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Abstract

The purpose of this research is to propose a clear approach for assessment of the village

waterworks systems from groundwater resources managed by the water user committee. Three
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village waterworks systems in Thungluknok Subdistrict Administrative Organization, Kamphaeng
Saen, Nakhon Pathom, were assessed according to the best practices of village waterworks systems.
The assessment can be categorized into 5 sectors: (1) participation, (2) quantity and quality of
water, (3) water infrastructure, (4) management and (5) supporting from related agencies. Data were
conducted from field survey, interview, questionnaire survey, and water quality testing. This
research found that all case studies should be improved in the management sector by applying
water demand management, using information technology for the management and emphasis on
preventive maintenance. Moreover, this assessment framework can be applied as a tool for

monitoring other waterworks systems to achieve more effective management.

Keywords: village waterworks system; waterworks system assessment; groundwater
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Table 1 Background information of the case studies

TN1

TN2 TN3

Year of construction 1989

1998 2007

Number of water users

112 Households

52 Households 30 Households

Average water consumption

120 m3/day

63 m3/day 26 m3/day

Water tariff

6 Baht/m’

4 Baht/m’ 3 Baht/m’
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Figure 1 Study area boundary (Thungluknok Subdistrict Administrative Organization) and locations

of case studies.

Table 2 Standard of drinking water quality from groundwater resources [9]

Sarameters Unit Suitable Maximum allowable
concentration limit concentration limit
Physical properties
pH - 7.0-8.5 6.5-9.2
Turbidity NTU 5 20
Chemical properties
Total dissolved solid (TDS) mg/| 600 1200
Iron (Fe) mg/L 0.5 1.0
Manganese (Mn) mg/| 0.3 0.5
Total hardness (TH) mg/L 300 500
Chloride (CU) mg/\ 250 600
Nitrate (NO3) mg/L a5 45
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Table 3 Assessment results on participation
Mean + 5D
Participation level
TN1 TN2 TN3
Inform 3.50+1.60 | 4.64+0.46 | 4.11+1.01
Get information about the management of waterworks system | 3.41+1.68 | 4.71+0.47 | 4.06+1.06
Get information about the maintenance of waterworks system | 3.59+1.53 | 4.57+0.51 | 4.17+0.98
Consult 2.48+1.30 | 4.54+0.50 | 3.69+0.88
Express opinions on the management of waterworks system | 2.45+1.33 | 4.57+0.51 | 3.78+0.88
Express opinions on the regulation formulation 2.50+1.30 | 4.50+0.52 | 3.61+0.92
Participation in decision-making 2.36+1.21 | 4.43+£0.51 | 3.36+1.30
Participation in the election of village waterworks committees | 2.27+1.28 | 4.36+0.63 | 3.39+1.34
Participation in the regulation 2.45+1.26 | 4.50+0.52 | 3.33+1.28
Cooperation 3.03+1.13 | 4.14+0.77 | 3.83+0.83
Compliance with law/regulation 2.59+1.26 | 4.57+0.51 | 3.72+0.96
Piping visual inspection 3.32+1.36 | 3.71+1.33 | 3.72+1.18
Maintenance of apparatus/groundwater well 3.18+1.33 | 4.14+1.03 | 4.06+1.00
Monitor 2.23+0.97 | 2.07+1.07 | 2.89+0.96
Monitoring on management of village waterworks system from
2.23+0.97 | 2.07+1.07 | 2.89+0.96
groundwater resources
(Total score 5.00 points) | 2.80+1.07 | 4.17+0.38 | 3.67+0.81
Assessment results
(%) | 56.00 83.40 73.40
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Table 4 User satisfaction on quantity and quality of water

Mean +SD
Issues
TN1 TN2 TN3
Quantity 3.77+0.88 4.00+0.65 3.92+0.76
Regularity 3.82+0.91 4.00+0.78 4.06+1.00
Pressure 3.59+0.96 3.86+0.77 3.67+£0.84
Sufficient volume 3.91+0.87 4.14+0.77 4.06+0.72
Quality 3.10+0.79 3.50+0.57 3.10+0.81
Transparency 3.55+1.06 4.21+0.80 3.50+1.20
Odor 3.68+1.00 4.00+0.78 3.67+1.14
Color 3.59+1.05 4.14+0.77 3.56+1.25
Hardness 3.68+1.04 4.14+0.77 3.44+0.92
Taste 1.00+0.00 1.00+0.00 1.33+0.84
Overall 3.35+0.79 3.69+0.51 3.41+0.73
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Table 5 Water quality sampling results

