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http://www.pbs.org/wgbh/nova/next/tech/artificial-ground-freezing/
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http://www.pbs.org/wgbh/nova/next/tech/artificial-ground-freezing/
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(=)
114 L
K S
4L 5
LO
- | =
11 —
mwv [ o F
X & <
V “ ~ 1 (d®)
A
i >
S - SR T T G U & R
I..Ildu lllllllllll ———
&

e — —— — — — — —

M

—— e —— e —— e —— —{

SA Gl s et Gty Qi cnsie il

T A

—~—
e

uns/d

100
=T/K—273.15

T

t/C

B 4.4 KORREBROREN

39



IE=RToovIL

BNFE1EA FIROEHIRILY—
dU =dQ+dW..(d) G=U+PV-TS ..
KELELITDGE B i
W =—pay @ OCTVIP-SIT @
- {EZRTUIvIL
RAFE2RA =1ELHIYDEBETRILE—
dQ=TdS e G/nzlu ...@D
D&Y dy=vdP-sdT | @

dU =TdS-PdV ...® 40



7&K EIK R R

DEZ e

|

i€ )

x &

KZERAEKZERB(C)DILFERT UV ILE=PZP T A-OICRLELGLEE

Ho — Hs =

V. RT PKER

PV =nRT V=—=

PS/PO . *E*‘Tiifg

T, P &)
Q = Q 6>
6>
v Q
-~ Water

T, P, Q

oo °*
Soil

(A) JKz& S — K

(B) IKz&x — L 1EK

"vdP = jPOEdP _ _RTIN(=)>0
Ps Ps P P

0

T v:&IE (LBEE)
D R:AREH T:#xHEE

T, P,

&

O
Q

A 4

Solution

(C) K== — ik



IREKDIEZERTU v IL spmrrie—)
DELSBY Imol () = (T) - (T = RT In(2) <0

0

QEEHT-Y Jkg A (T) = F;AT .n(;’s>

QRIEHT=Y Im3=Pa:[EA  Au(T)- pRT In(2)

B
@Ei%%f: l') J/gW =M: 7K*I_I%_ Ap (T) = RT In(PS)
i gM P,

R=8.314 (J/mol/K), T=293.15 K(20°C), p=103 (kg/m3), M=18x10-23 (kg/mol),
g=9.8 (N/kg), IN(2) = 2.3x log(-2)
P P

0

10° x8.314 x 293.15 P P
x 2.3x log(—) =3.11x10° x log(—=
18x10~ g(PO) g(PO) [Pa] 42
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HEXEEERBFKORTO I

NEESHTAES KT o)L (20°C)

P./Py J/kg @ Pa @cmH,0 ® pF
1 0 0 0 00

0.99999 —1 —-1000 -10.2 1

0.99993 -10 —-10000 -102 2

0.99926 -100 —100000 -1020 3

0.99264 -1000 -1000000 -10200 4

0.92877 -10000 -10000000 -102000 5

0.8 -30214 -30214000 -308185 9.0

@ Au(T)=

8.314x (273.15 + 20) P . P
x 2.3xl0g(=x) = 3.18x10° x log(—
9.8x18x10°° g(po) g(po) [cm]

® pF =log|cmH,0| 43
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BIRE1. ¥AXHEES0%, 20CDKETELE T HTIEDREKDPFERKD X,

R @k Au(T)=3.18x10°xlog(0.8) =3.18x10° x (-0.0969) = —3.08x10°  [cM]
®&Y pF =log|-3.08x10°|~0.5+5=5.5

fiZsh . FHEXIEESOWIZBEAD KIS, DHMIBNDEFEHETHD, THBERIZEIE
S AEL L IDpFIX5.5{6 L EERIELTHLERLY,
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51E82. FAXHEES0%, 200CDEERZE(ZH D105 CDEIRIFCEEL-TIEDIR
EIKDPFERDH K,

fRZ: 20CICRITHEAFI/KZE R E=23.39 [hPa]
BrIRIFIC G S K2R R E=23.39x0.8=18.7[hPa]
105 C TiRIRIK EF 119 HEaFl/k z= U E£=1209[hPa]
B7 1A AR D A8 %R E=18.7/1209=0.01546 ($91.5%)
@&

At (105) = 8.314 x (273.15 +105)

9.8x18x10°°
pF =log|~7.46x10°| ~ 0.87 + 6 = 6.9

x 2.3% 10g(0.015) =17820x 2.3x (=1.82) = —7.46x10° [cm]

figsh: 105 COHOERIFCEIRIE-TIEICEHE LTI MK MNE-TLNS
] ey 45
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AIR AND SOIL TEMPERATURE IN SUMMER TUNDRA
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Baker, V. R.: Water and the martian landscape, Nature,

