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28.07>d 19,0 5.0 12,0 31,0 22,0
45,0 d > | 5,0 g 12.0 25.0 40.5 67.0
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e Water permeation through a
permeable gravel-fill dam mod-
el on inclined stream bed.
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21 30 630 5.5125 30 165, 375
2 24 &, 300
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Capacity of reservoirs of permeable gravel-fill dam

model used three experiments

% iy 1 ‘ 15 2 K 3
}“‘Xpwlmem 1 | Experiment 2 Faxperiment 3
Q |Htrsine m | v | @ \HiLsine| B |V | @ HtLsims| B | V
isec cm cm. ! | ifsec | cm cm i lifsec | cm crm i
20 43,0 36,9 865 20 , O
18 40,0 33.9 765 8 ¢
16 36.5 30,4 655 16
14 34,0 27,9 578 14 44,0 41,4 14
12 30.3 24,4 478 12 39.0 36. 4 12
10 27.0 20.9 378 10 \34(5 31.9 10
8 23.5 17,4 290 3 30.0 27.4 8
& 19.0 12.9 180 6 24,5 .9 &
4 4.5 8.4 89 5 21,8 4
2 9.1 3.0 — 4 18,8 2
1 5.9 e — 3 15,5 1
2 11,8
i 7.5
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caleulated outflow hydrographs.

B (k{7 cose) Wk BITK
- Fig, 8 DI RO D OTH B0 ER
A Fud 574 Figo 18 (1)~(3)2
TEIREEAEY
B & L, #k

IRAELASTERY L




Iisec |
ischarge

Observed

Duiflow s
{jsec

g

NS

.
g
7 IS 7

1

5
H

Fig,

sle pravel-fil




G - e 248 5
Table 10. 555 O LR M
(3 HofKEEME UEHA)
Peak discharge control effects of three permeable gravel-fill dam
models, holding same storage capacity, arranged in tiers
% OB K ) W&
Coefficient Gf pcrmeabmty Control rate
{cm/sec) ) (%)
T £ No. of dam model
7 wy Pa Pg
No. 1 No. 2 No. 3
20 10 5 11.3 25.7 50,7
20 5 10 11,3 39.7 49.7
10 20 5 20.0 25.3 49,7
10 5 20 20,0 45.3 49.7
5 20 10 34,0 38,7 49,3
5 L0 20 34,0 44,3 49,0
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Table 11. P& ST E S A GBIt
(3 BB EN HEED
Peak discharge control effects of three permeable gravel-fill dam

models, holding different storage capacity, arranged in tiers

EOK BROK .k W=
Coefficient of permeability Control rate
(cm/sec) (%)
BT B B No. of dam model
@ P P3
Ne 1 No. 2 Na. 3
20 3 0 5] 4,3 11,3 38,7
20 B 10 2.7 16,3 31,0
10 20 5 5.3 8.0 37.8
0 5 20 5.3 17,7 24,7
5 20 10 10.0 8.7 28,0
5 10 20 10,0 13,3 20.0
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Comparison between peak dxscharge control effects of a single permeable

gravel-fill dam model and those of three ones arranged in ters

e o— 7 R owm & b KA KO
Peak d1 scharg Control rate Highest water Max. storage
{i/sec % (%) stage Hmae (cm) | capacity Vmmee(7)
@ TRQX 30
4 max % 13.2 56,0 46,0
dimax 24.0 20,0 70.0 1, 400
9omar 20,0 33.3 52.0 1, 240
Gy mas 16,5 5.0 55,0 1, 100
Gamax 14,1 53.0 49.0 980
Famaw 12,3 59.0 45,0 300

