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Project Summary

The Groundwater Research Center (GWRC), Khon Kaen University, was awarded a
contracted research by the Department of Groundwater Resources (DGR) to study on the
project “Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System in
the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces”. The
project duration was between April, B.E. 2552 and April, B.E. 2554. The project objectives are
to: 1) study and experiment on the artificial groundwater recharge using recharge pond
system or other artificial recharge methods; 2) study the physical processes, hydraulic
characteristics, and chemical processes in artificial recharge; 3) provide guidelines for
integrated mitigations of drought and flood hazards; 4) apply the research results to provide
guidelines for the project operation; and 5) generate the knowledge body and transfer of
technology.

The project activities consist of the essential tasks such as the study on hydrogeology of
the study areas, groundwater uses, selection of suitable project site, experiment on artificial
recharge using recharge pond, study on economic feasibility, study on the guidelines for
groundwater artificial recharge master plan formulation for the mitigation of the groundwater
level decline, training seminar for the related DGR personnel and interested people, and
project conference for dissimination of research results.

The study areas were separated- considering consecutive area zooming-in technique-
into 5 scales, namely; 1) the Lower North Region River Basin areas of about 13.31 million
Rais (21,300 square kilometers) covering the areas of Phitsanulok, sukhothai, and Pichit
Provinces; 2) regional study areas of about 600,000 Rais (972 square kilometers) covering
the areas to the west of the Yom River; 3) detailed study areas of about 7,500 Rais (12
square kilometers) covering the areas of Lan Ba watershed; 4) Ban Nong Na pilot project
areas of approximately 2,575 Rais (4.12 square kilometers); and 5) construction site for the
artificial recharge pond system of about 8 Rais (0.01 square kilometer). The site is located at
Ban Nong Na, Moo 8, Nong Kula Sub-District, Bang Rakam District, Phitsanulok Province.

The results of the study show that the large shallow aquifers in the Lower North Region
River Basin consist of layers of sands and gravels of the River Yom and Nan. Farmers extract
shallow groundwater from shallow aquifers- ranging in depths from 10 -15 meters from ground
surface- for rice growing at about 7,500 million cubic meters per year and generate income of
about 25,000 million Baht per year. During the last decade, groundwater levels have been
continuously declined at the rates of approximately 10 — 25 centimeter per year resulting in
the occurrence of approximately 6.6 million Rais (10,560 sq. kilometers) of the groundwater

critical areas with groundwater levels deeper than 8 meters from the surface. If the

Department of Groundwater Resources [o]



Executive Summary Report
Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System Project Summary

in the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces

groundwater pumping is continued at the same rate without any problem mitigation measures,
the groundwater critical areas would increase approximately 100,000 Rais (160 sqg.kilometers)
and the groundwater levels would be 1.0 -2.5 meters deeper than the initial levels within the
next 10 years.

At present, most farmers lower the pumping well head (well sink) to 4 -10 meters from
ground surface in order to achieve the pumping capacity. The well head sinking practice leads
to accumulative increasing expenses for well sink construction and pumping costs - due to
continuous decline of groundwater levels- of about 4,300 million Baht within the next 10 years
and that about 16,000 million Baht within the next 20 years.

The experiment, design and construction as well as the testing of artificial recharge using
recharge pond system were carried out in the selected area of 8 Rais. The artificial recharge
pond system consists of raw water diversion, constructed wetland for raw water quality
treatment, recharge ponds (1 Rai or 1,600 sq. m.), and monitoring system. The results of the
experiment show that the constructed wetland could remove water turbidity of about 70 % of
the initial inlet turbidity. The recharge ponds could recharge the drainage water approximately
26,000 cubic meters during the wet season. The recharged water would be recoverable for
rice growing covering the area of 16 Rais. The infiltration rate is found varying from 0.05 —
0.20 meter per day or the recharge rate of 60 — 2,460 cubic meters per day per sq. meter.
The monitoring of the groundwater quality in the experiment area shows no water quality
impacts.

The assessment of the economic feasibility of the pilot artificial recharge system using
the benefit-cost analysis showed that if the project is extend for implementation in other areas
the recharge system would be economical feasible when the recharge system has the area of
at least 5 Rais to achieve the investment costs within 4 years. The recharge system in the
area larger than 10 Rais has much higher benefit-cost ratio than smaller one and would
achieve the investment costs in 3 years.

Mathematical groundwater modelings were simulated to obtain the groundwater recharge
planning. The simulation results showed that approximately 5 — 55 percent of the natural
recharges to shallow groundwater were derived from rainfalls. This recharged water is not
adequate for groundwater extraction for agricultural uses. To achieve the groundwater
balance in the next 10 years, artificial recharge using recharge ponds of 8,000 Rais together
with abandoned sand pits of 2,550 Rais should be carried out. These recharge operations
would benefit the farming areas of 146,700 Rais with 10 years investment costs of 3,170
million Baht and farmers could generate incomes of about 11,200 million Baht from using

recovered groundwater for rice growing. Artificial groundwater recharge in the groundwater
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critical areas to raise 2 meters of groundwater level, the recharge areas of 18,900 Rais are
required in order to achieve the annual groundwater recharge of 1,044 million cubic meters.
The beneficial areas would be about 365,000 Rais. The investment costs would be
approximately 4,830 million Baht and farmers obtain the incomes of 27,850 million Baht per
year. In addition, the recharge operations would mitigate the problems- in 20 districts - of
repeated droughts and flooding hazards. The quantity of 1,400 million cubic meters per year
of surface runoff water into the major rivers would be reduced and about 2 million Rais (3,200
sq.m.) of flooded areas would be alleviated.

The artificial groundwater recharge could be used to solve the problems of groundwater
level decline and those of the drought and flooding hazards. To promote and extend the
implementation of the projects in other areas, the artificial groundwater recharge integrated
master plans should be developed for the groundwater level critical areas. The Department of
Groundwater Resources should be the host organization for groundwater academic supports
and co-operations with various related responsible government agencies to encourage and
extend the implementation of the artificial groundwater recharge activities such as:

1) rivers dredging or highways side ditches excavation to sand layer to increase the
drainage efficiency and enhance recharge to groundwater by local government agencies,
Royal Irrigation Department, Department of Highways and Department of Rural Roads: 2)
accelerate the construction of storage reservoirs in the upper high land up stream areas by
the Royal Irrigation Department; 3) accelerate the expansion of construction of check dams in
the forest and national park areas by the Department of Forestry, Department of National
Parks, Wildlife and Plant Conservation; 4) accelerate the artificial recharge in the repeated
drought hazard areas by the local government organizations; 5) encourage and support the
recharge from rainwater harvesting in the government official offices; and 6) conserve and
develop the areas for natural recharge such as abandoned sand pits, public drainages and
canals by the local government organizations.

In addition, the Department of Groundwater Resources should create the awareness and
establish knowledge and values of groundwater and artificial groundwater recharge together
with the development of groundwater recharge master plans to be a part of the national water
resources management. The success of the development of the artificial recharge system in
the future would be based on the project implementation according to the recharge master
plans and systematic recharge development established from various aspects of researches.
These include raw water quality treatment, groundwater hydraulics, groundwater quality,
selection of suitable artificial recharge methods, prevention of clogging of recharge ponds,

operation and maintenance, and feasibility of project economy and environments.
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Chapter 1

Introduction

1.1 Background and Rationale

The Lower North Region River Basin covers the administrative areas of Phichit,
Phitsanulok, and Sukhothai Provinces where shallow groundwater from alluvial deposits has
been heavily pumped for agricultural use for the past 10 years. The groundwater pumping
leads to continuously decline of groundwater level at the rate of 10-20 cm per year. Most
farmers have to lower the pump base installation level down to 4-10 m. below ground surface
to achieve the pumping capacity. This practice causes continuously increasing cost for the
pump installation and groundwater pumping. In addition, some areas of the Lower North
Region River Basin suffer repeated flooding and drought hazards. To mitigate the above
mentioned problems, the Department of Groundwater Resources (DGR) sets up a pilot
experiment project to carry out the groundwater recharge using ponding recharge system.
The groundwater recharge project will alleviate the groundwater level decline problem and
mitigate water shortage problem by recharging surplus runoff water during the wet season
into the shallow aquifer and recover for uses during the dry season. The project funding- from
the National Groundwater Development Fund and by the DGR - is awarded to the
Groundwater Research Center (GWRC), Khon Kaen University to carry out the study, design,
construction, and aquifer recharge experiment using ponding recharge system so as to use

the research results for project extensions and implementations in other suitable areas.
1.2 Objectives

The objectives of the project are:

1) To study and experiment on groundwater recharge using ponding system or other
appropriate systems in a high potential and suitable site,

2) To study the physical, hydraulic, and chemical processes involved in groundwater
recharge,

3) To mitigate draught hazard problem by using integrated surface water and
groundwater in appropriate periods,

4) To conclude the results and findings of the research and provide operating
guidelines for the groundwater recharge using ponding system for project expansion and

implementation in other suitable areas in the future, and
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5) To obtain technical and academic knowledge on groundwater recharge using
ponding system for participatory technology transfer to the people and local administrative

authorities.
1.3 Project Working Protocol

The study consists of the following main activities, namely, study on the physical
environment and hydrogeological conditions, study on the groundwater usage, selection of the
suitable area, groundwater recharge experiment, study on the guidelines for mitigation of
groundwater level decline problem, training of related personnels from the DGR and
interested people, and organizing participatory seminar for project information dissemination
(Figure 1-1). The project began in April, B.E. 2552 (2009) and completed in April, B.E. 2554
(2011).

™
\ — Operation of the recharge experiment

for 6 month period

Study of the regional A

hydrogeclogy and site selection

Using the project results to devslop \

guidelines for the mitigation of

groundwater level decline problem

in the Lower Northern Region

v

N \ River Basin
Suitablity study of the detailed j,
study area Training of personnel from the

Department of Groundwater Resources

for 1 month

! |

i ; N
Design and construction of the Organizing a participatory Seminar
recharge system and evaluation for project information dissemination
system {300 participants)

Figure 1-1 Project working protocol
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Chapter 2

Groundwater Recharge

2.1 Principles of Managed Aquifer Recharge

Managed Aquifer Recharge (MAR) is the management of recharging groundwater into
the aquifers in order to: (i) maintain the groundwater level or groundwater pressure, (ii) store
and recover water for future specific spatial and temporal usage, (iii) conserve environment
such as prevention of salt water intrusion or remediation of land subsidence (Dillon et al.,
2009).

