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Table 1 Measurement results by synoptic surveys using ADV in the Toyohira River, 2010-2011.

St. Date Number of Total Total Mean Velocity)(@m/s) Discharge ISOUncertainty
Verticals ‘Width (m) Area (m’) Depth (m) Mean Max. (m’/s) (%) (m’/s)

1 15-Sep-10 31 47 8.67 0.18 0.43 1.16 3.71 2.7 0.10
2 15-Sep-10 35 56 12.01 0.21 0.28 0.77 3.36 2.2 0.07
3 14-Sep-10 33 31 7.19 0.23 0.46 0.70 3.32 2.8 0.09
4 15-Sep-10 27 17.8 4.56 0.26 0.66 1.10 2.99 29 0.09
5 14-Sep-10 24 223 6.55 0.29 0.41 0.74 2.67 3.1 0.08
6 14-Sep-10 28 26 8.98 0.35 0.31 0.52 2.81 2.5 0.07
7 14-Sep-10 25 34.4 23.45 0.68 0.12 0.17 2.78 2.4 0.07
8 14-Sep-10 25 21.9 11.14 0.51 0.26 0.41 2.85 2.6 0.07
10 15-Sep-10 33 38.2 9.89 0.26 0.29 0.59 2.87 2.7 0.08
1 24-Sep-10 37 47 8.80 0.19 0.34 1.08 3.03 2.5 0.08
2 24-Sep-10 37 56.2 10.92 0.19 0.28 0.72 3.08 2.5 0.08
3 25-Sep-10 34 323 791 0.25 0.39 0.66 3.10 2.5 0.08
4 25-Sep-10 27 18.2 4.11 0.23 0.71 1.11 2.92 2.9 0.08
5 25-Sep-10 23 222 6.47 0.29 0.43 0.73 2.79 3.1 0.09
6 25-Sep-10 27 253 9.20 0.36 0.30 0.50 2.80 2.6 0.07
7 24-Sep-10 26 34.4 23.14 0.67 0.11 0.17 2.62 2.4 0.06
8 24-Sep-10 25 22 11.02 0.50 0.23 0.37 251 2.6 0.07
10 24-Sep-10 33 38.1 9.76 0.26 0.27 0.55 2.66 2.7 0.07
1 8-Oct-10 38 474 11.43 0.24 0.46 1.16 5.29 2.3 0.12
2 9-Oct-10 40 56.2 13.61 0.24 0.35 0.82 4.75 2.0 0.09
3 9-Oct-10 32 32.8 10.34 0.32 0.48 0.78 4.99 2.5 0.12
4 9-Oct-10 26 18.7 5.82 0.31 0.76 1.35 4.44 2.6 0.12
5 9-Oct-10 31 24.5 8.23 0.34 0.49 0.76 4.06 2.6 0.11
6 9-Oct-10 30 26.6 10.85 0.41 0.39 0.67 4.22 2.3 0.10
7 8-Oct-10 25 34.5 2538 0.74 0.16 0.24 4.08 2.4 0.10
8 8-Oct-10 25 22.5 12.96 0.58 0.31 0.54 3.99 2.5 0.10
9 9-Oct-10 22 34.6 2191 0.63 0.18 0.26 4.04 2.7 0.11
10 8-Oct-10 34 38.3 11.65 0.30 0.39 0.66 4.49 2.4 0.11
2 24-Dec-10 33 56.80 23.60 0.42 0.61 1.18 14.38 22 0.32
3 23-Dec-10 36 34.30 17.33 0.51 0.79 1.26 13.61 1.9 0.26
7 23-Dec-10 27 52.10 30.86 0.59 0.42 0.65 12.90 2.3 0.30
10 24-Dec-10 32 43.70 19.11 0.44 0.74 1.35 14.07 2.1 0.30
1 4-Feb-11 30 36.9 15.52 0.42 0.57 1.12 8.91 2.4 0.21
2 4-Feb-11 35 57.1 18.83 0.33 0.47 1.07 8.80 2.1 0.18
3 2-Feb-11 38 333 1391 0.42 0.65 1.09 9.10 2.0 0.18
5 2-Feb-11 30 34.6 13.88 0.40 0.63 1.02 8.70 2.3 0.20
6' 4-Feb-11 33 49.2 21.56 0.44 0.40 0.65 8.52 2.1 0.18
7 2-Feb-11 22 353 32.29 0.92 0.25 0.36 7.94 2.7 0.21
8 4-Feb-11 26 23.3 14.96 0.64 0.54 0.78 8.08 24 0.19
9 4-Feb-11 30 44.7 35.39 0.79 0.22 0.33 7.84 2.1 0.16
10 3-Feb-11 39 43.8 15.37 0.35 0.55 1.05 8.49 1.9 0.16
3 31-Mar-11 36 33.7 14.66 0.44 0.67 1.18 9.82 2.0 0.20
7 31-Mar-11 28 34.5 31.34 0.91 0.28 0.40 8.88 2.2 0.20
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Fig. 4 Example of measurement results of the Kariki Station (St.10) for 3 Feb. 2011. Upper shows the cross sectional
distribution of water depth (0.1 m interval, 1 m moving average, and 5-point mean) and velocity (points by ADV and estimated
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WIE L CHEET 5.
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Fig. 5 Measurement results for the longitudinal discharge distributions of the Toyohira River. KP is the distance from the
confluence of the Toyohira and the Ishikari Rivers. Error bar represents the discharge uncertainty calculated using the ISO

