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Summary

NGH (Natural Gas Hydrate)-FPSO is deemed as one of the attractive solutions for relatively small gas fields.
NGH process plant is installed on board FPSO and it produces NGH from raw gas transferred directly from subsea
wells through flowlines and risers. For 3 years since 2004, we have been investigating tandem offloading system
for NGH-FPSO and a shuttle tanker in the south east Asia and Oceania. We evaluated workability of the tandem
offloading system for NGH-FPSO under combined environmental conditions. As a result, we confirmed that
workability under the offloading conditions attained 100% by using a mooring unit that has large restitution force.

Based on the aforementioned results, we carried out a safety assessment of the offloading system according
to HAZID (Hazard Identification Study) and were awarded AIP (Approval in Principle) by NK. Furthermore,
comparison of economical efficiency between NGH-Chain and LNG-Chain, under the conditions that gas
production was between 48 to 275MMscfd, the production period was 30 years, and the destination was Japan,
indicated that NGH was advantageous when gas production was 80MMscfd or less.

The results of investigation on the tandem offloading system for NGH-FPSO are reported in this paper.
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Table 1 Gas utilization characteristics
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Photo 1 General view of model test
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Table 2 Principal dimensions of the model ships

NGH-FPSO A ML AA—
Lpp 300.0 [m] 285.0 [m]
B 60.0 [m] 46.0 [m]
D 33.0 [m] 24.5 [m]
d 16.0 [m] 14.5 [m]
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Fig.2 Coordinate system

Table 3 Conditions of the model test
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Photo 2 General view of the mooring units
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Schematic mechanism of a tension wire mooring unit
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Fig.4 Comparison of the static force of restitution
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Table 4 Environmental conditions
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Table 5 Scatter diagram for south east Asia and Oceania
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Table 6 Allowance for an evaluation of workability
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Table7 Workability of the offloading system from the viewpoint of relative horizontal displacement

(a) FHRACPEM ORI (3 — 7 AFRINEEE)

