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Control of Debris Flow with Superabsorbent Polymers

Sabo Division Head of Division : Takahisa MIZUYAMA
Researcher : Junichi KURIHARA
Hiroyuki SUZUKI

Synopsis

New measure works are considered to reduce the energy of debris flow by absorbing
water in it with superabsorbent polymers which is recently developed remarkably.

The characteristics of superabsorbent polymers was investigated by questionnaires and
tests. The effect of superabsorbent polymers against debris flow was examined through
experiments. The problems were shown to be resolved in order to put this works to prac-
tical use.

KEY WORD : Debris flow, Superabsorbent Polymers, New materials.,
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#—6 KiFHDOIERIE (me/ t)

Total NaCl  |Ca(NOm)4H0|  KCi KNO;3 NHsNO3 | MgSO47H;0
Na 1 1
Mg 8 8
Ca 8 8
K 5 2 3
NH, 1 1
NO;3 12 8 3 1
SOy 8 8
Cl 3 1 ~ 2
Total 23 1 8 2 3 ] 8
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BRI TR HYURN, & TARAK YR+ B (BITERE) ) © 2 NITH D, TAAMA
Kty ORAIE, ZRAK200me 12, WAKN1.00g C, TZAMAK+PAN ) OBREGIAN K200 {2
WAAIL00g, BOgT, BHERAL, X CEHELTIRABRAASG 25, 555, 10512 % % st
24790 BIEHOMEALE, T—% — 1 No.4, [EREIL6RPM & L7z BAN & EEBORAR
AL, BAFNO%OERRARE 1 b,
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REVDT, RAHELENK00a, WKHI4.00g, 536 ic LTRELEToro F4, Wkl
KEHIEFMN Ry~ F —235—F 25 No. 6 DFRFHIZER K200, PLAKH0.50g, 4.5 DIREHE
CRERTole |
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1,000mt DR R Y ¥ & —121,000ml K& FHE L, BAM1.00g %1 AKE L CIRIEA—C % 5
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HI0%DERXBEHE LTHERL, +HRASULERECRESY, BARBIBON 7 A2k CHE
ELT,

® FNRE~OEE

TR +WKA+E) OFRBEZ/5y MIvwhZ b (BEAKE) TK+AN+ 8, ORHF AL
ANTERLLE GO (HHINE) 02 EHAORKHL, 30T BIE70% ORIFIZ10 6 FNE L,
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1.00g, HEHERY 9g & L7-A%, No.7 &No.8 DIREHIAIEHA DLV CRLARN, IEEBE b 4150
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FH—-2 TANRBEAOER) OIE (HRIGNOIKE)

1.4 HREROELEHIVUERFAORE

() RBEEROHE
HREOHRER—1~7, #—6~201TR7
(1.1) Wokikls, fisse |
ZRARIZBWTR, FiLH 4 ~ 105 OBIAKINEISGEL, 2 6815 X R 2 Wk 135005
BTFChol: (—1), S00fFLLEIL LD b DIZOWTH ZOWHMH SN HDIZH00LTETH D,
HAND 1 ~ 2 5 DORRERBZDORDO b DENRFER VY, ZOHT, No. 6 DYLAAILEHD 1 5)C450
FIGELTEY, MoRKRIL D &% DIZPVBFIICHUKBEIIGELTH Y, AR 17 73R8
O CREAREESBUETIGAL - b D EWR 5, o
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DIFRIEDIEE, GOKiE) 2T DD OWAROUBILTE &2 D,
(1.2) thtEERE
No.6, 7, SORAADFENMDLDERL - DETE —HICHEZTHI LIZCEL WA, B
KEEHIZI, BRHIMZLofidtke Cho (1—4), B— 812, REREHI05HOWAEH L §
HRBOME LR T BWKRAMZ DIZHEOEREN G 2 2557 L APKBRVFA—CTohh hox
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#—6 WekdE (FEWAK)

K HNo. 1%} 25 - 4% 105 205 3055
129.8  182.2 230.0 226.3 195.8 174.5

No. 1 177.0  287.2 ~ 342.5 328.6 324.6  388.7
145.2  257.7 320.5 328.2 - 366.0 376.6

