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We report a newly developed water sampler WHATS (Water and Hydrothermal-fluid Atsu-
ryoku Tight Sampler), for collecting seafloor venting gas-rich fluid (or gas itself) at in situ pres-
sure (Atsuryoku means pressure in Japanese). It consists of four 150 cm® stainless steel sample
cylinders, eight ball valves, a motor-driven arm, a rail, a peristaltic pump, and a flexible Teflon
tube connected to a titanium inlet tube. The motor-driven arm on the rail can open one of the
four cylinders. Then, by pumping out pure water that has filled the cylinder, we can introduce
sample fluid into the cylinder. After completely replacing the pure water with sample fluid, the
valves at both ends of the cylinder are tightly closed by moving the motor-driven arm again. At
this stage, the next cylinder becomes to be ready for next sampling. We can take maximum 4
different gas-tight samples in series. Whole operation can be arranged inside the submersible
cabin. Use of only one motor to operate valves makes the sampler small, light (28 kg in water),
and easy to handle. With the sampler, we can collect almost uncontaminated sample because we
pump fluid slowly (120 em’/min.) into the cylinder using the peristaltic pump. To date, the sam-
pler has been used for ca. 40 dives of Shinkai 2000 and Shinkai 6500 with the success rate of
more than 90%. We also evaluate the safety factors in handling highly pressured samples. We
conclude that the sampler can be used to the depth of 3,000 m.

Key words: WHATS, fluid sampler, gas sampler, gas-tight, multi-bottle, hydrothermal and cold
seep fluid, handling pressured sample
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EDEV, TDL) BIRAEEBIZIEZAF VERKRER
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7ERAREE, BB VIZBKEL T AD X ) LT
GEDLD%E, OlEKDOBAR %5 E 2 TR
L, OfETHNT % T THFHEEEDEOEI T &
INBRIZHI R B 720 DB TH 5, [ L AD2000] %
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Fig. 1 B X U Fig. 2 124, EREHEMN >~ ¥ — 0
AR T L AD20000 (ZHL Y A1) 72 0 WHATS
DT %, £ Fig. 3121&, TL AH\6500] 128D
1372650 WHATS O T 2R3, F/2InbH0N
WCIE A IO L2 L 2e WHATS O3 L v ih
X Table 1 IZ/R L720 512 Fig. 4 123 ABROLE
KRy AT L OBEAMZR L2,
ZOWKBIIAT YV VABMA A Y 4 Mg (Fig. 1
@ cylinder ; WZAFE150 em® - NHNIZ R A BB IS

motor-driven arm

quick connector o s

Fig. 1 Front view of WHATS attached to the pay-
load of Shinkai 2000.

sample inlet

flexible Teflon tube

Fig. 2 Rear view of WHATS attached to the pay-

load of Shinkai 2000.

sample injet

tiexible Teflon tube

Fig. 3 Front view of WHATS attached to the pay-
load of Shinkai 6500.
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Table 1 The specifications of WHATS.
Maximum
O *1
operational depth 3,000m
Max1mun‘1 sample 40 MPa*®
pressure in bottle
Sample volume 150 em’ X 4 bottle

Pumping rate 120 cm’/min.

DC19-32V/1.0A
D 605 mm X W 660 mm

Power required

Dimension < 287 mm
Weight (in water) 28.0 kg
Weight (in atmosphere) | 35.2 kg

*' maximum pressure that the peristaltic pump can
be used

maximum pressure that the valves attached to
bottles can be used

*2

peristaitic
pump

valve

cylinder

hydrothermal

P/ fluid etc.

