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A Study on the Estimation of Fisheries Resources in
the Coastal Marine Ranching Area of Ulleung-Do, 2023

Gwang Bok Kim*l, Sang Hack Choi’
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Pohang 37602, Republic of Korea
2Searnorning Engineering Co. Ltd. Seoul 06716, Republic of Korea

In this study, the spatiotemporal distribution and biomass of fish were estimated during both
daytime and nighttime in June, August, and October, using underwater acoustic surveys in the
Ulleung-do coastal marine ranching area. Analysis of the echograms indicated that fish schools
were primarily distributed in the surface and midwater layers. However, catch data showed a
predominance of benthic species. Dominant species included bottom-dwelling fish such as the
parajulis (Halichoeres poecilepterus) and redfin velvetfish (Hypodytes rubripinnis). Midwater
species that typically form schools, such as Japanese jack mackerel (Trachurus japonicus), were
relatively scarce in the catches. This discrepancy suggests that the distribution of midwater fish
could not be fully characterized with the current methods. Therefore, improvements in sampling
gear capable of covering the entire water column are necessary. In addition, the acoustic
backscattering strength a critical parameter for accurate estimation of fish biomass requires further

study to enhance the reliability of biomass assessments.
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A Study on the Estimation of Fisheries Resources in
the Coastal Marine Ranching Area of Ulleung-Do, 2023
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Fig. 1. Acoustic transect lines for hydroacoustic
survey at Ulleung marine ranching area, Korea
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A Study on the Estimation of Fisheries Resources in

the Coastal Marine Ranching Area of Ulleung-Do, 2023
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Fig. 2. System configuration used for hydroacoustic
survey at Ulleung marine ranching area, Korea
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Fig. 3. Hydroacoustic systems used for the fieldwork
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the Coastal Marine Ranching Area of Ulleung-Do, 2023
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Fig. 5. Vertical distribution of fish during the daytime of June 16, 2023.
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the Coastal Marine Ranching Area of Ulleung-Do, 2023
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Fig. 7. Vertical distribution of fish during the daytime (2) of June 16, 2023.
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Fig. 9. Vertical distribution of fish during
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Fig. 11. Vertical distribution of fish during the nighttime of August 30, 2023.
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Fig. 13. Vertical distribution of fish during the daytime of October 26, 2023.
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Oct nighttime

Fig. 15. Vertical distribution of fish during the nighttime of October 26, 2023.
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Fig. 14. Spatiotemporal patterns of fish distribution during the nighttime on
October 26, 2023.
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Fig. 17. Proportional composition of fish species caught by traps
and gillnets at Ulleung marine ranching area in June 2023.

Fig. 18. Proportional composition of fish species caught by traps
and gillnets at Ulleung marine ranching area in August 2023.
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A Study on the Estimation of Fisheries Resources in
the Coastal Marine Ranching Area of Ulleung-Do, 2023

Fig. 19. Proportional composition of fish species caught by traps
and gillnets at Ulleung marine ranching area in October 2023.
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Fig. 20. Length-weight relationship of the black scraper
(Thamnaconus modestus) in June 2023.
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Fig. 21. Length-weight relationship of the redfin velvetfish
(Hypodytes rubripinnis) in June 2023.
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Fig. 22. Length-weight relationship of the parajulis
(Halichoeres poecilepterus) in June 2023.
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Fig. 23. Length-weight relationship of the spotbelly rockfish
(Sebastes pachycephalus) in August 2023.
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Fig. 25. Length-weight relationship of the black scraper
(Thamnaconus modestus) in August 2023.
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Fig. 24. Length-weight relationship of the rock bream
(Oplegnathus fasciatus) in August 2023.
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Fig. 27. Length-weight relationship of the black scraper

(Thamnaconus modestus) in October 2023.
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Fig. 26. Length-weight relationship of the rock bream
(Oplegnathus fasciatus) in October 2023.
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Fig. 28. Length-weight relationship of the Japanese jack mackerel
(Trachurus japonicus) in October 2023.
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Fig. 29. Body length-frequency distribution of the spotbelly rockfish
(Sebastes pachycephalus) in June 2023.
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Fig. 30. Body length-frequency distribution of the redfin velvetfish
(Hypodytes rubripinnis) in June 2023.
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Fig. 31. Body length-frequency distribution of the parajulis
(Halichoeres poecilepterus) in August 2023.
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Fig. 32. Body length-frequency distribution of the spotbelly rockfish
(Sebastes pachycephalus) in August 2023.
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Fig. 33. Body length-frequency distribution of the rock bream
(Oplegnathus fasciatus) in August 2023.
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Fig. 34. Body length-frequency distribution of the black scraper
(Thamnaconus modestus) in August 2023.
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Fig. 35. Body length-frequency distribution of the rock bream
(Oplegnathus fasciatus) in October 2023.
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Fig. 36. Body length-frequency distribution of the Japanese jack mackerel
(Trachurus japonicus) in October 2023.
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Fig. 37. Body length-frequency distribution of the black scraper
(Thamnaconus modestus) in October 2023.
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3285 WTERHNY S olRe] SN B4
T dEFS FASH] faiAde T FFNITHAE (Target. strength TS)7F
2% 84 F sholth SFHUAES hE AT/t Bol AAYHL YA o}y ¥
3 REG Wolth B AFoIAE AW ATE Al A3} S ANHAG. £F
= ug R el o8 $HIFY SPUVPES F 13 2o yehiuth &
APEe] MY AT AI} Qe LFE W] $HIFA BHX, §X =0
7l A9 A= It A=ol /el 120kHz @S A83A L, &5 £ Ad ATEHAT} glo]
e A bR BB A7ARE AgHAT
Table 1. Target strength of dominant species at Ulleung marine ranching area.

Target strength
Species (Scientific name) arg (TS) gt References
black scraper (Thamnaconus modestus) 20 log (L)-72.0 Lee et al., 2014
June | redfin velvetfish (Hypodytes rubripinnis) 20 log (L)-72.0 Lee et al., 2014
parajulis (Halichoeres poecilopterus) 20 log (L)-72.0 Lee et al., 2014
spotbelly rockfish(Sebastes pachycephalus) 20 log (L)-66.9 Mun et al., 2005
Aug. | rock bream (Oplegnathus fasciatus) 20 log (L)-73.9 Kang et al., 2001
black scraper (Thamnaconus modestus) 20 log (L)-72.0 Lee et al., 2014
rock bream (Oplegnathus fasciatus) 20 log (L)-73.9 Kang et al., 2001
Hwang et al,,
Oct. | Japanese jack mackerel (Trachurus japonicus) 20 log (L)-66.7
2012
black scraper (Thamnaconus modestus) 20 log (L)-72.0 Lee et al., 2014

4. EFTE HIHERFHFAA ofFY S

=FHolHE ol&st &% vtEFa g dEF FAS Ay % 29 2ok =
SEutgEg Ao WA 45100 molHth 6¥ F3Foll Transect 6914 5.7 n¥nm?
o7 7 Ykal, Transect 5SOA 24262 nPnm?o 2 7F =9kth 62 oF7Fol Transect 29
Al 502 ?am? S8 7Hg QLA Transect 594 9425 n?nm*o® TG =dth 8 3t
o Transect 14914 21.9 n?nm?e. & 7}&F Y31 Transect 169014 2725.5 nnm?l 2 7}
=3tk 89 OkZFO| Transect 4041 58.1 n2nm2o.2 7} k3. Transect 394 1584.4
n?mm2o. 2 7 =kth 10¥€ F3Fel Transect 159014 779 nnm2lo.2 7 9Qkal,
Transect 13914 34352 nnm?S. & 7} =4tk 102 ©F7FA| Transect 4914 172.8 n¥nm?
O 2 7} BQkal. Transect 5OA 1737.2 nmm2l 2 7} =9}
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SFNBPEE o] g3ty $HolFe HF Ux H IEHS E 3o YehAY 6€2
T B BEE D4HA 343 gm?, H|G9A 9.1 gm?, EXEH 7] 215 gm?el AT 69
oftell W+ WEE EHA 307 gm?, H|HA] 82 gm?, SX=:W7] 192 gmel ). 8¢
Ftol Ht U=E MEF 86 gm?, EF 63.6 gm, THA 30.8 gm2o] Gt 89 ofzt
of W U= MEF 50 gmz EF 373 gm?, THAA 181 gmo|lFtt 10¥€ F3tl
B s 55 1116 gm?, A780] 355 gm?, THA 105 gm2ol At 10¥€ oFgtol 3
7 E9EE % 93.8 gm?, A7l 29.8 g/m?, EFH A 8.8 g/m?o] ATt

699 dEFL Fho| WHA 306.6 ton, PIHX] 0.4 ton, EX=2;H7] 21.9 tono] Rl ©F
7te] dEFE BH A 2744 ton, A 0.3 ton, EX =] 19.6 tono] Ft}. FFIS F3t
o 916 ton, ©FZtoll 297.3 ton o]t 8L AETFL FXtol|l 7HE= 18.6 ton, EF 320.5

ton, TF A 86.7 ton®] Pl okZte] HEFLS JNEE 109 ton, =F 187.8 ton, YF A 50.8
tono] 4t} FTS F7rol 425.8 ton ©F7Foll 249.5 tono] HTh 10¥€9] AEHS Fo =
= 132.2 ton, A78o] 52.7 ton, BH A 77.1 tono] QL oF(te] WEHES =X 111.1 ton, A

7§0] 44.2 ton, TFH A 64.8 ton®] ATE. F32 F7+ol 262.6 ton ©kZFel 220.1 tono] H T}

B AL £3E dchitEgel 248 AN £F ¥ o g3t 6%, 89, 10
2 FooRzk oo AET BE D AEFL FRRAT. oF 24 Aol ZIAL
R E3, 3] T2 ojFo] REAUL. IdU oAARE T2 AA o] Fo] B3}
B AL U ¢ AT SHAFL §AEdY), MYN 5 AFIRYL FF ool
TElg o|FE Aol A% olfol BA Ayt ot FF oFe REE H
4 gE AL BAT A F39 oRE AAT & Ut o7 APl Basith 1
I o Fe BEFS FAHSE Aol U FLF 24 F U o Fo SFABPE
9/ o Be A7t gasolol & ROz wudn
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Table 2. Assessment of fish biomass in the Ulleung-do marine ranching area.

June August October
Transect Station daytime  nighttime daytime nighttime  daytime nighttime
ni  NASCni NASCni NASCni NASCni NASCni  NASC
1 1~2 3 1115 4 1499 3 3013 3 1221 3 1871 3 735.1
2 3~4 4 36.0 4 502 4 603 4 1585 4 3049 4 886.9
3 5~6 3 300 3 8424 3 73.1 3 15744 5 3407 5 1521.8
4 7~8 5 5763 5 5697 5 20199 5 58.1 3 25916 3 172.8
5 9~10 5 24262 58 9425 2 2151 5 2002 4 22522 3 1737.2
6 11~12 5 57 6 1407.0 5 259 5 1454 3 2628 3 1242.3
7 13~14 5 11668 5 757.8 5 49.1 5 83.7 5 4375 4 1270.5
8 15~16 4 78.1 4 7411 5 654 5 261.1 6 5407 5 392.6
9 17~18 5 3059 6 14172 5 492 6 1302 6 13346 6 374.7
10 19~20 7 69.2 7 73.7 7 1693 6 8048 7 7115 7 526.8
11 21~22 6 80.2 6 109.6 6 30.5 7 639 7 198.1 6 448.8
12 23~24 6 1348.6 6 2214 8 2722 6 710 5 8083 6 435.8
13 25~26 6 6974 6 5813 7 9493 7 109.0 7 34352 5 745..2
14 27~28 7 317.6 T 7641.1 8 219 7 2751 6 7231 6 1241.7
15 29~30 7 1419.0 6 1759 7 1435 7 9146 8 779 6 754.5
16 31~32 9 611.0 7 69.5 7 27255 7 849 7 5852 6 447.9
N
S in, 87 87 87 88 86 78

i=1
Survey area 4x10” 4x10’ 4x10” 4x107 4x107 4x10’

(4, m’)

Estimated

Biomass 328.9 2943 1206.1 249.5 262.0 220.1

(B, ton)

Coefficient of
variation 11.5 54 8.0 1.4 21.0 7
(CV, %)
ISSN: 2288-7229 - 28 -
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Table 3. Biomass and mean density of dominant species estimated by Target strength at
Ulleung marine ranching area.