2.2 Methods of Managed Aquifer Recharge

Groundwater recharge must be conducted by methods suitable for each area. Methods
of recharge depend on the aquifer characteristics, topography, land use, and groundwater
usage. Figure 2-1 shows a groundwater recharge system, raw water source, and water
recovery in the watershed area.

Methods of groundwater recharge and aquifer storage used at present are shown in
Figure 2-2. The methods include (1) Aquifer Storage Recovery (ASR, or Aquifer Storage
Transfer and Recovery, ASTR), (2) Dry Well, (3) Percolation Tanks, (4) Rainwater Harvesting,
(5) Bank Filtration, (6) Infiliration Gallery, (7) Dune Filtration, (8) Infiltration Ponds, (9) Soil-

Aquifer Treatment, (10) underground dam, (11) sand dam, and (12) recharge releases.

Percolation tank infiltrates intermittent Wells in alluvi
flow to recharge alluvial aquifer. Water Ols, I BUVILIm

i | induce filtration
is recovered from wells down gradient through bank

of stream

Rainwater harvesting
and infiltration with
recovery b
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Sewage treatment
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and recovery for

summer irrigation

Recovery from sandstone
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Figure 2-1 Methods of managed aquifer recharge in a watershed area (Dillon et al, 2009)

Department of Groundwater Resources 2-1



Executive Summary Report
Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System Chapter 2 Groundwater Recharge

in the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces

Sewage Treatment Plant

Wet :,me Dry cycle [—b (_'
L

L

L

Figure 2-2 Methods of managed aquifer recharge (Dillon, 2005)
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2.3 Decision on Development of a Managed Aquifer Recharge System

There are 5 factors to consider when deciding on developing a managed aquifer
recharge system, these are, cost-benefit of the recovered water use, the availability of surface
water for recharge, the suitability of the aquifer for groundwater storage and recovery, the
sufficiency of the area for water harvesting and water treatment, and the potential of efficient
project management. In Australia, where managed aquifer recharge has been developed for a
long time, it was found that water storage by aquifer recharge has the lowest unit cost
compared to other methods of water storage such as concrete tanks or rainwater collection

tanks (Dillon et al, 2009).
2.4 Development of Managed Aquifer Recharge

The continuous increased groundwater usage in many parts of the world causes
groundwater level decline in many areas. Recharging groundwater to solve the problem
became widespread especially in the 19th century. It was first implemented in Glasgow,
Scotland, in 1810 and later became common in other areas of the world (Schmidt et al.,
2007), such as those in the U.S., Israel, United Kingdom, Australia, India, Germany, South
Africa, China, Korea, and Kenya.

In the U.S., managed aquifer recharge started in 1871 in Des Moines, lowa. In the early
20th century, recharge by spreading basin method became widespread in California, Arizona,
Oregon, and Kansas. Aquifer Storage and Recovery (ASR) and Riverbank Filtration (RBF)
systems via horizontal wells were widely used for groundwater conservation and for
increasing water storage capacity. Development of managed aquifer recharge involved in
various aspects both technically and legally. The U.S. Geological Survey (USGS) has
intensively involved in developing the groundwater resources management system and has
continuously participated in the management of managed aquifer recharge.

Development of managed aquifer recharge in Thailand was initiated by various
organizations and many researches were conducted to find suitable development guidelines
for different area-based conditions. However, continuing research is lacking and systematic
project expansion is not yet implemented. The researches and demonstrating pilot projects
are mainly carried out in the agricultural areas which large quantity of groundwater is
extracted for cultivation. Some examples of the projects include: (1) The Study of Suitable
Methods for Increasing Water Reserve for Agriculture in Sawankhalok District, Sukhothai
Province. The study was conducted in B.E. 2539 — 2540 (1996-1997) to increase water

reserve for agriculture in the areas of the Groundwater Development for Irrigation Project,;(2)
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Investigation and Design of Infiltration into Aquifers in the Mae Ao River Basin, Lampun
Province. The project was conducted by the Groundwater Resources Division, Department of
Mineral Resources (DMR) in B.E. 2543 (2000); (3) Conservation and Restoration of
Groundwater Resource Project in Phichit Province. The project was performed by the
Department of Public Works (DPW) in B.E. 2541(1998) to study the engineering feasibility of
conservation and restoration of groundwater resource in the Yom and Nan River flood plains
located in the west and east of Phichit; (4) Conservation and Restoration of Groundwater
Resource Project in Sukhothai carried out by the DPW in B.E. 2541(1998); (5) Study and
Experiment on Conservation and Restoration of Groundwater Resource Project in
Kamphaengphet Province. The project was conducted by the DPW in B.E. 2539-2541(1996-
1998). The project area is located in the alluvial fan deposit to the south of Muang
Kamphaengphet District; (6) Study and Evaluation of Groundwater Resource Potential in Tung
Kula Ronghai Area: Phase Ill and Investigation and Design of Recharge System in Tung Kula
Ronghai, the project was conducted by the DMR in B.E. 2545 (2002); (7) Study and Design of
Groundwater Recharge Using the Aquifer Storage and Recovery (ASR) Method in the East
Coast River Basin, the project was conducted by DGR in B.E. 2548 (2005); and (8) The
Groundwater Recharge by Rainwater Harvesting at Bungkok Village, Bungkok Sub-District,
Bang Rakam District, Phitsanulok Province and Nong Hu Chang Village, Ban Na Sub-District,
Wachira Barami District , Phichit Province, the project was conducted by the DGR in B.E.
2550 (2007).

At present, the DGR continues to prepare the plans and produce research outputs to
develop and expand the managed aquifer recharge in Thailand. The efforts are provided by
funding pilot projects so as to establish existing sources for on-the-job learning and training as
well as specifying measures, and producing guidelines and criteria to support the expansion
of groundwater recharge projects systematically and efficiently; and having the important role

in managing the country’s water resources.
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Chapter 3
The Study Area

3.1 Selection of the Study Area

The selection of the study areas in this project could be separated into many selection
levels from main river basin to recharge pond construction areas. The main selection factors
include hydrogeological data and various environmental conditions. The Boolean selection
method (Saraf, 2004) is used and the results are shown in Figure 3-1. The consecutive study
areas include: 1) the Lower North Region river basin areas of about 13.31 million Rais
(21,300 square kilometers) covering the areas of Phitsanulok, sukhothai, and Pichit Provinces;
2) regional study areas of about 0.61 million Rais (972 square kilometers) covering the areas
to the west of the Yom River; 3) detailed study areas of about 7,500 Rais (12 square
kilometers) covering the areas of Lan Ba watershed; 4) Ban Nong Na pilot project areas of
approximately 2,500 Rais (4.12 square kilometers); and 5) construction site for the artificial
recharge pond system of about 8 Rais (0.01 square kilometer). The site is located at Ban

Nong Na, Moo 8, Nong Kula Sub-District, Bang Rakam District, Phitsanulok Province.

Level 1 Selection (Main river basin) Level 2 Selection (Sub watershed)

Selection criteria
1. Thickness of
sand layer

2. Depth to top of
sand layer

3. No. of

agriculiural wells

Detailed study areas: 3 areas|" 4. Distance from

surface water

13.31 Million Rais l{m,suusu. Km.) 7500 Rais (12 sq.km) 1 e

Recharge pond recharge

5. Distance from
Selection criteria construction site
. Geology

. Geomarphology

electricity source

6. Suttability of

Regional Ban Nong Na

P

the site for

Studyarea

pilot project area

w

. Soil series
recharge pond

4. Topographic construction

shpe

0.61 million Rais (972 sg.km.) 2,575 Rais (4.12 sg.km.)

Selection Recharge pond system Level 3 Selection

criteria construction site (pilot project and

1. Recharge and :
discharge areas recharge pond system

2. Distance from construction site)

surface water

source, electricity|

source, and Pilot project area

o & Rais (0.01 sg.km.)

Figure 3-1 Steps for the selection of the study area
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3.2 Hydrogeologic Conditions

The Lower North Region river basin area is situated in flood plains of the Yom and Nan
Rivers (Figure 3-2). The area is bounded by Phrae and Uttaradit provinces to the north, Loei
and Phetchabun provinces to the east, and Lampang and Tak, and Kamphaengphet
provinces to the west. The topography expression is the flat lowland area with high mountain
ranges bounded in the north, west, and east. The Yom and Nan rivers flow from north to
south. The climate is the humid tropical with annual teperatures varied from 20 — 36 degree
Celcius. The annual rainfall and evapotranspiration are 1,300 and 1,500 mm., respectively

(Department of Meteorology, 2553).
3.2.1 The Lower North Region River Basin Area

The Lower North Region river basin is underlain by 2 hydrogeological units of
unconsolidated and hard rock units (Figures 3-3 and 3-4) as in the following: (1) Unconsolidated
hydrogeological unit is found in the central part of the area and consists of: (1.1) Recent
Flood Plain Deposits (Qfd or Qcp) of sands and gravels alternated with clay layers. The
aquifer thickness varies from 30 — 35 meters with aquifer yield of about 15 — 25 cubic meters
per hour; (1.2) Low Terrace Deposits (Qlt or Qcr) of clays, silts alternated with gravelly sands
forming the aquifer with thickness ranging from 10 - 60 meters and groundwater yield of 15 -
20 cubic meters per hour; (1.3) High Terrace deposits (Qht or Qcm) of gravels, sands, and
rock fragments spreads in the flat hill-foot areas. The depth to aquifer varies from 80 — 100
meters from ground surface and the groundwater yield varies from 30 — 50 cubic meters per
hour. (2) Hard rock hydrogeological Unit is located in the north and northeast parts of the
area. Groundwater is stored in fractured aquifers which consist of: (2.1) Limestone aquifer
with intercalated shales and sandstones in some areas. The groundwater yield of limestone
aquifer is about 2 -5 cubic meters per hour. (2.2) Metamorphic and Igneous rock aquifers
where fractures are continuous could provide groundwater yield of approximately 1 - 5 cubic
meters per hour. Shallow groundwater flows mainly from the north to south and from the west
and east rims to the center of the area. The groundwater usages for domestic, industrial and
agricultural consumptions in the Lower North Region river basin are approximately 38, 7, and