In S e 9 maer

RN
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1 HIELOT,

Lh?ngg% in dmch&rgz,o hydrograph
with the control by three permea-
ble gravel-fill dam models arranged
in tiers to be given the same peak
discharge control effect as a single P
model.
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Caleulating chay
dam models arranged in tiers

o1 No. 1 model

e P ) e - ) L
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v
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4 Weo. 2 modsl

wom w P
Time 41 ‘L

gy B fsech | (§lsec) | (sec)

min., sec.
0 0.0

30 Y. G0
D
. . .85 380
p! £
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)
. 16,9 30
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5 P
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@ ¥ T o3 No. 3 model
B & B 4t | aeat | e | a4t agest ‘
: & H I Vs
. 20
i /f;/ (lsecy i (Ifsec) i (secy | (1) |(I]secy (Ulsec) [(sec)! (1) |({fsecy | (cm) ‘E f’g
min, sec. ‘ ‘ |
G 0.0 0,0 20 108 2, 100
30 0.0 o0 30 0.0 )
30 0. 0.0 R 18 98 1,960
30 3.0 i 0.0 30 0.0
1 0.2 0.0 16 20 1, 800
30 15 ! 30 3.0
0 0.8 ) , 0.2 14 84 1,680
1.95 S0 58. % 0,4 30 12 ~ 3
2 3.1 0.6 12 75 1,500
5,25 20 157.5 0.95 30 28.5
30 7.4 1.5 10 65,5 1,310
10.3 30 309 | 2,18 30 64.5
3 13.2 3.0 8 1,160
15. 30 | 463.5 , 4,051 30 | 121.¢
30 17,7 ) 501 B 6 940
18,25 | 40 | 5475 6,25 80 | 187.5 ) .
4 18.8 i 7.4 - 4 35,5 710
18.2 | 30 | 546 30 | 256.5 )
30 17.6 RN 2 23 460
- 16,25 30 487,5 i 10.85 30 325.5
5 14,9 Tz 1 14 280
i 14.05 15 = 210.75 12,6 | 15 | 189.0
15 13,2 13.2 ‘
T?’% . ga.01 B (cm) 100
ota i (em) 50
ko (cmfsec) 4.5
m (mm) 1.0
s man=13. 2 Ifsec
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BRI A Table 16 1R Uiz, 131
TLHBAUT 46. 31 ha, TR EBUKIRHLA

s, MR RET

T 47,66 haTH Y,

Table 17. L 5 ¥ M 4 37T O

Monthly precipitation at the

= e T Vot : :
Ven B ‘ 1 [ B 4
Year Station SO : :
& %
1965 KANTEN
o )\ Fu‘ ” kS % sk %
AMAGISAN ' : ;
ﬁK ANTE Ij\ 47y . (138) 417 462
1966 :
66 }\ J,( | [ . . " N .
AMAGISAN ' '
. o ;
XKANTEN 207 78l (274) (215)
1967 ; i : ‘
AVIALTI&A‘\;
i 771 ~ 93 102 487 238
1968 )K/&Nﬁfkl\. o [
AMACISAN * o2 *
R f: 26 P aas 200
(569 KAN T FN 189 231 300
o ) . .
MA(;I%A 1\ * o * #
TS B 19451959 F T D15 |
124 152 054 273

Meaﬂ monthly precipitation from 1945 to 1959 at
weather station of AMAGI District Forestry Office

Y K RMBEIRO 3 HBNENEH LA,

Note) KANTEN: Observed values by long term precipitation gage at the experimental watershed.
FRL R, KRl R & B ICRR A R, B B f, N34°50.37, £138"
AMAGISAN : Observed walues by AMAGISAN robbot prﬂupatatwn gagn of SHIZUOKA Meteo-

N 34° 50.%, Longitude : B 138° 88,5/, Elevation : 1,236 m.
KB T VN 34° 8%, B 138° 567, MEIKE 215 m,
Location of AMAG! District Forestry Office © Latitude : N 34° 53, Loogitude : E 128° 567, Eleva-

Shows partial lack of measurement.

Shows cessation of measorement during winter season,



e 99 [

RSk

station |

_ Lower

460, 31

#it
ing station

47, 66

RSO G, 47 0, 9
Mean width e k
1e (m) 1,118 P, L0 i, 104
Compactness / L 0, 7%
B 0,40
Forom f -0
i bEN it 5 67 o 6e
Form ratio 67 0. &4
A 0. 21 0, 56 5,19
Bl ()
experimental watershed
5 G 7 ) [s) 0 >
! i
323 /

A

&
.
vy

i
i , 481 643
1,229 636

£ 1, 286m,

roJogical Observatory, Location : KAWAZU

Eien 215 m.

