Air Quality Monitoring Data (SO2, NO2, Os)

Data from the Lauderwood Air Quality Monitoring Station operated by JPS are indicated in Table 5-51.
The table shows the measured 1-h and 24-h maximum and annual mean SO2 concentrations, the 1-h
maximum and annual mean NO2 concentrations and the 1-h maximum Os. All measurements for all
five years are below the National Ambient Air Quality Standards for the respective averaging periods.

Table 5-51 Historical ambient air quality monitoring data for Lauderwood Air Quality Monitoring Station
Pollutant Year Max 1-h, yg/ms3 Max 24-h, yg/m3 Annual Mean, ug/m3
SO2 2009 235.4 75.6 15.5
SO2 2010 47.1 17.95 8.9
SO2 2011 258.2 174.7 3.1
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Pollutant Year Max 1-h, ug/m3 Max 24-h, ug/ms3 Annual Mean, ug/m3
S02 2012 146.5 31.5 6.5
S02 2013 505.1 38.0 5.7
SO2 Standard 700 280 60
NO2 2009 103.4 N/A 11.2
NO2 2010 105.3 N/A 6.4
NO2 2011 157.9 N/A 5.5
NO2 2012 377.9 N/A 111
NO2 2013 45.9 N/A 8.8
NO2 Standard 400 N/A 100

(0%} 2009 134.4 N/A 18.3

03 2010 51 N/A 9.9

Os 2011 82.4 N/A 15.75

(0%} 2012 227.5 N/A 11.6

Os 2013 113.8 N/A 25.9

O3 Standard 235 N/A N/A
5.1.11.2 Particulate Sampling (PM2.5 and PM10 )

The following particulate data was taken from the 2015 JPS 190 MW EIA and the 2012 SJPC 360MW
EIA documents. The particulates assessment was conducted to establish baseline conditions along
the proposed boundaries of both the JPS 190 MW and the SJPC 360 MW power plant sites and in the
surrounding environs. There were no particulate monitoring locations in common between the two EIA
studies.

Methodology

The readings were taken at locations listed in Table 5-52 and Table 5-53 and depicted in Figure 5-91
at the boundaries of the proposed sites and in the surrounding environs.

PM2.5 and PM10 particulate sampling was conducted for 24 hours using Airmetrics Mini-Volume
Tactical Air Samplers and Tisch High Volume Samplers. Coarse particles (PM10) are airborne
pollutants that fall between 2.5 and 10 micrometres in diameter. Sources of coarse particles include
crushing or grinding operations and dust stirred up by vehicles traveling on roads. Fine particle
(PM2.5) are airborne pollutants that fall below 2.5 micrometres in diameter. Sources of fine particles
include all types of combustion, including motor vehicles, power plants, residential wood burning,
forest fires, agricultural burning, and some industrial processes.

Total Suspended Particles (TSP) particulate sampling was conducted for the JPS 190 MW EIA. TSP are
particles of sizes 100 micrometres or less and include coarse (PM10) and fine (PM2.5) particles.

In 1987, U.S. Environmental Protection Agency replaced TSP with PM10 as the indicator for both the
annual and 24-hour health-related standards. The reason for this is because exposure to PM10
particles may cause serious health/respiratory related issues as these particles are retained deep in
the lungs.
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Table 5-52 JPS 190MW EIA Particulate sampling locations
JAD 2001 (m)
STATIONS LOCATIONS E N
P1 North-Western Property Boundary 738508.72 638937.99
P2 South-Western Property Boundary 738486.45 638860.04
P3 South-Eastern Property Boundary 738573.82 638884.88
P4 North-Eastern Property Boundary 738614.94 638979.11
P5 0ld Harbour Bay Police Station 739747.33 639705.67
Table 5-53 SJPC 360MW EIA Particulate sampling locations
JAD 2001 (m)
STATIONS LOCATIONS
E N
P1 Northern Property Boundary 738107.646 639615.054
P2 Eastern Property Boundary 738230.127 639360.186
P3 Southern Property Boundary 738104.944 639109.821
P4 Western Property Boundary 737985.165 639362.888
P5 Esquivel Road 639772.19 737461.54
P6 Sandy Bay 643272.05 733434.60
P7 Blackwood Gardens Housing Scheme 639881.159 739192.250
P8 Bannister 647364.690 737793.276
P9 Colbeck 646766.871 734924.108
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PM10

Table 5-54 and Table 5-55 shows the 2014 and 2012 PM10 results respectively. The PM10 results
indicate that all locations during both EIA studies had particulate values compliant with the 24-hour
US EPA standard of 150 pyg/ms3.

Table 5-54 JPS 190MW EIA PM10 Results
. . Range Result Mean Result US EPA Std.
Station Location (Ug/m?) (Ug/m?) (Ug/m?)
P1 North-Western Property Boundary 17.64 - 26.39 22.02 150
P2 South-Western Property Boundary 26.67 - 41.53 34.1 150
P3 South-Eastern Property Boundary 18.75 - 36.25 27.5 150
P4 North-Eastern Property Boundary 19.17 - 30.14 24.65 150
P5 Old Harbour Bay Police Station 42.36 - 44.17 43.26 150
Table 5-55 SJPC 360MW EIA PM10 Results
Range Result Mean Result US EPA Std.
STATION LOCATION (Wg/m?3) (Lg/m?3) (Wg/m?)
P1 Proposed Site- Southern Boundary 31.53 - 60.97 48.65 150
P2 Proposed Site- Western Boundary 32.78 - 57.22 45.69 150
P3 Proposed Site- Eastern Boundary 32.22 - 57.78 46.71 150
P4 Proposed Site- Northern Boundary 34.86 - 55.69 45.97 150
P5 Esquivel Road 38.06 - 59.31 49.91 150
P6 Sandy Bay 58.06 - 62.5 60.51 150
P7 Blackwood Gardens Housing Scheme 47.62 - 64.34 58.28 150
P8 Bannister 28.13 - 54 45.37 150
P9 Colbeck 27.65 -54.71 45.06 150
PM 2.5

Table 5-56 and Table 5-57 shows the 2014/2015 and 2012 PM2.5 results respectively. The PM2.5
results indicate that all locations during both EIA studies had particulate values compliant with the 24-
hour US EPA standard of 35 ug/m3.

Table 5-56 JPS 190MW EIA PM2.5 Results
. . Range Result Mean Result | US EPA Std.
Station Location (ug/m?3) (Ug/m?3) (Ug/m?)
P1 North-Western Property Boundary 11.94 - 16.53 14.24 35
P2 South-Western Property Boundary 417 - 11.39 7.78 35
P3 South-Eastern Property Boundary 7.08 - 11.39 9.24 35
P4 North-Eastern Property Boundary 13.06 - 16.25 14.66 35
P5 Old Harbour Bay Police Station 15.42 - 17.36 16.39 35
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Table 5-57 SJPC 360MW EIA PM2.5 Results
Range Result Mean Result US EPA Std.
STATION LOCATION (ug/m3) (Ug/m?3) (Ug/m?)

P1 Proposed Site- Southern Boundary 13.06 - 16.53 14.4 35

P2 Proposed Site- Western Boundary 75-16.11 11.34 35

P3 Proposed Site- Eastern Boundary 7.92 - 11.53 9.96 35

P4 Proposed Site- Northern Boundary 6.11 - 10.69 7.68 35

P5 Esquivel Road 8.06 - 14.72 10.28 35

P6 Sandy Bay 6.25 - 10.14 7.73 35

P7 Blackwood Gardens Housing Scheme 12.03 - 23.73 16.5 35

P8 Bannister 5.48 - 36.35 16.16 35

P9 Colbeck 6.3 - 16.25 10.82 35
TSP

Table 5-58 shows the 2014/2015 JPS 190MW TSP results. The TSP results indicate that all locations
had particulate values compliant with the 24-hour NEPA standard of 150 pg/ms.

Table 5-58 JPS 190MW EIA TSP Results
. . Range Result Mean Result NEPA TSP
Station Location (ug/m3) (ug/m?) Standard (ug/m?)

P1 North-Western Property Boundary 41.94 - 69.44 55.69 150

P2 South-Western Property Boundary 53.19 - 74.58 63.89 150

P3 South-Eastern Property Boundary 67.5 - 99.58 83.54 150

P4 North-Eastern Property Boundary 45.42 - 78.89 62.16 150

P5 Old Harbour Bay Police Station 69.72 - 72.78 71.25 150
5.1.12 Noise

The following noise data were taken from the 2014/2015 JPS 190 MW EIA and the 2012 SJPC
360MW EIA documents. The data logging noise survey exercises were conducted to establish baseline
conditions along the proposed boundaries of both the JPS 190 MW and the SJPC 360 MW power plant
sites and in the surrounding environs. Only three (3) noise survey stations were common between the
two EIA studies. These were Blackwood Gardens Housing Scheme, Old Harbour Bay Police Station and
Longville Park Housing Scheme.

B.1.12.1

The readings were taken at locations listed in Table 5-59 and Table 5-60 and depicted in Figure 5-92
and at the boundaries of the proposed sites and in the surrounding environs.

Methodology

Noise level readings were taken for twenty-four (24) hours by using Quest Technologies SoundPro DL
Type 1 hand held sound level meters with real time frequency analyser setup in outdoor monitoring
kits. The octave band analysis was conducted concurrently with the noise level measurements.
Measurements were taken in the third octave which provided thirty-three (33) octave bands from 12.5
Hz to 20 kHz (low, medium and high frequency bands). The noise meters were calibrated pre and post
noise assessment by using a Quest QC - 10 sound calibrator (Appendix 5). The meters were
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programmed using the Quest suite Professional Il (QSP II) software to collect third octave, average
sound level (Leq) over the period, Lmin (The lowest level measured during the assessment) and Lmax

(The highest level measured during the assessment) every ten (10) seconds.

Average noise levels over the period were calculated within the QSP Il software using the formula:

N

Average dBA = 20 log 1/N X 10 (Li/20)

j=1

Where N = number of measurements, Lj = the jth sound levelandj=1, 2, 3 .... N.

A windscreen (sponge) was placed over the microphone to prevent measurement errors due to noise
caused by wind blowing across the microphone.

Table 5-59 JPS 190MW EIA Noise Station numbers and locations in JAD2001
STATIONS LOCATIONS : JAD 2001 (m) S
N1 North-Western Property Boundary 738508.72 638937.99
N2 South-Western Property Boundary 738486.45 638860.04
N3 South-Eastern Property Boundary 738573.82 638884.88
N4 North-Eastern Property Boundary 738614.94 638979.11
N5 Informal Settlement Area 738505.24 639265.58
N6 Blackwood Garden Housing Scheme 738916.05 639430.47
N7 Old Harbour Bay Police Station 739747.33 639705.67
N8 New Harbour Village Phase Il Housing Scheme 738540.52 640820.15
N9 Longyville Park Housing Scheme 733211.19 639734.29
Table 5-60 SJPC 360MW EIA Noise Station numbers and locations in JAD2001
STATIONS LOCATIONS - JAD 2001 (m) -
N1 Northern Property Boundary 738107.646 639615.054
N2 Eastern Property Boundary 738230.127 639360.186
N3 Southern Property Boundary 738104.944 639109.821
N4 Western Property Boundary 737985.165 639362.888
N5 JPS Guard House 738788.007 639001.909
N6 Blackwood Garden Housing Scheme 738916.05 639430.47
N7 Old Harbour Bay Police Station 739747.33 639705.67
N8 New Harbour Village - Phase 1 738671.956 642070.095
N9 Church Pen 740726.535 643518.684
N10 Bodles 735978.556 642313.288
N11 Longyville Park Housing Scheme 733211.19 639734.29
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5.1.12.2 Results

Table 5-61 shows the average, daytime and night time noise levels at the various stations and their
comparison with NEPA noise guidelines for the JPS 190 MW EIA noise survey, while Table 5-62 shows
the average, daytime and night time noise levels at the various stations and their comparison with
NEPA noise guidelines for the SJPC 360 MW EIA noise survey.

The average noise levels for the three noise stations in common (Blackwood Gardens, Old Harbour
Bay Police Station and Longville Park Housing Scheme) were lower for the 2014 noise survey. Average
noise levels (dBA) decreased in the following ways:

e From51.3dBAin 2012 to 48.3 in 2014 at Blackwood Gardens.
e From57.3dBAin 2012 to 51.7 in 2014 at Old Harbour Bay Police Station.
e From51.1 dBAin 2012 to 42.9 in 2014 at Longyville Park Housing Scheme.
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Table 5-61 Comparison of average, daytime and night time noise levels at the stations with the NEPA guidelines for the JPS 190 MW EIA
Average Noise Daytime 7 am. - 10 NEPA Daytime Night Time 10 NEPA Night Time
STN # LOCATIONS ZONE
Level pm. (dBA) Guideline (dBA) pm. -7 am. (dBA) Guideline (dBA)

N1 North-Western Industrial 64.9 66.9 75 59.6 70
Property Boundary

N2 South-Western Industrial 60.7 62.4 75 56.5 70
Property Boundary

N3 South-Eastern Industrial 62.3 64.0 75 58.0 70
Property Boundary

N4 North-Eastern Industrial 61.8 62.9 75 59.8 70
Property Boundary

N | Informa Settlement | gesidential 50.7 53.1 55 43.0 50

Ne | BlackwoodGarden | pogyential 48.3 50.5 55 42.4 50
Housing Scheme

Old Harbour Bay

N7 . . Residential 51.7 53.3 55 47.9 50
Police Station
New Harbour Village
N8 Phase Il Housing Residential 42.6 43.1 55 41.9 50
Scheme
N9 Longville Park Residential 42.9 429 55 N/A 50

Housing Scheme
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Table 5-62 Comparison of average, daytime and night time noise levels at the stations with the NEPA guidelines for the SJPC 360 MW EIA
Average Noise Daytime 7 am. - 10 NEPA Daytime Night Time 10 NEPA Night Time
STN # LOCATIONS ZONE
Level pm. (dBA) Guideline (dBA) pm.-7 am. (dBA) Guideline (dBA)
N1 Northern Property | 1 nercial 49.8 51.3 65 45.1 60
Boundary
N2 Eastern Property | 1 nercial 52.4 53.1 65 51.1 60
Boundary
N3 Southern Property | o1 e rcial 57.9 58.7 65 56.4 60
Boundary
N4 Western Property | o 1 hercial 51.9 50.9 65 53.4 60
Boundary
N5 JPS Guard House Industrial 59.9 61.4 75 54.9 70
NG Blackwood Garden | g e ntial 51.3 52.6 55 48.1 50
Housing Scheme
Old Harbour Bay . .
N7 Police Station Residential 57.3 59.1 55 501 50
New Harbour Village . .
NS o 1 CE¢ | Residential 58.7 59.9 55 55.5 50
N9 Church Pen Residential 57.9 59.4 55 53.6 50
N10 Bodles Commercial 52.6 53.5 65 50.6 60
N11 Longville Park Residential 51.1 51.7 55 49.9 50
Housing Scheme

NB. Numbers in red are non-compliant with the standard/guideline
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5.1.13 Electromagnetic Fields (EMF)

Electromagnetic fields (EMF) are invisible, but exist everywhere on Earth. EMF radiation is mainly
characterized by its frequency and its strength. The frequency is measured in the unit hertz, which
means “cycles per second”. The gauss meter measures the strength of the low-frequency EMF
radiation, like that coming from electrical wires (50 or 60 hertz). The better models can also show
some higher frequencies (thousands of hertz, kilo hertz), which come from some electronic appliances,
such as power supplies.

h.1.13.1 Methodology

EMF was measured at the JPS 69 kV and 138 kV power lines in proximity to the proposed property
and at approximately 10m intervals from the power lines to determine the impact of distance from the
source on EMF strength using a TM 192 triaxial Gauss meter. These readings were taken during the
SJPC EIA study on May 19, 2012 between 9:00 and 11 am. It is not anticipated that the results would
have change.

5.1.13.2 Results

While there is still no internationally accepted limit for EMF, there are a number of guidelines that have
been outlined by scientific bodies. In November, 2009, a scientific panel met in Seletun, Norway, for
three days of intensive discussion on existing scientific evidence and public health implications. They
recommended an Exposure Limit guideline of 1 mG for extremely low frequency (fields from electrical
power) for all new installations, such as powerlines, indoor electric appliances, house-hold items, TVs,
radios, computers, and telecommunication devices.

The data from the measurement exercise are depicted Figure 5-93 and Table 5-63.