Mean density

Fish species Conversion N‘A‘S(,j (;’ o/m?) Biomass(ton)

factor partitioning Day  Night Day Night

Thamnaconus modestus 0.137235464  0.93657421 343 30.7 306.6 274.4
Hypodytes rubripinnis 0.036671659 0.004386729 9.1 8.2 0.4 0.3
Halichoeres poecilopterus  0.086162000 0.101955850  21.5 192 219 19.6
Sebastes pachycephalus 0.043499927 0.215787242 8.6 50 18.6 109
Oplegnathus fasciatus 0.319855705 0.155181000  63.6 37.3 320.5 187.8
Thamnaconus modestus 0.155181000 0.280711915  30.8 18.1 86.7 50.8
Oplegnathus fasciatus 0.307707695 0.118420976 111.6 93.8 1322 111.1
Trachurus japonicus 0.097878000  0.148508666  35.5 29.8 527 442
Thamnaconus modestus 0.028988000 0.733070358  10.5 88 771  64.8
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A Study on Subtidal Seaweed Succession Using Concrete quadrats

Won-Ki Jeong', Yong-Ju Park’ and Nam-Gil Kim"

1Depar‘[rnent of Marine Biology and Aquaculture/Gyeongsang National University,
Tongyeong 53064, Republic of Korea
*Korea Professional Aquaculture Engineering Association,

Tongyeong 53017, Republic of Korea

This study on the marine algal succession process of three areas (Yeongunri,
Pildo-island, Mangchiri), southern sea of Korea, was monitored March 2021 to May
2022. A total of 28 marine algal species were identified during the survey period, with
3 species as Chlorophyta (10.7%), 8 species as Ochrophyta (28.6%), and 17 species as
Rhodophyta (60.7%). In Yeongun-ri, a total of 20 marine algal species were identified,
with 3 species as Chlorophyta (15.0%), 6 species as Ochrophyta (30.0%), and 11
species as Rhodophyta (55.0%). In Pildo-island, a total of 18 marine algal species were
identified, with 3 species as Chlorophyta (16.7%), 5 species as Ochrophyta (27.8%), and
10 species as Rhodophyta (55.6%). In Mangchi-ri, a total of 11 marine algal species
were identified, with 2 species as Chlorophyta (18.2%), 3 species as Ochrophyta
(27.3%), and 6 species as Rhodophyta (54.5%). The (R+C)/P values for Yeongun-ri,
Pildo, and Mangchiri were 2.00, 1.83 and 2.00, respectively, indicating the marine algal
flora of cold temperature to temperate. During the survey period, the dominant and
subdominant species by study areas were Ulva australis and Colpomenia sinuosa in
Yeongun-ri, Gracilaria textorii and Sargassum honeri in Pildo-island, and S. honeri and
U. australis in Mangchi-ri. In each study areas, coarsely branched form (36.4-55.6%)

showed the highest proportion, and the filamentous form and crustose form (5.0%-9.1%)
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showed the lowest proportion. In all study areas, the marine algal succession process
began with the establishment of annual algae species such as U. australis and C.
sinuosa during the early succession. As the water temperature increased from July,

melobesioidean algae started to cover the substrate. In late succession, young plants of

perennial large brown algae started to establishment, showed typical successional
patterns.
Key words: Concrete quadrats, Subtidal Seaweed, Succession
Running title: ZZe/E B35 o] &t =27 o] A7
*Corresponding author: ngkim@gnu.ac.kr
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(Fig. 3). 54 2 EF+ 337 (Olympus CH30), YA A0 (Leica EZ4)S AL
Sl =52 E =7 (Kang, 1968), A5 vl (Lee, 2008), =4t 3=/ &
=(Lee and Kang, 2001)< %318}t

ol AFollA FHZF ot A% FRE AL 23 T vEe
2 3t o3 22 F24E 0] 8383 TH(Saito and Atobe, 1970).

&

sy
a-

it

71 %

TaE A 74
¥ E(F) = % x 100 = 4+qn

“gn : F°] A3 10x10 cm HH e WH T

dxFol =g 7158 98 el 2 ¢4 Ex 5o AEE YES]

5: 71dEHY 12-18 B3 A= AHT5%)

4 71AFEHL 1/4-125 B3 A= H$(37.5%)

3 71-AEHY 1/8-1/4S B e 7 $(18.75%)

2 71AEHY 1/16-1/85 Qi A= -9(9.375%)

1: 7143 1V16ET HA G A& 7 -9(4.6875%)

C C? C:pl
T(C) = —F—2 2
5= © = 25 25 25

01’02’“.0(]]1 : Z_}- FJ‘:IE_CL] EH;‘E"
AWIERC) = (XF A= FAA Fol Ax ) x 100
AU ERF) = (XZ9 NE A Eo N F) x 100

Z25(IV) = (RCHRF)2

fiio
ol
[4:]_‘
=y
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S A3 fsted Ed FFE o8, Segawa (1956)9] T
7ol ¥(C/P)9} Feldmann (1937)2] thEFHEZF g ¥

ZF9 H|(R/P) & Cheney (1977)8] UlTHEZF U X2/ 275 T
ol HIEARHC)/PES AFEst] Fetth sixzw Y HoldA A AHE EA
W3S vl w3ty] 9138 Littler and Littler (1984)2] 715 @7l wlgl & £ G4 ¥

(sheet form), AHd & (filamentous form), “dZ14-7]& (msely branched form), T-52 3
(thick leathery form), +2&4F& =3 (jointed calcareous form), Z}’d 3 (crustose form)2| 6
A agoz BRHAG. 7 o] A2TYe Hold motss] Aa AW o)

Z7F9 & TE 7S = PRIMER statistical package (version 5.0)8 AF&3l] FAISE

800"

34°5410.000"
34752

Geoje

Tongyeong

34°48'0.000"

0 1 2km
0 1 2km
128°2024.000" 128°25%5.200" L 128°36/0.000" 128°42/0.000"

Fig. 1. A map showing the study areas in the coastal waters off Tongyeong and
Geoje, southern sea, Korea. A, Pildo-island; B, Yeongun-ri; C, Mangchi-ri.

Fig. 2. Concrete quadrats installation process in the coastal waters off Tongyeong
and Geoje, the South sea, Korea. A, Yeongun-ri; B, Pildo-island; C, Mangchi-ri.
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Fig. 3. Concrete quadrats Wlthdrawn from the coastal waters off Tongyeong and
Geoje, southern sea, Korea. A, Yeongun-ri; B, Pildo-island; C, Mangchi-ri.

1. 8%
2AF 717 S 2AYE BTl 23 x=R{F 552 Table 1, £FTE
d ¥ St Fig 4, BT FARE Fig 59 2ok 2AIRE B RE 24 89

oflA ZZF 3F(10.7%), HeHEZF 8F(28.6%), == 17%(60.7%)2; T 28%
o] €3l tt ol H27F 3F(15.0%), HTHAEZF 65(30.0%), %
F(55.0%) 2.2 F 20F°] =L, A Y T M B E2RY F U=
A dx= 52/ 3

OS2 F 18F°] AT =7, %‘Xlﬂ"ﬂ/‘ﬂ
(25.0%), EZF 6F(583%)2= 1
< F57F EdsH. BE AL 9
FAE At FAFH ds o EANA =4
stAll = =8 57 A Uehdes As g8l
T84 (Ulva australis)F 332 o) =AW Sargassum  honeri)©] 7178 ol =333
3, A5oA BRI AN, honeri)dt A ZA ) 7] (Gracilaria textorii)7} 717 ol
=3y =3, A A2 2% PHASNH(U. australis), ZASE(U
intestinalis), 3V ZARKS.  honeri), FUYEARKS.  serratifolium), E7}AHE

(Chondracanthus tenellus)7} =33 3R T
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A Study on Subtidal Seaweed Succession Using Concrete quadrats

Yeongun-ri Pildo-island

-3 -

= Chlorophyta = Ochrophyta = Chlorophyta = Ochrophyta

= Rhodophyta = Rhodophyta

Mangchi-ri Total of all areas

-

= Chlorophyta = Ochrophyta = Chlorophyta = Ochrophyta

= Rhodophyta H Rhodophyta

Fig. 5. The proportion by the taxa of marine algae occurred on concrete
quadrats in the coastal waters off Tongyeong and Geoje, southern sea, Korea.
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2. C/P, R/P, (R+C)/P%t

&8, B&, GA YA AT AEx2/F
T, WEHEZF 63, T27 11E, 259
27 10F, A YA 527 2%, A
(Fig. 4). ©12 C/P #°oZ Yelyd 49& 0
Yelgow, RP e 2+ 2.00, 1.83, 2.0001Q3, (R+C)P S Z+2F 2.60, 2.33,
2672 YErgth o] Ad9E EWE d28, 45, dA g9 d2ge A
2t A |22 ATETH(Table 2).

Table 2. Comparison of R/P, C/P and (R+C)/P value of marine algae occurred in the coastal
waters off Tongyeong and Geoje, southern sea, Korea.

Values C/p R/P (R+C)/P
Study areas
Yeongun-ri 0.60 2.00 2.60
Pildo-island 0.50 1.83 2.33
Mangchi-ri 0.67 2.00 2.67

3. T8E=3%

FE T 28T 2/ F8E & A9 2TE AT, oM ATLE YERA,
3ERE o2 8 YA Sl $HFL Table 33 2}k 2ol 39 ZAFojn
2l (Seytosiphon lomentaria) 50.04, & 71 25.01, 5€ E&H71E 86.31, AT 7.38,
79 Tyt 7231, B BAE 12.06, 99 EAMKS. fulvellum) 63.69, E7}AME]
13.07, 119 F8Z3e 5826, FX7HAMEl(Gelidium elegans) 13.70, 1€ TH2 3}
53.23, FYEAE 1140, 20221 3¢ E#H7]E 64.13, 7820 12.50, 2022 59
EG71E 71.02, FYUEAE 5389 S Holw $HF, olHFTOE YEYTH 35
= 2021d 5¥€ollE =EVIE 15Nl EH3IHA 85 g 10002 A, 7¢
WA S-Y-(Hypnea  asiatica) 68.60, TgZ&ae 2858, 99 S ENEARK Myagropsis
myagroides) 34.84, AXAI 7] 30.70, 112 QA 7] 73.25, JAo] =2 20.75, 1€
QBN 7] 77.67, B =AM 1522, 39 JWA 7] 50.49, FEAI Y 16359 7
< Kol 9XF, oftHTOE UEuTh WX g HFe 59 Aol =ANE
86.53, T AT 8.16, 72 WA o] ZANE 6448, FEA T 3552, 9¥ HAYo| Tt
95.53, WU EARE 3.92, 119 o] =AMt 87.03 FAtatbel 7.35, 20221 1€ FH& %
& 51.36, BA o)A 31.34, 3¥ A 61.76, WAl AR 2873, 59 THZA
b2 51.18, Aol AP 35779 e Kol HF, olHFOE YEIRT
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Table 3. Bimonthly important value (IV) of dominant species on concrete quadrats in the
coastal waters off Tongyeong and Geoje, southern sea, Korea.

Study areas Ye Pi Ma
Values RC RF v RC RF I\ RC RF v

Month Species
Mar.  Scytosiphon lomentaria 5841  41.67 50.04

Colpomenia sinuosa 19.47  30.56  25.01

Sargassum horneri

Ulva australis
May  Colpomenia sinuosa 93.62  79.00  86.31 | 100.00 100.00  100.00

Ulva intestinalis 2.77 12.00  7.38

Sargassum horneri 9538 77.68  86.53

Ulva australis 2.93 13.39 8.16
July Ulva australis 84.91 59.70 7231 18.92 3824 28.58 |31.43 39.60 35.52

Sargassum horneri 6.21 17.91 12.06 68.57 60.40  64.48

Hypnea asiatica 7838  58.82  68.60
Sept.  Sargassum fulvellum 73.68  53.70  63.69

Chondracanthus  tenellus 9.47 16.67  13.07

Myagropsis myagroides 47.04  22.64 3484

Gracilaria textorii 2556 35.85  30.70

Sargassum horneri 98.83 9223  95.53

Sargassum serratifolium 1.05 6.80 3.92
Nov. Ublva australis 56.52  60.00 58.26

Gelidium elegans 17.39  10.00 13.70

Gracilaria textorii 73.17 7333 73.25

Sargassum horneri 23.17 1833  20.75 |91.30 8276  87.03

Ulva intestinalis 435 1034 7.35
Jan, Ulva australis 4776 5870  53.23 5594 4679 5136

Sargassum serratifolium 11.94 10.87 11.40

Gracilaria textorii 7792 7742  77.67

Sargassum horneri 17.53 1290 1522 | 28.73 3394 31.34
Mar.  Colpomenia sinuosa 84.79 4348  64.13

Ulva australis 12.50 4348 2799 | 13.08 19.61 16.35 |71.11 5241  61.76

Gracilaria textorii 59.81  41.18  50.49

Sargassum horneri 2132 36.14 28.73
May  Colpomenia sinuosa 84.90  57.14  71.02

Sargassum serratifolium 427 6.49 5.38

Ulva australis 5621 46.15 51.18

Sargassum horneri 3136 40.17  35.77

*Abbreviations: Ye, Yeongun-ri; Pi, Pildo-island; Ma, Mangchi-ri; RC, Relative coverage; RF Relative
frequency; IV, Important value
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7158+

I272o 7158 ¥ FAHE Table 49 2oh RE XAl 3
+¥ TS

S 7.1%, 438 3.6% w2 YERgY I

20.0%, G433 15.0%, AHEE, 249 5

55.6%, T+, Aol 16.7%, AFE, ZHdEol 5.6% &

3 i
© A7 36.4%, BEF 27.3%, 5EEH 182%, A 2 EH 9.1% &
3 o o

=
ol

Ol

Lo

ol 7159
%

7180l 7 w2 vlEs WEla, A4dde] 7 W vEs dEnh

Table 4. Composition proportion (%) of marine algal functional form group observed on
concrete quadrats in the coastal waters off Tongyeong and Geoje, southern sea, Korea.

