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Secondary sediment movements and secondary sediment disasters caused by rainfalls
after the Kumamoto Earthquake in April 2016
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Abstract

After the Kumamoto Earthquake in April 2016, a lot of secondary sediment movements were induced by rainfal and
secondary sediment disasters were caused by them from April 16th to the end of July in Kumamoto prefecture,
especialy in the Aso volcanic range. Hence, field investigations and reconnaissance were conducted four times by the
Japan Society of Erosion Control Engineering to clarify the actual conditions of the phenomena of secondary sediment
movements and secondary sediment disasters. The various results and information obtained through those investigations
were reported as the secondary report concerning characteristics of rainfall after the earthquake, distribution of
secondary sediment movements, geologic-geomorphologic characteristics of secondary sediment movements, features of

secondary disasters, and the efficiency of Sabo facilities in these disasters.
Key words : secondary sediment movement, secondary sediment disaster, rainfall, Kumamoto Earthquake
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Debris flows occurred in August 2016 in Sounkyo, Kamikawa Town, Hokkaido
ANl AR A ® = — [ G N i T WL S
Nobutomo OSANAI Shin-ichiro HAYASHI Takahisa FURUICHI Takeshi FUJINAMI
R A H o B Ze GRLE N — ¥ R e
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Keiko IWAKURA Tomoya HAYAKAWA Akira MATSUOKA Norihiro NAGANO
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Atsushi SAITO Chiharu OSHIMA

Abstract

Three typhoons (T 7, 11, 9) struck Hokkaido within one week in August 2016. Heavy rain brought by the typhoons
induced debris flows and sediment transport along the Kurodakesawa river and Shogakkonosawa in Sounkyo,
Kamikawa Town, Hokkaido. Monitoring cameras for debris flows recorded the events, which provided an opportunity to
describe some features of the debris flows and sediment transport. We also conducted ground and air (UAV) survey
right after the series of events to supplement the monitored data. This article documents the rainfall record, geologic
and geomorphic settings of the area and the monitored and surveyed data of the debris flows and sediment transport.
We aso report a rapid analysis of the monitored and surveyed data on sediment sources and sinks, sediment materials
(type of rocks, sizes and distribution), depositional features, flow velocity and discharge. It was clear that check dams

and training channel protected residential area and hotels located in Sounkyo hot spring area.
Key words : Hokkaido, Debris flow, Check dams, Early warning
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Photo 1 Examples of sediment disaster in Hokkaido in August 2016 (a) Slope failure at Tantaka, Shiranuka; b) Slope failure at Kaigan-
cho, Rausu ; ¢) Bank erosion at the Blue pond, Biei)
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Sediment discharge in the Tokachi region, Hokkaido, caused by Typhoon No. 10 (Lionrock), 2016
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Abstract

Soon after three typhoons (No. 7, 11, and 9) hit Hokkaido in August 2016, Typhoon No. 10, Lionrock brought a large
amount of orographic rainfall on the eastern slope of the Hidaka Range from August 29 to 31, which caused substantial
discharge of sediment. Nine tributaries of the Tokachi River, from the Panke-Shintoku in the north to the Totsutabetsu
in the south, discharged the huge volume of sediment by debris flows and experienced bank erosion and flooding,
which caused damages in residential area, railway, expressway and national highway and so on. For example, the
Pekerebetsu River discharged at least 0.63 million m® of sediment, the largest amount in approximately last 50 years.
Bank erosion and flooding caused aggradation of the river bed and blockage at bridges (many drift wood were included
in the sediment) and washed away several houses in the center of Shimizu Town. The sites of the substantial sediment
discharge (e.g., Totsutabetsu, with the total precipitation of 530 mm, and Nissho, with 367 mm) coincided not with an
area of the heaviest precipitation (Notsuka, with 713 mm) but with granite geology. The sediment was mainly composed
by granite boulder and fine material which came from gently sloping periglacia terrain.

Key words : Hokkaido, Tokachi, Hidaka mountains, debris flow, granite
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Fig.9 The imaginaries of Landsat — 8 before and after the sediment discharges (After National Institute of Advanced Industrial Science
and Technology, 2017, Left : Before 2016/8/24, Right : After 2016/10/11, red dot line indicates traces of sediment discharge)
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Photo 1 Debris flow at east entrance of The Karikachi daini
tunnel of Doto Expressway
(Coutesy of Obihiro Operation Office, East Nippon
Expressway Company, The red arrow in the pictures L el */C‘%ﬁﬁ]llb
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Photo?2 The Upper and middle stream of Panke-shintoku river
(Left: The sedimentation at river confluence of
Kyugo river and Panke-shintoku river, Right: The
inundation at river confluence of Panke-shintoku river
and Sahoro river)
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Photo 7 Bouldersin sedimnet at No.2 sabo dam

N EGEAD» S H. - 2 B mHIiE R o kb o7z, 28
2 AR & AR AT ML O IR FHRERO AL o 8k
BRERZOE LR TILESIBEL VD (BHE-24),
NGRS H AT E o> TBY, €T LHEHA-
T2 DE FIFHADPREL2DDTH Y, FOKD
BREHOMBZRELZDDEEZ LN,
4.3 Xy~

HAKET 2N B R LRI (8 R 46. 6 km)
74 RFET [k hwi)ll] oETchy), WHOm

76

- =~

______

s

IHH A F —=351210 55 1 (Bt xR B A 25 B
DHERE)
Photo4 The bridge to closed Nisho snow park

FE—4

BE—6 2552018 - fiRKOHERIRR
Photo 6 Sediment and drift woods at No.2 sabo dam
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Photo 8 Aeria photo around check dams at Pekerebetsu river (Elevation 550 m— 275 m)
(Courtesy of Obihiro construction and management department, Hokkaido Government Office)

BE—-9 EEeL TFTRoMERE
Photo9 Bank erosion at down stream of chanel work

BE—10 AfEHHEToseE
Photo 10 Grain size around the Ishiyama bridge
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Photo 11 Aeria photo around check dams at Memuro river (Elevation 400 m— 250 m)
(Courtesy of Obihiro construction and management department, Hokkaido Government Office)