5.1.13.3 Easement Guidelines

The data obtained has indicated that a buffer of approximately 10 m is needed from the 69 kV and
approximately 62 m for the 138 kV power lines respectively at their present heights for the EMF values
to fall within the guideline set by the Swedish scientists of 1 mG. Information obtained has indicated
that a buffer of approximately 7.6 m on either side is required for the 69 kV and approximately 15.24
m for the 138 kV power lines as guidelines set by the Jamaica Public Service Co. Ltd.
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Figure 5-93 EMF measurement results in relation to distance
Table 5-63 EMF results by axis
AXIS
DISTANCE (m) | DATE AND TIME X (mG) Y (mG) Z(mG) XYZ (MG)
10 5/19/2012 9:00 0.52 0.81 0.2 0.98
20 5/19/2012 9:16 0.48 0.81 0.19 0.96
30 5/19/2012 9:24 0.52 0.85 0.24 1.02
40 5/19/2012 9:38 0.51 0.83 0.2 0.99
50 5/19/2012 10:31 0.93 0.97 2.29 2.65
60 5/19/2012 10:33 0.68 0.85 0.44 1.17
70 5/19/2012 10:34 0.93 0.82 0.57 1.36
80 5/19/2012 10:36 1.05 1.41 1.05 2.04
90 5/19/2012 10:39 1.14 1.97 2.43 3.32
100 5/19/2012 10:41 0.82 2.29 4.18 4.83
110 5/19/2012 10:42 1.72 2.32 7.91 8.42
120 5/19/2012 10:43 12.64 3.7 1.86 13.3
130 5/19/2012 10:45 0.65 5.44 7.13 8.99
140 5/19/2012 10:48 0.59 1.25 4.83 5.02
150 5/19/2012 10:49 0.47 1.56 2.52 3
160 5/19/2012 10:50 0.51 1.39 1.46 2.07
170 5/19/2012 10:51 0.48 1.27 0.87 1.61
180 5/19/2012 10:51 0.48 1.13 0.59 1.36
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5.2 NATURAL HAZARDS
5.2.1 Flood Plain Modeling
b2.11 Methodology

The flood plain analysis for the Bowers Gully River was executed for the following scenarios:

1. Calibration with Hurricane Ivan - 2004 (Figure 5-94)
2. Projections for:
a. 1:2yrrainfall event (Figure 5-95);
1:5yr rainfall event (Figure 5-96);
1:10yr rainfall event (Figure 5-97);
1:25yr rainfall event (Figure 5-98);
1:50yr rainfall event (Figure 5-99);
1:100yr rainfall event (Figure 5-100).

N

Hydraulic analysis of the Bowers Gully was done using a transient state analysis of the peak flow
condition for the various return periods. In order to run the analysis, boundary conditions needed to
be established.

The boundary conditions were established as the inflow (upstream) for the start of the hydraulic model
for all scenarios. Based on documented anecdotal information, the boundary condition at the end of
the hydraulic reach (downstream) was defined as the predicted storm surge levels above mean sea
level (MSL). This scenario of combined storm surge during peak runoff can be considered as the worst
case as described by the residents during anecdotal interviews. See Table 5-64 below for the storm
surge levels used for each scenario.

Table 5-64 Summary of storm surge levels above MSL.
Storm Storm Surge (m)
Hurricane Ivan 3.25
2yr 0.58
Byr 1.29
10yr 1.80
25yr 2.44
50yr 2.96
100yr 3.49

The model had to be first calibrated using the anecdotal information collected for both Hurricanes.
The pre-development scenario was then modelled changing only the rainfall depths to that of the 2, 5,
10, 25, 50 and 100 year return rainfall event with the consideration of climate change. The water
surface results obtained were superimposed on the digital elevation model for a final determination
of the flood depths.
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52.1.2 Calibration

The flood plain model was first calibrated using the flooding and storm surge anecdotal information
documented during field reconnaissance. Rainfall data recorded throughout the duration of the storm
was obtained from available rainfall stations closest in proximity to the Bowers Gully catchment. Due
to the magnitude of this storm event, not all rainfall stations within the network were utilized due to
either the stations losing their gauges during lvan, gauges being flooded or observers not able to record
measurements because of the storm impact on the locations. The rainfall depths ranged from a
minimum of 241 mm to a maximum of 560 mm which yielded an average value of 293 mm for the
overall catchment. These rainfall depths yielded a peak runoff of 302.5 m3/s at the outlet of the gully.
Based on the depths of rainfall, the rainfall event Ivan can be classified as falling between the 1 in 25
and 1 in 50 year rainfall event.

The boundary condition was established as critical depth for the start of the hydraulic model during
the simulation of Hurricane Ivan (2004). Based on documented anecdotal information, the boundary
condition at the end of the hydraulic reach was defined as 2 meters.

The results indicate that for the hurricane Ivan event, the gully will overflow both its banks and flood
in the following sections (see Figure 5-94):

1. Northwest of The Whim to Southeast of Dorothy Lodge - flood levels in this area are predicted
to be up to 2.5m. The floodplain extents is estimated to be 587 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 3m.

In comparison to the anecdotal information received, the model predicted approximately the same
flood levels as reported by residents. The flood plain map generated for Hurricane Ivan reflected both
the 0.3 and 0.45 metre flood levels documented from interviewees. The curve numbers were slightly
modified in order to achieve the flood levels as accurate to the anecdotal as possible. The model was
rerun and the calibration was then verified using known data from Hurricane Gustav.

Table 5-65 Comparison of anecdotal information obtained and model predictions.
Full Name Age Time in Area | Storm Year Perceived water Model Predicted
(years) (years) Depth (m) Depth of water (m)
Shelly Brown 49 20 Ivan 2004 0.450 0.605
Stephanie Watt 34 25 Ilvan 2004 0.300 0.415
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Figure 5-94 Flood levels generated while calibrating the model with Hurricane Ivan.

5213 Results

Subsequent to the calibration and verification of the Bowers Gully floodplain model, the floodplain
maps for future rainfall events with 10, 50 and 100 return periods were generated. The flood prone
areas as well as their respective depths could be estimated. The analysis of the three different
scenarios revealed that the proposed site (pre-development) will experience flooding even in the 10
year rainfall event.

It is important to note that the hydraulic models were run with the maximum storm surge. This was
done because of the documented experiences of the residents in the Old Harbour area. They had
reported simultaneous occurrences of overland flooding and storm surge for lvan and Gustav. This is
| strong indicator that it is possible for the 10, 50 and 100 year return storm to occur with the
corresponding storm surges and should therefore be included in the flood plain mapping.
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1:2yr Rainfall Event

The results indicate that for the 1 in 2 year rainfall event during pre-development conditions, the gully
will overflow both its banks and flood in the following sections (see Figure 5-95):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are
predicted to be up to 1.1 m. The floodplain extents is estimated to be 893 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 1.04 m. The
floodplain extents is estimated to be 3,606 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation
of 1.45 m above mean sea level (msl), water depths of up to 0.65 m was observed on the site
for the 1 in 2 year rainfall event generating an average water surface elevation of 2.05 m.
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Figure 5-95 Floodplain map showing flood levels predicted for the 1:2yr rainfall event
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1:5yr Rainfall Event

The results indicate that for the 1 in 5 year rainfall event during pre-development conditions, the gully
will overflow both its banks and flood in the following sections (see Figure 5-96):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are
predicted to be up to 1.3 m. The floodplain extents is estimated to be 905 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 1.2 m. The
floodplain extents is estimated to be 3,625 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation
of 1.45 m above mean sea level (msl), water depths of up to 0.93 m was observed on the site
for the 1 in 5 year rainfall event generating an average water surface elevation of 2.31 m.
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Figure 5-96 Floodplain map showing flood levels predicted for the 1:5yr rainfall event
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1:10yr Rainfall Event

The results indicate that for the 1 in 10 year rainfall event during pre-development conditions, the gully
will overflow both its banks and flood in the following sections (see Figure 5-97):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are
predicted to be up to 1.46 m. The floodplain extents is estimated to be 915 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 1.32 m. The
floodplain extents is estimated to be 3,632 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation
of 1.45 m above mean sea level (msl), water depths of up to 1.03 m was observed on the site
for the 1 in 10 year rainfall event generating an average water surface elevation of 2.46 m.
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Figure 5-97 Floodplain map showing flood levels predicted for the 1:10yr rainfall event
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1:25yr Rainfall Event

The results indicate that for the 1 in 25 year rainfall event during pre-development conditions, the gully
will overflow both its banks and flood in the following sections (see Figure 5-98):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are
predicted to be up to 1.6 m. The floodplain extents is estimated to be 922 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 1.48 m. The
floodplain extents is estimated to be 3,637 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation
of 1.45 m above mean sea level (msl), water depths of up to 1.30 m was observed on the site
for the 1 in 25 year rainfall event generating an average water surface elevation of 2.60 m.
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Figure 5-98 Floodplain map showing flood levels predicted for the 1:25yr rainfall event.
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1:50yr Rainfall Event

The results indicate that for the 1 in 50 year rainfall event during pre-development conditions, the gully
will overflow both its banks and flood in the following sections (see Figure 5-99):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are
predicted to be up to 1.72 m. The floodplain extents is estimated to be 925 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to
within the footprint of the existing JPS site causing inundation levels of up to 1.59 m. The
floodplain extents is estimated to be 3,639 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation

of 1.45 m above mean sea level (msl), water depths of up to 1.35 m was observed on the site
for the 1 in 50 year rainfall event generating an average water surface elevation of 2.61 m.
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Figure 5-99 Floodplain map showing flood levels predicted for the 1:50yr rainfall event.
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1:100yr Rainfall Event

The results indicate that for the 1 in 100 year rainfall event during pre-development conditions, the
gully will overflow both its banks and flood in the following sections (see Figure 5-100):

1. Western Banks of Bowers Gully to East of Dorothy Lodge - flood levels in this area are

predicted to be up to 1.85 m. The floodplain extents is estimated to be 927 m at its widest.

2. Kelly's Pen to the JPS power station shoreline - extensive flooding predicted which extends to

within the footprint of the existing JPS site causing inundation levels of up to 1.74 m. The
floodplain extents is estimated to be 3,641 m at its widest.

3. Proposed LNG site - considering that the proposed LNG site currently has an average elevation

of 1.45 m above mean sea level (msl), water depths of up to 1.53 m was observed on the site
for the 1 in 100 year rainfall event generating an average water surface elevation of 2.79 m.
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Figure 5-100 Floodplain map showing flood levels predicted for the 1:100yr rainfall event.
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5.2.2 Hurricane Waves

Storm surge at the project site was determined by modelling the offshore conditions using mike21 fm.
Mike21 fm includes a hurricane module that creates a hurricane wind field based on storm
parameters. The information necessary to generate the hurricane wind fields was obtained from the
NOAA historical hurricane tracks website. Using Hurricane Dean, storm surge values of 1.73m and
1.90m were predicted for the Old Harbour Site 1 and Site 2 respectively.
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Figure 5-101 Historical path of Hurricane Dean showing various stages of development

5.2.3 Storm Surge and Coastal Inundation

Wave run-up is the maximum elevation of wave uprush above still-water level. Wave uprush consists
of two components: super elevation of the mean water level due to wave action (setup) and
fluctuations about that mean (swash). Wave run-up will depend on wave height and period but also on
the beach slope. Since the slopes in the project site vary considerably, 4 transects were considered
for the run-up analysis. Each transect is represented in Figure 5-102 with the corresponding average
slope. Additionally, 1 data point is included in the figure. This point represents a location where the
nearshore extreme wave parameters derived from the nearshore modelling are known. These
nearshore parameters (significant wave height, peak period and mean wave direction) are used for
the calculation of wave run-up for each of the transects.
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Point 11
MHs: 2.86m
Tp:4.73s

Figure 5-102  The wave runup calculation was obtained following the van der Meer formulation provided by
the Costal Engineering Manual (CEM). Runup results for each transect are provided in Table 5-66.

Table 5-66 Wave runup results summary
Transect Hs[m] Tp[s] slope Ru2% [M]
1 2.86 4.73 1:227 0.27
2 2.86 4.73 1:150 0.37
3 2.86 4.73 1:189 0.31
4 2.86 4.73 1:193 0.30

Wave overtopping takes place when waves meet a structure and wave transmission and the passing
of water over the structure occurs. For the overtopping calculation, the van der Meer formulation
provided by the CEM was used and the results are given in Table 5-67.

Table 5-67 Wave overtopping results summary
Discharge [m3/s/m]

Transect Hs[m] To[s] slope Rc=0 R.=0.5 R.=1.0 Re=1.5
(+1.90m) (+2.4m) (+2.9m) (+3.4m)

1 2.86 4.73 01:12.5 0.21 0 0 0

2 2.86 4.73 01:16.1 0.26 0 0 0

3 2.86 4,73 1:20 0.23 0 0 0

4 2.86 4,73 0.10417 0.23 0 0 0
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5.24 Coastal Erosion Hazard and Vulnerability

5.2.4.1 Long Term Coastal Erosion Trends

A study was conducted by CEAC Solutions in 2015 to determine the vulnerability of the Old Harbour
Bay shoreline to erosion (CL Environmental Co. Ltd., 2015). The study entailed shoreline data spanning
42 years (1968-2010) which was used to do a comparative analysis. The shoreline positions over a
number of years were plotted and compared in order to determine the long-term spatial and temporal
erosion trends across the bay; this was important in order to identify the erosion hotspots.

The overall long-term erosion trend was estimated by:

1) Observation of actual long-term shoreline positions from dated aerial photography.
2) The global sea level rise component was estimated to determine the erosion that was due to
chronic global trends versus event based erosion events (i.e. hurricanes and swell events).

Historical Shoreline Assessment

Figure 5-103 shows satellite imagery (March 2010) over which the observed shorelines from Aerial
photos of the area obtained from the Survey department for the years 1968, 1991, and 2000. Close
examination of the image in Figure 5-103 reveals a general trend of erosion occurring along the
shoreline of the proposed site from 1968 to 2010. The central section of the shoreline between
chainage 0+450 and 0+700 shows a general pattern of accretion. Table 5-68 summarizes the results
of measuring and noting the displacements of the shoreline at intervals of 50m along the shoreline.
The rates of accretion and or erosion between the time intervals and the overall time interval were
determined using the following relationship:

D
1
Ey :N,

Where:

E = the rate of erosion or accretion between two successive intervals (metres per year)
D = the displacement between two intervals (metres)

N = the number of years between two successive intervals (years)

and

y

EC = &
NT
Where:

ES = the rate of erosion or accretion from the datum year to the final interval

D7 = the displacement from the datum to the final interval
N7 = the number of years from datum year to final interval
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Table 5-68 Summary of shoreline changes
Shoreline Intervals
Year 1968 1991 2000 2010 Overall
distance distance distance
Accretion/Erosion from datum Accretion/Erosion from datum Accretion/Erosion from
Chainage Datum Process Rate (m/year) (m) Process  Rate (m/year) (m) Process Rate (m/year) datum(m)| Process Rate

0+000 0 erosion -1.366 -31.41 accretion 0.803 -24.18 erosion -0.448 -28.21 erosion -0.672
0+050 0 erosion -0.727 -16.71 accretion 0.752 -9.94 erosion -1.743 -25.63 erosion -0.610
0+100 0 erosion -0.664 -15.27 accretion 0.298 -12.59 erosion -1.458 -25.71 erosion -0.612
0+150 0 erosion -0.815 -18.74 accretion 0.550 -13.79 erosion -1.032 -23.08 erosion -0.550
0+200 0 erosion -0.654 -15.04 accretion 0.501 -10.53 erosion -0.812 -17.84 erosion -0.425
0+250 0 erosion -1.657 -38.1 accretion 0.420 -34.32 erosion -0.359 -37.55 erosion -0.894
0+300 0 erosion -1.833 -42.15 erosion -1.564 -56.23 erosion -0.851 -63.89 erosion -1.521
0+350 0 erosion -1.967 -45.23 erosion -3.820 -79.61 erosion -3.803 -113.84 erosion -2.710
0+400 0 erosion -0.606 -13.94 accretion 0.924 -5.62 accretion 0.403 -1.99 erosion -0.047
0+450 0 erosion -0.618 -14.21 accretion 1.704 1.13 accretion 0.598 6.51 accretion 0.155
0+500 0 accretion 0.189 4.34 accretion 1.211 15.24 erosion -0.047 14.82 accretion 0.353
0+550 0 accretion 0.041 0.95 accretion 1.278 12.45 erosion -0.076 11.77 accretion 0.280
0+600 0 accretion 0.022 0.5 accretion 1.903 17.63 erosion -0.286 15.06 accretion 0.359
0+650 0 accretion 0.451 10.37 accretion 0.669 16.39 accretion 0.910 24.58 accretion 0.585
0+700 0 accretion 0.903 20.77 erosion -0.061 20.22 erosion -0.700 13.92 accretion 0.331
0+750 0 accretion 0.205 4.72 erosion -2.490 -17.69 accretion 0.034 -17.38 erosion -0.414
0+800 0 accretion 0.454 10.44 erosion -1.808 -5.83 erosion -1.467 -19.03 erosion -0.453
0+850 0 erosion -0.489 -11.25 erosion -0.603 -16.68 erosion -1.618 -31.24 erosion -0.744
0+900 0 erosion -0.610 -14.04 erosion -0.006 -14.09 erosion -1.380 -26.51 erosion -0.631
0+950 0 erosion -0.447 -10.29 accretion 0.354 -7.1 erosion -0.667 -13.1 erosion -0.312
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Figure 5-103 Historical Shoreline positions plotted over a satellite image of the area. The red, cyan green and blue lines represent the 1968, 1991, 2000 and 2010 shoreline positions respectively.
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Figure 5-104

Graph showing the displacements of the shoreline for different years about the 1968 shoreline for Old Harbour Bay (1964 to 20010)
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Figure 5-105 Graph showing the rates of erosion/accretion for the shoreline about the 1968 shoreline for different time intervals for Old Harbour Bay
(1964 to 2010)
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Estimation of Shoreline Retreat

The Bruun model is perhaps the best-known and most commonly used of the models that relate
shoreline retreat to sea level rise. This two-dimensional model assumes an equilibrium profile. Thus,
it inherently assumes that the volume of sediment deposited is equal to that eroded from the dunes
and that the rise in the nearshore bottom as a result of the deposited sediment is equal to the rise in
sea level. The original Bruun model is expressed below, and this mathematical relationship was the
basis for estimating shoreline retreat within the study area.

