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SMBO02 SMB13 SMB15

Next to pump station 313 Middle of Hihifo well field

Tube No.3/No.4 Tube No.3/No.4 Tube No.2
+676-841-5229 +676-841-5231 +676-841-5230
Axl ™ : #1 No 3 Axl Y :#1 No 3
D #2 No 4 : #2 No 4 gx 2d :No2
Aole Zol: #1 16.5m #Alole Zol: #1 30m #Hole Zol: 17m
D #2 22.5m D #2 26.8m
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south side of track Houma, Vaea Road Toloa-End of Airport Runway

Tube No. 2/N03 Tube No.5 Tube No.4

+676-884-8617 +676-884-8618 +676-884-8619
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T #2 No 3 MX 2™ :Nob MX 2™ i No 4
Hol= Z0l: #1 19.79m HolE Zol: 19m HolE Zol: 38m

C #2 14.70m
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RESIDENTIAL AREAS AND CONDUCTIVITY {(WL) OF VILLAGE PRODUCTIION WELLS OF
TONGATAPU (MARCH 2016)

Legend

March 2016 Survey (Conductivity) [73]
* 0-500[1)
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Date Time Task Location Note
20(1“3'2)0”7);03 Busan — Incheon — Auckland —
07-04 (Tue) Nukualofa
Mid-term workshop (Status check
up, etc)
MLSNR
AM  Feedback from MLSNR office
2017-07-05 Finalization on site selection
(Wed) Discussion on project request letter
Site Visit
PM Data sim preparation Field
Installation of data loggers
Installation of data loggers (cont.) Field
2017-07-06 AM/P server installation
Thu i MLSNR
(Thu) M install UPS by
Pilot test for data logger and server
Monitoring installed data loggers
2017-07-07 AM/P  Monitoring newly installed data NMLSNR
(Fri) M loggers office
Monitoring server and data status
_07- AM/P
201(7326 08 M Data loggers installation (cont.)
2017-07-09 AM/P Visit Tonga Met. Service for data
(Sun) M connection
Training on use of data loggers,
AM data analysis, modeling, etc MLSNR
2017-07-10 ysis, 9 ete. office
(Mon) M Training on server, website, etc.
Water quality sample testing Field
AM Water quality testing on sites
2017-07-11 . . .
(Tue) PM Survey and interview on water Field

usage, drought monitoring, etc.

2017-07-12(We
d)/07-13(Thur)

Nukualofa - Auckland — Incheon

— Busan
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Questionnaire for Village Survey-

This survey is a part of project ‘Development of smart groundwater management system
wsing climate information in response to shortage of water” in cooperation with the Ministry
of Lands, Survey, Natural Resources of Tonga and the APEC Climate Center, South Korea. The
survey is for reszarch use only to understand citizen’s experience and expectation to drought
Your answer will be confidential. Thank you for your kind cooperation. +

o

1

3.

Have you experienced drought? If yes, go to 1-1). if no, go to 3. +
1) Whenwas it7+
2) How significant the effectwas? Please describe.

o
+

+

Do you think your government responds appropriately in case of water
shortage during dry season? If so, what did they do foryou?+

Are you familiar with your government’s drought response discipline? If
50, what are they? «

4. What do you expect your government to do in facing water shortage?

(eg. expand the number of village wells, improve pipeline system, build
more rain watertank, Establish system for drought forecast, etc.}+
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Interview Questionnaire for Government-

This interview is a part of project ‘Development of smart groundwater management system.
using climate information in response to shortage of water”’ in cooperation with the Ministry
of Lands, Survey, Matural Resources of Tonga and the APEC Climate Center, South Korea. Your
response is for research use only to better understand how your government manages
drought. Thank you for your kind cooperation. +
+
1. Do you monitor drought? If so, what kind of methods do you use(eg.
Drought indices such as 5Pl{Standardized Precipitation Index) and PDSI

(Palma Drought Severity Index) ?+

2. Do youhave drought measures? If so, can you explain them?+

3. What kind of information is necessary in establishing drought measures
such as precipitation or groundwaterdata? +

4. Do you think drought forecast, using prediction of precipitation and
groundwateris helpful foryou to respond to drought?+
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Background of Tonga Water Project

Project Background

0 The Kingdom of Tonga face diverse and difficult water challenges

O For example, the supply and demand of water resource in Tonga is
regionally biased and the quantity and quality of it are at high risk due
to the pollution and depletion of surface water as well as seawater
Intrusion

O These facts affect Tonga, putting it in a very vulnerable status in
obtaining sustainable water resources

Q0 By developing climate-smart groundwater information system for water
resources, Tongan community members and decision makers will be
better understanding and implementation for sustainable water use

and management




Background of Tonga Agri-Water Project

Tonga Agri-Water Project Design

Climate

« Improving Seasonal
Prediction Skill

* Enhancing Dry Season
Forecasting

Water « Development of
Seasonal Forecast

Real-Time of Integrated
Groundwater + Web-base
Monltorl.ng / Information
Forecasting System Agriculture

Soil Information

Agriculture Modeling

Agriculture Monitoring

Agriculture Forecasting

System




Background of Tonga Agri-Water Project

Tonga Water Project Work Sharing
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Main Activities (20174) — Success Indicators
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Tonga Agri-Water Project MOU

Agri-Water Project MOU
(2017~2018, 2-year Project)



On March 2017.






