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STUDIES OF ENLARGED PROPERTY OF UNDERDRAINAGE

VIII. Determination of drain spacing

Naoya TajiNoO

We have many methods to determine the spacing between drain tubes of the underdrainage.
The author examined several experiential and theoretical methods, and then partly modified
these methods.

In case of the lowering of the groundwater table by underdrainage, the ‘author proposed
a new coefficient, a seepage coefficient “u”, since “f” (porosity of the soil, drainable pore
space) by using the theoretical methods has a drawback. :

As already shown in the last report, the value “#” is transformed by the lowering of the
groundwater table stored in the pores of the soil with the gravitational water.

Table 9 shows the spacings between drain tubes of the underdrainage, we showed how to
cal¢ulate the spacings under the specified hydraulic conditions.
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Table 1 Relation between nature of soil and underdrainage
spacing by TANAKA TEIJI
soil texture spacing, meters
clay 10~14
loam 14~20
sand 20~24
(peat 12~18)
note : depth 1.25 m, ( ): convertedd\;—é-lra; .
by author
Table 2 Relation between nature of soil and underdrainage
spacing by SCHROEDER, GERHARD
grading depth drain tube center below surface, meter
soil texture <2mm, e —— -
weight ratio% 0.8 1.0 1.2 1.4
heavy clay 100~75 6~ 8 6.5~ 8.5 T~ 9 7.5~ 9.5
clay 75~60 8~ 9 8.5~ 10 9~ 11 9.5~11.5
clay loam 60~50 9~ 10 10~11.5 11~12.5 11.5~13.5
loam 50~40 10~11.5 11.5~ 13 12.5~14.5 13.5~ 16
(peat 10.5~13.5 12~ 16 13.5~18.5 15~ 21)
sandy loam 40~25 11.5~14.5 13~ 17 14.5~19.5 16~ 22
silt 25~10 14.5~18 17~ 22 19.5~ 26 22~ 30
sand <10 >18 >22 >26 >30

note: (), converted value by author

Table 3 Relation between coefficient of water permeability
and underdrainage spacing by SLATER

coefficient of water

depth drain tube center below surface, meter

permeability, cm/s 0.9 1.2 1.5

0 ~ 3.5x10-5 0 ~4.5 0 ~ 6 0 ~7.5
3.5x10-5~ 1.4x10-% 4.5~ 9 6 ~ 12 7.5~ 15
1.4x10-%~ 5.6x10-4 9 ~ 18 12 ~ 24 15 ~ 30
5.6X10~%~ 1.7x10-3 18 ~ 32 24 ~ 43 30 ~ 54
1.7x10-3~ 3.5%x10-2 32 ~ 46 43 ~ 61 54 ~ 76
3.5%x10-3~ 7%x10-3 46 ~ 66 61 ~ 87 76 ~108
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La=2(H~hy—h2) (tan®B—tan2y)? 5/(tan2@—tan2a) - wovvrconnen(2)
L, Lo: BKEORR
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ha B o R REBOME S OHUTKE
he : BEF 3 B EOBOKE LR S OHUT KSR
tana 1 REORK 2 VE (SREACHEHAFRO 2 VED
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tanB : HITFKAL T U ED
tany : BKED 7 JHEL
Wtk Fig.1 WJRT. 748 DELACROIX {FEEALD Table4d ICRT X DIC ke, tanf DEERD TS, ki D
BAEIC DN TIE tanf & & ICHIXBIC T SEEE B R, EREEEZROTHRET 3, HEENEHALERT L,
FEAMEIC X B tanB it Table5 TdhH -7, 5%, Tabled OFMEIZ clay Ch1), sand (1) BEUheavy clay
(BE¥1), clay (@kit), pervious soil (BKM:+18), cretaceous soil (HHE L) Th 3.

Table 4 “hp” and “fenB” values of DELACROIX’S

equation
values of h., meter
H soil texture
maximum mean
h, ,
"‘T OL tile ‘]’ clay 0.34 0.25
; L ! sand 0.30 0.14
Fig. 1 Symbols of DELACROIX’S equation
soil texture values of tanp
heavy clay 0.09
clay ' 0.07 ~ 0.08
pervious soil 0.025~ 0.03
crefaceous soil 0.015~ 0.02

