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ABSTRACT

This study designed the backfill filter for groundwater monitoring
well (GMW) under the different types of soil from the middle area of
Taiwan. Firstly, 10 soil samples were collected, and the grain size of soil
sample d di, dso, dgo Were calculated. The distribution range of filter
grain size Dss is initially estimated based on the typical design criteria.
D10 and D1go can be obtained by linearity assumption. The design method
of backfill filter is then tested by a practical example. The first test will be
the proctor compaction test, which will be used to simulate the pressure
condition of base soil under the ground. The second test is the no erosion
filter test, which is adopted to deploy filter grains to prevent piping when
the high groundwater pressure applies on the crack. And results of these
test can be referred for backfilling filters design method into the
groundwater monitoring well. The validation and appropriate upper and
lower limits of D15 will be observed. Outcome can also supply the design

criteria for the various soil types in the middle area of Taiwan.

Keywords: filtering material, no erosion filter test, piping erosion
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31 HFERBSFRER
1 TR SR A p
5. No latitude longitude Date

1 23°34°19’ 120°29’32 2019/01/09
’ ” 08:10

2 23°34°50° 120°31°10 2019/01/09
’ ” 09:23

3 23°34°51’ 120°31°10 2019/01/09
’ ” 09:50

4 23°27°38’ 120°31°51 2019/01/09
\ ” 10:24

5 23°31°30° 120°33’38 2019/01/09
’ 0 11:09

6 23°38°47’ 120°34°27 2019/01/09
’ Y 12:34

7 23°44°43° 120°35°58 2019/01/09
’ ” 13:12

8 23°43°23° 120°34°47 2019/01/09
’ ” 13:37

9 23°41°27° 120°25’15 2019/01/09
’ ” 15:32

10 23°41°27’ 120°25’15 2019/01/09

15:32
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42 i Dis TR

et Y o € PIAH L M2 dis E dgs 0 T A »(2-1)F 0 3
BiBRt Dis b TR 0 FR Y N2 0 RIF dis > dgs 0 A A0 42

0 - dhs 4> 0.135mm T 0.179mm  dgs 4 ** 3.126mm % 3.875m

%1?—7‘1' EE-F e 'IVEL.7P

)

= o

% 4-2 B Dis TR

No dis dgs  Minimum Dis|Maximum D;s| Average D15
1 0.136 2.949 0.545 11.797 6.171
2 0.185 2.669 0.741 10.675 5.708
3 0.213 3.272 0.853 13.089 6.971
4 0.221 3.875 0.884 15.501 8.192
5 0.222 3.746 0.890 14.983 7.937
6 0.174 3.607 0.697 14.429 7.563
7 0.097 2.969 0.386 11.875 6.131
8 0.135 3.126 0.539 12.504 6.522
9 0.185 3.323 0.738 13.292 7.015
10 0.179 3.339 0.715 13.357 7.036

H = :mm
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4.3 Cu=6 2_j5 A& ¥

¥4 tafic Cu=Deo/Dyp > CU=1 %3593 & » #1F 3 -] 3594p
o Cu=6 # i< & > Cu=20 % 1 *TLE » ¥ 245(2-2)58 ++ & Dio > (2-
3)7* 3% Deo > (2-4)5% 3% Dgo » (2-5)3 % Do » % (2-6)5%3" & Dioo

4 A\ 55 .
2N }\“—;J-_’E_lr N LI

|
D
Dy, = %31 (2-2)

Deo = Cua9 Dis (2-3)

Dy = Cull5 Dis (2-4)

D, = 3Dy, ~2D;4 (2-5)
1

Digo = 5(4 Dgo — Deo) (2-6)

R 25 o] s oA 2 TI50E Disit B AL A G
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% 4-3Cu=6  FiR PRI A ff

(A)d-| &
No |Minimum D5 Do D1o Deo Dyo D100
1 0.545 0.28 0.46 2.73 8.01 9.77
2 0.741 0.38 0.62 3.72 10.89 13.29
3 0.853 0.43 0.71 4.28 12.53 15.29
4 0.884 0.45 0.74 4.43 12.99 15.85
5 0.890 0.45 0.74 4.46 13.08 15.95
6 0.697 0.35 0.58 3.50 10.24 12.49
7 0.386 0.20 0.32 1.94 5.67 6.92
8 0.539 0.27 0.45 2.71 7.93 9.67
9 0.738 0.37 0.62 3.70 10.85 13.23
10 0.715 0.36 0.60 3.59 10.51 12.81
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(B)= 35

