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HOBEETHLEWTD B,
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1. RBFINOME

BRI, EBEFTEAECHE L, REAROEBDHALTSH Y, ZodtHOFERMH
il LicEiRi i MaR#R AT HENS0 b, BEhHcBmFlxe$5 - KBX0<h
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Nishiyama R.
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R—1 AFHILER
Fig. 1. Situation of O-Usu River.

X UHIEB AL (SHEILEE) AMES A, ZhaVER - S LS BRI K S S i T
Lz GEXRSFIRIK), £ LT 1663 (X 3F Us-b—/EBMIHE), 1769 4 (805 4), 1822
F (UB 5 F—NBAE), 1853 £ (FEk 6 F— L BEBAE - KAEKMIER), 1910 4 (R 43 F—
MEFUEBEMERL), 1943~1945 4 (1 18~20 £—EMFILMAEL) OEBHLREHFEINT
W59,

FULTC 197748 B 7 H2b 14 Hehld T, #H8X107m* ok L S8,A - KUK DHER
DicHIT, HERIUOFKIIMEL, LB -HRKACOGEMELILLEL, Z0kd, BKBEE
LIHBAERYI, FRUUESLCEEEOALI, P2z VIKEnT, PERCL>TLHE
HUthdic, IHI 1978410 A 24 Hicik, dIIEDAFBRIIL OB Ui, HatuE
REHEE, KKE FBE - THRHEIA) debli,

1979 FLAK I I » T, AHFIUAREFACBEH L, ZOLOEBHOREWKEH/I2
HHEEZINCHF TR EABH B LL, L RAFRIIKBVCTRERERBER L TCEL,
COXBHINL, AHEARLUCEZR LBRIURMELZET LT 2 RKAREICHEAT S,
PRIRTEBK 0.436 km? (A% ¥ 0.181 km?, A% 8% 0.255 km?), JiBEHE 2.6 km, ¥4 1/6 DA LA
NEWTH D (M-2), = L TEERS30m OFMRILEND, B 220m O F COMITN 1/3
DRARKETH Y, +ARMORE - WTFRBE - T35, BALBAKEYET TOMIIZ
HEL /10 DFEEXBTH Y, T LTELLAROERKIEL Lo T3, BEHEI VT
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Fig. 2. Longitudinal profile of O-Usu River.

WIXAE 1/8 L F 1R AR LY, BAKOKE TRREL - Tkbh, HLESH20m
A TERFEINCHEA LT %,
2. tRAHOEE

1977 4 8 A OB KLU KLIE, ZOXHE BRI TR 1977 F2 36, 1978 4 5 [,
1979 e T, EHI1BOFX2EOEAKEAED O, BEOKRFEH/IcET 5t
ARHEOMESL, F-1m Lz, 19794 L 1980 et Lic 9 Blo LA EIZ, £ O ik
KUK - BREOSWERE 1 7 LB OECTARE A TG Tbhl, KEEHER,
W 10,000 m® AT 0 RV MNRBE IS O TH B, TD S LARAEONRE Licoid, &
BT EL, ¥FHEELARERL D (dmax=200cm) 3%\, 197947 52 H, M9 A
5H, M0/ 1HEHUICINOF10 B 21 HOFF4EDOLARTH 5, hboWt+H
&, SAmLE T O KUK (BF-Us-b B) L EHRMNRUBEORERZ S LRLOEBR Ih T
foo ThORWIZ OFAERT ) %R TH BEREAQELLTC2ERY) y bA20%DH
(Upper-U, FWAR 700 m®) WAL, 25 AV v F &£ 4 (Slit-S) 2@ & Lific (£ AHEDE
500m®), 25 A Y » PX ARFERD B \VIZEE LicEREORFIE, THEBOMBIEE Lower-L,
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F£F1 +EHHBOEE
Table 1. General description of debris flows in 1979 and 1980

i Type |Sediment| Da Deposition discharge (m3) Precipitation (mm)
Date of |discharge| max.
B R flow |. (m3) *. (En{) 4 Upper[ Slitdam 'Lower‘Checkdam max./hr total
Jun. 2| |Debris| 2550 | 200 | 550 | 150 150 | 1700 120 | 225 (11~15)
Jun. 2| | Mud 300 20 | 100 0 85 | 160 (5~17)
Awg. "2 | Mud- | 1300 80 | 250 | 100 700 | 250 100 | 480 (3112~ 4)
Avug: 27 | 1979'{ Mud 3500 | 20 | 300 | 200 | 1500 | 1500 155 | 755 (9~17)
Sept.” 5 4 Debris| 7200 | 270 | 700 | 500 | 4500 | 1500 150 | 485 (0~10)
Oct. 1 Debris| 4000 | 260 | 500 | 250 | 2500 1000 90 | 725(§20~ 9)
Oct. 20 Mud 2400 20 300 100 1000 1100 150 | 915
Aug. 31 1980 Mud 85 20 35 50 0 0 4.0 | 32.0(§ij18~16)
Oct. 21 Debris 1200 280 100 200 906 0 150 | 365 (9~21)

