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Groundwater monitoring wells are important to maintain their performance for long term monitoring. The mon-
itoring wells with extensive internal incrustation by clay adsorption were selected for this study. The performance
of these monitoring wells was improved by pump washing, tube replacements for dedicated samplers, and well
surging. After each improvement, the Mg, Mn, and Zn concentrations were increased. The results show that under
these conditions, the monitoring wells must be carefully inspected at least once a year. Even in the case of no
abnormal phenomenon like as internal incrustation, the monitoring wells need to be serviced at least once every
four to five years to guarantee that they are effectively monitoring groundwater quality.
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Fig. 1. Location map of the study area, showing the locations of monitoring wells.

Table 1. Summary of the physical parameters of and information on monitoring wells, including: (a) depth below the ground
surface, (b) monitored data after well completion, (c) depth to water, and (d) low flow sampler (double valve pump).

Well Year of Groundwater’ Screen Annular space Dedicated equip.

Well depth install. level Start/end | Diamter Material | Seali Fills x| Sampl Material/
(BGS, m) (DTW, m) | (BGS, m) | (mm) aen cAlng | FHEr pack | Sampier |- A cessories

Welll 30 2007 12.82 21730 100 PVC | Bentonite| 92Vl a0 | [yypa | PE/635 mm Tube/
sand Connector

Well2 30 2007 2.51 21730 100 PVC | Bentonite| 92Vl @0 | pyypa | PE/635 mm Tube/
sand Connector

Wel3 | 30 2007 357 21530 10 | PVC |Bentonite| 9Vl a0 | pyypa | PE/635 mm Tube/
sand Connector

Well4 34 2007 415 19/34 100 PVC | Bentonite| 0¥l and | [yypa | PE/635 mm Tube/
sandl Connector

Wells | 30 2007 510 1530 100 | PVC |Bentonite| OVl @d | pypa | PE/6.35 mm Tube/
sand Connector

Wells | 30 2008 338 27130 100 | PVC |Bentonite| OVl @d | pypa | PE/6.35 mm Tube/
sand Connector

Well7 10 2008 461 710 100 PVC  |Bentonite Grasvai da”d ; 12.7 mm Tube

Well§ 80 2008 8.00 50/80 100 PVC | Bentonite| 92Vl @0 | pyypa | PE/6.35 mm Tube/
sand Connector

Wello 25 2008 5.51 20.5/25 100 PVC | Bentonite| 92Vl @0 | pyypa | PE/6.35 mm Tube/
sand Connector

Welllo| 30 2008 6.03 21/30 100 PVC | Bentonite| 2¥¢l nd | [yypa | PE/6.35 mm Tube/
sand Connector

a: Below ground surface; b: Monitored data after well completion; c: Depth to water; d: Low flow sampler (double valve pump).
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Fig. 2. Schematic illustration of the dedicated sampler
(low flow sampler) in the monitoring well.

Table 2. Summary of the classification of abnormal phenomena and selected methods for making improvements to the

monitoring wells.

Well number

Abnormal phenomenon

Improvements

Well 1, Well 2, Well 5,
Well 10, Well 9

Absorption of clay material in or on pump

Pump washing

Well 3, Well 5, Well 6

Absorption of clay material in or on tubes

Pump tube replacement

Well 7, Well 4, Well 8

Absorption of clay material on well bottom &
on inner casing

Well surging
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Table 3. Analyzed chemical and physical items of the monitoring wells.

Lab/Field Analysis items
Major ion Na®, K*, Ca®*, Mg, CI, SO,~, HCO5~, NO5~
Lab. analysis Heavy metal Pb, Cu, Zn, Fe, Mn, Al
etc. Turbidity, NH,4-N

Field analysis

pH, EC, DO, Eh, Temp.
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Table 4. Groundwater quality results before and after various improvements to the wells.