SRy 160.3  293.0 351.5 351.7 366.4 376.6
205.4  307.6  362.4 411.4  423.0 421.0

No. 2 203.5 280.6  334.2 380.8 391.0 387.1
201.4 278.8  346.2  386.7  406.5  408.2

Iy 203.4  289.0 347.6  393.0 406.8  405.4
167.2  191.0  200.4 202.4 198.8 194.2

No. 3 172.2  195.6 198.4 202.2 191.2  198.4
165.4  192.0 196.8 200.6 199.0 192.2

3}y 168.3 192.9 198.5  201.8 196.3  194.9
206.8 364.0 531.1 575.1  660.5 718.0

No. 4 250.5  374.5 419.7 581.7 691.7  719.5
194.7 293.7 377.3 511.6 712.3  740.2

1y 217.3  344.1  441.7  556.1 683.2  725.9
68.8 ~ 181.2 - 269.0 400.6 452.2  479.8

No. 5 95.6 241.8 349.2 432.6 486.2  493.2
48.3 112.8 195.7 340.2  433.2  448.8

1y 70.9 178.6 271.3  391.1 457.2  473.9




K—7 WOKHE (ZEWK)

2 No. 1% 29y 4% 105 205> 305
485.2  506.2 -499.4  479.2  473.4  465.2

No. 6 450.6  488.8 = 481.2  475.0 . 476.3  464.8
439.0 491.8 484.6  463.1 464.8  466.6

¥y | 458.3  495.6  488.4 . 472.5 471.5  465.3

_ 19.4  32.8 57.6 . 63.7 43.0 42.2
No. 7 18.8 28.0 42.2 60.6 . 58.6 57.4
18.5 30.4 44.8 - 60.8 52.0 54.4

qty 18.9 30.4 48.2 61.7 . 51.2 51.3
26.4 52.8 121.8  219.8 - 268.0  270.2

No. 8 29,2 74.4  138.6  229.0  256.8  256.8
25.2  57.4  109.8 211.8 244.2  249.0

Yy 26.9 61.5 123.4 'zzo.z 256.3  258.7
162.2  234.0  320.0 427.4 456.4  472.8

No. 9 120.7  202.2 316.1 404.8 432.6  460.7
185.8  268.0  364.0  450.1 = 482.6 478.5

Iy 156.2  234.7 333.4  427.4 457.2  470.7
173.9  205.8 314.3  459.3 - 620.0  685.9

No. 10 219.7 292.1 333.4 427.4 457.2  677.9
227.0  321.7 -504.3 © 590.7 - 663.4  665.4

Ty 206.9 273.2 406.5 553.2  636.6 676.4




-8 WAHE (EK)

A HNo. 1

<

2% 4 455 1055 205y 3055

N

129.8 ~ 182.2 - 230.0 226.3 195.8 174.5
No. 1 140.6  206.4 243.8  245.3 - 237.0 221.4
‘148.3  187.5 = 212.3 222.7 - 211.5  200.2

5 | 139.6 192.0 228.7 231.6  214.8 198.7

152.8 183.1 ~ 276.2 226.1 224.5 189.9
No. 2 118.3 174.6 219.1 228.6  243.3  232.3
128.4 171.4  192.2 198.8 198.8 187.4

Ay 133.2 176.4 ~ 229.2  217.8 222.2  203.2

" 100.7 147.8 156. 4 145.4 140.6 126.9
No. 3 - 183.2 161.7 - 163.6 160.2 160.8 149. 4
125.3  160.9 162.9 157.6 152.8 160.9

q:3 121.4 156.8 160.9 154.4 151. 4 145.7

73.3 102.1 126.4 161.2 219.9 252.4
No. 4 64.7 99.3 142.1 196.8 262.7 289.5
61.3 99.2 159.3 208.6 280.4 298.5

iﬁfﬂ 66. 4 100.2  ~142.6 188.9 154.3  280.1

37.4  78.5 135.7 192.4 231.3 241.2
No. 5 32.8 72.4 © 137.2 © 213.4 246.4 250.2
30.2 72.8 136.0 208.6 = 238.2 254.6

3y 33.5 74.2. 136.3  204.8  238.6 - 248.7




-9 WKHIE (HK)

