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THE STUDY ON THE DELTAIC PROCESSES OF
THE RIVER MOUTH IN LAKE BIWA (I)

——On the deformation of the Fujinoki river delta—

By Seiichi Kanari, Akira NARAGAWA
and Atsuyuki Y AMAMOTO

Synopsis

The paper deals with the problem of dynamic processes of river mouth deltas in Lake Biwa.
The delta of Fujinoki river mouth, which has a small dimension and deforms remarkably, was chosen
as the study area.

Observations of daily change were carried out through three methods: aerial photography
with balloon, daily photography by the Automatic Camera with Timer System, and level survey.
Samples of deltaic sediments were analyzed by sieves for granulometry and the hydraulic observa-
tions related to the sedimentation were undertaken principally as to water velocity and river runnoff
around the river mouth.

As a result, on the development and modifications of deltaic pattern in the Fujinoki river
mouth, the major characteristics are summarized:

The apparent shapes of delta subjected to the lake water level, change daily and seasonally
corresponding to the river runnoff; that is, typically arcuate shape in early summer, meager
or submerged in summer, extending and deviating to the left in autumn, most enlarged and lefi-
deviated in winter, and then contracting.

The net developments of the delta are estimated by three methods; the first, from photographs
and outline maps, by extracting influences of the water level change; the second, from contour maps
by level survey; the third, from volumetric computations of sediment discharge due to catchment
of traction load on the river bed.

Further, granulometric characteristics of deltaic sediments subjected to the past and present
hydraulic conditions, are clarified and classified on the Sorting-Median diagrams.
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Fig. 1 Delta region of the Fujinoki river and the location of the study area in Lake Biwa.
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Fig. 2 Blockdiagram of the Automatic Camera with Timer System (ACTS), recording
daily variation of the shape of the delta.
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Fig. 3 Progressive development of the Fujinoki delta.

(1) and (2), from aerial photograph by a balloon; (3) and (10), by
levelling; and the others by ACTS.
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Fig. 4 Change of the profiles across the Fujinoki
delta by levelling. (a) the longitudinal
sections, ( b ) transverse sections.
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Fig. 5 Contour map of the delta region of
the Fujinoki river by levelling, (a)

surveyed on July 29, 1971, (b) on
Nov. 30, 1971.
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Fig. 6 Size distributions and Sorting-Median diagram
of the superficial sediments over the underwater
delta in the Fujinoki river mouth.
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Fig. 7 Longitudinal profiles of water depth, Fig. 8 Sorting-Median diagram for the
median size of grains, sorting measure sediments on the delta front in the
and water velocity in the Fujinoki river Ukawa.

river mouth.
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Fig. 9 Sampling positions of deltaic sediments on the surface of the Fujinoki river delta
(a), and the horizontal variations of the granulometric parameters ((b) and (c)).
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Fig. 10 Grouping pattern of the surface sediments
on the Sorting-Median diagram (a), and the
Kurtosis-Median diagram (b).
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Fig. 11 Vertical variations of the granulometric parameters obtained from two core samples,
of which one at the point C4 and the other at the point Bs. The Cy-core was devided
into eight pieces and the Bs-core devided into eleven pieces of sub-samples.
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Fig. 12 Sorting-Median diagrams for the core samples,
(a) at the point C4 and (b) at the point Bz in
the Fujinoki delta.
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Table | Hydraulic characteristics of the Fujinoki river.