Well Jmprovements DTW pH EC DO Eh | Temp. | Na' K" | ca®t | mMg*
No. (m) (Slem) | (mg/L)| mV) | (O | (mgL) | (mg/L) | (mg/L) | (mg/L)
1 Before | Pump washing 12.8 6.30 979 5.99 | 400.1 15.6 12.6 1.8 96.4 49.5
1 After Pump washing 124 592 | 1,008 | 558 | 3609 | 13.8 12.5 1.5 91.4 60.1
2 Before | Pump washing 2.0 759 | 2936 | 057 | 1285 | 17.1 | 468.8 | 123 5.1 28.8
2 After Pump washing 23 737 | 3,410 0.7 118.1 16.1 | 518.0 | 11.1 10.5 31.8
3 Before | Tube replacement | 3.5 6.78 | 2213 | 0.15 6.1 17.4 15.1 1.6 1.7 3.8
3 After | Tube replacement | 3.5 6.55 | 2240 | 0.13 | 1103 | 15.1 18.9 1.4 1.9 45
4 Before Well surging 3.7 8.44 876 0.1 |-1105] 162 | 142.0 | 58 23 2.5
4 After Well surging 4.0 7.55 662 33 | 2518 | 140 | 857 59 28.5 12.0
5 | Before |  PumP washing |y o | 01 | yp7 | 333 | 2437 | 182 | 82 | 69 | 570 | 93

Tube replacement
5| Afer | Pump washing oyl Geg | 436 | 529 [ 2264 | 147 | 115 | 58 | 483 | 118
Tube replacement
6 Before | Tube replacement | 4.1 794 | 2,860 | 0.09 25.0 164 | 364.8 | 52.0 49.9 49.1
6 After | Tube replacement | 4.0 8.05 | 3,800 | 0.09 38.6 155 | 546.2 | 51.2 43.7 65.1
7 Before Well surging 4.4 6.41 410 4.64 | 3885 | 20.0 | 20.6 4.8 225 83
7 After Well surging 4.5 7.06 350 6.16 | 380.5 | 199 | 203 3.8 20.5 9.4
8 Before Well surging 5.7 7.76 422 0.7 116.5 | 242 54.8 2.7 8.0 3.8
8 After Well surging 6.9 822 415 2.03 | 426.6 | 12.6 | 63.9 22 10.2 3.7
9 Before | Pump washing 52 5.58 712 222 | 403.6 | 169 41.1 72 234 214
9 After Pump washing 52 6.21 708 2.82 | 4220 | 163 39.6 7.6 236 | 247
10 | Before | Pump washing 6.1 6.89 656 035 | 331.0 | 163 17.7 1.2 57.2 26.8
10 After Pump washing 6.2 7.46 666 026 | 2413 | 16.0 19.1 1.3 46.8 | 30.6
Well Improvements Cr SO,~ |HCO; | COs* | NOs™ | Zn Fe Mn Al |Turbidity
No. (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (NTU)
1 Before | Pump washing 7.9 4619 | 30.0 0.0 2.5 0.098 0 0 0 0.29
1 After Pump washing 7.9 480.5 | 36.0 0.0 24 0.111 0 0 0.1 9.65
2 Before | Pump washing | 735.8 | 107.5 | 108.0 | 0.0 0.0 | 0.011 0 0.47 0 0.94
2 After | Pump washing | 815.1 | 116.6 | 108.0 | 0.0 14 | 0107 | 036 | 0.72 | 0.07 | 0.95
3 Before | Tube replacement | 27.4 0.0 38.0 0.0 0.0 | 0.028 | 5.88 | 0.74 | 0.02 | 60.8
3 After | Tube replacement | 27.7 0.0 48.0 0.0 0.8 | 0.039 | 1052 | 1.17 | 0.06 | 61.8
4 Before Well surging 325 1.5 319.0 0.0 0.8 0.008 | 0.012 | 0.01 0 0.33
4 After Well surging 23.6 16.8 | 266.0 | 0.0 17.3 | 0.661 0 0.18 | 0.04 10.7
5 | Before | Pump washing ) o335 | 1600 [ 00 | 160 | 141 0 | 021 0 10.4
Tube replacement
5 | Afier | Pump washing o 5t 30 | 500 | 00 | 196 | 1784 | 0 | 036 | o | 077
Tube replacement
6 Before | Tube replacement | 569.3 9.5 486.0 0.0 2.3 0 0.06 0.14 0 0.89
6 After | Tube replacement | 800.2 34 607.0 0.0 1.6 0 0 0.14 0 0.94
7 Before Well surging 30.5 46.8 | 60.0 0.0 3.2 0 0 0 0 0.39
7 After Well surging 22.7 432 54.0 0.0 7.3 0 0 0 0 5.01
8 Before Well surging 5.7 6.7 186.0 | 0.0 1.9 | 0.445 0 0.1 0.04 101
8 After Well surging 5.2 6.4 188.0 | 0.0 1.5 | 0611 | 029 | 0.16 | 0.32 217
9 Before | Pump washing 88.9 76.7 37.0 0.0 399 | 0.076 0 0.05 0 0.27
9 After | Pump washing 88.7 714 | 49.0 0.0 373 | 021 0 0.05 0 0.96
10 | Before | Pump washing 454 72 239.0 0.0 33 0 0 0.2 0 0.3
10 After Pump washing 41.5 52 245.0 0.0 2.1 0 0 0.1 0 0.95
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Table 5. Frequency of concentration trends for each chemical component after pump washing.