Eoform Study areas Ye Pi Ma Totzlregg all
S 15.0 16.7 27.3 17.9

F 5.0 5.6 9.1 7.1

CB 55.0 55.6 36.4 53.6

TL 20.0 16.7 18.2 17.9

JIC 0.0 0.0 0.0 0.0

C 5.0 5.6 9.1 3.6

* Abbreviations: Ye, Yeongun-ri; Pi, Pildo-island; Ma, Mangchi-ri; S, Sheet form; F, Filamentous
form; CB, Coarsely form; TL, Thick leathery form; JC, Jointed calcareous; C, Crustose form

5. Hol3HA

Ao HolxAH L Fig. 63 Zrh 2021d 3¥€3} 59 AN xFA FHL
g, By 7|2, ZSolagn], Axggrt 44 HUut FHAIYg s I BEE
A, FAggE 7939 922 A3 RE AV BEREJoH, EYrwe 7,9,

11ES A BEe A7l #AZHJAT F20] FolAl= 7€ 44 dsxF
(Crustose algae)’} @5 ¥ &st7] A28k, 4@y oy diegd=ZzR/e B4
ojEA FHH TE2F =M S FEIHAE fFhol A4 HUAT AR

W 7R AP B wzkA #dEREAeH, SV E 7939 110 #EE

, FRZMAMEE TERE 20229 3€7bH] #FHAT 9de A HEEFIF
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AAHEJTY. FYEAEES 2022 5E7HA] BEEHA L, N-F= 20229 1€71A] &

ZEAT. 1€ vEZ®N(Grateloupia turuturu), UILA 7], %’%% |(Plocamium
telfairiae)7t Y21 HAL, FFEole 397HA BEHEHJT 34 E#7|do] HF3)

Fa, 592 HAHING. vermiculophylla), VU Z5-0|(Lomentaria catenata), V]S
(Undaria pinnatifida), 358NG. elliptica), 2 (Codium fragile)?] ¥4 HHA F o
FAeol 7 =A e T

Z=o] Hol#g2 Fig. 73 #Zth 2021d 59 E#7|go] 44 HAow, 943
2022'd 3€el #FHJAGY. 7€ A A5 EFVE A5 e eH, THA¢
T, e, Azt A4 =04, Fedds 74, 20221d 5ol #EE
o o€ 5 Y AL B¢ wWi7hA A4 SRV HETE 1271 5o,
Aol AR, FI7MAY, I ENEAME, $-ZTMAR, dmA 7], FYUEARE FF ol
A4 HART =T, Aol A, AmARyY], FYEANEE A 2 7R &
ZEQT 119 SV 42 HAa, ool 42 HA™ v opm mApuks %
ZhAbE7E gebek ik 221 198 mlERRNe] YA F o] 397k HEEHAL, 5T}
AREZE Al dA =HAT 392 ZYAAAN(G. chiangii), WS-, 1ERFSE(Dictyota
dichotoma), "I 50|, 5 (Chondrus ocellatus), 7 ZY(Codium fragile)©] 42 =4
A 2L T F BdAEel 7 =4 UERR T

gx2le] HolHA-L Fig. 87 Zrh 5€o A=At 4, FHAT, A
g7t dAEHAAL, B EAEE 2AVE B wzkA] FEEAT. B, 7EE
e 11de AL ymA 7ol 25 #3ZHIN, FAYde 5939 1€
2022 1ot #EFHAY 7 HEH= A4 dExz=7TE g &5s7] AESAAL, A=
dad T2 BEHA Asuth odRYH =AU 2 wzkA 4 dExRVE B Y
T 127FF A &ska AL, FYUERAR FHol =S
H7HA HEEHAT. 11delE F7E2 948 2 |iSla, 20229 19L vlgEAL
(Martensia elegans)7t Q2= 3, 3Ll 53ttt 3€o= Ed7|E, =747}
dAHAI, =7 S sE7HA BREHAT 2022 592 FEFRA AAEEG
elata), 2 EX A (Laurencia pinnata), A& Z(Champia recta)©] Y42 HHA ZAZ|IHE

=7 tepgel g BA tehgt,

N

ISSN: 2288-7229 - 44 -

*Kosust



Underwater Science & Technology
Vol. 20(2): 31-52, Aug. 2025

Fig. 6. Succession of marine algae settled on concrete quadrats in Yeongun-ri.
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Fig. 7. Succession of marine algae settled on concrete quadrats in Pildo-island.
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Fig. 8. Succession of marine algae settled on concrete quadrats in Mangchi-ri.
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6. FAIE
ojfl AT HH U FAERE AEFSIES W, 2A I1F AEE It 1F
B(HA)E Urdon, 15 A9 BFY fAIEE 39%E b}E‘rk‘iEfﬂ, =9 d&
= 65%= M w2 FAEE YERATH(Fig 9)
Yeongunri
Pildo-island
Mangchiri
zlo 4I0 slu a;o 1;10
Similarity
Fig. 9. Dendrogram of the similarity of marine algae occurred in the
coastal waters off Tongyeong and Geoje, southern sea, Korea.
I
Olﬂd AT 23 BE ZAF YA 527 3F(10.7%), HSHEZF 8F(28.6%),
FER 175(60.7%) 02 F 28%F0] AU Walgk Aol A FYE HYATE
o Hao] }E® Kim (191)¢] % Aok sl A7 BRTE £ 5 L A

Xl
HE 527 95(13%), SHEEF 195027.5%), TX27
o /] =34 % Choi et al. (2008)9] 3|ZF =& A3+ AT
13%F(11%), HEARLZF 34F(28.8%), T2F 715(60.2%)°] R 1= Jc}t. =3k Choi
(2008)4 ST HETY R ATl Yt 527/ 108(11.2%), HedARx
F 30F(33.7%), TE2F 49F(55.1%)°] RuEHom, 9= sy EFS EH
st= A #EQ] C/P, R/P, (R+C)/P #2 Kim (1991)2] A4 R/P 2.1, Choi (2008)2]
ATl A (R+C)/P 2.65°] HIiEAEA EFTE FAH 9 CP, RP, (R+C)/P F2
g AdE YERIAR, 28 F oA B2 Aolrh " AoE FAHHAT. oy
v A APAFolME 23}t 2Tt FAC ZAREAL, 71E T
stal ™ Rkl A 2=AE AT sEA|RE, o A= Zsh ol A
[e)

Reow, G gol AT s=Fo] HolAAH LS EUE PGl Ao F715

]_

o
b
kY

A
ot
o},

KR
=
A

=

A A

i
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1, $5HOE W FFE BHUGY BHOT AT o Fo] FUlel vhehd Az

, OFFAEE deE Aol FEE, EdUVE 2E FdAl
A dmAlelr], Bl RARE X At A Aol mARl, FHAG YR e
o oA sy 22 gl B FE Lee (2013)] AollA
4 stdol A= A=A A
A ZAH2006)1 M BEok T FRIER] HE2 % HFozs Ao At <
A7 R dn. 3, ol AT BA AL Tk AA AAE A
kol Al 423 F Choi (2009)2] ATollA &= 3

7o) obAToR HIHY EUEY 9AFE FIE oHdTE Add

-
H,
i)
X
)
N
rO
ol
B o
3
of\
o
u
=
k]
)
H
Hd
i)
rﬂ
gy

Fob 24 WA B Aol7t AAAW, Aeld AA D HGBH] FATR
A sagoRs AYATAA W $HFR ol AATE B wH SHFol
A et Aoz Badn.

FANE 47 BNE, Y, 999, 0%

Choi (2008)2] ATFAlAl 75T
Ay, FAAASEY, AdHol w2
S AMFEO A s E Kim (1988)2] AFoA=
ATH R Jang (2015)¢] ATl wEW HX #7198, 94, VSR, o529, #
AEdy, Z3Fol ¥ £o2 HAFAT. Sohn (1987)°] Aol olstd el
¢ro]l 7153 ¥ FAHIE A 2718 dEzR7F 9E Vs dE Y AR Sl H
3 =A RuEoh ol A7 =S A 71 iz FAHIE A4 e P
afigtoll A BHiE A FTE FAANE BRYO2ZA FajiQtol A o] Fofxl
AgdAT 23l A0 2718 dlx AN dO9dSete A5 Bnh A9
AT Ho] e Ao 718 slx=R{rE o] 7] AL AlZte] A
of mel tdA tE U HEEERF HFE I B33 TH(Choi, 2006; Choi
et al., 2019; Jung and Choi 2022). T3}, Jung and Choi (2019)9] X3 FF3X ALt
A gelE AFtollA ol Al E Early stage, Competition, Late succession stageZ -
atRe, ol AFdME AIPATFE Farste] Ho|dAE FESIATE Early
stageol| A A slx7Qd EH7ICH FREAIH 7 JA HALL, Competition THA
AMMe Y £¥ TE2FE dFHEEF F90l A4 HAE gesis d=

-2 71wk 7N Bl (Chthamalus challengeri)7} 37 Wjol] o=
T 2 71E AA Y3 2EH 2~ 2 2 Tl 9
SF QA91A we] o Ao = HWIHETE Late succession stageol A= THdA tlE3

u
I-lj

g
2&
rr
k)
Oéd rl
=2
>
= 5
o
ot PN
of\
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2R FURAWe] 944 Hol 2AIL BY WX BEH
ATE e AR ALHAAW, T AT HGBRAM B Fol7t U]
of HolgAelA Ed % =T YA S dold A3t

z719 ddAsixot 7S =7F dAFHL Tl thdd tiE d=x7F A4

L2 7
P
=2
>
™
Og{;tl
i
rlr
:?{:,"
PN
0%
lo
=L
oL oﬂ',
o
rO
&)
o
r
o
il
o
1>
i)

fFrAek= H ol 1A AL wg- FaskH, thdA
| ol nithzol FA3LEoO] sxzo] S o2 AAF7A oW
Z1Zro] A9 ¥ R 31319 th(Watanuki and Yamamoto, 1990; Lee and Choi 2019).
J#E=E o] Ho] dES 1HE u nitpe 2AHE A0 =2 VEES &
UHZ S 53l slzrye Ws s FHsta, ASKFHo=E

AR =
YE st thidsl o vitko] ez AP g daiol 3l

T 8F(28.6%), TXF 17%(60.7%)°] ZstAT FgdA S2F 3F
15.0%), IEHEZF 635(30.0%), TZ7F 115(55.0%)2.2 F 20F, TEA ==
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Underwater Excavation of "Nanhai No.1" in China

and Total Excavations of the Sunken Shipwrecks-I

the late Do-Hyun Kim’

Korea Ocean Engineering & Consultants Co., Ltd./Pukyong National University,
Busan 48513, Republic of Korea

Underwater archaeology in Korea began with the attempt to explore the naval relics of Admiral
Yi Sun-Sin in 1973, followed by the excavation of Anapji in 1975-1976 and the underwater
investigation off Sinan from 1976 to 1984. Since then, more than ten underwater excavations
have been carried out, mainly under the initiative of government and military authorities. In some
cases, however, private parties undertook such projects, often pursuing material and commercial
interests rather than archaeological value. At present, it is necessary to review the achievements
to date and to consider the future development of the field. Underwater archaeology requires
close collaboration across various disciplines and technologies, along with active investment from

the nation and interested institutions and organizations.

Key words: China, Nanhai No.l, Sunken Shipwrecks, Underwater Excavation
Running title: 55 T35 H&EH A FF
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Manhai | medel in Song City, Hangznnul Wikipedia ‘An artist's rendition shows the Nanhai No. 1J lifeofguangzhou.com November 2009

But have you ever et ofa ik road on the sea” And the ity o the sunken ships and her reasures?
Youmay know the silk road on fand, & rade oute that got s name rom the lucratve Chinese sik rade.

March 22,2011 china.org.cn

Moriﬁmé Silk Road

Indian Ocean

a) Sunken Ships. b) Marine Silk Road.

Fig. 1 Nanhai No.l and Marine Silk Road (wikipedia).
a) In the recent years, several ancient shipwrecks full of porcelain vases, plates, cups and iron pots and copper
plates were discovered in the South China Sea and East China Sea. The most important shipwrecks found there
are:
e Nanhai No. 1 and Huaguangjiao No. 1: Sank some 800 years ago during the Southern Song Dynasty
(1127-1279)
e Nan'ao No. 1: Previously known as Nahai No. 2, sank some 400 years ago during the Ming Dynasty
(1368-1644)
e Wanjiao No. 1: Sank some 300 years ago during the Qing Dynasty (1644-1911).

b) The marine silk road, like its overland counterpart, had its origins during the Han Dynasty (202 BC-220 AD).
The maritime routes opened by Emperor Han Wudi (reigned 140-87 BC) provided access to the Roman Empire via
India, marking the first oceanic route as well as the earliest marine trading route in the world. This enabled China
to actively seek out overseas markets and establish foreign trade relations, and laid the foundation for the

development of the maritime Silk Road.

1. g8l 1579 39 FFaast
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4) china.org.cn (China.org.cn by Chen Lin, August 31, 2007).

'The Chinese underwater technology and equipment has already reached world development level, even better than that
of South Korea and Japan. It was not easy for China to reach this level in only 20 years.'
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Mike Hatcher, the man who compelled China's underwater
archaeology to develop

The formation and development of Chinese underwater
archaeology should acknowledge a controversial person named
Mike Hatcher. He is a world famous salvage diver, an
adventurous explorer and world-renowned treasure hunter known to
many foreign governments. To the field of Chinese underwater
archacology his name equates with disaster. Mike Hatcher
discovered the wreck of Geldermalsen (or the Nanking cargo) in
May 1985 in South China Sea. Geldermalsen, built in 1746, was
a vessel belonging to the Dutch East India Company (VOC). It
traveled the usual tea trade route between China's Guangdong and
the Netherlands. Besides a cargo of valuable tea the ship also
held a cargo of gold and a large cargo of porcelain stored in the
lower decks as ballast. In January 1752 it sank into the sea.