Table 5 Measured values of “fanB” with grade of groundwater table
(BUNSUI Tvo, NIIGATA prefecture)

g;f:r?aﬁﬁxgi:n:iu(l)f BUNSUL rvo SAZEN BUNSUI 1vo NAKAJIMA farm, clay
station |[depth canal e ~1depth grou- depth canal e depth grou-
water tabledista- dlffirfence ndwater water tableldista- d1ffe1fence ndwater
numberbelow nCe,| 1o ation, [[2Ple below| tanB below nee,l g, gt' table below|tang@
surface, = |meter meter »isurface, surface, meter vetzop, surface,
meter meter meter MEter  meter
1 0.35 40 4+ 0.02 1.45 0.0270 0.37 25 + 0.04 1.35 0.0376
2 0.30 ” ” 1.50 0.0295 0.36 ” + 0.02 1.27 0.0348
3 0.27 ” ” 1.43 0.0285 0.27 ” ” 1.17 0.0352
4 0.28 ” 0 1.38 0.0275 0.32 ” 0 1.14 0.0328
5 0.25 ” ” 1,37 0.0280 0.30 ” ” 1.27 0.0388
mean 0.29 ” +0.0125 1.426 0.0281 0.324 ” + 0.016 1.236 {0.0358

WRDEIK tan B, b1, he DFEEEDL S UTHRD 2D HEMS O TERMTERGRE & LBHSFTH>ED
L D&%, MODIFID DELACROIX'S eq. & LTQ@XBLTVW, &), 6), DREFIL L.

%3, RIBICHST 2 BKEE B RISELRAY FT Y2, HRBRERNSEHEHE, &E- PEI% =K
FBENEET L EEBEICL, $£iz Fig. 1 DETICBNT tanB, k2 ZHE DELACROIX DEIKTH S Tabled H»
SEHRDEE LIETH > T Table iR L7, 7B Table6 @ ks OHICDINTIREE T 2 L5 IKIEEBEEEET
NVEBER P TOF— 2 Do IFERER U+ 2 TRER+ s LT,  Z0%M £=3.6X10"%m/s, EF s
& H=0.9m, HREL=11.8m (Table 9 D) %4 - T SLATER O Table3 G » (EBHICONTIR
KEHEDFETHS.) OFEFEMPSKRDI, LEB-TOQRICHBNT H 21.25m 0L &, HRES1IKELLS
ZLTE), WREB-. '

Table6 25 %k & tanf OBRIEERICT2LGIRNENRD, BRT S E Fig.2 L1385, $/z kb & k1, b OF
BRBT 4 AV Y a VERBEUTHRICT2E6), MDRELD, RRTS& Fig.3 L5, U tanB, ki1, ke O
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Table 6 DEeLACROIX’s coefficients with author arranged

soil texture ko (m) k4 (m) k(m/s)
heavy clay 0.34 0.79 10-3
clay 0.25 0.70 10-¢
pervious soil 0.14 0.67 10-8
cretaceous soil 0.12 0.36 10-3
]
Fig. 2 Relation between “k” and “fanB” of DELACROIX’S equation
0. 1,L
" 1 ——
0.08 Suy
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™ \
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Fig .3 Relation between “k” and “ki, k2" of DELACROIX’S equation
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0.4 A
L =034 9.1 X10'k e
sy : F7.59510° k
0.2 o
0 _ l |
16° 107 16° 16° 16° 10°

Table 6 D k1 DOEAE P 2BEEDOEICRT,
SLATER SR L7chss o DI SBIBKERE b LAGRE LFOBETH 5 Table 3 DEAFMMGRIKIC & & L O

FRELUTHEL EEBRERTOT,

C OEKR & FIETEER+ 2

(g BEEEEF VvEISRBOF—2i1c k30T,

E=3.6X10"%m/s, H=0.9m, L=11.8m) £ 70 v } Lic/IMso FHEEEET &, COEELET Table?7 %%
%, 727211078, 103m/s DEXDHEREZBOWETH 3,
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Table 7 Relation between “k” and “L” in ’ ‘
Table 8 Relation between “2” and “ky”

case of H=0.9 meter
k(m/s) 10-8 ] 10-6 10-5 | 10-3 E(m/s) 10-8 } 10-6 | 10-5 | 10-3
L(m) E 2.0 ] 6.2 | 20.0 | 63.0 B (m) | 0.79 ‘ 0.70 | o0.67 | 0.36

VLRI & - THME K b Shrid@, 6), (6), (1) Rird #, tanB, ki, kbRHoh, @ oHE+

a0 L 8SBonsd. 3B, (B), (6), (1) Ko»rbHDIC Fig.2, 3, OREHS tanB, ki, kr ZRDTH KU,
4 Toksoz and Kirkuam OENERE

M — BT F 7 X—ERBEK DD 254 OR+ =« MBRENRMEE KirkHaM 1Lk - T RENFCD
BENCR Lz Toksoz & KiRkHAM O TH - TRBKBEOMENERDO L & LERADE ST TH 5.