Tonga Seasonal Forecasting

Seasonal Forecast Skill (@ PIC Project in APCC)

(a) PIC station number of 91784
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Tonga Seasonal Forecasting

Statistical Downscaling (@ Dr. Jaepil Cho)

APCC
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 Downscaling of Climate Change Scenarios using rcmip5 package

 Downscaling of Seasonal Forecast using sforcast package

Download CMIP5 data
(Daily & Monthly) Already e Temporal downscaling
developed
Clipping on your area by APCC '3_] sforecast_real_time_run.R »
CMIP5 DB al [ source on save Q -8 “%Run %+ Fsource -
National, NC 1 # Setting working environment
Extracting point values 2 EnvList = Set.Working.Environment (basedir="D:/APCC_TP_SDM_Aug2016/2Cho/SForecast”,
CMIPS DB priname = "Vietnam", envfile = "vietnam.txt")
- 3
User Input Station, ASCII ; . . . .
Observzléi (Station ) Bias-corrected 4 # Update required climate information
weather Bias correction SCIlmaFe 5 Update.Climate.Information (EnvList, updatemode = T)
. cenarios
(Station, ASCIT) (Station, ASCID) 6 .
: 7 # Real-time forecast
8 Run.RealTime.Forecast.Model (EnvList, fiyearmon = "2016-07")
9
ftw Data 10 # Temporal downscaling
TOOIS and SO ares 11 Dpaily.Hourly.sampling (EnvList, fiyearmon = "2016-06", smpImoncnt=3)
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Tonga Seasonal Forecasting

Station Outlook (@ Pacific Seasonal Prediction)

PASAP Portal
The Pacific Adaptation Strategy Assistance
Program (PASAP) Portal provides seasonal
forecasts from the couple dynamical GCM,
POAMA.

Pacific Tropical Cyclone Data
Portal

The Pacific Tropical Cyclone Data Portal
provides historical climate information and
trends from individual observation sites
across the Pacific region and East Timor.

CIiDE
Ch\? CliDE is a climate database
CliDE management system being installed

e

in 15 countries to record stafe and
access historical a
data.

ngdrecent meteorological

Pacific Climate Change Data Portal
The Pacific Climate Change Data Portal
provides historical climate information and
trends from individual observation sites
across the Pacific region and East Timor.

rat Prediction of Sea-level Anomalies
in the Western Pacific is focused on the
development and verification of seasonal
forecasts for sea level for Pacific Partner
Countries

Seasonal Prediction of Exireme Ocean
Temperatures/Coral Bleaching will provide
seasonal forecasts of ocean temperature and
coral bleaching risk for the Westemn Pacific.

http://www.bom.gov.au/climate/pacific/projects.shtml

|| Gridded Outlooks || Station Cuticoks || Climate Index Outiooks |

[ ] 1S

@
QOB
@

[T

(T

100 km
0 o A78W A75W A74EW A73W ATZW 16,0778, 178.03°W

| Gridded Outiooks | Station Outlooks || Cimate Index Qutiooks

Station : Nuku'alofa, Tonga
'WMO Station Number: 91789
Coordinates (Decimal Degrees): 201°5, 04°E

B
yuku‘alﬂfa,'[nnga .
Note: Outlooks presented below are for the region surrounding the station location | < Y 1

of interest. Model grid cells are approximately 250 km by 250 km and may not
account for local topography.

e

Download Data

Rainfall Terciles
Rainfall Tercile Outlook:
Nukualofa - JJA

Forecast issued: 20170601
100.0

66.6

Frequency (%)

1]
Dry Normal Wet

Normal accumulated rainfall for J)a
Nukualofa: 261 - 402 mm




Tonga Seasonal Forecasting

Statistical Forecasting (@ Dr. Sunkwon Yoon)

APCC
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* Time Series Stationary Process

o Mutual Information
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Water

Water Resources Forecasting
and Risk Assessment



Background

Status of Tonga and its Water Resources

/\PCC

Source: (http://www.pacificwater.org/pages.cfm/country-information/tonga.html)

Tonga Problems with Water Resources

C
Home = Country Information = Tonga +
* Wastewater management and pollution control