2

|

e

I

No | Average Dis | Do D1o Dso Doo D100

1 6.171 3.13 5.16 30.95 90.69 110.60
2 5.708 2.90 4.77 28.63 83.89 102.31
3 6.971 3.54 5.83 34.96 |102.45 124.95
4 8.192 4.16 6.85 41.09 |120.40 146.84
5 7.937 4.03 6.63 39.81 |116.64 142.25
6 7.563 3.84 | 6.32 37.93 |111.15 135.56
7 6.131 3.11 5.12 30.75 90.10 109.88
8 6.522 3.31 5.45 32.71 95.85 116.89
9 7.015 3.56 5.86 35.19 |103.10 125.74
10 7.036 3.57 5.88 3529 |103.41| 126.11
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No |Maximum Dis Do D1o Deo Dgo D100

1 11.797 5.99 9.86 59.17 | 173.37 | 211.44
2 10.675 5.42 8.92 53.54 | 156.89 | 191.34
3 13.089 6.65 10.94 | 65.65 | 192.37 | 234.61
4 15.501 7.87 1296 | 77.75 | 227.81 | 277.83
5 14.983 7.61 12.53 | 75.15 | 220.21 | 268.56
6 14.429 7.33 12.06 | 72.37 | 212.07 | 258.63
7 11.875 6.03 9.93 | 59.56 | 174.53 | 212.85
8 12.504 6.35 10.45 | 62.72 | 183.77 | 224.12
9 13.292 6.75 11.11 | 66.67 | 195.35 | 238.25
10 13.357 6.78 11.17 | 67.00 | 196.31 | 239.41

H i~ :mm
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4.4 Cu=20 2_# f= A 13

dok Cu>20 » -6 i Sl A 4 & o FP 7 - Cu=20 4R %
KQ/E , ):é' /E;J‘_;E-';‘lif'—r %\, °

% 4-4 Cu=20 2_ g i~ T

(A)B-] &

No [Minimum D5 Do D1o Deo Dgo D100

1 0.545 0.12 0.40 8.08 48.74 62.29
2 0.741 0.17 0.55 10.99 66.30 84.74
3 0.853 0.19 0.63 12.64 76.28 97.49
4 0.884 0.20 0.66 13.11 79.08 101.07
5 0.890 0.20 0.66 13.19 79.60 | 101.73
6 0.697 0.16 0.52 10.33 62.33 79.67
7 0.386 0.09 0.29 5.72 34.52 44.13
8 0.539 0.12 0.40 7.99 48.24 61.66
9 0.738 0.16 0.55 10.94 66.02 84.37
10 0.715 0.16 0.53 10.60 63.94 81.73
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(B)X 51

No|Average Disi Do D1o Deo Dgo D100
1 6.171 1.38 4.57 91.47 551.93 705.42
2 5.708 1.28 4.23 84.61 510.55 652.53
3 6.971 1.56 5.17 103.33 623.50 796.89
4 8.192 1.83 6.07 121.43 7132.75 936.52
5 7.937 1.77 5.88 117.64 709.86 907.27
6 7.563 1.69 5.61 112.11 676.46 864.58
7 6.131 1.37 4.54 90.87 548.33 700.82
8 6.522 1.46 4.83 96.67 583.31 745.52
9 7.015 1.57 5.20 103.98 627.45 801.94
10| 7.036 1.57 5.21 104.29 629.31 804.32
C)~ &
No Maximum D15 Do D1o Dso Dgo D1oo
1 11.797 2.64 8.74 174.86 |1055.12 [1348.54
2 10.675 2.38 7.91 158.23 1954.80 (1220.32
3 13.089 2.92 9.70 194.01 |1170.72 (1496.29
4 15.501 3.46 11.49 |229.76 (1386.42 |1771.97
14.983 3.35 11.10 |222.09 |1340.13 |1712.82
6 14.429 3.22 10.69 |213.88 |1290.59 |1649.50
7 11.875 2.65 8.80 176.02 |1062.14 (1357.52
8 12.504 2.79 9.27 185.34 |1118.37 (1429.38
9 13.292 2.97 9.85 197.03 |1188.89 |1519.51
10 13.357 2.98 9.90 197.99 [1194.68 |1526.91

H = :mm
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L R EAS

A1 R AR

(@) No.1
. Mass of | Percentage | Cumulative
: Sieve . . Percent
Sieve no. | . Soil retained on | percentage :
size(mm) _ . : finer
retained(g) [ each soil retained
8 2.38 342.5 19.74 19.7 80.3
16 1.19 265 15.27 35.0 65.0
30 0.59 307 17.69 52.7 47.3
50 0.297 267 15.39 68.1 31.9
100 0.149 269.5 15.53 83.6 16.4
200 0.074 139.5 8.04 91.7 8.3
Receivi
] I 145 8.36 100.0 0.0
pan
(b)No.2
: Sieve |Mass of Soil Perc':entage Cumulative Percent
Sieve no. | . _ retained on | percentage :
size(mm) | retained(g) . : finer
each soil retained
8 2.38 371 17.08 17.1 82.9
16 1.19 288.5 13.28 30.4 69.6
30 0.59 299.5 13.79 44.2 55.8
50 0.297 314.5 14.48 58.6 41.4
100 0.149 759 34.94 93.6 6.4
200 0.074 77 3.55 97.1 2.9
Recelving| 62.5 2.88 100.0 0.0
pan
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(c)No.3