1k, —RICHMEKBOEAREEDO BRAE R OMEELADOHE (9~57) i) 2RAANEOH
H1/104ED S KD - AT THEIKE: ¢ KE L & -TEWE>Th 3, Mo Tli Toksoz & KIRkEAM DD
HERIORSNTN S

5 HoocuounTt DORICKDHFHE
HooGHOUDT (1937) O [ttt L EATHMOMARIC S &SN T@REEB TV 5, MEN%E Fig.4 KR

L= 8RAA/Ry+ 4 RR2/Ro oot iel it (8)

Fig. 4 Geometry and symbols used in discussion of
HOOGHOUDT’S equation
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MOLERXIWEEEX 2LEEbN TS, £712d3@ORDL DI L, 7 ODEIRE - TRDENS equivalent depth
“d,” CHEMATHTT ST L% HOOGHOUDT HER @ LT3,

dy=d {1+_(_1n_—3 D} 7, 0=d/L<0.3 I
e (9)

d.=L {_g(zn7~1.15)} 7, 0.3<d/L f

6 RHEABICKEHRDHT
R 2O 2 BHER T~ £ 56 (10), (11)32%& S TRDUDNTHE L 2HET S LT 5, 858, &

MM a1 SAERRME ¢ OBFRIEIQORMB 3. b BEBEESRA-ES—EL BN TR,

w=a(1—RH-1)® SR (10

a=2zkT {LS"(l —hH-l)"(r'—h)—lth} e (11)
h

T=aL(22R) 3 (1 —hRH-DP =B Vdh o (12)

O P M
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VHq2 5~ bLo 5

REER % Flg.s RL, BROHELHEHDEDEBVTH B

mean water table after time
able ofter T‘ ground water table
¢ 1 / /gwund sur face
[)

2,/ = e
_LE H ('mean " \T
T‘T‘a—’—l Loz
, pressure of inner tile “p.” tzleJ—f
f L 1

d

l impermeable layer

Fig 5 Geometry and symbols used in discussion of
seepage coefficient equation
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BRI
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Ve r(L2+72) (r+2d) {L2+ (r+2d)2} (4H+2d—7r) {L®+ (4H +-2d—7)?}
(2H 7Y {(LEF QH—7)2} (eH+2d+7){L*+ QH+2d+r)2} @H+2d—7) {L*>+ (2H+2d—7)*%}

d=ocoD L &
V=In

S

< N F bMN™

r(L2+72)
(2H—r){L2+(2H—7)%}
V oateic T, (12), 18) Ro& i3 A 2 ENAHRO L & H 2/ 5.
d B F a D RBKEE TORER
BRIKEE by 8B B E ST (11), (12), (13) ROEF Vv v+ VF (7—h) O r BXIV D X0 (H-7) Or i
hy £95. (ORD suffix number [FEEERF 3 DHEILTH S

7 MobiFID GLOVER'S ed. [k BRDF
XRW%p © (22, @3 REF—0 (5), (16) RTRWENE, 45 D=D+d THIM d=co DL EY

p-ZiL e3¢,

[~ F (= k) /By DT (i G /4H)Y )5 LGRRY o (15)
. e L H- - (H—h)b+? O s
L_”[{k(h—hp)/h}DT {(1 rH-)0In(4/=)+H bgz:l(b-{'-l)(H ) } ] (16)

(15), (16) XSG L £5ET A EMTE 5, MER%E Fig.6 UKL, HAOWTRIH LA—ICL 7,
7et2L t=T, S=L. kp B3I+ 2 HROKIETH 5
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initial water table

i w.l.at time "y’ 1
[ S v el D '
tile ) .--=" y o L S
] f
d

impermeable layer 1 .

7

N

Fig. 6 Geometry and symbols used in discussion of
GLOVER’S equation

8 MobpIrFip WALKER'S eq. [ KBRDF
XERW93pD (24), (25) R&E— (A7), (18) Kb S L #ET I L0 TE 5, MER%E Fig.7TIORL
HROEILEIINE XA E/—TH 3.
T=fh{2k(h—hs)} [ (0.25L2+H?)0 5—(0.25L2 +4%)°

—0.5L {cosech‘1 (QHL-*) —cosech™* (2hL“1)} ] o

SRR (D)

T=a(2k)-1Sj(1——hH—1)"(0.25L2+-h2)°‘5(h—hp)—1dh RN C 1),

TNTTTS NCTTT

(x 1 ‘)

water table at time 0

S ]

Fig. 7 Geometry and symbols used in discussion of
WALKER’S equation

9 MTKMIETRE T ICKBRDS
' ﬂiﬂ.‘Fﬂ(ﬁM&’F%ﬁ% hH/m &0 (19) ROBGZBH D, LT (20), 1) XoESN 5.

kE /m=0.233%2 {o 108+10g1o "f e e (1)
log 1045 ”h ~0.108— 4L 02331:2 b (20)
- [

L= [4.28T (kH /m){0. 108+10g1olz h’jf} 1] e (21)

impermeable layer
a

Fig. 8 Geometry and symbols used in discussion of the equation
on coefficient of lowering of groundwater table
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BEER % Fig.8 10RL, BROFETE>EDL>TH 3.

L g+ 2Bk, (.