%
\ R

e
o RO A3 5711,

temperature
probe

Fig. 4 Schematic diagram showing the sampling
system of WHATS sampler.
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A MNEHOMWIZ2WMY 2R 8BMOKR— LNV T
(Fig. 1 @ valve + 40 MPa ), NIV 7B 7 — A&
(Fig. 1 ® motor-driven arm), [FH#HHO K54 7

2=y b1& (Fig. 2 ® motor unit), R A ¥ D
Ry 7zx=v b1& (Fig. 2 ® peristaltic pump),
F7RYEOILFITITANF 2 —T (Fig. 2 D flex-
ible Teflon tube) % EDEIMPS %> T b, FHAK
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REFKREE, FI4 7229 MZEoTZ20 M)
A — (Fig. 1 ® trigger 1/2/3) DW= NV 7 B
T—LaBELFEEELHEVELD>DOL— 1 (Fig. 1
D rail) L% —KFE Fig. 1 THEPHE) 8, T 72
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R 5, R— OV 712905 30 o [l#E TR — B
—H—BIERD b DERAIZ, NVTHMT —
LADBENZ L B0 THREBADEEZ Fig. 5 127R T,
T4 ARDOBFERENE TXTHAKTHR /2 Lz LTV T
DOl (Fig. 4 B X U Fig. 5 TEMicHE >z
NVT) BFTXTHLE, bHIRF (FH) 23X CTH
WIRETHER L (Fig. 5 O—FEOHORE), &
BERIGERNC SV TR 7T - AORWOBE T4 A0
BEDIBLEO—FELD 1 RIZODWT LDV T %90
s S CRRRBICA 2 5 2 & Tl 2 BBUREE I
LT, =W VT 7 -2 %2145 (Fig. 50
HHROROIKEE), ARBRAOVEBOEAT GBS
Wil &) ChEENRETR Y T2 EH I
&, REZEBES120em® WS D ELIZAE—-FT
BIBAREEO T A 4 FHEHNICFIEAL I LATE
b MOEEHI WA E o T A0 RBLHAL
v, THREZR L TEHENICTOMZZLTho 72
MUK TERIEBHIE S b o 72812 (AT ER R 5
&), NVTHET - A OBEBEEAT o THEmD /Y
TEENFNOEREZESE L ETHD, Brid
MR L2 (Fig. SOLEDOROKE) . ZOEE%
BK4EKOBRBTRTICOWCHMBTY 2 & TR 4
FEORBPHRINTE 5, L -HEHI TS D/ SV T
BEALONZ-FF LD, MENEAREIER SIS
FCHRBNICEH SN, RIS N2 BKREHIA R
Pz TR EIZIFELVWEN] ES5ESRR) 0 F
TR SN, 728 2 ARPEREOBTFWEICEA
TW/ze LThH, BHRCEIEI NS ETEBRDT DO
BT E 2\, 29 LTI EICEI S 2B HE s v
TOEBIIHNCH BT 4 v 7 3Ry ¥ EERKkeAR
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valve closed

valve closed

- Trigger 2

> Trigger 1

Motor-driven arm

<+———— Arm moves this way

Fig. 5

Schematic diagram showing the way to open/close the

valves using three triggers on motor-driven arm. Each fig-
ure corresponds to the stage of before sampling (right),
during sampling (middle), and after sampling (left), show-

ing the relative position between the ball valves and the
motor-driven arm. The valve is closed when the cross mark

on the rotating disk comes on the axial position of each bot-
tle, whereas the valve is open when the mark sits the other

positions.
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BRSO - FUUWEREICHT 5,
LBEBROFERICEL T, BB AORICRES
R LR OREEE=5 ) VS LS R
9 5% (Fig. 4 ® temperature probe)o F 72 KMAS
FHET HMONA 0 — FEEZOMEERLHE KRN
SOMABREGTZVIIICEDEEDS, [LA»W
2000] DEFEHEAS o— FoLkywm (Fig. 1, 2), [L
AD6500] DBERMIEHOT (Fig. 3) IXAKE
P L. E5ICHND S ORI S 72> TR
PUZERE T 2 HIHEENICHARAE N T O 7T AL
Lo T, BKREMNORMEPHFKRSY ¥ 2 M id
HEIWIC —EORBRIVEESHH SN E LT L
720
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2001EDE O I L7225, I E T1004
PRZLBBOFRIUCHEIIL, ZoOHEOBEREE L
TREB 2 EARIIE (90%M ) 2L Tw»