Xk No. 1% 25y 4

<

105} 205y 305

[N

327.2  340.0 317.0 3l4.1 313.7  297.8
No. 6 325.5 - 331.0  331.5 324.3 317.5  311.8
318.2  329.6 326.4 .336.3  320.6  306.3

Yy 323.6  333.5 325.0 324.9  317.3  305.3

16.9 25.0 49.0 57.1 55.0 42.1
No. 7 15.0 - 28.6 44.4 99.7 55.2 45.2
12.8 23.0 42.0 56.3 54.8 41.0

-y 4.9 - 25.5 45.1 57.7 55.0 42.8

5.1 11.4 18.2 36.9 44.8 49.2
No. 8 8.9 16.3 25.1 40. 4 46.8 51.0
7.2 17.3 23.1 37.6 43.4 46.4

ety 7.1 15.0 22.1 38.3 45.0 48.9

71.4 172.2 212.6 260.4 261.8 257.8
No. 9 7.3 158.4 - 223.6 267.3 270.2 278.2
79.4 162.4 237.9 293.5 306.8 311.8

E8y 76.0 ~ 164.3 224.7 213.7 = 2719.6  282.6

110.3 140.8 168.6 - 244.6 @ 307.6  341.5
No. 10 - 95.8 - 126.4 ' 158.0  252.4 - 310.8  326.2
100.8 "136.4  162.4 248.6  312.6  332.4

ey 102.3 134.5 :163.0  248.5 310.3  333.4




ey

330.2

=10 WOKIER (ERK)

K HNo. 10| 2 ] 3 [ 3y
No. 1 386.2 378.4  385.2 383.3
No. 2 384.8° 382.0 384.2 383.7
No. 3 184.6  182.4  186.2 185. 1
No. 4 855.8 874.2  870.0 866. 7
No. 5 330.0 324.2  334.8 329.7
No. 6 421.0  414.2  426.4 420.5
No. 7 46.8  30.2  32.4 36.5
No. 8 79.0 78.2  79.2 78.8
No. 9 396.2  424.2  418.6 413.0
No. 10 548.6  552.6  553.4 551.5

F—11 BKIEE (GEK)

KANo. 1 @ 2 [a] 30 ¥ o1
No. 1 186.0  184.3  285.4 285. 2
No. 2 190.0 ~ 198.2  199.5 195.9
No. 3 254.0  252.9  256.4 254. 4
No. 4 333.4  342.0 344.0 339.8
No. 5 209.6 - 206.7  206.8 207.7
No. 6 318.3  120.5  313.8 317.5
No. 7 25.5 24.2 26. 1 25.3
No. 8 52.5°  50.6  51.4 51.5
‘No. 9 | 286.7 -279.5 276.2 280. 8
No. 10 321.5  326.5

326. 1




NEDOND, TNUIIBRDOBRXE TR L, BN X VIR (FVOINE) R ARR AT E* 3k
HY,
=i, BEANIESA, EIREDPLERLLDLHIUITHEL LD LD -70h%, iz {kiz s
LRy (-4, 5)o EEEDOIRWHEDLBBIENTIYO0BHHZTHH L X HIET H L, EBL
(DL BEIEIR DR VIS, ZOLOHERBANOEENDL T VRO OL - 2 0iENH 5, L
#L.i@ﬁ&%%(?&t@ﬁﬁ%@&t%k?Li5®f%§ﬁwéﬁﬁ¢&ﬁ%ﬁééo
(1.3) kb ; |
ALBOHERIIETO.05%UTTHY,  OLMHMNCIAKROBRIC X 5 THEL ORIttt
WA D ol (#—14),
(1.4) BEKEL , .
WKMﬁKQWot%éK,%ﬁLti@ﬁ*@ﬁ@@ﬁ%t&6%hﬁbb®?:®ﬁ%%ﬁoko
HHEE K EHAN0 ~ 10" em/sec 121 & MFS~ 2 M FMIBASE WA TR T b O ECHL 0%
KEBBUEVIOT7 2R LD No. 7T D—RKRHOALTH S (3:—-15), LALRBIHWEREO1-B
DHFIEBICHEL Th L D/hSnwI eh s, BTANDERIILEWEBDRS,
(1.5) FNIRBE~NOER
GHKEOFHB IS pH AR R L L b Db H 5HA5, {6, KE, BRDATIELTERED
51y, 30C, 10BMBIETRIEEERLAWI EXG Dol (F—16),
L2L, HBKETHELL DI DWTEHRHMERLTLE o7, 20, WX, 8IEEE
B, REORES CF 5% PEBIGEVAIFC 5 SORBHEORHILETH b,
(1.6) HHEEFIOE
KRB G HAOGRIEOFEE BT o2 bDTHBA, LHIEFLTUD &k (RN %
R LTBVRARDOMTRAS N AN 7 (FE—17, 21, E—6),
(1.7) BIEOEE - »
AREES, WAROBHAOLERII OV T o2 bOZH, (ORI, FHAWEL Tk
Vo LAL, ERHCEIET AR EEROPIZANSL T 30BE bdHOCEBHORED 2 VILRE
DEKEDRBEOIN b VETh b, (£—18, 19, 20, 22, E—7)
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12 HTER G GERUK+Y0KHRD)

