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1. Introduction

1.1. Natural geographic and socio-econimic features

Location

Soc Trang is one of the coastal provinces in theM@a peninsula belonging to the
Hau estuary. Soc Trang shares the border with Tind Yrovince in the east (by the Hau
River), the East Sea in the south (with the codistalof about 72 km), Bac Lieu in the west,
Hau Giang and part of Vinh Long in the north. Tb&akarea of the province is 3.331,76%m
including Soc Trang city and 10 districts (Cu Laarg, Ke Sach, Long Phu, My Tu, My
Xuyen, Nga Nam, Thanh Tri, Chau Thanh, Vinh Chad a&man De (with 10 wards, 12

townships and 87 communes).
Geographical coordinates:
- From 0914’ to 0956’ Northern latitude
- From 105830’ to 10620’ Eastern longitude
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Topography, edaphology

Soc Trang is relatively low and flat, consisting tflat land interspersed with low
areas and sand dunes. The entire province of SagTis located in the south of the Hau
River estuary, with the elevation fluctuating fraout 0.2 - 2 m comparing to the sea level.
The interior has the average height of 0.5 tomd.0’he province is in basin-shaped with the
major slope from the Hau River to the inward, fréine East Sea and Quan Lo Channel
lowering down to the inland with the strips alohg tiver and the sea.

In general, Soc Trang is situated in the lowlandluding 3 types:

- Accumulative plain along the river: accounts ttoee major area of the province with
the popular elevation of about 0.5 - 1.5 m.

- Accumulative plain along the sea: makes up a Isteaitory of the province from
Lich Hoi Thuong to Vinh Chau with the average etewafrom 0.5 — 2.0 m.

- The ancient sand dunes: distribute in bow-shegiegs in parallel to the seashore
with the average elevation from 1.5 — 2.0 m.

Due to the low topography, many areas separatékeogystem of rivers and irrigation
canals and adjacent to the sea, the province ieftre very vulnerable to saline intrusion
(salinity), especially in the dry season.

The terrain along the coastal line is clearly deéddnto 3 levels of depth:

- At the depth from 0 — 10 m water: in general, ttyigography is relatively sloping and
flat. The estuarine areas have fairly complex togplical conditions, changing over season
and due to the dynamic interactions between thexr and the sea with many sand dunes and
sand bars interweaving with narrow passages.

- At the depth of 10 — 20 m water: the topographformed with slopes. The terrain of
the estuarine areas (in the northeast) is stedyer that of the southwest. It is the outer
boundary of the modern sedimentary deposits anefibre, the terrain is usually changing
over time.

- At the depth of 20 — 30 m water: the topographyeiatively sloping and large with
sandy waves. There exist underground sloping sendslin some areas.

Edaphology

Soc Trang province has a total area of 331,176e28ahes. The land has high fertility,
suitable for the development of wet rice; industrimps such as sugar canes, soybeans, corn;
vegetables like onions, garlic; and fruit-treeshsas grapefruit, mango and durian...

The land of Soc Trang can be divided into 6 groups:
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- Group of sandy land has an area of 8.491 hdudimg the relatively high sand
dunes from 1.2 to 2 m with light mechanical composj mainly consisting of fine sand to
sandy loams

- The group of alluvial soil covers an area of @3Ya suitable for intensive rice
cultivation and special fruit-trees

- The group of lowland with 1,076 ha suitable fecrbp rice cultivation

- The group of of saline land accounts for an afe258,547 ha, divided into several
categories: high-level saline soil, medium-levdirgasoil, low-level saline soil and saline
land for aegiceras and mangroves (tidal flood)wbfch the high-level saline soil covers a
large area of 75,016 ha suitable for rice, vegewbiruits, industrial crops, short-term and
long-term plants

- The group of alkaline land covers an area of Z5,8a, divided into 2 types
including active and potential alkaline ones, whiem be used for multi-cultivation modes,
rice cultivation combined with aquaculture

- The group of improved land covers an area of4&a.

Despite the limitation in the natural conditiongisas the lack of fresh water and salty
water intrusion in the dry season and some ardastefl by acidity, the land of Soc Trang
brings many fundamental advantages for the divdealopment of agriculture, fisheries,
forming the rich eco-tourism. In particular, thene the strips of islets located in Ke Sach,
Long Phu and Cu Lao Dung District stretching outtie seaport, where grow a plenty of
tropical fruit-trees and the fresh air like in Mydc islet, Song Phung Resort and Cu Lao
Dung ...It is the ideal location for the developreiheco-tourism.

Climate

The climate of the province is characterized byaggual tropical monsoon and
divided into two distinct seasons. The rainy seasants from May to November. The dry
season starts from December to April.

Temperature: The annual average temperature is*Q6(h 2008), the highest
temperature is in April (28.2°C) and the lowestpenature is in January (25.4°C).

Sunshine: The total annual average radiation etively high, reaching 140 — 150
kcal/cnf. The total annual sunshine hours is 2,292.7 (aB®8 hours/day), the peak is in
March with 282.3 hours and the lowest point is ofte September with 141.5 hours.

Precipitation: the annual average precipitation1j600 — 2,230 mm; it is much
different over season. The rainy season accoun@&0féo of the total while very little amount
is found in dry season; sometimes, rain does nairda some month.

Humidity: The average annual humidity is 84 % (leigh89 % in rainy season and
lowest 75 % in dry season).
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Wind: located in the tropical monsoon area, Socngrabtains the major wind
directions such as: West, Southwest, Northeast,Samdheast. The wind is divided into two
distinct seasons including the Northeast Monsoath the Southwest Monsoon. The rainy
season is primarily influenced by the southwest snon, while the dry season is mainly
influenced by the Northeast monsoon, with the ayeraind speed of 1.77 m/s.

Other factors: Soc Trang is located in the regitven® is less hit by storms. According
to the meteorological data recorded in the past yiédYs, only 2 hurricanes have hit Soc
Trang (in 1952 and 1997) causing significant darmatyerecent years, whirlwind has usually
occured in Soc Trang. Though as weak as it wasp#ople's livings and production have
been affected.

Population, social-economic conditions

The average population of the province in 2009,293,165 people, of which the
urban population is 252,054 people (accounting ¥0r49 %). From 2006 to 2009, the
province’s population has increased to 16,692 meapith the annual average growth rate of
0.43 %.

The average density is 3.9 people/ha, relativelgeurpopulated compared to the
average rate of the country. The population inuEn areas has been also increased but not
with the high rate.

According to the social economic development pldnSoc Trang province, the
population by 2015 is 1,433,224 people and by 2020517,552 people.

The population growth will lead to the increasingntand for natural resources, for
instance, the demand for clean water.

1.2. Overview on water resources
1.2.1. Water resources features of Soc Trang provie
Surface water system

The surface water of Soc Trang is relatively abanhdsith intricate canal system,
including a number of rivers, channels:

The Hau River: flows along the eastern boundaryhef province, with a length of
about 60 km. The Hau River flows to the sea throthghtwo esturies of Tran De and Dinh
An. It remains the major sources of fresh watertlf@ province, but also being intruded by
saline water from the East Sea.

My Thanh River: has fairly wide cross-section witle average width of about 200 m
and the average depth of 11.5 — 14 m.

Improvement of Groundwater Protection in Mekong Delta provinces 2015-2017




BGR German Technical Cooperation with Vietnam

'S 7\ Improvement of Groundwater Protection in Vietnam

Quan Lo — Phung Hiep Canal: connects the Hau Rwkich runs along the northern
boundary of the province. The canal is vital freatew conveyor. The section crossing
through the territory of Soc Trang province hasaerage width of 60 — 90 m with the depth
of 4 —8 m.

The Soc Trang's rivers and canals are locatedamatfected areas of uneven semi-
diurnal tides. The water levels of the two tidasis and feet are not equal, the average tidal
amplitude is from 194 — 220 cm.

Water sources in the rivers and canals of Soc Tpaogince are the mixture of the in
situ rainfall, sea water and the upstream flow ftbeHau River.

The flow of the Hau River is relatively powerful ihe rainy season, which is also the
flood period of the Hau River. The combined flowtlie coastal line is about 1m/s.

Being influenced by tidal flows, the river wateringruded by saline water in the dry
season and become fresher during the rainy se@kenwvater in the rivers and canals close to
the sea is saline throughout the year, therefooan not be used for agricultural irrigation but
in return, it facilitates aquaculture.

Groundwater

Groundwater Soc Trang province has relative goodlityuand plentiful reserves.
Groundwater in deep aquifers about 100 to 180 depth has high quality and is suitable for
domestic consumption. Shallow groundwater is from 30 m of depth depending on rain
water, alum and salt water in the dry season. énstiudy region, there are 7 exists aquifer
from top to bottom as follows:

- The Holocene porous aquifefgh): is formed with coarse grains of various originated
sediments in Holocene age, including 2 types:

- the marine sediments and marine-winds sedimeqissed to the surface in forms of sand
dunes at the age of m, my3 or mQ?°. It is distributed at the elevation of 0.5 — #Qn the
coastal areas of Long Phu, Vinh Chau, Soc Trangvyndu... The sand dunes are usually in
prolong arch-form parallel to the seashore in thetheast — southwest or northwest-southeast
direction with the length from 3 — 4 km, the widtbm 200 — 300 m and the thickness from 1
— 12 m. The components consist of fine to mediura-sand mixed with yellowish gray silt.