T R

H, : B4 o [dducs g 3 91Tk ar

b BEE a Mddiick Y 28k% T R o TFRAL

Ry WS g Md s g BB T KA

B BRI

H o iggmhs, (ho+Ho)/2)

ko :WEF 2 BAKAL (COBED Hoy ko QEHEIIREKE)
m : EHROEG

ﬂWﬂT&%@m@Bﬁbﬂ7by”; @m&@%%%ﬁ L Fig.12 O XD ICIZIZEBERL, Q2)RNTH
jc&@f&% @@imci%@ﬁﬁm:ﬁﬁfﬁcf@®i®:vﬁ&mbﬁc&hf@@ﬁﬁ%

log IOH iy GT- (22)

S 2 Y )
Fig.12 55

G= rlogloﬁfo_h 1og1o§;—hf} (T1=T2) 1 oo (24)

EHHEP D QDA - THEHRERD, hdrd  QORERE - TCEHETNIC)RT E/m NBLLE, ©
@ kH/m 2QCDRRALTLEHE T LT ENTED

MW+ 5 PR O ER

B 5 Bk OMEAERET BIBA IS s DEIBLTLOBKERICR » 3 O 8B LZOME%EM 5 ETERTH
A, U Lokt b b BERBREKIRR+ 2 BUKET OB TR & (BT 5, —RICBTERITEKE—
BETT B0, 20%, E4B3KEIHTOTHES s HROIERBOTREDRLAZ L 2MMHEND 5. EIITD
THREHD A F eis &ECREEKICE 78 - T T UTBKMIEE S 257, chs QMBI 2V
AIE E BT 1 EORBEZE UTHIICEHRE O UBHRERS 20 B ELHO 7 — 2 06 + OFKE,
IRIE R & OB B2 BT L TR+ 3 OEX B X UL OB KEE RS TRBZ BH T TR o780,

3 DEZDHEDI &L ZENZNOBRIC DN TR+ 2 JoKIC K » THFKOSHIE NS —EOM T KEE TET
TAICET AEEE—EE LTRD 200548 b 2 BREROEAOME 02 BINE 3730+ = BUkEHE
KABTR.®  LichSsTEOBKEEGIR—TH 5 & &, HIEIICOTHROE UNMEMSFET S ULEES
KONWTHE LORRAHEI E ~TRD B ENTE S, B+ a OMBIC OO T—EOR T, KBgtcdsD
WTDE DB T — 2 O REEINA 5.

a. JETZMZE SR+ s BUKKOER H, 5+ 2 BKEOERE 7, REKBOHESE WF+ = Lo OERD 4
A, BRI F 2 R L 285 '

b. KBIGHR—EEEZL S, m‘m’ﬁﬁz R %k B 1 DICH & B O BRI ORERER 7 — 2 &4ED,  F-gkic
xqf%*a%¢%®ﬂ?mﬁﬂﬂimbﬁiTZMm@?CET%%@Té15&?5.

c. FOBAKMELAEE UTHEKRE b BIBEAR w, MTFAETER E/m QBHT — 5 hoRD 5.

P EDOEHEDSH b OHTKEREE 2 [HrhRic By 3R T20em(E T OFRERKET 1.0 B0 0FEHHTX
fr (BE T2 6 THICHRHAND 2) HPLETHET s0em BT T2 LD IR LABRAETS > THOEFOBAK K - TH
3,

FEDLADSNEICHITREZBETT 32 Lick > TRIFEFREIC L, TrokBAOELTIRERDEE D SR E BICKR:
DIENE DT B7DTH B, 1ok, AERHEL2FROTINEBENFHX (93— 24) KB THTF/KISHE T50cm
BT LT P52 2 —@0ps, A4 =2 AT)BRY » T UTIRESSEHICET LTV S, D 5ihbHiTk
DR TE0ecm CIERR S, 45cm CLEERE, 30emCHRIET @Tecm) 2 4E LR Y v FEI3% %R UTIEERIETH »
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ZDRRDNTAE, BIELEMOEEETRE LEEITEE OMICRRE&ERM U L SRTAEKRE PRETS 5.

PlEDEZ FE L ORI Licts-> Tl BEEEMKICE D 2 BEIRT — 2 20, £BORHELE LTHIOER

TR+ 2 KR OHEEB LN S, TOBREZTED/DITabled TH 5.

