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Construction of ballast system at Mutsu I nstitute and
estimation of it’s precision.

Kenji IZAWA™®  Kentaro ANDO*" Asako INOUE*® Mizue HIRANO™®
Nobuyuki SHIKAMA™*?  Keisuke MIZUNO**  Kensuke TAKEUCHI **

In our previous report of "On the weight adjustment of profiling float", the characteristic of float, the statics of neutral
buoyancy at park depth, and the basic method of ballasting was described. Using such technology, the operational
works of float ballasting was started in the Mutsu institute of Oceanography, where the new high pressure tank was
built mainly for the ballsting of float. Establishing the operational works, the quality management, which contains with
staffing structure, operation plan and documents plan, was also established. The advantages of our practical methods of
ballasting in our laboratory for better ballasting results were introduced. The accuracy of ballasting were also concluded
from the technical message of first ascent of 62 flatsin this report.
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Fig. 1 Quality management plan of 2002Fy.
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Table 1-1 Staffing structure of operation group. Table 1-2 Documents plan.
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Fig. 2 Schematic diagram of ballasting equipment.
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F2-1 WNITATA TR
Table 2-1 Output of ballasting software.

Apex707

BALLASTING: @Ballasting 02/10/15 10:31:24

DATE: 00/00/15 10H PERATOR: Inoue Hirano

AIR WT.INST: 24665.3 [g] INITIAL CHAIN: 6.90 [cm]

A UNIT MASS (Water) : 1.386 [g/cm]

WEIGHT etc (Water): 70.16 [g]

EMPIRICAL MASS (Air): 9.00 [g]

PRES_OFFSET: 0.09381 [MPa]

BALLAST NO: 9 Point

uiD P L cw M T
[dbar]  [em] (9] ] [cl

DOWN 2009.5 5590 67.91 138.07 19.52
DOWN 1689.5 43.00 50.03 120.19 19.47
DOWN 1393.3 31.80 34.51 104.67 19.39
DOWN 10936 1970 17.74 87.90 19.34
DOWN 840.4 9.00 291 73.07 19.30
uP 947.4  14.00 9.84 80.00 19.31

up 1246.7 2540 2564 9580 19.35
uP 1647.3 3760 4255 11271 19.40
uP 1846.1 49.30 5877 128.93 19.44

X No Use This Data

Ballasting Curve  M(P)[g]=0.055058 * Pldbar] + 27.43
Error Value  Slope +-0.0009616 [g/dbar]
Target Pressure 2000.0 [dbar]  Trim Mass 137.54 [g]

The following lines contain the endpoints of:
1.The ballast curve

2.The ballast curve + a positive perturbation
3.The ballast curve + a negative perturbation

[dbar] [o] [dbar]
1. 0.0 27.43 2000.0
2. 0.0 28.78 2000.0
3. 0.0 26.08 2000.0

4. Temperature of Ballast Water at Target Pressure
5. Salinity of Ballast Water

6. Density of Ballast Water at Target Pressure

7. Ocean Insitu Temperature at Target Pressure

8. Salinity

9. Density

10. Compressibility

11. Compressibility of The Float

12. Specific Compressibility of Float

18. Volume Thermal Expansion Coefficient of Float
14. Float Volume in Ballast Water at Target Pressure
15. Volume Change due to Thermal Expansion

16. Float Volume in Ocean Water at Target Pressure
17. Trim Mass (Neutral Bouyancy in Ballast Water)
18. Compensation Mass (Neutral Bouyancy in Ocean)
19. Ballast to Place Inside Float

20. Initial Mass of Float

21. Mass Change due to Internal Ballast

22. Final Mass of Float

23. Empirical Mass + Others

24. Empirical Float Weight

3 About No.11 Compressibility of The Float

L L
0 [dbar] 1000 2000

Standard Deviation 0.37 [g]

Intercept 1.35 [g]

Estimated Error for Trim Mass 0.68 [g]

lo] [dbar] [a]

137.54 2000.0 137.54
136.97 2000.0 136.97
138.12 2000.0 138.12

19.392[C]
0.000 [psu]
1.00732100 [g/ml]
1.9000 [C]
34.5810 [psu]
1.03687100 [g/ml]
4.3546E-06 [/dbar]
2.4897E-06 [/dbar]
0.572 [F/W]
7.080E-05 [/C]
24622.60 [m]
-30.49 [mi]
24592.10 [mI]
137.54 [g]
695.99 [g]
833.54 [g]
24665.30 [g]
833.54 [q]
25498.84 [q]
9.40 [g]
25489.44 [g]

The rate of compression of float has calculated by volume of float in case the pressure is 400db and 800db.
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Table 3 Specifications of high pressure tank and attached instruments.
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Fig. 4 Pressure pattern of ballasting.
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Table 2-2 Spread sheet of weight adjustment.
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F2-3 WIRTA VT T =5 —b
Table 2-3 Spread sheet of ballasting.