- The coarse grains include: fine sand and blaaliialy silty sand located in the undermost of
the cross section of oceanic sediments belongingao Giang formation (m&?hg). The
upper part is usually covered by silty clay and/diyers belonging to the very poor water-
bearing formation of Holocene age and often lyirfgpwe the very poor water-bearing
formation Q3. The thickness fluctuates from several meters/és 80.0 m.
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- Upper Pleistocene porous aquifégps): includes coarse-grain sediments of the soil and
rocks in Long My formation (m@Im), the major components are fine sand, fine mediiz®a-
sand mixed with little amount of gravel and theegrish grey and whitish grey shells. It is
distributed in the entire area of Soc Trang with thickness from 3 — 50.9 m (average 20.5
m). The depth of the aquifer’s roof is from 24 m9t m (average 50.39 m) and the depth of
the bottom is from 30 to 125 m (average 70.74 m).

The recharge sources for thesqgpquifer are mainly from the flows from the
surrounding areas and partly from the leakage fitwe adjacent aquifers. In natural
conditions, the water levels tend to fluctuate sealy with an average amplitude of about
1.17 m. In addition, the water level is daily viting in accordance with the tidal regime of
the East sea.

- Middle — upper Pleistocene porous aquiféap.-3): is formed by coarse grains in the lower
basement of Long Toan formation. The.gs distributed in the entire area of Soc Trangg It
not exposed to the surface but covered with venr pater-bearing formations m€¥it and
above the very poor water-bearing formation m,a® The depth of the aquifer’s roof is
often seen in the range 54 m to 137 m (average382)6and the bottom is at the depth of
92.0 m to 175.0 m (average 131.47 m). The aquitbitkness fluctuates from 7 m to 81 m
(average 49.75 m). The lithological componentssamed of different grain sizes mixed with
water-bearing gravel and thin clayed silt lenses.

- Lower Pleistocene porous aquifégp,): is formed from the coarse grains in the undermost
of Binh Minh formation (m,am@bm). The prominent lithological components are chearl
arranged with fine to coarse sand mixed with ligtavel. The cross sections often describes
some relatively thick aquiclude lenses. The aquiedistributed in the entire area of Soc
Trang. It is not exposed to the surface. Its readften found at the depth from 110.5 m to 192
m (average 145.29 m) and the bottom is at the depth 146 m to 250 m (average 187.40
m). The aquifer’s thickness is from 6 m to 79.5awuefage 40.29 m). It mainly consists fine,
medium and coarse sand containing yellowish gregvedrthat has good water-bearing
capacity. It is also intermingled with thin lensdg<lay, silt clay and silt sand.

- Middle Pliocene porous aquife(n,®): is formed from the coarse grains in the
undermost of the Nam Can formation (a,afims). The aquifer is covered with very poor
water-bearing upper Pliocene fNc) formation and lying above the very poor watersiren
lower Pliocene (bct) formation. The aquifer is distributed in all ovéére region and not
exposed on the surface. The aquifer’s roof isatpth from 156 m to 273 m (average 201.4
m) and the bottom is at the depth from 236 m to @bErage 297.62 m). The prominent
lithological components are clearly arranged witie fto coarse sand mixed with little gravel.
The cross sections often describes some relatittebk aquiclude lenses. The aquifer’s
thickness is from 20 m to 147 m (average 96.22 m).
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- Lower Pliocene porous aquifefn,’): is formed from coarse grains in the undermost
of Can Tho formation (a,amftt). The lower Pliocene aquifer is widely distributedthe
entire area of Soc Trang. It is usually coverechwiery poor water-bearingJitt formation
and lyinng directly above the very poor water-begrNph formation. The roof of the
aquifer is located at the depth from 262 m to al3@@t m (average 320.15 m) and its bottom
is at the depth from 298 m to 450.90 m (average42B6)).

The lithological components of the*mquifer are mainly fine to medium sand mixed
with silt in greenish gray and reddish brown in goaneas, sometimes intermingled with thin
lenses of clay, silty sand containing carbonate thickness of the aquifer is from 35 m to 98
m (average 65.38 m).

- Upper Miocene porous aquife@nf’): formed from coarse grains in the undermost of
Phung Hiep formation (a,amfdt). The aquifer’s roof is found at the depth fronoab307 m
to 485 m (average 403.72 m), its bottom is at thptld of over 500 m. The lithological
components of the;haquifer mainly consists of fine to coarse sandemiwith thin lenses of
clay- silt. The average thickness is about 96.28 m.

1.2.2. Current status of groundwater exploitation ad utilisation

Currently, the local people in Soc Trang mainly wgeundwater for domestic
consumption due to the fact that the surface wates contamited and/or saline. Moreover,
people exploit groundwater for industrial produnti@griculture (onion irrigation in Vinh
Chau district) and aquaculture.

According to the report on Groundwater exploitatiariilisation and protection
planning for Soc Trang upto 2020 (So&adg DONRE, 2010), the total water demand of the
province is about 225,000 fday in 2015 and 320,000 *day in 2020. Pressure on
groundwater increases by time especially whiledindace water is facing to contamination
and salt water intrusion.

Groundwater abstraction for water supply in urbaeas

Currently there are 32 well groups of 56 productieells exploiting groundwater for
domestic and service water supply. The total pumpate is about 36,570 %day, which
mainly occur in the Soc Trang city.

The centralized water supply stations are availablenost of the towns in all the
districts of Soc Trang province, where 1 — 4 purgpirells are operated at each stations.

The centralized production wells exploit groundwatethe gp and n? aquifer with
the common depth of 100 — 480 m. Other productietisnof lower pumping rate exploit
groundwater of the g and qp with the depth vary between tens of meter to @€ m.
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Table 1. Groundwater production wells for domesticl service water supply in the urban areas of
Soc Trang province

Ygfar Yefar Basic information Operation
0 Screenin i i
Name ﬁfc);?izt Ot_pera Depth depth (m? Tar%et P;E?én Pgutrinrr?én
n "™ Trom [ 1o |2 (miday) | (hriday)
TCN TT Chau Thanh| 1992 2004 136 7 71 1qgp 320
TCN Tra Quyt 1908| 2002 128/ 120 132 .qp 144 18
TCNTraQuytAl | 2008 2011 170 115 126 .qp 648 24
, 2006,
XNCN Ké Séach 1991| 2009,| 170 | 157 | 165| gp | 1300 24
199¢
XNCN Long PhG | 1996| 2008 115 148 168 .qp 2800 15
TCN thi tran Long Pha| 2004] 2004 150 100 11 .qd 70 24
XNCN My Td 1997 | 1998] 157| 132 148 gp| 500 24
XNCN My Td 2005| 2005 170| 141 154 gp| 250
XNCN TT. My Xuyén | 2006| 2006 463| 437 460 .°n| 4204 24
TCN4p 2 2002| 2002/ 100] 90 98| gp| 168 24
TCNap 4 2003| 2003| 125 110 122 qp| 24 24
TCNap 7 2004 | 2004/ 130 ap 0 0
XNCN Nga Nim | 2011 | 2011] 100| 90 o8| ap| 900 24
TCN Hung Loi 2008 | 2008| 120| 103| 115 gp| 1440 24
XNCN Thanh Ti | 1991 | 1991 105| 86| 103 gp | 1000 24
XNCN PhU Loi 2005 | 2005| 126| 110 125 gp| 5000 16
TCN khém 6 2001| 2001 112] 10 110 .qp| 30 24
TCN khém 5 2003| 20034 126] 104 126 .qp| 50 24
%;?S%éggéHCHT';"rLV 2003 | 2003| 205| 180| 200 n | 10000 24
NMN P7 155 | 138 | 152 qp | 24 10
TCN Cao Minh CHiu | 2005 | 2005| 480| 422 44d °n | 1600 17
TCN khu 6 2004| 2004 120] 11d 118 .qp| 24 24
TCN khu3 2003| 2003 130 agp| 48 24
TCN phuong 8 2006| 2006| 140| 118 138 .qp| 80 24
TCN khu 7 2006| 2006 145 gp| 120 24
XNCN Sung Dinh | 2007| 2007 480 422 440 .°n| 1500 17
Chinhanh8pnesc | 5060 | 5o0g|  150| 130| 145  gp| 1920 24
Tran bé
XNCN Vinh Chau | 2005| 2005 150 98] 11p .qp 2000 24
TCN Phrong 2 2003| 2003] 128] 106 126  .qp| 250 24
TCN 4p Chy 2008 | 2008| 110| 105/ 108 gp | 12 4.8
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Ygfar Year Basic information Operation
of i . .
Const Screening Pumpin | Pumpin
Name ructio OU% ?]ra D(i%th depth (m) ;;J%:tr grate | gtime
n From | To (m*/day) | (hr/day)
TCN Phréc Hoa B 2008| 2008 158 135 155 qp| 144 24
Total 36570

Groundwater abstraction for water supply in rurakas

There are 121 centralized production wells for watgply in rural areas in Soc Trang
province, managed by the Center for Rural Watemp8uand Sanitation in Soc Trang. The
total pumping rate is about 23,395/day. The pumping rate of each production well egri
between 10 -1900 #fday. The well depth is from 100 — 560 m. There&8eut of those 121

production wells having exploitation license.