As-1*
Ay =—"—
Where:
Parameter | Description Units
Ay Dune line erosion m
As Rate of sea level rise m
I* Length of the offshore profile out to a supposed depth, h*, of the limit of material m
exchange from the beach and the offshore
h~* Depth at offshore limit of I*, to which nearshore sediments exist (as opposed to finer- m
grained continental shelf sediments)

RATE OF SEA LEVEL RISE, AS

Inspection of research in this area revealed that global sea level may rise as a result of greenhouse
gas-induced global warming at a rate of 5 mm/year over the next 100 years. Indeed, there will be
regional variation in the sea level rise signal, and for this reason regions may undertake sea-level rise
scenario modelling, which takes into account various factors such as land movement and region-
specific oceanographic data.

For the purposes of this project, a simple scenario, based on one estimate of sea level rise will be
utilized (not taking into account any vertical tectonic movements of the shoreline nor any discernible
change in the ocean geodynamic surface). Typically, a mid-range or upper estimate is chosen for such
types of scenarios. The Intergovernmental Panel on Climate Change’s (IPCC) Special Report on
Emissions Scenarios (SRES) estimate global sea-level to rise 9-88 cm in the next 100 years (McCarthy
et al, 2001) was considered for the calculations, and specially the upper limit of this range, 8.9 cm by
2025 (0.00445 m/yr) was utilized.

Sea-level rise is projected to the year 2025, as the shelf life of the project was chosen to be 20 years.
Using the upper limit value of 8.9 cm by 2025 allowed this analysis to test whether the coastal region
of Old Harbour Bay is vulnerable to a plausible upper limit of climate change and simultaneous storm-
induced short-term erosion for the 100-year return period.

DEPTH TO WHICH NEARSHORE SEDIMENTS EXIST, H*
A beach profile has a practical seaward limiting depth, where the wave conditions can no longer
change the profile. Sand may move back and forth along this equilibrium profile, but there is no
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perceptible change in depth. This seaward limiting depth is equivalent to the depth at which nearshore
sediments exist (h*). Hallermeier (Hallermeier, 1981 in Kamphuis, 2000) refers to this depth as the
critical or closure depth (dc), and approximates it using the following equation.

d. =1.6H,,,

Where:
Hs,12 = significant wave height which occurs 12 hrs/yr on average

It was therefore necessary to determine the operational wave climate within the study area between
the shoreline and the reefs in order to estimate the critical depth. Long term wave data available for
the south of Portland Bight was analysed to determine the 12 hour wave (Hs, 12). The Hs 12 was
determined to be a 11.5 second, 2.5 metre swell wave.

LENGTH OF OFFSHORE PROFILE, L*

The calculated critical depth (or h*) was used to estimate the length of the offshore profile. This was
done by inspecting each of the three (3) profiles cut for the REFDIF modelling and obtaining profile
lengths for the corresponding critical depth. These profile lengths obtained were incorporated into the
Brunn Model equation.

Calculations

Table 5-69 shows the calculation of the long term trends expected in 25 years along the Old Harbour
Bay beaches. As seen in this table, the following input values were incorporated into the Bruun Model
to arrive at an estimate for the long-term erosion trend at each of the six (6) profile shoreline positions:

e Rate of sea-level rise = 0.0047 m/yr (IPCC 2007)
e Depth to which nearshore sediment exists (h*, dc) =2.5 m

It should be emphasized here that the results of these calculations are an estimate of the projected
shoreline retreat using a simplistic approach with an upper limit of global sea level rise. Indeed, the
changes in beach profile over the years may have been impacted by the annual sea level rise as well
as operational and storm-induced erosion estimated. This estimation of the sea level rise will assist in
the determination of the true impacts that are due to operational a storm induces erosion.

The shoreline along the study area was estimated to retreat at varying rates between 0.4 and 0.6
metres per year as a result of global sea level rise. Profiles 1 and 3 are seen to have the longest
distances of 317 and 271 metres, whilst profile 2 was seen to have the shortest distance of 208
metres.
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Table 5-69 Estimation of long-term erosion trends for Old Harbour Bay beaches using Bruun Model.

Parameter Profile
1 2 3 4
0+250 0+550 0+750 1+600

Rate of sea level rise, As (mm/yr) 0.0047 | 0.0047 0.0047 0.0047
Offshore profile, I* (m) 317 208 271 549
depth of offshore limit, h* (m) 25 25 25 25
Dune line Erosion, Ay (m) 0.60 0.39 0.51 1.03
Estimated change in 42 years (m) 25.03 16.42 21.40 42.32
Projected change in 25 years (m) 14.90 9.78 12.74 51.61

Limitations

Estimating long-term erosion trends as result of global sea level rise was not the main focus of this
section. Given the anecdotal information in the area, it was important to know how the area is affected
by long term and short term weather/climate events. The two most applicable approaches were
chosen in order to arrive at a shoreline retreat rate which may be useful in determining how much of
the observed erosion as actually due to events and short term erosion. The maps obtained were only
snapshots at a moment in time that cannot be manipulated to show years or times of interest.
Therefore some of the maps may be displaying short term shoreline configurations while others long
term. The accuracy of the rates is therefore subjected to the use of more aerial photos at strategic
times which cannot be sourced. Bruun model gives an estimate of the dune line erosion rate, however
does not implicitly explore the possible changes in the profile owing to this retreat. These profile
changes would have undoubtedly had an effect on any predicted storm-induced erosion on the
shoreline and may certainly have explained why there is accretion at profile #2 and erosion for profiles
1 and 2.

5242 Event Based Short Term Coastal Erosion

Model Description

SBEACH is an empirically based numerical model for estimating beach and dune erosion due to storm
waves and water levels. The magnitude of cross-shore sand transport is related to wave energy
dissipation per unit water volume in the main portion of the surf zone. The direction of transport is
dependent on deep water wave steepness and sediment fall speed. SBEACH is a short-term storm
processes model and is intended for the estimation of beach profile response to storm events. Typical
simulation durations are limited to hours to days (1 week maximum).

Model Input

Profiles were cut from deep water to land up to a maximum elevation of approximately 10 metres from
four Profiles spanning the entire shoreline. The wave data from the deep water hurricane model were
utilized for this analysis. The wave characteristics used in this model are the same as those used for
the wave transformation modelling.
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Table 5-70 Input parameters for 50 year return storm.
Return Period Direction Hs (s) Tp (s) Setup (m) Storm Duration (days)
50 S 7.2 13.3 2.15 2
SE 7.2 13.3 2.15 2
100 S 7.7 13.7 2.44 2
SE 7.7 13.7 2.44 2
Results

No erosion was shown for the 50 and 100 year storm at the four locations analyzed along the JPS
shoreline. These results are consistent with the previous cross shore sediment transport model and
wave transformation results that indicate the shoreline is stable for the 50 year and 100 year wave
conditions.

52.4.3 Terrestrial Erosion
Methodology

One of the most widely used and accepted equations for estimating soil erosion is the Universal Soil
Loss Equation (USLE), an empirical equation developed by the U.S. Department of Agriculture. The
USLE estimates the annual tonnage of soil eroded from the site attributed only to a sheet and rill
erosion. However, not all eroded soil qualifies as soil loss due to the fact that eroded soil may be
redeposited before it leaves a slope and therefore does not factor into soil loss quantity. The formula
for USLE is:

A=R XK XLSXCXP

Where A is the average annual soil loss measured in tons/acre, R is the rainfall erosion index, K is the
soil erodibility factor, LS is the length-slope factor, C is the cover factor and P is the erosion control
practice factor.

The rainfall erosion index (R) is a measure of the rainfall and runoff by geographic location:

R = 0.0483 x p1©¢1
Where p is the average annual precipitation measured in mm.

Rainfall data throughout the island was extracted from the rainfall stations database and the average
annual precipitation was determined; the monthly precipitations were used to determine the
respective annual precipitations. The greater the intensity and duration of the rain storm, the higher
the erosion potential.

The K factor is an empirical value representing both susceptibility of soil to erosion and the amount
and rate of runoff (i.e.) the erodibility per rainfall erosion unit. The soil texture, organic matter,
structure, and permeability determine the erodibility of a particular soil. Generally, soils with K < 0.23
are low-erodibility soils and soils with K > 0.41 are considered highly erodible. The factors implemented
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within the GIS model ranged from 0.01 for almost no erosion to 0.65 for soils which are highly
vulnerable to soil erosion. These values are summarized in Table 5-71.

Table 5-71 K-Factors associated with respective erosive soil properties.
Erosion Number| K Factor

0 0.01
1 0.1

2 0.125
3 0.35
4 0.5

5 0.65

The combined topographic effects of length and steepness of a slope are accounted for in the LS
factor. The S factor is related the slope gradient factor while the L factor is the length of that slope;
both factors being closely related with each other. The slope was calculated from a 30 meter DEM. In
order to fit into the equation in terms of units, the slope was calculated using percent rise (s). This
percent was then plugged into the formula to compute the S factor:

_ 043 +0.30s + 0.043s?
B 6.613

Where s = percent rise of the calculated slope. The USLE was created to predict soil erosion delivered
to the base of a 22-meter agricultural plot. As applied in this study, the cell’s flow length was calculated
as 30 meters and plugged into the following formula to compute the L factor:

= (30)m
—\22
Where m = 0.5 for slopes = 5%, m = 0.4 for slopes 3.5% and 4.5% and m = 0.3 for slopes < 3%. The
S factors and L factors were then combined to form the LS factors using the following formula:

10000 )

LS=LXS|——
(10000+S2

LS values range from less than 1 for short, flat slopes to nearly 50 for long, steep slopes, as
demonstrated by the equation.

The C factor represents the effect of plants, soil cover, below-ground biomass, and soil-disturbing
activities on soil erosion. It is essentially a ratio of the soil loss from a specific cover condition to the
soil loss from a clean, tilled, fallow condition for the same soil, slope and rainfall conditions. It is an
index of the type of ground cover and the condition of the soil over the area. Table 5-72 summarizes
the C factors implemented in the GIS model.
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Table 5-72 C-factors associated with specific land uses
Land Use C Factor
Agriculture 0.07

Less cultivated lands 0.3
Bauxite Extraction 0.5

The P factor is defined as the ratio of soil loss with a given surface condition (contouring, control
structures, roughening the soil) to soil loss with up-and-down hill ploughing. This factor accounts for
ground surface conditions that affect the runoff velocity. This was assigned a constant value of 1.

Results

The average annual soil loss measured in tons/acre was determined using a GIS calculator and a soil
erosion hazard map created based on the existing conditions such as land use and level of
development within the Old Harbour Bay area. The proposed site is predicted to experience erosion
rates of up to 0.45 Tones/acre/year.

Figure 5-106.  Soil loss hazard map showing the magnitude of soils loss within the proposed site and the wider
Bowers Gully catchment.

5.2.5 Seismicity and Earthquakes

A probabilistic seismic assessment was recently conducted for Jamaica by The University of the West
Indies (Salazar, et al 2013). This study found that Jamaica is characterized by medium-high seismic
hazards due to the location of the Island on the Gonavave microplate bounded by the Oriente Fracture
Zone to the North, the Cayman Spreading Center to the west, the Enriquillo Plantain Garden and the
Walton Fault zones to the south. The horizontal peak ground acceleration (measured as “g” = gravity)
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on solid ground during a seismic event with a 10% probability of exceedance in 50 years, which
corresponds to a 475 year return period (RP), ranges between 0.24 g and 0.30 g in eastern portions
of the Island in the Blue Mountain region and 0.18 g in the western part of Jamaica (Salazar et al
2013).

The computation of spectral acceleration (what is what a building experiences during an earthquake)
at periods of 0.2 second (s) and 1.0 s at RPs of 2,475 and 4,975 years, assures compatibility with
requirements in the International Building Codes (IBC 2012) (Salazar, et al 2013). In the Old Harbour
area for example, the spectral response acceleration at 0.2 s and 1.0 s was found to range from 15%
of g to more than 40% of g, respectively, for a RP of 2,475 (Brown, 2010); values ranged from less
than 0.2 g to a more than 1.4 g for various RPs in Salazar et al (2013). These studies, demonstrate
good agreement between the computed hazard spectra and the spectra adopted by IBC (Salazar et al
2013).

5.2.6 Tsunami
B.2.6.1 Data Collection and Analysis
Earthquakes

The selected earthquake sources used for the tsunami modeling exercise for Old Harbour Bay
originated off the coast of Panama. These earthquakes originate off the north coast of Panama and
subsequently generate waves which will be calculated along the finite mesh to the selected
destination, Old Harbour Bay, Jamaica. The following data sources were used in the modelling
exercises:

i) Magnitude: 6.5; Coordinates: 9.582°N 78.979°W;
i) Magnitude: 7.0; Coordinates: 9.423°N 77.182°W;
iii) Magnitude: 7.5; Coordinates: 9.590°N 78.966°W;

Topography and Bathymetry

Topographic information for the nearshore was obtained from bathymetric studies as described in
previous sections as well as from the British Admiralty charts.

5.2.B.2 Methodology

Tsunami Simulation

Tsunami Simulation consist of three distinct steps; they are generation, propagation and run-up or
inundation. Three discreet tsunami events were modelled from the same general location off the
northern coast of Panama.

The generation defines how the tsunami waves were generated - in this case they were tectonic
tsunamis generated by the displacement of the continental plates off the coast of Panama. The

6 United States Geological Survey (USGS), 2014 (http://earthquake.usgs.gov/earthquakes/map/)
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location under consideration has a convergent plate boundary (also known as a reverse fault). An
elastic half-plane model was used to estimate the water surface displacement due to the movements
at the fault. The elastic half plane model was configured using data collected for each earthquake
event; they are outlined in Table 5-73 below.

Table 5-73 Summary of earthquake characteristics implemented
Dip Angle [°] 84 72 74
Slip Angle [°] -15 -32 138
Strike Angle [°] 248 96 133
Depth [km] 21 26 32
Latitude [°] 9.582 9.423 9.590
Longitude [°] -78.979 -77.182 -78.966
Mw [-] 6.5 7.0 75

Propagation

The second step involved the propagation of the waves from the area of disturbance caused by the
seafloor displacement. This disturbance creates a series of waves having various frequencies which
cause the different elements to separate (disperse) as the waves propagate. Wave propagation
modelling essentially estimates the movement of the wave(s) across the sea surface while considering
seafloor bathymetry and how it affects amplitude, wavelength and speed, and dispersion. In terms of
tsunami modelling the speed and amplitude are especially important in assessing the time of arrival
to the area of interest and the amplitude as it approaches the shoreline. Tsunami waves are classified
as shallow water waves because their wavelength in comparison to depth general exceeds a value of
two (2). Shallow water wave equations were used to simulate the wave propagation; these classes of
models are described by Klein (1998).

Tsunami Run-up

Tsunami Run-up estimates the inland limits of the flooding caused by the wave as it approaches the
shoreline. The simulations were done utilizing the shallow water wave equations based on a moving
boundary setting or scheme. Though time consuming and limited in area, this method general
produces more better results than most other formulations such as the formulation described in
Synolakis (1987).

Models Used

Numerical simulations of the Tsunamis were performed using the C3-COMCOT suite which simulates
all three stages of the Tsunamis process; generation, propagation and inundation or run-up. The
tsunami generation within COMCOT was carried out using the The elastic crust half plane model
proposed by (Okada 1985), for tsunamis generated by earthquake triggered displacement at faults.
This was developed following a review of the available tsunami generation methods. (Okada 1985)
formulation is now the model of choice of most modellers as it is simple and gives reasonable good
estimations in a variety of fault conditions. (Dmowska and Saltzman 1998) indicated the fault
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displacement (and water surface displacement) is a function of the amount of slip (uplift), dip,
dislocation, strike width and length among others as shown in Figure 5-107 below taken from (Kongko
2011).

The C3 model is a hybrid of the Cantabria, COMCOT and Tsunami-Claw models; Alvarez-Gémez, Otero
et al. (2009). It uses a finite differencing scheme in deep water and a finite volume scheme in the
nearshore or coastal areas. This allows it to be efficient on both large offshore grids as it relates to
computational speed and accuracy, without sacrificing the nearshore accuracy for wave
transformation and run-up. Model testing and validation for several different problems, including for
breaking and nonbreaking waves, has been documented by (Olabarrieta, Medina et al. 2011) as being
satisfactory. The wave propagation part of the hybrid relies on the Shallow Water Equations models
embedded with in COMCOT which has been utilized extensively for tsunami modelling with good
results.