Vol. 412, pp.228-236, 2001
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http://soil.en.a.u-tokyo.ac.jp/~mizo/essay/kasei.html
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EXTRATERRESTRIAL PEDOLOGY

We humans (at least the mo
dreamed about visiting and ever: ?ii?:;tgﬁgme among us!) often have
planetary boghes. Now We are entering an e; M::n, Mars, and other
become reality. The National Aeronautics am:v S e o
(NASA) is con§lder1ng several planetary missi pace Administration
human _exploratlon of the inner solar sy, mmlsm 3 a part of the
expeditions to establish the first human pxe.se i ihelde
(Mars), establishment of lunar outpos Lo afictheriplane

: : s to ¢ E
science, and evolutionary expansion to establish :nsi‘ll:}sui’?:?em:? e
presence beyond our planet. Evolutionary expansion will be anm;m

step program. The first step probably will be the i b
lunar outpost that will lead to a self-su);’ﬁcient mmﬁgg;hmtﬁm

outpost then will serve to prepare us for the human ex; .
Mars. Prior to human explorati Shtit ,92;;’8'_:.1:!!“’?6

23

Return [MRSR] Mission).
These extraterrestrial missior
two decades of the 21st century.
A vast amount of scien
safety and success, and
research will include
plant growth, the study ©
study of past aqueous we

Opportunities in Basic Soil Science Reearch
by Garrison Sposito and Robert J. Reginato | Mar 1, 1992
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Fig. Evaporation loss vs. water content

Lo
A

G
o

25

N
o

o AN

FEER)=-(REXILDRE)+(EIEEBR)
11880=0.4x500x(20-T)+(68-22)x80
T=-21C

0.1 0.15 0.2

Water content

—
e
g
[y
3]
L=
=
2
et
o
-
Q
o
o
-
LL

N

o




i

200241 H11H

F18EFHEAMAS RO L

FLRT

@FHEF

=

BEFRBETICE TS

M DEEIKT DI E

> - B REIE R - B RE3
*HRERK-b- B

5 AR EIAR

o HEK- B




Ti1EKHE







Temperature (C)
—h —h k. —h —h N
o ®©® O N » o ® O

mETMORI
VER > RREOBE
SHTHOBEET > KESBH

0 o 10 15 20 25

Depth (cm)

30




Moisture content index, V/Vo

K= DEFEIZEAL

10-15FEDIE T @5cm > ZXFEMmMDEB
BEHEMIET@15cm&25cm > KESBE

|
0.95
- 95=*+1.5¢cm
0.90 = 15%+1.5cm \
25+15cm
0.85
0 5 10 15 20 25

Time (hour)



!EH#,.“’CO)‘&. T o

e BEIEFE (FHAE/KEEDS%) T
- ZRFEEMN P ERETS
— WHEREMASE KSR HOND
- KEXBINEE

« BUS5UEAIES /KL THEGLERF
- BIREE LKA/ BEREE

5



2003 1A 20H

F1EIFHFAH RO L

@FHEF

FLRT

=

BERRBIEICHTHIEEEW T

DEEIKT DFFE

&R R F-ARIEE

*BRKFEAXFREFEGE

)

& I %

FHIRE



RERHRY

BERFEBIEICH TS
« WDKK -BROBHEROIELRE

— PHEIK =D L (2000-2001)
—- B DFE (2002)



EERTT A
EAS

— &K E:10%, 15%

—~ NaCEEE:0,0.2,1, 2,10, 20%
IEREH

— RFE@AHTL LM

— ErE @ EmLYY @sa®zrr wims-K)

38 £ B ]

— 1688FfE (1:8R)

TR . SRR

— SIKLLAITE

— B9 =(1:5EC)BIE



BHmEIR

- REIXTERIC
« 0% 17-20cmIZEfE [
¢ 1% 5-6cm&18-20cm® — 4l 2 E i B
« 5% 8-9cmAVEFE . OIcmLL T &R E#E
.« 20% 0-4cmE TRV T AME (RZ1R)
AcmBL T L RIEHE
0% 20 %

FLIR

E -

1% 5%
12895k



ZNITVTAR




30

Temperature (°C)
— N
o =

o

-10

e REEBEIFETLZ. 24BRTLER
XL . lowoxmaEzoci Tt

— KRET
o« BN EEMNMEWNTE. TED;
— REEIZKDER(ZFELOTLY)