Geography « Information exchanges on water resources
Total Area 748 km -
Land 718 km? LAND USE
Water 0 ke M Arable Land M Permanent Crops
- M Permanent Pasture Faorest
Highest 1,033 m
Elevation m Other
4% ME=r=1
[YHEE]
Land Use
Arable 20%
Perm. Crop 14 67%
Other £5.33% (2005)
People
| 2 71%
T 116,921 (July 2007
est.)
Population 1.847% (July 2007
Growth Rat t. .. .
“ = est) Drinking water coverage estimates
Economy Source of Water Urban (%) Rural (%) Total (%)
GDP per capita$2,200 {2005
(PPF) est) 1990 2015 1990 2015 1990 2015
Water Statistics - 73 - 80 - 8
Lyn o (EMES M nonbie Soun ) Other improved source 97 100 99 100 99 100
Rainfall of Tonga with an estimated
gverage of 2500 mm per | Other unimproved 3 0 1 0 1 0
- 0 - 0 - 0




Background

Water Project Overview

/

% Project Outline

O Title : Water Resources Forecasting and Risk
Assessment in the Kingdom of Tonga

O Partner country : Kingdom of TONGA
O Period : Jan. 2017 ~ Dec. 2017 (12 months)

O Potential Participants : APCC, Dong-a Univ,,
Hydronet(Univ. of Seoul)

% Technical Road Map (TRM)

1st (2016-year) 2nd (2017-year)
e e B biézednglr;%e\r/nveabn_d
Modeling, and y

Developing GW
Seasonal
Forecasting System

Web GIS-based
Monitoring System

Niuatoputapu Niuafo'ou

Late Island »

Tofua Island &

Kotu Group .,

Nomuka Group

NUKU’ALOFA"’ g

‘Eua Island ™

3rd (2018-year)

Development of
Smart Tonga Water

Information System
& Funding from
KOICA




Background

2017 Tonga Water Project Design

< APCC Stakeholders
- Climate Change Impact
Assessment
- Drought Forecasting
- Ground Water Seasonal < Hydronet &
< Hydronet Forecasting . < University of Seoul
: - Water Resources Risk
Installing and Assessment Development
Extending of Integrated
Real-Time Web-base
Groundwater )
Monitoring o Information
Dong-a University
System
m Slo|I==ull Seawater intrusion
HydroNet Co.,Ltd. Grou ndwater

Contamination

Developing Beta
Version of GW



(a)

Background

(a) Shows seasonal variability of rainfall and temperature, and (b)

Climate: Historical Observed Data

shows variation of annual rainfall and temperature during El Nifio and

La Nina in Tongatapu. (PCCSP, 2014)

—&— Maximum temperature Average temperature

—#— Minimum temperature Sea surface temperature

o]
o
Nuku'alofa, Tonga, 175.18°W, 21.13°S
e N
—_ "
Q //. B
° =
2 x"l._x . =l
S O — -
E =t
e T
\ =
& - | -
\ -
-\_._ . |
9]
=T | | | | | T
Jan Apr Jul Oct

100 150 200 250 300

50

Monthly rainfall (mm)

(b)

Fraindall {rmem)

5000 = Annual rainfall = Nuku'alofa and mean lemperature - Fua'amolu 280

= I.|'
LaNina |

4000 =4 B

3000 W -

2000 = = 220

1000 — | ‘ “ ‘ ‘ — 200

0 - U | 1 1 1 1 | T T ‘ | |‘ | r— — 180
1840 1850 1960 1870 1980 1880 2000 2010

(Source: PCCSP Report, (2014), Current and Future Climate of Tonga, Australian Government)

0. BunpEiediise]




Background

Sea Level Rise under Climate Change

tT4 e o e
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S
Observed and Projected relative sea level change

(PCCSP 2014)

Observed and Projected Relative Sea-Level Change Near Tonga
20 T

8o L Reconstruction |
Satellite altimeter

Tide gauge

70
Projections
60
50 |

40

30

20 | -
¥
0 _-". : . 4
|ﬂ.hl AL ub ! ﬁ\ M " ¥ I
-10 | .