Notth
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Figure 5-107 Fault Parameters: L is the fault length, H is depth from surface to epicenter, W is the width,
strike is THE ANGLE in degrees from north, dip is the angle downwards measured FROM THE horizontal plane,
AND SLIP angle is counterclockwise from horizontal.

h2.6.3 Results and Discussions

From the simulation result, the first tsunami waves arrive at Old Harbour Bay, Jamaica (Layer 4)
approximately 420 min after the earthquake. Afterward, successive attacks by a long train of tsunami
waves caused a significant disturbance inside and immediately near the harbour. The coupled model
system appears to be able to represent these chaotic dynamics. Along the coastline, the tsunami
generates minimal eddies of various sizes, and the flow is muddled. Vorticity evolution as the tsunami
propagates into the bay has been reasonably captured by the COMCOT model and is depicted in Table
5-74 through Table 5-76.
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The wavelength of the tsunami waves and their period will depend on the generating mechanism and
the dimensions of the source event. If the tsunami is generated from a large earthquake over a large
area, its initial wavelength and period will be greater. If the tsunami is caused by a local landslide,
both its initial wavelength and period will be shorter. The tsunami modelled for Old Harbour Bay,
Jamaica was originated from a source off the coast of Panama where seismic activity is rather
frequent. The simulation results indicate that the tsunami wave arrives at the Old Harbour Bay fishing
village, Jamaica Public Service (JPS) power plant and JAMALCO (Salt River Bay) approximately 135,
120 and 108 minutes after the earthquake, respectively.

In the deep ocean, the height of the tsunami from trough to crest may be only a few centimetres to a
meter or more - again depending on the generating source. Propagated tsunami wave crests were
observed to be in the order of 0.15 to 7 meters high for deepwater wave climate, simulated with
seismic magnitudes of 6.5, 7.0 and 7.5. Nearshore wave climate predicted crests ranged between 1.9
and 3.4 meters during wave actions within the Old Harbour Bay for a simulated seismic magnitude of
6.5. For a greater magnitude (7.0), nearshore wave heights ranged from 2.1 to 3.5 meters while
speeds of 2.1 to 3.7 m/s were observed for a seismic activity of magnitude 7.5.

Tsunami waves in the deep ocean can travel at high speeds for long periods of time for distances of
thousands of kilometres and lose very little energy in the process. For propagated tsunamis, with
seismic magnitudes of 6.5, 7.0 and 7.5, the wave speeds ranged from 0.1 to 0.4 m/s for deepwater
wave climate. Nearshore wave climate predicted speeds ranged between 0.5 and 1 m/s during wave
actions within the Old Harbour Bay for a simulated seismic magnitude of 6.5. For a greater magnitude
(7.0), nearshore wave speeds ranged from 0.57 to 1 m/s while speeds of 0.6 to 1 m/s were observed
for a seismic activity of magnitude 7.5.
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Table 5-74 Maximum wave elevations and velocities generated during simulation of 6.5 magnitude
earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave elevation (Top
right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)
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Table 5-75 Maximum wave elevations and velocities generated during simulation of 7.0 magnitude
earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave elevation (Top
right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)
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Table 5-76 Maximum wave elevations and velocities generated during simulation of 7.5 magnitude
earthquake originating off panama coast: Deepwater wave elevations (Top Left), Nearshore wave elevation (Top
right), Deepwater wave velocity (Bottom left), Nearshore wave velocity (Bottom right)
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5.3 BIOLOGICAL
53.1 Overview
5311 Protected Area Status

The proposed project site is located in the Portland Bight Protected Area (PBPA), totalling 1,876.2 km?2
in area, approximately 4.7% of the island of Jamaica. The PBPA is an environment management zone
encompassing large sections of southern St. Catherine and Clarendon, totalling 519.8 km2 of land
(IVM, 2000). PBPA also encompasses a marine area of 1,356.4 km2, which is a significant part of
Jamaica’s shallow shelf. Together, the marine and terrestrial sections of PBPA make it the largest
protected area in Jamaica (C-CAM, 2012). The boundaries of the PBPA delineate 82.0 km?2 of wetland
and 210.3 km2 of forest, which is known for its pockets of ecologically important flora and fauna
communities. According to the Portland Bight Sustainable Development Area Management Plan (C-CAM,
1999), the development site falls within an industrial zone of the PBPA.

Due to the size and diversity of the PBPA, baseline data is sparse and specific to entities/habitats
identified as sensitive and of either national or international significance. Large expanses of the area
have no baseline data and only generalizations of the identified ecosystems have been used for
designated zoning/land uses guidelines. The zonation in this area ranges from the protection of
critically endangered species, the Jamaican Iguana which was once thought to be extinct and now has
been rediscovered in the Hellshire Hills. These hills represent the only known habitat of the iguana
and are a dry limestone forest of global significance. This is in stark contrast to Old Harbour Bay - an
area zoned for industrial activities which includes an Ethanol plant, JEP barges and the JPS Power-
plant within disturbed coastal systems. The marine environment in the area has also suffered from
severe anthropogenic influences, including dynamiting and over fishing as well as hurricane damage.
The coral cays in the Bight also suffer from similar pressures but again in contrast are home to
important birds, turtles and potentially manatees.

5.3.1.2 Habitats within Project Area

The proposed project area includes both a terrestrial and marine environment. The various habitats
include old ponds, mudflats, mangrove wetland, coastal and the temporary wetlands (CL
Environmental Co. Ltd., 2015). These although modified, are important habitat for wetland birds and
several coastal species. Over 26 wetland bird species have been reported utilizing these areas.

The benthic community includes a nearshore lagoon, reef crest and forereef. The lagoon has a patchy
distribution of various seagrasses, with a Halodule patch within the pipeline route. Several algal
patches and meiofauna are also found in this area. The reef crest is composed of mainly
unconsolidated material (coral skeletons/rubble and rocks) and held together by seagrass and various
encrusting and fouling species. Diversity was low and the community dominated by macroalgae with
few fish and invertebrates. Directly in front of the reef crest extends a silty and sandy bottom
composed mainly of small patch reefs and dead coral heads. Some live coral was noted in the area
along with several sponges and encrusting species and large amounts of macro algae. The proposed
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location of the offshore facility is a large silty sand patch, similar to other survey areas, with poor
visibility, few fish, meiofauna and other invertebrates.

5.3.1.3 Ecosystem Services and Functions

Ecosystem functions are the conditions and processes through which natural ecosystems and their
constituent species sustain and fulfil human life (Daily 1997). Ecological services are those ecosystem
functions that are perceived to support human welfare (de Groot 1992; Ehrlich & Ehrlich 1992; Barbier
et al. 1994; Costanza et al. 1997a; de Groot et al. 2002).

Natural processes tend to vary over time and space, as well as between species. The ecosystem
services these natural processes provide are therefore also highly variable. It is often assumed that
ecosystem services are provided linearly (unvaryingly, at a steady rate), but natural processes are
characterized by thresholds and limiting functions. In order to refine ecosystem-based management
practices, it is essential that natural variability and cumulative effects be considered in the valuation
of ecosystem services.

It is therefore essential for any proposed mitigation measures to include, the current type and state of
any existing system as well as attempting to understand the main roles that particular forest type may
be playing in the natural environment. That is do not assume that all mangroves provide the equal or
the same goods and services.

Further to this concept is that the common assumption that ecosystem services respond linearly to
changes in habitat size (Edward B. Barbier, 2008). Ecosystems goods, services, form and function
fluctuate naturally over time, that is they go through periods of die back, regrowth and other natural
processes which in turn affects the services they provide at any given time.

5.3.2 Onshore Facility
5321 Terrestrial Flora
Background

This section aims to present information regarding the floral composition of the general project area from
previous studies and specifically between 1998 and 2014.

The Hellshire Hills, Brazilletto Mountains, Portland Ridge and Kemps Hill are localities known to
possess significant stands of dry limestone forest; however, the two proximal areas, Brazilletto
Mountains and Hellshire Hills, are far removed: approximately 4.5 km west and 10.5 km east of the
study site respectively. Furthermore, the site is centred on an alluvial plain and not highland, limestone
substratum. These factors, combined with the severity of disturbance observed on the current
development site, have given rise to vegetation that differs notably in stature, structure and
composition when compared to the forest flora in the Brazilletto Mountains and Hellshire Hills (Halcrow
and Associates, 1998; C-CAM, 1999).
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Approximately 3.0 km north of the Jamaica Broilers Ethanol Plant (Port Esquivel) site is the New
Harbour Housing Development, located on lands which were originally occupied by scrub savannah
and abandoned pasture (ESL, 2006a); vegetation types similar to those existing on the study site. The
flora of the surrounding areas was described by the housing development’s EIA as being severely
disturbed and incapable of providing an easy source of re-colonising constituents (ESL, 2006a). No
threatened or endangered plants were found on that site, which was primarily occupied by African Star
Grass (Rhynchospora sp.) and trees such as Guango (Samanea saman) and Cashaw (Prosopis
juliflora).

The closest industrial infrastructure to the study site is the ethanol processing facility at Port Esquivel,
which is located approximately 2.3 km to the southwest of the JPS 190MW plant. Environmental
Solutions Ltd. (ESL, 2006b) reported that the vegetation was disturbed and consisted of several types
such as, coastal mangrove, coastal thorn scrub, salt flat and residential (cultivated) vegetation. During
that expedition, two endemic species were encountered, Opuntia jamaicensis and Hylocereus
triangularis (God Okra).

According to the South Jamaica Power Company Limited (SJPC) 360 MW Combined Cycle Plant EIA (CL
Environmental, 2012), the lands could be delineated into three contiguous zones based on the
community-types present. The first community type was a degraded Silt Mangrove wetland towards
the southern perimeters. Avicennia germinans (Black Mangrove) was the dominant mangrove species
encountered and was often associated with Acacia tortuosa (Wild Poponax) and Harrisia gracilis
(Torchwood Dildo). The herb, Eleocharis sp. was a very common ground-layer constituent during this
wet period, as well as the halophytic scrambler, Sesuvium portulacastrum (Seaside Purslane) (CL
Environmental, 2012). Further north, there occurred a disturbed Salina, consisting mainly of
herbaceous, secondary pioneer species that inhabited an area once used for inland aquaculture (CL
Environmental, 2007 & 2012). The halophyte, Batis maritima (Jamaican Sapphire) and the grass,
Sporobolus sp. were primary constituents of former pond basins where there appeared to be an
accumulation of clay soil. The occurrence of Sida acuta (Broomweed) and Urena lobata (Ballard Bush)
was also common near the edges and banks of pond-depressions (CL Environmental, 2012).

The northern half of the SJPC property was occupied by a Thorn Savannah that consisted mainly of
large stands of the thorny leguminous phanerophyte, A. tortuosa surrounded by several introduced
grass species. Apparently during the wetter months, expansive swards of Panicum maximum (Guinea
Grass), Adropogon sp., Cynodon dactylon (Bermuda Grass) and Paspalum sp. occur abundantly.
Sedges, namely Cyperus spp. and Rhynchospora nervosa (Star Grass), and weeds, such as Bidens
pilosa (Spanish Needle), Sida spp., Asclepias curassavica (Red Top) and Rivina humilis (Bloodberry),
were common. Where water tended to collect in small or gentle depressions Typha domingensis
(Reedmace) and Commelina diffusa (Water Grass) were frequent (CL Environmental, 2012). The flora
of the northern-most sector was found to be notably different from the surrounding flora, where several
large stands of Samanea saman (Guango) and Guzuma ulmifolia (Bastard Cedar) trees were observed.
These trees had an average DBH of 52.4 cm and 28.4 cm and an average height of 11.3 m and 6.7
m respectively (CL Environmental, 2012). Overall, the SJPC area appeared to be affected by high
levels of anthropogenic influence. This was evidenced especially by coppicing (tree cutting), charcoal
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burning and grazing by domestic livestock. Paths had also been created through sections of the
vegetation, indicating repeated human access.

For purposes of the JPS190 MW EIA, a survey executed in 2014 revealed a plant community conditioned
to endure continuous anthropogenic activity, prolonged drought and some minor flooding (CL
Environmental, 2015). The flora consisted of a mosaic of severely disturbed, secondary-succession
vegetation types. These terrestrial communities included a salina that appears to transition into a
severely degraded wetland, as well as a patchwork of savannah and thorn savannah flora. Figure
5-108 shows the zones established from this survey and the following are the areas calculated for
each zone:

e Salina (including remnants of mangrove community) = 16,737 m2 or 0.016 km?2

e Thorn savannah
o Adjacent to JPS 190 MW site = 109,622 m2or 0.109 km?2
o East of project area = 47,338 m2 or 0.047 km?2

Method

Previous studies found that both the project area and the surrounding lands were highly disturbed. The
areas could therefore be effectively surveyed using a series of walk-though floral inventories. The 2012
SJPC 360 MW Combined Cycle Plant EIA provided the most recent background information (CL
Environmental Co. Ltd., 2012). Belt transects of the coastal forest were conducted within the impact areas
(1. Metering station, 2. Pipeline and 3. Storage tank) to determine the vegetation characteristics: species
presence/absence, mangrove tree/seedling density, height and percentage cover.

Results and Discussion

Previous studies include surveys conducted in 2012 (CL Environmental Co. Ltd., 2012) and 2014 (CL
Environmental Co. Ltd., 2015) and described the area as having 3 distinct communities, which were
severely disturbed secondary-succession vegetation types: Mangrove (degraded wetland near the
coast); Salina and Thorn savannah. These types were also reported during the survey for this project,
with approximate survey zoned areas shown in Figure 5-108 and as follows:

e Mangrove forest:
o Black mangrove zone = 24,776.4 m2 or 0.025 km?2
o Disturbed mixed mangrove/pastoral zone = 30,831.9 m2 or 0.031 km?2
o Red mangrove zone = 3,143.3 m2 or 0.003 km?2

e Salt marsh/salina zone = 17,761.60 m2 or 0.003 km?2
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Figure 5-108 Vegetation zones mapped in 2014 for the JPS 190MW project as well as in 2016 for the
purposes of this project.

THE PIPELINE ROUTE

The proposed pipeline route runs underneath a degraded mangrove forest through the salt marsh/
salina, where it enters the tank area. Pipelines also are connected to the metering centre area, which
continues towards the JPS power plant through savannah and thorn savannah. The mangrove
transitions from a red mangrove (Rhizophora mangle) dominated area along the coastline to a black
mangrove (Avicennia germinans) area further inland.
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Plate 5-2 Red mangroves at proposed entry point of pipeline

Plate 5-3 Black mangrove forest showing dense breathing roots (often extend 1-3 m deep within
substrate) 25m north of shoreline- along proposed pipeline footprint
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Plate 5-4 Salt marsh/wetland area with back mangrove trees- northern end of proposed pipeline
footprint

TANK FARM AREA AND METERING STATION

The tank farm area is 110m x 65m and is proposed to be constructed in the northernmost area which
is dominated by black mangrove plants. This disturbed mangrove forest did not exhibit standing/tidal
water during the surveys and thus exhibited moderate level of disturbances from anthropogenic
factors (fire, evidence of grazing by animals, solid waste disposal). The mid-section of the proposed
site showed significant historical disturbance by fire. Despite this, the average density of the plants
was 0.33 black mangrove plants per m2.

Measuring 65m x 50m and located east of the pipeline, the metering station is proposed to be
constructed in the disturbed mangrove/salt marsh zone area. This buildings footprint would be
constructed in an area having an average mangrove density of 0.21 black mangrove plants per m2.

The proposed fuel storage tanks and metering station are located near the Thorn Savannah
ecosystem. This ecosystem is comprised mainly of Acacia sp. trees and stands and is made up in three
main ways: (i) the under storey vegetation tends to be more pioneer, monocotyledonous, vegetation
(i.e. grass, etc.), (ii) the canopy is more open, and (iii) the trees are more low-profile (i.e. only a couple
of meters high).

Appendix 6 gives a species list of vegetation encountered in the project area and according to the
2012 SJPC study.
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Plate 5-5 View of tankfarm footprint area

Plate 5-6 Transect 2 -middle of tankfarm footprint: evidence of burning of Sporobolus grass and black
mangroves
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Plate 5-7 Disturbed mangrove forest with salt marsh under-brush —footprint of western end of tankfarm

Ecosystem Services

As these mangroves are protected under the Ramsar convention and require site specific mitigation,
it essential that any such mitigation consider the type of ecosystem services and value that this forest
provides. The goods and services that mangrove forests provide to society are widely understood but
may be too generally stated to serve as useful guidelines in decision-making (Hussain & Badola,
2005). For example, in general biodiversity at genetic, species, population and ecosystem levels
contributes to maintaining these functions and services. Mangrove ecosystems (Ewel, et al., 1998)
are widely recognized as providers of a great variety of goods and services, for example (all cited in
(Hussain & Badola, 2005):

1. Optimal breeding, feeding and nursery grounds for many ecologically and economically

important fish and shellfish species (Macnae, 1974).

Feeding habitats for resident and migrant water birds.

Protect freshwater resources against saltwater intrusion.