7,900 million cubic meters, respectively.
3.2.2 Regional Study Area
The regional study area (Figures 3-5 and 3-6) is the flood plain located in the west

side of the Yom River covering the areas of Bang Rakam District, Phitsanulok Province; and

Wachira Baramee and Sam Ngam Districts, Pichit Province. The groundwater usages for
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growing rice and sugar cane are about 1,624 and 180 cubic meters per Rai per year,
respectively. The total amount of groundwater use is 734 million cubic meters per year. The
results of groundwater balance study showed the groundwater deficit of 51 million cubic
meters per year which is equivalent to the groundwater level decline of approximately 26

centimeters per year.
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3.2.3 Detailed Study Area

The detailed study area (Figure 3-7) is located in Klong Lan Ba watershed area
which consists of the areas of Ban Nong Na 3 (NN3), Ban Thung Cha 2 (TC2), and Ban
Nong Na 2 (NN2) covering the total area of 12 square kilometers. The area of Ban Nong Na
3 (NN3) was selected as the most suitable area considering many suitability indices such as
the thickness of the top clay layer, shallow aquifer thickness, agricultural well densities,

distance from surface water source, and availability of electricity.
3.2.4 Ban Nong Na Pilot Project Area

The surface water soures in Ban Nong Na pilot project area consist of (1) Lan Ba
drainage canal located in the upper part of the area drains water from the west to east and
(2) drainage canal in the center of the area receiving the drained water from paddy fields
during the wet season and diverting groundwater for paddy field preparation in the dry
season. This drainage canal provides raw water source for artificial recharge pond system.

The water flow in the drainage canal was calculated using rational method with
input data from monthly rainfall intensity and coefficient of flow in relation to monthly rainfall in
the Lower Yom River (Royal Irrigation Department, 2546). The calculation showed the annual
water flow of 751,300 cubic meters and water flow during the wet season of 55,000 cubic
meters. The evaluation of the surface water quality in this area found that water quality was
good with no contamination from fertilizers, herbicides, or pesticides. The water turbidity
varies from 6 — 460 NTU and manganese content varies from 4.9 — 8.4 mg/l. The chemical
water type is Na-HCOs.

There are about 100 shallow groundwater wells to pump the groundwater for
growing rice and sugar cane in Ban Nong Na area. The groundwater usage during the dry
season is about 1.26 million cubic meters (Table 3-1). Most farmers lower the well head (well
sink) down to 4 — 6 meters from ground surface. The total of 47 groundwater observation
wells was installed in the main directons of groundwater flow. These include 32 wells (30
wells of 6-inch diameter and 2 wells of 2- inch diameter) for shallow depths of less than 15
meters and 15 wells (1 well of 6-inch diameter and 14 wells of 2-inch diameter) for the depths
greater than 15 meters. The hydrogeological investigation results show that the area is
covered on top with clay layer of varying thickness of 0—4 meters (Figures 3-8 and 3-9).

The shallow aquifer consists of gravels, sands and silts with varying thickness of
10 — 15 meters and underlain by clay layer of 2 - 5 meters thick. The deep aquifer of coarse
sands is located below clay stratum found at varying depths of 15 - 20 meters from ground

surface. The aquifers are both heterogeneous and anisotropic. The analyses of pumping tests
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data show that the shallow aquifer has the varying transmissivity (T) of 2,100-3,370 sg. m. per
day (T,=4,990 sq.m./day and T,=6,250 sq.m./day), hydraulic conductivity of 2.43x10"-3.90x10"
meter per second, and storage coefficient of 0.001-0.090. The deep aquifer has the
transmissivity (T) of 30-150 sq.m. per day (T,=-90 sgq.m./day and T,=-200 sq.m./day) and
storage coefficient of 0.001-0.040. The groundwater in the area mainly flows from south to
north with the natural recharge area located in the south or at Ban Nong Na. The recharge
rate is estimated as 6-21 percent of the annual rainfall. The present groundwater level is 7-8
meters from the surface. The groundwater quality is in the standard for domestic consumption
with high iron content of greater than 1.0 mg/l. The quality of groundwater for agriculture is

excellent (sodium absorption ratio: SAR < 10). The chemical water type mainly is HCO; .

Table 3-1 Ratio of agricultural water usage in Ban Nong Na pilot project area

Wet season million cubic meters (%) | Dry season million cubic meters (%)

Rain and Rain and
Water Uses
surface |Groundwater| Total surface |Groundwater| Total
water water

Rice 1.53(90) | 0.17 (10) |1.87 (100)| 0.69 (40) | 1.03 (60) [2.13 (100)

Sugar Cane/| 1.07 (100) - 1.07 (100)] 0.02 (10) | 0.23 (90) |0.23 (100)

Total 2.60 0.17 2.94 0.71 1.26 2.36

3.2.5 Recharge Pond System Construction Area

The land for the construction site of the recharge pond system is leased by the
project for 5 years period (October B.E. 2552 — October B.E. 2557) and is situated in the
central part of the pilot project area immediately next to the drainage canal. The construction
site consists of the areas for field office cabin, four (4) constructed wetlands, and two (2)
recharge ponds (Figures 3-1 and 3-11 see Chapter 4 for details). The benefit receiving areas
are the paddy fields located to the north and the paddy fields in the near surroundings.

The construction site is underlain by shallow aquifer of fine to coarse grained
sands with the thickness of 12-15 meters interlayering with 1-5 meters clay stratum. The deep
aquifer consists of medium to coarse grained sands and gravels alternated with clays. The
groundwater flows from the southwest to the northeast with groundwater levels vary from

36-37 meters above mean sea level as shown in Figures 3-10 and 3-11.
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3.3 Mathematical Groundwater Flow Modeling

3.3.1 Modeling Objectives

Visual MODFLOW 4.3 mathematical groundwater flow model was applied - in the
Ban Nong Na pilot project and the regional study areas - to investigate the groundwater flows
and natural groundwater recharge as well as to predict the impacts of the artificial recharge
(Chapter 4) and apply the model to obtain the guidelines for mitigation of groundwater level
decline (Chapter 5). The modeling simulations consist of (1) steady state simulation, (2)
transient state simulation for 1 year period, and (3) prediction simulation of groundwater flow
and groundwater balance for 10 years period. The conceptual models were established and
models input data were derived from recharge rate from rainfall, surface water bodies,
quantity of water used for agriculture, aquifer hydraulic parameters, and groundwater pressure

or initial head as shown in Table 3-2.

Table 3-2 Model input data

Model Input Data

Ban Nong Na Area

Regional Study Area

Recharge rate

from rainfall

6-21 % of annual rainfall

5-55 % of annual rainfall

Surface water

bodies

Given: Lan Ba Drainage Canal uniform width of
20 m., river bed thickness of 1 m., water level and
river bed level are derived from field data,

hydraulic conductivity of 1.0x10-8 m./sec

Given: Yom River uniform width of 40 m.,
river bed thickness of 1 m., hydraulic

conductivity of 1.0x10-8 m./sec

Groundwater uses

for agriculture

Groundwater usage for rice growing: dry season
at 1,520 cu.m./Rai, wet season at 104 cu.m./Rai,
total groundwater usage of 1,624 cu.m./Railyear,
groundwater usage for sugar cane growing at 180

cu.m./Railyear

Groundwater wells for rice growing extracts 64
cu.m./day in the dry season and 5 cu.m./day in
the wet season. Groundwater wells for sugar cane

growing extracts 35 cu.m./day in the dry season.

Groundwater usage for rice growing: dry
season at 1,520 cu.m./Rai, wet season at 104
cu.m./Rai, total groundwater usage of 1,624
cu.m./Railyear, groundwater usage for sugar

cane growing at 180 cu.m./Rai/year

Groundwater wells for rice growing extracts
210 cu.m./day in the dry season and 17
cu.m./day in the wet season. Groundwater
wells for sugar cane growing extracts 35

cu.m./day in the dry season

Aquifer hydraulic

Horizontal hydraulic conductivity varies from

Horizontal hydraulic conductivity varies from

parameters 2.24x10° - 3.36x10" m./sec, storage coefficient 1.10x10™ = 4.25x10° m./sec, storage
varies from 0.001 - 0.090, ratio of vertical to coefficient varies from 2.71x104— 5.92x10'2,
horizontal hydraulic conductivity (Kv/Kh) is 1:10 ratio of vertical to horizontal hydraulic
conductivity (Kv/Kh) is 1:10
Groundwater Data of December B.E. 2552 from 65 wells, Data of September B.E. 2552 from 52 wells,

pressure or

initial head

Groundwater heads 35.5 — 40 m. above mean

sea level

groundwater heads 30 — 41 m. above mean

sea level

Department of Groundwater Resources
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3.3.2 Model Parameters Calibration

The hydraulic conductivity and storage coefficient were calibrated to obtain reliable
parameters input values. The calibration was conducted by increasing or decreasing these
parameters values until the calculated and observed water levels as well as groundwater flow
patterns from the model and from the conceptual model were the same or similar.

The calibration results of the pilot project area show that the values of hydraulic
conductivity of the shallow and deep aquifers are 9x10_5 and 2.5x10_4 meters per second,
respectively. The calibrated storage coefficients of the shallow and deep aquifers are 0.22
and 0.12, respectively. The root mean squared residual, RMS, of the observed and simulated
groundwater levels is 0.31 meter which is acceptable.