Mean Max. Channel Max. Mean Total
Date Station depth depth width velocity velocity flux
(cm) (cm) (m) (cm/sec) (cm/sec) (I/sec)
B;-10m 12.0 14.0 1.6 37.0 26.7 51.2
Nov. 30 B 11.0 16.0 2.3 55.0 35.2 87.8
1971 1 River 6.2 11.0 2.6 46.0 282 | 454
mouth
Dec. 25 ].31 7.1 11.0 2.1 67.0 42.0 C 626
1971 River 8.4 11.0 1.6 63.0 46.0 61.8
mouth
B1-10m 8.3 14.0 1.5 47.0 33.0 41.1
Jan. 25 B: 10.3 15.0 1.95 470 | 25.2 506,
1972 | River 5.6 11.0 3.7 540 | 439 91.0
mouth
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NW BoHB L BbN 5l G~9 cm/sec) BHRLN 5o FIIKRBHOT delta DFE8IAE R (—A8HR) ~
1 m/sec BEOEETHEBLTWAR, AOLLHIZH> THEERTVWRL T, Lid, OB 3~
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Fig. 13 Flow pattern of the lake current and outflow of the river water in the delta
region of the Fujinoki river.
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Fig. 14 Cumulative curves of grain size of the bed load in the Fujinoki river, plotted
on the normal probability paper.

Table 2 Estimation of the volume of discharged sand.

Date Nov. 30, 1971 Jan. 25, 1972
Flux of river water 75 lfsec 98 I/sec
Mean velocity at sampling point 50 cm/sec 60 cm/sec
Opening diameter of bed load 7.3 cm 7.3 cm
sampler
f)asrtli;nated volume of discharged Qs =74 m3/120days Qs—"78 m?%/120days
Md, —0.29 0.42
Y 0.96 0.89
Qs/Qc 0.255 0.269

Volume of discharged sand estimated _ '
from the Fig. 4(a), (b) Q¢=290 m3/120days
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Fig. 15 Linear relation between grain velocity and grain mass

over the traction

LAKE WATER(as%)
88°Cc

G 1
Horizontal distribution of water
temperature off the mouth of the
Fujinoki river in winter.

load in the Fujinoki river mouth.

Fig. 17 Shape of the delta surveyed on Jan.
25, 1972,
Numerals on both sides of the broken
line show water depth at the top and
the foot of frontal face of the delta.
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5. & =

Cdelta DR R EIED BB T, BHREBMHHOMITE L WERTZ 0, BHL delta HESED
FREER T, - O—FHOBEEIITE > T, BRAMAFIERRG THAN delta o L wE{L#
BENENEACT > TERLTOL LVORBLEB OGN, ThROWTH, Th3TREAL OB
REBLTRRTERLY, ROTENLOBRLEMRT 52 LI L - T, EROBRHEHEMHITEEL
TH LI

Fig. 18 i3, HHAFAREGMERIICFI2DRCE S WL HFRT, ORBE6CZmmo5H 27 HE
Rk % 1M, 50mm 08 F 31 HOMENKH, XX 48 mm 09 7 0ok 1 B LB A &
ARBERLTVS. 246 A 11 HAH10A 11 HETOMMIE EELSIC 10~30 mm 2THHE+ 5
PHEKIZDY, RIFOBWEMTHoTro TOBRIZAKRE CREKBNMED T, 4741 ATk, LaNTZE
¥ 10mm, 1 A 19 B (30 mm) B H MICKKMEAbNT, COMBEHRTEONIFEROBKELRE
XD LICREEMBES B, WOKREELD ETEABERMT 22 EHTE Do
BAI464E1H1ASS WA 4 4B TOBAS LU SRy BICHT 3 BbillEMokiRgt
O.P.+8545.4 cm #:¥25] & Eid L1 0 % Fig. 19 (TR BOAR TRERA E SR 7 BOIZITPHICSH

100 : | ‘
E PRECIHTAT! DN AT THE OTSU HYDROBIOLOGICAL STATION
=z
o
= |
£5°
(3]
(1]
[« 4
Ap. May Jn. a. Aug. s o N 0 J
1971 1972

Fig. 18 Daily precipitation at the Otsu Hydrobiological Station of Kyoto University
by the Fujinoki river mouth.
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Fig. 19 Seasonal variations of lake water levels referred to O.P. +8545.4 cm, observed
at Katada and Mihogasaki.
The delta of Fujinoki lies between Katada and Mihogasaki.
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b, WKRAEEEORKKMELIcHEd 5 om BET, FHMOKIEEHERS TR, —F okl (&
A8y *BOARORLOKMELELTIZEODDLENTH D),