APEX707.XLS JITT C P59y ETu
JO_h%&%= [APEX707
EEESES 24665.3][0] B
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I 7= EERMDO M OWFTIIM(p) 5O EE %
Iz g
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IRt T 5. BEREICIDFNDEE AR, L35,

AFp:V(lvp)(p(s’t’p)_p(s()’typ)) """"""""""" (10)

TH b,
V(t, p)=(Mf+M g error + M (p)+ M(A F1)) /p(So,t, p)
THHr2OMEMELFLT L7010 E 55l
LT Moy DB DOWVTHNRTA L, MAF)IZH
M oy DREED B 25, ZORBITERE TER7259
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|
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~_

L= | — 250(Extended position)

Piston position

X5 EANRYvary
Fig. 5 Schetch of piston position.
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TH 5 OFEMEMEREICIBU A ETEKE AL
A =V(,0)p(siti, 0)(k(si ti, pi)=y) coeeeeeeeee (19)
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FFA

Table4 Precision of weight adjustment.

RERERELDZNE
FRERE D25 & ERERE = B | BE | BRE
Jo-h RE @mE | XL | EA | KB | &5 BE | 5o0KE| & SHABAC | dF(AC) | dF(Ap) | dF(an | dF(ap)
= [dbar] [g/em™3]| fI& [dbar] [°'C] [PSU] [g/cm”3] ['C] [g/dbar] [g/dbar] [g] [g] [g] [9]
666 2000 2.00 34.750 1.0369909 23 2000.3 1.973| 34.593 1.0368724 22.0| 0.053769| 0.055817 1.1 0.0 0.0 -2.9
685 2000 2.00 34.750 1.0369909 26 2004.0 1.984| 34.600 1.0368932 22.6| 0.053754| 0.055985 4.4 0.2 0.0 -2.4
686 2000 2.00 34.750 1.0369909 24 2001.0 1.888 34.616 1.0369047 23.1 0.053852 0.056302 2.2 0.1 -0.2 -2.1
687 2000 2.00| 34.750 1.0369909 23 1996.2 2.002| 34.614 1.0368666 22.9| 0.054241| 0.056579 11 -0.2 0.0 -3.1 -1.7 -67
688 2000 2.00 34.750 1.0369909 24 2001.0 2.084| 34.635 1.0368940 21.9| 0.054645| 0.056607 2.2 0.1 0.2 2.4 -0.1 -4
690 1500 3.00 34.690 1.0345518 21 1494.1 2.910| 34.579 1.0344492 22.8| 0.053913| 0.055688 -1.1 -0.3 -0.2 -2.5 -3.5 -137
691 1500 3.00 34.690 1.0345518 21 1500.9 2.837| 34.593 1.0345004 22.0/ 0.054179| 0.055729 -1.1 0.1 -0.3 -1.3 -2.7 -106
692 2000 2.20 34.630 1.0368703 23 1995.6 2.151| 34.621 1.0368498 20.5| 0.054836| 0.056293 1.1 -0.2 -0.1 -0.5 0.8 31
698 1500 3.05 34.600 1.0344745 22 1481.8 2.976| 34.597 1.0343991 10.2| 0.060129| 0.056498 0.0 -1.0 -0.1 -1.8 -1.0 -39
699 1500 3.05 34.600 1.0344745 21 1478.6 3.102 34.590 1.0343628 10.2 0.059603 0.055866 -1.1 -1.2 0.1 -2.8 -2.6 -102
700 2000 1.90 34.581 1.0368711 23 1993.0 2.127| 34.625 1.0368444 19.2| 0.056009| 0.057037 1.1 -0.4 0.4 -0.7 1.3 51
701 2000 1.90 34.581 1.0368711 21 1996.4 1.995| 34614 1.0368685 19.2| 0.055471| 0.056565 -1.1 -0.2 0.2 -0.1 -0.8 -31
702 2000 1.90 34.581 1.0368711 23 2001.6 1.970| 34.606 1.0368889 19.5| 0.054748| 0.055942 1.1 0.1 0.1 0.4 1.6 63
703 2000 1.90 34.581 1.0368711 21 1993.3 1.926| 34.608 1.0368587 18.9| 0.055695| 0.056728 -1.1 -0.4 0.0 -0.3 -1.0 -39