Table 9 Compare the spacing of the underdrainage by calculated
values of several equations

10~15times |Tanaxa, |Modifid  |Toxsoz Seepage | Modifid | Modifid [op¢ificient
of the  |SCHROEDER, and HoOGHOUDT gf owering
depth SLATER DELACROIX [KIRKHAM coefficient | GLOVER WALKER groundwater
12.2m 12.5m 11.9m
10.8m 11.2m 11.9m 11.9m 12.4m 11.2m D=H+d, d=0 d—d,

conditions : £=3.6x10-%m/s, H=0.9m, %,=0, #=0.7m, T=one day, d=cc, 2r=0.2m, Table 10,11

b BEEERRICBOTHT&EE LTOXDEEE . H=0.9m, 2r=0.2m, d=co(HROD > HERAIEN
B & HEEAEIR LI,

KEEHREHRICESFOERT— 4 & LT 4 B HFREE (B4 E~BI6HEOS0ER) 26 JEhAOE

(9~5F) itB 3 35k WREOHEL/I0D#E460mm%E Table 10, B & U CENHHRML (logarithmic stoch
astic) IC% &w7z Fig. 9 ok, Tz, BKICE » THEF o b OMT /KA 220 & R T 20emiE T icZE
BT A2 1R&ET 5,

FOBKEMEE UCEMX OREFIBE 7 F138, 14 REANC & 2k H O B oKL EHRKBKRIZE L & IR
B A LTEIET k=3.6x10-%m/s (UHR(2) D221~228p.). & 7z, FMIRICH S &M+ = BB (WS H, [
w L, BB s H=0.9m, L=30m, §BKERE a% 0 UcBukksEitr=0.1mic 5 288
F404E 2 21 R~ 3 A 8 H OEME% Table 11, PFig, 10ITR L7z, Table 110 2, M KO\ TREBBLTH 5.

Table 10 Calculated table of stochastic maximum month rainfall
(IMAO, GIFU prefecture, 1926~1965)

corresponding) corresponding
order order
date date

1 546.0 1949.9 0.026 21 291.8 1955.10 0.538

2 506.0 1953.9 0.051 22 285.8 1928.9 0.564

3 481.9 1950.9 0.077 23 262.5 1939.3 0.590

4 465.0 1961.9 0.103 24 262.2 1936.4 0.615

5 448.1 1929.9 0.128 25 250.0 1964.9 0.641

6 445.0 1965.9 0.154 26 248.6 1931.10 0.667

7 431.1 1932.9 0.179 27 247.0 1960.5 0.692

8 421.2 1954.9 0.205 28 243.1 1948.9 0.718

9 419.9 1956.9 0.231 29 239.1 1930.10 0.744
10 402.1 1942.9 0.256 30 234.3 1933.4 0.769°
11 401.8 1935.9 0.282 31 232.9 1947.9 0.795
12 389.0 1963.5 0.308 32 231.7 1952.4 0.821
13 372.3 1941.9 0.333 33 223.1 1934.5 0.846
14 360.2 1957.9 0.359 34 201.0 1958.4 0.872
15 348.0 1962.4 0.385 35 199.8 1951.4 0.897
16 336.3 1926.5 0.410 36 192.8 1940.10 0.923
17 308.6 1944.4 0.436 37 182.2 1937.11 0.949
18 301.1 1943.9 0.462 38 169.0 1959.5 0.974
19 295.0 1927.9 0.487 39 126.5 1945.5 1.000
20 294.6 1938.5 0.513

note : fail in datum 1946
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logarithmic stochastic

0
99
water table in the middle point
.20
95
90 401
.t
z, M (cm) mean w
80 60
709+
gg 80- k=3.6X10"em/s
40 F— tile position
Zg Feb.21 23 25 27 Marl 3 5 7
ih %100 Fig. 10 Relation between time and lowering of groun-
10 " ‘ dwater table in underdrainage(TAKASU farm,
5 k+1H GIFu prefecture, 1965 Feb. 21 Mar. 8)
. \
100 1000

Xi
Fig. 9 Stochastic maximum month rainfall

Table 11 Measured values of lowering of the groundwater table by underdrainage
(TAKASU farm, GIFU prefecture, 1965 Feb. 21 Mar. 8)

station number mean water |middle point of typical

date water table by calcul-

1 2 3 4 5 6 7 table, z cm  |ate, Mcm (FRR#EEE)
Feb. 21 — — - — — - — 0 0
22 16 25 18 20 18 18 15 19 0
23 35 34 26 29 29 28 25 29 12
24 38 36 30 33 31 31 28 32 16
25 41 40 35 36 35 35 33 36 21
26 42 ” ” 34 ” 36 34 ” ”
27 43 ” 37 37 37 37 35 38 24
28 46 45 40 40 38 39 39 41 28
Mar., 1 48 47 43 43 44 43 42 C 44 31
2 51 49 46 49 ” 47 45 47 35
3 53 50 48 48 48 48 47 49 38
4 54 52 40 50 56 49 48 50 39
5 61 55 54 54 54 54 53 55 45
6 60 58 57 57 56 58 56 | 57 48
7 ” 59 58 58 57 54 55 ” o
8 ” 58 ” 59 ” 55 54 ” ”

ground surface
[ f

z M ground water table

- /l/"J mean w. t.
]
N R
| tile

impermeable layer
station number

_lLL|‘ 0?9m
23 5 5m 5 5 32

y
|
d
f
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1 BEIDI0~15(E
BRSNS B M LB LR TH - TR E TNREHSH=0.9mTH 505 L=10.8mL75 5,