HEL1/8~1/10) wHR L1cdTH B2, KILKH BT REDHME LT, L v FHOBIL &
4 (Check dam-C) W AHERE L1z, CO4EIDOHEHD > BRABEED L O, 197949 B 5
BOLOT, KB EAES 7,200 m®, HAKRIEL27T0cm TH -1z, 58 O HEBEOBERRIL,
485mm (9 f1 5 B OB ~10B%) THFfI B AT E L 150 mm Th - fo, flLod 3 @izou T & B
HINET9~15mm, BRET2~72mm BE L, Z@ERERERCiiich -1,

3. TAMHELEXY v b L

BHRILFL OB T, LARBBC LIAMENRE N L0, TRBENKCE LA Bh
RTwB, Thbd O LERHHORAECOEE (WIET - £ - BRT) © BEA
TOMBEE (B - KELH) O WEthA L e7r v I OABERC LI =315 &
B(AY)y b FAT) @ KRIBLEAOMIE (F2T) ©® KBEAOED BEWHT) 6 Hik
OFBET (EHR, BRI @ ILbrFL2EBRLLGOHE RO L, &RKCk
TS CHRALE I h T35,

CORBHRINCETH, 1978F 10 16 H& 10 B 24 HOMH A EEE LT, IUIETS
KABETHEXARTYIE - v =77 = A5 - BHHEHE I OB XER e SR LT
WP R SVEES R, £LT25RAY » P A2 B AR2F) AL EKBOowR, ¥12
REID10m FTHROAWACLIEAY v b X4 REMER) NREIh (BE-), $1-18
xuyrﬁATm&E§@w3i%MﬁA&mukahﬁ FLZAIITHRBCIER T
(Ll44m) BFEIh T35 (K-3),

DEORBETHEDO S L, AMILTHEELE LEDIZRAY » F ¥ 2L Th5H, HHILECITHE
AR, @I, NEEIL, NEEEDI, HEREN, KREHRICE 1E FMERRAE
Billicl®, 3brav27)—rA) y PARATLMC 12, H7EXBEIRLTV2,

AV bEAR, A—AL YV —TRELIMMIINTB L5200, KECO KT AT
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A, A ERILT I L Fleo S A B
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T, AAEE TR ATIC £ o CiEE T
I DTHDD, A Y » P A A(=
v 7Y =AYy b) ORI, KB R
O HERE A+ 5 % B doe o ) R B HH R BE A -
MEERs, Lo BEMNHEIEHTHDL LS
nTwb, ZoRMMEEHE. RO bb 5
FoebBBER TV LDTEEH, KB =g g 28a0y b4 RBAE) TR
Brgl dAaltamed LTy, DAY 1520y &4 (RBEFER)

g b E T B DNE KL AN & 2L L D Photo 1. The slit-dams in O-Usu R.
WHERER B LT WA EB2 bR TWA, UL, WAKDRKINEERICH » T, O
MREGEEH L b, b LAKRREHOHIC X555 Wad R, T b ENHAMTE A 0 &
nd, ZLC @AM X7 LB, ~AAaBBo=Y o b &2k, KINKD X5 forilhe
+ A EBEERFEOLELT S, Lo CHMWHESFERH ST 20030 TH S,

G Check dam
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e

B3 ® W M ik
Fig. 3. Sabo works.
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II. BREOHE

1979~1980 £ D+ AWK D 5%, 197947 A2 H, 955 H, 10 A1 b UK 1980 4
10521 Aost4EoHE (TR 41 7) RO THEBBROBRAEL T, EHREBOHE
BRCoWTHAK L, Thbb, filtARB 2w, #RBEEIEC X 5HEBELEE,LD
RDdle, EFlBHEAOEERIC OV, REROY 7Y v 7 BEFHEHYD L 2KR
% (BOAL), BENHEHORKE FECXs v 7)) v RAELAKRKERERL X 2HREHFHE
iilkot, EORLEAOHBERSID, HBEHLTAEHEn) DLW FRRETR-
fro FLT, MBI EOBREREEOLMCL, AV v F F AR LHKBOBRYEY LR LS &
Lz (X-4),