(ifrc. p)

X HNo. 25y 5% 105y HAHNo. 25 59 105>
25,800 28,320 23,520 10,800 11,040 11,040
No. 1 21,120 18,960 13,800 No. 6 {11,400 11,280 11,280
24,000 23,280 18,480 9,360 11,040 8,640
LYy | 23,640 23,520 18,600 234 | 10,520 11, 120 10, 320
19,680 23,520 24,240 0 3,100 7,000
No. 2 20,640 24,480 24,240 No. 7 0 5,240 7,660
21,840 28,320 27,840 0 2,700 7,240
§£39 1 20,720 25,440 25,440 L8y 0 3,680 7,300
5,040 4,800 3,600 0 960 3,860
No. 3 3,840 4,800 3,600 No. 8 0 600 2,300
4,800 4,800 3,840 0 680 3,200
¥yl 4,560 4,800 3,680 ety 0 747 3,120
8,640 27,840 42,240 3,600 15,920 15,800
No. 4 |11,280 42,240 59,400 No. 9 3,240 10,120 12,000
28,560 44,160 56,3880 3,800 11,720 14,560
¥:3 116,160 38,080 52,840 35| 3,547 12,587 14,120
0 1,200 8,400 17,400 25,680 30,240
No. 5 0 1,200 11,400 No. 10 {27,000 28,200 33,600
0 1,200 11,400 28,800 34,800 41,040
}5y 0 1,200 10,280 5235 | 24,400 29,560 34,960




ozl

ot i ORI

713 HTEREC GEBIR KR+ 1)

(itfuc. p)

20 HNo. 24 5% 10% HHNo. 2% 54 10%
12,720 9,600 7,440 7,920 8,640 8,160

No. 1 12,480 10,200 8,640 No. 6 | 9,360 8,640 7,920
11,280 9,120 6,720 7,440 8,160 6,720

T35 112,160 9,640 7,600 iy 8,240 8,480 7,600
14,640 14,400 12,600 1,440 6,840 10,800

No. 2 |18,720 17,760 13,680 No. 7 | 2,640 8,640 12,000
18,240 16,560 13,440 1,680 6,480 13,440

SR 117,200 16,240 13,240 31 1,920 7,320 12,080
1,680 1,440 1,440 0 5,760 15,120

No. 3 | 1,680 1,200 1,200 No. 8 0 5,520 14,160
1,680 1,440 1,200 0 6,000 14, 400

391 1,680 1,360 1,280 3y 0 5,760 14,560
42,240 59,280 69,120 25,440 47,760 43,200

No. 4 |20,400 43,400 66,720 No. 9 [23,040 42,600 39,840
28,560 44,160 56,880 22,560 39,600 36,000

39 | 30,400 48,947 64, 240 33y | 23,680 43,320 39,680
1,200 5,760 4,560 22,080 29,760 30,960

No. 5 | 1,200 5,280 4,560 | No. 10 {24,240 33,360 34,800
1,200 5,520 4,080 24,480 32,400 36,480