Village, KAMO

Coidty, SHIZUOGKA - Prefectore. Latitinde o



= 100 - R BARTIEH 40 249 45

WA OROKER, THEKED S50 m 3R 3 A
1L H o S BBIDBRE SN t.

HRipgk B A Table 17 12789 ABIZHW S 3 0 %
WL EET SRR K B LB S B kA A KL 2 v S i,
ERI DA BT RICR L e,

W%@ﬁ6wwﬁifwﬂmmﬂm,%k¢%&ﬁ+w%¢ 5, KBS B 126 b B3 4, 300
mm PLE,  RIEHHEOBRFC Y 2 5 EMOFEEERRKETS 3,300 mm Bl &0 5 ST H
Lo T, AR (RELOZL) OSKHEE (AR 9B~ 9B 1219684 7 295 ¢ 351 mm,
Bk 1 AR EIZ1966 9 H24H, 28824050 63 mm T&H - 77,

3-3. HEBR%MA
3-3-1. LIRB ROTHEKEOME

FEREGE B DR A LA 130 m, THBUKMIZ T

s & O VK OMEE Fig. 2110RT . SKBBESH0cmD 3 ¥ 7 ) — L2 RIKOEkIC
0T, WIlEZAMRICHERLALLOT, BRBOHRRIES SBICHRY X 510194 11 4cm Ofifbe
Fem ¥ T2 RT wnm CHIKT B LD TV D, BREBOLD.LES SEBEDINIE, ZO8

T K B TR &0 S

2R RMEREOBMINCE Y 515

sl

9 80 m OULEIZEY Btz

(o)

(&) L¥EAkE Upper
gaging channel
(B)Y THEBKE Lower

gaging channel
(a) HEKRLIErE Gage
well holding water

stage recorder

(b) 37 Y~k
Concrete bed

(&) KEHE~DEKE
Water conducting
tube to the gage well

iy Fig. 21 ks &K UFH

T o I N ,%_ ‘o) BkHE OB AL m)
i [Fjwm.w_,",uwwm»”,,nu 100 ’ Structure of gaging
(a?/) L channel (Unit: m}.




HES I BT 5

ABR AT A URIZHIRORIZT T, RBE L o R 2 o

[ AGES LY

TEN, L CHEBT L8512, 2m
5 Lrs 1 HURODW AL AT 1TB IR C

S S 2 Fo N OO LR RN T K l‘/
Haprgindoy, WU Rk, Safis B AN KR I 3)# Q/Q °
Bid 7 o Lasds o foe - o

il
B L Ao R 1965410 H ~ 19674 4 H 3

KB OBBHT 1966410 151 e LR S v,

Rl L7 2

# 05

gs}f f } ig. 22 lC'{ﬂ / )

i b B RS

®mr 7 5 0 50 100
) ] o ML Water stage
Atk b B fz s D H (cml

Jkig  Upper gaging channel
i Lower gaging channel

KA & i & OIS
Relation between water stage
and discharge at upper and lower
57 gaging channels.

/J)\i&]f 5 1}
P SAE LT S, 196740 T

EALh Bk KL IHEBEQ (Usec),

Afr H (em) L9 4 L
Q =4, 711073 H32 (F = 65cm)

T & b KA hs

Tt PIBROHE LR BRI T

£ A

oI - oDT, 4, Wrd 2855w, 9Tl o e i i
e

3-3-2, BT EbEELE

Fig, 23 WRd E 51040 22m ¢, R s mAZU M L w2 4 — b

BOKEE & R
i, WK LE LTH

BEE 3m, BT Emo D) Hip i 4 miz

Sz, ORI b, TR K B OB BB RS

DIFETA SN, W

Gkl Ea s S 0.5 m FXFETA LT O TR 58

AR I 4 ik RE Lt ol

SR 100mm LUK T ¥ — 7 B 0% T 5 © &R BRI B e © OBKETIC L - TIED

13, Bl A LI X 3 mOEME TOEATH 65m? LIREINE , OBk

flid 9% &, Table 18

PN N kS

B BN BT L 7o R SR DR

O B O ST, IR S O



g
, 1S
I
L
.
i
&
k.
A

Fig. 23

%

KPRV

et

1//')*“}
¢ Tm)