704 2000 1.90 34.581 1.0368711 24 1999.1 1.993 34.584 1.0368573 19.1 0.056585 0.057675 2.2 -0.1 0.2 -0.3 2.1 82
705 2000 1.90 34.581 1.0368711 22 1995.8 2.060| 34.568 1.0368211 19.3| 0.055159| 0.056252 0.0 -0.2 0.3 -1.2 -0.7 -27
706 2000 1.90 34.581 1.0368711 22 1998.2 1.966 34.599 1.0368686 19.4 0.055698 0.056891 0.0 -0.1 0.1 -0.1 0.2 8
707 2000 1.90 34.581 1.0368711 23 1996.5 1.916| 34.601 1.0368690 19.4| 0.055057| 0.056265 1.1 0.0 -0.1 1.3 51
708 2000 1.90 34.581 1.0368711 25 1993.8 1.912| 34.601 1.0368573 19.5| 0.054578| 0.055817 3.3 -0.3 0.0 -0.3 3.3 129
709 2000 1.90 34.581 1.0368711 22 2000.7 1.893 34.594 1.0368854 19.6 0.055527 0.056832 0.0 0.0 0.0 0.4 0.3 12
710 2000 1.90 34.581 1.0368711 22 1988.1 2.036| 34.572 1.0367926 19.4| 0.054924| 0.056076 0.0 -0.7 0.2 -1.9 -1.0 -39
711 2000 1.90 34.581 1.0368711 22 1999.9 2.087 34.562 1.0368313 19.5 0.054637 0.055769 0.0 0.0 0.3 -1.0 -0.6 -24
712 2000 1.90| 34.581 1.0368711 26 1996.5 2.062| 34.578 1.0368319 19.3| 0.055818| 0.056925 4.4 -0.2 0.3 -1.0 3.9 153
713 2000 1.90 34.581 1.0368711 23 2000.9 1.920| 34.592 1.0368812 19.2| 0.055265| 0.056396 11 0.1 0.0 0.2 13 51
714 2000 1.90 34.581 1.0368711 24 1994.3 1.958 34.583 1.0368394 19.5 0.053524 0.054710 2.2 -0.3 0.1 -0.8 1.8 71
715 2000 1.90 34.581 1.0368711 23 2002.2 1.990| 34.588 1.0368749 19.1| 0.055718| 0.056780 1.1 0.1 0.2 0.1 1.2 47
717 2000 2.20 34.693 1.0369197 22 1996.9 1.346 34.735 1.0370484 19.3 0.055344 0.056847 0.0 -0.2 -1.5 3.2 1.8 71
719 2000 2.20 34.693 1.0369197 21 1999.8 2.089| 34.746 1.0369751 17.2| 0.055443| 0.055646 -1.1 0.0 -0.2 1.4 0.1 4
720 2000 2.20 34.693 1.0369197 24 1998.0 2.573| 34.639 1.0368180 17.3| 0.055568| 0.055547 22 -0.1 0.7 -2.5 0.5 20
721 2000 2.20 34.693 1.0369197 23 2000.3 2.402 34.699 1.0368987 16.7 0.056233 0.056067 1.1 0.0 0.4 -0.5 0.9 35
722 2000 2.20 34.693 1.0369197 19 1999.2 0.316| 34.681 1.0371380 16.7| 0.055489| 0.056628 -3.3 0.0 -3.4 54 -1.3 -51
723 1500 3.05 34.600 1.0344745 21 1491.4 3.147 34.591 1.0344158 16.7 0.055510 0.054908 -1.1 -0.5 0.2 -1.4 -1.9 -75
724 1500 3.05 34.600 1.0344745 22 1492.9 3.129| 34.592 1.0344257 16.1| 0.056183| 0.055343 0.0 -0.4 0.1 -1.2 -0.7 -28
725 1500 3.05 34.600 1.0344745 22 1491.2 2.920( 34.598 1.0344497 16.1| 0.055655| 0.054929 0.0 -0.5 -0.2 -0.6 -0.4 -16
726 1500 3.05| 34.600 1.0344745 21 1494.7 2.926| 34.600 1.0344664 16.2| 0.055036 || 0.054325 -1.1 -0.3 -0.2 -0.2 -1.2 -47
727 1500 3.05 34.600 1.0344745 21 1505.8 3.115[ 34.593 1.0344868 15.8| 0.056521| 0.055544 -1.1 0.3 0.1 0.3 -1.0 -39
729 1500 3.05 34.600 1.0344745 22 1502.2 3.081 34.592 1.0344741 16.4 0.056988 0.056315 0.0 0.1 0.1 0.0 -0.1 -4
731 1500 3.05 34.600 1.0344745 23 1497.7 3.022| 34.598 1.0344661 16.0| 0.057495|| 0.056698 1.1 -0.1 -0.1 -0.2 1.0 39
732 1500 3.05 34.600 1.0344745 22 1502.9 2.965| 34.598 1.0344970 16.0] 0.056623| 0.055826 0.0 0.2 -0.2 0.6 0.2 8