The calibration of the model parameters of the regional study area shows the
hydraulic conductivity of shallow and deep aquifers of 1.8x10_4 and 2.0x10_4 meter per
second, respectively. The storage coefficient of the shallow and deep aquifers is 0.20. The

RMS of the observed and simulated groundwater levels is 0.893 meter which is acceptable.
3.3.3 Parameters Sensitivity Analysis

The sensitivity analysis of the model parameters is the analysis of the sensitivity of
parameters values to model results these variables include the vertical and horizontal
permeabilities, storage coefficient, and recharge rate. The values are assigned to 5, 10, 1/5,
and 1/10 orders of magnitude of the calibrated values and the groundwater levels are
simulated. The sensitivity analysis results show the maximum to minimum order of sensitivity
as recharge rate, vertical hydraulic conductivity, storage coefficient, and horizontal hydraulic

conductivity.
3.3.4 Modeling Results

The results of mathematical groundwater modeling show that - in the Ban Nong
Na pilot project area — the main groundwater flow is from the upland area in the south to the
north part. Groundwater over-extraction in the area generates the cone of depression in the
north part of the area (Figure 3-8). The annual groundwater balance (B.E. 2553) shows the
system influx and out flux of approximately 1.34 and 1.57 million cubic meters, respectively.
The shallow groundwater extraction is approximately 1.40 million cubic meters and resulting in
the groundwater system deficit of 0.23 million cubic meters and causing groundwater level
decline at the rate of 25 centimeters per year.

The groundwater in the regional study area flows from the west upland part to the
east. The groundwater cones of depressions are found in the central and the east portions of

the area (Figure 3-9). The annual groundwater balance in B.E. 2553 showed the system influx

Department of Groundwater Resources 3-12
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and outfluxes of 223 and 273 million cubic meters, respectively. The shallow groundwater
extraction is approximately 272 million cubic meters and resulting in the groundwater system
deficit of 51 million cubic meters and causing groundwater level decline at the rate of 26

centimeters per year.
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Figure 3-8 Results of groundwater flow simulation in Ban Nong Na pilot project area
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3.4 Important Issues

The study area can be categorized into 5 areas, namely: 1) the Lower North Region river
basin area which embraces the administrative areas of Phitsanulok, Sukhothai, Pichit, and
some parts of Kamphaengphet Provinces; 2) Regional study area which covers the western
part of the Yom River; 3) Detailed study area which occupies the Klong Lan Ba watershed
area; 4) Ban Nong Na pilot project area; and 5) Recharge pond construction site which
locates at Ban Nong Na, Nong Kula Sub-district, Bang Rakam District, Phitsanulok Province.
General site conditions of each study area are illustrated in forms of maps and
hydrogeological cross sections of shallow aquifers. For the Lower Yom River area and the
Lan Ba Sub-watershed area, the hydrogeological maps at the scales of 1:50,000 and
1:10,000 are produced, respectively.

Ban Nong Na pilot project area was selected for the construction site of the recharge
pond system. The selection criteria were established and selection procedure was based on
Boolean method (Saraf, 2004). The area is suitable for the construction site of recharge pond
system because it fits various suitability indices such as; (i) hydrogeological suitability which
include thin top clay layer of less than 3 meters thick, thick shallow strata (10-15 meters) of
sands and gravels with good continuity of strata; (ii) there are about 100 agricultural wells for
target water user; (iii) suitable distance from raw surface water source; (iv) availability of
electricity and access road; and (v) availability of land and good cooperation from local people
and local organization.

The results of the present (B.E. 2543) groundwater balance study using mathematical
groundwater model simulations in the Ban Nong Na pilot project and the regional study areas
showed the groundwater deficit of 0.23 million cubic meters and 51 million cubic meters, and
groundwater level decline of 25 and 26 centimeters, respectively. Within the next 20 years if
there is no artificial recharge or no reduction in groundwater usage, the shallow aquifers may

be permanently damaged.
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Experiment of Artificial Recharge and

Preliminary Evaluation of Project Cost-Benefit

The design and experiment of artificial recharge consist of the design and construction of
the artificial recharge system, experiment and treatment of raw water quality for recharge,
recharge experiment operation (small and large scale), monitoring the impacts of groundwater
level and groundwater quality, operation and maintenance of the recharge pond system, and

preliminary evaluation of project cost-benefit.

4.1 Design and Construction of Recharge System

4.1.1 Design of Recharge System

The concept for designing the recharge system includes (i) the system must be
simple and easy to operate, and (ii) use appropriate technology which could be extended for
implementation in the future. The recharge system design components consist of raw water
diversion system, raw water quality treatment system, recharge pond, site office, recharge

monitoring system, and recharge evaluation system.
4.1.2 Construction of Recharge System

The components of the recharge system include raw water diversion system, raw
water quality treatment system, site office and monitoring system, and recharge rate
measuring system. The construction work duration of the recharge system is 60 days.

1) Raw water diversion system consists of concrete weir with water controling
gate capable of raising maximum water level to 1.5 meters. The water inlet to the system is
installed with rectangular concrete culvert capable of regulating the in flux rate by gravity of 1-
200 cubic meters per hour,

2) Raw water quality treatment consist of 4 constructed wetlands, namely,
Wetlands A, B, C, and D (Figure 4-1) with the areas of 1.237, 975, 992, and 813 square
meters, respectively. The floor of each constructed wetland has the consecutive differential
levels of 0.3 meter and capable of storing water level up to 0.60 meter. The local tolerant and
fast growing plants such as canna and triangular papyrus were planted in the constructed
wetlands. The embankments of the constructed wetlands were lined with geotextile and

covered with vetiver grass to protect embankment erosion.
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Figure 4-1 Componnents of recharge system
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3) The recharge ponds A and B (Figure 4-1) have the ground surface areas of
1,250 and 1,160 square meters and the bottom floor areas of 660 and 600 square meters,
respectively. The depths of the ponds A and B are 2.66 and 2.75 meters with the maximum
storage capacity - at the storage level of 2 meters — of 1,830 and 1,690 cubic meters,
respectively. The side slope of the ponds were designed at 1.5 : 1 to ensure slope stability.
The bottom floor of the ponds were covered with filter sand layer of 0.5 meter thick and the
side walls and bottom floors were lined with synthetic filtering blankets for sediments filtering
and protection of erosion.

4) The field office cabin and control system consist of office room, meeting
room, electricity control system, and the toilet.

5) Climate monitoring system consists of automatic rainfall measuring device
and class A evaporation pan for evaporation measurement.

6) Surface water level measuring system consists of water quantity measuring
tool using sharp edge regtangular concrete weir installed at 6 locations and water level
measuring staff gauges installed at 7 locations.

7) Groundwater level and groundwater quality monitoring system composes of
observation wells system with 47 observation wells installed at the depths greater and less
than 15 meters in the near vicinity of the recharge ponds. The recharge evaluation system
consists of recharge evaluation and assessment of constructed wetland performance and

system maintenance.
4.2 Experiment of Raw Water Treatment System

The constructed wetland is used to treate the water turbidity using various treatment
conditions such as different rates of water flow through the wetland, type and density of plant,
and initial turbidity of water at the inlet. Eighteen (18) experiments were carried out during the
wet season in B.E. 2553 and the results showed that:

1) Case I: Three (3) types of plant, namely, canna, rice and triangular papyrus were
planted in the constructed wetlands. Water flow - through rate was controlled at about 30
cubic meters per hour and the initial turbidity of water from the drainage canal varied from
40 - 119 NTU. The experiment showed that the constructed wetland with triangular papyrus
had the highest efficiency in turbidity reduction.

2) Case ll: Given 4 different water flow rates of 0.5, 9.5, 15.6, and 93.1 cubic meters
per hour, the flow rate of 9.5 cubic meters per hour showed the highest efficiency in turbidity

reduction.
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3) Case lll: The constructed wetland planted with the triangular pyparus and using

water flow rate of 9.5 cubic meters per hour could reduce 67 % initial turbidity.

4.3 Recharge Experiment

4.3.1 Filtration Experiment in Laboratory and Small Scale Recharge Pond

The objective of this experiment is to determine the parameter values and obtain
the suitable raw water quality for the design of the recharge pond system. The experiments
consist of laboratory tests and on site small scale filtration pond experiment. The laboratory
filtration experiment using low (0.5 NTU) and high (100 NTU) turbity water with experiment
duration of 100 hours showed the final readings of filtration rates of 3.27 meters per day and
0.15 meter per day, respectively. The on site small scale filtration pond experiment using
intermediate (51.2 NTU) turbidity water with experiment duration of 30 hours showed the final
reading of filtration rate of 2.53 meters per day. The experiment showed no indication of
clogging.

4.3.2 Recharge Pond Experiment

The objective of the experiment is to investigate the rate of recharge and pond
clogging considering the cases of using and not using synthetic filter sheets at the bottom of
the pond and the cases of different turbidities of raw water for recharge. The experiment
results are as in the followings:

1) The recharge rates vary from 0.05 to 2.05 meters per day (60 - 2,460 cubic
meters per day per sq. meter) using water with the turbidities vary from 12 to 287 NTU
(average turbidity of 76 NTU). The total recharged water is 25,797 cubic meters.

2) Using and not using synthetic filter sheets at the bottom of the pond shows
very small difference in infiltration rate of 0.04 meter per day.

3) Infiltration characteristics could be categorized into 4 stages, namely; stage 1:
the infiltration rate increases (day 1 - 4) from 0.14 to 0.79 meter per day; stage 2: the
infiltration rate rapidly decreases (day 5 - 8) from 0.78 to 0.28 meter per day; stage 3: the
infiltration rate decreases (day 9 - 15) from 0.27 to 0.16 meter per day; and stage 4: the
infiltration rate gradually decreases (day 16 - 30) from 0.15 to 0.07 meter per day. The last
stage (stage 4) of the infiltration readings indicate the approach of the clogging of the pond
bottom.

4) The assessment of the artificial recharge in the wet season (duration of 4
months) showed that effective artificial recharge could be achieved using recharge water with

tubidities of 70, 100, and 140 NTU and frequencies of annual recharge pond cleaning of 1, 2,
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and 4 times, respectively. The maximum recharge quantity of 36,000 cubic meters per year
could be achieved using recharge water with tubidity of 70 NTU and frequency of annual
recharge pond cleaning of 4 times.