B, & (da) « 1 (db) - TR (do) ®PE LIz, £ LTHE~DBER (V) 2WHRD V=
@bk hkowic, $, BER, RV MEROBEYRHETLD, FHE ) oft
CRE da) RXoThhbbhbTo il

—Horizontal and longitudinal—Depth and width—Sediment

surveying of deposition ~ discharge (I))fiséﬁaﬁggf '
M . . ' and materials
Materials | leasuring grain size Whole ’ — .
of debris— —surface boulders " boulders " | Number and g:st:ilxlx:‘gpea;(:nt
flows of — .. ., (—volume in | '—of boulders
—undersurface boulders—' |_Line grid_| each segment by and through
sampling the slit-dam
—Sieve analysis of sediment soils
' B4 % % 5 &
Fig. 4. Study on the distribution of debris flow materials and
effectiveness of the slit-dam.
III. FBEROERKR
1 EREKR

W8 LT A EORHICoNT, EORBRLLIE L, TRbbalA (A0 o b
PHROETHIOmRE &) OBREE (D), HEE (W), BANRE dmax:da L d) ¥RD
o (fFg-1),

TH2ALFEREBVTUL, AV » PRIZSATEROm, FTHOm ECERLTV
2, EFIAY » P ETCRR2Tm OMEELRL, THREBBCRPRPL{HEL T (BE-
2, AV y P ERBCEERRL, RABRE da) 2R Y » T 130~150cm, ETFHT170
emCELTW3, ‘

9B5 AEARIE, AV » P EHSOmETNHAY » FFH 0 mETE TR LT
Foo HEREL, EFIAY » P ERT42m LR E LMY (BFE-3), THHO S50m L Tik 1.5m
EESHER L., T, AV v FTFR70m A TE, 1833 m ik R LA, BRI, AV
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y b EFEC270em &, WL AWABRA T, T T 110~190 cm DEER S  HERT LT 7,

10 A1 AR AV » P RS T2mANOREZCHER L, EFIRA Y » PFET26m
Laxbaiotc, AV oy b FHHECE VT, FTH 70T Lom & FOEL, IRk
CHERE L7z (Fei-4), F1o, mAEEN200cm M2 DEHA, AV o b Bl eE BFIA D
y PERICHER LT,

1980 /£ 10 A 21 HEAWIC2W TR, KFRMOBINF A TR L, 2FHEREN
01~05m &<, oAV » pFHRTLI2m L& BFTT, Fh, TUH 60 m DI
MEdE < HERE U7c (BRE-5), mABERE, AV » FEBT 280cm, Rifi#T200em L Ak& <, T
T CIEeR/h& < 100~150em & 70 » Tl 5, Fiz, ZOEHEE, 100cm DL EOHI ED
THETHT LIcHATH S,

TDE5, 199 FEOKFHCH - T, DI EFIAY » FETRELETFOR, KN Z
OEFHHTEIEL, F1A D o FFHE50~90 m F5F O Ik I8 T FFEE K X fc R A I » T

BFE—2 197947 A 2 H o5 BE-3 197949 85 ot
Photo 2. The debris flow on June Photo 3. The debris flow on
2, 1979. September 5, 1979.

BE 4 1979410 A 1 H oL aHi BE -5 1980410 21 H oL
Photo 4. The debris flow on Photo 5. The debris flow on
October, 1 1979. October 21, 1980.



BHRUKBHRINC ST A2 HBEFOAREAY v + ¥ 2 OBHRCATHEE (FH - FH WA HWA-H) 103

b5, FLTTFHAY » FHET D 0~50

mTAE, HEAEREL#EL, TR Jun. 2,1979
LltoTs, ~HI80EDHMIcH | 2550 1700
> T, 100cm 2% 5EMMRAY » b ss0 | 150 150
THWHOTHMRMCETHET LT WBDH
BRHITD - 7, imw- Sept. 5,1979
2. #HMEAR :looo- 7200 4500
DE¥CHBEHARC L > THELIE @ 1500
BrtaEwr-onwT, 282V bEK % 700 500
HU), AVy S, AUy b FH S
WL, B F & C)DARKCSTT, + Oct. 1,1979
RERORBEERYEA L (-5,  £1000] 4000 2500
197947 A 2 H+F ¥ 1% 2550 m®, 9 A g 500 |22 N
5 HitFAEHMA O & X T 7,200 m®, 10
A1 Hi24000m® % LT 19804 10 1000]  oct 21,1980
21 Hi2 2000 m® Th o7z, UD B KK 102900 00 900 800
BEERIHTOm L5 SO R
BEAR500m BETH Y, BfHE b Upper  Sit . Lower  Cpeek