733 1500 3.05 34.600 1.0344745 22 1498.7 2.966| 34.600 1.0344794 16.1| 0.055812| 0.055047 0.0 -0.1 -0.2 0.1 0.0 0
734 1500 3.05 34.600 1.0344745 22 1493.7 3.017| 34.600 1.0344502 14.9] 0.057478| 0.056183 0.0 -0.4 -0.1 -0.6 -0.3 -12
735 1500 3.05 34.600 1.0344745 22 1499.9 3.130 34.597 1.0344612 15.0 0.056428 0.055075 0.0 0.0 0.1 -0.3 -0.2 -8
736 1500 3.05 34.600 1.0344745 22 1498.8 3.032| 34.602 1.0344729 15.2| 0.055927| 0.054714 0.0 -0.1 0.0 0.0 0.0 0
737 1500 3.05 34.600 1.0344745 23 1496.5 3.091 34.598 1.0344517 14.8 0.056823 0.055418 11 -0.2 0.1 -0.6 0.8 31
738 1500 3.05 34.600 1.0344745 22 1503.4 3.076| 34.601 1.0344873 14.9] 0.056818| 0.055454 0.0 0.2 0.0 0.3 0.2 8
740 1500 3.05 34.600 1.0344745 20 1499.2 3.083| 34.596 1.0344634 14.4| 0.057615| 0.056044 -2.2 0.0 0.1 -0.3 -2.4 -94
742 1500 3.05 34.600 1.0344745 22 1494.2 2.991 34.600 1.0344558 10.5 0.061428 0.057936 0.0 -0.3 -0.1 -0.5 -0.2 -8
743 1500 3.05 34.600 1.0344745 22 1479.5 3.087| 34.595 1.0343728 10.6] 0.061384| 0.057917 0.0 -1.2 0.1 -2.5 -1.3 -51
744 1500 3.05 34.600 1.0344745 21 1496.7 2.993 34.601 1.0344677 11.1 0.060065 0.056872 -1.1 -0.2 -0.1 -0.2 -1.2 -47
771 1500 3.05 34.600 1.0344745 22 1492.8 2.968| 34.599 1.0344516 10.8| 0.059833| 0.056517 0.0 -0.1 -0.6 -0.3 -12
772 2000 2.20 34.630 1.0368703 22 1995.9 1.972| 34.597 1.0368558 10.8| 0.059008| 0.056315 0.0 -0.2 -0.4 -0.4 -0.5 -20
773 2000 2.20 34.630 1.0368703 21 2004.1 1.903 34.617 1.0369175 11.0 0.059244 0.056693 -1.1 0.2 -0.5 1.2 -0.7 -27
774 2000 2.20 34.630 1.0368703 21 1997.3 1.963| 34.612 1.0368751 11.2| 0.058889| 0.056411 -1.1 -0.2 -0.4 0.1 -1.3 -51
775 2000 2.20 34.630 1.0368703 22 1998.2 2.007| 34.621 1.0368805 11.3] 0.059051| 0.056606 0.0 -0.1 -0.3 0.3 0.0 ]
776 2000 2.20 34.630 1.0368703 20 2005.3 2.055| 34.630 1.0369133 11.4| 0.058431| 0.055981 -2.2 0.3 -0.3 1.1 -1.7 -67
777 2000 2.20 34.630 1.0368703 22 1992.9 2.097| 34.620 1.0368440 11.5| 0.058857| 0.056464 0.0 -0.4 -0.2 -0.6 -0.4 -16
778 2000 2.20 34.630 1.0368703 21 2001.8 2.140| 34.626 1.0368832 11.1| 0.060349| 0.057735 -1.1 0.1 -0.1 0.3 -1.0 -39
779 2000 2.20 34.630 1.0368703 21 1999.4 2.184| 34.635 1.0368736 11.0] 0.060395| 0.057704 -1.1 0.0 0.0 0.1 -1.0 -39
781 1500 3.05 34.600 1.0344745 22 1475.1 2.926 34.599 1.0343766 11.2 0.059833 0.056787 0.0 -1.4 -0.2 -2.4 -1.2 -47
785 1500 3.05 34.600 1.0344745 20 1496.0 2.981| 34.603 1.0344676 10.9] 0.059151| 0.055862 -2.2 -0.2 -0.1 -0.2 -2.3 -91
786 1500 3.05 34.600 1.0344745 21 1496.1 3.012| 34.604 1.0344648 10.8] 0.059417| 0.056045 -1.1 -0.2 -0.1 -0.2 -1.2 -47
787 1500 3.05 34.600 1.0344745 20 1485.4 3.160| 34.596 1.0343908 10.8] 0.059401| 0.055964 -2.2 -0.8 0.2 -2.1 -3.2 -126
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