5) The guidelines for future similar projects development include: 1) artificial
recharge using constructed wetland and recharge pond system; 2) artificial recharge using
sedimentation pond and recharge pond system; and 3) artificial recharge using recharge pond

only.
4.4 Monitoring of Groundwater Level and Groundwater Quality Impacts

The groundwater level underneath the recharge ponds rises to the highest level of 3.33
meters from normal immediately after 5 days of artificial recharge operation and after that
gradually lowers to normal level. The groundwater flows from the recharge pond area to the
surrounding region and the north with average flow velocity of 0.07 meter per day. The results
of the physical, chemical and biochemical groundwater quality monitoring show no indications

of groundwater quality changes.
4.5 Operation and Maintenance of Recharge Pond System

The operation and maintenance of recharge pond system consist of the management of
raw water quality treatment system, recharge operation, data management, and maintenance
of recharge pond system.

1) The management of effective raw water quality (turbidity) treatment system includes
the control of water flow-through rate in the constructed wetlands to the rate of not greater
than 10 cubic meters per hour and control of water turbidity at the inlet not greater than 150
NTU.

2) The management of recharge system is separated into 2 parts, namely, the
monitoring measurement for recharge decision making and that for the recharge impact study
as follow:

(2.1) Daily monitoring measurement of raw water turbidity and related parameters
both in the drainage canal and in the exit constructed wetland. For recharge operation
decision, raw water turbidity should be less than 50 NTU with the allowable maximum limit of
100 NTU. The raw water for recharge with turbidity greater than 100 NTU should not be used.

(2.2) Data collection for recharge impact study should be carried out both during
the recharge and no recharge operation which include the measurement of the climate
conditions, measurement of surface water level, measurement of water quality and quantity,

measurement of groundwater level, measurement of groundwater quality, and measurement
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of groundwater uses. These data will be stored in the database system for easy data search
and retrieval for recharge analysis as well as for effectice recharge reporting.

3) Maintenance of recharge pond system consists of raw water quality treatment
system, recharge pond system, climate monitoring system, and office cabin. The maintenant
activities include the monitoring inpections of operation conditions according to the provided

checklists and maintenant regulations and procedures.
4.6 Preliminary Evaluation of Project Cost-Benefit

The preliminary evaluation of the project cost-benefit is conducted using the Benefit-Cost
Ratio (B/C Ratio) method. The benefits of the project are calculated from direct benefits
derived from recharged groundwater usages (approx. 85 % of recharged water) and incomes
from rice growing of about 4,600 Baht per Rai per year. The project costs are calculated from
the construction costs (recharge ponds and diversion structures) and maintenance costs
(recharge pond cleaning and maintenance) considering the discount rate of 5 % and project
life of 10 years. The benefit-cost analysis results of the three suggested types of artificial
recharge pond systems — which include 1) constructed wetland and recharge pond, 2)
sedimentation pond and recharge pond, and 3) recharge pond only - are summarized and

illustrated in Table 4-1 and Figure 4-2.
4.7 Important Issues

The experiment on artificial recharge and preliminary evaluation of project cost-benefit
consist of the design and construction of recharge system, evaluation of the raw water quality
treatment system performance, recharge pond operation test, the monitoring of groundwater
level and groundwater quality impacts. The important issues are summarized as in the
followings:

1) The design and construction of the artificial recharge system consist of such
recharge components as raw water gravity diversion system, constructed wetland system for
raw water quality treatment, recharge pond, site office and control system, maintenance
system and recharge monitoring system.

2) Eighteen experiments on raw water quality treatment system during the wet season
(July- October, B.E. 2553) showed that the suitable constructed wetland for raw water quality
treatment was the one with triangular pyparus and controlled surface water flow-through rate
of 9.5 cubic meters per hour. The system could reduce water turbidity of 67 percent of the

initial inlet water turbidity.
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Table 4-1 Suitability of various recharge pond systems

Type 1: Constructed wetland and recharge

Constructed wetland

Suitable for raw water source with turbidity greater than 140
NTU, high B/C ratio where the recharge system area greater
than 10 Rais and achieve the investment cost within 3 years

(Figure 4-2)

Sedimentation pond
and recharge pond

100 - 140 NTU

Suitable for raw water source with turbidity of 101 - 140 NTU,
high B/C ratio where the recharge system area greater than 10
Rais and achieve the investment cost within 3 years

(Figure 4-2)

Type 3: Recharge pond only

<100 NTU

Suitable for raw water source with turbidity of not greater than
100 NTU, high B/C ratio where the recharge system area
greater than 10 Rais and achieve the investment cost within

4 years (Figure 4-2)
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Figure 4-2 Relationship between the area of recharge pond system and benefit-cost ratio
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3) The results of the recharge operation show that:

(3.1) The recharge rate varies from 0.05 — 2.05 meters per day (60 — 2,460 cubic
meters per day per sq. meter) and the total recharged water is 25,797 cubic meters.

(3.2) The use and not use of synthetic filter at the recharge pond bottom shows
very small difference in infiltration rate.

(3.3) The Infiltration characteristics could be categorized into 4 stages, namely; day
1-4,day 5 - 8, day 9 — 15, and day 16 — 30 with the infiltration rates of 0.14 - 0.79, 0.78 -
0.28, 0.27 - 0.16, and 0.15 - 0.07 meter per day, respectively. The infiltration rate of less than
0.15 meter per day indicated the recharge pond clogging.

(3.4) The assessment of the artificial recharge in the wet season (duration of 4
months) showed that effective artificial recharge could be achieved using recharge water with
tubidities of 70, 100, and 140 NTU and frequencies of annual recharge pond cleaning of 1, 2,
and 4 times, respectively. The maximum recharge water quantity of 36,000 cubic meters per
year could be achieved using recharge water with tubidity of 70 NTU and frequency of annual
recharge pond cleaning of 4 times.

(3.5) The guidelines for future similar projects development include: 1) artificial
recharge using constructed wetland and recharge pond system with raw water turbidity of
greater than 140 NTU; 2) artificial recharge using sedimentation pond and recharge pond
system with raw water turbidity of 101-140 NTU; and 3) artificial recharge using recharge
pond only with raw water turbidity of less than 100 NTU.

4) The groundwater level underneath the recharge ponds rises to the highest level of
3.33 meters from normal. The groundwater flows from the recharge pond area to the
surrounding region and the north with average flow velocity of 0.07 meter per day. The results
of the physical, chemical and biochemical groundwater quality monitoring show no indications
of groundwater quality changes.

5) The results of economic feasibility study of the pilot recharge system by the benefit-
cost method shows that - if the project is extended to other areas- the recharge system
should have the area of at least 10 Rais in order to achieve the investment cost within 3

years time.
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Chapter 5

Guidelines for Groundwater Recharge Master Plans Formulation

and Mitigation of Groundwater Level Decline Problem

The objective of this chapter is to provide guidelines and suggest the systematic
groundwater recharge master plan formulation by using the compiled groundwater recharge
principles and methods together with other considerations of existing case studies such as
Master Plan for Artificial Recharge to Groundwater in India (Central Ground Water Board,
2002), Artificial Recharge Strategy.- A national approach to implement artificial recharge as
part of water resource planning, South Africa (Murray et al., 2007), technical data obtained
from the experiment in the groundwater recharge using recharge pond system,
hydrogeological information of the area, results of the mathematical groundwater modeling of

the area, results of the environmental studies, and other related issues.

5.1 Master Plan Formulation Guidelines

5.1.1 Components

Groundwater recharge master plan formulation should be developed considering
information from various sources incorporating the participatory planning process involving
local organizations, authorities, and government and private stakeholders. The master plan

structure has the following important components:

—_

The Goal: Identification of long-term goal

w N

The Management Objectives: The objective of each theme

N

)
) The Themes: Areas that need to be addressed in order to realize the goal
)
)

The Situation Assessments: The current status in relation to the Management
Objectives

5) The Strategic Approach: Key focus areas that need to be addressed in order
to reach the Management Objectives

6) Actions: The tasks required to fulfill the strategic Approach

7) Responsibility: The organization responsible for implementing the Actions

8) Priority: The order of implementing the Actions
5.1.2 The Goal of the Master Plan
The goal of the groundwater recharge master plan should include institutional

processes, academic development, Conservation awareness, and community participatory

management of groundwater resources. The plans should be classified into three (3) phases,

Department of Groundwater Resources 5-1



Executive Summary Report
Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System Chapter 5 Guidelines for Groundwater Recharge

in the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces Master Plans Formulation

namely, short-term, intermediate-term, and long-term. The Department of Groundwater
Resources (DGR) should identify the duration of each phase from the results of present

situation assessment, and potential capacity of the organization and personnel.
5.1.3 Strategic Issues of the Groundwater Recharge Plan

The strategic issues of the groundwater recharge plan should include various
themes as in the followings:

1) Knowledge theme: - To create awareness and provide education on artificial
recharge to local people,

2) Legislation and regulation theme: - To enable water management and water
services institutions to adopt and regulate artificial recharge as part of integrated water
resources management (IWRM),

3) Planning theme: - To facilitate the use of artificial recharge in achieving
sustainable, efficient and cost effective water resource use and management,

4) Implementation theme: - To support water management and water services
institutions in implementing artificial recharge,

5) Management theme: - To optimize the management of artificial recharge
schemes,

6) Research theme: - To develop a body of knowledge that support efficient and
effective implementation and operation of artificial recharge schemes, and

7) Strategy implementation theme: - To implement and update the artificial

recharge strategy.
5.1.4 Strategy and Preliminary Action Plan

The strategic issues consist of strategic approach, action plan and priority of

various works as described in details in the main report and summarized as in the followings:
1)  Knowledge theme

Broaden awareness and educate local people on artificial recharge via public

relation, artificial recharge networking, and assign the authority to be the liaison for the

artificial recharge in the Lower North Region. Educate students, government officials and

practicing professionals on the values, practicability, feasibility, implementation and operation

of artificial recharge schemes. Disseminate the information on the groundwater recharge pilot

project to demonstrate the value and operation of the groundwater recharge scheme and

serve as an educational center, as well as establish local authority for project extension to

other areas according to priority.
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2) Legislation and regulation theme

Establish regulations to facilitate the artificial recharge and create an
organization to carry out and maintain the artificial recharge as a part of the integrated water
resources management (IWRM). The important issue is that artificial groundwater recharge is
not yet mentioned or existed in the Groundwater Legislation. The DGR should: i) clarify the
current legal requirements for authorizing artificial groundwater recharge projects; ii) clarify the
authorization process and provide guidance and training on this; and ii) review the current
legislation and establish whether amendments or new regulations are needed.