4.  Erosion control and storm protection - Protect the land from eroding waves and winds
(Semesi, 1998) and stabilize the coastal land (Carlton 1974 cited in (Ewel, et al., 1998)).
Mangrove forests can be considered as natural barriers protecting the life and property of
coastal communities from storms and cyclones.

5.  The above-ground root system retards water flow that not only encourages sediment to
settle, but also inhibits its resuspension (Gilbert & Janssen 1998).

6. Climate stability

w N
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7. Maintenance of biodiversity and beneficial species.
Flood mitigation.
9.  Groundwater recharge and pollution control.

o

However, to refine this idea even further is the knowledge that different kinds of mangroves provide
different types of services (Barbier, 2007). Understanding the differences between fringe, riverine,
and basin forests may help to focus these guidelines and to determine the best use of a particular
forest. Fringing forests are primarily most important in shoreline protection, Riverine forests, which are
very productive, are particularly important in animal and plant productivity, perhaps because of the
high nutrient conditions associated with sediment trapping. Basin forests serve as nutrient sinks for
both natural and anthropogenic enhanced ecosystem process (Ewel, et al.,, 1998). Exploitation of a
forest for one particular reason may make it incapable of providing other goods and services.

The black mangrove forest is likely to provide important habitat for wetland species, in particular birds
(due to the distance from shore, this area maybe less used by waterfowl than other nearby coastal
flora); however, these mangroves are also unlikely to provide a major benefit as nursery habitat for
marine species. They may also provide flood protection, reduce erosion and aid in climate stability but
are not likely to provide coastal or shoreline protection or help the stabilization and resuspension or
sediments.

h3.2.2 Fauna

Introduction

The terrestrial invertebrate fauna was found to be limited with fifty-four (54) species of insects, five (5)
species of spiders and two (2) species of land snails identified in 190 MW study. No sea turtles nor
crocodiles or signs of their presence have been documented within the property boundaries. However,
crocodile’s nests and juveniles have been reported in lower sections of Bowers Gully.

The sample sites for the avifauna survey were zoned according to vegetation and habitat types, which
includes acacia woodland, fish ponds, mangrove wetlands, mudflats and salinas which are described
below. The old fish ponds on the property were all dried at the time both studies were carried out. The
vegetation within the ponds consists of grasses, sedges and small shrubs. In addition, several land
crab holes were observed in the ponds. There was also a belt of large acacia trees along the banks of
the ponds.

Method

A modified line transect bird survey method was used for the study along the established trails on the
property. The method entailed walking slowly for a given distance along selected routes and noting all
the birds seen or heard in the area (Wunderle, 1994). The trails were used as transects due to the size
of the area and the easy accessible trails which pass through the different vegetation types. It should
be noted that there was no need to create new trails because there was a network of trails on the
property; no area was more than a few meters from a trail. In addition, new trails would further disturb
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the fauna in the area. In addition, additional time were spent at the water bodies and the salinas to
note wetland birds present.

The bird survey was also carried out in the night for the nocturnal bird species. The studies were carried
out in August 2012 (CL Environmental Co. Ltd., 2012) and July 2014 (CL Environmental Co. Ltd.,
2015).

Results and Discussion

FISH PONDS, WETLAND, COAST AND SALINA

The old ponds, mudflats, mangrove wetland, coast and the temporary wetland within the study area
provide important habitat for wetland birds and several coastal species. Over 26 wetland bird species
were observed on the coast, fish ponds, mangrove forest and Salina which include Heron and Egrets
(n=7), Pelicans (n=1), Ibises (n=2), Plovers (n=7), Sandpipers (n=4), stilts (n=1), warblers (n=1) and
Frigate birds (n=1); 16 residents and 5resident/ migrants. The most abundant bird present in the
area was the Cattle egrets.

FISH PONDS

Only a few birds were observed foraging in the old fishponds, which were mainly herons. It should be
noted that the fish ponds were dry when the surveys were carried and this could be the main reason
why the wetland bird numbers were low.

MANGROVE WETLAND

A few birds were observed in the mangroves, such as the Yellow Warblers, Kingfisher, White Winged
Doves and the Black Crowned Night Heron. The Yellow Warbler was the most common bird in the
mangroves. No migrant warblers were seen as result at the time both surveys were carried out.

COASTAL BIRDS

On the coast, birds such as the Brown Pelican, Laughing Gull and Frigate Bird were observed. The
most common species seen on the coast was the Frigate Bird. The Semipalmated Plover and the
Sandpiper were seen foraging on the coast during low tide and on the coastal mudflats.

MUDFLAT AND SALINAS

The majority of the wetland birds were observed in the mudflats and the Salinas such as Plovers,
Herons, and Sand Pipers. The Cattle Egret was the most abundant bird species seen foraging in the
mudflats and Salinas. Resident/ migrant wetland birds which can be categorised as mudflat and salina
specialist such as the Long-billed Curlew, Semipalmated Plover and the Spotted Sand Pipers were also
seen foraging in the mudflats. It should be noted that the mudflats are an important habitat on the
property for mudflat and salina specialists. In addition, during the rainy reason several areas in the
Salina floods creating temporary ponds.

The Salinas and mudflats provide an important habitat for several crustaceans, and are also an
important habitat for the several wetland birds that specialize in foraging on these crustaceans and
other arthropods in the area, such as such as Plovers, Herons, and Sand Pipers. The mudflats and
Salinas are located near the Bowers Gully, where crocodiles were observed. However, no crocodiles
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were observed in the Salinas and Mudflats. The crocodile surveys conducted during the 190MW EIA
were conducted during the daytime and night time.

BOWERS GULLY

The riverine system provides a habitat for crocodiles; it is known to be a nesting area for crocodiles,
where, the network of mangroves roots protects the hatchlings until they reach maturity. Bowers Gully
is the largest fresh water source the area, other than the old fishponds which are usually dry. It is an
important refuge for fresh water birds such as Herons, Egret, Common Moorhen and Ducks and as
such it became a popular spot for birding. It is also an important fish nursery.

Great Egret, Little Blue Heron and Yellow- crowned night Heron were the only birds seen in the river.
Birds such as the Coots, Common Moorhen or Grebes, which are common in fresh water bodies and
rivers, were not seen. It is possible that the flow and the salinity of the river could have been attributing
to their absence. It is also possible that crocodile predation in the river is another factor which could
contribute to the low numbers of wetland birds in the river.

Overall, the number of wetland birds seen was very low and this could be as a result of the time of the
year both surveys was carried out. The survey was carried out during the dry season where water levels
are low. During the rainy season, the wetland floods and the old fish ponds floods, providing habitats
for waterfowls such as ducks, moorhens and Coots. It should be noted that both surveys were
conducted before the arrival of the migrant wetland birds from North America.

Only a few migrant warblers were seen in the study which is as a result of the time of the year the study
was carried out before the arrival of the migrants from North America. Studies have shown that dry
forest, acacia forest, and scrubland vegetation are prime habitat for migrant warblers (Douglas, 2002).
Of the 200 bird species found on the island, there are 74 winter visitors (Ann Haynes-Sutton, 2009)).
Overall, migratory birds account for a large number of Jamaica’s avifauna, which is almost doubled
during winter season from August to May. The acacia woodland is relatively small therefore only a few
bird’s species which are typical of dry limestone forest were observed during the study. There were
also a few Acacia trees along the banks of the abandoned fish ponds that provide a habitat for the
terrestrial bird species encountered on the property.

Appendix 7 gives a species list of both wetland birds and terrestrial birds observed in the project area,
during the JPS 190 MW EIA study. It also lists the winter migrants that were not observed during this
study due to the time of year the study was conducted, as well as the species list from the nearby
Jamaica Broilers Ethanol Plant site (ESL, 2006b).

5.3.3 Offshore Facility and Pipeline Route (Benthic Community)
5331 Introduction

The benthic community of the proposed project area and area of influence has been reported in
previous studies. This report will include both previous studies as well as current data collected. Areas
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which may be directly in the proposed project footprint were assessed in greater detail where possible
or necessary.

Previous studies include benthic assessments conducted in May 2012 (CL Environmental Co. Ltd.,
2012) and October 2014 (CL Environmental Co. Ltd., 2015). The study area extended approximately
2 kilometres, from the shoreline to the reef area. Two distinct zones were identified during the survey:
1) Fore Reef; and 2) Reef Crest and Lagoon. The proposed project footprint was then re surveyed (by
various methods) as part of the current study.

b.3.3.2 Method

Using the results and data from the 2012 and the 2014 survey of the areas, surveys and ground
truthing activities in the proposed footprint and area of influence, were conducted in order to describe
both the proposed impact areas as well as the surrounding areas of influence. The study area can be
characterised by poor visibility and dominated by soft, silty sediment which is easily disturbed and
extremely poor visibility in many areas. As such, the following survey types were employed:

e Roving SCUBA Survey
Roving SCUBA surveys were conducted. A photo inventory of sensitive species such as coral
and seagrass were recorded along with general observations.

e Grab Sample
Grab samples were used in a ground truthing exercise. This was then used to help describe
each environment/sediment type.

e ROV Survey
A ROV (VideoRay Remotely operated vehicle) was used when environmental conditions
prevented the typical roving survey, such as; extremely poor visibility, shallow, easily disturbed
soft sediment, and personnel hazards (crocodiles). The images and video captured with the
ROV were used to help describe the substrate type and conditions.

53.3.3 Results

During the 2012 and 2014 studies (CL Environmental Co. Ltd., 2015, CL Environmental Co. Ltd.,
2012), the benthic community was found to have low abundance and diversity. The reef crest was
found to be composed of mainly unconsolidated material (coral skeletons/rubble and rocks) and held
together by seagrass and various encrusting and fouling species. Diversity was low and the community
dominated by macroalgae with few fish and invertebrates. The Forereef (directly in front of these patch
areas) is a silty and sandy bottom composed mainly of small patch reefs and dead coral heads. Some
live coral was noted in the area along with several sponges and encrusting species and large amounts
of macro algae. The lagoon area continues to have low light, high turbidity, warm waters, a silty
sediment and very little substrate. These conditions are not ideal for the recruitment and growth of
corals and other sessile reef invertebrates. As a result, the lagoon is not typical of other lagoon
environments in the PBPA.
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Seagrass occurs in the both the lagoon and sections of the reef crest (Figure 5-109). The proposed
pipeline will run underneath sections of the lagoon and reef crest which contain seagrass and other
sensitive flora and fauna. These are not expected to be impacted by the pipeline as it will be drilled

bellow these systems.
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Figure 5-109 Seagrass beds mapped in 2015 for the JPS 190MW project
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Community Types

CORAL AND SEAGRASS COMMUNITY

As reported in previous studies, the fringing reef system was reported approximately 3km from the
shoreline (CLE, 2005), but no distinct coral reef communities were observed (CLE, 2005; ESL, 2006b,
CLE 2012 and CLE 2015). The area was dominated by seagrass, Thalassia testudinum, and
macroalgae with mounds of coral heads and coral rubble interspersed throughout (ESL, 2006b). The
shoreline there is a patchy distribution of Halodule. The poor visibility and patchy distribution made
mapping this bed impossible; however major seagrass beds successfully mapped in 2014 totalled
0.54 km2 in area (Figure 5-109). The coral community occurs in an area with available substrate,
which includes rubble, rock and dead patch reefs.

The unconsolidated substrate continues to be dominated by various fleshy macro algae. The 2014
study lists the following types of algae seen in the area; Sargassum sp., Caulerpa sp., Dictyota sp.
Some calcareous species were also identified; Halimeda spp. and Galaxura spp. and small amounts
of turf algae. Figure 5-110 shows the distribution of algae seen in 2014.

Figure 5-110  Algal Composition of the Backreef Area

The general reef conditions including the dominant algal species (Plate 5-8and Plate 5-9). Some
sponges were also seen holding the substrate together (Plate 5-10), however the typical nuisance
sponges such as the ‘chicken liver’ (Chondrilla nucula) were not observed, during previous surveys.
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Plate 5-8 Algae covering the substrate (Caulerpa sp.)

Plate 59 Sandy/rubble substrate with some macro algae in survey area
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Plate 5-10 An example of sections of the substrate held together by sponges and algae

A total of seven hard coral species identified in the 2014 study (Table 5-77). These include Colophyllia
natans, Oculina sp., Porites asteroides, Stephanocenia intersepta and Mancinia areolata and
Montastrea annularis. Some soft corals (Sea whips) were also identified. The sample area of 90 m?2
was found to be a sufficient sample area for hard corals (Figure 5-111). The pictures below (Plate
5-11 - Plate 5-15) are examples of corals seen in previous studies in the area.

Table 5-77 Table showing the live hard coral species observed in the project area
Source: CL Environmental Co. Ltd., 2015
Species Family Frequency Relative abundance (%)
Oculina sp. Oculinidae 5 11.36
Porites asteroides Poritidae 5 11.36
Stephanocoenia sp. Astrocoeniidae 8 18.18
Favia sp. Favidae 1 2.27
Mancinia sp. Favidae 21 47.72
Montastraea annularis Favidae 3 6.82
Colophyllia natans Favidae 1 2.27

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 265
PROJECT, OLD HARBOUR, ST. CATHERINE

10

8 l
? [

Frequency
w

2 12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172
Metre?

Figure 5-111  Species-Area curve for hard coral species in Study Area

Plate 5-11 Colpophyllia sp.
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Plate 5-12 Oculina sp.

Plate 5-13 Porites asteroides.
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Plate 5-14 Stephanocenia sp. and Mancinia sp.

Plate 5-15 Montastrea annularis colony
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The results of the previous surveys were also compared to other surveys conducted in the PBPA; 2005
JCRMN (Jamaica Coral Reef Monitoring Network) report, surveys were conducted by the JCRMN in
conjunction with CCAM during 2004 and 2005 at nine sites associated with the cays and shoals. The
results from these assessments showed variable hard coral cover ranging from 0% to 34% with a mean
of 20%. Between 8 and 13 coral species were identified and the most common species were those of
Porites spp and Montastrea spp. At the site with no hard coral present, the substrate was dominated
by algae (48%). These results are similar in the study area which is an algal dominated reef with low
hard coral cover and diversity.

The reef appears to have suffered severe damage as a result of natural and anthropogenic impacts,
including wave damage during storms and hurricanes, possible dynamiting, nutrient loading and
unsustainable fishing practices. The reef has shifted from a coral dominated reef to an algal
dominated reef, resulting in the low coral cover and low species diversity. No disease or bleaching was
observed during the survey. The poor substrate condition makes the settlement/recruitment of coral
larvae difficult; that is unconsolidated substrates are not ideal for coral recruitment compounded by
the large algal mats, sponges and other encrusting organisms which prevent the settlement of larvae.
Crustose coralline algae were observed but the occurrence was low. Encrusting coralline algae makes
a more suitable environment for coral recruitment.

FISH COMMUNITY

The 2014 study reported a historically that a total of 98 species were found within the Portland Bight
with sites in the east having higher species richness than the sites in the west of the Bight, despite
nearly identical ecology and physio-chemical characteristics. Fish size, diversity and abundance were
found to be low in the 2014 study (Table 5-78). Fish diversity and abundance were low, suggesting
the area continues to be overfished while the low occurrences of juveniles may be due to the extremely
poor visibility in nursery areas as well as a general reduced nursery function of damaged systems.

Table 5-78 Table showing a summary of the fish survey
Source: CL Environmental Co. Ltd., 2015
] . Frequency Adult/ Feeding
Fish Genus/Family <5em | >100m Juvenile Habit
Dusky damselfish Stegastes adusus 8 A Herbivore
Threespot damselfish Stegastes planifrons 1 A Herbivore
Surgeon Fish Acanthuridae 1 A Herbivore
Parrot fish Scaridae 4 4 J Herbivore
Wrasse Labridae 5 A Omnivore
Remora Echeneis neucratoides 1 J Planktivore

INVERTEBRATE COMMUNITY

Large section of the benthic environment of the study area consists mainly of a soft silty sediment and
therefore is dominated by an invertebrate community more specifically meiofauna. Meiofauna can be
described mainly as animals that live in or on the benthos. Important taxa of meiobenthos in shallow
water estuarine and coastal marine habitats include harpactacoid copepods, nematodes, ostracods
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and Foraminfera. Some animals, such as annelids and bivalves that typically grow larger are
meiofaunal size as juveniles. They are known as “temporary meiofauna.” (Department of Biological
Sciences | School of Marine Science, n.d.).

Meiofauna are an important component of benthic habitats due to their small size, abundance and
rapid turnover rates. They exhibit high abundance, diversity and productivity in many sedimentary
habitats and play important roles in benthic food webs. The secondary production of meiofauna may
equal or exceed that of macrofauna. Meiofauna feed on benthic microalgae, other microbes, and
detrital food sources and are, in turn, important food resources for grass shrimp and a variety of
juvenile fish that utilize shallow water nursery habitats. Through their feeding and burrowing activities,
meiofauna help to keep microbial communities active, which serves to enhance productivity and the
recycling of nutrients.

In general, meiofauna inhabit either the upper oxic zone of sand while some live in the anoxic or
sulphur rich lower layer. The depth of each o0f these zones is site specific. The proposed pipeline is to
be deep enough to minimally (if at all) impact the anoxic zone (Mark B. Meyers, 1987).