Structure of permeable gravel-fill dam (Unit @ m).
Table 18, £/ D i K BR B

Decision of coefficient of permeability of proposed

permeable gravel-{ill dam

S
SISO
P
2 A
‘ L - :
35 e E A L fr Q)
[ i % o 1 o
L——q G R 1 )
r—— ‘MMWMJ b r %
2% Gabion L HFKGE Reservoir
Sand F. WA DK Water conducting tube
Cotk R Gravel to the water spreading well
D. K i Wood frame G. Concrete wall

W FHBRD gy gy s LORSKHO | OBMIRO | ko EKERE
No.of storm A rainfall Total inflow 89 w100 Peak (hs.chaz Pe % dischars YL Coeffici-
hydrograph at upper gag- fu ge at upper  ge after cont-Characte- £t

ing &hannei Control qaméz:, chanme%ru% by {" VP ristic ?f]%e}‘mczﬂv
(mm) | Ry (m®) [rate (%) Py (fsed) (Z%Jei) “ | index Zl(::%jskzc)

L 123 820,65 19,1 17,2 11,49 C. 46

5 2 180.0 L 0.0 6,60 0.27

7 75 137, 0 14,87 14,8 13,3 § 0, 36

8 75 948, 3 ) &, 88 26,1 0.70

14 a7 493,68 13,17 .9 7,90 0,32
5\3"; oo .78 3 10,49 1 0.422

i

) a)
Maote)

b)

<)

AN

Wi,

bt Bl
Total inflow at lower
a) RIS Ry,
Db, .
The values of Ry, Py, except a), were calculated from \Mter Stng discharge relation at lower

gaging chagnel

AR

13 500 em), L df TTIE 400 em,), R IEKREY
B is w1dth, 500 cm, L is thickness, 400 cm and & is coefficient of permeability of porous mate-

il/a%eiA

rial for permeable dam.
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Relation between storage capacity and water stage of
dam reserveir, and its changes.
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Model and Field Experimenis on Discharge Control Effect

of Permeable Gravel-fill Dam

Akio Fikuva®

Surmmary

An artificial accumulation of gravel in mountainous stream, which was called permeable
gravel-fill dam in this report, has been proposed as a new method of streamflow-regulating,
especially flood control supplementing the forest’s function. It was imagined that the dam
has a control effect of streamflow to holding permeability, and it was used as the protection
of sediment transport.

In this report, the fundamental characteristics of permeable gravel-fill dam, permeabhility
of porous material used in forming the dam, and discharge control effect of the dam, were
studied by model experiments in open channel and field experiment.

The results obtained were as follows:

(1) On model experiments in open channel the relation between coefficient of permeability
k (cmfsec) and mean diameéter d, (mm) of homogeneous gravel used in permeable gravel-fill
dam model (Table 1) was expressed by k=4.47 4,58 (Fig. 3). The relation between coeffi-
cient of permeability & (cmfsec) and effective diameter oy (mm) of mixed gravel used in
permeable gravel-fill dam model (Table 3) was expressed by & =2.59 dy,%% (Fig. 3). Here,
k and & were calculated by Darcy’s formula. DAsec_v's law was not precisely applied to these
model experiment&; but the approximate application of Daxrcy’s law was supposed by reason
of the relation between mean velocity of permea ng water and its hydraulic gradient in a
permeable gravel-fill dam model (Fig. 2).

(2 Percolated discharge g ({/sec) through permeable gravel-fill dam was expressed as

ﬁ.

2911074 §3 - Vi BHZ

where B (cm) is width, L (cm) is thickness, 2 (cmfsec) is coefficient of permeability of
porous material used in forming the dam, and H (cm) is water stage in upstream side re-
servoir of the dam (Fig. 4~-6). In this equation, B-(k/+/}) was called the characteristic
index of permeable gravel-fill dam, because the percolated discharge through permeable gravel-
fill dam was decided by this index.