3) Planning theme

The DGR should prompt data compilation and investigations to produce the
master plans for artificial groundwater recharge in the Lower North Region area so as to
facilitate the use of artificial recharge in achieving sustainable, efficient and cost effective
water resource use and management.

Planning for artificial recharge needs to be accommodated at national,
regional, and local levels. The following areas should be targeted:

(3.1)  Artificial recharge needs to target two spheres within the water sector.
These include the water resource management sphere and the water services sphere,

(3.2) The artificial recharge potential per water management area and sub-
areas needs to be quantified,

(3.3) Localized areas where artificial recharge is needed should be
identified. This should include areas where water tables have dropped due to high
groundwater abstraction, where suitable source water is available, and where aquifer
hydraulics and water quality characteristics are favorable for artificial recharge,

(3.4) Identify specific planning areas and purposes where artificial recharge
could have significant impact. For example, areas where artificial recharge could augment
groundwater reserve; and areas where artificial recharge could assist in mitigating the effect
of drought hazard and climate change, and

(3.5) Identify the areas where artificial recharge development is suitable
and cost effective.

4) Implementation theme

The DGR should support water management and water services institutions

in implementing artificial recharge. The approach to supporting the successful implementation

of artificial recharge schemes include:
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(4.1) Develop groundwater level monitoring system,

(4.2) Provide guidance on the technical aspects of artificial recharge
system construction,

(4.3) Create an incentive mechanism for local government authorities to
adopt artificial recharge. The aim should be to encourage the wise use of existing water
resources and infrastructure before developing more costly new sources,

(4.4) Develop support mechanisms for implementing artificial recharge
schemes, and

(4.5) Develop training courses on implementing artificial recharge schemes.

5) Management theme

Artificial groundwater recharge schemes in the Lower North Region river
basin areas are not yet officially and systematically implemented. At present, the
implementation begins with different individual pilot projects initiatives. The successful artificial
recharge schemes must have financial management, planning, control, and personnel
development. Important activities in artificial recharge include efficient management, raw water
diversion to the recharge area, raw water treatment, construction of recharge system,
prevention and management of clogging, evaluation and monitoring of the aquifer response,
suitable groundwater recovery, and the management of the quality of recovered water.

The approach to enhance capacity to manage artificial recharge schemes
needs to focus on three key areas, namely;

(5.1) Provide guidance and support mechanisms for effectively operating
artificial recharge schemes. This needs to include identifying the skills required to operate
schemes, a mechanism for assessing the performance of schemes, and a system to support
data capture and management,

(5.2) Develop a training course on the operation and maintenance of
artificial recharge schemes, and

(56.3) Produce standards pertaining to the design, construction, operation,
and maintenance of artificial recharge schemes.

6) Research theme

Encourage and support detailed research and development to find suitable
and efficient methods of artificial recharge as well as develop a body of knowledge that
supports efficient and effective long-term implementation and operation of artificial recharge
schemes in the Lower North Region areas. Recently, there are four (4) different pilot research
projects related to artificial recharge, these are: (i) recharge using rainwater harvesting from

roof run-off, (ii) recharge using recharge pond, (iii) recharge using groundwater well, and (iv)
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recharge using deep well injection. The research projects carried out by the DGR should
categorize into two (2) groups, namely, detailed researches and practical pilot researches for
short-term project implementation. Research approach to support the development of artificial
recharge should include:

(6.1) Research which is geared towards developing principles or guidelines
for artificial recharge techniques,

(6.2) Research pertaining to water quality issues and environmental impact
such as hydrogeochemical risks and clogging in iron-rich aquifers as well as the issues
related to the use of treated raw water as a source for artificial recharge,

(6.3) Research related to socio-economic issues of artificial recharge.

7) Strategy implementation theme

To implement the plan, detailed master plan and implementation
preparedness of the area should be made. The key success factors of artificial recharge
project consists of the demand of the artificial recharge, raw water source, aquifer hydraulics,
water quality, methods of artificial recharge, environmental issues, legislation issues, socio-
economic issues, management issues, and preparedness of the involving organization.
Artificial recharge must have the institution and authorizing organization to look after in project
implementation and in project extension in the local agencies using participatory feasibility
considerations from various aspects of engineering, socio-economy and environment. Artificial
recharge project permission process should separate into 4 phases, namely, prefeasibility

study, feasibility study, construction, and operation and maintenance.

5.2 Guidelines for the Mitigation of Groundwater Level Decline Problem

5.2.1 Guidelines for the Mitigation of Groundwater Level Decline Problem in Ban

Nong Na Area and in the Regional Area

The study of groundwater balance in the Ban Nong Na pilot area and in the
regional study area found the annual groundwater deficit of 0.23 and 51 million cubic meters,
respectively. This causes groundwater level decline at the rate of 25 and 26 cm. per year,
respectively. If groundwater pumping is continued at the current rate and no artificial recharge
is performed, the groundwater shortage crisis may exist in the near future. Mathematical
groundwater modeling of the area was conducted and various model parameters of hydrologic
and hydrogeologic systems were calibrated. The model was then applied to investigate the
groundwater recharge using recharge pond as well as simulate to obtain guidelines for future
artificial recharge management. Model simulation scenarios in this study include: (i)

groundwater recharge to achieve the balance of groundwater system, and (ii) groundwater
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recharge to raise 2 meters of groundwater level within 10 years period by using the initial
model parameters as follow:

1)  Quantity of recharge water to achieve the groundwater system balance,

2) Quantity of recharge water to raise 2 meters of groundwater level is
calculated from: study area (square meter) x specific yield (Sy) x 2 m/year x 10 years (Sy is
the average specific storage coefficient of the aquifer),

3) Average recharge rate at 0.2 m/day (obtain from the experiment result),

4) Recharge duration of 120 days (July — October, wet season),

5) Areas of the recharge pond in the Ban Nong Na pilot project and that of the
regional study area: 1 recharge pond has the area of 1,600 square meters (1 Rai) and the
regional study area has the recharge area of 40,000 square meters (25 Rais),

6) Numbers of recharge ponds are obtained from: required water quantity (cubic
meter/year)/recharge rate(cubic meter/year),

7) Recharge potential areas include areas with suitable hydrogeologic
conditions, close to surface water source, available access road, and close to the impact
target area that required groundwater level raising.

The results of the model simulation showed that using the recharge pond area of 1
Rai could provide recovery water for rice growing of 16 Rais. To achieve the groundwater
system balance in Ban Nong Na pilot project area, the amount of 0.20 million cubic meters of
recharged water is required and 6 Rais of recharge pond areas is needed.

In case of increasing groundwater level at the rate of 2 meters per year for 10
years period with the same pumping rate, the amount of 1.81 million cubic meters of
recharged water is required and 11 Rais of recharge pond area is needed. At present (B.E.
2553), the critical zone with groundwater level deeper than 8 meters from ground surface
covers the area of approximately 500 Rais (0.8 square kilometer). In the next 10 years (B.E.
2563), with the same pumping rate, the critical zone would increase to 2,194 Rais (3.51
square kilometers). If groundwater recharge to achieve groundwater balance and to raise 2
meters per year of groundwater level for 10 years period were performed, the groundwater
level critical zone would decrease to 856 Rais (1.37 square kilometer) and 475 Rais (0.76
square kilometer), respectively.

The simulation of groundwater recharge in the regional study area showed that the
amount of 51.18 million cubic meters of recharged water and recharge pond areas of 1.400
Rais are required. To raise 2 meters per year of groundwater level- for 10 years period with
the same pumping rate- the amount of 927 million cubic meters of recharged water is

required and 2,450 Rais of recharge pond area is needed. The results of the mathematical
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groundwater model simulations are illustrated in Figures 5-1 and 5-2. The simulation results

showed that, at present (B.E. 2553), the critical areas- where groundwater levels are deeper

than 8 meters below ground surface- cover the areas of 347,500 Rais ( (566 square

kilometers). In the next 10 years (B.E. 2563), with the same present pumping rate, the critical

zone would expand to 510,000 Rais (816 square kilometers). If groundwater recharge to

achieve groundwater balance and to raise 2 meters per year of groundwater level for 10

years period were performed, the groundwater level in the critical zone would decrease to

275,625 Rais (441 square kilometers) and 151,250 Rais (242 square kilometers), respectively.

(A) Present condition (B.E. 2553)
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Figure 5-1 Maps of groundwater level depths in the Ban Nong Na pilot project area
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(C) Recharge to achieve groundwater system balance (D) Recharge to raise 2 meters per year of groundwater

(B.E> 2553-2563) level for 10 years period (B.E. 2553-2563)
Figure 5-2 Maps of groundwater level depths in the regional study area

5.2.2 Guidelines for the Mitigation of Groundwater Level Decline Problem in the

Lower North Region River Basin Area

The results of this study show that natural groundwater recharge in the Lower
North Region river basin area is approximately 6,980 million cubic meters per year. The
recharge to and discharge from rivers are approximately 415 and 179 million cubic meters per
year, respectively. Approximately 7,785 million cubic meters per year of groundwater were

used for agriculture. This causes groundwater deficit of about 569 million cubic meters per
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year which is equivalent to groundwater level decline of about 15 centimeters per year. The
guidelines for the mitigation of groundwater level decline problem in the area (Figure 5-3) are
as in the followings:

1)  Artificial recharge to achieve groundwater balance using recharge pond areas
of about 8,075 Rais and that of old sand pits areas of about 2,550 Rais together with deep
well groundwater recharge method could produce recharged water of about 569 million cubic
meters per year. The benefit receiving areas cover approximately 146,700 Rais. The
investment cost for 20 years artificial recharge system development by the government is
approximately 4,392 million Bahts. Farmers obtain the incomes from rice growing about
10,036 million Bahts.

2) Atrtificial recharge in the critical areas - to raise 2 meters of groundwater
level- using recharge pond areas of 16,388 Rais and old sand pits areas of 2,550 Rais
together with deep well groundwater recharge method could recharge water into aquifers the
amount of 1,044 million cubic meters per year. The benefit receiving areas cover about
365,000 Rais. The investment cost for artificial recharge system development by the
government is approximately 7,027 million Bahts. Farmers obtain the incomes from rice
growing about 33,580 million Bahts. The study results showed that 20 Sub-districts of drought
hazard areas (Table 5-1) and 133 Sub-districts of flood hazard areas (Table 5-2) could be
mitigated.

