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Water supply at Syowa Station, Antarctica
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Abstract:  The Japanese Antarctic Research Expedition (JARE) has sourced domestic
water for daily use from ponds, snow drifts, and icebergs on sea ice at Syowa Station since
the first wintering expedition. These water sources are dependent on weather conditions
and maintenance of the sources requires considerable human effort and thermal energy. For
example, the maintenance of outside water tanks and pipelines requires a lot of working
force of wintering members and huge thermal energy which has been obtained from waste
heat of engine generators.

Here, we propose seawater desalination method using a reverse osmosis membrane to
provide a reliable domestic water source to Syowa Station. Such a system could meet the
station’s water needs without requiring a large amount of staff time or heat energy.
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Fig. 1. Water consumption by the 7th to 54th JARE wintering parties.
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Fig. 2. Consumption of non-desalinated water by the 33rd, and 42nd to 54th JARE wintering parties.
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Fig. 3. Water lakes near Syowa Station in summer.
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Fig. 4. Locations of Aragane Dam and Daiichi Dam.
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Fig. 5. Aragane Dam and Daiichi Dam (Feb. 16, 2004).
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Fig. 6. New road constructed along with the bank of Daiichi Dam (photograph by the 50th JARE).
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Fig. 7. Water tanker introduced by the 7th JARE.
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Fig. 8. Water delivery line between dams and water tanks, as constructed by the 11th
JARE (Awano et al., 1982).
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Fig. 9. Dam wall at Aragane Dam (photograph by the 48th JARE).
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ToO¥AKE 1 HSm BETEZLBIVH L. BIRIMELT, Sudlud7 4V —THEK
hOFEN ERE L. 2ok, R 7 T3MPa 30kgfiem®) (ZHITE SERBER (RO )
BV 2Vl LEERPE S NS, BEKONIERIE 40-50% T, 5D IZii#KE LT
Heksnad, F7, BEKIERIRECTSH 25, HAKRED»SOMRORAZ 720
0.5-1ppm OKRMEHEEEF M) v A8 FEL =y PO BRI K10 (PR EEE ORHX %
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Fig. 10. System diagram of the desalination apparatus installed by the 25th JARE.
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Fig. 12.  Breaking of iceberg for drinking water.
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13 130k/ KHI~DOF AN (2012 4F 7 7 27 H¥wi
Fig. 13.  Snow casting into the 130 kl water tank (July 27, 2012).
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ELTREROPLRAZF L. 87 KK TIE, kLB MORI3 KoEksy v 7
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Fig. 14.  Outside water tank (10 kl capacity) installed by the 8th JARE.
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6.1. #IE
FEHZBLTY 2OKREFETH720121%, FEEMTEICH 2 K0 L 57 21 %2 R Tkl

15 100kl & 130k BAMAKM (55 24 KPR
Fig. 15.  Outside water tanks with 100 kl and 130 kl capacities (photograph by the 24th JARE).
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Fig. 16. Water circulation circuit between Aragane Dam and the 100 kl water tank
conducted by the 27th JARE.



WA 3 C O A 3% K D HfE 1R

B 17 %32 RERCRtRe L 7 Bscifit/ Nz
Fig. 17. Hut for the heat exchanger, as constructed by the 32nd JARE.
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Fig. 20. Wiring support destroyed by settling snow (Oct. 1, 2005).

21 WY A—RBNKEOWIRT T AT v 7 Wi (55 48 RRIE
Fig. 21. Heat-insulated piping with corrugated plastic material. The pipe runs between Aragane Dam
and the outside water tank (photograph by the 48th JARE).



20

AR - BRIEEE

22 130 k! ARAEARIC LR U 72 P IR SR S L A A A e
Fig. 22, Steel corrugated shed for piping, near the 130kl water tank.
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Appendix 1.  Excerpts related to water supply from JARE reports.
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Appendix 2. Salt concentration, chloride ion concentration and electric conductivity of water.