FE—12 35 mamRo (VAV 12X R0 5 H)
Photo 12 The damage of No. 3 check dam (Photo taken by UAV)

BEE—13 AWNTHEALZLAR (E FESOREE LA, £ HKRIEL# X AR T o A TR
Photo 13 Debris flow at Kyusan river (Left : Shallow sope failure and debris flow, Right : Debris flow at Asahiyama, Shimizu Town)
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BE—14 A4 v A )& Lt com@EZ b (B WK, G Wk

Photo 14 Channel change reach upstream from the confluence of the Isoi and Kyusan river (The left and right photo indicates before
and after flooding)
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R—10 FEFIFEEE (3R B R gE)
Fig.10 The catchment of Totsutabetsu river
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Photo 15  Sediment discharge in Totsutabetsu river watershed
(Left :

Sediment discharges at upper stream of No. 8 sabo dam, Right :

PRI A (15 2@ 4 e i b 5 )R 3 4it) )

No. 6 and No. 7 groundsill (Courtesy of Hokkaido

Regional Development Bureau, Ministry of Land, Infrastructure, Transport and Tourism))

NYNZFTRL, MOFINZB TS, FkeT -
RIELOKE S NzXHIZBWWTIE, REOETE X
W - WEREDPH IV AON W L IREITH S,

156k 5 2 GBESEH S FBIERL 19. 7 km?) 1 ZHEAD 41
EEOTRLIRE, RERBEEZHELTVW I ENS, bk

<& HME 50 EMOBERRRICE W TIE, Lbiibsk
1 76 m/km*/year ETH Y, FEWITRE k5 -
FERBELIESEDL L) REBTR P72 F 2L
N5,

FERMET LY L TRICOVWTIE, MEREDELT
W5 (BEHE-9), HAKI oA IR (B 180 m i
) 2B TIE, BT TFH2mE B oRERKIC X
LR A SNz A LG L Tl R 50 cm
BEOLRAEOBE, ~¥ 1, ﬁ*ﬁﬁﬁbfwé(ﬂ
Fid 2355 Vol. 69, No.4, FRK 28 4E A 10 5 5L FH 12
0 dbiEE B TRE L b, ARG - &
BEHE-10), TOMAETIEWMKR LHAB L THRAKRIZ X 245
RO L VIR L, WROMFRENREL
borEZOLNS, ERFMTCIEEH~NOREIEL,
FEEFRC LTS [@Fi¥ ik Vvol.69, No.4, PRk

28 FERJA 10 T ZEMIC & D dbigEE B TR E Lo
Wi, TEE -7, /2, AIBO FRONRT LR
IREIZBWTYH, WMKREABXOTRAI L 2IEROME
WX DR L, WRENOMRRESEE LD D
LEzon, ARMOMRREICEY, BHE VRN T
ﬁﬁﬁén%ﬁbfwéoﬂﬁmﬁ&miéMﬁ o

WX B HRREIIEBRINEREES FTEHLBELTY
% (W% 43k vol. 69, No.4, FHE 28 4F 5 10 5 5
WIS X 0 e+ B 5 Tk L2 B, REE
-5)o
4.4 ZF=EJI| - &R

FE)N (R 235. 8 km?) 13 H IR DIFEE 1IN
BRI E L, BFhE 2 S EIE TR 46. 2 km?,
TR 17.6km, FHARAA 4.1° DWNITH %, IF
FN ERBO/NEN TH 2 3EMFIN G 38k i 5. 4
km?) 225 O A & ) B 1712 —HBEE O
EAEL TS (ETZGEE, 2016d).

FE)N RO D%  OIFRD S FAIAHTE
AL, R RKRERELZFSEELTRIEZRTL,
ZROTWERAF FTHICHHBLTWE, LATRICEY

79



NI S LR 28 AR R 10 B EERRIC L ) dbiEE R s TR A L 22 L

BRI, FRAB 3° LU & 72 5 AR OFEE 550
mAfHE2 5, KR 2 HISEAR S W2 Pl <
HbH1%5 2 5KE LA THBEME 2D, 3 5B
WIROHERNIE GRIRABLAR 2°, BEEK400m) EL
TWh, WRXMIZBWTORBIIRECITL, BRE
FEORBREIC L 2 2 e R EBRYIEL, R -
BHOH, BHRIBANOLRESELL TS (BE-11),

WEAT L 723 B AP B IESR IS & 0 B S, @RISR T
A TOMFEREDFR 200~300m DX Z SN Tw»
%o —J7, WHERE TR CIEMEREICL VRS E
CART L, 20MPEROERERE, 130 KE 5
HMLTwa (BE-12), BiREO®E,» S, TR
WERGHLX [T Ud, ERDHLA o3& TR B\ T o
EATIC & ) IRE T ofhs X O#RE T o, %L s
T LORM, R TXE Tk HIEEE IS
WAL & R OMIERTH 7 & O E»
LTwb,

4.5 AWl

AL (SR AR 61. 2 kn?) (& 3E )1 0 E 572 F)I
D1D2TH5b, AWNTIEERERBIGER L TLATRD
AL, WK - MREERAELTEY, FHITIEENLS
N5 (BEHE-13K), D 5 I i AN E X A
JTIE, JEIER 100 mBEEICIE YD, &k 1mEERE
DEBZ IO LT HIERMEOBE < LSR %2 EH -
Twas (BE-1314).