5o FETRILZBB~DOELE (FHmLTBWT
MK DB H G & T 2 KGR ES S D
Hge) 1ZDOWTHRENR NI E2MERT L0, it
DKL E DR EERE 4T > 72, Table 2 IZBREDB
O (34°40.0°'N, 138°35.7'E) BT 5 [LAD»W
6500 DEHMA (FE6L9EH) ITBVT, HEDL?L
BEANOELERTH 7Y v 7 Uiz —fkiEREE %
GHTLTZREOMRETH 2. FORBRNITITIRIRE 0%
DHiAKEANTH 57225, BIRLAABOERE I
FTHHB%ERLTWAEI LS, INdNEKREIC
FEREEBRbD S TWLI LN brb, T 0RE
O CHREE %, 1986411 IZ[A— s T kAo =
A% Y RKE & A TEBHREL - 507 L 72 B R
(Tsunogai et al., 1998) & IEXL 7z DA% Table 2
WWRLTH B, D& — keI EAKRE &
EoTKRAETTRIETHIEIE T ARSTIZHETTBS
T, o T AF VERKIB TR LA TL 4R
HTXBLEZH5ND, WHATS TR L 2 K0
CHEE DOSESMAITAEOR —HEHICBIF S5 =A%
YRR TRIM L -RBOZFN LT LTED,
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Table 2 Observed salinity and CH, content of sea water sampled using WHATS at Suruga
Trough. Literature CH, content of seawater from the same station in 1986
(Tsunogai et al., 1998) is shown for comparison.

- CH, CH,
Dzigh Saézgty [this study] [Tsunogai et al., 1998
(n mol/kg ) (n mol/kg )
D 619-W 1 1,800 35 2.2 2.5
D 619-W 2 1,000 35 0.5 0.5
D 619-W 3 700 35 2.1 1.9
D 619-W 4 400 35 3.2 2.7
WHATS TEHRE L7z 83 2 < &b CHOHE R < [+ 8l >
BaA 2B U i8R W E R SI N, F2K
FARBROH AWM RAT) HERARB LUV TR gurtace " internal pressure: £,
Evans et al. (1993) 124 o TEFEKBFHIOWTE depth = 0 density: pr
e P=0 temperature: Ty
1 CO.OREEDOMAD R SN/ DAL HMUETH
0, ZOEPSLRFKEOREFIEEEE LToRE
B IIBER Vb D E Bbh b,
5. R&MICBdaEE
K U723 BHI R L 2R E O D % 13T # D
TEHRBLTEMEICED - TL %0 RIRKEFDOENE
BRATH3,000m DESORMERH LI L4, = seafloor f& Goraiy: messure: £y
DAILEEATI0 MPa (R3005E) WOENER  pop ] temperature:
T ENTFHEEN, WMOFNIIFEREIBILETH S,
RIS L 2T R D W, %4 LR !
PEAEL LV RET L TAaz, Fig. 6 Schematic diagram showing the expansion

5.1 REAEBEREBFORBAOEAELLABD
mELROPE

WHATS % i\ T %R E CTHRARRE 2 I L T
5 1&RE (0.1 MPa) DKEIZRE - 72 BRI B A
DIENEPCL DR DDEZTHIZV . TONND
ENEVBRGOMHAREIL ) # B2 5 &, Firnii
LA & » TR O NI fEEA & S 0] FErEATH
T B7:0Thb, WHATS D4, BEARKIY
W3 VT2 2500 7O T AME R REE T3 29K o
THBAEBRONNDIEN AN ZOHEHBEIE N TH S
40 MPa % 2 TiZW i vy, RE 2RI L 72K
BOTIEAEROWI L L ICHKIZBUT 5 KETESN
HHUCIEN T Vv L LIBKARDSTE B LKREEA L
BBIONTHBAOKEIIK TS5 TEREHE I
BHRMNIIENFECVIRETHRES NS, b LiFLER
TRABOWRE & B2 ONERII L2 R T,
B AL 72 RE B 2 KENZDO T FKEICE

of gas-tight sample bottle due to depres-
surization.