SER L 1,200 5,520 4,400 ¥234 | 23,600 31,840 34,080

P




214 KBl

BHHN. 1 2 3 ¥ 1
No. 1| 0.0S%BIT 0.05%BIF 0.05%MF | 0.05%MT
No. 2 | O0.05%HTF 0.05%WF 0.05%LF | 0.05%MF
No. 3 0.05%BF 0.05%LAF 0.05%F 0.05%LLF
No. 4 | 0.05%BUF O0.05%LF 0.05%HTF | 0.05%MF
No. 5 0.05%LLF 0.05%BF 0.05%KF | 0.05%LLF
No. 6 0.05%LLF  0.05%LAF 0.05%LLF 0.05%LLF
No. 7 0.05%BF  0.05%LLF 0.05%LLF 0.05%LLF
No. 8 0.05%LIF  0.05%LLF  0.05%MF 0.05% LA F
No. 9 0.05%LLF  0.05%BTF 0.05%BTF | 0.05%HF
No. 10 0.05%LLF 0.05%EF 0.05%LTF | 0.05%LF
15 BRI
SHHNo CKFE Sem KFE 10
No. 1 28'30" 1.17X1075 2°06°00° 4.63X107° .
“No. 2 1700° 1.96X107° 31330° 3.02X10°
No. 3 536" 5.95X1075 - 2330" 2.48X1073
No. 4 14'30° 2.30X107° 3800" 1.53X107°
No. 5 043" 4.65X107* 213" 2.63X107*
No. 6 104" 3.13x107* 317" 1.78x107*
No. 7 20°45" 2.67X1077 BISEA
No. 8 150" 1.82%x107* 358" 1.47x107*
No. 9 1030 3.17X107° 58'15" 1.00%X107°
No. 10 12'10° 2.74%X107° 27'40" 2.11X107°

5 cmDBFDELIT 0.020
10ca DEFD5EFIL 0.035




#—16 FIRBE~DOER

VO DIRE 1001 BRI (0% HHARTEDH
#ENo. pH pH DAL :lk.fgézo)z’éfk] noaR
No. 1 - 7.67 7.36 L Ll L
No. 2 7.82 7.33 L L L
No. 3 | 10.60 10. 32 L L L
No. 4 | 8.15 7.66 L &L L
No. 5 8.00 9.63 L Ll L
No. 6 7.72 7.70 L L L
No. 7 7.68 7.03 mL &L L
No. 8 7.00 7.37 el L L
No. 9 7.75 7.46 L L L
No. 10 8.70 7.90 L &L L

(2) KBS OIS .
SEEHE L REH I D0 T, RELTOANGEUAMEY, ST~EMEUTIIE D5,
(2.1) Bk, BAEIERE -

SHRES DL 5 AT 5H AV EREAD ST X BT, SHVENGKE X DEHELAA, ERI A
¥E5015, SPULOBMEELTED, FHIANVEEICRTIDL I EXH o7, I, ALY
D1 ~ 2 SRR EEEAD % ) OHECHIML TOHERCH Y, TRE (TR BIHE TR HIE
Hd> Do o |

(2.2) HAEEEGUER

BAFIC & > TRARADHEAE CBAMY 1T DNE Vb DD Y, 3 7 BAHEI LR
BRECRIBFIED S AR 2135 & & NG LIBEND > 720 10T, IMNULKIEREENL,
FURECEET B AR TS 5, 458 LT — ¥ ABOND, 3 7 BERHIERD T — 2 A
Db DRBAFIOVEKIC & > THRBANNTRFORE LR S RABANDHDT, T— 5 OIS
DNT b REPLETH Do

(2.3) FOIRE~OPRIRE | )

TR LA, BRAFORFHIERLTLE 570 L b BT Bh, HHVRENRED
FH 1% LCEBIGEWIKIECORE 5 ¥ BE T 508D 5,

2.9 zofs | . B ;

4T > RBRBD S b, ZOMITDOVTHHHEEDLITA R LIS b ORI Lo 127,
SKEBOENIH & LT, @IEOBOWRES 5V 5 BROLEIH M 5R%%, TREIH
FARBELHFVRHTALENSE, o Co
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17 SRR OERE (KEH)