THROKIE TEEASERI R E SN XETIx, B
LREEOTE L OHE - fllEREIZAR S e v, RIE
THEOMFRIHZE S BT RO XM TIZIEITIC X
HMERENRON S,

FRENEWREP SR 2.5km LD A Vv A )&
TAHE T, BUL - T3 % 20 R T R RS O BIK TR
THhoHEIE (M-8) PHFMLTBEY, ToDd45N
OMARLLENCE, WRIME TFEEICH 72, L, &
B OLBHEBIZE D, HAKRNIER, MR LA L TW
LONRSNS (BEE-14),

4.6 FERII

FOE SN (AT 304. 0 km?, X —10) 2B
5, 8H29H~31HO3HMOAEEWNEIX, K-3T
mLize sy, EERERIEDWIDOT L X —F
HEDEEPIENAT T 530m% FRék LT\ b, A ERII
Wik, RSB BRI OB, SN E
DT HET 248, LT 1BOMBE, WINEVOER
ANOWEPE LTS, T2, ALPNEFEAE T
WE LT,

REFHEMON /R - L7 IRFITBT, HOKE
WIARPEERE L TWE 00, TARBIZWIESE
DLERTELEL TS, WHiliiks U TR LRHICAE
T2 RN 8 BB ANHAD L T 2 RIE R s
ol (BE-15/),

58RI X D b FHM T L AR, ARENTORR

80

RELZFRORBTEAMABELTBY, F58
SUNANNC T L7822 & b KGRI X 2 TR th 2
ZERAONDL, FICHEXEOFEY 2y TIRBL LY
HRY ZYPUIB LS FRBELTHB Y, MRS EHIIA
W5 EELIWIRIEChH oo E I ND, F ¢
Uty FNTEAE LA, REoLs 7ER)
ARIMTWLB L, ETORIER Z 83 L T 5 IR%HS
R ENTze M OHTH HAKE Sz 1, FE
JIARNNC G S NP X 5 T, Z DORREERi#E -
IR R S, EIRTRMOMREREIXRERNIZ
LolzbEzoh, WHiEMOKENS TSN
twnwz b,

FEHINOF - TREHICIE, WMEOALE WOt
RO, JLlEEHERICID 6.3kmiZb7z5T 15
FEORE T, 6 Zomn LA BRINIRE TR L L T
ENTW2 Bz, ELAR M B 5 R L B s
HREE, 2017 5 HHS, 1987). SHEOMAKIZL D, K
T AR R A E B A 3B\ TH TR L 72T 05 - 72
boo, KETHAKE LTOREEEZERLIZE
Tl h o 720 R OME T HLE & DG 2 8D & L
TWa2S, KETIC LRIl sh Tz (GHE-
15 4) o

5. EREHICEAT 2RE

B 10 FIC K 25 MICHT 5, FHEHT - #EAKH -
FEN - WILTHICBU 2 LK EEREROFERIL, 8
H 30 HAFIATH 11 W 49 45, FASHT - {5 7K 0T 13 IRF 46 47,
FRNT 17K 23 h 0, RERIZSH 31 HT7HE3045TH
D (RBITHIRE X RS H, 2016), H-6127R L7z
WNABRE D LEIASREEINTEY, BREMANIZBW
T, FaRoBEEZMIRL T2 REE BV, —F T,
THROEE L&MW, EARGBIZRONSE 7
5 5km' LT % R 2wz AL, 72, WKRAR
2° UL o#PIc, B Bibe LTo LA H»S
Wie, AWK BEEN R AW - W RgERIRE
AEELTESY, Rl Tl r BN - X7 L
RYNOFEFO L H 12, FR XD FiROTEHANL T,
FRRBHRRETHTLTWEDEEZ SN,

FAHNT - JEKHT - SFSMT - AT 0 TRD 5 i B £
i, B0 B Y, IRAE 2° DLEo#IZIE, Hu
Bl & Lo RS <, FEBoTEBELICSH
B/ - R O, LB OB R RREFEICB W
T, TATGEREDR - SR R A T AR 2 S
TWVEH00HIFE L v, FIZIE, RFLRXYHNS
AN DFIEA D 5 KBTI IE, B ORI A5
MNERETT 1 BrH 50K THY, HIRK FERE
Y R D ADY Ry A S AR QL A B e Y
R, Bl ol EibN5b,

HARKIZART LARYNOIRE I LT, ##ERE 8
H 31 H OB 20 70234 LT b (FE+H52558%, 20160,



Whi4&EE Vol.69 No.6 (329) March 2017

M —1112XT7 LRY N OKMDEALZ R T X7 LA
VN OKAMBATE, ALGE T LXRXYBEOMIZH -
720 8 H30 H 1T TAHICEABAKMVOKTAR S,
T 72, FNLE, 208K ERABR SN HWT, 8
H 31 HA4RDBEZRESHRECLBMNATE R R-T
Wb, — 5T, KEIFEEEBAKMIZE L T WIREE
T, LEHEIE LTV D, LEIE, HROMZE, MK -
MHOMLWEFISERNLTRELLZDDEEZ SR,
B L WELIZ X o TR OFHUZSHEE I 22 > T
TREEA D B XA LARYNITHE U2 &9 Z i)l
DFF X [ TOHWAKILHE - WERR I 5 EmaEE o
72D [EZH - o o] v iEHRIEM oI
HAZDWTRESBIREF L T RERETH D LE X
57z,

6. BbHUIC

ik 28 4 8 H ORJALE 10 5 OdL#EE OIS,
+ 5 o B I IREBIRN TR O LA E L,
INSITHL, BIbBIUOANY 27y 12X b EE
ML 720

KFABICIOVUTOZEHLNE R o7z OHEI
iR B3 D FARIT 7% > & FAR I A 5 437 )T O 1 5]
MZ2TTHFBINO 9 20N TRRHBEORE VT H
WAFEAEL, Tl ToMKLE - WEEARE, R-H
HOBRE - EESEAOWEEIE Uz QIR ISR
FTAHEHRICEY, HEIUROESOBS W TIE 3 HIE
DEFITHETS500mm 22 2BHRBL 7256 Eh7z, @
KE RHBO R AVE U228, & BEROZ W
HiPH &3S, Bk - (BRSO ME oMbk &
—HT 5. @A, FEET O/ % 225,
JERIVE N & 0 T & N7 5B RN B B AL E R AL
TOERE, <91, FEEEARE R - lRERELRNDS
FEL, KEICIW - AZBEFSE300% AL
N7z OWPiliRIC £ 2 LR oM - FHIC X D T~
OEWHEHEZBER L TCWLbDELEZ SN, 72, ®
FHHESRIC X Vs %2 BH T 5 2 L THROBREZIWT
Wb —HT, WEESRE T TOMER S I~DOREIC X
DIEROEESRONTWAIIIbH o7 ORT LA
Y N O BhESE DS R RE & 22 & 2= O AFAE I A 5 i
S0 EGMAELZL ) BRYAL =T A Y MIEN 5
el #Ez b, OFRRE TRRIE TS O - HEIF
FHINI i 2 Hilil 3 2 EEW O E S h KT, i
BoOWAITE X OHE - fllRREsHE Y Rond, HfF
ENBRHEDOWMBEERIZLTWBEEZ N, —T,
HEYORE SN TRV ETIE, MFRORE - L6
DOHEREIZ X DI DOMEATHS b NTze ®TApKEE
BAERO B KRN LARIIRE L0 LEZ LN
bo — T, WA UG fE 255 <+
ARERFERE TR TB LT, TAMOI THIFIICIZ