D 2~6 fEOFTATHERRL hiclkd, B5 #£#®+E R
HHEBOKEITAY » F FHRICHT L Fig. 5. Sediment discharge of each segment.
fo, TOTHCHE Lz L+C 0BERICOWTAHS L, 7TH 20 Beow Uit AED
73%, 9 A5 Hi383%, 108 1 Aix88%, #LT10 21 Hix 8% £\5 k5K, AV v b E
WD CIRAY v PRBCHERE L ARIED TH L, RENRAY » P 2EBD 5 ViIZH
WORSH) LAkDThd, Lil, TOZENDAY » F ORMFAMBELHR TEZCL
Th, MR EAE (KUK - BR) OFEE KRBEBRC L 2BNATBERCOWTRLSZ LIXT
Elow, TOkd, BEREZOSHCOWVTRNTHZ L L L,

IV. FHTROBSEAL

1. EEROKBRRS
ABEDEFREIOWT, EEE @cem L) FAER ko CRE (10cm ¥y, da & d) OfF
BEBBERDI (FE-2),
TAZ2ZHLERAWCOVTII R E B 380 BE B LA, KRB da20~60cm ITDdOH
65% % i, FAB(N) T/ DPREDOLDORE VISR (V) THBE da80~120cm D DH
55% T iv Tz, —7, FHE LI TR h X v EFEWEE b, 5T 20~40cm 1 63%,



104 ARy EEREBHFRARE $39% MY

*le

no . N . o
' (dsodr)

—=e Jun.2(87,695"

oo Sept.5(12 109)

~—=a Oct.1(99.94)

Grain size

E—6 ZE#OMBMBEMR

Fig. 6. Cumulative curve of surface boulders.

BT 60~100cm 21 68% L@FEHDEHT LLInoT,

9 A5 HEBHRIROVTIE, B it da & d ke 60~100cm 71 56%, 67%, AE T
da 90~130cm 73 68%, d 80~140cm A 75% & K¥E% HD T,

108 1 B +BHRICOWTIE, BT da 30~60 cm 52 65%, d 20~50 cm A3 76% & @¥
h», RETRESREFTHZ L ERELDVT,

# 7~ 1980 4£ 10 B 21 B3, B 1 da 20~40cm 2% 66%, d TIX 20~30cm 23 72% L
Mg b, I OVWTiE da 210 B 1 B ERHRCE DDV TIA, d 20~80cm 5165% &
BEE DT,

TDXHW, 985 HI1260em M EOKRBRBREENRS L, EFLAEEILLATH80emblE
DEDORB N ERREDONBA, THA2HE10A1Bix50cm BUF, ¥7210 A 21 A2 40
em DUFO/MRBEERNS -, Fio, BB OWTRT A2 BRI A5 B HRRL/NE 60
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cm LLE#3% <, 10 A 21 B2 80cm LIFO/MERAS DO THBH, 0A1HEEB I PS5
HO XS CHENBICEF L THHRTIZE LTy (-1, 2),

LT, HEBOBMEBESMOE- 2713, 10 521 Biz da30cm (d20cm), 7H2H &
10 A 1 Bi% da 40 cm (d30~40 cm), 9 B 5 Hi da 70 cm (d 80 cm) SETICH b T 5,
FlBHeoWThBE, TH2HIL80~120cm, 9 55 Hit 80~150cm, 10 B 1 H{350~80
cm DAL ThThe—783Lbh3%,

BOAKLBER L OBRE, AR-31R Lk 5 BBV OTH oL, F—EETH
ERNR2~3EOREND BB, £5L5D 5V %0bD, Lnl, oo ClIEBRE (&
MGRER) *—ELREL, G () 2EE ) 2XHTL0L LT, HEHEE -
MELERE L (R-6), chickds, TRERORIORD dm-doit, 752 HH69-
87cm, 9§ 5 HAY109 121cm, 10 § 1 HA394-99cm, X612 10 A 21 HCiX 86+ 77cm T
Hotz,

fe Jun.2 1979
50

k1A Oct.21.1980
!