ARG DENZEE Do L72h > THREUE O
JEAERREEI U TIZIS 2 TBIFiE L v,

L2 LEBICIFE EIC X o TREICAIVEED LK
T, REEZHALTVLIEEAERILTILED
2 Bk 2R3 (Fig. 6). WA EE
THEENMET T 5720, BHRNOEAEDIET (LL
Tohe [WE] EFEREZ &2 5) IZHRBUEE DK
LDV SPBATHIENTFRENL, OF i
TR L 2R IS B AERICHA L2 S &
Vo TS L QMK CORIFOIL T 2 REET 2 bl
TR F—HTHKZA L TOARERKICIT
N5 ERMAKDHRERZ DT, FEHI A EILE
N5 ETCOMICIREN D206 ERT ., —EHk
WCEASNIBIKROREDS LA T 5 & ZOBABDES
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KT 5,

DFENFLRo BB ONNDIEEE ERILT S
7odITiE, AEEREE LGB A KEMSM,
AEEH B ORBEROMNMNER IR 2 NED K
DL ABHRE D FAITER S 2 AR DO KORR S 2
BIOICHREL CERTALEND S, DT RB2 R
JE35% DR TH o 2HEICODWTERMICEEZ A
Wi L, RPN OWEE R R KRES RED %,

AB 2B ALERIIFig 19 Fig. 51CRL2 X
RIS A LTB Y, Mo id gk
BIANE L B BRSEAR & 72 o TV T2 D 2055 T
W5 RRRIUTEBIRE L R D 270120, £3C
DEBONBERYNIEEIIS LT EDREET S
ERED ALENDH B, TNIEIRBTIRE BRHE
BLOW TG OBRETRED O ARERE R EOK
HBHIC L > TRED A LIRS, L LA
B, BE»OHERIIESL F TORBKOKBELIZIE
U72BBROEREELTHWEDS, JLUHORHEERE R
7075 5w Fo TR 720 B ME 7 BB DS 2
FCThb, 2 CARBLTIEIELRIMUZ PR THL
RIERAMGESE ML TERZLI LI L, 2%
BHROBREIMAGONELE RSN HRIIKEL LB X
ICRELET S (Fig. 6)o NIV T % &4l OF;
SRR O L BN RERFIAT S N T AU FAR &
D LEENRKEVDS, TORLI X BHEREIZE
BOKBOREOTHRAZ AELLTHA ). BVt
25 ERBOWIRRLHNEWDIE NI LTl Rse
WMOFLETEE, T 2bHEHRIUREIC OV TRED
RAEELZ 52 5, S5ICMUTIORT &9 10 EMmE
LR EN DO T, BEFHIICHE L Tzv
ARBLO LR REE 725,

WEKkEx EHE) (m) TEBER WEER
mm, HFEFErmm, B3I mm) CBEHLA-ERBEE
Kk 2w Y EAKEO (m) FTHLIFE-ET
Ho COBOHNER P, ETHE, BRONDOETIX
WEPACHREE Q0 EEPTELDOTINHPHID
EDECHBL, ChE2HVwE L0080 E5WIRE
CBILERBEHONEOERA LRI HTWO
BN UTOLIICKT KL (Gere and
Timoshenko, 1984),

Ar_1-20+ 1+ 0) ()" B,

r Cp)-1 E
P S
I (™)'-1E

BLoER7Y U, EZVYY IR THE, KFEKE
WCHEESRT 5B AL, NEEA=19.30nm), 4
P1Er,=25.4 (mm), £X1=203 (mm) TH5NDT,
v=0.3, E=197 (GPa; ML X7 VYLV A#D
i) #Hw5sE,

& 1.84%x107°P;

r

(5.1)

=6.93%x107°P; (5.2)

Al

l
—BlE LT BHEHRNINOIES 2 P BSRIEE T —M
D40 (MPa) THo 2BV THEDOER Ar &
RIDERN 2B LTAL L,

Ar=0.014 (mm)
Al =0.056 (mm)