ORHETHE, 6 HATE»LIA LARMFCERTR2EOMEAN (65208, 8H 30 H) H+LUE
AEE(7H29H, 9H78) 50, 21 AhFAo—KE A K LEOH®% 125 24 0, 2 A 8~12H)
CIBIZERORBEKIBEL T2, EHOKMEBORKMIEH 80 cm ¢, Z0XEBHEIAT7HID 12
A2 ARPTTEL TS Z0L ) ZREEZKUEBRA D delta OBHBRICKEAEMLEDEET
To HEIHTARNLIK, BRILL 2291 EOBREMICELEAROL ) 2RMEFHOEEBE IR T
WEETHE. ZORBLHREL > TEENEZBRELEZ LY HTOIT, KEOFELWAOBEEREH
LT delta OB HIMAOERO LB EIT L BEOREEHRTA LI

Ocm 426 78 cm ¥ TokfrZE % 9 2% (0, 10, 14, 20, 26, 30, 33, 415,78 cm) L, ZhFCIRADES
NIEEOFPHOARMDOIZIZE LY (20EN 2~3cm LIRN) 0 EKEH L T ENMIRT B KETH
Flico Zod bz Fig. 3 & LCRLINTWA DI, 7KL 14 cm T Fig. 3 (2) & Fig. 3 (5), ki
20 cm ¢ Fig. 3 (13) & Fig. 3 (4), /kfz 26 cm i3 Fig. 3 (8) & Fig. 3 (16), /K fi 41.5cm ¢k Fig. 3
(1) & Fig. 3(A7) X U5) TH 5,

FIAMLTH Y ZBOBHBROREL2HBE, WKBIVAHETHL LE L, ZOEREELIT delta @
HEMEERO—EAEELLTOEIDDE, 20k delta OEBBLIUOHRZOHEBEL LTHAVWLZ EIRT 2,
BHEROHMWTEVBZTHVIZOOBRUTTEHT 0

® B, AT Bline % x @i, Lline % y $i& 9 2 BERLMRT 5. LREUDWTHO » BF R~ LB
DL (Zn% R EF2) KEAL, BEBR=r 2%x, NLEOANKES T %DM~
@ delta OFEHOBEL XD TIHELE LTHAV S, 2¥IC, AREMORMERER (Zh%P £:35) 0
yEEE b L, INELARFAODMHORZOREL LU OKMOLER « AROHRLELTAVS. 3
Vo, delta HET 2-line LOITRMEY Q HEL, 20 yEE ¥, % delta KoM E#Hs8L LTAW
50 ZO3DORTUTHEER delta OFHBRERBET LI LEATETS S5, REOBRELELFO
BHoERERTIENTEL )

WK OEEXRE LIJET, delta BHBLOBREEFELLIVELRER - TRELERE—EL
¢ Table 3 |27,

HLPMER T delta BROBREZLRER LML OIT, A—AMEH 5 20FLKIIEWT, 1,
Y1 IU y (203 D>0E%H4 T shape measures LPES) 2D HEDILEYRD . r lIFIEIZH O
GFR~NOEROBEYE b+ DT, D IT extention ratio L ZT1F X 5, F 7, y1 ORI stretch ratio
L&D, ERODHOERZIREF~OMUEAEED L, GRDNORALG#ELBGEAOHEE L
%o ¥s O breadth ratio L PUSE KD delta OB ER b T, T b D 3D0 k% growth factors
&P 55