The current study identified a similar invertebrate and meiofauna (Plate 5-16 - Plate 5-18) community
to previous studies. These included; brittle stars and star fish (Oreaster sp.) (Plate 5-19), sea
cucumbers such as Donkey Dung (Holothuria mexicana) and sea urchins (Echinometra sp and
Lytechinus sp.).

Plate 5-16 Sea cucumber on a soft silty substrate in the survey area in the current study
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Plate 5-17 Holes and tracks in the substrate caused by various meiofauna (similar to previous studies)

Plate 5-18 Starfish, commonly seen in pervious and current surveys

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 271
PROJECT, OLD HARBOUR, ST. CATHERINE

Plate 5-19 Starfish from previous surveys, also seen in current study

The study area has also been noted to be heavily fished for sea cucumbers by local fisherman. This is
an unregulated industry and the impacts to the existing community are not known.

Project Locations

OFF SHORE PIPELINE ROUTE

The proposed pipeline route runs (below ground) via the lagoon area and reef crest of the near shore
environment to an offshore facility beyond the forereef. The current survey included grab samples of
the nearshore environment were a patchy distribution of Halodule was identified

The nearshore environment/lagoon area is composed mainly of a soft silty sediment with pockets of
shelly grey sand. The water here is warm as a result of the nearby Power Plant outfall pipe. The
proposed pipeline route runs underneath sections of Halodule and large macroalgal patches (Plate
5-20) near the shoreline. The visibility here is extremely poor. The warm waters here are also favoured
by crocodiles who utilize this area as well as sections of the beach.

Further away (southwards) from the shoreline, the seafloor is composed mainly of a soft silty sediment,
with some meiofauna in and on the sand (Plate 5-21). Similar to the lagoon area, the existing channel
is composed mainly of a soft silty sediment. The patch reef on either side are actually piles of coral
skeleton and rock, rubble held together by encrusting organisms (sponges, algae, bivalves) and
seagrass. Sparse hard coral colonies and small patch reefs are also found in this area. The proposed
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pipeline will run underneath sections of these sensitive areas but is not expected to impact any of
these systems. A section of the proposed pipeline route is shown in Plate 5-22.

Plate 5-20 Halodule, Macroalgae and a silty sand in the nearshore environment.

Plate 5-21 Evidence of Burrowing animals in the soft silt sediment
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Plate 5-22 Section of the proposed pipeline route passing below patch reef and looking towards the JPS
190 MW site

As identified in previous and current studies the pipeline route will be constructed underneath a patchy
Halodule bed in the nearshore environment, as well as some meiofauna and other invertebrates in
sand patch areas. Several hard and soft coral colonies were seen in the immediate forereef and crest
areas (Plate 5-23-Plate 5-28) and lees further out to sea. Most of the pipeline runs underneath an
area dominated by a soft silty sediment with several species of meiofauna living in or on the sediment.
These include starfish, fish, crabs, sea cucumbers and a few sponges and macroalgae, similar to other
environments previously and currently described.
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Plate 5-23 Large, encrusting Solenastrea bournoni on patch reef

Plate 5-24 Montastrea cavernosa colony
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Plate 5-25 Porites sp., and a variety of soft corals along the Forereef

Plate 5-26 Large Montastrea flaveolata colony with an angel fish

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: CL ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE NEW FORTRESS ENERGY MARINE TERMINAL AND PIPELINE 276
PROJECT, OLD HARBOUR, ST. CATHERINE

Plate 5-27 Seagrass, rubble and a small Mancenia areolata colony in the reef crest area

Plate 5-28 Gorgonians, seagrass, rubble and macroalgae in the reef crest area.
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OFF SHORE FACILITY

The proposed pipeline route continues out towards the off shore terminal area. This also has a soft
silty sediment with some meiofauna in on the sediment (Plate 5-29 - Plate 5-31). Visibility here is also
poor. Past and current surveys indicate an extremely low fish diversity and count in the survey areas,
which likely caused by poor visibility, little to no structures suitable for habitat (low ecological volume)
overfishing and other human activities in the area.

Plate 5-29 Burrowing meiofauna in the foot print of the Off Shore Facility

Plate 5-30 Burrowing meiofauna in the foot print of the Off Shore Facility
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Plate 5-31 Starfish commonly found all along the pipeline route and in the terminal area

Plate 5-32 Sea cucumber common in the project area
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5.4 EXISTING POLLUTION SOURCES

54.1 Cooling Water Discharge

The marine area in proximity to the JPS power plant is used for cooling water discharge by the existing
JPS 0ld Harbour Power Plant (Plate 5-33) and the JEP Doctor Birds 1 and 2 Power Barges (Figure
5-112). These three sources represent potential thermal pollution to the marine environment.

Plate 5-33 Drone aerial showing the JPS cooling channel

Over the years the cooling water discharge from the JPS Old Harbour plant flume has been a source
of concern as it was a source of elevated water temperature which tended to hug closely to the
shoreline in a westerly direction. The JPS has worked consistently to improve this situation and while
not in total compliance with the NEPA standard (+ 2 °C of ambient water temperature) or World Bank
guidelines (> 3°C at 100m from the point of discharge), has improved the situation tremendously.

The existing JPS power plant will however be decommissioned and the new 190 MW power plant will
be built. The resulting cooling water discharge will become compliant with NEPA standards.

The JEP barges cooling water discharges since their commissioning have been compliant with the
World Bank guidelines, however, at times they are non-compliant with the NEPA standard at certain
depths but in compliance most times at the surface.
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Figure 5-112 Map depicted JPS and JEP Doctor Birds cooling water discharges

5.4.2 Runoff from the Bowers Gully

Bower’s Gully, which is located 850m west of the proposed site area has water depths exceeding 1.5
meters towards the sea and is affected by tidal influences from the sea. A sediment bar at the mouth
of the Gully reduces channel depths to less than 0.5 meters. The influence of the Gully and the
sediment type results in water that is very turbid resulting in poor visibility (Plate 5-34) as shown in the
2012 SJPC EIA study. During heavy rains, the water becomes very turbid owing to sediment
resuspension. The sediments from the Bowers Gully also influence silting in the bay, evidenced by the
increased maintenance dredging frequency of the Windalco Port Esquivel facility.
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Plate 5-34 Photograph showing general conditions of Bowers Gully

5.4.3 Air Pollutants

The proposed LNG Terminal will be located in the vicinity of existing (JPS and JEP) and proposed power
plants. The air pollutants of concern that are typically discharged from power plants into the ambient
air are TSP, NOx, SO2, CO and various priority air pollutants (including acetaldehyde, acrolein, benzene,
formaldehyde and xylenes). Some of the other air pollution sources within the air shed include a feed
mill, as well as the alumina handling activities at Port Esquivel.

5.5 HERITAGE AND CULTURE

The Jamaica National Heritage Trust (JNHT) conducted an Archaeological Impact Assessment (AlIA) on
the site of the proposed SJPC 360MW Power Plant. The field survey was conducted over a 2-day period,
May 16 and 17, 2012. A non-technical summary page of this report can be found in Appendix 8.

Historically, the area contains historic and archaeological sites dating back to Jamaica’s first known
inhabitants (The Taino) and later the Spanish, the Africans and the British. The area has seen various
land uses over the past centuries. Cattle rearing was the main activity in the area during pre and post
emancipation periods. It should be noted that all the plantations, pens and estates in the area had
plantation houses and enslaved villages. In the more recent past, aquaculture was done on some
areas of the property. Sections of the property are in ruinate with charcoal burning occurring.

No pre-historical or historical cultural material or feature was observed in the area. It is worth noting,
however, that survey of the area was restricted by the dense vegetation cover. Pre historical cultural
material in the form of pottery shards, both Spanish and English bricks and concrete troughs
associated with cattle rearing were found immediately east and west of the site.
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5.6 HUMAN/SOCIAL
5.6.1 Demography, Services and Infrastructure
56.1.1 Approach

Social Impact Area

In order to assess the various social elements of the proposed project, a Social Impact Area (SIA) is
established. An SIA may be described as the estimated spatial extent of the proposed project’s effect
on the surrounding communities. Demographic analyses are carried out utilising this SIA demarcation,
and social services, infrastructure and industrial facilities are described in relation to this area as well.

For the purposes of this project, it was believed important to encompass a two (2) kilometre buffer
around the proposed development area, as well as a similar two (2) kilometre buffer around the Old
Harbour Bay fishing village to ensure the inclusion of all potentially affected fisher folk (Figure 5-113).
The SIA is located within two communities; primarily Old Harbour Bay, surrounded by sections of the
Old Harbour community. Located approximately 5 km from the town of Old Harbour, the Old Harbour
Bay community consists of twenty-four (24) small communities, which include Blackwood Gardens,
Kelly Pen, Thompson Pen, Bay Bottom, Terminal, Dagger Bay, More Pen Lane, Peter’s Land, Sal Gully,
Cross Road and Panton Town. The southern half of the SIA falls over the Caribbean Sea and specifically
Old Harbour Bay and the Portland Bight area.

Demographic Analyses and Census Database

Population data were extracted from the Statistical Institute of Jamaica (STATIN) 2011 Population
Census database for the SIA by enumeration district (ED). This was undertaken using Geographic
Information Systems (GIS) methodologies, which were also used to derive visual representations of
the data. It should be noted that all Census data relates to the resident population and does not take
into consideration persons working in or visiting the ED.

In order to derive information from the census data the following computations were made:

e Population growth - was calculated using the formula [i2 = iz (1 +p)]; where iz = initial
population, iz = final population, p = actual growth rate and x = number of years.

e Population density - was derived by dividing the population by the land area. This is useful for
determining the locations of greater concentrations of population.

o Dependency ratio - was calculated using the formula [child population + aged population
/working population X 100], where the child population is between ages 0-14, the aged
population is 65 & over and the working population is between ages 15-64 years. This ratio is
useful for understanding the economic burden being borne by the working population.

e Male sex ratio - was calculated by using the formula [male population / female population X
100]. This in effect denotes the amount of males there are to every 100 females and is useful
for determining the predominant gender in a particular area.
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o Domestic water consumption - was calculated based on the assumption that water usage is
227.12 litres/capita/day and sewage generation at 80% of water consumption. Water
consumption for workers in Jamaica is calculated at 19 litres/capita/day and sewage
generation at 100% water consumption.

o Domestic garbage generation - was calculated at 4.11 kg/household/day (National Solid
Waste Management Authority).

Figure 5-113 Map showing the Social Impact Area (SIA)
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Other GIS Data

Geospatial data for various services and infrastructure, including schools, health centres, hospitals,
police stations, fire stations and post offices were obtained from the Mona Geolnformatics Institute.
Additional data were also gleaned from the 1984 national topographic maps (metric series) and
satellite imagery available for the project. Other data sources are stated where applicable throughout

bG6.1.2 Demography

Population Growth

The total population within the SIA in 2011 was approximately 5,771 persons (STATIN 2011
Population Census). Examination of the 2001 population data showed that there were approximately
6,635 persons within the SIA in 2001. From this population, and that calculated for the year 2011
(5,771 persons), it was estimated that the actual growth within the SIA between 2001 and 2011 was
approximately -1.39% per annum. Based on this growth rate, at the time of this study (2016), the
population was approximately 5,382 persons and is expected to reach 3,796 persons over the next
twenty-five years if the current population growth rate remains the same.

The annual growth rate for the SIA (-1.39%) differs from than that for the parish of St. Catherine
(0.72%), as well as the island (0.36%) between 2001 and 2011 (STATIN, 2011). Using the regional
rate for St. Catherine, the population in 2016 is estimated to be 5,981 persons, and in 2041, 7,156
persons.

Figure 5-114 depicts the population within each enumeration district (ED) for the years 2001 and
2011. As seen here, decreases in the ED population occurred in Old Harbour Bay, whilst increases in
the population occurred on the outskirts of the SIA.

Population Density

The land area within the SIA was calculated to be approximately 10.97 km2. With a population of
5,771 persons, the overall population density was calculated to be 526 persons/kmz2. This population
density is higher than the national level (245 persons/km?2) and the St. Catherine regional density of
434 persons/kmz2respectively (Table 5-79).

Table 5-79 Comparison of population densities for the year 2011

Source: STATIN Population Census 2011
Category Jamaica St. Catherine SIA
Land Area (km?2) 10,991.0 1,190.6 11.0
Population 2,697,983 516,218 5771
Population Density 245 434 526
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Age & Sex Ratio

The segment of a population that is considered more vulnerable are the young (children less than five
years old) and the elderly (65 years and over). In the SIA population, 8.7% comprised the vulnerable
young category, whilst 5.6% comprised the elderly.

Table 5-80 shows the percentage composition of each age category of the population. This is
compared on a national, regional and local (SIA) level. Percentage age distribution in the SIA for the O-
14 years’ age cohort (28.5%) is slightly greater than the parish and island figure (26.1%). As
mentioned preciously, elderly persons aged 65 years and greater make up 5.6% of the SIA population;
and this value is lower than other extents investigated. Within the SIA, the 15-64 years’ age category
accounted for 65.9% and can therefore be considered a working age population, similar to that for the
nation (65.9%) and the parish of St. Catherine (66.9%) (Table 5-80).

Table 5-80 Age categories as percentage of the population for the year 2011
Age Categories Jamaica St. Catherine SIA
0-14 26.1% 26.1% 28.5%
15-64 65.9% 66.9% 65.9%
65 & Over 8.1% 7.0% 5.6%

Source: STATIN Population Census 2011

As seen in Figure 5-115, Census 2011 data indicated that there were more females within each age
cohort when compared to males. However, when these age groupings are further divided using a
population pyramid, other patterns emerge. As seen in Figure 5-116; a greater number of females is
easily discerned particularly between the ages of 5 and 24 years, 50 and 59 years and greater than
65 years. On the contrary, there are considerably more males aged between 25 and 49 years.

Sex ratio for all age cohorts within the SIA was calculated to be 93.8 males per one hundred females;
this ratio however varies spatially across the SIA (Figure 5-117).
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Figure 5-115 Male and female percentage population by age category for the SIAin 2011
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Figure 5-116 Population pyramid for the SIA in 2011
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Source data: STATIN Population Census 2011
Figure 5-117  Sex ratio by ED within the SIA

Dependency Ratios

The child dependency ratio for the SIA in 2011 was 433.3 per 1000 persons of labour force age; old
age dependency ratio stood at 84.9 per 1000 persons of labour force age; and societal dependency
ratio of 518.3 per 1000 persons of labour force. This indicates that the youth (child dependency) are
far more dependent on the labour force for support when compared with the elderly in the SIA. The
SIA child dependency is higher than the figures for the parish of St. Catherine and the island (Figure
5-118), whilst old age dependency is lower in the SIA when compared to the nation and parish extents.
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Figure 5-118  Comparison of dependency ratios for the year 2011

5.6.1.3 Poverty

The poverty GIS dataset developed by the Planning Institute of Jamaica (PI0J) (with contributions from
STATIN, Social Development Commission (SDC) and the University of Technology), primarily identifies
areas of poverty by community. As described by PIOJ, for the 2002 poverty map:

The indicators utilized were those that best predicted per capita consumption levels in
households based on data from the Jamaica Survey of Living Conditions (JSLC) 2002.
Relevant variables that were common to this survey and the Population Census 2001
were selected and tested for similarity. The satisfactory variables were then applied to
the census data to obtain estimates of the consumption levels of the households that
had consumption levels islandwide. Members of households that had consumption
levels below the poverty line for the region in which their household was located were
deemed to be in poverty. The proportion of persons in poverty in each community was
used to rank the 829 communities.

As seen in Figure 5-119, the SIA population generally has less than 20% of persons living in poverty.
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Data source: PIOJ (with contributions from STATIN, SDC and the University of Technology

Figure 5-119 Proportion of persons in poverty in each community

£6.14 Education

In 2012, the ODPEM reported that the Old Harbour Bay area had an educational institution enrolment
rate of 70.9% of school aged residents (Office of Disaster Preparedness and Emergency Management,
2012). For 2011, the highest level of educational attainment for the national, regional and SIA extents
are represented in Table 5-81. When the highest level of educational attainment within the SIA is
calculated as a percentage, it becomes evident that there is a propensity towards the attainment of
primary and secondary education. Fifty-one percent of the SIA population attained a secondary school
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education as the highest level, followed by 33.3% attaining primary education. SIA secondary
educational attainment is highest amongst the extents investigated (Jamaica, 45.7% and St.
Catherine, 44.7%), whilst primary education in the SIA is comparable (Jamaica, 34.4% and St.
Catherine, 32.0%). Tertiary education attainment (university and other) as the highest level of
education is lowest in the SIA (6.1%), compared to the island (9.9%) and St. Catherine parish (12.7%).