2 THCEKBROHAE
Table 15 H=1.26m0 & i+ &+ ohie U L=14m, Licdi->THHED H=0.9mTH 555 Bid Ly
ek - T L=10.1m& 73 3.
Table 21T BV T E R LT H=0.8m OF#H L=9.5m& H=1.0m QY L=10.75m L35 H=0.9mp &
iz L=10.1m L7325,
Table 3 IC BT k=3.6X10-5m/s DZEHIF 1.4X1074~5.6X10"*cm/s DIFIEZFITHZ 05 H=0.9mD & &
L=13.5m& 715,

3 HRICKBHROF
Modifid DELACROIX’S eq. DAL, k=3.6x10-%m/s, H=0.9mDEHTH 305 Fig.2, 3BIUV@WAPS
tan 8=0.047, k1=0.68, h2=0.18, #n=0.72535 @)X CIHHT 5.
L=2x0.72(1.25—0.68-0.18)/0.047=11.9m

4 Toksoz and KirkuaM DB\ ERE
SHIE RIS RO A BEBEIFT 05 — £, Table 10, Fig.9 »5HER1/108AA REO460mmAEONE, CDEHS
BATM THEKE ¢ 2500 L, KirgkaaM ORFMMEICE T SWERERLE LV DET D,

%5 x Px10,0005 1,000 .
4= 5%1,000%86,400 =190 1/s/ha

R=g=1.90 1/s/ha=0.0164m/day - oo rwe i (25)
KB DE X Rk OEA &R EETENCR U Toksoz & Kirgaam OREH 5. &Mid H=0.7m, A=
o0, k=3.6X10-%m/s=0.311m/day, 27=0.2mTHEHSHE+ a lifF 25 £2&DX HICLTRD 3.

k/R=20.7, 1.364><(7’!fl— 1)=26.9,  H/r=1

Toxksoz & KIRKHAM D5 ‘
2s/H=17 ,.2s=11.9m
B OSERTem 85 E XIE»S 25=12.3m 2155, ChSOFHEOLE, R & k B3E—B, BLC H, &,
7, 25 HE—BAEE 5.

5 HoocrOUDT DRUC KBRS
£=3.6x10-%m/s, £=0.Tm, d=oco O&GHMHT R, iL(25)HAEMHAZIZR,=0.0164X L/86400=L/5.27 x10°%, d=oco
BOTORD®S de=1.1m TH 3., LidH->TEREHFH-T L 5RHOSN B,
L=8%3.6X10-%0.7x1.1%5.27x108/L+ 4 x3.6x10-¢x0.,72x5.27x108/L
S L=12.4m

6 BHERBICKDIRDE

B HRE D D TF AR T 3D 50 3 7o D ICHE T K AL ERMEASSEE T & - THEHR OFR 7 — & Table 11 5
fEbNs. Table 11 ARTHB X 510 HEORE—MEDSIE+ 2 O TRELHSKERIL O TRAE, S BB T
K 2, (FEEMICEEMEZRL, SR LUTHF MBTHRLULE ERdx. ST KIZHREEE L TP
SKEHEMN M, 13 H—y Th-T k=yn/4TH 3. Table 11 BN T21RBRAITH - 7245 208 K25mm DK
BT, BITHTALIHBIZI—F LIcbDEEZ L,

BHAREE R B 7o 3icid SiMPsON DRERIMNC & 2 B & HHEEMSC X RRE® 028BOH5H, C
CTRATESMC & AR AR Uik,

i3 B=3.6x10-%m/s, H=0.9m, hp=0, L=30m, d=oco, 2r=0.2mT3 T, Tablell, Fig.10 »5 T:
=2300D&& h1=0.6m, To=9RDEH h=0.42m TH 2. TNEMH T b £0.9m»50.55m (EIHFIKAL
TH - THEF 2 BRI TKE M=0.2m [ETICHES) WETTI0KETIRM T 210&LL&E0 L AR
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BB, B, b IIEROL S I TR E LT+ o BROMTKENC =/4 Zhi .
d=00THBEPE

—In r(L?+72)
V=in Ch—ry{L2+(Ch—7)?}

S Vi=—2.40, Vo=—2.00
TER(D85p. DANRAEME -~ TW AT 5, ARAWLC b=1LBL &
(8)=0.5% 3 x0.8{(0.21x1.6%0.25—0.32) (0.3%-+1.92%0.0055)*
+(4.69%1.6X0.076—0.48%)(0.48%+1.92X0.045)"%} — 1 =0.88
FIRIC LT =15, 2(8)=1.36, b=22BL 2 (B)=2.34%21 5. cnGDEN S Fig. 11 ORBET b Of
1.705RD 6D, o b=1.7 2 XFR ()85 p. D8) (SmesoN DTS D & ERAHEEADR) WARALT
a=2.100RH o535,