Table 3 |21\, extention ratio [ZEB LTA L 5o 72& 27K HE 10 cm @ No. 2~3, ki 26 cm @
No. 5~9 3 & U7k iz 41.5 cm @ No. 2~5 (2RI 2 11318 1 1T, AR~ OHI o 2 RER> 2 T
EERLTWAS. ZORER, BIZI0ATELOBELARPTCOBMBIS Y, HESEMTRIDEL,
KD BRIEDOFEHTH S, —F, KA 14cem @ No. 1~2, k47 20 cm ¢ No. 1~3, jkfiz 41.5cm @ No. 1~
2 % 721d No. 1~5 [T\ T, extention ratio A% { &3 15 L EDiliEHo, Thbicd@iz & id,
WRIZ, REOKLE2EUGEHTHL8 AL 10 ARAETOMBERBLTWEIETH D, LEA
T, k2 415ecm @ No. 1~5 [Z6 H2 ADOLEELH2ZAETOI0 W AMIC 2. 25 L7 2R T
WaA, ZO6HEITHEXELMNOOL M AMIKRELZIDTH 5. T &R UBIAE stretch ratio
breadth ratio LoV T LT LIE L 2Tl %\, stretch ratio KL T, B @ %K ERALL
T TRERICHES MBI L 2 EHBOAREER O bIBT L 3 —E0BEERE ks,
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Table 3 Geometry of Delta.

mig,:gfes Growth factors
Wat Fig. Extent. Stretch | Breadth
level [Nos| Date | NG Ir(m)yi(m)ye (m)| "L | Pl | ratio | Remarks
0 cm ; I]‘?:l():' 35, :;é Unaltered.
) 1 |Nov.21,°71 .
10cm | 2 |Jan. 6,°72| 3(12)| 33.0{ 160 |—160| 1.0 1.0 10 | Alite
3 25, |17 36.0| 31.0|—180| 1.1 1.9 1.1 gec.
1 |Jun. 29,°71| 3 (2)] 26.0| 7.5 |— 6.9 1.0 1.0 1.0
2 | Nov. 23, 3 (9) 38.0| 18.5|—13.0 1.5 2.5 1.9
3 | Dec. 31, Submerged ;
l4cm | 4 |Jan. 4,°72 July and
5 10, September.
6 12,
7 {Mar. 8,
; g:(x)% %g, 71| 3 (4)| 18.0) —5.0 |— 2.8 1.0 —1.0 1.0 Flow direction
20 ¢cm T of river mouth
3 Jan. %g, 72| 3(13)| 34.0| 26.0 |—16.5 1.9 5.2 5.9 changed.
’
1 |May.21,°71
2 >
3 |Jul. 3,
4 | Oct. 27, Broadened.
26cm | 5 28, 3 (8)| 38.0{ 19.0 |— 85 1.0 1.0 1.0
6 [Nov. 9, Elongated.
7 |Feb. 12,°72
8 | Mar. 27, 3(16) 35.5| 18.0 |—14.0 0.9 1.0 1.7
9 25,
1 [Jul. 6,°71
30 cm g Oct. %;’ Longshore bar-
1 [ Nov. 6 rier, at the right.
5 |Mar 27: 72
1 |Nov. 2,°71
2 3
33cm 7y Arcked shore-
2 Mar. 29, °72 line.
1 {Jun. 2,°71] 3 (1) 158; 6.0 |— 1.7 1.0 1.0 1.0
2 [ Oct. 15, 3 (5)] 25.7| 3.0 |— 7.0| 1.6,1.0 0.5,1.0 4.1,1.0
3 13, Extendin,
4l.5cm | 4 |Apr. 1, fronet g
5 2, 3(17) 34.0| 20.0 |—10.0| 2.2,1.3 3.3,6.7 5.9, 1.4 :
6 3,
7 4,
s Submerged.
1 {Jul. 29,°71 |Photo.
78 cm ’ Overflow near
2 |Sept. 11, 3 the trunk.