method.
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F—2  FRERBIACR D SEHE S 5 R0%E (R @ Rk (R%), &l @ fiK, BEALIZ4Tms).
Table 2 River leakage calculated using the stream water budget method with measurement results of the synoptic survey,
positive value at water losing and negative value at gaining. Q, U, dQ, and dQ-U respectively denote discharge,
ISO uncertainty, rate of leakage, and uncertainty of leakage.

Measurement Results Tributary Discharge River Leakage
Pumping | Shojin
St.2 st3 St7 StL9 St10 | o Sousei| River | St2t0St10 | St3toSt7 | St9to St.10
a2 Moiwa | Minami 19- | Minami | Azuma Kariki | River (distinct
jyo Ohashi Ohashi (outflow) | (inflow) (losing) losing) (gaining)
Q> | U | O3 | Us | Q7| U; | Qo | Us | Quo| Uio | Osousi | Qshojin |dQ2010| dQ U | dQ 3107 |dQ U |dQ go10| dQ -U
14-15 Sep. 2010 | 3.36| 0.07 | 3.32| 0.09 | 2.78| 0.07 2.87]0.08 0.42 0.08 0.15 | 0.11 | 0.62 | 0.11
24-25 Sep. 2010 | 3.08 | 0.08 | 3.10 | 0.08 | 2.62| 0.06 2.66|0.07 0.38 0.05 0.09 | 0.11 | 0.53 | 0.10
8-9 Oct. 2010 | 4.75] 0.10 | 4.99| 0.12 | 4.08| 0.11 | 404 | 0.11 | 4.49]|0.11 0.33 0.07 0.00 | 0.14 | 0.98 | 0.17 | -0.45 | 0.15
23 Dec. 2010 13.61 | 0.34 [12.90| 0.30 0.29 0.13 0.84 | 0.45
24 Dec. 2010 | 14.38 | 0.32 14.07] 0.30 0.29 0.13 0.15 | 043
2-4 Feb.2011 | 8.80| 0.18 | 9.10 | 0.18 | 7.94| 0.21 | 7.84 | 0.16 | 8.49|0.16 0.28 0.11 0.14 | 0.25 | 1.27 | 0.28 | -0.65 | 0.23
31 May. 2011 9.82| 0.20 | 8.88| 0.20 0.37 0.11 1.05 | 0.28
unit . m3/s
A AN EA.
KBTI, U, 1 3%5% Lzt s & OUKA 4 L5t
TCEBBL T b2 L, UY,, (BIBUIRREE) 1 L
NOFWHBAIHEREIN TN L5, Wi dh Ml %
o, FRUY,, STNORE, ERMICTEAE S
WV ERLED (Healy, 2010). 22T, (RIXRORHE 3 .
AU, , & BN R A RO TRHEEUY,, OHK
F3 5 &L, 2o EDAMEEME % W3 1UL, 2 ﬂ
0.
ETROWREQ, 0B L UNHEMU, UzHWT ’
REFEDAFEEY, TR THE S NS .
~ 5 0 5 Discharge O, (m’s) 10 15
Uitaj:U(l)im/:V(U"Q')LJr(U/'Q/) x100 (4) . . .
o, B—6 i & RE=EDOMMR, RiEst.3 TOBE,
HEMILSE.37 5 SLTH OHEE RS, T T —/N—
F—210, BEBWHT(i=2) 7 5 MERBIFT (j=10) RS L 72AHERE (68 % 15X ).

