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For the geological disposal of high-level radioactive wastes, evaluation of the radionuclide migration toward the human
environment associated with groundwater flow is essential in order to secure long-term safety. Therefore, Japan Atomic Energy
Agency (JAEA) is implementing a program for developing methods for assessing long-term groundwater flow in regional scales.
The present project is a part of the above and we conducted a study on key factors regarding changes of groundwater flow from the
last glacial to the postglacial stages in the Horonobe and surrounding areas which were most likely covered by permafrost then.
Specifically, geomorphological analysis was carried out using aerial photographs and a high resolution (10 m) DEM to obtain the
distribution of the slopes that had been formed after the last glacial stage, and the relation between the geological conditions and the
erosion depth of those slopes was analyzed.

The results are summarized as follows:

1) Although periglacial smooth slopes which expanded widely in Horonobe region over the last glacial stage were eroded by
rainfall increase and steeper slopes had been formed in the postglacial stage, this postglacial erosion is not uniform and is strongly
influenced by the geology. In other words, the drainage density is low and less than 40% of periglacial smooth slopes have been
eroded to the present in the Koetoi and Wakkanai Formations while it is high and 60% or more of those slopes have already been
eroded in the Yuchi and Sarabetsu Formations.

2) The depths of valleys formed during the postglacial stage can be classified into two types with a comparatively shallow valley
in the formations higher than Koetoi and the comparatively deep valley in the formations lower than Wakkanai. Additionally the
varying processes of a river-bed altitude are different in the northern part and the southern part of the region.

3) From the result of the above analysis, it is concluded that the factors which change the groundwater flow system when it
shifted from the last glacial to the postglacial stage are disappearance of permafrost, rise of river-bed altitude of main stream and

rainfall augmentation.
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Fig. 2 Terrain classification of the study area based on aerial photo interpretation. White: Smooth slopes formed during the
last glacial period , Blue: Dissected slopes in postglacial, Yellow: Alluvium, Other colors: Terraces and developed

zone.
Zet B BT X 2 I HIEE O R, IRAEHIEC 351 S ATE @ HESRMFIZE > T, ABECRRREICH KE < EN
W Z DWW T, BIATRTAR 2 0 & L TIROD X 5 12 X HALTW5.
na. S FE D JE AT IC DU T, IR B GBS A E

O —HTRDO DD YRR, BT ORE D BT FINC & o THIRZIAE G 23 KBNS PE S 41, KA T8 ITiR %
DHERICEL TV GoefiRe LM INTE R E RSP E KIS Sh T Y V75 7 v s
bOTHD. LIZi>T, D& D 72 T URT 4 v ¥ a Tl FT2DICR L, A - BEAE TIdE

BRI EAL TV e, FESNEEENETY V757 v a /L 5BE0NE
@ HT Y O E R T LB R KT W EARENTWAS]. 29 Lo BEDEN, it
203, BHATHURR & Fel U CHUGEEDZ L. DOBINTRIFRLE, BEECRRER EOMREZ L LT
@ WEWEHNLKRMIRIE TR~ Tt snd WAHEBZ LD, 7272 L, EUKIME IR R A — BT
M3 HE CIE, #d R ) BEMRD T ICR A0 —BRNTRIE OBIMRIZ E DB AICHLBO LD DT, 22T
KATELT, BISTATRARO NN EZALH & 7 P TE AR 36 K O ORI~ 2tz s i 6 %
% DOEALIT DN T, IFIFERBRICA T Tz o &l &

@ PBRFTRTY L2 B EEGRAOKMIG RSV B,
AL O R RN T HEZATIE, TOFF
By i & By OB Rl 5. L2 Brmmo 3.2 HBMRITIC & ZREEREOSH
TR AR 2~3 AERT & ZEZ BN D DT, 20 RDOAT v 7L LT, oKL TEL S i A o
B OSEFHINT BT DO FLI(E A k- T, TR0 2 D A3 Ak & R b, (R A & HUET & O RIRSE
R AT BT 23 J K IT P SV AR T L B B L 7 & e & DWW ToHHd 27w, il fili o¥ &R 2

nas. GIS(Geographic Information System : HIFfEH > 2T £H)F

S BIZ, R OBRFTRTROALE, 7ed 6 EKIT M — 2T %L LB, BFEOERE DEM & HIV TREKIH
VERHA & BRATARNE O O K/NE, B E LLTF O X W OUIIRNT 21T o 7. 7235, FRNTICHE C& 2 @lg e
) BRERPRDOEND. DEM (% Fig. 1 IZ/R L7z X 912, ZEHEREIC L 5 M6