(3) Under the character of permeable gmvei«ﬁ!l'dam; when there was a fluctuating
volume of inflow, the water of streamflow which could not percolate through the permeable
gravel-fill dam was stored in the reservoir, and a sufficiently large storage capacity of re-
servoir at upstream side of the dam was needed for increasing discharge control effect of
permeable gravel-fill dam.

(4) When there was an inflow hydrograph, the characteristic index of permeable gravel-
fill dam to be given the expected discharge control effect was decided by calculating (Table
6). Outflow hydrograph was calculated by the same method of flood contral reservoir (Fig.

9), because the percolated discharge through permeable gravel-fill dam was expressed by

Received June 15, 1972
{1} Forest Influences Division



o 115 —

water stage in the reservoir. Csrne’s method of graphical solution was used in this report.

(53 On model experiments in open channel, there were no differences between observed
value of peak discharge control effect and the calculated value by Ceexe’s method, and we
found that Cuene’s method was a wseful wiethod in this experiment (Fig. 13).

(6) In a mountainous stream, it wag imagined that sufficient storage capacity of re-
servaly could wot be obtained by a single permeable gravel-fill dam; accordingly, expected
peak discharge control effect was not obtained by it. Therefore, permeable gravel-fill dam
models arranged in tiers which consisted of three dam models were constructed from upstream

to downstream in the open channel instead of a single dam.

Peak discharge control effect from the last downstream one of three dam models arranged
in tiers provided the same control effect regardiess of used gravel diameter order (that is,
coefficient of permeability) in three dam models from upstream to downstream, holding the
same storage capacity of sach reservoir (Table 10).

In the case of increasing storage capacity of reservoir from upstream to downstrearm,
peak discharge control effect from the last downsiream one of three models resulted in a
large control effect when the large diameter of gravel was used in the upstream dam, and
the small diameter of gravel was used in the downstream dam (Table 113,

(73 In a comparison of peak discharge control effect between a single permeable gravel-

fill dam model and one vsing three dams arrvanged in tiers, peak discharge control effect of

the single one was larger than that having three arranged in tiers, both holding same storage

capacity of reservoirs {Table 12, Fig. 15).
& 5 3 )

{(8) Field experiment of permeable gravel-fill darm was carvied out at KAWAZU National
Forest of Tokyo Regional Forestry Office {(Fig., 20).

as and 200 cm

Constructed permeable gravel-fill dam was 500 cm in width, 400 cm in thickn

i height, and each mountainous side of the dam w
K

condition of this experimental watershed, and caleulated diameter of permeable material of
] s

s made of concrete wall (Fig, 23).

xpected peak discharge control effect was decided at 10% by considering the streamflow

the dam was very small diameter of grain (Table 18). ¥Fine sand was used for permeable
material of this dam,

(9) Before construction of permeable gravel-fill dam, upper and lower gaging channels
were counstructed (Fig. 213 and discharge was measured by water stage recorder at each
gaging channel,

Peak discharge control effect of permeable gravel-{ill dam was investigated by the changes
of digscharge relation between upper and lower gaging channels after construction of permeable
gravel-fill darm,

Storage capacity of reservoir of this dam wag very small {Fig. 28), and storage capacity
was gradually decreased by sedimentation, so that 10% of peak discharge control effect was
not expected.  But averaged peak discharge ratio Pi/P, at upper and lower gaging channels
was 1,27 before construction period, and .44 in a period of six months after construction of
the dam, Peak discharge control effect of this permeable gravel-fill dam was detected in
this period. The averaged ratio PJP, was 0.93 at the latter part of this period, and was
1.79 after dredging of reservoir. It was supposed that the large ratio after dredging was
caused by clogging of the gabion used to hold the permeable gravel-fill

After about 1 yvear from dredging of reservoir, the averaged ratio #/8, was 0,66 and it
e E i & 14
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was found that there was a peak discharge control effect of permeable gravel-fill dam 2 years
after its comstruction (Table 19, Fig. 26).

{10) The shape of storm hydrograph at lower gaging channel after construction of per-
meable gravel-fill dam changed in comparison with before its construction. Cut of peak dis-
charge and changes in recession curve of storm hydrograph at lower gaging channel resulted

after its construction (Figs. 27, 28, 29).