180.0
— AR K

, {4 178.74m
ALy - RN
;? 178.0 I AEERR

p {if 178.13m
g 1770 1 R A

f | {if 177.58m
;]?h.\'] 4 — AL

K fi

Hs
He
ye
Hs
He
HE
HE
He
HE+
CEE:
HE
HE
Hs
He
He
BE]
HE

BB RS R R R R R B W W W W W W e

oo g
00zt 8
08T B

000 g
00°ZT 5§

R—11 <7 LAYIOKEES (Etms, 2016e &
0 AER)

Fig.11 Water level fluctuation at Pekerebetsu river
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Sediment-related disasters induced by the 2018 Hokkaido Eastern Iburi Earthquake
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Abstract
On 6" September 2018, a large earthquake (the 2018 Hokkaido Eastern Iburi Earthquake) with the magnitude of 6.7
struck the eastern Iburi region, Hokkaido and triggered numerous landslides. The landslides were distributed densely
over hilly areas (400 km®) in Atsuma, Abira, and Mukawa Town, the total area of which reached 13.4 km’. All
landslides were shallow landslides except a large-scale deep-seated one generated in midstream area of the Hidaka-
Horonai River. The area is covered by thick pyroclastic fall deposits derived from the Tarumae Volcano etc., and the
strong seismic shock triggered shallow landsliding of them. Some shallow landslides occurred at a relatively gentle
slope (<15°). Shallow landslides moving along a valley topography tended to travel longer than those moving along a
non-valley topography. In catchments where shallow landslides densely occurred, the ratio of landslide area to the total
catchment area was very large compared with past earthquake events, suggesting that the catchments became highly
devastated. Based on these survey results, we propose viewpoints for preventing secondary disasters in the damaged
area and for promoting countermeasures against and studies on earthquake-induced landslide disasters in volcanic
regions.
Key words : 2018 Hokkaido Eastern Iburi Earthquake, landslide, sediment-related disaster,

pyroclastic fall deposits
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Fig.18 Study area in Horonai district (taken by SHIN
ENGINEERING CONSULTANT CO., LTD.)
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Fig.19 Profile of study area in Horonai district and failure,
sediment flowing down and deposition areas
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Table 1 Soil test results
TROHER A S] Ta-d | Ta-d | En-a

JedmEs 1105 m TR (1) | (R )

P1 (P2) P3) | P4) ! (P5)
HE &K (%) 86.6 47.6 99.9 1137.7 ! 74.3
RS (%) | 138.7 74 149.9 1 184.9 | 72.8
VRS (%) | 78.2 45.1 96.8 | 113.3! 44.9
PR 60.5 28.9 53.1 | 71.6 | 27.9
PR 0.14 0.09 0.06 | 0.34 | 1.05
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Fig.23 Valley plain buried by sediment and fallen trees
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Table2 Occupancy ratio of landslides in past sediment disasters caused by earthquake (more than 1 %)
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482 | z25n [J& RAR (AbA) LAt 7 A XGEHA O O CALAT & 45 JrERR 16453 H 31 H | pp27~pp42
483 | z24n [J& RAR (AbA) 1898 (BH1A31) 429 H A FFIF I Ktk O AT & 45 JMERk 16453 H 31 A | pp333~pp335
484 | Z25n [2& RAR (AbA) SENLIRWBERITAED KK E O FAbAT EAES Rk 16453 H 31 H . pp679~pp729
485 | z24n [J& RAR (AbA) KEDREBHELT @) FAbAT B4 5 IR 164E3 A 31 H |, ppl214~pp1237
486 | 2k [FE LR (GEIRNET)  |HhEA . HhVET O T 3R BT 5 JEFN394E12 A 10 A, pp66~pp76
487 | Z25n & AR (RN [(#ik oIy O [EE R T s JEAn394E12 A 10 A, pp280~pp282
488 | Z24n & RART (BERNT)  |kE O [EE R T S JIEAn394E12 A 10 A, pp769~pp782
489 | Zesn [EME FIHO HREBR O O O [S=rE T e JHFn454-7 H 10 B, pp143~pp190
490 | 2550 |SEPHT R N O [S=rE AT s J 145427 H 10 B, pp752~pp758
491 | Z2%n [EMETH T L M O [=MEAT EES @R Ep34E9 A 30 H . pp3~ppl5
492 | Z2%n [SEMH T TAXELYD N % O [T EFL @ m] R399 A 30 H | pp74~pp8l
493 | 2550 |SEMETH HARMUEOaZ & N\ % O [EMEmTEAS @349 A 30 H . ppl10~ppl31
494 | 2250 (=M NOEDH LB RO A O [ EFL @m] R399 A 30 H | ppl87~ppl96
495 | 2250 (=T — A A~ DR (E L B3R @) O [T EAL @ fm ] ER 349 H 30 A | pp305~pp321
496 | 2250 (=T KRGk E O =M EAS @RI ER34F9 H 30 H | ppl1394~pp1398
497 | 2550 | AR g O [HT AR BB 1A A6 10 H 31 H, pp35~pp60
498 | Z=%n | ARl A%FHEE O O [HT A RIS BB 1A A6 10 H31 H, ppl34~ppl39
499 | zesn &R bk DZ B LB O O [T Rl 2515 16410 A 31 H, pp739~pp909
500 | ZE%0 [FRETH FRVEHIPN O HiLE &k LR O [AR s B DR 134ELH 1 H, pp6l~pp67
501 | 2240 [FRFEH [TE BaRlZed) 3 LICRESN QD7 A XGE 4 iR O O TR s BB IEp134E1H 1H, ppll2~ppll7
502 | 240 AR BN ARDDT A XD ERE O [AREHT S & 2AI34E1A 1H, ppl53~ppl56
503 | 2850 [FRETH DT A XFEMA O O [RS8 F& 1 AI34E1A 1H, ppl68~ppl72
504 | ze5n AR WEICRFH TR E O [FRFEH S F&RIER134E1H 1 H, ppl223~ppl227
505 | 2850 | =45 EEN O O [Hr=Armis s im] RS 1A 30 H, ppA~pp37
506 | ZE%0 | =A% SEDFOHE O T =4rhish SRR S4E1H 30 H, ppll36~ppll138
507 | Z8%0 | =46 ZAEONLE SRR O Tt B =4 i sh SRR 13412 H 27 H, ppl0~ppl3
508 | ZE%0 | =A% =D A O Tt B =2 i SR JSERR 13412 H 27 H, pp23~pp26
509 | Z2%n |WE)IIT HigE O TiE)l s & B Fn564E3 H 31 H, ppd5~pp60
510 | 24 |vE)1lTH T A XFEMA LF OFEIR O @) [ mse F&EFI5643H 31 H, ppl14~ppll6
511 | Ze%n 7)1 Hi4, - 524 0 i 3k O [E)lms &R Fn564E3 H 31 H, ppd94~pp495
512 | 2240 W) UK E O [l s E&IEFN564E3 H 31 H, pp678~pp688
513 | Z&%n [KP)ITh )N DO O [FR=Ho®b) iR E&I19914E3H 20 H, ppd~pp8
514 | z&%n [KH)1Th T ASXFEOMA O O TARL=H0mp) i F2&J19914E3H 20 H, pp27~pp38
515 | Z&5n [i))II i KRIELKE 950 [RF=HOWIIHER FEI19914E3 20 H, pp370~pp372