D JEKITHEE A SR <, 7 2 2 < el BT AL FEPH O VE R0 ORI L 23— LR 72, Hiji
WA % s, FRIBRE) - MENB (A - SRR L Z OFIFHICOWCEM L. H L7-&EE DEM
72 EOSHTh 5. I ERAE I 10 m A » 3 = DEM T, Pk 10 km, 3P 12.5

@ BIRESERTICEL, — M TY R RIRDEED km(1001 X 1251 A w2 =), ZE[450fiF6E 10 m, & 0.1 m
bV I, ERIEWE )OSk CH D AT, WHERH 7 o 7 — I K> TR S e b D

@ KT & BRAT AR O T FE S AR EE 72 D T %[25]. DEM D ZE]EEER I3 AL R (Northings) A3 4,982,540
X, BRI (D - B - R RB (L N - B m?2*5 4,992,540 m, #H(Eastings)?3 564,600 m 7> 5 577,100
R EDSAATH S, m (UTM(Universal Transverse Mercator System : =L =/3—

58



Vol.17 No.2 WAL ISV Z 30T 2 JE DK HAE D AT ORI 48

JVRR A VT3 S VBIIEIC D < AR )54 1, WGS84(World
Geodetic System 1984 : KE2MELE L - AN TH 5.
Fig. 3122 @ DEM mbAFK L7c RN EZ R, 723,
Ll D 7= I [EH EHIBEFED 50 m A 3 = DEM DOEEX
ZOFEOR L. BRRER LY, T3 ch 5k o
INRRR BRI OWT, 50 m A v 3 = DEM TiXiZ e

WERBENRNZ EBRHLNTHS.
3.2.1 FEEMmEtkfmomEE

B AKINTTER S V72 SRR, oK 72 o TRoK
BN 5 2 L, BXOFEDKRERR < 72 0 B E AL
FEINRRDZLICEDRETIOERIZMES T, BE T
FEVREBPIHESD. TS LY FEREICAEDNL EiE
U, KRB S 5. £ Do thok BT Al
BTN T 5. 2 2T, SRR S - FEiRkhE
DK EORERA SN0 ERXNTHEB L.

50 m DEM

TR IRk b = R K R T~ (BoKIDIAt it + VATt D)

X [¢)
100 (%) Fig.3 Hillshade map within the scope of the

. e geomorphological analysis by using 10 m interval
FRHEOERNL, B A 7 L BHFERA(2002) [26]0 DEM (above) and the comparison of resolution

MRS A4 1L E Mo T ME XA ~N— AT, Fig. 41277 L9 with 50 m interval DEM at the red-boxed area
72 MU A A NS Fe DWW CHIE RN FHI L 72 & Hiufg o 1. (below).

B LAUT 0@ v ¢, BKIRE O AIRPLE Fig. 512, %

oK 1Ak FE =R O FHHIRE R 2 Table 1 (2R,

G R e S W SRR
R B e e o
o W ¢&§hygﬁ?4/f%;1awiﬁﬁ
BN b S D P N E NG
VAR sl s
SN s e Sl R
B ISl TR ST S et
S R A e TR R T
OO T T e e
G B Lo S [T RN
(7S SN e 6 W g N N
SESenE e RaNER NGaS 6t
B E s RBREL b T
M 5 S v G GoN S =
N e P S b 2
Nt 2 G s B
SR PR A T e T A S
e NG S ST R e B E

Fig. 4 Distribution map of geological strata in state to strip off alluvium and drainage nets automatically extracted by using
10 m interval DEM.