X HiNo. 1[0} 2 [0} 3{g] OBy
No. 1 318.5 313.1 - 320.0 317.2
No. 2 320.3 317.9  324.6 320.9
No. 3 173.4  170.7  170.9 171.4
No. 4 744.6  784.9  772.2 767.2
No. 5 336.3 343.2  437.6 432.9
No. 6 428.2  432.8  437.6 432.9
No. 7 39.3 387  44.4 40.8 -
No. 8 123.7 127.5  124.3 125.2
No. 9 408.9 417.2  412.4 412.8
No. 10 581.9  593.7  579.2 584.9 -

#—18 RIEOER WokiFH)

2FNo. 18 2 [dl 3 oy
No. 1 343.9 324.7  338.0 335.5
No. 2 207.9  314.7 3127 308.4
No. 3 177.6  178.6  179.0 178.4
No. 4 | -751.1° 767.6 724.3 747.7
“No. 5 318.2 ' 324.1  326.6 323.0
No. .6 427.7 - 431.6  425.9 428.4
No. 7 353  36.8  36.4 36. 2
No. 8 125.8 138.6  126.0 126.8
No. 9 424.7 4211  430.0 425.3
No. 10 587.1 588.4  594.1 589.9
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RIEOBIE (ks

HNo. 145 2% 445 10%) 205> 305>
220.0  344.7  400.7 383.4 412.8  410.6

No. 1 220.8 352.0 390.5 379.3 408.6 398.3
231.2 354.6 408.2 386.2 391.4  390.2

iy 227.0 350.4  399.8 382.9 404.3  399.7
201.2 288.6 347.6 358.5 368.8 359.0

No. 2 197.5 281.8  338.4 351.2 352.2  347.4
206.3 290.6 351.2 360.3 368.8 362.0

3}y 201.7 287.0 345.7 356.7 363.3  356.1
156.0 186.6  196.1 185.0 187.9  188.6

No. 3 162.0  192.9  195.1 190.0 191.1  188.8
158.0 189.2 198.4 187.2 188.0 188.7

i3y 158.7 189.6  196.5 187.4  189.0  188.7
220.3 299.6 360.7 587.5 713.0  761.3

No. 4 210.5 304.0 370.4 588.1 724.0  749.9
209.2 296.4 358.0 589.1 719.6  762.4

851 213.3  300.0 363.0 588.2 718.9 742.9
29.1  72.3 182.1 322.0 371.5 389.0

No. 5 39.7 95.9. 194.1  318.1 376.0  389.0
38.9 84.6 194.6 320.0 372.4  386.6

23] 35.9 84.3 320.0 373.3 385.3
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FHNo. 15 2 53 45 105} 205> 305>
495.8  483.3  473.9  454.0  442.7  437.4

No. 6 496.5  493.4  474.0  452.5  440.8  431.5
490.2  491.1  470.0 453.2  444.7  432.5

ey 494.2 489.3  472.6  451.9  442.7  433.8
20.6 31.2 47.4 43.8 38.7 34.1

No. 7 18.8 36.2 52.7 50. 8 43.7 37.3
21.4 33.1 52.8 50.8 42.8 38.9

3}y 20.3 33.5 51.0 48.5 1.7 36.8
18.9 36.0 84.2 172.0  244.0  255.2

No. 8 11.7 24. 4 66.3 157.4  246.9  269.0
19.0 28.6 77.0  166.4  238.4  261.4

Y 16.5 29.7 75.8  164.4  243.1  261.9
156.9 252.0 393.8 477.5 499.6  492.9

No. 9 160.6  244.5  393.4  493.2  498.9  492.8
152.8 248.4  389.9 . 477.7 498.2  492.7

ey 156.8 248.4  389.9  477.7 498.2  492.7
355.1 452.9  526.1 576.3 582.3  558.8

No. 10 355.9  466.3 525.8 558.9  563.1  556.3
348.2 457.4 524.7 566.6 573.6 572.6

33y 353.1 458.9 525.5 567.3 573.0  562.6

— 33—
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10

No. 1 2 3 4 5 6 7 -8 9

in 0.83 | 0.84 | 0.93 | 0.8% 1.31 1.03 1.12 1.59 1.00 | 1.06
#—22 ERLAINENIZ T B IR OBAKITR O

No. 1 2 3 4 | -5 6 7 8 9 10

114 0.88 { 0.80 | 0.96 | 0.86 | 0.98 1.02 { 0.99 1.61 1.03 | 1.07
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