Table 2. Groundwater production wells for domesi&ter supply in rural area in Soc Trang province

No. District No. of wells| Pumping rate (fiday) | No. of licensed wells
1 Chau Thanh 15 2665 9
2 Ké sach 12 1402 10
3 Long Phu 11 1652 4
4 My Tu 16 1777 8
5 My Xuyén 10 3288 4
6 Nga Nim 9 1124 1
7 Thanh Ti 9 1836 4
8 Tran Dé 27 6647 8
9 Vinh Chéau 10 2554 4
10 Cu Lao Dung 2 450

Tong 121 2339t 53

Groundwater abstraction at household scale

There are totally 79,981 private wells exploitingundwater from gh, g and gp
aquifers in Soc Trang province; of which, 65,288lsvextract groundwater from gp and
only 4 wells extract groundwater frorg’n

Table 3. Number of private wells of each aquifer
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No | District/City No. of private \évells : i
gh aps qPz-s ap: N N n Total

1 | TP.S6c Ting | 470 12 784 38 - - - 1,304
2 Ké Sach - 2,490 7,929 281 - - - 10,700
3 Long Ph - 1,192| 9,681 341 1 - - 11,215
4 Nga Nim - 590 5,268 136 - - - 5,994
5 Thanh Tri - 381 6,507 47 1 - - 6,936
6 My TG - 2,117 | 2,824 11 - - - 4,957
7 Vinh Chau 49 996 9,928 1,284 - - - 12,257
8 My Xuyén 68 205 10,733 135 - - - 11,141
9 | CuLao Dung - 450 4,668 106 - - - 5,224
10 | ChauThanh| 217 568 3,910 - - - - 4,695
11 Tran bé - 2,050 | 3,018 417 2 - 76 5,563

Total 804 | 11,051 65250 2,796 4 0 76 79,981

Groundwater abstraction for industry, agriculturacdhaquaculture

There are about 126 production wells for indusagriculture and aquaculture water
use of 25,249 Aiday, with the depth of 90 — 460 m, exploiting grdwater from the o,
qp: and n? aquifers.

Table 4. Number of groundwater production wellsifatustry, agriculture and aquaculture use in Soc
Trang

No. District No. of wells| Pumping rate (fiday) | No. of licensed wells

1 Chau Thanh 5 226 5
2 Ké sach 5 115 4
3 Long Phi 9 1720 9
4 TP Séc Ting 41 15295 30
5 M§ Xuyén 11 1008 8

6 Thanh Tn 3 556 3

7 Tran Dé 29 5577 29
8 Cu Lao Dung 5 40 5
9 Vinh Chéau 18 712 18
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1.2.3. Current state of water resources managemeahd protection

Advisory to the PPC to issue secondary regulatiamsl implementation of the legal
documents in water resources sector

The Soc Trang DONRE advised the PPC on issuingnsiacy regulations in water
resources sector:

- Decision No. 11/2008/R-UBND dated on 14/4/2008 of the Soc Trang PPC edmg on
registration for groundwater exploitation and sélion at household scale

- Directive No. 03/2009/CT-UBND of the Soc Trang@®n strengthening groundwater
management in Soc Trang province in order to ra@amunity awareness on groundwater
exploitation, utilisation and protection

- Decision No. 29/2014//-UBND dated on 10/12/2014 of the Soc Trang PPC on
cooperating mechanism in groundwater managemenpection in Soc Trang province

- Plan No. 53/KH-UBND dated on 12/8/2014 of the Soang PPC on improvement of
integrated water resources management and prategfficiency in 2014 — 2020

The Soc Trang DONRE organized the implementatiothefDecrees issued by the
government:

- Decree No. 43/2015MFCP dated on 06/5/2015 on establishment and maregevhwater
sources protection corridor

- Decree No. 54/2015MFCP dated on 08/6/2015 regulating on favorable itmmd for water
saving and effective water use

- Circular No. 42/2015/TT-BTNMT dated on 29/9/200% the MONRE regulating on
technique for water resource planning

Additionally, the Soc Trang DONRE compiled a Guineok for Water resource —
Mineral management for local authorities (2012a$sist the DONRE officials in performing
their functions and duties on state managment témwasources.

Water resources planning and principle investigatio

- the project “Planning for groundwater resourcpleixation, utilisation and protection in Soc
Trang province to 2020” completed in 2010 and appdoby the Soc Trang PPC in the
beginning of 2011. To date, the results of thimpiag is still being applied as a basis for
management of groundwater exploitation licensin§ac Trang.

- the project "Planning for surface water resougploitation, utilization and protection in
Soc Trang province to 2020, orienting to 2030" (ently processing the survey data,
collected data, running the water quality modegdotgraphical mapping of some major rivers),
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which is expected to be completed at the end of628id will be sent to MONRE for
comments and then, submitted to the Provincial ReGpuncil for approval.

However, according to the Water Resources Law dated21/06/2012 and the
Circular 42/2015/TT-BTNMT dated on 29/9/2015 of M®ONRE regulating water resources
planning techniques; the Soc Trang PPC should @ty general water resources planning,
not a planning for surface water only.

- the project "Review, investigation, assessment atelineation of the registration

compulsory areas for groundwater exploitation ic $oang province”. Currently the project
proposal, cost estimation and bidding plan are ¢pb@ionsidered by the PPC and will be
implemented following the Water Resources Law 284@ the Circular 27/2014/TT-BTNMT

of the MONRE.

However, the implementation of principle investigat inventory and assessment of
water resources in Soc Trang province faces diffesiand obstacles due to limited budget
and unavailable detailed guidelines of the cerénagl.

Water resources licensing
Basis for water resources licensing:
- Water Resources Law dated on 21/06/2012
- Decree No. 201/2013MD¢CP dated on 27/11/2013 of the Government
- Circular No. 27/2014/TT-BTNMT dated on 30/5/20d#4the MONRE
- Circular No. 40/2014/TT-BTNMT ngay 11/7/2014 bEtMONRE

- Planning for groundwater resource exploitatiotilisation and protection in Soc Trang
province to 2020” (completed in 2010)

The Soc Trang DONRE submitted the applicationsahised the PPC to grant permit for:
- Permit for groundwater exploration

- Permit for groundwater exploitation

- Permit for surface water exploitation and utiiisa

- Permit for discharging wastewater to water source

- Permit for groundwater drilling work

In the Circular No. 27/2014/TT-BTNMT regulating omgistration procedure and
application form for water resources licensing,nPa, Paragraph 1, Article 4, Chapter I
states that registration for groundwater explatais compulsory in the coastal plain areas of
intercalating fresh and saline aquifers or in treaa adjacent to salty/brackish aquifers. Thus,
the entire territory of Soc Trang province is sabje this regulation.
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In Article 5, Chapter Il of this Circular also dtiptes responsibilities of the DONRE
to implement the delineation of the registrationmealsory areas for groundwater
exploitation and announce the list of these arelmsvever, this has not been done in Soc
Trang province despite the fact that this Circhias already been enforced for two years. The
reason is that a scheme on investigation, assessamehdelineation of the registration
compulsory areas for groundwater exploitation irc Seang province is still pending for
approval.

Water resources financing

As stipulated in Paragraph 1, Article 65 of the @vaResources Law 2012, agencies
and individuals must pay permission fee for watesources exploitation in some cases
mentioned therein. But so far, the calculation radftcharging rates, charging methods for
this fee; the management and disbursement modbdaesulting revenues have not yet been
specified by the central level and therefore, ttowipcial government has not yet been able to
implement this provision.

Inspection, examination and handling of the lediskaviolatios in Water resources sector

The inspection, examination and handling of lawlations on water resources sector
was done adequately by the Soc Trang DONRE. Manyufaaturing enterprises, business
companies were inspected and reminded on impleti@mtaf the legislation provisions on
environmental and water resources protection. Atingrto the "Review on groundwater
resources management in Soc Trang province" dor@&Thyand Soc Trang DONRE in 2015,
the management apparatus and the legal tools fmmgwater resource management are
tightly set from the central to local levels. Theoperation mechanism for groundwater
management in Soc Trang province is basically fonet. However, there is still duplication
and ambiguity in the regular or irregular inspectad groundwater exploration, exploitation,
utilisation and drilling work between the Soc TraDPNRE and the district People
Committee and communial People Committee.

Communication, dissemination, education on legistain water resources sector

The communication, dissemination and education egislation in water resources
sector are being focused by the Soc Trang DONREwyMsctivities have been organized:
collect garbage and clean roads; initiate the Ca@ahal dredging works in My Xuyen town;
launch the contest "Learning the regulations otesteanagement of water resources, mineral
resources, hydrometeorology and climate change'garoze training courses on
implementation of legal documents on water resaufoe environmental officials at district
and commune levels and for enterprises and compamidhe province; sign joint agreement
with other organizations in the province (FarmeéysSociation, the Federation of Labour,
Youth Union, Radio — Television of Soc Trang, Sa@arg press ...) in order to strengthen the

Improvement of Groundwater Protection in Mekong Delta provinces 2015-2017




BGR German Technical Cooperation with Vietnam

S 7 — Improvement of Groundwater Protection in Vietnam

communication and dissemination of legislation,iggobn natural resource and environment
protection in the province. The regulations andigied on groundwater management,
exploitation and utilisation has been disseminatedocal businesses and has been well
implemented. However, the communication, disseranabf groundwater exploitation,
protection and licensing to the local people hasieen done adequately.
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2. Objectives of the project “Improvement of Grourdwater Protection in
Vietnam”

The project “Improvement of Groundwater ProtectionVietnam” (IGPVN) is in
frame of the German Technical Cooperation with Waet, which was started in 2009. The
first two phases of the project focused on techrdsaistance component arts (construction of
the groundwater monitoring network and handing daeehe DONRE) and capacity building
for Vietnam partners, and were implemented in NamhPHa Nam, Hanoi, Quang Ngai and
Soc Trang provinces.