59



JRA )18y 7 = FIFSE December 2010

FHRIJE(SD) « B - Wb - L FEDETE D DA THEDPER SN TOZRWEE THI)I & LTS D

S, HERIE & HRAE. R, EDOHIB G L) RAKRREBEIZR->TLES 2L,
BHE(Ye) « HE 2RI BROZEPEEHG Tl SN DT & — & L2
R (K - SRR OB E e 23 4. ZENDLRLBRWEDTH D, AWETIE, WriEhmo v
HEPJE (W) : JEBEO AR 2R BEE S & 5 W e FHR A LWL 0 3L, 22 SRS BV TR X
B OO AR 22 B FUE 25 AR DMK ETAME E bo &b L —FHT 5L LT,

IR (M) : BEE, s, TRE DR [EIREEEZ 0.14(F7 7T VT U E L 702 - fo W5 % S Se SR (R 8E) &
BB A T TR OHERI A B O/ TR EF LTz, KREEICOWTIE, 250 m FIFGICER T 7281

I & VR VE L TR S 7o BT ) & R 0. FRICBWT, 221 500m W FICEENHKREEZRD
TRAKIRE(SK) : H~Hhib s & s D HE 578 THBROBEMEEAL : km/km)ZFHELT-05, Zhbo
DR, B, BERCS Z . RT — % % I\ T IDW (Inverse Distance Weighted : i

BERFERIENC L VAR L, 10 m A v 2 = ~PNfE L T Fig. 6

SR TIIKPUTER SN2 TRRE O 45% BRI (ORI il ki, Zhick s &, KRBEOE
AV REEZZTTEY, HBEHITHET 5 &, BKEIRE SR TE O ERIRE S & OB B, 75 1 P gk (WL i i
HEPLRES 3DV — T shD. bbb, B 28, RURHEOHIRER L ORAKRETHS. =

B & BAETIE 60% L EORBBMIREZIT TV 5. A5 3 HUI X NNW-SSE Sl O {HsRfh 2 £ 5, Mok &
—J7, FRERB I OHENE T 40% KO HRE LovME & KA TH 5.
EZTTOVRY. FTe, ZOTALOMBER L ORE R F7o, HUBHOT D & O ARL LR ARL S E L

BT, 1EE 50%DHEBENMEEEZIT WD, 2D L9 PR ABLIE, Bl U7 KR OB DO ABLON-EE & L TR
2, BRI S5 0 JE X BRAT AR AR i CRidE L, H LT 5. AKRESE « SRR « I PR AL 0 Hh = B
WUZ X o TIEBEIAT AR S BERR IS L CRlm A8 0 & - 7= HfE R % Table 2 1ZRT. 2B, ZOKREEOMHEIL, H

KL RS> TWD ZEPBBNTRoT. BRI D EICAROLEHE L B TO®EBENSHEH L T
RIZ, Fig. 4 1R LIZAKRE IV TORREEZHH L7 % HKEIAHE LR D K 2 VR B X O A8 O KR
ZOKFRITI0 m A v = DEM M5 HEHRE L TRV, FEIX 9 km/km® 22, HOKIIRHEEEO /NS W RE R

BO N FRREERORMEREERT 777270 LOMNE T S~6kmkm® L 2> T 5. £iz, HEH
DI E T D FERTIZ MV, Zhud, &< PRt K IR HE 2R T 8 o T- BB 35 L OV S A R 8 T
(PRI O 6, AR TURIER T B A TER 2 L FEEIC 8~9 kmvkm? & HREO 22 KRB 2ok LT
THFEEMND L, Bl T CIREARERPRE < Ro W5

T AN

e RE
L

s
hET

=]
L
b e
Tt o
AT l

ﬂm
e
A

S

7
=
50

NN
\\
]

AR A T
Pk
)
N

WA

T

~

TN
ANt o7

T
g_%a\’t
AL

fﬁx

A AR

AR
NNEVAY

i

\
3:
B

T

DN ARAL
)

'
|2
T B R
Y
I
0

j._,
=T

e
iR
N

AT TIES
S5 s

8
T
&
§ 2, 000m |\ B NS 91!\“/

Sh:ERIE Yo BB Kt:FEM

=
ST
Ay

T

<\

eniEA
i
7

L)

¢l

o
,—-i

o
7% ¢!