M, BTGS2 1940 (1=3) e 18 © Betion bemeen rver iochares and leekase O
MG (j=7) M, GE2SEICH: U5 4G (i=9) 2° and St.7.
5 ERERT (j=10) Bl D &IRERAQ, , &, TNH
DAFEEM (U, - dOy o /2 & DIEIRFAE) & F & Z OB IX I LR T S 195 K1E (St.3) @
W7z, FLEQ,, MM ZIREREAO, 2 AMEEME & B 12T
R BUAAT (St.2) 0 & MERELIET (St.10) Y DR 3 oy b¥5E (M—6), VI0BKKELTTH- 72
%@hmiowm%uT@¢éwﬁt&ot.:m, 9H D2 DBIANT & 2 RERIF0.5 m*/sTE TR R
I DHEWT A O A S, G (St9) fHE%x LS, FNL EOTEOREREII DV TEAME
iﬂc TR OHHMEM AL L, At OB LREATE EME (68EHEXMH) bEETIUL, FIF—EITHAR
AR END 720D TH D . AHEEHE Uy o d HETHY L. OH 02 OEGINIC X 2B D EHEKEZ K E
WCREWZ &S, RBIIOREE (RRECE2-3 %) < (B 21395 % EHEXH) 3 ISR RIS

ZH o TLTH, MBI O EZLom b WHEMED H Y, REUAFERDO A D5 139 H 020D
FEELWES 2 5. Eﬂ(ﬁ“fﬁ’i’ﬁk LTREENZWMT A LEMET AL

LRI DS R 195 KME  (St.3) 2B RAE FEE LV, L L ds S S ETI F o gk
(St.7) FIDRKEFEAQ;,7130.53-1.27 m¥/s TIEA D 5 . 0.88 m’/s, 9/ D20l D FIH % B\ 72 R = X



-3

B (St.2)

- JERBUAFT (St.10) 12

IKIC - KEIRFAEE 5525% 9527 (2012)

BB ARG & BT L O

Table 3 Comparison between results of synoptic surveys by ADV and conventional measurements by propeller at the Moiwa

(St.2) and Kariki (St.10) stations.

Synoptic Surveys by ADV Conventional Measurements by Propeller Discharge
St. Date Number of | Total Mean Discharge | Uncertainty | Number of [ Total Mean Discharge | Uncertainty Ratio
Verticals | Area(m?) | Velocity(m/s) | Qapy (m%/s) | Uapy (%) Verticals | Area(m?) | Velocity(m/s) | Opy, (m%/s) Upro (%) Opro/Qapv
Moiwa 15-Sep-10 35 12.01 0.280 3.36 22 12 12.03 0.33 4.02 8.1 1.20
(St.2) 24-Sep-10 37 10.92 0.282 3.08 2.5 12 11.30 0.33 371 8.1 1.21
24-Dec-10 33 23.60 0.610 14.38 22 12 24.63 0.61 15.05 72 1.05
Kariki 15-Sep-10 33 9.89 0.290 2.87 2.7 9 12.52 0.25 3.16 8.9 1.10
(St.10) | 24-Sep-10 33 9.76 0.273 2.66 2.7 9 12.69 0.35 3.30 8.8 1.24
8-Oct-10 34 11.65 0.386 4.49 23 9 11.29 0.44 4.95 8.9 1.10
24-Dec-10 32 19.11 0.736 14.07 2.1 11 20.06 0.62 15.25 7.4 1.08
3-Feb-11 39 15.37 0.553 8.49 1.9 9 16.12 0.64 9.48 8.5 1.12
1.04 msT&H 5 Z &b, FXEOREREZK1 mYs RIS T 5.

ERBLTIEIRYEERD.

g (i=9) D OMEREBNAT (j=10) MOKE=
dQy10l3-0.5 mYsHITR DA DIE (FER) Lo 7z
REWTIZI0H L2 D20 OERE D AT H 5D,
0.2 m¥/sHI B D AFETME Ugo1p % ZHE L T O EDHIZ
bbb\, ToOo, FXETIREEIE TR
#o THMLTEY, HTFRINTNANFKALTWES

REMEDSE VW EE 2 5.
4)ﬁ TEE DS

A BT (St.2) EERBIHET (St.10) TI,
e E B TR IS & B BUTE O =Bl 25w 1252
HE I TWAD, T|—3IZ, RE & ZIZREEZZH
gwﬁfﬁot$ﬁ@tﬁﬁ&<ﬁﬂﬂ%ﬁﬁwﬁ
EWOM) 12X BB Z L L 72, BUTEOAR
e, Gt BRI RK 3 2 NS u, % RE

DFEFEIENES % & L, ARELIE & FARICE S L 72,
MELIAT & b BUTESARBIINC H~UKE, e b
REOOMHETHMSNTEY, ZOMHKE, HELH
ATEDRBINE X 1) 10-20 %HTHEAE < & B HEIAH
Hote. BUTHEOKRBEIHED FafpREE A% L,
R & SRR (BN A A b, ARE (505
SEWEE) ICHARKRELARERBILR TV, F23H
oA GEET (ZEdEhEP Y 1 7)) (&
LT NET 720, WMPFUTT A54, A%k
WET NEEREICHT LREREL 2D R\,
FIZEKERB I B TUE, WOERT DS E T & 5k
(ZWXIBIP Y 4 TOHAE9 em) 235 N5 RERIC
TRRINMICHET 22 8, X0 R E itk % Bl
THERNE R D, BUTHEOREEE LT 5 &£ 7-
9 %IZFET A, T AUITTHEIFED 5 EEmD37-10 &£ 4
W EITNZ, WEE B ROAHEE Em, (5 % &8
) bREVWZOTH Y, KRBT (2-3 %) D2-3