Phase 3 of the project (2015-2017) was proposett wie overall objective of
strengthening the groundwater resources manageanenprotection in the Mekong Delta in
order to prevent groundwater degradation and deplesalt water intrusion under the impact
of climate change. The project is under the pryodareas “Environmental policies and
sustainable use of natural resources" within th@eméwork of bilateral development
cooperation between the two governments. In additioe project is part of the programme
"Integrated coastal and mangrove forest managefoemimate change adaptation” by the
Federal Ministry of Economic Cooperation and Depetent (BMZ) to support Green
Growth Strategy (2011 - 2020) of Vietnam.

The current phase consists of 4 components:

* Policy advice at national and provincial levels lippo and legal documents
development)

» Technical assistance to enhance understandingeagutirent status of groundwater
resources and improve the groundwater manageméme iarget provinces

» Capacity building for partners in the investigatiamssessment, monitoring and
forecasting of groundwater resources

* Public awareness raising on groundwater resouncsgtion

There are about 4.5 million people in the Mekorgt® depending on groundwater
sources. Population growth and social — economievtir have led to a strong increase in
groundwater demand, arising many shortcomings: adiegion, depletion of groundwater,
increasing saltwater intrusion, water pollution g subsidence.

In recent years, the coastal provinces of the MgkbDelta constantly faced with
saltwater intruding far inland during the dry seaaad tidal flooding during the rainy season.
During the past few months, almost all of the Makddelta were suffering from a severe
historic drought and saltwater intrusion happeronge in a 100 years-time. There were 8
provinces /cities in the Mekong Delta announcing #mergency state on drought and
salinization.
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Being implemented in Soc Trang province since 2@1€,/GPVN project is reaching
its aim of strengthening the capacity on groundwatenitoring, forecasting and management
for the Soc Trang DONRE by conducting the followadivities:

* New construction of Hroundwater monitoring stations and handing over to the
Soc Trang DONRE for management and operation

* Collecting available documents in conjunctionhwiield survey and investigation to
collect additional data; analysis and evaluatioonter to build a&complete hydrogeological
database

* Analysis and evaluation based on relevant doctsnamd development of a
consolidated final report on the current state of groundwater exploitatiotiljsation and
management in Soc Trang and proposal of recommendatind measures for water
resources management in Soc Trang.

» Support the Soc Trang DONRE on organizZidRM Workshop to strengthen the
networking and information sharing with other prmeas and stakeholders in water resources
sector; cooperating with the Soc Trang to orgarameareness raising communication
activities on water resources protection.

Details see in the next chapters of this report.
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3. Approach and Study Methods
3.1. Construction of the monitoring wells
Site selection

Five monitoring wells in the gpaquifer were built up in 5 districts of the Soc fga
province. More details see Table 5.

Table 5. IGPVN monitoring wells in Soc Trang praén

Coordinate Screenin Static water level
(VN2000) Well 9 .
Well . aquif
D Location depth leng from o er
X Y (m) th 4/2013 5/2016
(m)  (m)
(m)
Thi tran Phu Loc,
ST1 huyen Thanh Tii 526978 1042802 103 3 96 99 .gp 9.76 12.02
Xa An Tkanh |,
ST3 huyén CUi Lao Dung 565003 1077291 130 8 118 126 .gp 853 10.61
Thi tran Tran D¢,
ST4 huyén Tran Bé 576892 1050551 150 8 138 146 .gp 7.53 9.9
X& Thanh Phaq,
ST7 huyen My Xuyén 538203 1050657 120 10 106 116 ,gp 10.13 12.58
X& Vinh Tan,
ST11 huyén Vinh Chau 542286 1030035 110 8 98 106 .gp 9.46 11.84
Drilling

The monitoring boreholes were created by the DWRRI® December 17, 2012 to
January 25, 2013, using the rotary drilling methoth core sampling. The drilling diameter
was 90 mm.

The well logging was carried out at all the 5 monitg wells after core —drilling. The
well screening position was decided by the welblog results and the on-site description of
core samples.

After well logging, the boreholes were enlargede Well casing consisted of a PVC
pipe with a diameter of 114 mm from 0 — 60 m degitihe borehole and another PVC pipe
with a diameter of 90 mm for the remainders. A gctibn steel tube with a length of 1.5 m
and a diameter of 140 mm was installed on the kesld.

After casing, the boreholes were flushed for 3tsi{gquivalent to 24 hours) per each,
using the airlift pump. Information on dischargé¢erastatic water level, dynamic water level
and EC were recorded during the flushing proceabI€r6).

Geodetic survey

A geodetic survey was carried out to determine dberdinates of the monitoring
wells and the elevations of the top of casing. Resthown in Table 7.
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Table 6. Information recorded during the IGPVN mioning well flushing in Soc Trang province

Static water Pumping rate Electrical
Well ID level (m) (rljls)g conductivity

(uS/cm)

ST1 8.38 4,30 1058
ST3 7,55 11,01 626
ST4 5,37 7,56 519
ST7 9,00 1,70 1170
ST11 9,00 6,60 1809

Table 7. Coordinates and elevations of the momigpwells determined by geodetic measurement

No. Well ID X (m) Y (m) Hmo(m) Hb (m)
1 ST1 1042802.532 526978.250 2.07 1.3
2 ST3 1077291.328 565003.795 2.46 1.7
3 ST4 1050551.868 576892.001 2.45 1.8
4 ST7 1050657.014 538203.453 2.80 2.15
5 ST11 1030035.430 542286.340 1.98 1.27

*Hmo: elevation of the top of casing
*Hb: elevation of the benchmark

3.2. Core sampling and analysis

The drilling core samples were collected along ¢hére depth of the borehole and
placed into a storage tray. Core samples were téielithological description every 2 m
depth or when the strata was observed to change.

The core samples along the well screening posivene analyzed for grain size
distribution at the Laboratory of the DWRPIS. Distasee Table 7. The required sample
amount for grain size analysis was 300 — 500 gvigemethod (applicable for the coarse
grain size with a diameter of > 0.075 m) with tbdwing sieving size was applied:

0.005-0.01-0.05-0.1-0.25-0.5-1-2-418 (mm)

Table 8. List of the drilling core samples takendeain size analysis
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No | Well Sd((:erstin Sample ID sa?nepr;itr:]gozm, Lithology Formation

| (m, ba) bgl)

1 ST1 64 - 66 64 - 66 Fine Sand gp3, Long ¥

2 ST1 86-88 86-88 Fine Sand gp2-3, Long Toal
3 | ST1 | 93-99 ST1_92-94 92-94 Fine Sand gp2-3, Long Toan
4 ST1_95-97 95-97 Fine Sand gp2-3, Long Toan
5 ST1_99-100 99-100 Fine Sand gp2-3, Long Toan
6 ST3 _73-75 73-75 Fine Sand qp3, Long M
7 ST3 87-89 87-89 Fine Sand gp3, Long M
8 ST3 93-95 93-95 Fine Sand qp2-3, Long TQ
9 ST3.99-101 99-101 Fine Sand gp2-3, Long Toan
10 | ST3 | 118-126| ST3 105-107 105-107 Fine Sand | gp2-3, Long Toan
11 ST3 112-114 112-114 Fine Sand | dp2-3, Long Toan
12 ST3 117-119 117-119 Fine Sand | gp2-3, Long Toan
13 ST3 121-123 121-123 Fine Sand | dp2-3, Long Toan
14 ST3 127-129 127-129 Fine Sand qp2-3, Long T
15 ST4 15-17 15-17 Fine Sand Q2

16 ST4 37-39 37-39 Fine Sand gp3, Long ¥
17 ST4 72-74 72-74 Sand, silty gp3, Long M
18 ST4 96-98 96-98 Fine Sand gp3, Long M
19 ST4 138 - ST4 111-113 111-113 Fine Sand gp3, Long M
20 146 | sT4 117-119| 117-119 Fine Sand qp3, Long i
21 ST4 127-129| 127-129 Fine Sand gp2-3, Long Toal
22 ST4 135-137| 135-137 Fine Sand gp2-3, Long Todl
23 ST4_141-143| 141-143 Fine Sand gp2-3, Long Toan
24 ST4 148-150| 148-150 Fine Sand gp2-3, Long Toan
25 ST6_36-38 36-38 Fine Sand Q2

26 ST7_54-56 54-56 Fine Sand gp3, Long M
27 ST6_84-86 84-86 Fine Sand gp3, Long M
28 ST6 ST6_102-104 102-104 Fine Sand gp2-3, Long T
29 ST6_120-122 120-122 Medium Sand qp2-3, Long Toan
30 ST6_141-144 141-144 Fine Sand qpl

31 ST6_159-161 159-161 Fine Sand qpl

32 ST6_188-190 188-190 Silt qpl

33 ST7 31-33 31-33 Sand, silty gp3, Long M
34 ST7_4¢48 46-48 Sand, silt gp3, Long vy
35 ST7_60-62 60-62 Silt gp2-3, Long Toan
36 SsT7 | 108-118 ST7_7-75 73-75 Fine San gpz-3, Long Toé}\
37 ST7_90-92 90-92 Fine Sand qp2-3, Long Toan
38 ST7_96-98 96-98 Fine Sand gp2-3, Long Toan
39 ST7_102-104| 102-104 Fine Sand gp2-3, Long Toan
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No | well Screen Dep_th of _ _
depth Sample ID | sampling (m, Lithology Formation
ID
(m, bgl) bgl)
40 ST7_108-110| 108-110 Fine Sand gp2-3, Long Toan
41 ST7_113-115| 113-115 Fine Sand gp2-3, Long Toan
42 ST7_118-120| 118-120 Fine Sand gp2-3, Long Toan
43 ST11_79-81 79-81 Medium Sand gp3, Long My
44 ST11_83-85 83-85 Medium Sand gp3, Long M/
45 ST11_88-90 88-90 medluSrT;1 r;OICOarse gp2-3, Long Toan
46 ST11 93-95 93-95 medium - Coarse | qp2-3, Long Toan
ST11| 98-106 - _San( i
47 ST11_97-99 97-99 medlusrr;r-"COarse gp2-3, Long Toan
48 ST11_102-104 102-104 medlusrr;r-"COarse gp2-3, Long Toan
49 ST11_107-109 107-109 medlusrr;r-"COarse gp2-3, Long Toan