The groundwater critical areas in the Lower North Region river basin could be
categorized into 3 levels, namely; (i) very high critical areas where groundwater levels are
deeper than 12 meters and covering the areas of 26 Sub-districts (Table 5-); (ii) high critical
areas where groundwater levels ranging from 10 — 12 meters deep, covering the areas of 47
Sub-districts (Table 5-4); and (iii) intermediate critical areas where groundwater levels varying
from 8 — 10 meters, covering the areas of 73 Sub-districts (Table 5-5). At present, the total
groundwater critical areas in the Lower North Region river basin are 6.56 million Rais (10,500
square kilometers). In the next 10 years, with no groundwater recharge, the groundwater
critical areas would increase to 6.66 million Rais (10,656 square kilometers). If artificial
recharge to raise 2 meters of groundwater level is carried out the critical areas would
decrease to 6.30 million Rais (10,080 square kilometers).

The suitable artificial recharge methods for the Lower North Region river basin
areas include recharge using rain water harvesting from roof run-off, recharge pond |,
recharge reservoirs and weirs, dry well recharge, and deep well injection recharge. The
selection of suitable artificial recharge methods must consider the major factors in

hydrogeology (Figure 5-4 and Table 5-6).
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(C) Recharge to achieve groundwater system balance (D) Recharge to raise 2 meters per year of groundwater

(B.E> 2553-2563) level for 10 years period (B.E. 2553-2563)

Figure 5-3 Maps of groundwater level depths in the Lower North Region river basin area

Department of Groundwater Resources 5-10



Executive Summary Report
Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System Chapter 5 Guidelines for Groundwater Recharge

in the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces Master Plans Formulation

Table 5-1 Drought hazard districts that require recharge to raise 2 meters per year

of groundwater level

Province District Sub-District

Srisaschanalai Nong Or/ Thachai

Sawankalok Yanyao/Naimuang/Klong krajong/Klong Yao
Sukhothai | Thung Saliam Thung Saliam

Srisamrong Na Khun Krai

Muang Ban Kluay

Bang Rakam Kui Muong/Bang Rakam
Pitsanulok

Muang Samokhae

Wachirabaramee Ban Na/Nong Lub/Bueng Bua

Phothale Bang Lai/ Thai Nam/ Thanong
Pichit

Muang Pa Makab

Pho Prathabchang | Dong Ser Lerng

Table 5-2 Districts receiving flood hazard mitigation from groundwater recharge

Province District Sub-District
Srisassanalai Sarachit/Nong Or
Yan Yao/Pa Kumko/Wang phinphat/Na Thung/Wang Maikhon/Muang
Sawankalok
Bang Klang/Nong Klub/Tha Thong
Srinakorn Nakorndert/Namkhum/Srinakorn
Ban San/Rao Tonchan/ Wat Ko/Ban Rai/Ban Na/Wang Luk/Wang
Srisamrong
Sukhothai Thong/Ko Taliang/Wang Yai/Thabphueng
Ban Kluay/Wang Thong Daeng/Tantia/Ban
Muang
Suan/Pakkwae/Banlum/Yangsai/Pak Phra
Kirimas Ban Pom/Thung Luang/Tanod/Samphuang/Nong Krading/Nong Jig
Krainai/Kraiklang/Kok Rad/Krai Nok/Pa Phaek/Ban Mai
Kong Krailas

Sukkasem/Dong Duay/Ban Krang/Kong/Tha Chanuan/Nong Tum

Taluk Thaim/Sri Phirom/Nong Khaem/Wang Won/Phrom Phiram/Tha
Chang/Ma Tum

Phrom Phiram

Kuy Muong/Bang Ra Kam/Chum Saeng Song Kram/Tha Nang
Ban Ra Kam
Pitsanulok Ngam/Bung Kok/Plak Rad/Phan Sao/Bo Thong

Samo Khae/Makham Sung/Phai Kho Don/Chom Thong/Hua Ro/Pak
Muang Thok/Ban Krang/Phlai Chum Phon/Aranyik/Ban Klong/Tha Thong/Tha
Pho/Bung Phra/Wat Phrik/Wang Nam Ku

Pichit Wachirabaramee | Ban Na/Nong Lub/Wang Mok

Pho Thale Bang Lai/Thai Nam/ Thanong
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Table 5-2 Districts receiving flood hazard mitigation from groundwater recharge (con’d)

Province District Sub-District
Pa Ma Kab/ Yan Yao/Tha Lo/Phai Kwang/Klong Kachian/Pak
Muang Thang/Nai Muang/Tha Luang/Rong khao/Ban Bung/Muang
Kao/Kamang/Dong Klang/Hua Dong/Dong Pakam
Pho Dong Sua Lueng/Wang Jik/Phairob/Pho Prathabchang/Nern
Prathabchang Sawang/Phai Thapho
Pichit Sam Ngam Sam Ngam/Kamphaeng Din/Rang Nok/Nern Por
ichi

Bung Narang

Bung Narang/Bang Lai

Pho Thale

Wat Khang/Thai Nam/Pho Thale/Thung Noi/Tha Nong/Tha
Bua/Ban Noi/Tha Khamin/Bang Klan/Tha Sao/Tha Nang

Taphan Hin

Ngew Rai/Huay Ket/Wang Wa/Thab Man/Klong Kun/Sai
Rongkhon/Dong Takhob

Bang Mun Nak

Ho Krai/Nern Makok

Table 5-3 Artificial recharge methods in the very high critical areas.

Province District Sub-District Recharge Methods
Sawankalok Nai Muang/Wang Khon Mai/Na
Thung/Pa Kum/Ko/Yan Yao/Klong
Deep well injection
Krajong/Muang Bang Khlang/Nog
Klab/Klong Yang/Pak Nam
Muang Ban Suan/Tal Tia
KongKrailas Krai Nai Recharge Pond/Roof run-off
Sukhothai ]
Srisamrong Ban Ko Ta Liang/Wang Luk/Ban harvesting
Na/Watko Na khun Krai
Sri Nakorn Had Siew/Tha Chai/Nakorn Dert Deep well injection/recharge pond/

Roof run-off harvesting

Sai Ngam

Wang Sai Phun Nong Phra recharge pond/ Roof run-off
harvesting/recharge weirs
Thab Klo Khao Sai recharge pond/ Roof run-off
Pichit
harvesting
Bang Rakam Nong Kula recharge pond/ Roof run-off
harvesting/recharge weirs/Dry wells
Phitsanulok
Muang Ngew Rai recharge pond/ Roof run-off
harvesting/ Dry wells
Khanu Woralaksaburi | Wang Chaphlu recharge pond/ Roof run-off
Kamphaengphet

Nong Maetaeng

harvesting/recharge weirs
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Table 5-4 Artificial recharge methods in the high critical areas.

Province District Sub-District Recharge Methods
Sawankalok Pak Nam Weep well injection
Srisamrong Ban San/Wang Thong/Rao Tonchan| Recharge
pond/recharge weirs
Srinakorn Klong Maphlab/Srinakorn/Nakorn Weep well injection
Sukhothai Dert
Muang Tal Tia/Ban Suan Recharge
Kong Krailas Krai Klang/Kok Rad/Dong Duay/Krai | Pond/recharge
Nok weirs/Roof run-off
harvesting
Pho Thale Tha Khamin/Thanong Recharge
Taphan Hin Dong Takhob pond/Recharge
Fient Bang Mun Nak Lam Pada/Phum weirs/Roof run-off
harvesting/Dry wells
King Dong Charoen | Samnak Khun Nen/Huay Phuk
Phrom Phiram Sri Phirom/Wang Recharge
Kong/Wangwon/Phrom pond/Recharge
Phiram/Thachang/Matum weirs/Roof run-off
harvesting/Dry wells
Muang Phai Khondon/Ban
Phitsanulok Krang/Thathong/Tha Pho/Bung
Phra/Wat Phrik
Bang Rakam
Nikom Phattana/Nong Kula
Bang Krathum Tha Tal/Ban Rai
Lan Krabu Bung Thab Rad/Nong Luang/Lan Recharge
Krabu/Chong Lom/Pracha Suksan | pond/Recharge
weirs/Roof run-off
Kamphaengphet harvesting
Sai Ngam Sai Ngam/Nong Maikong/Nong
Klam/Nong Maetaeng/Phan Thong
Sai Thong wattana Thung Thong
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Table 5-5 Atrtificial recharge methods in the intermediate critical areas.

Province District Sub-District Recharge Methods
Muang Wang Thong Daeng/Ban Kluay/Yang Sai Recharge
) Kong Krairas Krai Nok/Paphaekkong pond/Recharge
Sukhothai _
Srisamrong Rao Tonchan/Wang Yai/Ban Rai weirs/Roof run-off
harvesting
Wachirabaramee| Nong Lub/Wang Mok/Bung Bua/Ban Na
Sam Ngam Kamphaeng Din/Sam Ngam/Nern Por/Nong Sano
Muang Yan Yao/Klong Kachian
- - Recharge
Pho Nern Sawang/Thung Yai/Phai Thapho/Dong Suer
pond/Recharge
Pichit Prathabchang Lerng
weirs/Roof run-off
Bung Narang Bung Narang/Laem Rang/Bang Lai
harvesting/Dry wells
Taphan Hin Thab Man
Bang Mun Nak | Wang Taku/Nern Makok/Wang Samrong
Dong Charoen | Samnak Khunnen/Hua Phuk/Huay Ruam
Bang Rakam Chumsaeng Songkram/Kuy Muong/Tha Na
Ngam/Nikom Phattana/Bang Rakam/Bung Kok/Nong
Kula/Pluk Rad/Wang E-thok/Phan Sao/Bo Thong
Recharge
Muang Wang Nam Ku/Ngew Ngam
pond/Recharge
Phitsanulok Phrom Phiram | Taluk Thiam/Sri Phirom/Wangwon
weirs/Roof run-off
Wang Thong Wang Thong Daeng/Wang Phikun/Tha Muen
harvesting/Dry wells
Ram/Phan Chalee
Wat Bot Tha Ngam
Bang Krathum | Tha Tal/Nakorn Pa Mak/Bang Krathum
Khanu Bung Samakkee/Wang Cha On/Rahan/Yang
Woralaksaburi Sung/Kong Phai/Ko Tal/Saen Tor
Sai Ngam Recharge
Phran Kratai Klong Phi Krai/Khaokiris pond/Recharge
Kamphaengphet