Mike Hatcher eventually brought up an amazing haul consisting
of much of the gold and over 150,000 pieces of porcelain. The
ceramics originated from the Jingdezhen region, often termed the
"Porcelain Capital of China" because of the area's high-quality
porcelain productions. The Chinese government was shocked to
learn of these treasures being auctioned at Christies in Amsterdam
in April 1986. The Chinese government researched many laws:

After the heavy blow dealt by Mike Hatcher, the Chinese
government decided to found a Chinese underwater archaeology
team. After establishing this team, Zhang Wei started competing
with all the greedy robbers salvaging Chinese marine treasures.

"Although we all aimed to discover ancient relics, there is an
essential difference between archaeologists and  ‘treasure seekers':
archaeologists seek to recover the history and protect all the
ancient heritage as well but treasure hunters just want to
maximize their profits," Zhang explained.

Sadly, the tragedy of Tek Sing (also called True Star) proved
Zhang Wei indeed to be correct.

Fig. 2 Mike Hatcher and China
underwater archaeology (china.org.cn).

In 1999 Hatcher spent a great deal of money to hire several archaeology experts. They started to study the Dutch East
India Company Archives. He suddenly found the record of the Tek Sing. The junk Tek Sing was en route from Amoy
off the mainland of China to Java in 1822 when the ship hit a reef in the South China Sea. The vessel quickly sank;

more lives were lost on this shipwreck than the Titanic. Hence, the Tek Sing is also called the "Oriental Titanic."

The record stated: the boat was 50 meters long, 10 meters wide and when it sank into the sea it carried more than one
thousand tons of cargo: more than one million pieces of porcelain. The pottery was made in Jingdezhen and included
bowls, dishes, pouring vessels, storage jars, stoves, opium containers and even urinals.

They searched for months. When the Tek Sing shipwreck was located they retrieved millions pieces of porcelain.

The quantity and quality of the Tek Sing cargo is unusual. Most of the Tek Sing cargo was blue and white porcelain,
produced by painting the decoration onto white porcelain just before the final firing that applied cobalt oxide. This
method has been in use in China from the 12th century to the present day.

Besides those treasures from the Jingdezhen, many other types of porcelain from some other famous kilns during
Emperor Kangxi's reign (1662~ 1722) were located. All these antiques were well protected under the sea.

The great amount: one million pieces of porcelain, shocked everybody, but they were more shocked by Hatcher when he
commanded them to smash more than 600,000 pieces and only keep 365,000. Hatcher knew better than anyone else that
in the world culture relics collection market, the rare things sell higher. After a nine day auction, Hatcher pocketed more
than US$30 million.
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A3 137 TEe] Fa JAERQJ] HAACEK, Zhang Wes Z2U 5T IAHA
(director of the Underwater Archaeology Center of China)S 2 A =S A 3|3}t o] AlEH=
1987l AHE At T+ 19821d H7 (Peking)t 11 stAE SHstR o, o] AlE o A9
Ao g w97] fste] HEHERE spdaFEAT. B 1989dd= H=o dyrt vl &
Z-2 7]17Fo] A WF Bl (George F. Bass) BHALS] AT & HbQlth

There wasn't enough time to recruit additional team members when the "Nanhai
No.1" appeared unexpectedly in August 1987. The Guangzhou Salvage Bureau under
the Ministry of Communications and a British salvage company discovered an ancient
wooden sunken ship off the coast near the Shangchuan and Xiachuan islands while
they were searching for abandoned Dutch shipwreck of the 17th century.

They used grab buckets to dredge up more than 200 pieces of porcelain and metal
wares, but all the porcelain was accidentally destroyed. The British sailors were

excited and wanted to continue exploring. After receiving the report, the State
Administration of Cultural Heritage ordered the British side to cease their operations.

Fig. 3 Zhang Wei

When pieces of porcelain were shown to Zhang Wei, he guessed that the vessel was traveling
on the "Marine Silk Road." At that time China had not yet the means to undertake exploring
such a huge shipwreck. In 1988 Zhang Wei organized the first underwater training and
established an underwater archaeology team. He went to the USA for some short-term training

under George Bass, the father of underwater archaeology, in 1989.

Salvage on the sunken ship started in November 1989. The ship was dubbed the "Nanhai
No.1" (South China Sea No.l). Due to his simple equipment, he only reached one part of the

ship and retrieved a piece of porcelain from it.

Research was suspended for ten years due to a money and labor shortage. But the Nanhai
No.l lived on in Zhang Wei's heart. In 2001 his team expanded into 40 members. Wei received
HK$1.2 million from the Hong Kong Underwater Archacology Association as a supporting grant.
He also bought a map drawn by a British sailor who attended the 1987 salvage of the "Nanhai
No.1".

When they located the ship, they first drew an outline of the ship. They didn't enter the ship
until March 2003. They opened a window and entered a little cabin of the ship. More than

4,000 delicate porcelains were found in a cupboard.

There are many precious porcelain wares in the ship, but to Zhang Wei, the ship itself is far
more important than the porcelain it carried. There's few record of the shipbuilding technology

800 years ago in China. It's also rare in the world.

2. 3] 13 HE 3A
200013 oll, F==F P uFE-F(National Museum of China) 2Fle] o] MEl =, FEF3}F4ka1a
8} T4~ (Guangdong Cultural Relics Archaeological Research Institute)2} &7 1292 H& &
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do g AFNE AAsAT. 2002138 F WA T35 FAE T3k, 40008 olFe] =, &,
EA7IF fF=3 oF 6,0008 0 T4 & AT ol F, 2004d 6L7HA Wl A o] A

F3td oF 450089 34 FEF 10,0008 et 4 5 U FEESE TFH
SR Th(Fig. 4). 20043 F5 7127l 9] ¥ 8] (Guangdong Development and Reform Commission)
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Fig. 4 Exploration of the "Nanhai No.l1" (english.cntv.cn).

From March 2002 to June 2004, the Nanhai No. 1 archeological team conducted four large scale surveys and
excavations of the sunken ship, collecting plenty of valuable objects including 4500 cultural artifacts and coins
nearly 10,000 in number.

3. gl 157 A Qe

20079 19, Q1 AFY BXsL AT, ALRZEE 30002 9HUSD43 million)e] o
2ko] AAE[T sEHEE Lol B uly HAl FA(Ze] 35.7m, Z 14.4m, =°| 12m, 77
5308, 74 Helo 33 AE AV|E FIAEHE AASHA AAE FAE A= &Y
o zhshe], 20079 12€ 217 220l AYSE H, @HEHRY £ FH("Crystal Palace")o] 2}
o)FAL dF F2(AC] 64m, F 40m, ¥°| 23m, T4 2m)E °]F, HHI}FTH

ol Bl thE HA FAE A=A AA Qo Zo F& FH, FFAEo] AAF okl 36
M AA 7F2 EH(steel beam)E A X|3FHTE A WA ERE 20073 9¢Y 4o HX3A
o, F2 W &£o=7 oy MAX3t 11€¥€ 13¥9 ZF &8I o] 2+ SR &
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english.cntv.cn

english_cntv.cn (Xinhua Photo) expo._southcn.com cfie_org.cn
The basket, which has turned from orange to brown during seven months in water, together with its content
weighed more than 3,000 tons. "Soaked in the sea, the boat has become very fragile,"

head of the archaeological project.

explained Wu Jiancheng,

the raised vessel is 30.4 metres long and 9.8 metres wide, which
sank off the south China coast 800 years ago at a depth of 30
metres.

the vessel had on board 80,000 items including gold and silver
utensils, glazed porcelain plates and about 6,000 coins, thought to
be bound for trade with European countries.

the total value of the shipwreck is estimated to be more than 100
billion U.S. Dollars.

the sunken vessel was discovered in 1987 and it took 20 years of
planning to salvage.

confuciusonline.com

carrying the wreck of the 800-year-old sunken merchant ship "Nanhai
No.1" (or "South China Sea No. 1"), docks at a temporary wharf leading to the

Here is salvaged Nanhai No. 1, or South China Sea No.1 in a steel box
and Crystal Palace where the vessel is housed

Image Source:english.cri.cn

i e
Fig. 5. Salvage of the "Nanhal No.1" (english.cntv.cn; confuciusonline.com).

Confucius Online % <
#Z JE§X Approach China \

Workers placed the first steel beam under the ancient sunken ship Nanhai No.l on Tuesday, paving the way for the ship

Work Begins to Bring Ancient Ship Back to Port gy nimeitu on 1012010

to be hoisted out of water in mid-October, officials said.

Another 34 beams, each stretching 15 meters and weighing more than five tons, would be placed under the ship at a
pace of one beam for each day afterwards, said Wang Renyi, an official with the Guangzhou Salvage Bureau in charge
of the salvage of the ship.

The beams were made airtight and hollow to be buoyant, Wang said. Two floating bags are tied on each end of one
beam and start inflation when the beam goes under water to generate more buoyant force.

Salvage operations on the ship Nanhai No.l, produced during the Southern Song Dynasty (1127-1279), started in May as
a specially designed steel structure was lowered into the sea near Yangjiang, in south China’ s Guangdong Province.
The rectangular structure was pulled by a 900-ton tug to a position just above the ill-fated ship.
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According to the salvage plan, the upper part of the steel structure will be brought out of the seawater together with the
sunken ship, while the lower part will stay on the seabed forever.

Experts spent three years planning the salvage, considered a world first for underwater archaeology. Archaeologists
normally excavate the relics on the sunken boat first and then salvage the boat.

The salvage workers had planned to start placing beams under the ship on August 3. The job, however, was delayed by
typhoons Pabuk, Sepat, and Wutip.

Workers have cleared away 25 tons of silt around the sunken ship and have brought out of the seawater 390 cultural

relics. They include green glazed porcelain plates, tin pots, and shadowy blue porcelain objects.

4. “F3 13” ¢ wige] 432 = ¥-E-F(Maritime Silk Route Museum)

G 13 FEFS AVIE A2 HEDS ZARNeH 2009F 12€¥ 249 tiFolA TAEA

o oy EHA A ol & AME JGFH “HEl 157 FX(glass pool) Fofl BHEFFOEH,

AR FAe 7 34 - 72, 75, 7E 34 =21 53, vhed vssiA /A"
59 Y AHES AA E 5 Aok o]

Aokel A A Aolch 1

ISSN: 2288-7229 - 60 -

*Kosust



Underwater Science & Technology
Vol. 20(2): 53-105, Aug. 2025

TABrHAEE

XINHUANET . :
[Merchant boat ashore after 800 years at sea bottom| ccivcom — Nanhai No.1 makes successful landing  (xinhua Mews Agency December 27, 2007)
A merchant boat, dubbed the Nanhai No. 1, or "South China Sea An 800-year-old merchant boat loaded with precious trading goods anchored at a port Thursday morning after it
No. 1," is being moved to the "Crystal Palace," the Marine was hoisted from the bottom of the sea four days ago
Silk Road Museumn of Guangdong in south China's Guangdong Province.
Dec. 26. The ancient merchant boat loaded with porcelain, an the ?e\p‘ofa crane, wratrkler%methaugnegbtﬂa %rag the SiSOO—Itgn Ninna\ (Sfonuthdcnmka Sea) Nﬁ{ 1 aboard 16 huge
sank off the south China coast 800 years ago. (Xinhua Photo) air bags to a temporary port at abou after more than three hours of hard work ovemigl

The 30-meter-long wooden vessel will continue to move to its final residence of the “crystal palace” in a specially
built museum aboard 25 round air bags, each of which is 15 meters long and one meter in diameter.

i e

evergreen-maritime_com

Others application using airbag technology:

1. Intense pneumatic tire for ship launching - = — P

3. Airbag for ship uparading, conversion or new/repair launching Nanhai No.1 museum inaugurated  Posted Wed, 01/02/2008 - 14:49 by enid.chen
3. Airbag for hoisting and transporting heavy goods up to 10,000 tonnes structure common-talk.com
4. Marine pneumatic rubber fender for protective purposes An 800-year-old Chinese merchant ship loaded with precious trading goods
3. ?;ﬁiﬁ;a;;:g’:g%ge:u”ke” ship or heavy immersed steel structure weighing up to was moved to its purpose-built museum on Friday in Guangdong Province, five
6. Pneumatic rubber core for architecture engineering days after being raised from the sea. The intricate salvage process, which

7. Container for storing and transporting gas and corrosive chemical liquid and pure involved constructing a special container around the 5,000-ton Nanhai Na_1

8 ;‘uagggot:a‘?\f!:rgseh\p ballast finished with the delivery of the 30-meter wooden vessel to its "Crystal Palace”
9. Airbag for erecting floating bridge or pipeline in Yangjiang

marinebuzz com Wanhai No.1 was immersed in a sealed ;1555 container in 3 hu&e ;nnl‘

english_cctv.com

FUNESCOU. Guérin, The Guangdong Maritime Silk Road Museum (Hanhai Ho. 1 Museum), Yangjiang, Guangdong Provinee, China  unesco org

UNESCO » Culture » Themes » Underwater Cultural Hertage » Underwater Museums. The Maritime Silk Route Museum (Haishang Sichouzhilu Bowuguan simplified Chinese: j§_k 2248 {8 ¥18%)

Fig. 6 "Nanhai No.1" moving to its final residence "Crystal Palace" (wikipedia).