3.3. Water sampling and analysis

3.3.1. Sampling for hydrochemical analysis

The IGPVN project carried out two sampling fielgps in Soc Trang in April 2013
(dry season) and November 2013 (rainy season)sesashe hydrochemical characteristics
and the connection between surface water and gveated The duplicated water samples
collected during the two sampling campaigns in Ba@ng include:

» Groundwater samples at the five IGPVN monitorindlsv@ Soc Trang

» Groundwater samples at the three private tube wellsan De, Vinh Chau and My Tu
districts in Soc Trang province

» Surface water samples collected at the Nhu Gialddma Xuyen district), Tran De
estuary (Hau river, Tran De district), Tran De lmtarfHau river, Cu Lao Dung district)
and Phung Hiep canal (My Tu district)

Water sampling locations are mapped in Figure 2ail3eon water samples collected
are summarized in Table 9.
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Figure 2. Map of the water sampling location in $oang province in April and November, 2013
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Table 9. Water samples collected in Soc Trang paavin April and November 2013

Sample ID X Y Location
ST1 526978 1042802 Phgttown, Thanh Tr district
ST3 565003 1077291 An Thh | commune, Cu Lao Dung district
ST4 576892 1050551 im Dé town, Tién Dé district
ST7 538203 1050657 ‘ahh Pha commune, MXuyén district
ST11 542286 1030035 ih Tan commune, ivih Chau district
Gwi 560389 1031900 7A village, Lai Hoa commun&nhChau district
GW2 570941 1048950 ith Hoi Thuong town, Tan B¢ district
GW3 524586 1069942 whg Phd commune, ¥MTU district
Swi 538356 1050585 Nhu Gia canalaiih Phd commune, #Xuyén district
SW2 576897 1052995 am D¢ estuary, Tan Dé town, Tén Dé district

SW3 564363 1076776 am bé branch - Hu river, An Thanh | commune, CU Lao
Dung district

Sw4 524586 1069942 Bhg Hiép canal, kkng Phd commune, T district

At each monitoring well, the static water level wagsasured using a dipper before
removing all the stagnant water in the monitoringllwWater in the monitoring well was
pumped out (3 times of the well volume) using acsgdzed MP1 pump (Grundfos). The
MP1 submersible pump is designed for the purgingl aampling of contaminated
groundwater in boreholes with an internal diamefeat least 50 mm. The pump is powered
via an adjustable converter in the 25 to 400 Hxuesncy range. At 400 Hz, the pump
provides a flow rate of 1 fth at a 74 m water head.

The actual flow rate was measured by counting thmeumt of time it takes the
extracted water to fill up the 18 L plastic bucket.

Water in the private tube well was pumped out foniButes before sampling.

Surface water samples were taken at a depth afs@iman from the water surface to
minimize evaporation effect and from 1 — 2 m ap#dm the bank to ensure the
representativeness of the samples.

Some in-situ parameters (pH, EC, ORP) were measwsiad WTW 340i.

A sample set collected at each sampling locatiaiudes one 500 mL PE bottle for
anion analysis, one 100 mL PE bottle for cationysis and one 100 mL PE bottle for stable
isotope tH, *20) analysis.

Sampling bottles were rinsed three times with th&tew sample solution before
sampling. Groundwater sample for cation analysis fiteered on site using a 0.45 um filter
unit combined with a plastic syringe and then digdi with concentrated nitric acid (2%
volume). Water samples after collected were packetisent to the Water Laboratory in the
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Federal Institute for Geosciences and Natural Ressu(BGR, Hanover, Germany) for
chemical analysis. The chemical analytical resoftsvater samples collected in April and
November 2013 are shown in Table 13 and Tableekpectively.

The chemical analytical data was analyzed usinga@inem software to check for
reliability (calculating the charge balance errand create Piper diagram to determine the
hydrochemical facies of water samples and illustridiie chemical variation in major ion
compositions.

The charge balance error is calculated using thasimg formula:

_chzc_z mg |Za|
YXmeZo+ Y mglZg]

CBE X 100 %

The charge balance errors of the 24 water sampes within£2%.

Relevant ratios between major ions were consideBzdphs showing the major ion
contents, the relation between major ion ratios stalle isotope compositions were plotted
using SigmaPlot software.

3.3.2. Sampling for groundwater dating and recharge
Sampling location

The IGPVN project in cooperation with Soc Trang Bement of Natural Resources
and Environment (DONRE) and the Institute for Nacl&ciences and Technology (INST)
conducted a field survey to collect water sampieSac Trang province for the determination
of groundwater age and origin using radioactivéoiges t°C and®*H) and stable isotope&H,
80). Groundwater samples were taken from 7 monigovirells of the National Monitoring
Network, 1 IGPVN monitoring well) and 5 productiarells of the water treatment plants in
the five districts of My Xuyen, Long Phu, Thanh,Tfran De and Vinh Chau. Surface water
samples were collected from ponds or canals neagbgroundwater sampling locations. The
sampling locations are mapped in Figure 3. Theect#ld water samples are listed in Table
10.
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Figure 3. Location map of water sampling for radtoee isotopes’(C and®H) and stable isotope&H, *°0) in Soc Trang province in June, 2013.
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Table 10. Water samples collected in Soc Trangipeevin 6/2013 fot*C and®H dating

Sample ID Location Well depth Aquifer Target analytes
(m)
Q59801 4.5 qh TG R
Q598020 108 ap-s “C,°H
Q59804T Tram quan tic Quic gia 234.2 A “C,*H
Q598047 NDBD tai chua Dvi 360.9 A “c
Q598030 154.4 qR °H
Q598017 26.2 gh *H
Tram quan tic Quic gia
NDDb Q5980504i Trung tam 3 14
Q598050M1 Thé duc thé thao Tp. Séc 439 n c
Trang
Tram quan tic ST3 @ia Dy 14~ 3
ST3 an IGPVN 130 ap-s C,°H
PW1 Tram cip ruéc Thanh Tii 14C qp.-s “C,*H
PW2 Tam cip nréc My Xuyén 475 aps “C,°*H
PWS3 Tam cip nréc Long Ph 120 aR “C,°H
PW4 Tm cip nroc Tran Dé 160 qp.s “C,°H
PWS5 Tram cip nedc Vinh Chau 300 ap “C,°H
SW5 ao anh trameélp nréc Tran 3N
kénh Vinh Tan (gn giéng 3
SWe6 ST11) H
SwW7 kénh Ta Lach g chua i) °H
Total c 11
°*H 14

Sampling procedure and equipments

Groundwater in the monitoring well was pumped ontilupH or EC became stable
using MP1 pump (Grundfos, Germany). Then, a stafthe INST conducted a sampling
procedure to collect the total dissolved inorgatecbon (TDIC) in water for*C and**C
determination. TDIC is defined as the total bicawdte (HCQ) and free carbon dioxide
(CO,.49 if any, dissolved in groundwater. The ggultimately will become bicarbonate after
the alkalization of water sample to pH 10 — 11.
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Figure 4. A device used to collect TDIC in grountlsvasamples

Approximately 80 L of groundwater was pumped intsmecial HDPE vessel of
funnel-shaped bottom joined with one plastic baffigure 4) and alkalized with NaOH (GO
free) to pH 10 — 11. The water was mixed well usangtirring rod and checked for the pH
using pH paper. Then, the BaQolution was added in excess to the vessel inraae
precipitate all the carbonate content in the fofrB&CG;. It was necessary to check whether
all the bicarbonate has been precipitated by addisgall portion of BaGlsolution to the
vessel. If no more precipitate appears upon adB&gk solution to the vessel, then TDIC
has completely precipitated. The vessel was cléggarevent the mixing of COfrom the
atmosphere and was left undisturbed for 1 houhabdll the BaC@precipitate settled down
to the bottom and entered the plastic bottle. Bef@moving the receiving bottle, a cap
attached to the stirring rod was used to closectimnection between the vessel and bottle.
The precipitate was transferred from the plastittibdo a 2L PE can which was tightly
capped to avoid air contact. The amount of preaipitollected was at least 20 g (equivalent
to 4 g Carbon). The TDIC samples should be preferadnsported as soon as possible to the
laboratory for analysis.

Groundwater samples for tritium and stable isotopeee taken directly into 500 mL
PET bottles. Surface water samples were takendapth around 50 cm from the surface to
minimize evaporation effect and when possible 1 m 2part from the bank to ensure the
representativeness of samples.

All precipitates and water samples were packed biwes and sent to the Isotope
Hydrology Laboratory in the Institute for Nucleaci&ce and Technology (179 Hoang Quoc
Viet Street, Hanoi) fot’C and**C determination.
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Laboratory sample treatment

Carbonate precipitate samples were washed sewes with hot distilled water (to
eliminate dissolved C&from the air), then subject to freeze drying fartlier analysis of‘C
and**C composition. Sample containing high salt congéruld be washed with hot distilled
water several times until the chlorine contentie washing water is low.