—WEDEK 1kg (2IER 35 g DGV EIN TS, ZOKO EERSEER, HEA
F v (1935gkg), FbUT LA LY (1077gke), WA+ > (2.71gkg), X7 R 7 A
A4 (129gkg) BETHD. INOLOMEDS B THLHI LM OIERAF LV OREZ
HEL, #18fdhdEs &% s (BEDIXR LEESV—7, 1984). —7J5, KOBLUE
EERE, KICHET 2 EREHOBICBBL AT 2720, KEZ KT 24EEE LT
Awuohsd, HrhKOBREERIUTOROLEBYTHL (7277 ARKNEH,
2014).

EXURERE (uS/m) EHLE (Q -+ cm) K DFELE
0.05 18M HBAK
1 M FREK
10 100 k RO ({2 M) 7K
100 10 k KB K
50000 20 WK
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Appendix 3. Corrosion of exhaust-gas heat exchanger and sulfur-rich light fuel.

FA—EBNVI UV OB TH LM, 04% DWMENEINTWE. FO-0H%
HAIZD 0.025% D SO, #&dh, ZTDHHD 3% NS0, 12705, BASIER %l - 72 A
OWIINEIX 50-55C ETHR EINL. T2, TANVHIZIEZGKEL. FO0, HET
2D SO, VFEMUTOWRETIA VERMIHEE 2o THHEL, AT YL ADIaAL )V
FLLIBET S (Awano et al., 1982). ZNEPi 7oz, Bz OoPERRE %
100-150C L FIC- DA% % (Awano and Takeuchi, 1985). Z D728, 45 25 KD HE
JH % B L7281 200kVA BB Y 27 A TlE, T F T o TE PR T 2SO 72
FHIZRD T, BEMENORKEREDLOAE LIz, b— X THRAOPR T A - 22
KBS R L 72AS, DI E IS RA A RED 39% 1B X o7z, 20K, 5
BHENGE, =0V OPLOBRATRASRENE NI LR EDS, YRT X ORMN %
FAELIES {frbhe o7z

LAETIZ 2007 4EH SEIM OB 7% 10ppm (0.0010%) T OHH T2V 7 7 —7
VLA FEREN, A AT OMEELHOPENEEE L & Sz, AL CRER
JAE LT LTR80T I8 3 58T, 72& 21355 26 kBPk (1984-1986) THIA
L72b D212 033% (ERE %) OREPEGEITNTWiz. Lo L, 55 Kk (2013-2015) #
ADDHDTIE0.0009% ICHEFEINT WS, XA AOFHPTHHRI NI z0IL, 5 40 RPKH
R L72HEY A - KRB (bW BHETARA =) 5T, BINEhZEE, E
M % EOEAKERE & LTHA SR TS (ESRmRILEFZET, 2000).
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Appendix 4. Melting heat of ice block.

WAFIAE L CE A & 2B K ORI, RS EFDTHE S3KKT 2320 A-HE > TV,
HIEOHADOMHETH 5 3000/ A - HiZh-72 LT, HIEOHARER 30 ADHEZ
5, 10t HEETENWE 5 THs. 22T, +5CTI0Y HOETEKZRL -0 LE
GEEL, KEMRT 256, REZFRTLHHEICOVWTEHET S, DTORMEZIR
ET 5.

KROER (M): 10000kg
KOILE (Cw): 4.184kl/kg - K
HKDILEL (Cs): 4.00k)/kg - K
ROIE (Ci): 2.10k)/kg * K
ROBFEEE (Hi): 334.72k)/kg
KO (Ti): —20T
WAKDIEE (Ts) : —2T
—20C DK 10000kg % +5C DKIZT 5 720 (2 LT B Q1 1,
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QI=MCiAT+MHi+MCwAT
=10000x2.10 X 20+ 10000 X 334.72 + 10000 X 4.184 X 5
=3976.4 M1J.

=05, PEEMRKE LTRSS 2 L2 E LT, —2T DifFK 20000kg % +5C £ T
AT 2 DICET L& Q X, ITE %%,

Q2=MCs A T=20000 %X 4.00 X 7=560 MJ.