BT HEMO MR S

Fig. 7. Distribution of surface boulders in each class.
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Lich o T, B kD & bEBHEEED DA O\WT, 20~50cm (7]7), 50~80cm (), 80~
120cm (K), 120cm~ (B) D 4 Bikic BRBX R 5T 52 L &L, T LT EM LB OHER
SRR Z B EERCONTRDIDOTH BN (FE-3), L AHEK 2V TIiZF-7TR
Lz i ‘

Chicksd, TA2RRD» T/ P~ERZBERROSHEZRL, BEOKYE (L <K
K~EB) XAV » MBEAY » P ERMC L B LTED, E7CAY » FTH20m FAC
BOWTHEERLV2,

9 B 5 HI%20~50cm /PR, P~EROERRLIZER—Oo ML RL T D,
Ay FEEAY » b EWBES SHERE L, T T 30~40m L0 & 70~80m LIS\,

10 B1EHiX, EBOZNRAY v FHIEEL, P~FEOSGHIZIERARTH-T, AV »y
b A & T 80~90 m fFH I & L T o T B,

10 B 21 HIZEBAA Y » FIREWZNT, o3 75 A3 LD ABROEALRL, &
BE@ L TEARARSHER LTS,

2. WEBHEESE R ITRE

DER, XTHEEDOI LD IBREY Th ThERICRD 50, EEIKEHORE
L MBINTE OB TFEC L2BEFHRAEL TV, FLLARMBOMREARD DI, &
W RBETIR T,

WITERENE, AV » b £ 4 EW5, 10, 20, 30 m DEMA T fe o fe, BITBEC L5 +H
OHERRY, R-8KFLi, K~ERIIRY v FFHRTIcEHRL, #20m bk TFE
CHELTEY, i, FLELRERBEREL K- T (BE-6 7,

ZOWMEIICE bicoT, AV vy FEEE Plot @), AV » F L 20m #5 (Plot @), &
Yy b T 20m s (Plot @) BT, £hth 7.450kg, 7,750kg, 7,300 kg DL F# - »
Z7HR— Ay FPTHRL, BOBRIERTRo Tz, BRI, X~EBECOWTRE v 7B R
HEOMEC LT, ¥, PMFRIEEINP VL ->THE LK, 7tk 5em L EOBR
DVWTIREAREEYIE L, ThUTr20Tiss W o0ERE T %,

RSB WHURBOERTH 5. ThZhd Plot ik —8~—-4¢ & —4~4+2¢
B WE~I7HR LT3, —10~-8¢ DXBICOWTiL Plot @ mA&pd e, it &
RoTwiz, ¥1Plot @ - @ DMBMIZBREAEFL LT W72, —F, Plot ® i3 20cm LIk
COWTHERL > TWDDTHBH, ZHhIFR) » PABTHBZ EnD, AV » PRI
SESTVABREERML ISl LD LDEBbIRE, WE, ZhbD dn ¥ RD 5
&, FRERPlot D@ @i, 74+ 125 109 mm TH - 7= ((HE-4),

—77, MERERYORNBOEAET — £#7 #4h5 L, 41.3mm (L)), 944 mm (BHJI),
56.3 mm (FEASEJI), 814 mm (FHUJID), 39.3mm (F)il), 50~100 mm (ZREFII) /& &l
TEH, ThiCLL bRERKEM BT Z DD TR 2%,



HHRUAAHINC BT 5 MIMETOMBEL L AV v b 24 ADOFIT BT 555 (585 - - B0 1) 107

Aug. 2 Cobbles
Jun. 25 Pebbles
Jun. 2 Cobbles
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Fig. 8. Soil profile of the slit-dam deposits.

BE-6 »Uy +EHO ok BE—7 #HIKE (29 » b B 5m)
Photo 6. Very large boulders caught Photo 7. Soil profile excavated at five

by the slit-dam. meters behind the slit-dam.
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Fig. 9. Size frequency curve of the slit-dam deposits.
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Fig. 11. Boulders’ volume content of sediment discharge.
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Summary

We report the results of actual investigation for the grain size distribution of debris flow
materials and of analysis on the effectiveness of slit-dam for changing the distribution.

The results are as follows:

1) The grain size distributions of surface boulders of the four debris flows were investi-
gated which occurred from June 1979 to October 1980 in O-Usu River at the hillside of
Mt. Usu in southern Hokkaido, Japan (Fig. 1-3). The grain sizes of whole boulders and of
excavated soils were measured with line grid sampling and sieve analysis, longitudinally and
horizontally surveying the deposited depth, width and volume in each segment.

2) Measuring the boulders’ number and volume of the debris flows which occurred on
June 2, September 5, October 1 in 1979 and October 21, 1980 in discharge of 2000-7200 m?
(Fig. 5, Table 1), and cumulating size frequency the boulders were classified into the four classes
of size as small (20-50 cm), medium (50-80 cm), large (80-120 cm) and very large (over 120
cm) (Fig. 6 and 7).