Maritime Silk Route Museum is the name of a museum on Hailing Island, Yangjiang, Guangdong Province,
China. Work on the museum started in late 2004 and the museum opened to the public on 24 December 2009.
The museum was built to hold 300,000 artifacts as well as having the facilities necessary to house pieces of
shipwrecks in water tanks. The main exhibition is the Nanhai 1 shipwreck, a wooden vessel which sank just off
Hailing Island. The Nanhai 1 is housed in the Crystal Palace in a water tank, one of main features for the
museum which is the only museum in Asia with these facilities for underwater display. The museum also has
200 artifacts on dTheisplay from the wreck.
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Archaeologists are excavating the Nanhai (South China Sea) No. 1 ship on Sep 26. (Xinhua/Li Xiangyang) newsgd.com

200 valuable porcelain artifacts found on Nanhai No. 1 in Guangdong 20090-September-27 Source: China View website newsgd.com

Fig. 7 Excavation in the glass pool of Maritime Silk Route Museum.
Chinese archaeologists have discovered more than 200 precious porcelain artifacts on an 800-year-old merchant
ship in the southern province of Guangdong. The 40-day trial excavation ended Saturday (Sep 26) and a
massive excavation would start next year, said Wei Jun, an archaeologist leading the excavation. The Nanhai
(South China Sea) No. 1 ship from the Song Dynasty (960-1279) was loaded with an estimated 60,000 to
80,000 pieces of relics. Archaeologists have also found well-preserved cabin, board and deck in the trial
excavation. They had recovered more than 4,000 artifacts of gold, silver and porcelain, and about 6,000 copper
coins on the merchant ship while it was still on the seabed. Discovered in mid-1987 off the coast near
Yangjiang City, the 5,000-tonne Nanhai No. 1 was recognized as one of the oldest and biggest merchant boats
sunk in Chinese waters. Experts said the well-preserved vessel has offered more evidence for the existence of an
ancient maritime trade route linking China and the West. The ship, 30.4 meters long and 9.8 meters wide, was
salvaged off the coast of Guangdong and moved to its purpose-built "Crystal Palace" at the Marine Silk Road
Museum in Yangjiang in December 2007. The glass pool features a water temperature, pressure and other

environmental conditions that were the same as where the ship had rested on the sea floor for centuries.

Zhapo, Guangdong, China, 20114 28 2328 flickr.com

20114 28 222 flickr.com Salvage

Fig. 8 Maritime Silk Route Museum.
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HFALS.(Vasa)

i

a) Drawing by Bjoern Landstroem

o s0 100 feet

e) Cross-section showing the lifting of the Vasa.

f) Lifting and shifting sequence.
Fig. 9 Lifting and shifting sequence (Franzen 1974).
a) Vasa lay at a depth of 32 meters. The navy's heavy divers were able to cut six tunnels through the clay under
the ship with special water jets. Steel cables were drawn through the tunnels and taken to two lifting pontoons on
the surface, which would pull the ship free of the harbour bottom's grip. In August 1959, it was time for the first
lift. There was great uncertainty - would the old wooden ship hold together? Yes! Vasa held. She was lifted in 18
stages to shallower water, where she could be patched and reinforced in preparation for the final lift, to the
surface! b) Early days salvage technique. The Italian Gerlamo Cardano, like the Swede Olaus Magnus,
demonstrated how ships could be salvaged in the mid-16¢c. The technique used in salvaging the Vasa in 1961 was
basically the same. c)~e) The Vasa leaving her 331-year old grave. Though each of the six tunnels two wire
ropes were passed which were locked together across the decks of the Neptune Company's salvage pontoons, the
Oden and the Frigg, floating with their decks near the surface. Next the pontoons were emptied thus raising the
ship a few feet. Since the pumping of the pontoons was carried out gradually there was no trouble with the
suction effect of the clay. The wreck of the Vasa weighed about 700 tons under water which gave a maximum
load of only 30 tons on each of the wire ropes. The ship now resumed her voyage which was interrupted in 1628.
f) With the Vasa suspended just over the bottom, the pontoons were towed towards shallow water until the wreck
came aground. g) Artist's sketch of the 18 lifts that carried the Vasa about 600 meters. The Vasa was moved
under water in 18 stages from a depth of 100 feet to 50 feet of water to a point just off the island of
Kastellholmen in the center of the harbour. The course followed by the by the Vasa in her journey towards the
daylight was far more complicated and less direct than is indicated by the diagram above. Sometimes the wreck
slide back into the position where it had rested before the last lift and on occasions it sank so deeply into the
mud that it was as far from the surface as it had been before the previous lift. It was sometimes necessary to turn

the Vasa round completely and tow her stern foremost.
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a) (Ohrelius 1963). b) Tightening the lifting wires. ¢) Waiting for the wires began to take the weight.

Fig. 10 Raising the Vasa with lifting pontoons with hydraulic jacks (Franzen 1974).
a) The chains being fixed on the hydraulic jacks on the pontoon. b) The pontoons are now low with their decks
near the surface and the lifting wires are being hauled tight and locked across the decks with huge wire clips
weighing over 100 pounds each. c¢) The pontoons were flooded with water until their decks were almost on the
surface. The wires were hauled tight and locked across the decks with huge trebled, wire clips. The pumping then
began and the salvors could only hope that the ship would be able to bear the strain down there in the dark water

as the wires began to take the weight.

a) After 333 years, The Vasa broke the surface on the morning of 24 April 1961. b) (Ohrelius 1963).
Fig. 11 Arrival at the surface (Matz 1991; Ohrelius 1963).
a) The press, radio and TV from the whole world followed this unique event. b) Vasa looking long and slender
as she lies between the two pontoons, Oden and Frigg. Her stern is nearest the camera. The hydraulic jacks are on
the small platforms on the side of the pontoon turned towards Vasa. The staging in the middle is where they were

originally mounted. The midships shaft is now covered over.

a) Voyage of the Vasa (Matz 1991). b) The big Vasa pontoon being docked at Beckholmen.
Fig. 12 Moving into the dry dock at Beckholmen (Matz 1991; Ohrelius 1963).
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a) 1. Where the vasa was built. 2. In the early of summer 1628, the Vasa was moved to the quay below the
Royal Castle. There, guns ballast and equipment were taken onboard. 3. On Aug. 10 1628, the Vasa was kedged
to Tranbodarna(Slussen), and set sail. 4. The Vasa's route. 5. After 1,300 meters, at Tegelviken, the wind increased

and the Vasa capsized and sank 100 meters off the island of Beckholmen.

b) The Vasa will be rested on this concrete pontoon for the following works (ref. Fig. 13).

a) Vasa cleared for taking out. b) Vasa on the concrete pontoon.

¢) Out of the dock once more. d) Brief journey to a provisional site (Franzen 1974).

Fig. 13 Leaving the dry dock going to the provisional site (Ohrelius 1963; Franzen 1974).
a) In the foreground is a cannon, removed on 6 June 1961, along with 2 of the nearly 30 anchors found in her.
b) Vasa positioned on the concrete pontoon (ref. Fig. 12 b).

c¢) & d) From the dry dock at nearby Beckholmen, The Vasa being towed across Stockholm harbor on a concrete
pontoon after having been lifted in 1961. In July Vasa was towed out for further archaeological excavation. Even

while being towed, the sprinklers were kept going to prevent her drying out.

Once the Vasa was properly set up on her concrete pontoon she made a brief journey to a provisional site, where

a temporary building was being constructed to receive her.
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a) During the autumn of 1961. b) On a misty morning in November 1961.

Fig. 14 Preparation works for the temporary museum (Saunders 1962).
a) The old ship gradually disappears behind a growing cocoon of tubular steel scaffolding as a prelude to the
building of the aluminium house that will protect the Vasa for the next decade.
b) The Vasa, now completely housed, is towed at a speed of two knots from Beckholmen to the museum site. The

house and pontoon together weighed 3,900 tons.

a) The temporary protection encasement. b) Towing out the temporary protection encasement containing Vasa.

Fig. 15 Moving into the permanent museum (Hafors 1997; The Vasa Museum).

a) The temporary protection encasement containing the Vasa ship on its way into the Vasa museum.

Because the new Vasa museum was constructed with the main part of an old drydock inside the building it
was possible to move the whole floating pontoon with the Vasa hull inside the temporary protection encasement
into the museum. This was a risky business although the distance between the position of the old museum and the
building site was as short as some 500 meters. The encasement made a huge surface exposed to the wind and the
day of transport had to be chosen carefully with the help of meteorologists to have as low velocity of wind as to
provide a safe journey. The chosen day was the perfect for the task and on the 6th of December 1988 an
assembly of invited people witnessed two tow-boats skillfully manouvering the precious parcel of the Vasa hull on
the pontoon into the new museum. The freeboard on each side of the pontoon to the dock sides was 40

centimetres.

After the pontoon had been brought into the museum the drydock was emptied and sealed off from the
surrounding water. The pontoon was carefully placed on plinths that were distributed on the bottom of the dock in

order to give adequate support. The pontoon then became a permanent part of the new museum building.
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d) The main hall with a model of Vasa. e) Stern platform. f) (UNESCO).

Fig. 16 The Vasa Museum (vasamuseet.se).
e) The Vasa Museum has installed a 9 metre wide and 25 metre high platform to help the curators to reach the
stern sculptures on the ship which were previously inaccessible. The platform is permanent and has an advanced
construction which is to provide for the needs and demands of the museum while harmonising with a sensitive
environment.
Sulphur precipitates were discovered after the summer of the year 2000, and intensive research work has been

ongoing ever since to find the best way to treat the Vasa's wood. The sculptures are the parts that are most
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sensitive to surface changes. The sculptures have been surveyed over the years with the help of a sky lift, but this
is both a complicated and tedious job. The new permanent platform will facilitate this work and the sculptures will

receive a thorough overhaul.

f) (© Swedish Maritime Museum, The Vasa Museum, Stockholm, Sweden. After the raising of the Vasa the public
could visit the wreck in a temporary museum. The new Vasa museum was then opened in 1990 and attracts in
between 730,000 and 1.2 million visitors every year. Only 25% of these are Swedish. The Vasa museum is
therefore one of most visited museums in Sweden, and an enormous economic asset for the Stockholm region and
Sweden in general. This success as a national icon is partly due to strong narratives, an excellent visitor service
and a successful long-term marketing strategy. Despite the high numbers of visitors, the Vasa museum has though
never been, and will never be, a financial success. The recovery of a shipwreck as complex as the Vasa could not
possibly happen today in Sweden. It would most probably be regarded too costly in relation to the scientific and

cultural benefits and too big a risk when it comes to conservation and developing a successful museum.
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a) The Cowdray engraving of the battle of the Solent, 1545. 1788, James Basire (1730-1803).
The main and foremasts of the recently sunken Mary Rose are in the middle; bodies, debris and rigging float in the

water and men are clinging to the fighting tops.

It was on the 10th May 1966 that Alexander McKee and John Towse went to the Hydrographic
Office in London and found the 1841 Admiralty chart that marked the last known position of the
Mary Rose. At last they had found a more accurate clue to the site of the wreck and John
transferred the position to his latest chart of the 'Approaches to Portsmouth'. This chart was used
on the first dive to relocate the wreck site and on many subsequent occasions. It would be another
four years before the survival of the wreck under the mud could be confirmed and even longer to
positively identify it as the Mary Rose. Having established the position of the Mary Rose,
Alexander McKee and John Towse did the first dive on the site of the Mary Rose on the 14th
May 1966.
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b) Contemporary illustration of Mary Rose. c) At the beginning of the 17th century. d) (McKee 1982).

Fig. 17 The Mary Rose (maryrose.org).
b) The only contemporary illustration of Mary Rose, which comes from the Anthony Roll, a list of King Henry VI
's vessels completed in 1546 (Magdalene College, Cambridge). ¢) An artist's impression of what the ship may
have looked like at the beginning of the 17th century. When the Mary Rose sank the momentum carried the hull
through the light upper sediments and the keel settled on the intractable geological clay. Immediately the silt-laden
currents carried fine sediments into the hull through the open gunports and settlement occurred within the calm
waters inside the hull. At the same time currents hit the exposed upper hull, vortexing and eddying around the
protecting superstructure, and scouring away a moat or scourpit in the seabed on the port side of the hull. A
shallow scourpit was also found beneath the sterncastle on the starboard side of the ship but this quickly filled
with fine sediments which smothered and killed the developing young oysters on the outside of the hull. After
several decades of tidal attack, the exposed hull structure became weakened by the attrition of the silt-laden tides
and it collapsed into the scourpits around the ship. Once this obstruction was removed the currents could flow
freely across the relatively flat site and although minor scourpits were found from time to time around individual

deck beams or frames, the site remained stable until archaeological excavation began in 1971. (Rule 1982).
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d) The author's interpretation of the 'pinger' graphs obtained by Professor Edgerton in 1968 (Fig. 18 ¢ & f): a ship
heeled over, with one side largely preserved, the other missing. He expected the ship to be cut off on the line
marked 'Mean Burial Level', all timbers above this line being eaten and eroded. This rough drawing, made in 1970,

was for the benefit of divers on the boat st Spithead. It proved to be basically correct.
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e) Professor Harold Edgerton (McKee 1982). f) (Rule 1982). g) (McKee 1982).
Fig. 18 Important personnel and sonar records (Bradford 1982; Lampton 1988; McKee 1982; Rule 1982).

a) Alexander McKee, a journalist and amateur diver, who found the site of the wreck of the Mary Rose and so

opened the way for her excavation and recovery. He died in 1992, aged 74, 10 years after the wreck was raised.
b) Mrs. Margaret Rule, who leads the team of archaeologists and volunteers who are excavating the Mary Rose.
c) Prince Charles rests after his dive to see the wreck of the Mary Rose (Lampton 1988).

d) Colonel Wendell Lewis, Director of recovery, holds a model reconstruction of the remains (Bradford 1982).

e) Professor Harold Edgerton of MIT operating one of his special 'pingers' at Spithead in July 1968.

f) Photograph of a sonar trace over the site of the Mary Rose using sub-bottom sonar operating at 5 k/c. The
profiler revealed a W-shaped anomaly beneath the surface of the seabed and above the anomaly, a slight mound.