AfL 415cm @ No.2~6 2 EITROND LS, 2M BT HHAITHIKRE LD, Thid, WAL
Dk Lickio THNERPD 5T L LT, 2MORITL 2BOBRITL - €, HERRDHIER
L, MEMEINLZ LIKREAT S LEL OIS, breadthratio [ZOWTH, TITR—BMEZERNER -

EpEIZ

— 18 —

LT E B NA, KL 41.5cm @ No. 1~2 [ZHnT, HEMBARIZTEAKXZ LBRLN S, &
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BRiCiE, KA 78cm officd R L g/ Figo 19 A EOR B X 51T, 7 AKS 5 9 A LAIT delta 4 4khs
2MHkEL TS G, #BEIOFRNIRKITHE > T2 ROBEBMIWEREMITHESY « BHIhi (kLx
iZ, Photo. 3; 9 11 H), 10 A LfUP L O~ RME T IS T, 2L OHEREIVKTEIZER L
EWBEMORIKELFRTH 2 EBbN b, ZOBADITHMNEIZE 3 A FTH DK EFIRIZ, barrier
DERBROND. bEIMT, BERLL LT, HRTREKNAL > EHLHIRIZERT 208RL
N3, WINIFEITL 2 shore process L2 HLILbo TOLH % process ik, T OEBOBEEY ORER
HEXEL, #I3HITB~I LS % Sorting-Median diagram | COFIRK 53 B %\ Id KA O P M FEE
TRETHIDTHHI o T @ delta OERITRIZTERE LTRENT I LOTEEZVWOR, TRIZB-.
BWo#BBHOFRRTH 250 H kOB TS %, Fig. 20 [2F 2 S8+ 2B 0o RE OMEQ 0T HIA
DEERERT Ay L OB WITHE DD ) Do, KRS NIcHAIIETT2HICE - TIF
b, ARDHEHROERLRTBEADSS hiibh b,

Photo. 2 View of the Fujinoki river delta. Photo. 3 Flush out of the Fujinoki river
Photo taken on May 22, 1971. on September 11, 1971, soon
after a rainy week.
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PROCEEDING DIRECTION, ' >

OF WAVES /
Aug 26,197I
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Fig. 20 An example of the proceeding direction of waves
attacking on the shore of the Fujinoki delta.