3) Sediment materials of the flows were analyzed and the mean diameters were indicated
among 7-13 mm as shown in Fig. 9. ‘

4) Anaiyzing of sediments ratio at each size class in each segment from the distribution
of the surface boulders, each size class except the very large showed the same tendency at
each flow (Fig. 10).

5) Boulders’ volume contents with the sieve analysis were amounted from 10 to 20%
and its maximum content estimated from excavated profile reached 50%.

6) Estimating the boulders’ volume based on the thickness of sediments, the boulders
were included at high density in the slit-dam and its upper segment (Fig. 12), but decreased
gradually according to going to downstream.

7) As for the rate of passing and catching boulders by the slit-dam, the small boulders
can more easily pass through than the large ones (Fig. 13 and 14), but the larger boulders
were apt to be caught more than the smaller and the critical grain size diameters of the four
debris flows caught by the slit-dam were 110, 160, 125 and 150 cm (Fig. 15).

8) Particularly about the surface boulders, the catching percentage of large boulders whose
size was more than 120 ¢m, was from 55 to 83%, but it seemed to be more than 90% with
estimating the volume of boulders (Fig. 16).
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Table A'1.: Deposition of each segments

1979 1980

Site. Jun. 2 Sept. 5 Oct. 1 Oct. 21
p | w d max(cm Dlw d max(cm) plw d max{cm Dl w d max{em)

(m) | () [ m) | %] ] () ) | %] ] ) () | %] ¢ ) ) | 2] @
—60 60 | 40
—50 ) 15| 20 22| 13 05| 45| 50| 45
—40 0 36 1.7 | 24 2 3 01| 3 65| 54
—30 05| 68 25| 72 16| 6 [190|117 01 | 4 {115 94
—-20 14 |13 24 (156270 1 173 | 2 1171260 (183 ] 0.1 | 7 {200 | 130
—10 20 {104 32 (20 (270|175 | 23 |16.3] 170 | 140 | 0.1 6.5| 210 | 158

0 | 2715 |130|113| 42 |15 | 230 |182| 26 |15 | 240|217 | 1.2 |15 |122| 96
S | 13|15 {145(100] 3.0 [15 | 230|182 | 14 |15 |120| 80| 1.2 |15 | 280 | 227
05|15 |150 | 120 | 02 |15 | 210|162| 04 |15 |180 | 137 | 0.3 |15 | 188 | 141
10 | 07 | 163|170 | 100 | 0.3 | 257|171 | 145 | 0.3 | 247|150 | 117 | 0.2 | 28 130
20 | 03|111]140| 93| 06 |28 | 157|109 | 0.3 | 267|130 | 107 | 01 |22 | 145 | 128
30 |0 | 45/110| 83| 09 |27.3| 195|158 | 0.3 | 267|140 | 83| 01 |25 | 160 | 112

40 ' 0.7 | 163|168 | 129 | 0.3 | 26.7| 120 | 93 01|28 |210]115
50 15182110 | 88| 1 30 (100 77 01 |32 {130 | 94
60 05|28 1130| 95| 1.2 | 37 9 | 77| 01 |52 |110] 86
70 0.1 | 338|180 | 141 | 156 | 325/100| 93| 0.1 |39 160 | 113
80 01|28 [190|120| 13 | 28 9 | 67| 01 (52 |130] 103
90 0127 |110| 8] 0.9 |30 80| 60| 02 |38 95| 90
100 05 {40 {130 | 84
110 03 |40 |110| 90
120 100 | 82
130 110 | 8
140 40| 29
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Table A 2, Number and volume ofZZg

— Y
Size da ' d » da d

() |(%)