L5 ‘/
Vi

3.5 1 2 3 4

(b)

Fig. 11 Relation between condition value “b” and caluculated
value “(b)” by equation (19) on last report (5)

So=2.1(1 —pH~1)1.7 RN )
(ORI S

VH,25-6[05 g
a=a1W=—1,352x10 ZYLOS covisesinsevs s (27)

2p0:1(30240.12)  p —30m % .
4 CREORDLI0ERAL, Vi=ingyam ey, H=H:1=0.9m, Ly =30m%ERA Lz,

(12), WXL >E¥OHRERS. XL, VOBBHLHFENFEMEE L.

$_aVL(2”k> 1H b §1<b+i>(H—y)‘ . memmn o (28)

: 7 2§1 __‘351_1:'__“_ -1 ,
D L o b ZGLIRIC & - TH LIHEE S Mic gy (WA L=10m), HZOLICRA URIABRYEL L
TRREHE TS L 2RDBEMTE B,

~L=11.2m
SIMPSON DIERS Rk B E b=1.6TFH -~ T u=2.01(1 —rH-)1 8Lz, L=11.3m %55,

7 Modifid GLovER DRICKBDiERDHF
%3 k=3.6x10-%m/s, H=0.9m, hy=0, h=0.7m, T=10, d=oco, 27=0.2m, D=H/2 +L, % i3(26)
RKEED 2.1(1 —2H-DT7 THB.
@DR) S a=—1.352x10-2VLo5, (16)R b5

f 1197X10°5 ;o 5, (L2+100) -0
L ”{ 73y AL | To AL (12

FREEETS L 230172 - L=4.2m BN E. ZOHIGBRIEOT D Offiic HoocHounT O d, %N
D=H+d, %<& L=12.2mHBE5N3.

)RS TEEE L P 4m A2 B E72012id D=H/2+L ©&& f=0.57 2RALZGHIZILSIEO,
GLOVER ORIZ D & f DEDEVFILL - TAEVEIWE LD TREESRTH 5.
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8 Modifid WALKER DR(C KBRS
SHFFELFEICUTH 305, b BTEMTKRAEE - Tshemd Uiz, %/, WALKER QR d=0 THAMD @
BEU V @ZoX0l%E &5,

_ V900805
4=2-1 —5 556000 5 (300005
Vein r2(L2+72)2(4H —7r) {L2+ (4H —7)2}

CH=ELEF CH-7) 2 tCH+7) (LT CH+ 7%}
7,374 10-3 (L2 +100)2 (L2 4+ 350%)

=in (LEF1702)2(L2 T 190%)
Q) RICAA L THE S 5 &

T 6374103 (L2 + 100)2 (L2 -+ 350°)
L=[~4601.44{ {1 (L 1702) (L2 71902

ij( 1 —hH-1)1 7{(L/2)2+ A2} O- sh—ldh}} T

FROBISEL SIMPSON OMETIA T %, B EMIETS L A5kbd 3,
S.L=12.5m

ADROBA £=0.55m, f=0.22 BT L=12.6m, %7z h=0.7m, f=0.4L%\ T L=12.2m%# 3.

9 MWTKIETHREICKDHRDA
SBRIATERUT B=3.6x10~%m/s, H=0.9m, hp=0, L=30m, d=oo, 2r=0.2m Tk - TH=0.9m »5
h=0.Tmic 1 HCIET IE 2 L EOMRERN TS, 12720 d=0 DL FF do &BL,
Table 11 OTHRERT — 255 Table 12 4A3k», AR LIzOH Figd2 Thb

Table 12 Relation between “T, (day)” and “(h—hs)/(H,—hs), coefficient
of lowering of groundwater table” obtained by Table 11

T (day) |FeB2D 2 3 4| 5| 6| 7| 8| 910|112 13

_ ]
h—d, 0.90 | 0.90| 0.78| 0.74 | 0.69 | 0.69 | 0.66 | 0.62 | 0.59 | 0.55 | 0.52 | 0.51 | 0.45 | 0.42
;‘I"’if 1.00 | 1.00| 0.75| 0.67 | 0.56 | 0.56 | 0.50 | 0.42 | 0.35 | 0.27 | 0.21 | 0.19 | 0.06 | 0.00
—

notes : b—d,=H,—d.,— M
H,—d,=0.9m, hf—d.=0.42m

>

o
10 \
[]

. N

6
t (day) ]