Case studies Parameters Unit 201 2018

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. Jun.

pH - 70 | 69" | 79 | 72 | 69" | 77 7.8

Turbidity | NTU | 1.8 | 04 | 09 | 08 | 09 | 1.0 0.0

TDS mg/l | 504 | 530 | 525 | 519 | 498 | 486 | 489

Fe meg/l | ND | ND | ND | ND | ND | ND 0.1

m Mn mg/l | ND | ND | ND | ND | ND | ND ND
TH mg/l | 284 | 284 | 276 | 285 | 276 | 473" | 328

cl meg/l | NA | NA | 125 | 130 | 107 | 117 77

NO, mg/l | 49 | 41 | 40 | 38 | 37 | 49 0.0

pH - 71 | 70 | 79 | 69" | 70 | 79 | 68

Turbidity | NTU | 09 | 1.0 | 09 | 08 | 1.0 | 15 0.0
DS mg/l | 704" | 717" | 762" | 769" | 653" | 540 | 1215°

Fe mg/l | ND | ND | ND | ND | ND | ND | 0.12

e Mn meg/l | ND | ND | ND | ND | ND | ND | 0.16
TH mg/l | 343" | 343" | 404’ | 331" | 355' | 386" | 470'

cl mg/l | NA | NA | 221 | 320" | 256" | 335" | 548

NO; mg/l | 49 | 211 | 41 | 93 | 99 | 108 | 00

pH - 69" | 69" | 76 | 70 | 69" | 74 74

Turbidity | NTU | 1.0 | 06 | 06 | 07 | 09 | 09 0.0

TDS me/l | 476 | 483 | 471 | 450 | 425 | 483 | 432

Fe meg/l | ND | ND | ND | ND | ND | ND ND

e Mn mg/L | ND | ND | ND | ND | ND | ND ND
TH mg/l | 337" | 331" | 299 | 304" | 375" | 390" | 376

c mg/L | NA | NA | 125 | 130 | 120 | 129 68

NO; mg/l | 49 | 123 | a1 | 42 | 40 | 45 0.0

! Means over suitable concentration limit, but less than maximum allowable concentration limit;

2 . . . .
Means over maximum allowable concentration limit

4.3 Taseaseszuudsedn INWAAIUIVIAENT 3 WU AN©Y) T NYue
nnszuulseUiAnwadnisuinig LAeddu As Ysenaudag (1) ssuuguinAueieg
Uselinann 24 9alus Tnelasaseseuuyses A3 8eguUILUU UlA U (submersible pump)
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Figure 2 Water quality sampling results
compared with Standard of
drinking water quality from

groundwater resources

Table 6 Assessment results on quantity and quality of water

[ssues in assessment

TN1 TNZ2 TN3

Sufficient amount of raw water all over year

1.00 1.00 1.00

Suitable raw water quality for water treatment

1.00 1.00 1.00

Sufficient tap water volume'

0.75 0.80 0.78

Tap water quality achieved the standard®

0.77 0.51 0.66

Always check the tap water quality

0.00 0.00 0.00

Use tap water for consumption only (Do not use for irrigation etc.) 1.00 1.00 1.00

(Total score 5.00 points) | 4.52 | 4.31 | 4.44

Assessment results

(%) | 75.33 | 86.20 | 74.00

1

Calculated from results of user satisfaction on water quantity; * Calculated from results of user

satisfaction on water quantity by weighting the water quality sampling results (5 = less than suitable

concentration limit, 3 = over suitable concentration limit, but less than maximum allowable

concentration limit, 0 = over maximum allowable concentration limit)
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Table 7 Sanitary inspection of the deep borehole with mechanized pumping

lterns' TNL | TN2 | TN3
No any ponding of stagnant water that would permeable to the borehole 1 0 0
Distance from eaves more than 1 meter 1 0 0
No latrine or septic tank or sewer within 30 meters of the pump house 0 0 0
No any source of leachate within 20 meters 1 0 0
Adequate fencing, which would not allow animals entry 0 0 0
The cement floor more than 15 cm depth and more than 1 m radius all 1 0 1

around the borehole

Well seal sanitary 0 0 0

Total a4 0 1

! Adapted from [9-10]; 1 = No risk, O = Risk

Table 8 Assessment results on water infrastructure

[ssues in assessment

TN1 | TN2 | TN3

Suitable water treatment for raw water quality

1.00 | 1.00 | 1.00

production cost

Appropriate technology - easy for operation and maintenance, low 1.00 | 1.00 | 1.00

expansion of water user at least 10 years

Suitable size of the waterworks system for present condition and for 1.00 | 1.00 | 1.00