11/39 R—2




E 1 REZHEE (HFEXEZXZ R FZ TN

] HilTF 4 AL P N sl
No. |#5t3 (H4) FARV S O SR P oy TR S04, AR, VA
516 | Z2%n |GG A O (s T S JiEFI394F11 H 10 B, pp46~pp60
517 | Zesn |GG JRKE O [T I FI394E11 A 10 H, pp72~pp74
518 | Z&%n [HkENTT a2 A O O [axE AT S JEFI394E11 H 10H, ppl26~pp0134
519 | zesn (@)1 B k&AL O [mige) || i s JSEpk64E3 A 31 H, pp3~ppl4
520 | ZE%n [T Hi Dk O O [ s JSERk64E3 H 31 H, ppl97~pp213
521 | Zegn ()T ERE O i) T s SERk64E3 H 31 H, pp825~pp893
522 | Ze%n |FEmEET e O T rEmEnT s IR Fn3 74512 4 1 H, pp20~pp23
523 | Z2%n |RaEmT M4 DOFLR O T EanReT S B FI374E12 4 1 H, pp33~pp37
524 | Z2%n |RaNEmT IKELXE O CrEEMsEET 8 I8 Fn374E12 A 1 H , pp622~pp661
525 | Z2%n |Fangmr LIRYERS O TRAMEET F4ESE E&INERS4E10H 1B, pp65~pp79
526 | Z2%n |FanRmr 4 O O TrAMERT F4EsE E&IERS4E10H 18 pp80~pp82
527 | Ze%n |mameET HBAd J O O O O FrEMREBT E4ES & IPRS4E10H 1H , pp96~ppl02
528 | Ze%n |mEmEET K E LI O CFAMEET e & PEEG4E10H 1 H ., pp49~pp90
529 | ZE50 |&RHEITHT HE I L O g O T2 H-yT 7 S B Fn504E4 H 20 H, pp3~ppl0
530 | 2850 |RHITHT T A X4 @) O [ 25 H-7T T 5 iR Fn504E4 H 20 H, pp45~pp46
531 | 22%n [SHThT K O [Z5 AT S AR Fn504E4 H 20 H, pp921~pp927
532 | Zesn |4SHTHT HUE 36 X OHIUES 1 @) [ZS TR EAE D (% @ sim) JPRk24E9 A | pp3~ppl2
533 | Zesn |ASHTHT H Sl B S R @) O [ZHACT RS (25 @ siE) JER24E9 A | pp51~pp55
534 | Zesn |ASHTHT KE O [&EFATTEES (& @) IRk A | pp372~pp373
535 | Ze%n [S&HThT K5 O (AT EAEsE (25 @ sim) JER24R9 A | pp839~pp847
536 | Z=%0 | Lwy)ImT TAXGEOMA O O kb 1WT s AR Fn634E3 A, ppl2~ppl3
537 | 2= | Lwy)ImT WSk oD Mt ER ) i 2 O [rmd ) 1WT s AR Fn634E3 A, pp708~pp710
538 | Z=n | Ewy)ImT JEK O [rmd ) 1WT s AR Fn634E3 A, pp1299~pp1301
539 | Zesn [Hf=mT Hi TR Ok O O [Ef=IT s < B3> P63 H 30 H, pp282
540 | ZE%0 [FE{=HT g O [HZiT s < %% > IVpk64E3 A 30 H, pp288
541 | Z2%0 |FB{=HT BT S E O [HZHT s < &> IV pk64E3 A 30 H, pp722~pp728
542 | Zekn |M{=mT TAZXAND AL @) [E A =my s < B3> Spk64E3 A 30 H, pp923~pp924
543 | Z25n | EET T4 0> H ok O O [EATORES & IEF374E9H 15H, pp60~pp61l
544 | Zedn |REnT HE A O [EATORES F&IBF37T49H 15H, pp24~pp30
545 | Zedn [RyEnT KEDTLIR IRKDH D I O [EATORES F&IBF37T49H 15H, ppl10~ppl46
546 | 224 [REnT Hhzh O [FBmTJu+-4E 5 iR F0524E12 4 | pp70
547 | Zefn |REnT A A5 O ST O [FBmTJut-4£ 5 iR 052412 H | pp84~pp87
548 | Zefn [REyEmT JHIBJF T - 14 O H Sk O [ EBmTjut-4 5 0B F0524-12 H | pp197~pp198
549 | Zefn [REEnT Hd R A O [EEET L4550 0 Fn524E12 A | pp198~pp205
550 | Ze4n [EyEmT Hid R A O [ EEET L4550 I F524E 12 H | pp207~pp209
551 | Z2%0 |R¥E0T KR BR O [ =By U4 s JIEFn524F-12 A | pp958~pp973
552 | Z2%n |38 LT T A RFEMA O O [ZE LMy 5F—& Rkt iF6 H 30 H, pp61~pp65
553 | Z2%n |SELET S FED IR @) [ZELmTss SF—2% I FpkonfF6 H30 B, pp288~pp294
554 | Z2%n | HEHT MR BR BT O O O [ A nT s i Fn6044 H , 30 H, pp3~ppl2
555 | Ze%n | A BT $HEDFESR @) [ A RTS8 JiEFn604E4 7, 30 H, pp657~pp667
556 | Z2%n |iHiFIRT REHDRKE O [ T s I Fn424511 A3 B, ppl07~pp109
557 | Z2%n | FIHT LR OBRER O O [IrFAmT s JiEFn424511 A 3 A, ppl09~ppl14
558 | Z2%0 |V FIHT W4 zxbhs O O T FAmT s I/ Fn424511 A3 H, ppl61~ppl62
559 | ZE%n [Hr-+E) 1T ' O [+ 1T s JRE R4 143 A 25 H, pp58~pp63
560 | Ze%n [Hr-HaE) 1 mT BRSO K 5 O [+ 1T s JREFn4 143 A 25 H, pp93~pp103