~20 + -

Sea-level relative to 1990 (cm)
A1B (medium) —] | —
22 (g — . —
81 lov) —— I ——

-0 i i - ) i i i - A Y 2 i i

1950 2000 2050 2100
Year

(Source: PCCSP Report, (2014), Current and Future Climate of Tonga, Australian Government)



Background

Soil Texture

/\PCC
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o —————————
Tongatapu

. Fuatamotu

“Nakolo

Picture of the exposed limestone aquifer
in a quarry 5 km south-east of the
Matakieua well field

Soil mantle of variable thickness
developed in volcanic ash deposits



Background

Underground Water

Location of a North-South
elevation profile through the
Matakieua public water supply
well field area

we!l field

g

N Well field S
30 - 30
20 J_,__,_/ \f///‘" >
12_/“_\‘\’/\,\/\___’,_/‘——;/" Unsaturated zon:\—ﬁ 12
-10 Fresh water -10
-20 ke -20
-30 Saline water -30
DRR-Team Mission Report, 2016



Water Resources in Tonga

Tonga Urban & Rural Water Distribution System

APCC
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Urban v

TONGATAPU (MARCH 2016)

znowm | RESIDENTIAL AREAS AND CONDUCTIVITY (WL) OF VILLAGE PRODUCTIION WELLS OF ‘
Joavnre

March 2016 Survey (Conductivity) [73]
* 0-500[1]
500 - 1000 [34]
1000 - 1500 [24]
@ 1500 - 2000 [4]

Groundwater
Pipe Line System

Rainwater
Harvesting




Observed Rainfall

Rainfall Pattern in Tongatapu

Gy, .:.:
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» Monthly Rainfall in Tonga

Seasonal Rainfall Patterns, Tongatapu, Tonga

Monthly Rainfall Nuku'alopa, Tonga 450 T T T T T T T 1 T T
| | I I I
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Latitude | _Longitude _| Station Elevation (m)
60

Niuafo’ou (3088)
Niuatoputapu (3089)

Vava'u (3091)

Ha’apai (3092)
Nuku’alofa (3098)
(3097)

Fua’amotu

-15.57
-15.93
-18.58
-19.8
-21.13
-21.25

-175.6 Niuafo'ou
-173.77 2 Niuatoputapu
-173.97 9 Vava'u
-174.35 4 Ha'apai
-175.18 2 Nuku'alofa, Tongatapu
-175.14 38 Fua’amotu, Tongatapu



Observed Rainfall

GPCP Precipitation in Tonga

NAPC

APEC CLIMATE CENTER

> ENSO teleconnection

GPCP Precipitation GPCF Pracipitaticn
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SPI 1-Month

Water Resources Assessment

SPI Drought

> SPI (Standardized Precipitation Index)

Nuku'alopa (Station #3098), Tonga
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SPI 3-Month
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Water Resources Assessment

SPI Drought

/\PCC

APEC CLIMATE CENTER

> SPI (Standardized Precipitation Index)

Nuku'alopa (Station #3098), Tonga Nuku'alopa (Station #3098), Tonga
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SPI1 12-Month

Water Resources Assessment

SPI Drought

/\PCC

APEC CLIMATE CENTER

> SPI (Standardized Precipitation Index)

Nuku'alopa (Station #3098), Tonga
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Climate Change in Tonga

/\PCC
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Climate Change in Tongatapu

(a) Global region

Model Name

A

(b) Pacific Islands /

(c) Tonga region

N~

(

Ve

T

25kmX25km Grid Matrix

Model Name

1 ACCESS1-0 12 INMCM4

2 BCC-CSM1-1 13 IPSL-CM5A-LR
3 BNU-ESM 14 IPSL-CM5A-MR
4 CanESM2 15 MIROC-ESM
5 CCSM4 16 MIROC-ESM-CHEM
6 CESM1-BGC 17 MIROCS

7 CNRM-CMb5 18 MPI-ESM-LR
8 CSIRO-MK3-6-0 19 MPI-ESM-MR
9 GFDL-CM3 20 MRI-CGCM3
10 GFDL-ESM2G 21 NorESM1-M
11 GFDL-ESM2M

« NASA NEX-GDDP: https://cds.nccs.nasa.gov/nex-gddp/



https://cds.nccs.nasa.gov/nex-gddp/

Time series of (a, b)
precipitation, (c, d) maximum
and (e, f) minimum
temperature during historical
and RCP 4.5 (left panels) and
RCP 8.5 (right panels). Blue
solid line is 21 MME(Multi-
Model Ensemble) and shaded
sky blue area is range from
minimum to maximum among
21 models.
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Climate Change in Tonga

Climate Change in Tongatapu
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Climate Change in Tonga

Climate Change in Tongatapu

., (a) 21 MME Precipitation (Dry season) , (b) 21 MME Precipitation (Wet season)
Time series of precipitation of g '

historical and RCP scenarios averaged g

among (a),(b) 21MME, (c),(d)

I4AMME and (e),(f) DAMME,

respectively. Black solid line is
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Climate Change in Tonga

Downscaing in Tongatapu: rcmip5

/\PCC
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« Index: 1Day Max, 80mm/d, JJAS, Max Dry Day, ONDJFMAM, P-Intensity
e Period: 2010-2039, 2010-2099, 2040-2069, 2050-2099
« 30 GCMs, 4 Stations
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GW Monitoring System
Real-Time Groundwater Monitoring System

Wireless Telecommunication System for Real-Time Groundwater Monitor

Pli b|4

GSM

| |
SERIAL(RS485) TCPIP

T @® @D @

Telecommunication
Company Telecommunication Frequency, Start/End Time, Firmware Upgrade

- -
.
M ]
] =

Ty

Wireless
Transform

e
.