5) MEZ7AT 741 7— (ADCP) & DLE®R

FEHAL ML HE 7T 7 74 5 —  (Acoustic
Doppler Current Profiler, LA FADCP &E2d) (&, i
TEREWT T D Ui A3 AT 7% 15\ R RE AR I ZHE R B
ENTELD, HELNREEOBIE S R
BEHMANOFEH RS, EEZOWADHES
hTwa (FF, 2010). KBTI, ADCPIZ &

5 i B % 201142 H 3 H 2 73011 (S.2,3,5,6,7,9,10)
TATVY, 20114E2 H2-4 A2 BT 2 RIS F & HeEs
L7z, BRICHERELEIAT (St10) TIXFE—BE%], [F—
IR CABIH & fE4 CTADCPOEIHI 247> 72, v
72 ADCPIZ Teledyne RD Instrumentstl: DEKE (ki
2 mPLF) HADCP “Stream Pro” C, A& [7]—
WA fEATHRAL, KM AAE2 0 OB %17 -
7z. Stream Prold ADCP® ' C I L ER A 5 v B i 4%
(2MHz) OFWHEE VD 7280, EAKETESHRED
T AT HF D AL, ADCPHEA D IKIH R FRAT I D
AT /NS KT E L. FEHIANTEA S % EREEm
J~O A HH S i ST 2 (BT, 2010).
Vi ST I WinRiver (Teledyne RD Instrumentsft)
MV, ZOBE, AR OREIZ O TIKTEAHE
BRI 1Z B OFt s, JARA I 3 86 5 i A &
SRR CTHEE L7242 AJJ L CTw b

B—712, JERBUMAT (St.10) TOADCPIZ L %
IR - om%[ﬁﬁ.%mﬁ_. Stream Pro® ifll %2 FR 5 7k
R130.15 mOARR7Z2, ABUITIIBIROZEIZ X
) KEEH30.3 mAREE % F[0] % ) e (40.5-47.5 m)

DO EARME % - 72, ADCPIZ X % it oA i
ADVIZ & 2 KRB R (R—4) ICH_Tl%TH
5 D3 R ELNASHAIL D, ZOENIE, FEED
T R P2 TV B IR IEH1Z, ADCPAYE:
BoM» W 7)) v 7 (ADVIZ40RFH) D7z
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Fig. 7 Example of measurement results obtained using ADCP, at Kariki Station (St.10) for 3 Feb. 2011.
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Fig. 8 Comparison of ADV and ADCP results.
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xF LADCPIE B 2R O I T 2 fll§ % 720, &k NTHHEH SN TWAS (Stone and Hotchkiss, 2007).
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Synoptic surveys, conducted using stream gauging at several stream cross sections during a short period, are often
applied to quantify rates of river loss and gain. In the alluvial fan, the complexity and variation of depth and velocity
distributions cause unacceptable uncertainty of river discharge. A synoptic survey was developed for this study to obtain
greater accuracy and efficiency using a handheld acoustic doppler velocimeter (ADV) and proper arrangements of verticals
for discharge distribution in each cross section. Applied to the Toyohira River in Sapporo City, continuous
measurements were taken at 4-6 stations each day, yielding ISO uncertainties of discharge of approximately 2-3 %. The
synoptic survey showed its required accuracy and practical availability. It revealed the longitudinal river discharge and
leakage of the Toyohira River. The distinct losing reach was only about 1.5 km between the Minami 19-jyo Ohashi Bridge
and the Minami Ohashi Bridge. The mean leakage was about 1 m’/s, showing agreement with about 80 % of the
pumping rate in the city. The total budget between the Kariki and the Moiwa Stations was too little to be observed because
of a change in a river-leakage pattern from loss to gain around the Azuma Bridge. Compared with consistent flow
conditions, the measurements using conventional methods with a propeller-type current meter included high
uncertainties of no less than 7-9 %. Measurements obtained using the acoustic doppler current profiler (ADCP)
showed agreement with the measurements obtained using ADV in deep water conditions: depth greater than 0.3 m. In
the low discharge condition of the Toyohira River, however, the total discharge by ADCP was lower in each section for

this study because of the shallow water limitation of the instrument.

Key words : synoptic survey, alluvial fan, Toyohira River, river leakage, acoustic doppler velocimeter



