APPENDIX F: MATLAB CODE
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APPENDIX G: DEMAND DATA FOR INSTALLATIONS

The data provided in the table below are average data from some installations. The data was
obtained from the Nordbg (2013), who was given the data by Professor Bjgrn Egil Asbjarnslett.

Average E':t;fng
Activity Date Ko. . visits Dry Mud Brine Fuel I\-‘Il'.lneral ‘Water Sun_] Squau'le
Months  per unloading bulk oil tons meters
week time
Production  Jan. - May 5 23 6 0 0 0 16 0 65 82 118
Production  Jan. - May 5 18 18 82 77 @R 27 0 133 558 571
Production if:ﬁi 4 12 10 40 6 12 60 0 167 285 200
E‘g:ﬂfj.‘:;"“ Jan. - May 5 43 29 123 289 227 164 0 304 1106 671
E"grlﬂfj‘:::’“ Jan April, 3 1g 24 121 193 78 0 99 a8 251
E";‘ﬂf;ﬂ;"“ Jan. - May 5 16 21 68 95 58 123 0 154 498 405
E"gf';ﬂ‘;‘:’“ Jan. - May 5 2.7 14 124 68 19 97 0 249 577 321
Sum per week 14 124 474 555 768 565 0 1171 3533 2536

The data are converted into volume by the following densities [ton/mq]:

Dry bulk
Mud
Brine
Fuel

Water

2.00
1.73
1.23
0.89

1.00
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APPENDIX H: REFERENCE VESSEL

The information about the reference vessel is obtained from (Westshore, 2015)

WORLD PEARL
LAST 5 FIXTURES
DATE CHARTERER SCOPE OF WORK RATE
18.05 Enquest Supply duties GBP 2650
14.04 Enquest Supply duties GBP 2750
19.02 Enquest C/R + Option GBP 5000
04.02 CNR Supply duties, D/D 10 RNR
11.12 CNR Supply duties, D/D 8 GBP 5000
GENERAL INFORMATION
Name: WORLD PEARL
BHP: 6598
YearBuilt: 2013
Flag: Norway
Owner: World Wide Supply Shipping AS
SPECIFICATIONS
Tonnage & Dimensions | Class/Services | Capacities
Tonnage & Dimensions Class/Services Capacities

Length: 80.03 m Design: Damen 3300 CD Base Oil: 869

Deck Area: 728 m2 Accommodation: 22 Brine: 869 m3

Draft: 6.15 FiFi: N/A Dry Bulk: 259 m3

DWT: 3300 Oll Rec.: No Fresh Water: 817 m3

Breadth MLD: 16.2m Standby: No Fuel OIl: 454 m3

Liquid Mud: 869 m3
Methanol: N/A
°
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APPENDIX |: DETERMINISTIC INPUT FILE

! This file is the mathematical mode of the stochastic problem

! Created by Hanne Dreyer Engh, 2015-05-24
! Norwegian University of Science and Technology

!'Input data to stage 1 - Deterministic Model
| e e e e .
_I _____________________________________________________________________
! Define sets
| e e e e .
nsite : 4 116/1-225, 15/6-134,
nMaxVisit : 3 !Each site must be visited 3
nVessel : 3 !The available vessel
nProduct 5 !'Water, Dry Bulk, Mud, Brine,
!'Tananger, Kristiansund, Mongstad,
!'Haugesund, Tananger
_I _____________________________________________________________________
! Data - Stage 1

!'Travelling cost for the vessel

Cost : [
-1 1243 2840 8047
1243 -1 1775 7278
2840 1775 -1 5562
8047 7278 5562 -1

1

I'Travelling Cost from depot
CostQ : [

9585 9408 8224 9408
]

I'Charter cost of Vessel
CostTCK : 2100

I'Charter and travelling cost of vehicle

CostTCV : [
1119 551 327 0 a
]

I'Capacity of Vessel

CapK HE
260 870 870 450 800
]

I'Capacity of Vehicle

CapV HE
15 17 24 34 30
]

!'Consumption rate per hour

Consume HE
0.51 1.39 1.54 1.54 2.53
0.28 0.486 0.39 1.15 1.28
0.52 0.33 0.26 0.91 2.08
0.15 0.10 1.31 0.73 0.83
]

!'Initial Stock at beginning of time horizon
StockIni HE

31 84 92 a9z 152
17 27 24 gl 77
31 20 1la 54 125
9 5 78 44 50
]

Ilower limit for stock level

StockLow HE
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
]

!Upper limit for stock level

StockUpper @ [
100 200 200 200 300
100 200 200 200 300
100 200 200 200 300
100 200 200 200 300

1
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!Lower stock level at the end of the time horizon

StockEnd HE
31 84 g2
17 27 24
31 20 16
9 [ 78

1

! Time to load
TimeLoad H 7

! Time to sail from depot to facility i

TimeDepot : [
14 13 12
]

92 152
69 77
54 125
44 50

7

! Time to sail between facilities

TimeSail HE
-1 2 4
2 -1 3
4 3 -1
11 10 8
]

I'Time to unload

TimeUnload : [
7 [ &

1

! Time horizon
TimePeriod : 120

I
Totalsail : 72

11
10
8

-1

XXX
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APPENDIX J: STOCHASTIC INPUT FILE

! This file is the mathematical mode of the stochastic problem
! Created by Hanne Dreyer Engh, 2015-05-24
! Norwegian University of Science and Technology

I'Input data to stage 1 and 2 - Stochastic Model

| e e e e .
_I _____________________________________________________________________
! Define sets

| e e e e .
nsite 116/1-225, 15/6-13A, 15/12-24A, 2/4-23S

4
nMaxVisit : 2 !Each site must be visited 3 times
nProduct : 5 !'Water, Dry Bulk, Mud, Brine, Fuel
nScenario 4 !'Tananger, Kristiansund, Mongstad,
nAlt 3 !'Haugesund, Tananger