’ .
Server h “
@ Monitoring & Analysis

W
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GW Monitoring System

/\PCC
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GW Monitoring System
Extending Groundwater Monitoring System

APCC
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Data collection at SMB(Salinity Monitoring Borehole) locations and groundwater

field survey in Tongatapu SMB1 Monitoring Results

==¢=—15-Feb-13

e=fi=26-Mar-13

. £ |
Muitoa - = 8-Apr-13
Fotua ‘8
£ + -5 28-May-13
3 SMBs + 3 SMBs Panga 3
- g === 27-Jun-13
Tongatapu 2
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210 Saline Wate ue
o.
< 10-Sep-13
L
Q.
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o

@ AVERAGE (1997-2012)

-15

100
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100,000 ]

Electrical Conductivity (uSTcm)
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GW Monitoring System
Real-Time Groundwater Monitoring System

Sensor Data Logger STU-CAP

-»"'.
;1
3 e 1
W &
R s <
RN
[, S
e S e
i

Water Level (depth), High performance, Low Solar Charging Device,
Temperature, Electrical Power Consumption, LCD Wireless Communication,
Conductivity (EC), Flash Monitoring System, and Saving Space, and
Memory (4Mbyte), Inner Battery (14.4V Lithium Comport Install and

Internal Lithium Battery 19Ah) Maintain System



GW Monitoring System
Real-Time Groundwater Monitoring System

APEC CLIMATE CENTER

Lewell GLm) Temp{C) EC{mS) Depthim) Battery Yoltage(y) RTU “aoltage(y) RTU Currentima) RTU Baro{mBar) RTU E=

13.5

13,45

13,4

13,35

03-01 00:00 03-13 00:00 03-25 00:00 04-06 00:00 04-18 00:00 04-30 00:00 05-12 00:00 05-24 00:00 05-05 00:00 05-17 00:00




GW Monitoring System
Potential Future Zone for Wellfield

APCC

APEC CLIMATE CENTER

S
Mataki ‘Eua Wellfield

1751 Ira ow 1?5"1|5'0 "W 1?5“1I0'0 "W 175 ’7;30 "W g
L&
B
&~
w
= w
EL =
© (=]
& <
o
w
= i
2 2
) oy
= <
o
Legend
Wells
Type M |
Tenomgsee | POteNtial Future Zone
< TWB Tanks .
21| = e wer for Wellfield 0
7 = Village Well | 2
& 'Q‘Proposed SMB g
0 2,500 5,000 10,000
I I Meters
175“1%30"\.'\.' 175"1'5'0"\.'\.' 175"12"30"W 1?5"1'0'[1"\/\: 175“7"30"\.'\.'

Recommended by White et al. (2009)



“16 installed
17 installing (New)

TOTAL

- 6 SMBs
- 6 Data Loggers

- 9 Sensors

Single Sensors



GW Monitoring System
Real-Time Groundwater Monitoring System

Data Loggers installed in 2016

beside pump station 105,

iy Next to pump station 313 Middle of Hihifo well field
Mataki'eua

Ky

Tube No. 3/ Tube No. 4 Tube No. 3/Tube No.4 Tube No. 2

Tel. +676-841-5229 Tel. +676-841-5231 Tel. +676-841-5230

* In the middle of screen slot in each tube, the sensor is located.



GW Monitoring System
Real-Time Groundwater Monitoring System

Data Loggers installed in 2017

South side of track
between Mataki'eua and | Houma, Vaea Road Toloa-End of Airport Runway

Fanga'uta Lagoon

Tube No. 2/ Tube No. 3 Tube No. 5 Tube No. 4

Tel. +676-884-8617  Tel. +676-884-8618 Tel. +676-884-8619

* In the middle of screen slot in each tube, the sensor is located.



Schematic View of the Multi-Nested
Piezometer Design (Not to scale)

IIIIII A
Cement bentonite 1.0 m of B9 mm
\ steel protective casing
W
— [ —
] ' | 1mof steel protective
0.5 m bentonite seal .
i
£—— Sand and gravel

backfill
1mScreen ——=
<——— 32 mm class 12
piezometer

0.5m Bentonite seal

Gravel sands——+— 1 m Sump




GW Monitoring System

Monitoring Site in the Wellfield : SMBO1

APCC

APEC CLIMATE CENTER

Location: South side of track between Mataki'eua and Fanga'uta Lagoon

Z|z

-

S: - 2115387 W: - 175.24173 AT o

uuuuu

0 2,500 5,000

:
10,000
N T T T

- e ——— = =

Recommend:

SMBO1 is a potential site for multi-
sensor monitoring.