Absorption method was applied to determinefiactivity in TDIC. The procedure
is as follows (Quireshi, 1989):

Ba“CO; + HPO, - 'CO,1 + B+ PQ® + H,0 (1)
4c0o, + ethanolamines **CO; in ethanolamine 2)

Figure 5 depicts a scheme of the L@bsorption device. The absorb&€CO, in
ethanolamine was mixed with a liquid scintillationcktail and measured f&iC activity.

Water samples to be analyzed fibt were distilled to eliminate all the minerals
present till their electrical conductivity redueeléss than 10 uS/cm.

¢, Bc va®H analysis

5 mL of the CQ trapping solution was mixed with 15 mL of HP cakin a HDPE
vial (20 mL capacity) fot*C counting using a HP TriCarb 3170 TR (ultralow kzgound).
The background of the sampling instrument was abeéekith the cocktail for 86 000 seconds
until it was lower than 0.1 Bg. The precision o tinstrument is better than 10 % if tHe
activity is in the range of 0.2 — 0.3 Bd @ (the standard used for tH€ dating method). The
mixture was counted for 24 hrs in order to achi@veincertainty better than 7 %. Oxalic acid
Il was used as standard supplied by the Internaltid@tomic Energy Agency (IAEA).
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Figure 5. Scheme of the device used to trap €0lved from the reaction between BaGmd HPO,
1M (adapted from H.R. Feltz and B.B. Handshaw, 1963

The **C composition in TDIC was analyzed using a Gas @latography — Isotope
Ratio Mass Spectroscopy (GC — IRMS by Micro mas¥, I8strument) equipped with a
pyrolysis device (Eurovector, Italy). An amounttbe freeze dried carbonate precipitate of
around 50ug C was wrapped into tin capsules and then loadezhiautosampler of IRMS
and dropped into an oven of 1080 to decompose carbonate into £®his gas will pass
through a gas chromatographic column to purify affy contaminant before entering an
ionization source chamber and then an electro-niagield to separate by mass numbers 44
(**C0y) and 45 t3C0,). The standard used f&iC composition in TDIC is VDPB (Vienna
Dee Pee Belemnite). The precision of the measurewasn+0.2 %eo.

Before counting for’H activity, the purified water sample was electrmically
enriched by reducing its initial 500 mL to 10 mLdathen mixed with 10 ml HP cocktail with
a low Tritium level. The mixture was counted fo using a HP TriCarb 3170 TR. The
counting time was 1000 seconds, breaking into Iflesy 100 minutes for each cycle. The
Limit of Detection (LOD) of the method was +0.46 Tuitium unit) (1 TU = 0.118 Bqg/L).
The accuracy of the analysis was better than 5 &ramge ofH activity within 1 — 4 TU as
verified by the TRI-004/TRI-2008 matching prografrAEA.
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Groundwater dating usintH:

Tritium (T orH) is a radioactive isotope of hydrogen (H) whistpioduced naturally
in small amounts by the interaction of cosmic regth the Earth's atmosphere. Cosmogenic
®H enters groundwater by way of rainfall at a comion of approximately 3-5 TU
(Kaufman and Libby, 1954; Robertson and Cherry,9)98Vith the onset of atmospheric
nuclear testing in 1953, tHel concentration in rainfall at some places incrdaseas high as
700 TU in 1963 and gradually decreased afterwarecaBse of the difference itH
concentration in rainwater before and after 195Bhas been used as a hydrologic tracer to
date recent groundwater (Coplen, 1988).

- Groundwater contair$d activity comparable to that of surface waterdssidered to
be young. In this case, surface water has condimtraf °H within a range of 1.0 —

1.5 TU.
- Groundwater contain®d activity lower than the LOD of the procedure @nsidered
to be older than 70 years, i.e. it occurred bel®®s0.

The half-life of*H is 12.43 years, which means that tHeconcentration decreases by
a half after every 12.43 years.

Groundwater dating usin{fC:

Carbon-14 is a radioactive isotope of carbon (GnExd by the reaction between
cosmic rays and nitrogen in the atmosphé&i@.combines with oxygen (O) to form carbon
dioxide (CQ), which is taken up by plants or absorbed by &aid is found in surface water
bodies. When plants, animals and groundwater atenger exposed to the atmospheric,CO
the *C content begins to decay radioactively. The raafioon content of groundwater
decreases at a rate controlled by the half-lif¢“6f which is 5,715 years (Coplen 1993).
Therefore, water that has been underground forxeanded period of time will have a lower
concentration of’C than water that has only recently entered thergt@and is isolated from
atmospheric C®

The measuredfC content of groundwater is expressed as a pegemathe modern
4C content of groundwater, or percent modern ca(panC). Because the content8€ in
the atmosphere increased after the above-grourldaruesting in 1953, 1950 is the base year
for modern™‘C. The standard for modetC content is oxalic acid IL.

The formula applied to estimate the age of a grouaer sample by“C activity in
TDIC is:

14aiO
t.. =8268n,—"— (year) (1)
sample
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where *a? is initial *'C activity. It is the relative (to the NIST oxalacid Il standard)
activity of 1*C in TDIC (in pmC) at the moment when water entexednterested aquifer; and

14a&,ﬂ,mmeis, the relative activity of*C in TDIC (in pmC) of the taken water sample.

The *a? is estimated using a model suggested by Gonfiaetial. (1980) with*3c

composition correction. The model is as follows:

14a1_0 - (513CTD|C _a_ltc:acq)
" Jl:tcoz -o' :CCaCQ +£COZICaCO3

100 (pmC)  (2)

where 3"*Crpic (in %o)derived from experimental measurement is diféerence in**C/*°C
ratios between the TDIC samples and the standaféB/D

13 - 13
613CTDIC — Rsample Rstd x 1000
13Rstd

JI:CCaCQ is the'3C composition of calcite in the aerated zorfétco2 is the'®C composition
of carbon dioxide in the aerated zorg, ... IS @ factor corrected for isotopic fractionation

of 3C between carbon dioxide and calcite when the ralrissolved.

Gonfiantini and his co-workers proposed that theies of 51%%6@, d'“CCOZ and

£co, 1caco, 1O D€ respectively 2%, -23%o and 7%o.

In formula (2) with the value 08**Crpic that has been derived from experimental
measurement one can estim&ta’ . Then with formula (1) and the value ’é‘fasamp,e , the

age (in years) of the water sample can be calallate

Groundwater dating usifgC with correction for*C composition in TDIC is applied

for the cases whel{C activity in TDIC was low {*a 80 pmC). If**a in TDIC is

<
sample — sample

close to 100 pmC, the Gonfiantini model is not reowended to use. In that case, the age of
the water sample is simply estimated by the folimyiormula:

100
tipc =8268n; (year) 3

ample

The uncertainty of the age estimate by @ dating method in the case 8, >

sample—

80 pmC was 6 — 7%. This figure was estimated basethe fact that the uncertainty of the

half-live of **C was 3%, the uncertainty ofa measurement in the lab was 5% and the

sample

uncertainty of*a’ was 5%.
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In cases of low or very loi'a (< 60 pmC), the uncertainty of the half-live of

sample

1C was 3%, the uncertainty dfa measurement in the lab was 7% and 3%6f

sample
composition correction fol*a’ . The resulting total uncertainty for age estimafior old and

very old water samples is usually in the range ef%%.
3.4. Groundwater level monitoring
Monitoring equipment

A semi-automatic monitoring device (Diver) is irktd in the monitoring well to
measure a number of physical parameters of grouledwaressure, temperature, electrical
conductivity.

There are several types of Divers that can be usetifferent water environments.
The IGPVN project is using the Diver 8Ehlumberger Water Services @s below:

* Mini-Diver: use for fresh water
*« Cera-Diver, CTD-Diver: use for brackish water
» Baro-Diver: measure air pressure within the radifil5 — 20 km.

The Baro-diver is installed in four out of five mtmring wells in Soc Trang. The air
pressure needs to be measured simultaneously keétlhydrostatic pressure for barometric
compensation and then, calculation of the heighbhefwater column above the Diver and the
static water level (above sea level) in the momtpmell. The Diver was dropped into the
monitoring well after attached to a segment of fidasable (fishing line) instead of metallic
cable in order to prevent the cable from corrosibime supporting cable that suspends the
Diver was attached near the top of casing to peeictess to the Diver when needed.

Data extraction device
* laptop, desktop
« Handheld Trimble Nomad

» Diver USB Reading Unit Type AS330: to connect @dD to a desktop, laptop or
Trimble to:

+ set up a monitoring program for a Diver

+ Start/Stop a Diver

+ download the monitoring data
Diver-Office software

The Diver-Office 2013 released ISchlumberger Water Services Cis the software
to go with the Diver and has the following main étions:
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* Read the monitoring data of Diver

e Set up the monitoring programs for Diver

»  Start/Stop Diver in different ways

* Import and Export monitoring data in different fats (CSV, MON)

* View timeline monitoring data in table or graph

« Compensate barometeric pressure to calculate statar level (above sea level)

Details on Diver and Diver-Office manual can bersaethe IGPVN Guidebook on
Diver-Office utilization and Diver-Office databasenagement.

Periodical check and extraction of the monitorirejal

The Diver and Baro-Diver were installed in the IG¥honitoring wells in Soc Trang
sin April 2013. Since then, the IGPVN project inoperation with Soc Trang DONRE
checked the monitoring wells, Diver and extractlee monitoring data every 3-4 months.
Static water levels in the monitoring wells werscaimeasured using a dipper in order to
compare and verify the water levels recorded byeDiv

Generally, the monitoring data of ST1 and ST11 waneost continuous since April
2013. However, the monitoring data of the otheee¢hmonitoring wells (ST3, ST4, ST7) were
discontinuous due to the malfunctioned Divers watuncovered and replaced immediately.