0

s
s aans
] P

FRBE L UHNE

il

£y
S
ke

Lo

= [[h

Ay afillE: 500 m

e
-
Jn et
!

il

nH#ARE MhBIRE SkRARRKRE

S

Fig. 5 Distribution map of dissected slopes in postglacial represented by green color. Occupancy rate of that slopes per unit
area is different by a stratum. Yc and Sb: mainly composed of sandstone, Kt and Wn: siliceous mudstone or shale,
Mh and Sk: consists of mudstone and sandstone alternation.

60



Vol.17 No.2 WAL ISV Z 30T 2 JE DK HAE D AT ORI 48

Table 1 Measurement results of the postglacial slope ratio from Fig. 5. Approximately 45 % of smooth slopes have been
dissected during postglacial on the whole. By stratum, it can be classified into three groups; Sb and Yc: > 60 %, Kt
and Wn: <40 %, Mh and Sk: Nearly 50 %.
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Fig. 6 Distribution map of drainage density based on the drainage nets of Fig. 4. After calculating the respective density
value at the lattice point of 250 m interval, this map was made by interpolating into 10 m mesh on the basis of IDW
method. The density is especially high in Sb, Yc and the westernmost part of Kt. This zone coincides with the position
of a fold axis.

Table 2 Measurement results of the drainage density, mean gradient of land and averaged channel gradient (by stratum).
Furthermore showing the values of erosion depth in postglacial and averaged gradient of smooth slopes within the
area forming postglacial slopes measured by Fig. 9. The erosion depths are shown dividing into postglacial slopes
and fossil periglacial slopes.

4 ﬂ%ﬁégﬁ T AR AR TR (m) Tf;’%%s
(fen/kn) ) BEC) | okt | FiEsE o
T 51| J=Z (Sb) 9.28 15. 88 7.49 7.04 0. 50 11.55
FHJE (Ye) 9. 66 16. 69 7.39 9.85 0. 26 10. 41
= (Kt) 6. 60 12.72 7.89 8. 46 0.77 9. 58
HEPNJE (Wn) 5. 58 20. 86 14. 56 16. 31 1. 00 14.52
HE5E (M) 8.00 21.52 12. 83 12.77 1. 66 12. 83
=S A R (SK) 8. 84 17. 14 11.58 10. 49 1. 66 10. 48
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Fig. 8 Summit level map of the entire area under
analysis (a), present contour lines in red frame
part of "a" figure (b), and estimated contour
lines of smooth slopes formed in the glacial age
(c). A contour line interval is 10 m. Blue squares
show ridges, green triangles show the highest
points of elevation in each 50 m mesh, and pink
dots represent the outline of slopes dissected in
postglacial ( = sky-blue zones).
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age (Fig. 8).
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Table 3 Calculated result of mean erosion depths and rates by stratum and average of overall. Depth and area are tallied

with dividing into three types of slopes; (a): postglacial slopes, (b): fossil periglacial slopes, and (c): valley plains

in alluvial. The values of mean depths and overall average are weighted by the area.

FIKHBREFE () mfE (km?)
P - ~ P - — Fiy EHRE
Fm fm TH fm Fm T8 m (mm/y)
(a) (b) (c) (a) (b) (c)
S HIJE (Sb) 7.04 0. 50 10. 74 2.789 1.745 1. 146 5.78 0. 48
FEEJE (Ye) 9.85 0.26 13.72 5.618 2.525 2. 644 8.55 0.71
7 R (Ko 8. 46 0.77 12.77 12. 374 21. 360 8.234 5. 39 0. 45
HEPJE (Wn) 16. 31 1. 00 23.51 7.899 12. 558 2.253 8.56 0.71
R JE (Mh) 12.77 1.66 21.81 7.298 7.028 0. 999 8.26 0. 69
SRR E (Sk) 10. 49 1.66 17.31 5.395 4. 807 0.036 6.37 0.53
EEMEFY
(area-weighted 11.08 1.00 14. 96 — — — 6.91 0.58
average)
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Fig. 14 Summary of geomorphological analysis showing similar topographical features to each color.
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