Recommended the additional
sensors in Tube #2, Tube #3

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



'

Cement bentonite 1.0 m of 89 mm
\ steel protective casing
L
O s
. / ' | 1mof steel protective
0.5 m hentonite seal | .
i

— Sand and gravel
: backfill

Location of sensors

SMBO1

Screen Slot; 2.0m

Tel. +676-884-8617

Tube #3

1 m Sump

Tube #2 14.06m+#| 0| A =O|
[ |

(19.05m+#|0|A &=0]|)=

Leave 1 meter sump at base of
screen and slot 2 meters




GW Monitoring System

Monitoring Site in the Wellfield : SMBO02

APCC

APEC CLIMATE CENTER

Location: beside pump station 105, Mataki'eua
S: - 2115387 W: - 175.24173

Multi-Sensor

Recommend:

SMBO02 is a potential site for multi-
sensor monitoring.

Recommended the additional
sensors in Tube #3, Tube #4

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



Location of sensors
SMBO02

c“"'b“m“\ ool ot casing Screen Slot: 2.0m
0.5 m hentonite seal :;:m'm Tel. +676-841-5229
1?f——S;mﬂannl:lgraulel

backiill

32 mm class 12
piezometer

. Tube #4

Tube #3 14.06m+7| 0| Al =0|
]
(19.05m+7|0| Al &=0])=

1 m Sump Leave 1 meter sump at base of
screen and slot 2 meters




GW Monitoring System

Future Zone for Wellfield : SMBO0S8

APCC
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Location: Houma, Vaea Road
S:-21.15424 W: - 175.25308

rrrrrrrr

Recommend:
Install a sensor
in Tube #5

Location of sensor is
18.5m + Casing (H)

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



‘W aber EC {uSfem) Ii.'nnlhn.ullnrl Dupth
- - - - £ - b
oC and SWL B

NEEEE =1k Location of sensor
n SMBO08

# _

Screen Slot; 1.0m

| Tel. +676-884-8618

Tube #5

—8 18.5m + Casing Height

1,73 uSion | ¥




GW Monitoring System

Future Zone for Wellfield : SMBO09

APCC

APEC CLIMATE CENTER

Location: Toloa-End of Airport Runway
S: - 2122935 W: - 175.17130

mmmmm

2,500

Recommend:
Install a sensor
in Tube #4

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



Location of sensor

Location: Tongatapu, Tonga

SMBO09

Screen Slot; 1.0m

Tel. +676-884-8619

Tube #4

Program |SOPAC UN Ervelops B
Ejpe; |Todoa-End of Alrport Ruriway Start Date: [6/19/2012
Borehole No: | 5505 Finish Date: [7/5/2012
Oriller: M.E.E.D.5, Maisa Rig: |Cisbie Tool
Co-ordinates| > 21-22535 Drilling Method: [Percussion
W: 175,171 Logger: [Kate Hyland and Skone Nanu
Description Water |!E {us/cm} Construction Depth
18-3Zm 18
LIMESTOME, Hoderataly Weathered, Cream and white with minor
brown staining, kow to mediam strength, sith Lavers of Sand, white, —
n COArse: grained. l 5
50 wSfom
[ ] | l—
k] 34
Erd 32-36m L ] _31
LIMESTOME, Sightly ‘Weathered, Cream with minor rown stalning,
high strengih, oemaented 2md some orystallicesd LIMESTORE, slightly —
= weshoular i3
k'] 515 wSyom
3E-38m LIMESTORE, Slightly 'Waathoned, Oream with minor brossm
staining, high Strength, cementid and somes orystallised Bmestone,
. shgitly wesioular. with Layers of Sand, white, coarse grakned
&70 uSfom
3g-24m
LIMESTOMNE, Moderabely to Highly 'Weathered, Cream with brown
—] suaining, hows o vy ko strengih, slightly vesioular.
]
41 4142 Highly fracturesd zome with abundant sand lenses; GREVELY
SANDs, mhite, misdium o coarss gradned.
47 2,000 uSfcm
i
] 44-86 m
LTMESTONE, Hoderatndy Wesimernd, Cream with biown Staining, wisny i e
— high strengii, highly veskoilar. Highly Iracired sone.
45 4E-28 m |42, 0040 w&icm
LIMESTOMNE, Hodorabely Weathensd, Cream, mesdlum strength, wikh
a7 Lavgers of Sand, white, coarse gralnisd.
4H

i
37.5m + Casing Height



GW Monitoring System

Potential Future Zone for Wellfield : SMB10

/\PCC

APEC CLIMATE CENTER

R

Location: Fua'amotu

S: - 2125284 W: - 175.13728

-----

iz

Recommend:
Install a sensor
in Tube #4

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



GW Monitoring System

Potential Future Zone for Wellfield : SMB11

/\PCC

APEC CLIMATE CENTER

5T
— o

Location: Pelehake, Next to Village Well
S:-21.22086 W: - 175.13928

Recommend: There is a pumping station
Install a sensor
in Tube #3 near the SMB11.