INETTREBHNARROLEMIZONWTOER LT E » e, TORROEMANEEGEHOEMLICLS D
OTHHT R, 7H 29 HORKN & IEITEARKMITEN 11 [ 30 B oKEMELS dROLN S, Fig.
50 (a), (b) FEEOMRITEL 2% delta DHFHHRRTH 24, TOR»DH —100 cm OHFEE ¥
L LT, 20 Lo delta OfkFE* Bt > 7ofE R A Table2 0 FMIZRINTWDE, THIZTEL>T, TH 29
H& 6 11 A 30 H%To 120 HEICH 290 m® o REWARBENOB- 2T EPWOLDITE o Tce T2 11
A30HFLU1 A 25 BIZHE LRAERREEORIOFHMEE A% LT, LR 120 HEOHDE L ilE
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LThbdE, T4~T8m?® QL i, HEREPOLOREYHO 26~27% KL% b%\ve LB LEHRD,
BH %7 % - - OBREMBEBEH/NE o2t bS5, JOBMOKBDREFEMELE L L L TI120
HEOHEBBOHEE XTI L eEEThE, HEESKEOKBEELD 30% F[IKRE -2 &1,
REDEICES,RBY MBI NEBERYZBETREL >R L EERTIDLELTINVTS S I,
BEORNZE U TEDBHMANER EOMOBEBPBELMAIN LA EEICHEHKEL, LEEXMELEL
bRBY, ThICHTIBERIREELLR TR, LROECHDE TR TEMOBARTEET S
17, 290 m®/120 days % 4ERJEHME & A 2R IEMARIZ 870 m®/year L % 5%, —F4, THTH»HL1LAT
HAETCOMBREIRIZ L RALDESEMTRIBL->METELLEEL T, PEHIAE-
T3 # 300m?/year DAR L% Do Licdio T, BOKNPLOMALTE RIS & 25 100 m®/year D
BLEZTIINTHA)0
Re O delta DA RAEBE L HEHEEEIL> TER L TUT b0 —H L LT, BN
WHEBOE LWEEOKF O delta [T WTRRNE, KB LK delta R OB TS, ZHOD
BN L 722, BEVEEEZLTRLLTLITAEEREBBONLE BV, LA LEAD, U
ERRTREL ST, BOK delta DRZOBFHMICHET 2V OhDORREABZOHAE~NORBLYD 512
ERLNIERL Do
UTRABOBAIZL 2R LEABOREEENT 50
(1) KEIEH L7 delta oIBREBHMITKE CEMT 20, —ERTEIZHEMZERICERT 2
MBROLNE, ZORPTOBREMZBKLOEHOEBELREL ZFCTRIA, FHEMHIKIEH
CRENROND. CORERTHL LU 9 HOHKRICHES ZRD sediment DPEHICET 30
TEEHITIKREAERLET 24, delta BEUTOEMPMEKEL X UKBEBITL > THEUH
LHRUAEANEERBRENZEREZRT
(2) BEOAKIJI delta DRI FRE L 0.3 ~2mm @ sand OEWHEITD Y, % OKESAEMER,
THRETH L AEMETR ML, delta BFOBFRERTHIL V. F DRHEITHE > TEA O 54
PI~fD o TRBANS S 258, EEMREETEECHENKREL, 208K RKIE
W, BERZOMOBEBBTH—BMKALT 5. 0 2l AOKEREMsFELRM LT,
82 core ¢ Sorting-Median diagram 6, delta OBELOEMRELIBEL > 2o aEELRH L o
# 7= Sorting-Median diagram % I {f Kurtosis-Median diagram |- {232\ T, delta #5592 8ER @
KEREICRARARELIBEOBACE S EHEEANIETH Y, HEOREEH O LA
T5ZEIRLY, delta ORBEL L UCHBEEEOLBLET SO ORBLBBLNIY, 0K
LT, 4%, L0EA»DIEBATEICL 2B ST LMMOR A delta TORBEMTIZL 2 H
BET% ) LEXD Do
(3) ZHOBORNOFEL L BF OIET 5H#E%E L KICHBRBA L1T% > TokR, »wihd ¥kE
T B % DM FHHH L 25~46 cm/sec, ifHBIZ 701 /sec BETH o 7o £, MO LM~DOHH
X O pattern iR L, #li k@ core velocity i3] O b DEEMEIIZIZH A L T+ 5 Em s
I ddibice T OWEFED pattern REIK EWKOFEEZOHEEZ T 230 Bbh 54, W46
8 H 26 HOB/KHHIFOBAKD MTORER, KE ¢ fikod oty 04g/l §EhTekh,
N LK EWKRDOEEZZ 41074 g/em® BBET, YEORKEMKOBEE? #5°C) 1Tk 2%
BEOFBLHIKRE V. 7L, TOBROKEHBEKRIEAILZ3DTREANDT, KKEKOKE
Bt EEITA2 ) DENRD D, THEEHELT, FREORBEROBANLIS, FHOHDRORHED
%o e, KMBRHELI 2REDBAI S REERTTILEND L, $7, delta OEHIT
HFEORKEWEOBERZOWTR, BOFRABIZOWTOBELTOHE L, THETETOBOER
BRI 24sec OIBIRE > T—H T LK 10cm QHTITE LN S 2 & LHBITSER L LM
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B EZRBUEZERABON TR WY, HOBERROARA, BT EEIR FRURGHERE
LT, BITL 5 delta ZROEBRITETHFETH %o

E: 2

COWMEEZTTBICHIch, CbMAMLE L BICEOANFRMINEREREDAFOEEZE2 00
TR BB TR L HEEERAFETRRBERE S UTROH 20 VITHERABROH B L EH O
BrET 20 37, CONETHEA L -ERARIOFEBRARBABEEAZOANEREOMFEICL
VBRPEENIRDOTHY, AEBRFHMREARENERFIEMOBEFELL > CTRFELECHBET 2EH
Fito Talcinic, 37, RAEBOBEFITR, ERFFEAVBEOFELHL IO b L. T 2R TLH
LORBEET b b, TOREO—BRXBERNEMABOMBEICL > TiITabNIL D TH 2,

1)
2)
3)
4)

5)

g2 # X #
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