24 hours water service

1.00 | 1.00 | 1.00

Lifetime of water infrastructure longer than 15 years 1.00 | 1.00 | 0.00

. . . 1
Prevention from contamination

0.57 | 0.00 | 0.14

(Total score 6.00 points) | 5.57 | 5.00 | 4.14

Assessment results

(%) | 92.83 | 83.33 | 69.00

! Calculated from the results in Table 7
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Table 9 Inspection of maintenance and monitoring of the village waterworks system from

groundwater resources

ltems™?

TN1 | TNZ | TN3

Have the operation and maintenance report

Inspection of the control panel - weekly

Backwashing of the filtration system - weekly

Sludge drainage from the tower tank - weekly

Water leak detection of the tower tank - monthly

Water leak detection of the filtration system - monthly

Cleaning around the pump house and the borehole - every 3 months

el Nl NolNol Neol Ne]

Cleaning of the control panel - every 6 months

Testing of pumping rate - every 6 months

Cleaning of the water tank - every year

Testing of the tap water quality by laboratory - every year 0

Cleaning of electrical motor - every 2 years

Well development by Air lifting & Back washing - every 5 years 1

Replacement of electrical equipment in the control panel - every 5 years

Replacement of media for iron filter - every 5 years

Total

—_
ool ol Noll ol el el Nol el Nol Nol Heol NHoll Nol el N
el NeolNeoNNol NolNol Nol ol el Nol Nol Noll Noll NHol el N el

| O| O

1 = Do, 0 = Do not
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Table 10 Assessment results on management

Issues in assessment TN1 TN2 TN3

The village waterworks committees (VSC) should be from the election
0.00 | 0.00 1.00
and have a specific term of holding the positions.

The VSC should have integrity, sacrifice, and knowledge about the
1.00 | 1.00 | 1.00
management.

At least one of the VSC should be received training about village
0.00 | 0.00 | 0.00
waterworks management from related governance agencies.

The VSC should be representative of the all water users. 0.00 | 0.00 | 1.00

The rules and regulations of the village waterworks system should be
1.00 | 1.00 | 1.00
clearly established.

All the water users should be regularly informed about the
0.00 | 0.00 | 1.00
administrative results.

Suitable records and accounts on budget and cost. 0.00 | 1.00 | 1.00

The water administrators have a correct understanding of the water
0.00 | 0.00 | 0.00
supply procedure from training by related governance agencies.

The waterworks system should be maintained according to the
. 0.40 | 0.00 | 0.00
guideline of the Department of Water Resources’.

The waterworks infrastructure should be repaired to use quickly when
0.00 | 0.00 | 0.00
damage occurs.

The amount of tap water should be sufficient for water demand, and
1.00 | 1.00 | 1.00
the quality should be achieved the standard continuously.

Control the amount of water lost to specified criteria. 0.00 | 0.00 | 0.00

The budget administrative should be economical spending and
0.00 | 0.00 | 0.00
consider the worthiness.

The water tariff should be determined by concerns about the cost to
water production cost, to repair and maintenance and to expand the | 0.00 | 0.00 | 0.00

waterworks system in the future.

(Total score 14.00 points) | 3.40 | 4.00 | 7.00
Assessment results

(%) | 24.29 | 28.57 | 50.00

1 = Do, 0 = Do not; ' Calculated from the results in Table 9
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Table 11 Assessment results on supporting from related agencies

Issues in assessment TN1 TN2 TN3
Budget support 0.50 0.50 0.50
Academic support 1.00 1.00 1.00
(Total score 2.00 points) 1.50 1.50 1.50
Assessment results
(%) 75.00 75.00 75.00

Table 12 Assessment results of the study areas

Issues in assessment TN1 TN2 TN3

Participation 56.00 83.40 73.40

Quantity and quality of water 90.40 87.40 88.80

Water infrastructure 92.83 83.33 69.00
Management 24.29 28.57 50.00
Supporting from related agencies 75.00 75.00 75.00

(Total score 500 points) | 338.52 356.50 356.20

Assessment results

(%) 67.70 71.30 71.24
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