Cation | Increase | Decrease ccl((i)grll-t NM? I-r;e:tzly Increase | Decrease c(i((i)grll-t NM. | Anion | Increase |Decrease c(i((i)grll-t NM.
Na* 3 2 0 0 Zn 4 0 0 1 cr 2 3 0 0
K 2 3 0 0 Fe 1 0 4 0 | So> 2 3 0 0
ca? 2 3 0 0 Mn 2 1 2 0 | HCO; 3 1 0 1
Mg 5 0 0 0 Al 2 0 3 0 | NOy 2 3 0 0
sum 12 8 0 0 sum 9 1 9 1 sum 9 10 0 1

a: Not monitored
Table 6. Frequency of concentration trends for each chemical component after tube replacement.

Cation | Increase | Decrease cclggrl]-t NM. I:I;:t:]y Increase | Decrease (fl:gglllt NM. | Anion | Increase | Decrease cclggrl;t NM.
Na* 3 0 0 0 Zn 2 0 0 1 Cr 2 1 0 0
K* 0 3 0 0 Fe 1 1 1 0 SO% 0 2 1 0
Ca?* 1 2 0 0 Mn 2 0 1 0 | HCOy 2 1 0 0
Mg** 3 0 0 0 Al 1 0 2 0 NOy 2 1 0 0
sum 7 5 0 0 sum 6 1 4 1 sum 6 5 1 0

a: Not monitored
Table 7. Frequency of concentration trends for each chemical component after well surging.

Cation | Increase |Decrease CCIS:;I NM. Iifeat:Jy Increase | Decrease (S((j)::l-t NM. | Anion | Increase | Decrease g((j);?]-t NM.
Na* 1 2 0 0 Zn 2 0 0 1 Cl 0 3 0 0
K 1 2 0 0 Fe 1 0 2 0 | SO* 1 2 0 0
ca? 2 1 0 0 Mn 2 0 1 0 | HCOy 1 2 0 0
Mg 2 1 0 0 Al 2 0 1 0 | Noy 2 1 0 0
sum 6 6 0 0 sum 7 0 4 1 sum 4 8 0 0

a: Not monitored
a1, A5 7] Wl e AdE W § g Fig. 10& gol2ou Fa] F2alS A|A s}
2 Wslsle 54U ¢ o Wb, AAH R 5 St EA AEEe MRS BN Aot o] &
4 Fro] Z714n e FEsith AN UEEE S AANA Aol BEY e BE, Fuog
Fole, 75, Sol2or g R AN Kt 3 A 2olle HEZECIY kg & 5
HwsA Fe] F7F 24, 9 2SS A ESI Zxo] Hegt T #50] HA g ew Addr
o} 2 A3= Table 5, 6, 73 7k ;A ol g Fao) wiFo] gAY vEe
Table 5, 6, 75 AES A}, FAHS= Fol 24 2 adke A= 3tk & A 13T FEE
Fud PHA 42719 FErt 327|R SR 3| o] Fof o]zt #Fo R difsh=t] A7} k. wh
T B2 Zlow yeisith FoolelMe SUAE B I o 35S R SIS AR
37t 22 FEoE UEhly] wiiel S ¥t 74 I 4714 RUEY ARE EYE AEHE}
HR7E G 7t it Tl FEE T a3t
M= S7F A 357t 8ol vehd 52 v, FNHeE dshe A5 e AEd fA
ofd, ®ztolal, 1 Wit FEHslE s FEEct 27 Basict = A HE g Aek B BaA
(Fig. 9). 9} SjLIAHHI(US. EPA, 1988)2 ZESI] 7|5 os



Ak B57ge] AR we Edsiel fRlEEe i A 293

80 12
60|
08—
Sl )
‘g E
=
04—
20
0 T T 0 -
Before After Before After
2
16—
12
B
N
08—
Q04—
o
Before After

Fig. 9. Average concentration change of chemical components (Mg, Mn, and Zn) before and after various improvements to
the wells.

Cation .
Clay CaCo, Heavy metal Anion

(a) Before improvements
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Fig. 10. Schematic illustrations showing the reaction model before and after various improvements to the wells.
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