Eh b, TbEREENT TIFABELSZONZER
0.014 (mm) (3&, F 728 %120.056 (mm) I X
RLTWS, BERIZNZEN0.07%E0.03%RET
H5b,

FAE TR L 2KEx (m) ICBTL2EBOE
Exp kL, ThaKE0O (m) FTHLR-LHD
REBNOEER p, L35 L,

Di_ 1/nr*l
pr UnGr+Ar) (I +AL)
A /AN N NN AN
=“f7*( )*7*”7?*(n)

l

I

T@éy%<l,%<1;0,2muL®E%ﬁﬁ
$2k
Ar A

ﬁ:1+2_+__
p r l

EV) BB Lo. K (5.1) & (5.2) ZARA
‘3—2.) ky

—%=1+4JWXIUV% (5.3)

f
AR b F TR L S E SRR OBAE— AT
oS BIRTH DA, PICHE LR THEOT
ZOREHRXS FFCMR B LBEVD 5. HRDOE
o3 —MICFDORET LIS P OBEE LTUT
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DEHCHERTHIENTESL (KT, 1990),

o (T, 0)

— (5.4)
l_P/K(T,P)

p(T,P) =

BLK(T,P) \3ZDREEENFEMEICBY 5 EHH
UETHD, p(T,0) B1AETOZFDOREIIBITS
35%EKDFEHETH b,

AREOFIUKE 2 (m) 3 20T TRIUFO AR
WET EWNE EREEEOKE) PAYARESLDT, X
(5.4) EHVALI LT DHRTE S, 2F D p iZERHL
KFExDAOREEE LB ENE, FAFELE R

BRATMALERT R 7 4 M iBEBAFRIEEEORSR 107

60 T T T Y TF r
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(5.4) B2 L EKEF CTRELHORENE P,
CRBBET #EBELTp bRt TELI LR
Bo TR (5.4) & o THRIAKFEx DADOEEK
ELTCEBLZp &N (B.4) FHOTP & T, O
BelTiaBlLizp X 6.3 ~MATHE, K
(5.3) FERPUKEx & RANE P & BAFRE T, O
MR L ), REEE T, 2M o520 FETRD T
RBHIET, BRIUKEx ST 2 HBEWNE P, %3k
DB ENTEDL, ZITRRIRET %, OFLIC
L BIEEEIEI R CHRIURORE (REKDIBETH
52CEL7) DEFTHho7BHA, ORBUFLY
10K IREE B L7-56, GOEUE X )20 KInE b3
L72BE, O=Z20%E%BEL, ZhEhoBEI
DWTHRBRIEE x I 5 mENEP, (T4
HbHREICBITDEBRANOENZ) TR L. #EE
% Fig. 71287,
KEE2,000m (KHE20 MPa) THELL 724K % 6
WCHLA &, Fig. 7 &0, b LIREELD 2T EHIE
13#718 MPa C, B#ROBIRTI0%IZ ENEN BT
5T Wb bo ARKE WHATS I EHE 2 BIRT
AR EZ R L2 HSRE s 20T FRFELE (R
JE] RAKBTERVA, ZOETEEREIETVEN
10%BETH 5D TIZITREFRAKBREZEZ TELLR
BN NI b, b LEEFPIOKIIE LAY
5 EWNEIZH22MPa, 20K IZE LR LASE 2N
FZH28MPa~t AT B E b b2 b,
BEOMEHAREEN TH 540 MPa % #8 2 7 W IRIL
BEZRDTAD L, WEED 2T IIZKIE, 400
m, t1I0KDEEEILE BRI % & KES, 900 m,
+20 K DIREE L 2 B RT 5 & KIES, 250 m 23
MATHLZENFig. 7Th5KEL, ThdiFwT
ML RFEKRFOMHAMRBIEE TH % K3, 000m
(Table 1) &0 +4r8ve FEFEZBRIIFIC &

0 1000 2000 3000 4000 5000 6000 7000
sampling depth (m)

Fig. 7 Relationship between sampling depth and

final internal pressure of the sample bottle
at the surface.