e | N @] @0l o] Nl wolml ¥l e Lo | N |

20 3 21 008 02 :83 218 095 19
- 30 71 187, 105 2.1 95 25 22| 45

|

.40 | 81 213 184 38 62 163 316 65 4 17 036 03 3 13 018 01
50 | 49 129 193 39 36 95 333 68 9 38 118 08 23 9§ 26|18
60 | 38 10 | 245/ 50/, 32| 84/ 493 101 28 119 534/ 37 32 136] 591 41
70 | 200 76 281 57 21 55 547 112 31 132} 753 52 32 136 942| 66
80 | 24 63 466 95 23 61 887 181 27) 115 836 58 36 153 1428 99
9 | 18 39 391 80 12| 32 561 115 23 98 1214 B84 30 128 19.32134
100 | 24 63 823 168 11 29 848 17.3 24 102\ 1323 92 28 119 2236156
10 | 14 37 5.73{ 118 2 05 183 37 22 94 1645 114 17| 72| 1462102
120 | 10| 26 446 91 3 08 406 08 12 51 983 68 10 43 1221 85
130 | 7| 18 399 82 ; 17, 72| 1646 114 7 30 1101 77
Mo 5 »1.3" 204 60 | 7 30 648 45 7 30 1458101
150 3 08 338 69 6 26 519 36 4 17 376 26
160 | 6 26 806 56 2 09 518 36
1o | 1 03 039 08 10| 43| 1266 88 o 09 412 29
180 o 3| 13 655 46 2 09 421 29
190 | 2l 09 301 21

200 1 03 095 19 1 04 26| 18

210

220 ‘ 1 04 421 29

230

250

260 2 .09 412 29

270

280

Total| 380 100; 48.89) 100, 380 100| 48.89 If[ 235‘ 100{ 143.76J IOﬂ 235‘ 10<j 143.76( 100
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B % & # B
surface boulders in each size
Oct. 1 Oct. 21
da d da d
Vv Y Vv Vv
Nl o YNlelmyle N o @] %] Y| (%] @] @

62| 104 066, 08 464 204 4720 2.8 1197 52.7| 15.07] 9.1
76| 128 142 17 82| 30.6 4.65 55 634 279 816 49 442/ 195 1268 76
137 230 3.33 4.0, 20 202 636 7.6 420 185 10.09) 6.1, 254 11.2| 14.88) 9.0
96 16.1 474 56 93 156 866 103 202| 89 956 58 153 6.7 17.62] 106
80 134) 6555 6.6 42 7.1 733 87 176 7.7, 1421 86 91 4.0, 17.78| 107
59 99 695 83 34 57 802 95 121, 53} 14.28) 86 46/ 2.0 1367 82

43 72 639 76 21 35 7.08| 84 8 37 1417 85 38 18 1676 101
26 44/ 557 66 18 30 7.8l 93 53 23 1339 81 19 08 1194 72
20 34| 604 72 6 10 439 52 37 16 1204 7.8 12 05 905 55
100 17 264 31 9 15 76| 90 24 11 1000 60 8 04 922 56
12| 20 477 57 4 ‘07 5571 66 19 08 1260 76 4 02 450 =27
100 17 376 45 1 02 274 33 14 06 817 49 2 o1 48] 29
8 13 673 80 6 03 497 30 2/ 01 265 16
4 07 307 37 1 02 302 36 1 0| 039 02 1 0| 294 18
2 03 256 30 3 01 241 15
5 08 37| 44 4 o2 484 29 1 0| 329 .20
2l 03 214 25 1 02 18] 22 1 04 138 08
2 03 151 18 3 01 409 25
1 01 302 36 20 01 477 29 '

1 02 83 99 2 01 175 11 '

1 02 185 22

595 100| 84.04| 100| 595 100/84.04/ 100, 2217| 100,165.85] 100 2217, 100;165.85 100
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Table A3. Distribution of sqrface boulders in each class

Jun. 2, 1979 Sept. 5, 1979 Oct. 1, 1979 Oct. 21, 1980
Site 20-50 | 50-80 | 80-120 | 120< | 50-80 | 80-120 | 120< | 20-50 | 50-80 | 80-120 | 120< | 20-50 | 50-80 | 80-120 | 120<
vVIN|lV|N| V|N|VIN|V|N|V|N| V|N|V|N|V|N|V N| V| N|VIN|/VINIVIN| V|N

—60 i

—50 008/ 6007 1

—40 0.10; - 8/0.07

—30 036 11028 5/1.37 7 107 3044 34{018 4{076 3

—20 162 5 995 9047 14/125 12(161 8 582 10[057 42(0.89| 16/2.09 11 395 6
-10 090 9/32| 11158 | 9013 144 | 92094 16018 6137 13269 11 7.87] 815109204 35399 13 722 6
S |142] 73260 4293 | 30575 9126 6/96| 232837 24{039 13(2.92 36(3.78 15(20.04 12163 87/35| 40{7.1 | 24193 12
10 l046 20(1.81 27/433 16/168 3051 4172 4] 248 1020 121192 24434/ 18 334 6101 51184 23360 16/ 995 9
20 |0.87 49/123 30|45 | 15/2.88 218 5/ 311 20033 13/1.79 31267 14 282 7)1.44| 98259 31444 18 649 3
30 {022 18/047 8136 4 059 2588 1201292 10/0.14 10/002 1 016 1139 93168 26/501 14 169 3
40 091 5339 9 739 8005 3004 2006 1| 029 1,093 60189 30236 9 404 6
50 066| 5262 7 004 4036 4066 4 151 85261 32493 20 171 4
60 069 5143 6 121 3028 16/0.83 18023 1 211 143]4.88 55/5.50 25