I'Capacity of Vessel
CapK :
260 870 870 450 800
]

!'Consumption rate per hour
[

Consume :
0.51 1.39 1.54 1.54 2.53
0.28 0.46 0.39 1.15 1.28
0.52 0.33 0.26 0.9 2.08
0.15 0.10 1.31 0.73 0.83

1

! Time to sail from depot to facility i
TimeDepot : [
14 13 1z 7

!Starttimes are obtained from the deterministic solution
starttime |

!Endtimes are obtained from the deterministic solution

endtime |
36 81
44 72
25 63
49 59
]

!'Town from site for helicopter
TimeHeli HE
2 2 2 3
]

!'Downtime cost per hour

CostDT : 8246
!'Penalty cost per hour
CostPen : 895

!Spot charter rate and travel cost for vessel per installation
CostSCK : [

12735 12558 11374 12558

]

!'Spot charter and travelling costs for helicopters
CostSCH HE
3070 3070 9070 104390 Page 1 of 2
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1

!Storage cost
: 7057

CostStor

I'Capacity of helicopter

CapH

!'Demand scenario:

Consumes
.51
.56
.10
.12

ol VA S PR |

Prob

-1

H

7.59
3.60
4.13
3.15

H

expected,

[PPSR PR |

.05

.74
.68
.21
.21

72
+1%,

7.89
3.75
4.30
3.27

o

E

.05
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APPENDIX K: REVISED DETERMINISTIC MODEL

K.1 DEFINITIONS

Sets
N

M;

5)
X
H

Parameters

K
Cij

Set of facilities, indexed by i, j

Set of visit numbers at facility i, indexed by m,n

Set of visits (i, m) where i € V' and m € M;, indexed by (i, m)
Set of vessels in the fleet, indexed by k

Set of product types, indexed by h

Operating cost for sailing from i to j per unit time

Operating cost for sailing from depot to i per unit time

Fixed charter cost for a vessel

Fixed charter cost for a vehicle from supplier facility h

Capacity of product h for the vehicles

Capacity of product h for the vessels

Consumption rate at facility i for product h per unit time
Initial stock level at offshore facility i for product h

Lower stock level at offshore facility i for product h
Upper stock level at offshore facility i for product h

Stock level of product h at offshore facility i the end of the time horizon

Time to load product type h at the onshore depot
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TP Time to sail from onshore base to offshore facility i

T;; Time to sail from facility i to j

Ty Time to unload at offshore facility i for product h
T Time horizon

TMAX Maximum time a vessel can travel

Decision variables

Ximjnk 1 if vessel k sails from visit (i, m) to (j,n), 0 otherwise

xJB 1 if vessel k sails from depot to visit (i, m), 0 otherwise

xJE, 1 if visit (i, m) is the last visit made by vessel k, O otherwise

Wimk 1 if visit (i, m) is made by vessel k, 0 otherwise

dimkn Amount of units of commaodity of type h delivered by vessel k at visit (i, m)
Vkh Number of vehicles that leaves facility h to supply vessel k

sE Stock level of commodity h before visit (i, m)

ts, Start time of visit (i, m)
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K.2 MODEL FORMULATION
Objective function

P K
minz = Z ZCijximjnk

(i;mjn)es keX
OK (., OB OE
+ Z Z CO* (b + XEmk
(i,m)eS keX
TC,K.,OB
+ Z C Ximk
(i,m)eS keX
TC\V
DIPICEER
kEX heH
Routing constraints
xPB <1

(im)es

— OB
Wimk = Ximk + z Xinimk
(mes

Loading constraints

%4
dimin < QnYkn

(im)es
z dimin < QK Z X
(imES (im)EeSs

K
dimin < Qn Wimk

XXXVII

forkeX

for(im)eS keX

for(im)eS keX

for (iim)€esS

for (im)eSim>1

fork e, heH

fork e, heH

for(im)eS,keKXK ,heH

(K.1a)

(K.1b)

(K.1c)

(K.1d)

(K.2)

(K.3)

(K.4)

(K.5)

(K.6)

(K.7)

(K.8)

(K.9)



Z dimin = Wimk

heH

Inventory constraints

0 B _ _.B
Sih — Wintim = Simn

Simn — Win <tiBm + Z Ti%dimkh> + z dimkn = Sin

keX keX

B _ B
Simh = Sitm-1r T Z dimkn
kex

— Win (tgn - Z T dimkh — tiB(m—1)>

kEK

T E al E
Sth < Stn — Win (T — th,

Time constraints

tim = tim-1) = z Ty dimicn

heH
keEXK KEK heH
Z TOXOme + Z Z TEdimin | < thy,
kex (i;m)ES her
ts + Z z Trdppn + TP < T

KEX heH

Variable constraints

OB OE
Ximir Ximkr Wimk € {0'1}

ximjnk € {0'1}
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for (i,m) €S,k eX

for(im)eSim=1heH

for(im)eS,heH|m=1

for (im)eSm>1,heH

for (i,m) EeSm =M;, h e H

for (im)esSim>1

for (i,m,j,n) €S

for (im)eS

for (im)eSsS

for(im)eS keX

for (im,j,n) €S, keX

(K.10)

(K.11)

(K.12)

(K.13)

(K.14)

(K.15)

(K.16)

(K.17)

(K.18)

(K.19)

(K.20)



Yin €LY

dimin = 0

XXXIX

fork e, heH

for(im)eS,keXK,heH

for(im)€eS,heH

for(im)es

(K.21)

(K.22)

(K.23)

(K.24)