On the basis of this evidence

g) Sidescan graph of a half-mile of seabed at Spithead in October 1967.
Top left: a distinct anomaly is shown among the natural ripple patterns It proved to be two long mounds which
the author interpreted as the scour mark left by the Mary Rose before all trace of the hull vanished from the

seabed surface.
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b)Tony Glover's Julie-Anne (Bradford 1982).

¥/ 4‘
e) Ted Peam and Tom Smith.

h) Compressor for 8-inch airlift. i) The surface eddy caused by the airlifting.
Fig. 19 Early day works and equipments (McKee 1982; Bradford 1982; Rule 1982).
a) One of our early diving boats, Tony Glover's Julie-Anne, pitching in a heavy swell.

b) In the early days Alexander McKee and his team went out to the site of the Mary Rose in small boats like the

fishing trawler Julie Anne, owned by Tony Glover.

c) Alexander McKee and members of the 'Fire Brigade' team 1968. In the 1960's the Mary Rose team hired

fishing vessels to visit the site and excavation was done using water jets to remove the over-burden of silts from
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the area where the ship was believed to lie.

d) Pierhead briefing in Langstone Harbor, 1969. The author and George Clark (far right) explain how they intend
to start digging with jets powered by a Portsmouth Fire Brigade pump. (Photo: Portsmouth News).

e) The pump mounted on a flimsy pontoon boat. Fireman Ted Peam is at the pump, while Sub-Officer Tom Smith
holds the surface-demand air line to Station Officer George Clark, 50 feet down on the seabed. Tom is wearing
overalls on top of a wet suit for work diving, which is hard on neoprene.

f) Mr. S.J. Utley, a Portsmouth Dockyard diver, about to go down to the Mary Rose in 1969, the first 'hard hat'
man to do so since 1840. Talking to him at the top of the ladder are the author (left) and George Clark (right).

g) The Royal Engineers arrive in 1969, the successors to Colonel Pasley's Sappers and Miners who worked at
Spithead from 1839 to 1844.

h) Aboard the 74-ft. landing craft used by the Royal Engineers. Note the size of the compressor required to power

an 8-inch airlift.

i) Up Top: the water heaves between the compressor barge and the Naval pinnace from the working of a 4-inch airlift.

j) 6-inch airlift. k) Diver with airlift. 1) Concreted gun, September 1970.

m) The 40 ft catamaran Roger Grenville (Rule 1982). n) A hand-held sonar.

Fig. 19 Continued (Early day works and equipments).
j) Down Below: careful excavation with the 6-inch airlift. While one diver (background) holds the tube in position,
the excavator (foreground) uses his left hand to move soil towards the mouth of the tube which will take it away.

This was an early model; later airlifts were rigged so that one man could handle them on his own.
k) Using the airlift, a diver excavates at the stern of the Mary Rose.

1) The crew of the dredger did not believe that this weirdly concreted object could be a gun. But it was, and it

possibly identified the Mary Rose.
m) Roger Grenville from which the team worked between June 1971 and the advent of the Sleipner in 1979.

n) A modern measuring instrument: a hand-held sonar 'gun' that records distances with precision and speed.
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b) Mary Rose 1972 (McKee 1982).

c) 1972~1973 and 1975~1976.

d) 1977~1978

Fig. 20 The state of the surveys 1971~1978 (Rule 1982; McKee 1982).

The state of the surveys between 1971 and 1978

years of the project.

b) At the end of 1972 the 'outlining' process of

charts the painstaking progress of the excavation during the early

a shallow excavation along frame heads had reached this stage. A

deep dig had been made at one point only - between the 'internal wale' and the iron gun raised in 1971. It was

not then clear that the rudder lay below the iron

1975
it N WY

a) Trench grids 1975~1978.

vil vill

gun; this was revealed by deep excavation in 1975.

a) In the earlier years when excavation was done mostly at
weekends, deep excavation was only undertaken outside the hull
but during 1978 a large trench was dug across the bow from the
port to the starboard side which revealed the remains of two
decks in situ.

b) When the Mary Rose Trust was formed in 1979 it became
possible to work a full season on site and trenches I, V and VI
were excavated above the midship section to remove the burden of
secondary silts. By the end of 1979 most of the secondary silts
had been recovered and the structure of the ship was beginning to
be revealed.

o %— sy

B—lmm e e =14 ]
L= / By,

S

oinc saza

b) Trench grids 1979.

Fig. 21 Plan of trenches excavated 1975~1979
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¢) The 1979 survey of the site.
(Rule 1982).
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c) Paint brush and airlift. d) Photographing in 3D scale. c) Survey with a plastic measuring tape.
Fig. 22 Full excavation and salvage, 1979 ~1982 (Rule 1982).
a) Drawing of the Mary Rose lying on her starboard side in the seabed by Jon Adams. A grid 3m square was

erected above the site to divide it into a series of trenches which were excavated layer by layer using hand tools
and an airlift to take away the unwanted 'spoil'. All objects were surveyed in relation to the hull and the grid was
never used as a datum for survey - it simply served as a trench location aid in the poor underwater visibility

which was usual on this site.

b) View of excavation from the south-west in the late summer of 1981. A grid of steel poles divides the area of
the excavation into 3m squares and the debris of silt is being removed by three airlifts, which jettison the debris
down-tide. This overview of the whole excavation is never possible in reality underwater on the Mary Rose site.
Divers can be seen descending from the diving salvage vessel Sleipner via a rope shot-line which leads to the air
manifolds on the seabed and them to the steel grid. Painting by Jon Adams, a diving archaeologist and Deputy
Archaeological Director in 1981.

c) Fragile items were excavated by removing the soft silts with a paint brush which were then carried away by an

airlift. The diver's right hand partially seals the orifice of the airlift, thus controlling its power.

d) Nic Rule preparing to photograph the sterncastle using a calibrated three-dimensional scale.

e) A diver surveying the maindeck planking using a plastic measuring tape.

a) Model of the lifting frame with cradle b) Lifting frame and cradle ¢) Mary Rose on her cradle (UNESCO).
(Dobbs 1995, www.maryrose.org). (Nordic Underwater Archaeology, abc.se).

Fig. 23 Lifting frame & cradle for the salvage of the Mary Rose (The Mary Rose Trust).
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a) Step One.
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d) & e) Step Two-the hull ready for lifting (Sep., 1982). e) (Dobbs, maryrose.org). f)Position of the bolts (Dobbs 1995).
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g) The sequence of tasks required for attaching the hull to the lifting frame. (Dobbs 1995, maryrose.org).

Fig. 24 The raising of the Mary Rose (Rule 1982; McKee 1982; The Mary Rose Trust).
All salvage operations present their own particular set of problems but an important factor in trying to salvage the
Mary Rose was that the remaining hull was an open shell, consisting mainly of the starboard side of the hull,
rather than a complete cross section with transverse strength. Many methods were considered and the Trust had the
benefit of expert advice from an Advisory Committee under the chairmanship of Professor G. Goodrich. The
problem of the open shell led to an important decision being taken: namely to carry out the lifting operation in
three very distinct stages. In the first stage, the problem of 'bottom suction' had to be overcome. This was
achieved by raising the first few centimetres over a period of several days using an ingenious system of twelve
hydraulic jacks which raised the lifting frame slowly up the four legs. It was only when the hull was hanging
freely from the lifting frame, clear of the sea bed and the suction effect of the surrounding mud, that the salvage
progressed to the second stage when the hull was lifted completely clear of the sea bed and transferred underwater
into the lifting cradle (fig. 1b). For this lifting operation the giant floating crane Tog Mor was the ideal vessel as
the 'Stielcken derrick' enabled it to position the hook and the load very accurately without the need for continually
adjusting the four point mooring system. The third and final stage was to lift the entire structure into air, by
which time the hull would also be supported from below (fig. 1c). This would ensure maximum support for that
crucial period at the interface between water and air. The Mary Rose will be lifted from the seabed and brought
ashore on a barge cradled in a steel supporting structure. In order to achieve this, the programme of work breaks

down into six operations.

a) Step One. After excavation within the hull is completed, a tubular steel framework is placed in position above
the hull. This underwater lifting frame stands on four legs firmly supported in the geological clay.

b) The steel lifting frame being launched at Hythe on Southampton Water in March 1982. This steel frame will be
used to carry the weight of the hull as it is lifted from the seabed and placed underwater on a supporting steel

cradle. When the lifting frame has been attached to the cradle, the hull of the Mary Rose will be completely
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supported within a steel box and she will then be lifted into the air by a giant crane and placed on a barge to

be towed ashore.

c¢) On 14 June, 1982, the lifting frame to be positioned on the seabed above the Mary Rose by divers of the
Royal Engineers, was towed to Spithead suspended beneath a barge. (McKee 1982).

d) Step Two. Holes are drilled through the hull at predetermined points and steel bolts and backing plates are
secured to the timbers. Eye bolts are fastened to the internal ends of the steel bolts, and from these points wire
ropes are passed up to the cross-members of the underwater lifting frame. As each wire is firmly secured in

position tunneling can proceed beneath the hull.

e) The hull is wired to the lifting frame from the bolt positions. Hydraulic jacks, operating on the legs of the

frame then raised the hull the first critical centimetres until it was free of the suction effect of the silt below.

f) The philosophy behind the positioning of the bolts. Looking at these cross sections of the hull, the typical
sequence of structural elements chosen as the strong points can be seen. The points were spread evenly across the
section and corresponded to the major structural elements such as the keel, rider, a hold stringer, diagonal brace,
orlop deck beam shelf, an orlop deck stringer, main deck beam shelf etc. There were exceptions to this pattern but

the rationale of selection was similar in each area.

g) Every single lifting point had to be individually located and drilled, the bolt placed in position, the hull
undercut to enable the backing plate to be fitted, and the bolts tightened up.

The sequence of tasks: drilling the hull — fixing the bolts — tightening the bolts — fitting the wires.

h) Step Three. A prefabricated steel

cradle which has been designed to

conform with the lines of the Mary

Rose is placed in position on the

seabed close to the Mary Rose site

: SRNF ? 2ty ]
) i R P 1 1

i) Step Four. The hull of the Mary Rose suspended from the steel wires is lifted
from the seabed using the hydraulic jacks in the legs of the underwater lifting “
frame. After the hull is free from the seabed, the frame is lifted by a crane barge JWL % Kk

and moved to a position immediately above the support cradle.

j) Step Five. The underwater lifting frame within which the suspended Mary Rose is
moved into position above the steel cradle, and the legs of the frame are securely
locked to the rising supports on the cradle. The space between the hull and the steel
cradle is filled with water, to accommodate the chain-wale and other features which need
special support.  The cradle with the hull ready for the lift into the air. The lifting

frame now acts as a spreader for the wire strops from the crane hook. (11 Oct., 1982).

k) Step Six. The Mary Rose securely sandwiched between the supporting mattress, the cradle, and underwater lifting
frame is then lifted from the sea onto a barge for transport ashore. As the Mary Rose comes through the surface, water
inside the hull will be pumped out and the water in the supporting mattress will be replaced with air (11 Oct., 1982).
Fig. 24 Continued (The raising of the Mary Rose).
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d) The ship comes clea of the water. e) Mary Rose is hoisted clear of the water. f) The 11ft1ng frame & cradle.

g) Mary Rose's barge. h) The special cradle for the Mary Rose. i) The diving vessel, Sleipner.

last updsted: 05/03/2008 =t 12:47 The Mal’v Rose 25th Anniversary
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bbe co uk | Aniversary > The Mary Rose - 25th Anniversary

# The Mary Rose - 25th

Anniversary

By Dominic Blake

A quarter of a century ago, the

I country held its breath as King
Henry VIII's flagship emerged from
i| the waters of the Solent. The 25th
anniversary is bringing back
memories of the moment which
captivated the nation.

The Mary Rose lifted out of the
Solent

4 The Solent had never seen anything like it. A flotilla of small boats had
set sail. Sixty million people around the world sat glued to their TV
screans.

f| Mary Rose Virtual Tour >

The Mary Rose 25th Anniversary >

Diving The Mary Rose >

| In Pictures: The raising of the Mary Rose >

[ED BBC Radio Solent broadcasts Mary Rose's raising >
@ Mary Rose is raised from the Solent >

@ Mary Rose in 2007 >

Help playing audiojvidea

j) Tog Mor at sunset. k) The collapse of the frame
Fig. 25 The raising of the Mary Rose - on the BBC.

a) The giant floating Tog Mor before the planned lift - an ambitious project in terms of both archaeology and
engineering.

b) Preparing to lift Mary Rose above the surface of the Solent. The wreck had been re-discovered in the 1960s by
a team led by Alexander McKee - Mad Mac's Marauders.

c) The first sight of the Mary Rose's timbers since July 1545 when she sank while preparing to attack the French
fleet, watched by King Henry VIII from Southsea Castle.

e) The project had captured the imagination of millions of people watching on television around the country.
f) The lifting cradle, part of which collapsed as the ship was lifted from the water.

h) The special cradle for the Mary Rose. After being raised, she was taken into Portsmouth naval base's No.3

Drydock. She was wrapped in protective foam and polythene and constantly sprayed to keep her wet.
k) The collapse of the frame nearly scuppered the ?4 million operation.