Table 5-81 Population 3 years old and over by highest level of educational attainment as a percentage, for
the year 2011
Jamaica St. Catherine SIA
No Schooling 0.7% 0.6% 0.5%
Pre Primary 4.8% 4.9% 4.9%
Primary 34.4% 32.0% 33.3%
Secondary 45.7% 44 7% 51.1%
University 4.7% 5.9% 1.8%
Other Tertiary 5.2% 6.8% 4.3%
Other 0.5% 0.7% 0.4%
Not Stated 0.0% 4.4% 3.6%

Source: STATIN Population Census 2001

The relatively high proportion of the population in proximity to the project location attaining a secondary
education, as well as tertiary education suggests that the labour pool is relatively educated, and as
such, there should be no problem in obtaining non-technical workers from the community. Figure
5-120 depicts secondary education attainment within the SIA and the location of schools in proximity
to the proposed development. No schools are located within the demarcated SIA; the closest school
is Old Harbour Bay High, approximately 3.8 km north of the proposed development area. Additionally,
three primary schools are located between 4 and 4.7 kilometres (approximately) of the project site,
namely Eltham Park Primary, Old Harbour Bay Primary and Freetown Primary.

In 2007, a large majority of the household heads had attained some level of education (93.5%). This
was either, pre-primary, primary, secondary, all age, university, vocational, other tertiary or post-
secondary. Similar to the 2011 Census data, the highest educational level attained by most household
heads was secondary (51.1%). Only 3.3% of the household heads obtained university level education
and 0.8% received vocational training (SDC 2007). Approximately 83% of the household members in
the community of Old Harbour Bay had no academic qualification. When further broken down it can
be seen that 83% of the male and 84% of the female population had no qualification (SDC 2007)
(Table 5-82).
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Source: Education (STATIN Population Census 2011), Schools (MGl)

Figure 5-120 Percentage population attaining a secondary education within the SIA

Table 5-82 Educational attainment as a percentage of household members in the community of Old
Harbour Bay (2007)
Source: SDC 2007
QUALIFICATIONS %MALE | %FEMALE
None 83.3 83.5
CXC Basic, JSC, JHSC, JSCE, SSC,JC or 3rd JLCL 3.3 1.7
CXC General, GCE ‘O’, AEB 1-2 Subjects 0.8 0.8
CXC General, GCE ‘O’ , AEB 3-4 Subjects 1.7 3.3
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QUALIFICATIONS %MALE %FEMALE
CXC Gen, GCE ‘O’, AEB 5+ Subjects 0.8 0.8
GCE ‘A’ Level/ Cape 1-3 Subjects, HSC 0.8 0.8
College Certificate/Diploma 1.7 0.8
Vocational (Certificate) 1.7 1.7
Associate Degree / Diploma / Other Certificates and Degrees MOE Recognized 0.0 0.8
Degree / Postgraduate Degree/Professional Qualification 0.8 0.8
Other 3.3 1.7
Not Stated 1.7 3.3
Total 100.0 100.0

b.6.1.5b Employment

Overview

The SDC 2007 Community Profile data revealed that 63% of the Old Harbour Bay Community
population falls within the working age group (15 - 64). Approximately 56.3% of the labour force
population in the community was employed at the time of the survey (2007), while 43.8% were
unemployed. The data also revealed that on average two persons in each household were employed.
Of the employed persons in the community, the main categories of employment were full time (33%)
and self-employed (50%). Of the remaining employed household members, 8.9% were seasonally
employed, 5.2% employed part time and 3% contractually employed. The highest percentage of
employed persons throughout the cohorts fell between the ages of 35-39 years (21.5%), whereas,
notable percentages were within the age range 40- 44 years (16.3%), 30-34 years (14.8%), 25-29
years (12.6%) and 45-49 years (12.6%). Approximately 61.6% of household heads were employed
(SDC 2007); this is similarly reported by ODPEM (2012).

For household heads who stated their monthly income, the most common income bracket reported
was JMD $6,000-$24,999 monthly which accounted for 56.8% of employed residents. This was
followed by the income brackets of JMD $25,000-$39,999 which accounted for 25.7% of employed
residents, JMD $40,000 - 79,999 (9.5%), $3,201 - 5,999 (4.1%), $80,000 - 129,999 (2.7%) and
$250,000 and over (1.4%). The main additional source of income for household heads was from
remittance (17.6%) (Table 5-83). However, a large amount of persons (35.2%) reported having no
source of income (SDC 2007).

Table 5-83 Additional Financial Support received by Household Heads

SOURCES %PERCENT
State Assistance 1.6
Remittances 17.6
Support from local network of family and friends 6.4
Salaries from other members your household 7.2
No additional sources 35.2

*Questionnaire allowed for multiple responses (SDC 2007)
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UNEMPLOYED PERSONS

Males accounted for 33.3% and females 66.7% of the unemployed persons in the community of Old
Harbour Bay. Unemployment was highest among cohorts 20-24 years and 60+ years accounting for
22.9% respectively. Unemployed persons were among the cohorts 30-34 years (13.3%), 14-19 years
(9.5%), 25-29 years (7.6%) and 35-39 years (7.6%) (SDC 2007) (Table 5-84). Among the unemployed
persons sixty years and older, females accounted for 15.2% and males 7.6%, while the cohort 20-24
years was equally distributed between males and females. Overall youth unemployment accounted for
32.4% of the total unemployed population (SDC 2007).

Table 5-84 Unemployment Status of Household Members by Gender
Source: SDC 2007

AGE COHORTS %MALE %FEMALE %TOTAL

14 - 19 5.7 3.8 9.5

20 -24 11.4 11.4 22.9

25 - 29 3.8 3.8 7.6

30-34 1.0 12.4 13.3

35 -39 0.0 7.6 7.6

40 - 44 1.0 3.8 4.8

45 - 49 1.0 3.8 4.8

50 - 54 1.0 4.8 5.7

55 - 59 1.0 0.0 1.0

60 + 7.6 15.2 22.9

The findings of the SDC profile are comparable to those of ODPEM (2012). The most common
employment category was full time employment which accounted for 51% of all employed persons.
The highest rate of unemployed males was 20-24 years accounting for 9.6% of unemployed males
while for females the highest level of unemployment could be seen in the 60+ age cohort accounting
for 12.8% of unemployed males.

A somewhat significant amount of unemployed persons had been unemployed for five years or more
accounting for 7.2% of males and 18.4% of females. For household heads that were unemployed, the
reasons given for their unemployment were:

e Other reason “not specified (15.2%)

e Trying to find work but do not have the necessary skills or qualifications (12%)
e No Reason (9.6%)

e |liness (5.6%)

o Awaiting a promised job (3.2%)

e Amount of pay (0.8%)

e Have to stay with sick parent/child/elderly relative (0.8%)

For unemployed family members the main reason for unemployment was lack of skills/qualification
(19.2%), no reason (9.6%), illness (4.8%), attending school (2.4%), amount of pay and awaiting
promised job (1.6% respectively) and have to stay with sick parent/children/elderly (0.8%). The
percentages may not add up to 100% due to the fact that persons were allowed multiple responses.
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MAIN OCCUPATIONS BY GENDER

The most common occupation group among household members was service, shop and market sales,
which accounted for 50%. This was followed by agriculture and fishery, craft and related trades work
and elementary occupations with 18.6%, 12.7% and 10.2% respectively. Females dominated the area
of service, shop and market sales, while agriculture and fishery craft and related trade work had male
dominance (Table 5-85).

Table 5-85
Source: SDC 2007

Main Occupations by Gender

OCCUPATION GROUP %MALE %FEMALE %TOTAL
(Categorizations Taken from STATIN Labour Force Survey)

Professional 3.4 8.3 5.9
Service workers and shop and market sales workers 32.8 66.7 50.0
Skilled agricultural and fishery 34.5 3.3 18.6
Craft and related trades workers 24.1 1.7 12.7
Elementary occupations 5.2 15.0 10.2
Clerks 0.0 5.0 2.5

EXISTING SKILLS

The data representing the skill sets present among household members in the community of Old
Harbour Bay shows that the dominant areas were construction and cabinet making (19.2%),
agriculture/farming (15.4%), beauty care and service (9.6%) and hospitality (9.6%). Most males had
an aptitude in construction and cabinet making (33.3%) and agriculture/farming (27.8%), while most
of the females were skilled in hospitality (20%), beauty care and service (18%) and commercial and
sales (12%) (SDC 2007) (Table 5-86).

Table 5-86 Skill Distribution by Gender

Source: SDC 2007
SKILLS %MALE %FEMALE %TOTAL
Beauty care and service 1.9 18.0 9.6
Hospitality 0.0 20.0 9.6
Construction and cabinet making 33.3 4.0 19.2
Machine and appliance 9.3 0.0 4.8
Commercial and sales 0.0 12.0 5.8
Professional and technical 11.1 6.0 8.7
Agricultural/farming 27.8 2.0 15.4
Secretarial/office clerk 0.0 4.0 1.9
Art and craft 1.9 0.0 1.0
Apparel and sewn products 3.7 8.0 5.8
Other 9.3 20.0 14.4
Not specified 1.9 6.0 3.8
Total 100.0 100.0 100.0
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BENEFICIARIES SOCIAL SAFETY NET PROGRAMMES

Approximately 9.5% of the households within the Community had members benefitting from Social
Safety Net Programmes. Of the 9.5% households with beneficiaries approximately 4.8% were on the
Programme of Advancement through Health and Education (PATH programme), 0.8% for the National
Health Fund (NHF) and 0.8% other (SDC 2007).

b.G6.1.6 Housing

Housing Units, Dwellings and Households

For the purposes of this study, the definition of housing unit, dwelling and household are those used
in the population census conducted by the Statistical Institute of Jamaica (STATIN). The definition
states that:

e A housing unit is a building or buildings used for living purposes at the time of the census.

o Adwelling is any building or separate and independent part of a building in which a person or
group of persons lived at the time of the census”. The essential features of a dwelling unit are
both “separateness and independence”. Occupiers of a dwelling unit must have free access
to the street by their own separate and independent entrance(s) without having to pass
through the living quarters of another household. Private dwellings are those in which private
households reside. Examples are single houses, flats, apartments and part of commercial
buildings and boarding houses catering for less than six boarders.

There were 1,687 housing units, 1,997 dwellings and 2,083 households within the SIA in 2011. The
average number of dwellings in each housing unit was 1.2 and the average household to each dwelling
was 1.0 (Table 5-87). The average household size in the SIA was 2.8 persons/ household and varies
spatially by ED (Figure 5-121). Comparisons of the SIA with national and regional ratios indicate that
the SIA had comparable household/dwelling and dwelling/housing unit ratios, however the lowest
average household size.

Table 5-87 Comparison of national, regional and SIA housing ratios for 2011
Jamaica St. Catherine SIA
Dwelling/Housing Unit 1.2 1.2 1.2
Household/Dwelling 1.0 1.0 1.0
Average Household Size 3.1 3.2 2.8

Source: STATIN Population Census 2001
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Figure 5-121

Household size by ED within the SIA for 2011

Approximately 89.5% of the housing units in the SIA were of the separate detached type, 7.0% were
attached, 2.3% improvised unit, 0.7% part of a commercial building, 0.5% not reported (Figure 5-122).
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Figure 5-122 Percentage of housing units by type within the SIA

Household Headship

The percentage of male household heads to female household heads in the community of Old Harbour
Bay was equally distributed at 50% respectively. This finding slightly contrasts with national
presentation in the Jamaica Survey of Living Conditions (JSLC) 2007, where slightly more males
(53.4%) than females (46.6%) were heading households in Jamaica (SDC 2007).

Informal Settlements

Terminal is part of the wider Old Harbour Bay community, which was originally known as Burkesfield.
The name Terminal came into existence due to the construction of the Marine Terminal by the United
States Marine Corps in the 1940’s. The topography is generally flat and is characterized by ponds and
swamps. This informal settlement has a street pattern that is made up of unpaved roads and
footpaths. This informal residential area has 41 houses and assets such as three (3) shops and three
(3) livestock farms (CLE 2007). The building typology and particularly housing in the area were
predominantly poor structures built with temporary materials This is evident in the fact that 42% were
very poor while only 7% were deemed very good, 24% were poor, 17% were good and 10% were fair.
Another finding was that of the forty-one (41) houses identified, thirty-eight (38) were occupied while
three (3) were unoccupied. Five (5) houses were abandoned and/or derelict and three houses were
under construction.

The materials of housing construction ranged from a few well-built block and steel structures to a
plethora of poorly built wooden houses. Only 24% of houses were made of block and steel while 66%
were made of wood. 10% were constructed of mixed materials, most of which were a combination of
block and steel, and wood. According to statistics, the population of the original study boundary was
144 persons, while the average household size was 3.97 persons per household. This statistic is
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slightly higher than the average household size for Jamaica and that of rural areas within Jamaica
which stands at 3.4 and 3.6 persons per household (PIOJ, 2002) respectively.

Lighting

Figure 5-123 details the percentage of households using a particular category of lighting and Figure
5-124 depicts the differences in lighting source by ED within the SIA. Data for all extents (SIA, parish
and national) reveal that the majority of the population utilise electricity as their main source of
lighting. Approximately eighty percent (79.7%) of households within the SIA use electricity, this lower
than the percentages for St. Catherine figure (93.6%) and the island (91.6%). The use of electricity is
not consistent throughout the SIA; kerosene is used more than electricity as a source of lighting within
the ED in which the proposed development is situated. The percentage of households using kerosene
as their main means of lighting in the SIA (15.8%) was considerably greater than that for St. Catherine
(4.0%) and the Jamaica (5.5%).
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BO.0%
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B0.Bs

PERCENTAGE HOUSEHOLDS

SO
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- [ ] —— —
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W Jamaica 91.9% 5.5% 0.8% 1.8%
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m S 79.7%, 15.8% 3.6% 0.59%

Source: STATIN Population Census 2011
Figure 5-123  Percentage households by source of lighting
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Figure 5-124 Households by source of lighting within the SIA for the year 2011

Domestic Water Supply

The National Water Commission (NWC) is the public agency responsible for providing Jamaica’s
domestic water supply. The majority of the households within the SIA (89.6%) received their domestic
water supply from a public source; this similar to other extents investigated that had the majority of
the population’s water supply from a public source (Table 5-88).
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Table 5-88 Percentage of households by water supply for the year 2011
Source: STATIN Population Census 2011

Category Jamaica St. Catherine SIA
Piped in Dwelling 49.7% 63.5% 43.4%
Public Source Piped in Yard 16.5% 16.1% 41.3%
Stand Pipe 7.1% 1.8% 0.8%
Catchment 2.2% 0.9% 4.1%
Private Into Dwelling 6.4% 4.4% 3.1%
Source Catchment 9.8% 3.6% 2.5%
Spring/ River 3.0% 3.1% 0.0%
Trucked Water/Water Truck 2.1% 3.7% 0.3%
Other 1.8% 1.6% 3.5%
Not Reported 1.3% 1.2% 1.0%

Water demand for the SIA in 2016 is estimated to be 1,222,256.3 litres/day (~322,886.0 gals/day)
and is expected to decrease to 862,195.2 litres/day (~227,767.9 gals/day) over the next twenty-five
years based on population growth rates calculated previously.

Wastewater Generation and Disposal

It is estimated that approximately 977,805.1 litres/day (~258,308.8 gals/day) of wastewater is
generated within the study area (for 2016) and is expected to decrease to 689,756.2 litres/day
(~182,214.3 gals/day) over the next twenty-five years based on calculated growth rates.

Census 2011 data for wastewater disposal methods was not available. However, according to the
SDC 2007 Community Profile of Old Harbour Bay, a significant number of households in the
Community used pit latrine (48%), water closet linked to sewer (36%), water closet not linked to sewer
(13.6%) and 6.4% soakaways (percentage won’t add up to 100% as multiple responses were allowed).
Sixteen percent (15.7%) of the households shared toilet facilities. On average these facilities were
shared with approximately four other families.

Solid Waste Generation and Disposal

It is estimated that at the time of this study (2016), approximately 7,984.36 kg (~8.0 tonnes) of solid
waste was being generated.

The National Solid Waste Management Authority (NSWMA) is responsible for domestic solid waste
collection within the study area and specifically, MPM Waste Management Ltd. covers the parish of St.
Catherine. In residential areas, garbage is collected once per week. This service is provided free
(partial covered by property taxes) for the households within the area. The waste is transported to the
Riverton Waste Disposal Site (landfill) located in southeast St. Catherine, approximately 29 km
northeast of the proposed development area. Riverton Waste Disposal Site is approximately 1.19 m2
(119 hectares). It receives approximately 60% of the island’s waste. Solid waste collection for
commercial and industrial facilities is done by arrangements by these entities with private contractors.
Solid waste at the site will be collected on as needed basis by a private company.
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5.6.1.7 Transportation

Airfields, Aerodromes and Airports

Air transport facilities do not exist within the SIA; the closest facility is an airfield, namely Port Esquivel
Airfield situated 3 km southwest from the development area. The Norman Manley International Airport
(NMIA) is the closest airport, approximately 35 km east of the development area. The NMIA is the
primary airport for business travel to and from Jamaica and for the movement of air cargo. There are
13 scheduled airlines serving many international destinations and the average daily aircraft movement
is 67 flights. In 2013, total passenger movements were approximately 1.37M and freight (cargo/mail)
was 11,503 metric tonnes.