561 | Z2%0 [Hr-+H T T4 O O [T+ 7 s JEFn4 1473 H 25 H , pp282~pp289
562 | Z2%n [Hr-HE) 1 mT K ERLEE O [+ 1T s JREFn4 1453 A 25 H , pp941~pp962
563 | Ze%n [Hr-+E) T HZA O [r+H)  m A S %343 A 31 A | ppd~pp5
564 | Ze%n [Hr-+E) T ' O [+ | B 4E s PR 34E3 H 31 B | pp5~ppll
565 | Ze%n |t mr B R O [ B E s Rk 343 A 31 A
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570 | 2550 #7117 RE RO O T3+ 4 5 2Rk 343 A 31 H |, ppl052~ppl1073
571 | Zekn |+l my Rag O [T+ 1 B =5 J Rk 343 H 31 H | ppl218~pp1227
572 | ZE50 Wk LFmT HhZA O [iks 4-17 5 WA Fn544E4 A 30 H, pp93~pp96
573 | Zesn |bkiy LHT 14 DFLIR O O ks AT s I3 Fn544F4 H 30 H, ppl08~pp109
574 | Zesn bk AHT JEKE O (ks 207 s I Fn544F4 H 30 H, pp813~pp828
575 | Zesn Bk AHT R & T O TR AR E AL 5] R4 11 H30H | pp5~ppll
576 | Z2%n (RS AF-MT B R HE O [T E A5 R IERB4E11H 30 A | pp645~pp656
577 | 2850 |Wkis2F-mT (AR /S 30 O O [T E4 S &I ER64F-2 H 28 H | pp3~pph
578 | Z2%n |hkis A4=mT JRK D Rk O [T 4 &I ER64F2 A 28 H | ppl8~ppl9
579 | ZE50 Wk AF-mT 4 O (AT 4 &I ER64E2 H 28 H | pp4l~pp46
580 | ZE%0 [RRACHBIMT DL - Al - Hi B O TREAZ BT s IR FR624E3 H |, ppl6~18
581 | Zesn |BkAQ BT FRAR B D4 & O O TREA BIET s M Fn624E3 1, pp5s8~T1
582 | Zesn |BkA BT BRI E Oz Ek O TREAZ BT s I FR624E3 H , ppl499~1503
583 | Z2%n |RNvElT HoREERBE O [RR T 58 JIE 44429 H 120, ppl7~pp30
584 | Zesn |WEHT M4, o 3 O O R I 52 I Fn444E9 H 128, ppl57~ppl60
585 | Z2%n |RNvElT K5 O R HT 52 I Fn444E9 H 128, pp313~pp326
586 | Z=%n |RNvElT iz O TR HT B 4E S JERR24E11 A 30 H . pp3~pp7
587 | Z2%n |RuwElT R EE T OO HVEE O [R5 4E S Rk 24E11 H30H , ppll~pp25
588 | Z2%n |RNrElT T A XGE 4 O O TA9ERT i 4 s ) k24FE11 H 30 H . ppl01~ppl102
589 | Z=%n |RNrElT o g P ) O [N]SR P FERk24E11 A 30 H . ppl35
590 | Z=%n |RerElT BAED R O [T |4 I ERk24E11 H 30 H | ppl37~ppl73
591 | Zekn |We T KE O [ RT 4R S JERR24E11 A 30 H | pp223~pp225
592 | Zekn |dbaEmT 1B O [Ab#EmT s W Fn434=3 H 25 H, pp51~pp56
593 | Zefn |db T FFER T A XGEM A4 O O [Ab#EmT s W Fn434=3 H 25 H, pp77~pp80
594 | Z2%n |dLrElr H ARG O [ Ry s JREFn434E3 H 25 H , pp324~pp334
595 | Z2%n |dLeElT H R E O FAb Ry s JRE 43453 H 25 H , ppd75~pp493
596 | Z2%n |vH3 HHET 1A M O [ 3 3 T 52 IR Fn574E12H 10 H, pp58~pp83
597 | Z2%n |78 HET 4 DR O [ 3 im v T 58 IR A5 74E12 A 10 H, ppl19~ppl28
598 | Z2%n |78 HmT JEK DRI O T3 vE F T 5B IR Fn574212 H 10 H, ppl027~ppl031
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599 | _FJIT [JB )1+ EINAROTE L O CHE)T s 25 —& ] PRk64-6 H5 H , pp3~pp40
600 | _FJII eIl JI AT 7K O CHE)T s 25— FRk64-6 H5 H, pp55~pp74
601 | _EJI| [7E)1ITH go== O CHE)I sk 25 = & JPEAR 14453 H 22 H, pp790~pp804
602 | I eIl BROHEM CHETE) T 28 2% PRk 14423 H 22 H , pp1008~pp1015
603 | EJII [ews 58 O CHB) s 45 =& R 18423 H 30 H, pp613~pp624
604 | EJII |[j@)1ws BELF OO CHE)T 28 =& PRk 184-3 H 30 H, pp910~pp922
605 | _EJII B )1 i S R LT @) CHE)T s 28 =& PRk 184-3 H 30 H, pp1268~pp1280
606 | EJII [jE)iws SELWBEFL @) CHE)T s 200 PRk 214-3 H 31 H, ppT770~pp776
607 | EJII | ERiwT HTR & BT O [50HTs JEFn444:7H 1 H, ppl2~pp20
608 | EJII | LRiwT H R HE O [R5 ) Fn4449:7 H 1 H, pp27~pp28
609 | JII | =R RIT A XG5 M4 iRt O O [=50HTse JEFn444E7H 1 H, pp98~ppl104
610 | JII | R K5E O [+ s JHEFn444E7H 1 H, ppl104~ppl117
611 | bJII [EBIT (5H A #T) HTR & BT O (50 B BT 58 I Fn564-11H 1H, pp6~ppl4