Diameter: Outside casing (galvanize pipe) = 6 inches
Piezometers pressure pipe (PVC pipe) = 32 mm



Groundwater Flow Modeling

Tonga Groundwater Flow Model (ToGFlow)

APCC
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Steady state analysis results

» Freshwater Thickness (m)

0.000 = Village Wells '“\\ S 4 ’J/
« Public (TWE) Wells [ & - \
1.405 - ‘\\ . ’
L5 PRI
2810 | =/
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L 4215 Rin o
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8430 E » .
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E 6
E 2
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= 0
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Groundwater Flow Modeling

Tonga Groundwater Flow Model (ToGFlow)

Present Freshwater Resources
in Tongatapu Island

0.000 Average FW Maximum FW

-1.375 Thickness Thickness

2750 (11)] ((11)]

-4.125

5500 8.42 14.04

-6.875

-8.250

0625 Total Volume of Total Volume of
’ Usable FW

-11.00 (m3)

-12.38

375 1,938,000 2,123,000




Tonga Groundwater Flow Model

/\PCC Tonga Groundwater Flow Model (ToGFlow)

ToGFlow allows ‘easy to run’ by adjusting parameters and model simulation

ToGFlow- Verl.0 '

Madel fun | Rest Mew | Datsha
T
| Runull Wi
Rk e Thicries Resch Caneert |
Map
[0 FicoHTeuR L R
« O [E
Valus
B Hgh - 1456
- Low - &
B FRoNTEL
[CR - iR
Walus
¥ High : 0.35813
= w133 El
B FHCONTOUR
EHR M Input
i Raecharge Rate; Hydraulic Conductivity UOS Team Tnput
B Hgh 0761 Sea Level Rise; Additional Wells Recharge Rates
 — _ Pumping Rates Hydraulic Conductivity
' Calibrated =] Sea Level Rise
S — aneins s
umping Rates
Model Output
FW 8 SWW heads, PW & SW thickness &
Interface elevations at all nodes
FW & SW Rates, Saltwater Ratio -Pumping Wells
Files
‘Additional Dutput
« Standalone exe; "
Courds Transh h W& SW Mmhv & w thickness &
Fles at Observation Wells
-----------------------------------
I Output views from the user interface

Integrated system for web based » L e
groundwater modeling ——




Web Based Groundwater Information System

Groundwater Information System (ToGWIS)

YA  MONITORING YA  MODELING YE\  MANAGEMENT

\“ ONE STOP SOLUTION FOR GROUNDWATER MANAGEMENT
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Web Based Groundwater Information System

Real-Time Groundwater Monitoring System

» Demonstration: Real-Time Groundwater Management System
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Web Based Groundwater Information System

Groundwater Information System (ToGWIS)

APEC CLIMATE CENTER

$24 Groundwater Management
&y System in the Kingdom of Tonga

Plea EATN GRRACH FERET
T Arrrid b s
| ) povn
-~ PASSWORD | o =
m L. Do
L] Saveid
m T =

B e e i
B svews e
[ Frmims ey RS

Data Search ”® Statistics x
IsAuto | Auto  ~|Site | [SMB15 | Vanable : | Water level | Period - [Daily | Categary |[TBU ~| List [ TBU 2014 Decembar ~|[ searcn
StanDate - [2016-07-20 End Date - [2017-02-20 | Search || Excel Expont |

e ([lm L " Sl M it
" ’%ﬂ]“i;i M (1’!'%‘ Eﬂ)’jlxy.“ﬂ%ﬁt}ﬁ}lﬂ" n,iml%ﬂmm?“ "m'lfiifl“ it
T I d
W

—

|||||

DATA INFORMATION

I A |
/
. Cht b A RS
. ! f \
§ ¥ \
” { N 7 |
| \ \ Vi
Date Value (m) \ 8 b d i
s { o R
2016.07-20 00:00:00 721 Al @ 1 1
2016.07-20 01.00.00 728 ‘ I l'l I‘

ELECTRICAL CONDUCTVITY (Usicm)

A —— s
- AN,
2016-07-20 02:00:00 729 ‘I".il
2016.07-20 03:00:00 73 3 ;