Road Network

The existing road network within and surrounding the SIA is depicted in Figure 5-125. Roads within
the social impact area are in various states of repairs. ODPEM (2102) stated that one of the top five
developmental challenges reported by respondent sin the Old Harbour Bay area are poor roads.
Access to the Project site is the Old Harbour to Old Harbour Bay main road which may be entered from
the Old Harbour square (beside the police station) or from Highway 2000 exit ramp. From Old Harbour,
one would travel approximately 2.5km along the road to the turn off at the outskirts of the town of Old
Harbour Bay. This section of the road is in need of repairs. There are sections along the asphaltic
concrete surface where the surface becomes undulating (CLE, 2007). Some interior roads are
unpaved such as Terminal Lane as well as there are paths which are in poor condition. A Parish Council
roadway runs through the site.

The public transportation system within the community was considered to be reliable as there are a
number of licensed and unlicensed taxis available for commute throughout the community.

A large majority of the Old Harbour Bay Community utilized licensed taxis as their main type of
transportation, accounting for 93.6% of residents. Other means were unlicensed taxis (“robot”),
bicycles and private motor cars (SDC 2007).

5.6.1.8 Social, Health and Emergency Services

Telecommunication

The parish of St. Catherine and the study area are served with landlines provided by Flow Jamaica
Limited (formerly LIME Jamaica Limited). Wireless communication is provided by Digicel Jamaica
Limited and Flow; a network to support internet connectivity is also provided by Flow.

Post Offices

Post offices are not found within the demarcated SIA; one in Old Harbour is the closest to the proposed
development area (approximately 4.2 km north of the project area).

Market/Shopping

There are two markets in proximity of the proposed site, namely the Old Harbour market and the Old
Harbour Bay market.
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Figure 5-125 Road network and transportation infrastructure located in the SIA

Health

COMMUNITY HEALTH PROBLEMS

ODPEM (2012) reported that a significant amount of the respondents involved in the Old Harbour Bay
Community Disaster Risk Management Plan project reported the presence of a longstanding health
problem within their household (35.5%). Among household heads and family members, hypertension
was the most common illness. There are no health care facilities present within the Community as
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such residents usually travel to Old Harbour to access these services. The main difficulty to accessing
health care reported by respondents was financial constraints (40%).

HEALTH CENTRES

One health centre exists within the SIA, namely the Old Harbour Bay Health Centre situated
approximately 1.25 km northeast of the project area. This health centre, along with others situated in
the parish of St. Catherine and depicted in Figure 5-126, (e.g. Old Harbour and Church Pen) fall under
the responsibility of the Southeast Regional Health Authority (SERHA). The centre is a Type Il Health
Centre; it is serviced by a visiting Doctor and Nurse Practitioner and serves a population of about
12,000 persons. Family health (including antenatal, postnatal, child health, nutrition, family planning
& immunization); curative, dental, environmental health, Sexually Transmitted Infections (STIs)
treatment, counselling & contact investigation; child guidance, mental health and pharmacy are the
services provided (Western Regional Health Authority). The main types of problems are asthma,
diabetes and arthritis. It has a seating capacity of 150 persons; however, the facility experiences
overcrowding when at times more than 400 patients are present. The public health facilities are
without an ambulance; however, in case of emergencies, help is sought from the Jamaica Public
Service, JAMALCO, WINDALCO or from the Spanish Town Hospital.

HOSPITALS

There are currently no public or private hospitals within the SIA; May Pen Hospital and Lionel Town
Hospital are the closest to the site. Both are located approximately 18 km from the project area
(northwest and southwest respectively) and belong to the Southern Regional Health Authority (SRHA).
The Lionel Town Hospital is a ‘Type C’ hospital. These are the basic district hospitals which interface
with the Primary Health Care system at parish level. Inpatient and outpatient services are provided in
general medicine, surgery, child and maternity care (Southern Regional Health Authority, b). The Lionel
Town Hospital is a 45 bed facility staffed by approximately 96 clinical, administrative and support staff.
It provides services in the disciplines of Minor Surgery and General Medicine along with a monthly
clinic in the area of Mental Health. May Pen Hospital be considered a ‘Type C’ hospital, however is
being transitioned to a ‘Type B’ hospital. The following clinics and services have been put in place:
medical, nutrition, ante-natal, gynaecological, blood centre, ECG, central sterilization, opening of an
additional ward and 24-hour service in A&E, O.T., laboratory, radiography and Patient Admission
System. The final expansion strategies for the hospital to be officially declared a Type "B" are the
recruitment of a Paediatric Consultant and the opening of the sixth ward.

Spanish Town Hospital belongs to the SERHA and is located approximately 20 km northeast of the
project area. It is the largest Type B' Hospital in the island and services include medicine, surgery,
urology, radiology, paediatrics, pathology, orthopaedics, laboratory and obstetrics and gynaecology.
Demands on these services has increased owing to growing communities in St. Catherine such as
Portmore, Eltham and Ensom City which access the hospital, as well as increased numbers of motor
vehicle accident victims from nearby highways. In response to these demands, improvements to the
hospital were made. For example, in 2008, the Katie Hoo Haemodialysis Centre was officially opened
and is equipped with seven (7) machines, six (6) stations as well as other dialysis equipment. One
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year following this, the King of Spain Wing opened; this is a 34 bed facility which also hosts the
Physiotherapy Department.

Ambulance

The public health facilities are without an ambulance; however, in case of emergencies, help is sought
from the Jamaica Public Service, JAMALCO, WINDALCO or from the Spanish Town Hospital.

Fire Stations

The OIld Harbour Fire Station is the closest fire station to the proposed development area and is
situated outside the 2 km SIA, approximately 4.4 km north of the project area (Figure 5-126). This
station falls under Area lll. This station has one fire engine with a water capacity of 1,818 - 2,273
litres (400-500 imperial gallons). If additional help is needed, backup would be called from the
Spanish Town Fire Station, some 20 km away or May Pen Fire Station some 17 km away. Fire stations
islandwide are served by a fleet of 91 operational firefighting and rescue vehicles and 58 utility
vehicles. There are also 3 fire boats, one each assigned to the harbours in Kingston, Montego Bay and
Ocho Rios. The Fire Prevention and Public Relations Division and the Emergency Medical Service (EMS)
provide fire prevention services and emergency medical rescue/ paramedic services (Jamaica Fire
Brigade, 2012). The fire department is equipped to fight an LNG fire (pers. comm.).

Police Stations

One police station exists within the SIA surrounding the proposed development area, namely Old
Harbour Bay Police Station, 1.2 km northeast of the project area. It is part of the Saint Catherine North
division (Police Area Five). It is this station that would respond to any events at the proposed site. In
the Old Harbour Bay area, the main crimes are related domestic disputes. The police station is
adequately staffed and is in possession of a police vehicle.

5.6.1.9 Industry and Economy

The 0Old Harbour Bay community is one of many residential fishing villages found along the coast in
Jamaica, and is considered the largest fishing village on the island. The other industries and sources
of employment include mining, manufacturing, small retail shops and subsistence farming.
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Figure 5-126  Social. health and emergency services located in and around the SIA

5.6.2 Land Use and Zoning
5621 Land Use
Past

Historically, the area contains historic and archaeological sites dating back to Jamaica’s first known
inhabitants (The Taino) and later the Spanish, the Africans, and the British. The area has seen various
land uses over the past centuries. Cattle rearing was the main activity in the area during pre and post
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emancipation periods. It should be noted that all the plantations, pens and estates in the area had
plantation houses and enslaved villages. In the more recent past, aquaculture was done on some
areas of the property. Pre historical cultural material in the form of pottery sherds, both Spanish and
English bricks and concrete troughs associated with cattle rearing are found to the immediate east
and west of the proposed site (Jamaica National Heritage Trust, 20012).

Existing Land Use

The proposed site is adjacent (west) to JPS’ proposed 190 MW Power Plant and the Old Harbour
facility, which currently has 220 MW of generation and houses major transmission and distribution
operation along with a privately owned diesel power plant (Doctor Bird | & Il). The proposed project site
is bounded on the east by the existing Old Harbour Power Plant, to the northeast by the existing switch
yard, to the west by Thorn Savanna and to the south by the ocean. The Parish Council roadway runs
north of the proposed site.

Existing land use in the study area is agricultural, commercial, industrial, residential, educational and
recreational (Figure 5-127). Other uses include a cemetery (Old Harbour Bay Cemetery),
telecommunication modules and cellular towers, an airstrip and informal solid waste disposal.
Agricultural facilities dominate the land use of the study area. Sugar cane farming, fishing and
aquaculture (pond fish) are the major agricultural activities; however, subsistence farming also occurs
in the area. There is also the Bodles Research Facility which conducts agricultural research activities.
The Old Harbour Bay community is one of many residential fishing villages found along the coast in
Jamaica, and is considered the largest fishing village on the island.

Commercially, the study area has restaurants, bars, a market and a fishing village (Old Harbour Bay),
factories such as the Caribbean Boilers Hatchery, car wash, charcoal burning and scrap metal recovery
operations. Industrial facilities include the Jamaica Energy Partners “Doctor Bird” power barges,
Jamaica Public Service Company Ltd. Old Harbour Bay electric power station, Windalco’s Port Esquivel
Alumina Storage and Port and Jamaica Broilers Ethanol Dehydration Plant (Figure 5-128). Major
residential areas within the area include sections of Old Harbour, New Harbour Village Phase | and I,
Free Town and Longville Park Estates (Longville Park Phase Ill was recently built), Belmont Park
Community and Old Harbour Bay. Other areas include Kellys Pen and an informal community.
Recreational facilities are located at Old Harbour Bay where there is a community centre, which has a
football field and a hard court for netball and basketball. There are also areas within the community
where individuals set up for their recreational activities.

Future Land Use

Proposed land use on the site was previously described in section 3.0. Future developments in the
wider area are shown in Figure 5-128 and include:

e Cement and Quarry Operations and 39MW Coal-fired Power plant (Cement Jamaica Limited)
e Salt Harbour Special Fishery Conservation Area
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56.2.2 Protected Areas

Protected areas examined here include all areas of land or water protected by various laws in Jamaica,
as well as international agreements that fall within or in proximity to the project area. These may
include, but are not limited to, fish sanctuaries or Special Fisheries Conservation Areas (SFCA),
protected areas, national parks, forest reserves, marine parks, game reserves and national heritage
and monuments. Figure 5-127 gives an overview of the location of these protected areas in relation
to the project area and SIA. The proposed development falls directly within the Portland Bight
Protected Area (declared April 22, 1999 under Natural Resources Conservation Authority (NRCA) Act)
and the Portland Bight Wetlands and Cays Ramsar Site. About 1.2 km outside the SIA are two game
reserves to the southwest and southeast, namely Long Island Game Reserve (declared August 21,
1998 under Wild Life Protection Act (WLPA)) and Amity Hall Game Reserve (declared August 22, 1997,
amended July 28, 2004) respectively. In addition, the Galleon Harbour SFCA and the Salt Harbour
SFCA are also located to the southwest and southeast of the project area. Also protected by law is the
Great Goat Island forest reserve, 4km southeast of the project area (Figure 5-127).

Portland Bight Protected Area

The proposed project falls within the Portland Bight Protected area, co-managed by the Caribbean
Coastal Area Management Foundation (CCAM) and the National Environment and Planning Agency
(NEPA). The PBPA is the largest protected area in Jamaica enclosing 1,876 km2 of coastal land and sea
between Portland Ridge and Hellshire Hills, and including nearby cays such as Little Goat Island. More
than half of the land area of the PBPA exists in its natural state, and includes dry limestone forests (210.3
kmZ2) and wetlands (82.0 km2). The remainder of land is used for the cultivation of sugar cane or human
settlement (Caribbean Coastal Area Management (C-CAM) Foundation, 2007). Regionally important
examples of dry forest and nationally important areas of coral reef, mangrove wetland and seagrass
occur within this area, which also provides habitat for at least 20 globally threatened species (Caribbean
Coastal Area Management Foundation). A management plan was prepared by the Caribbean Coastal
Area Management Foundation (C-CAM) supported by a team of the major stakeholders.

Portland Bight Wetlands and Cays Ramsar Site

Jamaica has four designated Ramsar sites, one of which is the Portland Bight Wetlands and Cays,
declared on February 2, 2006. The Portland Bight Wetlands and Cays run through the southern regions
of St. Catherine and Clarendon in areas such as Old Harbour Bay (location of project area and SIA), Lionel
Town and Hayes. The site is described to be of significant value for the country, as there are a range of
endemic and rare plants, extensive fish life and several small coral cays existing within the site.

b.G.2.3 Zoning

The SIA falls within the St. Catherine Coastal Development Order 1964 boundary (Figure 5-129).
Further, the proposed site falls within the boundaries of the Old Harbour/ Old Harbour Bay Local
Planning Area of the emerging St. Catherine Area Development Order in an area zoned for heavy
industrial use. Another important zonation map to be considered is that arising from the development
of Highway 2000 - ‘Portmore to Clarendon Park Highway 2000 Corridor Development Plan 2004 -
2025’. This plan was developed by the Government of Jamaica to guide development along the H2K
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corridor and may be seen Figure 5-130. The proposed project area falls within an area zoned for “heavy

industry”.

Hence, the proposed development is in conformity with both proposed zonings.
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Land use and protected areas within the SIA
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Figure 5-128 Existing and future land use
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St Catherine Coastal Development Order map
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Figure 5-130 Highway 2000 Corridor Development Plan (Portmore to Clarendon Park)
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5.6.3 Aesthetics and Landscaping

The area of the proposed development is an industrialized area with the existing JPS Old Harbour Bay
power plant, Port Esquivel, Best Dressed Chicken Feed Mill, Jamaica Energy Partners Dr Bird | and I
Barges and Jamaica Broilers Ethanol Dehydration Plant in close proximity. Overall, the proposed
development will improve the visual impact of the site (Figure 5-131).

56.3.1 Off Shore

The marine facility will be constructed off shore on the western side of Portland Bight at a distance about
200 meters from the shipping channel to Port Esquivel in about 14 meters of water depth. This facility
will contain an unloading area, control room, power distribution center, boil-off-gas compressor skid, LNG
pump skid, vaporizer and process skid, flare skid including drain tank and igniter, flare, nitrogen
generator skid, seawater pumps, mixing tank, air burst system, crane, and launcher area. The facility
will be designed so it can be readily expanded as demand for LNG grows in the regjon.

Phase 1 of the project includes one vessel berth consisting of an unloading and regasification platform,
metering and pig launch platform, four (4) breasting dolphins and six (6) mooring dolphins. The dolphins
and the process platforms are connected for access using nine truss spans and four catwalks. Phase 2 of
the project includes a second berth, an extension to the Phase 1 unloading and regasification platform and
installation of four (4) additional breasting dolphins. The structures will be constructed using steel pipe piles,
steel framing, steel superstructure and concrete deck slabs on the platforms. The dolphins will include a
fender system and quick release hooks for vessel mooring and berthing. The berths are designed for LNG
vessel sizes ranging from 140,000 m3 up to 175,000m3 capacity with an approximate vessel length of
280m to 300m and draft of approximately 12.5m. The structures are designed to resist mooring and
berthing loads under operational conditions, as well as seismic and hurricane/tropical storm conditions.

The tallest structure or piece of equipment on the Platform is likely to be the crane which could be +/-
7.6 m (25 ft) above the deck (the deck elevation is + 10m). The Flare Stack, which will be located on
one of the mooring dolphins is +/- 13.7 m (45 ft) tall. Therefore, no structure or equipment will extend
more than 17.6 m in height above the horizon and will not be visually obtrusive from shore or from the
sea. The offshore facilities will be buffered by a 500 m zone in which navigation will be restricted. All
safety and navigational lighting will be in place 24/7 in an effort to insure sufficient navigational warning
for vessels using this area (Figure 5-132).
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Figure 5-131  Collage showing views of the proposed project area
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Figure 5-132  Collage showing an artis rendition of the offshore marine facility of the NFE South Holdings Limited LNG Terminal and Regassification Project
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5.6.3.2 On Shore

On shore facilities will be located on a 25,000 m2 plot located in the Old Harbour Bay community near
the JPS plant.

The onshore facilities will have equipment for both the natural gas and Automotive Diesel Oil (ADO)
systems. The Natural Gas (NG) equipment will include the end of the pipeline, a pig receiver skid (50
x 10", filter skid (20' x 10"), meter/regulator skid (40' x 10'), and control building (8' x 10"). The ADO
equipment will include the end of the pipeline, a pig receiver skid (41' x 8"), receiving meter/regulator
skid (20' x 10"), two (2) 50,000 BBL storage tanks inside containment (110% of volume of one tank),
pump skid (20' x 10", delivery meter/regulator skid (20' x 10"), electrical services building (20' x 10"
and an on-site stormwater management facility (Figure 5-133).

Visually, the on shore facilities will be compatible other industrial development in the area, notably the
existing JPS plant. The BBL storage tanks represent the largest components on the site, averaging
approximately 14.6 m (48 ft) in height. Landscaping will be undertaken along the margins of the
property to improve aesthetics.
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Figure 5-133  Collage showing an artis rendition of the onshore marine facility of the NFE South Holdings Limited LNG Terminal and Regassification Project
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6.0 PUBLIC PARTICIPATION AND
CONSULTATION

6.1 PURPOSE OF THIS SECTION

The National Environment and Planning Agency (NEPA) rec