4 o

2

o1 N
R N

Fig. 12 Relation between coefficient of lowering of groundwater
table and its number of days obtained by Table 11

h— hf_
—hy

logio 1. O log100.29_
G= 030 —0.05376

k—hys

Fig. 25 t=T= 0DLE g 1.0& T=10 E@&é«~-~——o 29 AmbORX»L G KD B,
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@)R»5
EH /m=0.283%0.05376 X 302 =11.3m/day
(CADE:wiY=S

_ 0.9-0.42)-11 05 _
L={4.28x 1 x11.3(0.108 +logsod:7—072) "} "= 11.0m

Vv £ & ®

1. BEXDI0~158, 2. HEICE AROFIRE bR 5 & SICERFETH S, 3. Bk 8D
HldHEBR OB KR SERIIC 2 O WEBN S EERTBAEREHETHS. 4. Toxsoz and KirRKHAM
ONRBERBRBEOLTOHRICEDN S, BRREL S ETLA2FLITCLEEZ LK, 5. HooGHOUDT O
KK BRDF BTN TH B D00 SWVEERT., UERERRBIBT 2REHETH 205, H2RBMAKH
TREHRT 2 IR RBOPEREE LTOED 4 DOHEER L.

6. RHREIC K BDFIZEENHFEL LTS OTHEISDPUMTH 505, B 2 BRI + « JKHIX OfR
F— 2 WHNITHERED. 7. GLOVER OF, 8. WaALkEr ORI L 3RDHFIZEBICEYHBRELZDOTE
32 & EHKEREOR S OFEICEEN S O, BENE o & UTREHEEZRELL TS ROVESEFTEIID,

9. HIT/KETHRMICK 2 HERBEKBOES FAZEBOES) b kH/m OHRICALILE > T 5D TKE
KBOEIDHESHRICONTHEE T2 & EREBNNETEH S,

Pl D& 5 D2 BEICER Ui 5 2 T— 2D F I e & S0 EMKREITH 5. #oh OHEETHIRKRE

LIS BSBET 2 DL,
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Toksoz & KirkHAM’s drain spacing nomograph, (h=h).®

GRAPHICAL SOLUTION OF DRAIN SPACING

BTHIK

FORMULA WHEN THE IMPERMEABLE LAYER IS
AT A FINITE DEPTH h BELOW THE DRAIN CENTERS

k

PR3z
D = Olyy L

TP T T T TIToms

N
Z
(7]
=

£ L Rond k must dways be expressed in the some units, f//

2 H,hy must be expressed in the same units, Vd

3. 2s, the drain spacing, will result in the unifs
chosen for H.h, and r.

exampLe P HEEEE

K-lZOm/day '

R=0.20 It/sec/ha= OOO!?Bm/doy

2r=l0cm=0I0m
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Graphical Solution and Interpretation of a New Drain-Spacing Formula
JOURMAL OF GEOPHYSICAL RESEARCH VOLUME 66, No. 2 FEBRUARY 1961 509~516p.

S

Dimensionless chart of (H/k(kE/R—1) vs. 2s/k for various values of %/2r.
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2. Toxsoz & KirkHaAM's drains pacing nomograph, (h=oc0).®

TOKSOZ AND KIRKHAM

R L O e MR R A L L RS I L TR AL L L e T N T
GRAPHICAL SOLUTION OF DRAIN SPACING FORMULA WHEN
3 THE IMPERMEABLE LAYER CAN BE ASSUMED AT INFINITE 5000
= ) DEPTH : 4000
= ) \ B
ERBARRRERRE H—Zs%-ﬁ;rln%ﬂ- - 3000
H K 1 I 2000
c )
= A . — 364 -1=fFrloa [Fe] - (1507 1000
- IMPERMEABLE LAYER =AY | 8%
—  EXAMPLE X 775 800
= GIVEN: é{y 711 500
= n-oem ST+ 400
=® 3
=120 m/day F 300
R=0,00173m/doy / g
i 2r=0/0m 1 200
[ TOFIND:2s /| g
i We have
- ko120 d
3 R=0o0oms = 694 1 100
el and 4 /// 7 ya
- 1zeall-il=1364x 693=945 AT 8
H. 06 A NATA' 60
and 7= gEs—sl2 / i 50 f
Therefore fzrom the curves 7 /// / // H 40
s o
we read =308, 11+ / / % x'c:
So 25 =308(0.6). A / / £ «
ANSWER 25 =185m. 515 i Heo g
,//H/I} 5
A | 8 A 8
VATFANIVARYITRIAN] JIIN 6
B0l T e TRl :
G- T i o 4
B ARV AN | IR 3
Dk i C A PRy S P A A Y I AT
NSO TE 1 L - 2
M 3| 983 g £
/ IRIRIR AR Rk B
INER W GL L iesalulilin LIl Ll e beddpl Ll L LELIT TR0}
i 2 3 456 806 20 30 40 60 8000 200 300 400 600 {000

2
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Dimensionless chart of 1.364(k/R—1) vs. 2s/H for various values of H/#» when A—oco.
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