612 | _EJII [=50ws Gy A #T) RIS E O TEA H W7 5 B F564E11 A 1 H, pp588~pp631
613 | I [ =317 (54 A HT) JEK L DRI O il A BT s - 520456 H 30 B, pp542~pp544
614 | EJII |& % G Ami O Cors st B R L14E11 H30H, pp50
615 | EJII |& % e XA D4 O Cors it B ¥R 114-11 H30H, pp73~ppT74
616 | EJII |& % FR/K L) || BRBE O [#r4 T B URIEAI14R11H30H, ppd75~pp481
617 | HJII | &% HuTR L O [#r4 sl 3B EAL14F11H 308, ppl2~pp37
618 | LJII |44 75T (JEEmT) AT Rt O [/l ] 50 IR Fn424F4 5 20 H, ppl~pp3
619 | EJII {4 %5 (JEEmT) FoeAd [JEGE T 5 JiRFn42454 H 20 H, ppl5~pp21
620 | bJII |4 %7 (JRGEHT) PR L S O [EGERT s 25— & JPERR 1148 H 31 H, pp24~pp33
621 | EJII |4 %5 (JmaEmy) JEK D FE AR O [EGERT s 25— & SRR L I4E8 H 31 H, pp922~pp924
622 | BJII |EEEh HARSE O Fes BEpish 45 =% JERk64E5 H 30 H, pp248~pp254
623 | bJII |[=EEri HEDH B O [EEBFmS & IHEFf434£12A9H, ppl~pp2
624 | BJII |= REmT HSRBRBE O [ BBFish o5 —&IMEf434E12A9H, ppl8~pp27
625 | B)II [& BEH TAXGEIZEL D o4 O O s BEEmS 5524l fm434£129H, ppl06~pplll
626 | )l & BB -+ EEREKE O [e BEpiisl #—&IWf434£12A9H, pp323~pp333
627 | BJII |& BT TR -IRL O Fe BBl 45 & 444524 1 H, ppll13~ppll8
628 | BJII |'E BEi KE O [EERHS 55 &0 Fn444E2 A 1H, ppl19~ppl28
629 | FJII | fmmy 4 o sk O O CIEAEIT 52 JIEFn484-7 H 31 H, pp32~pp35
630 | EJII [EEApmT JERRNT D B SRER5E O T EARRT 58 A Fn484E7 H 31 H, pp35~pp56
631 | FJII [HEspmT K5 O [ JEARRT 5 IR Fn484E7 H 31 H, pp318~pp329
632 | )1 [Fehesmy i) O O [ oy o 0 F484E8 H 1 H, pp3~pp39
633 | I [Fephesmy SEDIAE O [ AR s M Fn4847-8 H 1 H, pp801~pp821
634 | EJII [ kT )Mo HigE O [ 24 jRET 52 JHE Fn504E1 H 20 H, ppl2~ppl8
635 | EJII |24 kT Lo R s O O [ 24 kT 5 IR Fn504-1 H 20 H, pp120~pp129
636 | _EJII 24 pRMT S5 AIE O [ 24 kT 58 IR Fn5041 H 20 H, pp833~pp856
637 | FJI | 4 BRET Hg & O 24k 4F S SERk54E11H 1 H . ppl7~ppl8
638 | )11 |24 prmy FEFEAREKEOTE O MY E A RS 4E LA 1 H  pp757~pp759
639 | Il |ZZRIET ZRI DL F O O [ pmy s JAEFn444E3 H 31 H, pp93~pp94
640 | _EJII | 3BT T L M O 22510 52 I Fn444E3 H 31 H, pp220~pp254
641 | Il |2 mmy K O T35 BT 5 JiE Fn444-3 H 31 H, pp815~pp823
642 | JII |=R1mT T A XGE 4 iR O O T3 BI AT 5 JBE Fn444E3 H 31 H, ppl110~ppl113
643 | FJII |5 RImT L i O [ 2% BN AR Resa s a6 48 H 1 H | pp4~pp9
644 | EJII [ EJimT HTE - BT O T ) 1ET s JiEFn414£9 H 10 H, pp53~pp99
645 | EJI[ | EJI[HT T A XGE A iR O O [ EJimy s IiEFn414E9 H 10 H, ppl239~ppl251
646 | FJII |F)1mT AT ;-5 X O 821 RT 5 IR Fn504E2 H 28 H, ppd7~pp54
647 | EJII |52 1mT $gs o= O [ #0)11mT 5 JAEFn504E2 H 28 H, pp197~pp211
648 | _EJII [BR)IIMT e & A4 O [HINETSR SE2& P T4E8 A 1H, pp21~pp3l
649 | EJII [T K O [HUNETEE 22K 748 H1H, pp780~pp783
650 | bJII |SEBEMT 4= O [SEBERT 58 JIEFN32427 H 31 H, ppl~ppl0
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652 | )l |ZEBEHT THie AR O [ SEEEmT s JIRFN32457 H 31 H, ppl03~ppl29
653 | FJII [ZEptmT KE O [ 3= Bl 58 J 32427 H 31 H , pp466~pp496
654 | bJI |SEBERT HSRERBE O [SEBEHT 4= 50 Rk 124F12 H 1 H | pp3~ppl3
655 | )1 |SEBEmT EBOTAXGEMA | B @) O (S BERT 47 S Ak 124F12 H 1 H | pp49~pp56
656 | 1)1 |2EBERT EBLDO H14 O TEBERT 4R Ik 124E12 A 1 H ., pp82~pp86
657 | )1l |ZEBERT KE O [ LB A PR 124E12 A 1 H ., ppb53~pphh8
658 | _JII | EeARET L[ & 2 O CHEATHTER 28 =& FRR999 H 30 H, pp3~pp29