Calculation of the static water level (asl)

The static water level was calculated from the bgthtic pressure using the air
pressure for barometric compensation. The air presecorded at ST3, ST7 and ST11 was
not continuous; therefore, we had to interpolates¢hdata sets using the continuous data set
of ST4. The air pressure at ST7 was used for tleuledion of the static water level at ST1
due to their close distance.

3.5. Capacity building for Soc Trang DONRE
Equipment

The equipments necessary for groundwater monitonag handed over to the Soc
Trang DONRE:

» Diver, Baro-Diver

e 01 Trimble, 01 notebook EEC touch, 01 laptop, DM&B reading unit
* MP1 pump and converter

» Honda Power generation

Training

Training for staff in charge of the monitoring Weperation was organized on site
and in office in order to make them possible tothgenecessary equipments and software.

Improvement of Groundwater Protection in Mekong Delta provinces 2015-2017




BG n German Technical Cooperation with Vietham

'S 7 Improvement of Groundwater Protection in Vietnam

Study tour on water resource management

The IGPVN project supported the Soc Trang DONRE&rganize a study tour for their
staff to Nam Dinh DONRE to learn about implememtatiof the project activities, water
resource planning, operation of groundwater momgpnetwork and organization of IWRM
workshop.

By doing this study tour and field visit in Nam Dbinthe Soc Trang DONRE staff
aquired valuable experiences:

+ the need to develop a monitoring plan and to sige the implementation and
compliance of the plan in order to ensure the amyyrcontinuity and consistency of the
monitoring data

+ the need to coorperate with the local peopleaugdwater monitoring

+ the need for specialized training for the staftharge of operating the monitoring
wells

+ operating and checking the monitoring equipmBin€r)
IWRM workshop

In frame of IGPVN project 2015 — 2017, as agreevben Soc Trang DONRE and
the IGPVN project, the Soc Tran DONRE will organZz&/VRM workshop with the support
of IGPVN in order to enhanced networking in watesaurce sector with other provinces;
especially with the coastal provinces of similatunal conditions with Soc Trang to share

information, experiences on water resource managgraad with the upstream provinces to
share the rights and responsibilities related ¢artker-provincial river water.

Guide book

The IGPVN project supported and cooperated with Bamng DONRE to develop 2
Guide books:

- Guide book on water resource management — fait bngthorities

- Guide book on application of the legal documesriswater resource exploitation,
utilization and protection — for enterprises anthpanies
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4. Study results

4.1. Grain size analysis results

The results of the grain size analysis are shownTable 11. The hydraulic
conductivity was calculated basing on the graire sipalysis results using Sizeperm. The
calculation results are shown in Table 12. Moraitesee Technical Report No. 39.
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Table 11. Grain size analysis results

Passing (%)
Depth of Gravel Sand Silt Clay
sampling
No. Well Formation (below Particle Diameter ( mm ) Soil Classification
ground) 0 S 8 S T8
10 10 . | o | o | o |S| 8
(m) S o N ? C|> | | | ) §
ClEe el ale 8888
© o o o =)
1 qp3 64-66 54.3| 21.8/ 10.7 13.2 - - Medium-grain Sand
2 gp2-3 86-88 43.1| 46.9| 26| 7.4 - - Fine Sand
3 ST1 gp2-3 92-94 21 | 16.5| 53.7 134 148 A - Silty Sand
4 gp2-3 95-97 54.6| 24.1| 6.7| 14.4 - - Fine Sand
5 gp2-3 99-100 89| 72| 168 251 253 29 138 | 1 Medium-graindsa
6 gp3 73-75 09| 98| 61.2 187 94 - - Silty Sand
7 ap3 87-89 1.1 | 247| 53.8 7.9 125 - - Fine Sand
8 gp2-3 93-95 08| 12| 264 492 94 128 - Fine Sand
ST3
9 gp2-3 99-101 19 | 476| 35.1 4.5 109 - - Fine Sand
10 gp2-3 105-107 1.8 | 429| 39.8 54| 101 A - Fine Sand
11 gp2-3 112-114 15| 354| 432 75 124 - - Fine Sand
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Passing (%)
Depth of Gravel Sand Silt Clay
sampling
No. Well Formation (below Particle Diameter ( mm ) Soil Classification
ground) o S 8 o T8
10 L0 | o | o | o |a| 8
(m) S o N A OI C|> | | | o §
A e e A I I A = T - I (=B
© o (=) o o
12 gp2-3 117-119 16 | 479| 34.7 43| 115 - - Fine Sand
13 gp2-3 121-123 21 | 57.2| 30.60 25 7.9 - - Medium-grain Sand
14 gp2-3 127-129 0.7 6.9 | 285 344 108 83 49 52 Clayey Sand
15 Q2 15-17 83 | 459 214 9.2 54 98 Clayey Sand
16 qp3 37-39 3.9 | 59.6] 22.7] 13.§ - - Silty Sand
17 qp3 72-74 0.9 1.2 6.1| 49.8 13.7 1241 68 9/7 Clayey Sand
18 qp3 96-98 09| 21| 41| 148 427y 23p 119 | - Silty Sand
19 ST4 qp3 111-113 21| 23 35 7.6/ 39.8 3201 126 | 1 Silty Sand
20 qp3 117-119 54| 15.7| 33.8 257 109 24 6 - - Coarse Sand
21 gp2-3 127-129 15| 38| 121 213 341 143 129 |- Silty Sand
22 gp2-3 135-137 16| 34| 129 348 352 5.6 6.5 - 1 Medium-graindsan
23 gp2-3 141-143 0.9 18| 254 476 95 148 - Fine Sand
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Passing (%)

Depth of Gravel Sand Silt Clay
sampling
No. Well Formation (below Particle Diameter ( mm ) Soil Classification
ground) o S 8 o T8
w0 L0 | o | o | o |S]| 8
(m) S| © < | | | <@ 8
Bl el e gl S 8|87
© =) =} o =
24 gp2-3 148-150 11| 23| 20.7 534 7.4 14J7 - Fine Sand
25 Q2 36-38 1.9 | 46.5| 42.7, 3.1 5.8 - - Fine Sand
26 gp3 54-56 07| 08| 549 218 97 54 6 Clayey Sand
27 qp3 84-86 12.1| 68.2| 144 1.9 3.2 - - Medium-grain Sand
28 gp2-3 102-104 7.4 5P 6 39 413 194 25 1®1| - - Coarse Sand and gravg
ST6
29 gp2-3 120-122 18.1| 50.4| 191 64 13 47 - Coarse Sand
30 gpl 141-144 25 | 33.2| 29.5 276 2.7 4.5 - Medium-grain Sand
31 qpl 159-161 1.3 | 425| 372 117 14 5.9 - Medium-grain Sang
32 gpl 188-190 08| 09| 15| 86| 542 14D 98 41 5 Clayey Sand
33 qp3 31-33 0.8 | 29.3] 31.2 7.8 30. Sandy clay
34 ST7 gp3 46-48 1.6 | 345| 28.9 5.6 29 Sandy clay
35 gp2-3 60-62 54 | 28.9| 21.8 6.5 6.9 30. Sandy clay
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Passing (%)
Depth of Gravel Sand Silt Clay
sampling
No. Well Formation (below Particle Diameter ( mm ) Soil Classification
ground) o S 8 o T8 o
(m) S o DN it < | I A =
A e e A I I A = T - I (=B
© o (=) o o
36 gp2-3 73-75 1.0 | 176| 504 149 6.2 48 5.1 Clayey Sand
37 gp2-3 90-92 0.6 15| 198/ 48.1 141 69 8.4 Clayey Sand
38 gp2-3 96-98 0.7 21| 356/ 298 178 7/1 6.9 Clayey Sand
39 gp2-3 102-104 18| 49| 15 3.2 10.3 41p 17{1 115 3.7 438 Cl&ay
40 gp2-3 108-110 3.8 | 58.1| 16.20 9.7/ 46 7.6 Clayey Sand
41 gp2-3 113-115 1.6 8.1| 63.8 13.1 13.4 - - Silty Sand
42 gp2-3 118-120 59| 23| 1.2 6.9 34.6 24 109 135 |- - Fine Sand
43 qp3 79-81 0.7 24| 387 349 10.6 127 - - Fine Sand
44 ap3 83-85 26| 45| 23| 31| 264 41p 78 121 |- - Fine Sand
45 ST11 gp2-3 88-90 27.3| 485| 123 119 - - Fine Sand
46 gp2-3 93-95 14.7| 57.6| 11.8 5.7 43 59 Clayey Sand
47 gp2-3 97-99 18| 13| 47| 463 21.% 11P 125 | : Fine Sand
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Passing (%)
Depth of Gravel Sand Silt Clay
sampling
No. Well Formation (below Particle Diameter ( mm ) Soil Classification
ground) o S 8 o T8
10 L0 .| S | o c | S| 8
(m) S| it C|> | | I <Q 8
= N — 1 Q S 8 8 f/)
© (=) o o o
48 gp2-3 102-104 35| 472 251 114 128 - Fine Sand
49 gp2-3 107-109 12| 21| 18,9 50.8 1083 25 142 | : Medium-graindsa
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Table 12. Hydraulic conductivities (m/day) calcethtfor each aquifer using various methods by
SizePerm

Method Results Unit Aquifer
gh aR ape-3
Min 76.1 66.4 315
Hazen Max m/ng 76.1 114.9 146
Mean 76.1 64 79.3
Min 0 0 0
Slitcher Max m/ng 28.6 42.2 45.8
Mean 14.3 5.3 7
Min 32.6 11
Terzaghi Max m/ng 32.6 79.6
Mean 32.6 40.3
Min 67.9 0.01 2.2
Beyer Max m/ng 67.9 102.8 140
Mean 67.9 21.8 13
Min 0.2 0.5
Sauerbrei Max m/ng 0.6 2.2
Mean 0.4 1.4
Min 1.7 1.9
Kruger Max m/ng 1.7 2
Mean 1.7 2
Min 152.1 31.2
Kozeny Max m/ng 152.1 298.1
Mean 152.1 164.6
Min 14.3 12.4
Zunker Max m/ng 17.2 49.5
Mean 16 18
Min 73 211
USBR Max m/ng 73 24.6
Mean 73 229

4.2. Water sample analysis results
4.2.1. Hydrochemical characteristics of water sampk in Soc Trang

Water type

The Piper diagram shows hydrochemical facies ofwtater samples collected in Soc
Trang (Figure 6). Among four surface water samploations investigated, three locations
(SW1, SW2 and SW3) showed strong variations in majo concentrations between the two
sampling dates, one in dry season and the othtbeinainy season. Accordingly, those water
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samples shifted from Na-Cl type in dry season @attid by the red circle on Figure 6) to
mixed water type or bicarbonate Ca-Na-Mg type inyageason.