The long-anticipated £4 million operation, twice postponed, was beset by technical problems with the complicated
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salvaging apparatus and floating cradle. But the ship's skeletal remains of mud-caked timber were in the end
successfully re-floated and experts can now begin the long process of restoring the Mary Rose in a dry dock in

Portsmouth.
Historic moment

Lifting of the wreck from its location at 50 feet below sea level began at 07:00 local time and within two hours the
first jagged edges of timber had broken the surface. A cannon was fired from the ramparts of Southsea Castle to signal
the historic moment. Yet just before midday one of the pins holding the lifting frame sheared, a steel line snapped and
part of the 80 tonne frame smashed down on the hull. Speaking after the accident, Prince Charles, President of the Mary
Rose Trust, and a seasoned diver at the wreck spoke of his shock: "I was slightly horrified but I thought the best thing
to do was to be British and not panic." Inspections showed the damage to be slight, but further mishaps meant the
wreck was not safely installed onto its transport barge until 1500.

Margaret Rule, archaeological director of the privately-sponsored project said the raising of the "fascinating and rare
Tudor artefact" was the culmination of a "dream that had gripped the imagination of the world".

The Mary Rose was rediscovered in 1966 by Alexander McKee, a historian and amateur diver. Since then over
10,000 well-preserved items have been excavated including weapons, clothes and even a backgammon set.

(© The Mary Rose Trust, The final stages of the raise of the 16th century carrack Mary Rose on 11 October 1982,

Portsmouth, United Kingdom. The determination of the Mary Rose Trust, whose declared mission it is “to find, to

record, to excavate, raise, bring ashore, preserve, publish, report on and display for all time the wreck in Portsmouth”,

culminated in the raising of the hull in 1982. After many intermediate stages, it will result in the creation of a new
specially dedicated museum. The project has been and continues to be a process of learning on the job. More than
20,000 individual items were raised, described and treated. Over the decades, many hundreds of employees and volunteers
have been involved in the project. Research that leads to a new understanding of 16th century shipbuilding, on board
organisation, naval warfare and society at large is and continues to be one of the objectives. In practical terms, such
research is both stimulated and impeded by all kind of practicalities and priorities, as well as variations in funding and
staff. It is quite certain that the Mary Rose documentation and assemblage will in the long run continue to be an
invaluable resource for historical research, but it is equally clear that the scale of the experiment is such that it is not
easily or wisely repeated. (UNESCO).

TRUCTION DIVISION
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¢) © The Mary Rose Trust. d) nmm.acuk. €) kentac.uk.

Zacg it = e

f) Raising to the surface (Nordic U/w Archaeology). g) Lowering onto a barge (Lampton 1988). h) Lowering

onto a barge.

i) Removing the lifting frame. k) McKee and Rule.

. EESEEEm

= =

i) (Rule and Miller 1983, NGM). 1) The hull was towed into Portsmouth Harbor in the evening of Oct. 11th.

Fig. 26 The Mary Rose on the air in a cradle and lifting frame (The Mary Rose Trust).

a) The lifting frame holding the wreck of the Mary Rose can be seen just below the surface of the water, about to be
lifted (wikipedia). c¢), d) & e) The hull of the Mary Rose being raised, 11 October 1982, 437 years after she sank.

g) The hull of the Mary Rose is lowered onto a barge after it is raised from its watery grave.

i) The starboard half of the lost ship's hull - the only part preserved by the Solent's thick sediments - rose dripping
from its grave in a giant steel cradle and lifting frame. k) Alexander McKee and Margaret Rule seeing their dream of

raising the Mary Rose reach a successful conclusion.
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&

to receive the hull.

a) No.3 Drydock ready

e) Mary Rose being sprayed with water. f) Turning the ship.

The Rotation of the Mary Rose

_ ’ AR ? _

1

-

The Tudor warship the Iary
Foze and her cradle, lying on the
deck of the bargewhich retumned
her to land

4

The cradle is modified for sliding
and rotating. Sliding shoes are
fitted to the underside of the
cradle and a rarmp is installed
against the dock wall. The hinge
shoe functions as a pivot and
jacking point on which the
structure will turn.

The jaclks are pressurised, raising
the inner towers and steel
crosshearmn against the underside
of the barge's deck, thus
supporting the cradle and the
Ivlary Riose The barge and dock
blocks are removed and new
brick piers erected.

bharge deck and up the ramp by
horizontally mounted jacks.
Pivoting steel columns are
attached to extension arms bolted
on to each frame of the cradle
Ivobile jacks on the colummns
push dowwn on the atmns, rotating

The structure is jacked dowin on
to the brick piers and the towers
are remaoved

The Mary Fose is returned toan
even keelat 11:00 am. on the 19
July 1985, the exact titne to the
hour she sank 440 years hefore

the structure until it reaches ower
centre. Thejacks are then fiszed,
supporting the stracturing this
position, and then lowering it

h) 10:45 19th July 1985.

The procedure used by BYGGWIK to rotate the 'Mary Rose' into an upright position (byggwik.com).
Fig. 27 The Mary Rose after recovery (The Mary Rose Trust; Rule 1982).

The ship herself had to be housed in a suitable environment, there were thousands of artefacts to store, record and then
conserve, and a new museum had to be built to house them. After the ship was raised she was towed into Portsmouth
naval base. She was wrapped in protective foam and polyethylene and constantly sprayed to keep her wet.

a) The Mary Rose will be housed in the Royal Naval Base. Portsmouth for the first two years after her recovery from
the sea. The historic setting is appropriate for the rebirth of the ship, being close to Nelson's flagship HMS Victory and
the site of the dock where she was built in 1509. (Rule 1982). b) & c) She had been found a new home in No.3
Drydock, (just behind HMS Victory) and preparatory work began by removing the lifting frame. After that she had to be
jacked up and wheeled onto a smaller barge, the one she was on was too large to fit into the dock. She was moved
into the dock on December 8th 1982. d) Work was started on constructing a ship hall for the Mary Rose. This was
completed in 1983. The building is a lightweight aluminium and fabric structure, double skinned with insulation between
the skins. The outer skin was replaced in 1998. e) The Tudor period carrack Mary Rose being sprayed with water to
keep her timbers from drying out. View looking towards the stern. March 1984 (wikipedia). Between December 1984 and
July 1985 the steel cradle was gradually rotated to stand with the keel in an almost upright position.

f)~h) In 1985 the ship was turned upright and a new system of titanium supports installed to support the internal

structure. Once the ship was upright, a new series of viewing galleries was constructed.
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h) BBC. i). j) thehistoryblog.com

photos.portsmouthvideos.co.uk photos.portsmouthvideos.co.uk

k) os/osos 1s:24:52, 1) os/os/os 1s:16:20., M) 08/05/09 16:34:57.

Fig. 28 The Mary Rose under restoration and reconstruction (The Mary Rose Trust; Runestone 1994).

The timbers were replaced using two cranes. Titanium beams were manufactured to replace missing or broken timbers.
This metal was chosen both for it's physical properties and also because we didn't want to mislead the visitor by putting
modern timbers in the ship. All the timbers had to be drawn and many of them were photographed before being
replaced in the hull. While the timbers were being replaced the conservation team were busy installing a new spray
system and making sure the ship was kept in perfect condition. The last timber to be replaced before active conservation
started was fixed into place in 1993.

The reinstatement of timbers surveyed and removed underwater was completed prior to the start of active conservation in
September 1994. In 1994 switched over to active conservation, spraying the ship with a solution of Polyethylene Glycol.
This wax will gradually replace the water content of the timbers, eventually allowing us to stop spraying the ship in
about 20 years time.

¢) Workers restore the waterlogged hull.

d) The main deck looking from the bow photographed in Jul. 1992 before work started on the upper deck above.

e) The remains of the Tudor warship Mary Rose as it sits in an atmospherically controlled dry dock.

h) Conservation work to preserve the timbers - Mary Rose is constantly sprayed with chilled, recycled, fresh water to
prevent the wood drying out, but also to inhibit fungi and bacteria from growing on the timbers.

i) The hull of the Mary Rose has to be sprayed with a preserving chemical to maintain the timbers.

j) The Mary Rose has become such a popular attraction she needs a new home.
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 The Mary Rose Shiphall
ide the shiphall you can view the hull of the Mary Rose as she

undergoes conservation to keep her preserved for future
generations. Visit the official website for more details

The Mary Rose Museum

The Mary Rose Museum houses a unigue collection of Tudor
artefacts raised from King Henry VIl's ship, the Mary Rose.

Mary Rose
‘Ship Hall

f) Sue restoring one of the hats. g) Clare drawing linstocks. h) Loading timbers into the freeze-dryer. i) (©Ferne Arfin. .

Fig. 29 The Mary Rose Ship Hall and Museum (The Mary Rose Trust; Runestone 1994).

While the Mary Rose was being excavated, around 20,000 artefacts were found in the wreck.

The majority of these were cleaned and recorded aboard the diving vessel, bought some, particularly things like
chests and their contents, would be bought ashore to be excavated under more controlled conditions.

After an artefact had been sent ashore, the "Finds Department" would process it. This included making sure it was
stored correctly, cleaned, passing it on to be drawn and photographed, and finishing off the recording. The artefacts
passed from the Finds Department to Conservation. Led first by Howard Murray and then by Dr Mark Jones, the
Mary Rose Conservation Department helped pioneer many of the techniques used in the preservation of waterlogged
materials.

The conservation process varied depending on the type of material being treated. Wood was generally treated with
Polyethylene Glycol (PEG) and then freeze-dried. Other objects, such as the bricks from the galley, were simply
washed free of salt over a period of time and allowed to air-dry.

More delicate artefacts required careful conservation and restoration. This applied particularly to items such as the
Barber-Surgeon's hat.

a) A new spray system was constructed, the ship was constantly sprayed with chilled (5 degrees centigrade or
less), recycled, fresh water. This was not only to prevent the wood drying out, but also to inhibit fungi and
bacteria from growing on the timbers. A viewing bridge was built in the ship hall to allow the public to view the
ship for the first time for over 400 years.

¢) The visitor can now view the ship from climate controlled viewing galleries.

d) Aerial view from the Portsmouth Spinnaker Tower shows the Historic Dockyards, the location of the new Mary
Rose Museum( right arrow) and HMS Victory (left arrow). The new Mary Rose Museum is believed to be where
the HMS Mary Rose was built, 500 years ago.

i) Roughly formed cannon balls were carried on the HMS Mary Rose and carved for use by gunners aboard the
ship. The bronze cannons were retrieved from the seabed wreck of the HMS Mary Rose.
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a) Cutaway view. b) Isometric showing positions of the guns. ¢) userchol.com.

Fig. 30 Construction illustrated (The Mary Rose Trust).

The Mary Rose had a keel length of 32m and a breadth of 11.66m. Her length at the waterline is estimated to have
been 38.5m and her draught 4.6m. The surviving height of the ship is 13m, measured on the starboard side at the
aftercastle. The weight of the ship increased during her lifetime, she was rated at 500 tons in 1512 and at 700 tons
when she sank. The Mary Rose underwent two recorded major refits, one in Portsmouth in 1527~28 and the other in

the Thames around 1536, it is assumed her burden was increased to 700 tons during this last refit.

The ship appears to have been skeleton built and carvel planked from her inception. There is no available evidence to
suggest that she was converted from a clinker to a carvel built ship during her career. The keel is constructed from
three pieces of elm, scarfed together and bolted to the keelson which sits on top of the floor timbers. The keelson is
oak, again consisting of three sections scarfed together, with the main mast step acting as the central sector. Just behind

the mast step there is a circular hole by the keelson to make room for the lower end of the pump.

The majority of the frames do not appear to be attached to the floor timbers in the hold or to each other, but are held
in place by the longitudinal stringers. In the hold the gaps between these stringers are filled with ceiling planking. The
outer planking of the hull is fastened through the frames, stringers and ceiling planking by hand-cut wooden treenails.
These are hammered into pre-drilled holes and may be up to a metre long. A considerable number of the trennels have
caulking cuts in their outboard ends, packed with pitch, possibly to fulfil the same function. The butt ends of the outer
planks are further secured by being fixed to the frames with large iron nails and are carefully staggered. These planks
are oak, finely adzed on their outboard faces and approximately 100mm thick. The seams of the first few planks above
the keel were covered by seam ribands, packed with caulking. This may have been a method of ensuring the caulking

didn't fall out of seams loosened either by age or stress.

Dendrochronology work by Dr. Martin Bridge of the Institute of Archaeology, University College London, (who did the
work whilst at the former London Guildhall University), has confirmed that there was a considerable degree of extra
strengthening inserted in the hull after the ship had been built. We have obtained dates from some riders, transom knees

and diagonal and vertical braces that proves they were inserted during the two major refits undergone by the ship.