Muang Nikom Thung Pho Thale

Sai Thong Thung Thong

Wattana

Lan Krabue Bung Thab Rad/Nong Luang

weirs/Roof run-off

harvesting/Dry wells
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Consider the problems

in the areas

U

Investigate site conditions

U

Select suitable

artificial recharge methods

* continuous groundwater level decline
€| » Water shortage during the dry season

* Flooding during the wet season

* Topography

* Depths to groundwater levels
€ * Thickness of aguifers

* Raw water source

* Public land

* Demand for groundwater recovery

* Site selection criteria

* Recharge pond Method

* Roof run-off harvesting method
* Recharge weir method

* Dry wells method

Figure 5-4 Procedure for selection of suitable artificial recharge methods

Table 5-6 Factors for selection of artificial recharge methods

Artificial recharge methods o

Selection factors

1. Recharge pond

E

- Groundwater level decline

- Thickness of the aquifer

- Distance from surface water source

- Depth to sand layer (thickness of overlying clay layer)

- Groundwater level decline
- Thickness of the aquifer
- Location of village or community

- Rain water collector

- Topographic slope
- Stream profile
- Groundwater level decline

- Type of sediments in the weir

- Groundwater level decline
- Distance from surface water source

- Thickness of the aquifer

5. Deep well injection

v

1'L
| | ’
n
[

—
-

-
-

- Deep groundwater level decline
- Distance from surface water source

- Thickness of the aquifer

Remark: " Suitable artificial recharge methods for the Lower North Region river basin areas (modified after Dillon, 2006)

Department of Groundwater Resources

5-15



Executive Summary Report
Pilot Study and Experiment on Managed Aquifer Recharge Using Ponding System Chapter 5 Guidelines for Groundwater Recharge

in the Lower North Region River Basin, Phitsanulok, Sukhothai, and Pichit Provinces Master Plans Formulation

5.3 Integrated Development Plans for Artificial Recharge System

To achieve the successful development of artificial recharge system, integrated

development plans for artificial recharge should be established (Figure 4-1 and Table 5-7).

The Department of Groundwater Resources should cooperate with related government

agencies such as Local Government Organizations, Royal Irrigation Department, Department

of National Parks, Wildlife and Plant Conservation, Department of Highways, and Department

of Rural Roads.

Table 5-7 Integrated development plans for artificial recharge system

Measures

Responsible Organization

1. Dredging of rivers to sand layer to increase flow velocity and increase

recharge to groundwater.

Local administrative

organizations

2. Construction of storage reservoirs to increase groundwater recharge and

surface water storage for use in the dry season.

Royal Irrigation Department

3. Expansion of check dam construction projects and recharge weirs in the

forest and national park areas.

Department of Forestry,
Department of National Park
Wildlife and Plant Conservation,
Department of Local
Government, Development

military units

4. Promoting awareness and education in groundwater resource and

significance of artificial recharge.

Department of Groundwater

Resources

5. Preparing artificial recharge master plans and include as part of national

water resources management.

Department of Groundwater

Resources

6. Encouraging artificial recharge operation in the areas that suffer repeated

drought hazard.

Local government organizations

7. Dredging of drainage canals in the highways areas to increase drainage

efficiency and increase recharge.

Department of Highways,

Department of Rural Roads,

Local Government Organizations

8. Seeking cooperation from government offices to install rain harvesting
recharge system to reduce surface run-off and restore groundwater

resource.

Department of Groundwater
Resources and Government

Offices

9. Conservation and development of natural recharge areas such as old sand

pits and public drainage canals.

Local Government Organizations

10. Encouraging the development of networks in groundwater observation wells
system to monitor groundwater level, especially in areas where large

amount of groundwater is used.

Department of Groundwater

Resources
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5.4 Important Issues

5.4.1 Guidelines for Preparing Artificial Recharge Master Plans

The master plans for artificial recharge in the Lower North Region river basin area-
Pitsanulok, Sukhothai, and Pichit Provinces-consist of a body knowledge, related laws and
regulations, planning, plan implementation, management, researches, and strategic
implementation.

The success factors of the artificial recharge project development include project
demand, raw water source, aquifer hydraulics, water quality, artificial recharge methods, with
special considerations in the aspects of environment, legislations, socio-economy,
management, and preparedness of the organizations. These must be carried out through
related institutions and artificial recharge authorization.

The development of the artificial recharge projects should separate into 4 phases,
namely, prefeasibility study, feasibility study, construction, and system operation and

maintenance.

5.4.2 Guidelines for the Mitigation of Groundwater Level Decline Problem in the

Study Area

The mitigation of groundwater level decline problem in the study areas using
suitable artificial recharge methods identified from the results of mathematical groundwater
modeling include:

1) Ban Nong Na area: groundwater recharge using recharge ponds should be
applied and the amount of 0.23 million cubic meters of recharged water is required to achieve
the groundwater balance in the area. The required recharge pond area is approximately 6
Rais. To raise 2 meters per year for the period of 10 years of the groundwater level, with
continuing same pumping rate, the amount of 1.80 million cubic meters of recharged water
and the recharge pond area of 11 Rais are required.

2) Regional study area: groundwater recharge using recharge ponds should be
applied and the amount of 51 million cubic meters of recharged water is required to achieve
the groundwater balance in the area. The required recharge pond area is approximately 1,400
Rais. To raise 2 meters per year-for the period of 10 years- of the groundwater level, with
continuing same pumping rate, the amount of 927 million cubic meters of recharged water
and the recharge pond area of 2,450 Rais are required.

3) Artificial recharge in the Lower North Region river basin should be performed
using recharge ponds and old existing sand pits to achieve the groundwater balance within 10

years period. These would require the recharge pond areas of 8,075 Rais and the sand pit
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areas of 2,550 Rais. The beneficial areas would cover approximately 146,700 Rais. To raise
2 meters per year-for the period of 10 years- of the groundwater level, with continuing same
pumping rate in the critical areas where groundwater level deeper than 8 meters, the amount
of 1,044 million cubic meters per year of recharged water and the recharge pond area of
16,388 Rais as well as old sand pit area of 2,550 Rais are required. The areas receiving
benefits would cover approximately 365,000 Rais.

To achieve the successful development of the artificial recharge system, the
Department of Groundwater Resources should follow the integrated development plans in
cooperation with related government organizations such as local government agencies, Royal
Irrigation Department, Department of Forestry, Department of National Parks, wildlife and

Plant Conservations, Department of Highways, and Department of Rural Roads.
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Discussions and Recommendations

Further steps in artificial recharge operation using recharge pond should consider the
following factors; related to the efficiency improvement of the constructed wetland, the
evaluation of the aquifer clogging at depth and biochemical clogging process, aquifer
contamination, and environmental and project extension impacts, as follows:

1) Efficiency improvement of the constructed wetland should be further evaluated to
provide more information for recharge operation efficiency and sustainability as well as to
reduce maintenance cost. The improvement of water quality using constructed wetland is
achieved by the natural processes with no chemicals used. The important processes include
sedimentation, assimilation by plant tissue, adsorption to soil particles, chemical precipitation,
filtration through dead plants and microbes, and filtration through sediments (Hammer, 1989;
Bavor and Mitchell, 1994). Additional study should be conducted and concentrate on; (i) the
efficiency of the constructed wetland to remove the suspended solids up to about 90 percent
by using various plants species and planted densities (suitable local plant is triangular
papyrus); (i) the amount of sediments removed; and (iii) water flow velocity. To control the
turbidity of recharge water to the limit of less than 50 NTU, the water flow rate through the
constructed wetlands should be maintained not greater than 10 cubic meters per hour and the
turbidity of raw water at the constructed wetland inlet should be controlled not greater than
150 NTU. Long-term experiment (longer than 100 days) on sediments removal should be
carried out with consultations from constructed wetland expert.

2) Evaluation of aquifer clogging at deep level and biochemical clogging: The clogging
of the aquifer from recharge operation could occur at the recharge pond floor and at the soil
strata below the recharge pond due to physical, chemical, or biological processes. Additional
further study should be conducted to determine the depth of clogging in the soil strata by
monitoring the water pressure and the water quality at the strata beneath the floor of the
recharge pond as well as carry out detailed study of soils and porosity change both in
laboratory experiment and field testing (Pavelic et al., 2007)

3) Contamination of the aquifer from recharge pond operation: The quality of surface
water for recharge and baseline groundwater quality in the pilot project area must be
evaluated to determine the potential contaminants that might affect groundwater usage for
agriculture and domestic consumptions. Standard groundwater sampling and laboratory
analyses must be applied to determine physical characteristics, major ions, heavy metals,

fertilizers, herbicides and pesticides, organic substances as well as pathogenic microbes. The
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monitoring of the raw water and groundwater water quality must be performed to evaluate the
possible impacts from the recharge operation as well as to determine the potential
groundwater contamination boundary.

4) Full scale project expansion and environmental impacts: Surface water quantity for
recharge in the Ban Nong Na pilot project is considered very small. During the wet season,
only 28,000 cubic meters of surface water are available and only 100,000 cubic meters are
available for over the year. This would have no impacts to water availability and groundwater
system in the area. For full scale project implementation, the following issues should be
considered.

(4.1) Artificial recharge to maintain groundwater balance or to raise 2 meters of
groundwater level would require approximately 700 sites of recharge systems. It is necessary
to investigate and adopt the operation method that has no impacts to socio-economy of the
down stream water users.

(4.2) Set up the format for recovery water uses: To achieve the optimum efficiency,
institutions and authorizing agencies responsible for artificial recharge should be established.
Full scale artificial recharge system management would assist in reducing the flood risk areas
in the down stream side.

(4.3) The evaluation of surface water resources should be carried out to determine
the annual flow quantity and peak flow period so as to set up the suitable artificial recharge

period.
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