) Sieve [Mass of Soil Perc_;entage Cumulative Percent
Sieve no. | . . retained on | percentage )
size(mm) | retained(Q) . : finer
each soil retained
8 2.38 523 24.06 24.1 75.9
16 1.19 328 15.09 39.1 60.9
30 0.59 346 15.92 55.1 449
50 0.297 316 14.54 69.6 30.4
100 0.149 591.5 27.21 96.8 3.2
200 0.074 40 1.84 08.6 1.4
Receivi
SCeVINg | 205 1.36 100.0 0.0
pan
(d)No.4
P t lati
: Sieve |Mass of Soil ercfen age | Cumulative Percent
Sieve no. | . . retained on | percentage .
size(mm) | retained(g) . . finer
each soil retained
8 2.38 786.5 40.64 40.6 59.4
16 1.19 275 14.21 54.8 45.2
30 0.59 166 8.58 63.4 36.6
50 0.297 168.5 8.71 72.1 27.9
100 0.149 485.5 25.08 97.2 2.8
200 0.074 34 1.76 99.0 1.0
Receiving | 20 1.03 100.0 0.0
pan
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(e)No. 5

: Mass of | Percentage | Cumulative
i Sieve . i Percent
Sieve no. | . Soil retained on | percentage .
size(mm) . . . finer
retained(g) | each soil retained
8 2.38 585 35.40 35.4 64.6
16 1.19 288.5 17.46 52.9 47.1
30 0.59 200.5 12.13 65.0 35.0
50 0.297 170.5 10.32 75.3 24.7
100 0.149 318 19.24 94.6 5.4
200 0.074 31.5 1.91 96.5 3.5
Recelving) 58.5 3.54 100.0 0.0
pan
(F)No. 6
P t lati
. Sieve |Mass of Soil ercfen age | Cumulative Percent
Sieve no. | . . retained on | percentage .
size(mm) | retained(g) . . finer
each soil retained
8 2.38 462 31.11 31.1 68.9
16 1.19 244 16.43 47.5 52.5
30 0.59 146 9.83 57.4 42.6
50 0.297 173 11.65 69.0 31.0
100 0.149 286 19.26 88.3 11.7
200 0.074 89 5.99 94.3 5.7
Receiving | 85 5.72 100.0 0.0
pan
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(g)No.7

: Mass of | Percentage | Cumulative
. Sieve . . Percent
Sieve no. | . Soil retained on | percentage .
size(mm) . . . finer
retained(g) | each soil retained
8 2.38 287 19.96 20.0 80.0
16 1.19 324 22.53 42.5 57.5
30 0.59 198 13.77 56.3 43.7
50 0.297 146 10.15 66.4 33.6
100 0.149 205 14.26 80.7 19.3
200 0.074 89 6.19 86.9 13.1
Recelving) 189 13.14 100.0 0.0
pan
(h)No.8
P t lati
: Sieve |Mass of Soil ercfen age | Cumulative Percent
Sieve no. | . . retained on | percentage .
size(mm) | retained(g) . . finer
each soil retained
8 2.38 256 21.89 21.9 78.1
16 1.19 245 20.95 42.8 57.2
30 0.59 198.5 16.97 59.8 40.2
50 0.297 87 7.44 67.3 32.7
100 0.149 187 15.99 83.2 16.8
200 0.074 109 9.32 92.6 7.4
Receiving | 87 7.44 100.0 0.0
pan
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(iNo.9

) Sieve [Mass of Soil Perc_;entage Cumulative Percent
Sieve no. | . . retained on | percentage )
size(mm) | retained(Q) . : finer
each soil retained
8 2.38 287 24.91 24.9 75.1
16 1.19 178 15.45 40.4 59.6
30 0.59 285 24.74 65.1 34.9
50 0.297 119 10.33 75.4 24.6
100 0.149 145 12.59 88.0 12.0
200 0.074 96 8.33 96.4 3.6
Recelving | 42 3.65 100.0 0.0
pan
(j))No.10
P t lati
: Sieve |Mass of Soil ercfen age | Cumulative Percent
Sieve no. | . . retained on | percentage .
size(mm) | retained(g) . . finer
each soil retained
8 2.38 348 25.20 25.2 74.8
16 1.19 284 20.56 45.8 54.2
30 0.59 186 13.47 59.2 40.8
50 0.297 216 15.64 74.9 25.1
100 0.149 175 12.67 87.5 12.5
200 0.074 113 8.18 95.7 4.3
Receiving | 59 4.27 100.0 0.0
pan
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