IR [secl
4- 5— 6- - 8- 9- 10— 11— 12— 13— 14— 15—
1 0.000 0.000 0.000 0.000 1.272 2.544 5.491 8.437 6.383 4.329 3.434 2.539
2 0.000 0.000 0.000 0.000 2.205 4.410 6.147 7.885 6.683 5.481 4.863 4.244
5 3 4.830 4.770 4.708 4.646 5.425 6.205 6.877 7.549 6.970 6.392 6.005 5.618
% 4 9.724 9.681 9.639 9.596 8.762 7.929 7.679 7.430 7.245 7.060 6.860 6.660
b 5 13.774 ] 13.604 | 13.431 ) 13.259| 11.420 9.581 8.554 7.528 7.508 7.487 7.429 7.371
& |6 16.980 | 16.535| 16.085| 15.636 | 13.399| 11.163 9.502 7.842 7.757 7.673 7.711 7.750
[m] 7 19.343 | 18472 17.601 ] 16.730| 14.703 | 12.676 | 10.523 8.371 7.993 7.615 7.706 7.798
8 20.860 | 19.423| 17.978 | 16.534| 15.323 | 14.113| 11.617 9.120 8.220 7.319 7.416 7.513
9 21.535| 19.380| 17.217| 15.054| 15.268 | 15.482| 12.783 ]| 10.084 8.432 6.780 6.838 6.897
10 21.368 | 18.343 | 15.318| 12.293| 14.538 | 16.784 | 14.023 | 11.262 8.628 5.995 5.973 5.952
11 20.353 | 16.323 | 12.280 8.237| 13.121| 18.006] 15.334| 12.662 8.819 4.976 4.824 4.671
(b) BEOEE (32— 7 X4RMEE)
g3 SR 1 [secl
4- 5- 6 7 8- 9- 10— 11- 12— 13— 14— 15—
1 317 683 418 456 455 241 77 17 3 0 0 0
2 37 221 270 316 441 371 186 63 16 3 1 0
5 3 11 106 173 213 370 410 267 114 36 9 2 0
% 4 1 17 45 137 384 547 433 220 80 23 5 1
i 5 0 7 18 45 138 228 209 121 49 15 4 1
o |6 0 2 8 21 75 144 148 96 43 15 4 1
(]2 0 1 3 6] 23 51 59 42 21 8 2 1
8 0 0 1 3 12 28 33 25 13 5 1 0
9 0 0 0 1 5 11 13 10 6 2 1 0
10 0 0 0 0 1 3 4 4 2 1 0 0
11 0 0 0 0 0 0 1 1 0 0 0 0
(¢) FPERATFEM OB KE (BRY A v —RERMLEE)
SEEIPE I [secl
4- 5- 6 7 8- 9- 10— 11— 12— 13— 14— 15—
1 0.695 0.085 0.042 0.000 0.183 0.366 1.101 1.836 1.446 1.057 0.828 0.600
2 1.196 0.853 0.511 0.168 0.516 0.864 1.290 1.716 1.491 1.266 1.113 0.960
4 3 1.678 1.532 1.388 1.243 1.282 1.321 1.480 1.639 1.532 1.425 1.334 1.243
#% 4 2.141 2.123 2.106 2.089 1.913 1.737 1.670 1.603 1.568 1.534 1.492 1.450
s 5 2.586 2.625 2.665 2.705 2.409 2.112 1.861 1.610 1.602 1.594 1.587 1.581
o 6 3.013 3.037 3.065 3.093 2.770 2.446 2.053 1.660 1.631 1.603 1.619 1.636
[m] 7 3.418 3.363 3.307 3.252 2.995 2.737 2.243 1.749 1.655 1.561 1.587 1.614
8 3.809 3.597 3.389 3.181 3.086 2.991 2.438 1.884 1.678 1.471 1.494 1.516
9 4.180 3.743 3.312 2.882 3.042 3.202 2.631 2.060 1.695 1.330 1.336 1.343
10 4.528 3.804 3.079 2.354 2.861 3.368 2.821 2.274 1.706 1.138 1.115 1.092
11 4.865 3.770 2.683 1.596 2.549 3.501 3.020 2.538 1.718 0.899 0.832 0.766
(d) BEOHEE (BiED A v —RAIehhiEE)
g3 A 1) [secl
4- 5- 6 7 8- 9- 10— 11- 12— 13- 14— 15—
1 317 683 418 456 455 241 77 17 3 0 0 0
2 37 221 270 316 441 371 186 63 16 3 1 0
f 3 11 106 173 213 370 410 267 114 36 9 2 0
E 4 1 17 45 137 384 547 433 220 80 23 5 1
W 5 0 7 18 45 138 228 209 121 49 15 4 1
= 6 0 2 8 21 75 144 148 96 43 15 4 1
[m] 7 0 1 3 6 23 51 59 42 21 8 2 1
8 0 0 1 3 12 28 33 25 13 5 1 0
9 0 0 0 1 5 11 13 10 6 2 1 0
10 0 0 0 0 1 3 4 4 2 1 0 0
11 0 0 0 0 0 0 1 1 0 0 0 0
U A7 S EEHE DR E ~(6) %l UFEHE 9 5,

EHT LYV R~ MY v 7 ZADRE)
FEAEMERES (FD & L7 By, 2R (S.D
ELTHEMAEREL, VAT~ MY v 7 A&
fToz&& L,
SWIFT #:iZ L % Hazard O [FIE
FEAEBREE, SR OHEE
TR, REAEE ORE (LEREAIZOWTO)
Hazard V 2 F DR (U —2 v — FDFEA)

FTu—=T A TV AT DRI Y T VAT L4

Fio, W BE O OWTIE, [FE L7z Hazard |12
XU, U R Z AR B ORI 2 R D LN D | i~
® Hazard ¢ # KB CGEAEBEE K OEE)IZ SV T Table8
WARTIUAZ~ M) w7 ZA0MEICEVFEI L, 7238,
ALARP (As Low As Reasonably Practicable) LA LD U &
TIZT 7 SN HDITONT MR REORS 217 9
NP B

Fig7 DV 27 ~< KV v 27 2|2 HAZID #5535 % ALHICR T,
[AlE &7z Hazard O H1E, U A7 LoyL 9 DL EoOIHEILE
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Table 8 Definition of the risk matrix value Table 9 Evaluation results of NGH-Chain and LNG-Chain
YR7< Y v 2O | Hazard DEKREEC K 5 T Sostem | Sy5tem NGH LNG
Production Rate
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