REAET

7| ==0% 11cm

— T4
—0%_1cm

— 0%_6cm

— 1%_1cm
— 1%_ 6cm
= 1%_11cm
—2%_1cm
— 2%_6cm
—2%_11cm
— 10%_ 1cm
— 10%_ 6cm

= 10%_11cm

0 24 48 12 96 120 144 168
Time (hour)



I\ Bl1lcm{TiEE T, BRI ZEL1E
7KJ:|3 ﬁ . Eé:\,;;'%r*b\“.éwits‘l‘ﬁw7k S hViE D
~ EEEAICKYRIKRTKI B

Initial WC = 10%
after 1 week

0 %

Water content (%)
N

0 5 10 15 20
Depth (cm)



HExtES2m - =

Relative conc.

14

12 ¢

10 r

E([Z[E MO TIELSHIEE
« EEMNFWEEEE (10%EREZ(IHI5)

— BIKKIZKDFEEN (B SR D)

2%

Initial WC = 10%
after 1 week

10
Depth (cm)

20



BERKFEE - RESBLESHEERENK
- BEREIFEHRRTIKIABEIT AIERHA K
70
SKEATEESLTHE
5 ERTROEEE
bt
55 r
50 ' L ! !
0 2 4 6 8 10

NaCl concentration (%)



2003FFFETOEED

BERFEIBIET

lx’C(iﬁﬂ?ﬁ‘\}i"f‘iL@L\

EETIIEHBENERET S

75‘5'%3k$§@]7%)
EERICKBHEIRKBEHLELS

TEENSVVANREE=ENZY

SEEFEKABFETICKYBIKTKNBEIL DT LY

SR ERELE. REBICIEVSAMAEHEINS

'%'EDTIEU}
MM$%$ﬁ%

SC.SRBREDIHLERAIZGEADI=AOM?
ZELA !




BEICHITHRMERE

18 5 T IRAR R BT


http://www.iai.ga.a.u-tokyo.ac.jp/mizo/edrp/fukushima/fsoil/

BT

5 LD 5

R#
Cs-134 RU Cs 137
BROXNR (Ba/m*)

[ 9N28ENEDRAN |

3000k <
1000x - 3000k
600k - 1000
m'm
100x - 300
B0k - 100k
30k - 60k
10k - 30k

s x

}  mEewy
‘ UL
0 ¥» 70

— )

AR N7Em:




RMIKES
RMBER R R DB EHE

[EAZ-5%EHR. FET#R]
T RL244F8H

o5 RERH

CIRTE



TEklFED?
SFEET D A=\

101



WETtEtES D LDEE(2011.5.24)
4R AHHEEKE, R FHEEKE

0 | | T T T l T T T T 0 T T T T | T T

Cs-134 | | (b) Cs-137

10

Depth from soil surface [cm]

! PR S SN SR T T | 1 5 PR TR T S SN T SN S
0 10000 0 10000

Cs concentration [Bg/kg] Cs concentration [Bqg/kg]

IERG BEREDKBLTIEIZSITOAMGFEL D LDRENEELBRRE,
RADIOISOTOPESES, 8 H &, 2011 LYUS|FH

15

!

102



10

- (o))

NS

Temperature (°C)

EEIKEO R ETIRKD

—T5cm —T10cm —T15¢cm —W5cm —W10cm —W15cm

N

Date

12/4 12/14 12/24

1/3

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Volumetric water content



B EES ) L BiFEIT HRAk

BEDICHEEBELTNSEU I LIFAIELT

s MMIRFE—HFELTEZS

s T DEHIZEET S

c T DREZEZS



BRDRDEETRITEONTZES
5cm®E L

-

A
- -~

s %
5

-

§

hRE NS DMEHE=E () A—24F)HV1.28uSv/hmM 50.16uSv/hIZIET



http://twitter.com/HiroshiIwase/status/156048332777725952/photo/1/large

BREEFHMEZRD/KBEIZHITS

1 FFHEYE

IE?H&'%%(ZO].Zf

~1A8H)



http://www.facebook.com/photo.php?fbid=143562292425540&set=a.123402491108187.23203.100003153117325&type=1

Stripping method of natural frozen soil

T
k=LY
x dt
Frozen soil
2k
= |— ) Tdt
= or!
Unrozen soil
F=[Tdt
0°C 2k
. x = |—F
x:Frozen depth t:time oL
T : surface temperature
k: Thermal conductivity of soil x = aVF

0: Volumetric water content of soil
L: Latent heat
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