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Summary

A mathematical model, UNSATR which predicts the seepage flow through the body of
dike especially under the tidal fluctuation has been developed. This model has been revised
from UNSATZ2 model which was developed on the basis of the saturated-unsaturated theory
by Neuman’ '

UNSATR has been verified and applied to the hydraulic model in order to estimated
the seepage quantity, the formation of free water surface etc.

The resuits lead to the following conclusions :

1. Seepage rates between the mathematical model and hydraulic model experiment are
very similar to each other both in constant and transient water level conditions.

2. The lapsed time to be steady state of the free water surface becomes late as the tidal
levels are relatively low mainly due to the seepage flow from the unsaturated zone of the
body of dike.

3. Under the transient state of water levels, owing to the flow from the unsaturated domain,
streamlines crossing to the free water surface are found and time lag during a falling tide
may allow the free water surface inside the body of dike to stand at a high level than
the outside water level.

4, The utility and validity of UNSATR model are convinced when the analyses on seepage
problems through the porous embankment of the soil structures on the conditions of the
steady and unsteady states are carried out
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Table-1. Structure and function of UNSATR program

Program Function
MAIN Main program to open file and to read the control data and to calculate the dimensional
. data

FEM Subroutine for finite element method procedure

MATIN Subroutine to converse unit factor and to read the soil property date and to calculate
the specific moisture for initial execution

MAFILL Subroutine to read the element data and to calculate and direction of principal hydraulic
conductivity

RESET Subroutine for initialization of the solution matrix and extrapolation of water heads

ELEM Subroutine to calculate the hydraulic conductivity tensor of each element and to deter-
mine the unsaturated variable of corner nodes of each element

INTERP Subroutine to interpolate the soil property

CONSTP | Subroutine for adjusting of matrix and vector

SOLVE Subroutine to Gaussian elimination solver

FIXQ Subroutine to calculate the boundary flux of all nodes

PRINTO Subroutine for printing the total head, pressure head and discharge

MOIST Subroutine to calculate the moisture content of unsaturated nodes in flow domain

SUBNO Subroutine to read the nodal data for submerged side of sea dike

BCMOD Subroutine to calculate the water level and pressure head for submerged nodes of
sea dike

FIXFLX Subroutine to assign the fixed flux nodes
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Table-2. Properties of experimental embankment soil
Specific Perc‘ent Grain diameter(mm) Coef.ficien.t of Li.qu.id E"lastic Soil
gravity | passing D D uniformity limit index classificati
G, | of #200 0 ® C. L P, assfication
261 95% 0.078 0.19 244 NP 0 SM-SP
Moist Void D { C i
Wet density | Dry density oisture Porosity Ol_ egree. © oefﬁcxerft. of
(g/em®) ya(g/em®) content n(%) ratio saturation permeability
" ¢ w(%) e SA(%) K*(cm/sec)
1.791 1297 38.1% 50.3% 1.012 98.3 1.10X1072
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Fig. 4. Gradation curve of soil used < gt @il ARERE gtolth.

Table-3. Table of tide

Tide Tidal level Modified tidal level for analysis

HHWL 4.250m 4250m(  0.2125m)

HWOST 2.910m 2.910m( 0.1455m)

HWOMT 2.085m 2.086m( 0.1043m)

HWONT 1.261m 1.262m(  0.063lm) —

MSL —.037m 0.000m{ 0.0000m) NTR MTR STR
LWONT —1.335m -1.262m(—0.0631m) ——

LWOMT —2.159m —2.086m(—0.1043m)

LWOST —2.983m —2.910m(—0.1455m)
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Table-4. Efflux at steady state
unit : m%/day/m

Water Method

level UNSTAR Hydraulic flow
program model test net

HHWL | 4493 4351 2160

HWOST 33.16 3329 15.85

MSL 10.84 10.67 4.86
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Table-5. Efflux by tidal 160.0 min. unit © 107 m¥/cy/m
Tide | Method | Time(min.) st ¢y. 2nd. cy. 3rd. oy, 4th. cy. Sth. cy.
Hydraulic [R1  0—40 |[2.8485 29458 30315 30016 29187
model R2 40—80 {40257 68702140858 7.031614.0542 70857140186 70202]4.0229 6.9416
test F1 80120 {55743 59215 60714 6.1930 6.0243
F2 120160 {65985 12.171816.9800 129015}7.0714 131428)7.0058 13.2888|7.0358 13.0601
Spring Total 19.0470 199331 20.2285 20.3090 20.0017
tide
range | Numerical {RI  0—40 }35314 35413 43205 44170 44291
method (RZ 4080 {49170 84484/49090 8450350710 95060|508%0 9.5060{5.0930 9.5221
F1 80120 | 4.8477 48181 5.3915 54650 54738
F2 120160 |5.7929 10.6376|5.7766 10.5947[6.1280 115195]6.1710 11.6360}6.1771 11.6509
Total 19.0860 19.0450 20.1110 21.1420 21.1730
Mean | Numerical {R1 0—40 |34764 3.8930 39370 394 3.9440
tide method {R2 40—80 |4.3850 7.8614 {44550 8.3480[44650 84020]44670 84104144670 84110
range F1 80120 [4.3480 4.5700 4.6000 4.6054 4.6060
F2 120160 {49946 9.3416[51270 9.6970|51470 97470151502 9.75565.1500 9.7560
Total 17.2040 18.0450 181490 18.1660 181670
Neap {Numerical [R1 0—40 |}34268 35873 35925 35933 35935
tide method [R2 40—80 {39160 7.3428{39250 75123|39260 75185]39260 7.5193}39260 75195
range F1 80~120 {39179 39632 3.9667 39674 3.9675
F2 120160 142893 8.2072]4.3065 8.2697)4.3088 82755]4.3003 82767143100 82775
Total 155500 15.7820 15.7940 15,7960 15.7970
Ri, R2: Time interval of water level rising
F1, ¥2* Time interval of water level falling
Time | 40.0min, Time © 40.0min. Time © 40.0min
HWOST Max, total hesd 1 108m  HWOMT Max. total head | 1.04m HWONT Max. tofal heud  .00m
isEsscies Sssoco=| S
1) HWOST S 1) HWOMT Time : 600mia 1) HWONT Time : B00min
MSL Max. ttal head | L0 ML g ol bead S 100 P e ) e 1090
=t ? Y % 0
+ S n 1 1 1
2) MSLat falling of water leveD, 2) MSL(at falling of water level) 2) MSL (st falling of water level)
Time : 120.0min. Time . 120.0min. Time * 120.0min.

LWOST, gl .., Mo towhext Lt LWOST Max fotal bead | 196m  LWOST Max. tota) head | 1.09m
b NSRS T oo e
» Lot Time © 160.0min. ) Kot Jime : 1600min. P st Time  1600main.

e Mo ol best Lozm MSL =M""' total head - ﬁ"’—{l JI}ASL M:x. total bead : 105m .
AT 2N AN TS

2) MSL (st rising of water Jevel)
a) spring tide range

2) MSL (at rising of water Jevel)

b) Mean tide range

2) MSL (at rising of water level)

¢) Neap tide range

Fig. 10. Flow net and free water surface in transient state
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