2016.07-20 04:00:00 731

2016-07-20.05:0000 78 = : [ ] - * e
ToGWIS: http://210.125.181.22/login




Water Resources Survey

Water Resources and Water Use Survey

¢ Target AreaS: S_Vlllage (2_Urban/3_Ru ral) F Water Resources (unit: billion tones/year)
(129.7, 100%)
« Survey: 50-Household | l |
. . U:J?;Er;ﬁ] tw? fm
e Interview: Tonga MLSNR Office — |
Run a:’f at ﬁu'uld ]wents Eun[ logﬁ;n].;':;{.l]mal
- Contents: = :
. &
- Total Water Resources(Rainwater, Groundwater) — Net USE

(42,0, 32%)

- Total Water Use (Agricultural, Domestic, — | |
Industrial, Environmental) svomuste | [ om ot | Grdndhter
- Pattern of Water usage and Priority Items

- Distribution of the total e

supply from sources

5.9 Lis (27%)

Water Use / Demand Estimation

6.1 Lis (28%)




Water Resources Survey

/\PCC

RESIDENTIAL AREAS AND CONDUCTIVITY (WL) OF VILLAGE PRODUCTIION WELLS OF
TONGATAPU (MARCH 2016)
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Water Resources and Water Use Survey

Urban: 1, 5

Rural: 2, 3, 4

Village Name
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Water Resources Survey

APCC

APEC CLIMATE CENTER

Example of survey result

|:_ “"‘\I
_ﬂ e ko Ff 1w []iy
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1.How to access water

Please tick + weather you acoess walsr from plpeline, rainwater tank or both.

PIPELINE] * * ==

RAINWATER TANK

tank P/

1) Pipeline Z) Both pipeline and Rainwater 3) Rainwater Tank

Water Resources and Water Use Survey

 RAINWATER TANK




/\PCC

APEC CLIMATE CENTER

Example of survey result

2. How to use water

Please show the distribution of waler usage

Example [Water Usage]
® Drinking
L Ink use
Agriculture
1) Groundwater usage
[Water Usage]
Co L e 2! |"r‘_
| 7 5
'I. . n sp

2) Rainwater usage

[Water Usage]

oy inKine

Water Resources Survey

Water Resources and Water Use Survey

&5 npee

[Hew to Drink Water]
o Category
. Bailing water

2. Purification Filtar

purification

[How to Drink Water]

L Category

1. Boiling water

2. Purification Filter

3. Without any

purification

[How to Drink Water]

s Category

4 1. Boiling water

2. Purification Filter
3. Without any

purification

3. What can be improved in terms of water usage?
Flease tick « one you think it is the most prionity to be improved in tenns of water usage

2) Low quality water

1) Not enough water

3) Expensive water bil 4) Expensive maintenance cost |

for water tank(well/ffilter)
=% |
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Water Resources Survey

Water Resources and Water Use Survey

> Result of how water is accessed ™"
80% -
70% o
60%
50% M Pipeline
40% - I Rain Tank
30% -~
20% -+
10% ~
0% -
Urban Rural
> Result of groundwater usage > Result of rain water usage
Gardening prban Gerdening Rural IZEL‘;;, urban e rural
6% 5% 1%
Washing
Clearning

Cleaning
Lies

9%



Water Resources Survey

Water Resources and Water Use Survey

APEC CLIMATE CENTER

T ——————
> Result of how to drink » Result of priority items to be address

water safely

Urban

Expensive maintenance cost

for water tank
W Expensive water bill

Without

Urlzan
W Lowy quality water

W Mot enough water

Purificatic

o
]
1=
o]
]

I Filter
8%

Rural

Expensive maintenance cost

for water tank

W Expensive water Lill
Fural

W Lowy quality water

W Mot enough water

Purification
Filter
[




Risk Assessment

Tongatapu Water Resources Risk Assessment

Smart
Climate Seasonal Groundwater

Change Forecasting Management
System

Long-Range Ground Water Resources Risk Matrix Overall Water Risk

(Tongatapu)
&

High HIGH
3
2 Medium MEDIUM
§ Low LOW
=

Very Low VERY LOW

Minimal Minor | Significant | Severe L

Potential Impacts



Water Quality Test
Tongatapu Groundwater Quality Test

RZ : PVDF, 22 0.2 uM &
3% : 0408 x 20% = 8.16 m2

From GIST



Smart Agricultural Water Management

Soil Moisture and Groundwater Monitoring /

Forecasting System

Management
System

Tonga Smart
Irrigation
System
(ToSIS)

2017 year 2018 year
. Monitoring RISk~
B Analysis
g B - Caution
— g Warning -
ouv
v . . Outlook
Estimating (Early warning)
. N Risk
% Monitoring Analysis
% T>) - Caution
g 2 Warning -
uﬁ; Seasonal Outlook
Prediction (Early warning)







Tonga Water Project

Project Main Activities and Timeline
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Bridging the}!méetween Climate Science and Applications
to Smart water use in the Kingdom of Tonga
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