From surviving information, the Mary Rose appears to have to have had a hold and four decks: the orlop, main, upper
and castle decks. There may have been more than one deck in the forecastle, and perhaps a small deck at the rear of

the aftercastle, but due to erosion we lack archaeological evidence in these areas.

¢) Tsometric showing positions of the guns recovered from the Mary Rose (green guns are extrapolated).
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a) Mary Rose site and Portsmouth Harb(;ur (Holt 2003).  b) The Mary Rose mark buoy (Bevan 2005b).

c) DSV Terschelling (Bevan 2005b). d) Terschelling on site (The Mary Rose Trust).
Fig. 31 The Mary Rose site and DSV Terschelling.

¢) DSV Terschelling prepares for diving operations with a four-point mooring over the Mary Rose site.

5) www.3hconsulting.com; Holt 2003, p.2.
'The UK Ministry of Defence may need to widen and straighten the channel approach to Portsmouth Harbour to
accommodate their new aircraft carriers. The dredging work could affect the site of the Mary Rose historic wreck so
what remains on the site had to be removed. When the hull of the Mary Rose was recovered from the seabed some
of the ship was not recovered, some timbers and artefacts were reburied while the remains of the bow castle were
never investigated.
A multi-phase project was put together by the Mary Rose Trust with the aim of recovering the buried artefacts and
debris, excavating the spoil mounds to remove any artefacts, undertaking visual and magnetic searches and delimiting
the extent of the debris field.
The fieldwork for 2003 included using an excavation ROV to remove the top layer of silt that had covered the
wreck leaving the delicate excavation to be done by divers with airlifts. Site Recorder was used for mapping, finds
recording and providing decision making information for the archaeological director, Alex Hildred. ~A Sonardyne
Fusion Acoustic Positioning System (APS) was used on the 4 week project to provide high accuracy positioning for
support vessel, ROV and divers. The positioning system was connected to Site Recorder and allowed the GIS
program to display the positions of divers on the site plan in real time.
At the end of the 2003 season the first evidence of the remaining bow structure was found, a Sm long section of
stem timber. The mission for 2004 was to investigate the size and condition of the remaining timbers in this area,
in association with the stem timber were sections of articulated port side lower hull timbers including partial remains
of inner (ceiling) planking, frames and outer hull planking. A 5m long anchor was also located.'
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Table 2 Excavation project 2003 ~2005 (The Mary Rose Trust).

Excavation of secondary deposits on the protected historic wreck Mary Rose.
. 1. Remote sensing of the site.
Project . . . .
Design 2. Excavatfon of objects Aand timbers purposely left on the site. .
3. Excavation of the spoil mounds left from the 79~82 excavation.
4. Recovery of site related debris and any newly deposited debris.
1. Andrews Survey Ltd. undertook a multibeam, sidescan and magnetometer survey of the site in advance of diving.
The positions of prominent features or anomalies were fed in advance into the Sonardyne Pharos navigation system
and a prototype site plan of targets was drawn up.
2. A 25 day diving programme was undertaken from a vessel moored over the site for the duration. All diving was
undertaken using surface supplied diving equipment deployed through a wet bell. In addition to divers, a remotely
operated crawling vehicle equipped with an airlift suction head was used to excavate trenches into the linear spoil
mounds.
2003 3. Divers used a lightweight 2.5m long survey staff fitted with a lightweight Mini RovNav transceiver with an
acoustic transducer fitted to the top to position points on the seabed (such as the perimeter of the hull hole at a
Summary particular depth, or elements of structure or site hardware).
of the |[4. In addition to the airlift mounted on the ROV, excavation to uncover previously buried items was undertaken using
Results |lconventional 100 mm diameter open-ended airlifts operated by divers.
5. The majority of the targets were achieved.
6. An estimated 10% of the spoil was excavated, with each trench having a minimum depth of 2.5m. Six trenches
were excavated, three on the east side of the hull depression and three on the west. Within these trenches 86% of the
358 finds were recovered. In addition there were 48 timbers (many from the stored area) and 60 samples.
7. A total of 131 man dives was undertaken totalling 219.2 hours. twelve(12) ROV dives provided another 59 hours.
The total for 25 days was 278.2 hours.
8. Only two(2) of the magnetometer anomalies were explored.
9. It is proposed to follow the project design as closely as possible.
10. Etc.
1. Further gathering of information regarding the size and condition of the buried structural remains in the bow area
Scope of [of the Mary Rose
Works 2. To institute further ground-truthing of anomalies found within the CVF route survey by starting with those on the
Mary Rose site
1. The season lasted 22 days and include 208 dives totalling 352.3 hours.
2. An estimated 300 tons of sediment was removed, 147 artefacts, 62 timbers and 68 samples were raised and
recorded.
3. Dives were carried out over a two day period three weeks later to check and adjust membrane and sand bags
stabilizing the site.
4. A 16 x 8 meter aluminium grid was manufactured and placed on the seabed oriented west/east across the extreme
north end of the site. This position was selected to include the stem timber and an area to the west, where two(2)
timbers had been noted in 2003, and an area to the east of the stem. This grid was manufactured to incorporated
2004 trolley which could be moved over the 16m length of the grid at a predetermined height above the grid. This was to
Summary [[support a parametric sub-bottom profiling unit loaned by Tritech. This was towed over the length of the grid at a
of the [constant height of 4m above the seabed both before and during excavation.
Results ||5. The stem was excavated to expose its entire length, 10 meters.
6. Excavation to the west of the stem timber revealed several large sections of articulated timber structure, including
excavations for the designated areas.
7. The targets within the exclusion zone around site included; five(5) multi-beam anomalies, twenty- three(23)
side-scan anomalies, sixteen(16) Remus(AUV) side-scan anomalies (close to seabed), thirty-nine(39) magnetometer
anomalies.
* A decision has not been made regarding the choice of route for the CVF. The original dredge date was 2007. We
have prepared a detailed plan (still following the original Project Design) outlining the immediate work required as a
result of the findings of 2004, and the phses required to completely excavate the site should the route through the
protected area be adopted.
Recovery and or in situ preservation of bow structure and artefacts from the protected historic wreck site 'Mary Rose'
Project {\ims anq objectives :‘ The aims of the 2005 project are either to recoYer th the surfaC§ for analysis, study,
Design interpretation, conservation and display some or all features uncovered during 2004 or to increase the level of]
recording of these features and leave them in situ. Following this the area will be backfilled and a system of]
2005 environmental monitoring will be installed.
1. Recovered the stem and the anchor. 2. Etc.
Su;rm;ary * The final task was to put the site to bed. The excavated arca has been covered with an industrial geotextile called
lges:ﬂtes 'Terram', which has been held down by 800 sandbags and 100 tons of sand. This should ensure the preservation of]
the area uncovered by the last two seasons of excavation and keep the site safe for future generations.
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| =
d) Fusion APS & Site R

ecorder GIS 2004.

# The divers used standard surface supplied
B diving system (SSDS) including voice
communications along with helmet mounted
lights and video cameras. The divers could
also use a 'survey staff fitted with an
¥ acoustic positioning system for positioning
finds and structure. On board the support
vessel it was possible to see the pictures
from the cameras and to hear the discussion
between divers and dive supervisor. The
recording and positioning systems were set
up behind the dive supervisor so the
recorder could see the feed from the cameras
and the positions of the divers on site whilst
adding information to the Site Recorder GIS.

The  archaeologists and  divers  could
collectively discuss issues and ideas as they
occurred with all the available information at
their fingertips.

The results from this project show that the
Fusion Long Baseline APS can be used to
achieve high accuracy positioning underwater
on an archacological site. The system can
achieve this even in the difficult acoustic
environment found in tidal water only 10m
deep. The 30 mm position accuracy achieved
on this project is comparable to conventional
survey methods and is sufficient for plotting
finds and the extent of hull structure.

h) & i) Wet bell used by the divers 2004. j) Coming up to the surface in the wet bell.
Fig. 32 Excavation 2003 ~2004 (The Mary Rose Trust; Holt 2003).

The Sonardyne Fusion Long Baseline acoustic positioning system (APS) used on this project is more often found on oil
& gas projects (Offshore, Oil-field), being used to position ROVs or structures on the seabed.

The Long Baseline (LBL) or 'range-range' acoustic navigation method involves measuring distances from a transceiver
mounted on a vessel, ROV or diver to four or more transponder beacons deployed at known locations on the seabed.
The transceiver can transmit acoustic signals into the water that can be received by the beacons. If a beacon receives a
signal it recognises then it sends back a different signal to the transceiver. If the time taken for the signal to go out to
the beacon and back is measured then it is possible to calculate a distance from the transceiver to the beacon. By
measuring the  travel time  and thus the distance to four or more beacons at known locations then it is possible to
calculate the position of the transceiver.

a) Hull location on Reson / ADU MBES 2003.

b) The results from one dive show the quality of positioning that can be achieved using the Fusion long baseline APS.
The diver carrying the survey staff was asked to walk around the perimeter of the hole left by the original excavation
work. The track of the diver is shown. The diver leaves the dive cage on the port side of Terschelling and travels
clockwise around the hole, occasionally stopping to look at debris and artefacts.

d) Note dive control panel at background.

g) Sonardyne beacons (transponders) before deployment.

The four(4) Sonardyne COMPATT transponders were deployed on the seabed in a 70m x 80m array. The project
required the highest position accuracy possible so Extra High Frequency (EHF) transponders were used, operating at
frequencies up to 100 kHz. In addition, the beacons were deployed in rigid frames so that they would not move. Each
beacon was fitted with a tilt sensor so could report if it was upright or on its side after deployment from the vessel.
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k) Swan 2002 Crawler ROV (Holt 2003). 1) Monica ROV excavator being deployed.
Fig. 32 Continued (Excavation 2003 ~2004).

k) The Swan 2002 crawler excavator ROV was custom built by Sea Boston Ltd. for excavation, burial and trenching
work in 2003. The crawler is fitted with colour cameras and a Tritech scanning sonar so the ROV operator and team
archaeologists can monitor the excavation. The crawler can also carry a Hyball free swimming ROV and a 5 function
tool arm.
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a) Bow site plan 2005. b) Estimated position of bow based on stem location 2005.
Fig. 33 Excavation 2005 (The Mary Rose Trust).

a) Image shows detail around the excavation trenches, including the main stem timber, port side frames and anchor.
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y Rose Trust 2007

4

garet Rule (Bevan 2005b).

d) Anchor raised from the seabed. e) Anchor on deck. f) Mar,
Fig. 34 The stem timber and the anchor recovered in 2005 (The Mary Rose Trust; Bevan 2005b).

a) Mary Rose's five-meter stem timber breaks surface after more than 500 years on the seabed.

The stem timber was stropped up to a 7 metre long spreader beam and was gently lifted from the seabed using a crane.
The stem was transferred underwater onto a cradle ready for its final journey to the surface and ashore to Portsmouth.
Similarly, the anchor was moved from its resting place to be alongside the cradle before raising.

b) & c) The large stem timber recovered on its cradle (lifting frame, spreader beam).

f) Margaret Rule, archaeological director of the excavation, examines the Mary Rose anchor.
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a) Portsmouth Historic Dockyard
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d) Original description "Sectional View, Mary Rose Museum", 17 March 2009 (wikipedia). f) Image from internal.

k) 2011. 10. 02. flickr.com.

i & j) Transverse cross sectional view.

Fig. 35 New Museum for the Mary Rose (The Mary Rose Trust).

Her rediscovery and raising were seminal events in the history of nautical archaeology. On 14th May 1966, the first
modern dive was made on the wreck site of the Mary Rose. That dive, in conditions of almost zero visibility, was the
first of some 28,000 dives that led to the recovery of 19,000 artifacts and ultimately to the ship being raised in 1982.
This represents one of the largest, most complex and successful underwater recovery and preservation projects ever
attempted. The work of recovery, preservation and research is ongoing and may be viewed in the museum and ship
display at the Portsmouth Historic Dockyard where a new £30m Mary Rose museum is planned for 2012.

Planning granted for Wilkinson Eyre's Mary Rose Museum design Friday 13 Feb. 2009 worldarchitecturenews.com

The £35 million project to build a new museum for the Mary Rose in Portsmouth's Historic Dockyard took significant
steps forward this week with the news that the planning application has been approved by Portsmouth City Council.

The museum, designed by a team comprising Wilkinson Eyre Architects (architect), Pringle Brandon (interior architect)
and Land Design Studio (exhibition design and interpretation), in collaboration with Gifford (structural and M&E
engineer), will reunite the ship's preserved hull with many thousands of unseen artefacts for the first time in 500 years.
The museum building is conceived as a finely crafted wooden jewellery box discreetly enclosing the Mary Rose as its
treasure. The curvilinear shape, which is derived from the historic dry dock below, responds to its unique context
alongside HMS Victory and its dark stained timber cladding picks up on the ‘carvel construction of the Mary Rose
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hull as well as traditional boat shed architecture.
The announcement coincides with confirmation from the Mary Rose Trust that they have raised over half of the
£ 14million required to match the £21 million earmarked for the project by the Heritage Lottery Fund (HLF) in January
2008. The Mary Rose Trust can now progress to stage two and submit a further, fully developed application to the HLF
to secure the full grant. The hull of the Mary Rose will be withdrawn from public view later this year as the new
museum is built around her. It will continue to be interpreted in imaginative ways in the existing museum, which will
remain open throughout.

She will continue to be sprayed with polyethylene glycol, a water-based wax solution, until 2011.
carefully dried within the new museum until she can be displayed fully in 2016.

The hull will be
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