70 099 5357 9o 371 7044 21141 22116 4 111| 78321 39255 11 175 2
80 114) 8439 14/ 454 9092 4823 32024 2 182| 118/4.17) 51106 6 324 &
90 046 2 0.86] 42/2.75| 351.83 14 097, 6507 | 8203 8.

100 056 38078 8127 5 013 1
110 103 79/1.07] 22195 6

120 1228 166(2.81] 44)145 8

130 2,64 166,291 38037, 2

140 loo7 6

£1% HecH¥ SHUHMYBEREBENIYRRY
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Table A 4. Distribution of surface boulders in each class

20-50 50-80 80-120 120< Total
\ Segment | VS | 20> _
(m?) | (m?) V | N V| N| V| N Vi iN| V| N
Upper 550 540.1 09| 9o 32| 11 58| 9 99| 29
Slit 150, 1315 142! 73 26 42| 9.3 30| 5.75 9 19.07] 154
Jun. 2 Lower 150; 130 155 87| 3.69 65 10.12 36| 4.56 9 19.92| 197
Check 1,700(1,700
Total 2,55012,501.6] 297 160 7.19) 116; 22.62] 77| 152 27| 48.89; 380
Upper 700, 663 ' 0.13] 1 6.02| 14| 309 25| 37.05/ 40
Slit 500 460 1.26 6/ 96 23 28.37| 24| 3923 53
Sept. 5 Lower 45000 4,434 549 34| 2564 68 36.35 40 67.48 142
Check 1,500 1,500
Total 7,200/ 7,057 6.88 41| 41.26] 105 9562, 89 143.76| 235
» Upper 500/ 475.7| 101 31| 29 30 5.08/ 26 14.76/. 21 23,75 108
Slit 250, 223 0.39] 13 292 36 3.78 15 20.04| 12| 2713 76
Oct. 1 Lower 2,500(2,467 335 169 11.42) 169} 11.19] 58 6.61] 15 32.57] 411
Check 1,000(1,000
Total 4,25014,165.7| 4.75 213 17.24] 235 20.05 99| 42,35|. 48 8345 595
Upper 100, 75.9] 2.74] 203 33 58 6.8 27| 11.2 12| 24.04| 300
Slit 200, 1685 1.63 87 35 40 71 24 193 12| 31.53 163
Oct. 21 Lower 900| 787.9| 18.87|1,245 31.2| 407 36.5| 148 25.5 33/112.1 | 1,833
ct.
Check 800, 800
Total 2,000/1,832.3| 23.24/1,535| 38 505 504, 199 56 57| 167.67) 2,296
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Table A5, Volume and number calculated of boulders in each segment

20-50 50-80 80-120 120 Total
Segment | V'S | 20>
w) @y VIN| VIN| VIN| VN VN
Upper 550 350 20 | 198 60 | 206 120 | 186 200 | 590
slit 150 1119 59 316 62 102 172 54| 87 13 38 | 485
T 2 Lower 150 1296 21 107 37 65 101 36 46 9 205 217
Check 1,700(1,700
Total 2,55012,2915 80| 423 209 365 87.3 206 1333 208 2585 1292
Upper 700 350 | 1o 8 57 | 133 202 | 236 350 | 377
Slit 500 261 148/ 70 861 202 1381 118 239 | 390
Lower | 450044292 62| 39 283 75 364 40, 709, 154
Sept. 5 .
Check 1,50011,500
Total 7,200/6,540.2 22 | 117) 1714 410| 4665 394 6599 921
Upper 500 315 | 7.9 241 226 234 305 208 115 | 164 185 | 842
slit 250 157.6) 11 38 119 155 187 56 607 42 924] 291
Oet. 1 Lower | 250024547 101 516 163 245 124 62| 66 15 454| 837
Check 1,000(1,000 1,970
Total 42503927.3 19.1 795 508 634/ 706 321 1823 221| 3228
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Fig. A1. Size frequency of the surface boulders’ Fig. A 2. Cumulative curve of the surface
number. boulders.
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Fig. A 3. Volume and weight of the boulders. Fig. A 4. Size frequency curve of the

slit-dam deposits.