BAESBICHMNWTHIEL 2R Y T, BE L IZeng
WERKMNHLIOKEETHAELEEZLNLEDT, K
WOMARAREE 2 F5R Y BE LRORBIIR SN
RV, TAEHOMEHEREEN TH %540 MPa
E7a—77 MRFILEERE & 2 7o s 0 NV 7 OfFE
BREEZNTH - T, BHEAEOWMETH 557 MPa (2
WBERRELSBEYED B, 6o T S DO IEEH T40
MPa # B2 CLBEBAKRIHEE L CTAKICEERE
%5 2 BERESHTL BbIFTldiv,

TP RBEHEE T ERT2,500 m %8 2 5 R
JECHRI L 2R OREEHICIIFEE Y - 7213
IVENTHA ) WEETHIIMILE T ARLIE
KIZBIFHODLE L, F M ECEAMBINEIC
i} & O TMEL S N5 BHREITHE T 2 LD
Bo BBV HHHNTEZONFEZT LS E VLT
b, BB THHBELEVEIILAEDT 2LEND
b —ERBPOWKRIPHEHERINTKIZZSTLED
L, BEENELAPRI ZORBIBIELTLA
BETIE v,

F R CE A AR 2 R L 25612
DV TE L, TTHRELABROWNEREIEDLS
WA, SAGICBFERERSICEATYTY
BLHRNONEIZEBK CRILLZROKEEDT ETH
n, HREERGS PV EVER L OEGLV, RICFE
WEBEELEFEITE > THENELLZBEICDW
TTHDHD, TOBHEDNEIEE TR L 72REDK
FELOHEIARYIIBVTIEFONTRBBAZE
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LT aikoE (REAFEX) CLoT#kTELD
DTHho> THEEERFOBREO/MNIINIZIZEA
EREREZ RV (R LBFROBIESICX - TR
L) NESKIFISHA T 5 5E812F 0D % BT
BILEHD D B). Himms L TIRILL 2z iR A
BREUERFICEATHTY, FRICE > TEBZOP
FEAPERL CEBFOBIBEZRET ST LTk,
5.2 REEBANOREOFE

AR A BRI L 7254 L MARICHER THEE L Tw»
7o RN 2 BRI L CTHRBIR - TL 2@ THE
DIREVR LA T B E, NBOKKDIEN S LHAT S L
THEIND, TNHFKIELIEN EATH - 7256136
RBREE % B2 THIEEIC oML 2 LB esh
bo FITWEMRBEAL CIREDS LA LAHEIZNED
DEARENIZEBLTEHREL TH DL, NEBDER
RrBEREEREL, HONELREEZP &
T, WBELABONELEEX P, E T L35,

T;

P=P.p (5.5)

Ll bo 4KELS00m (15 MPa) THRILX L7z 2°C
DRMEY, BEARE TR CIChol2GeEMIzE 5
TatHET &, WIOKEN LA IE 1 MPa () 8%) T
HoT, EEEIHI6EMPaBBETHAL I b b,
FAERBOBEIEEARE L D LSS ICREDOEE
EHEE 25w, TNRREIESLAZRETHRE
¥Th b,

6. WHATS D45 & b DERKER & DHEE

INE CERIBKOBKRIAICHE SN, BHEd L
BEFEEDNTVLRAKEL LTI, 7Y RKE

((7213F % ) ¥ VKL, Von Damm et al.,
1985% &), H A% A FRK2 (Edmond et al., 1992
k), HZEF|XERAKE (Sedwick et al., 19947 &),
R by o) vy =K (72038 Y 7Rk E,
Tsunogai ef al., 19947 &), HEFEKE (Seewald et
al., 2001) ZEBBITFLNDL (BRI G HARE
NTO— MR CERBHRTIZR V).

WHATS O B % Bl EkRkEE &
BLENLHNBELCTAL, OF AT A4 MRABIPRILT
X% (TILE VRABPEA N2 V¥ —RAKBT
R AT2), QFEEKXTH ) —F THEHORE
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