659 | EJII (Al Yo O 4 &k O CHEARRT SR 28 =& FRR94E9 H 30 A, pp30~pp33
660 | FJII |EeAmmT FEARRT DA O TEeARET S 5 =& FRk94E9 H 30 H, ppl09~ppl10
661 | EJII |EeARmT KEDIRAE O CHATHTEE 28 =& JSFRR9AF9 H 30 A, ppl241~ppl1244
662 | )il |EbARHET AT OBAEE 2D T LbAR MY 58 ) Fn394E8 H 10 H, pp51~pp55
663 | EJII |EeAmmT 4 o sk O O T LA BT s JHEFn394E8 H 10 H, pp60~pp63
664 | )il |EbARET AR O T EeAR BT 52 JHEFn394E8 H 10 H, pp74~pp78
665 | )il |EbARET MERBIO O [ LA T 58 JIE 39428 H 10 H, pp78~pp89
666 | )il |EbARHT K O [ beAr iy st iR FI394-8 H 10 H, pp776~pp796
667 | EJII | FE R EHT H KRBT O [ E& BBy s JiEFn424=8 A 150, ppl~ppl0
668 | EJII | F& B 2T =it O [ L& B EpRT s AR Fn424E8 A 15 H, pp66~pp68
669 | EJII | F& B ST TAXFEO M O O [ L& B Bpmy s AR Fn424E8 A 15 H, pp75~pp76
670 | Il | E& R EPRT FE BREFO I EE O [ & BB A4 Ea 10428 H | ppl3~pp22
671 | BJII | E& B EpHT ) -E BB e T A XK O [ & BB E4 s ER 10428 A | pp132~ppl41l
672 | BJII | E& REAT +FERBOTAXFEMA O O I EE R EAR 10458 A | ppl50~ppl54
673 | BJII | BE ELEFHT SKEOFTEE O [ E&BRBEESL 10484, pp3l6
674 | I | ELEFHT HEh O (e REpnTs E2%BEFN614E3 H31H, pp2~ppb
675 | E)II [ & B BT Hi4 O O [ R sl & IIEF614-3H 31 H, pp6~pplh
676 | FJII | ppny U O g BEpHT s & ERI614E3 A 31 H, pp66~pp94
677 | E)II [ E B ErHT R D 55 O [P BT s & IPAn61423 H 31 H, pp440~pp456
678 | )il [FEE B EpAT HTE & BT O [ s LB & IVE34E3 A 31H, pp3~pp9
679 | BJII [FE & B EpaT 4 S vk O O (s BN &V k34E3H 31 H, pp26~pp55
680 | FJII |Fg e & syl NN O [rE e BRI S &IV 34E3 A 31 H, ppd63~ppd78
681 | _EJII | 5 EER: AT O HigE O [ 5 et A 5 IR F384-11 H 23 H, pp3~pp6
682 | FJII | 554t TAXGEOHIA O O [ o5 A s I Fn384211 A 23 H , pp38~pp40
683 | EJII | H5EEAT KIE+—4HEDKKE O [ o5 etAT s IRE 384511 A 23 A, ppl92~pp194
684 | EJII | 55w KEOHLFEL O [ 5 b4 s IR Fn384=11 A 23 H, pp299~pp304
685 | EJII | d55EAf Hugt ORERRI) O T 554 52 JMEF384E11 H 23 H, pp818~pp820
686 | EJII |54 MGG (FR4) O [ o5 etAt s JFE 384511 A 23 A, pp833~pp834
687 | I |\ 5eAT Hi5E (7 5 ) [ o5 etAt s IR FN384E 11 4 23 A, pp853~pp856
688 | _EJII |5 EEAT Hi5E (==) O [ o5 At s IFE 384511 A 23 H, pp875
689 | EJII | 5EEAT HiEE (Lh~2) O [ 5 eEAT s IR Fn384E11 A 23 H, pp891~pp893
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729 | =g [igmT BBAIEEDE - KE O [T P75 Rk 13422 H 28 H, pp458~pp459
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737 | W (AL HhFH O O T LRI s ISRk 254E6 H |, ppll145~ppl147
738 | BB [#ILBIAT HEE O O T AR s ISRk 254E6 H , ppll51~ppll56
739 | BB [#LBIAT HEE O O T ALRIAS s ISRk 2546 H , ppl169~ppl171
740 | BB [HLBIAT HE O O T AR s ISRk 254E6 H , ppl180~ppl184
741 | BB [#0LBIAT HEE O O T AR s I5ERk254E6 H , ppl189~ppl192
742 | BEW |ERIHT KIEDLF O O [z 1 T 50 JFEFn324-8 H 20 H, pp2~pp3
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745 | BEW | AR DB S Tt O [z My s JAEAn324E8 H 20 A, pp32~pp33
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874 |+m—vr|pl ELET TaK @) [ BT s 55255, HEFN45(1970) 423 H 20 H, pp311~pp313
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881 ||y ELHT {7 i L A, HOBh O [ BT 5 JHA 53 (1978) 4F, pp23~pp24
882 ||y ELHT T A RFEHIA i O O {75 FELHT 50 JHE 53 (1978) 42, pp37~pp40
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