ST1. 04
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ST3_11
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Figure 6. Piper diagram visualizing hydrochemiealiés of water samples in Soc Trang. Samples in
dry season indicated by filled symbols; samplesiny season indicated by unfilled symbols.

Generally, there was no difference in major ionteats of groundwater samples (both
IGPVN monitoring wells and private tube wells) beem dry season and rainy season with
the exception of ST7 and ST11. The ST7 tends tib fsbm mixed water type in dry season
to fresh water type in rainy season. The variaiiomajor ion compositions of ST7 and ST11
may indicate the desalination process occurrinthénaquifer during rainy season. The ST4
and GW2 samples located close to the Tran De gstwarof Na-Mg-Ca-HC@water type for
both dry and rainy season (indicated by the grasesiecon Figure 6) reflecting no or a
negligible effect of salt water intrusion. The STGW1 and GW3 samples are of mixed water
type while ST3 is of temporary hard water type. Toacentrations of major ions in water
samples in Soc Trang Province are plotted on grapbwn in Figure 7 to Figure 13.

i 8ho VE MUGC 0UGI oy,
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Figure 7. Potassium concentration in water sanipl&&c Trang province in 2013
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Figure 8. Sodium concentration in water sampleSda Trang province in 2013
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Figure 9. Calcium concentration in water sampleSan Trang province in 2013
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Figure 10. Magnesium concentration in water samipl&oc Trang province in 2013
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Figure 11. Chloride concentration in water sampieSoc Trang province in 2013
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Figure 12. Bicarbonate concentration in water saspi Soc Trang province in 2013
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Figure 13. Sulfate concentration in water sampieSac Trang province in 2013

The variation in major ion compositions of watemgdes in Soc Trang province by
time and location is shown in Figure 14. The Stiigrams show the major ion compositions
of water samples in meqg/L. The Stiff diagram shapfesurface water samples are different
for dry and rainy season whereas groundwater sample almost similar shapes. This
demonstrates that there is no hydraulic connedteween surface water and groundwater in
Soc Trang Province. In Figure 14, well ST7 shovghslincreases in Na and Hg©ontents

in rainy season compared to the dry season. STaissh moderate decrease in Cl content in
rainy season compared to dry season.

HCO, Mg

Dry Season

Rainy Season

S04 Ca

Cl Na
mm Groundwater
Bl Surface Water

Pa

’\\4%1/

awoz _aSTA

Figure 14. Spatial and temporal variation in thejomaon compositions of surface water and
groundwater in Soc Trang province
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Major ion ratios

The Mercado diagram displays the Na/Cl ratio andc@btent of water samples
(Figure 15). The river water sample SW1 from thg sitason 2013 collected far from the
coastal line shows a low Na/Cl ratio (0.55) togetheh a high Cl content (4910 mg/L) that
may indicate salt water intrusion. However, thiaas the case for river water sample SW4 as
well as other groundwater samples far from the tcddest of the groundwater samples
display high Na/Cl ratios and low CI contents (S¥74, ST1, ST3, GW1, GW2) indicating
desalination process in which freshwater is dontiaad Na is released from the replacement
of Na" by C&"* in the aquifer; or both low Na/Cl ratios and low @intents (ST11, GW3)
indicating mixed processes in which, neither satew intrusion nor desalination process is
dominant. Generally, the chemical compositions reugdwater samples collected from the
IGPVN monitoring wells in gpsaquifer demonstrate the dominance of desalinationgss.

IGPVN wells (dry season)

sﬁ @ IGPVN wells (rainy season)
WV private tube well (rainy season)

Zs private tube well (dry season)

B surface water (rainy season)

[l surface water (dry season)
—— Na/Cl ratio of sea water

Na/Cl

1000 10000
Cl (mg/L)

Figure 15. Mercado diagram showing the relationdbgpveen Na/Cl ratios and Cl contents from
water samples in Soc Trang province in 2013
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Analytical results of surface water samples cofidan the rainy season 2013 do not
show any high Cl content with a maximum value ofydb.7 mg/L. No salt water intrusion
process was inferred from rainy season data fdasemwater and mixed processes are typical.
Groundwater samples display high Na/Cl ratios awvd Cl contents indicating desalination
process. Only groundwater sample GW3 may indicaméxaof salt and freshwater.

The water composition of groundwater sample STXlesayreatly. From dry to rainy
season the Cl and Br content changes by a factér ©he change in Cl may originate from
salt water intrusion.

The groundwater sample GW2 in the dry season digptzh Ca/SQ and low SQCI
ratios that indicate SQOreduction or precipitation. The groundwater sam@d1, ST7 and
GW1 in both dry and rainy season display high/8Dand similar Fe/S@ratios that indicate
the source of SOfrom pyrite oxidation. The groundwater samples @h8 ST4 in both dry
and rainy season display high $Cl ratios and their Ca/SQatios close to 1 indicating SO
and Ca as sources from gypsum dissolution.

4.2.2. Water quality
Surface water

The analytical results of the surface water samialiesn in the dry season show a high
PO, content of 0.25 mg/L in SW1 (Figure 16). The Vietrese Technical Regulation for
surface water in column B1 (states that a conceotrdigher than 0.3 mg/L is only suitable
for irrigation or other purposes requiring simil@ater quality. Elevated concentrations of Cl
in SW1, SW2 and SW3 samples in the dry season i§igd) make these water sources
unsuitable for irrigation purposes. Very high Chcentrations found in the Nhu Gia cannal
(SW1) and in the Tran De estuary (SW2) indicat&rang effect of sea water not only at the
river mouth but also far inland. This correspormi®ther reports where sea water goes up to
until 60 km upstream in the dry season.

Ammonium is not detected in surface water sampbdieated in the dry season. The
NO; contents in surface water samples taken in thesemgon meet the Viethamese Technical
Regulation for surface water in column Al of 2 mg¢éee Figure 17). NQvas only detected
in SW3 (0.12 mg/L) and exceeds the guideline vaiumlumn B2 of 0.05 mg/L.

Generally, the chemical compositions (except fog 8@ NQ, see Figure 16 and 17)
of surface water in Soc Trang Province in the raegson are much lower than those taken in
the dry season showing the dilution effect froomwnaiter. NQ was not detected while Cl is
lower than the guideline value in column Al of 28@/L that is suitable for domestic water
supply. The N@ content in SW1 meets the Viethamese Technical R&gn for surface
water in column A2 of 5 mg/L that is suitable fandestic water supply but only with prior
treatment. The P{concentration in SW3 (0.07 mg/L) is lower than thedeline value in
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column Al of 0.1 mg/L. The P£zoncentrations in SW2 (0.14 mg/L) and SW4 (0.17Lng/
are lower than the guideline value in column ADd# mg/L) while that in SW1 (0.51 mg/L)
still slightly exceeds the guideline value in colui@2 of 0.5 mg/L (see Figure 16). Higher
concentrations of Pand NQ in surface water samples taken in the rainy seasorpared
to those in the dry season indicate an increaertilfzer application in agriculture.

2.5 7 e dry season

rainy season
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Figure 16. Phosphate concentration in water sampl®sc Trang province in 2013
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Figure 17. Nitrate concentration in water sampheSac Trang province in 2013
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Table 13. Chemical analytical results of water daspollected in Soc Trang Province in April 2013

Sample ID K Na Cl Mg Ca SO4 HCO3 Fe(ll) Mn NO3 NO2 NH4 Br F PO4 BO2 Ba  SiO2 Sr
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/lL giL mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

ST1 116 136 249 39.0 46.1 182 450 0.049 0.126 100861 1.75 0.120 0356 1.28 129 0.074 33.8 0.466
ST3 6.22 53.0 11.1 309 402 593 336 1.30 0.225200.0.011 0.73 0.057 0.317 1.06 044 0.149 48.4 70.36
ST4 5,56 65.C 9.5z 174 24 30cC 27€¢ 0.73¢ 0.151 30.7 ND 0.3C 0.04t 0.19¢ 1.0 0.41 0.05z2 41.¢ 0.21:
ST7 751 201 165 159 188 199 396 0.047 0.129 9 0.96.42 ND 0.069 0352 205 161 0.153 314 0.183
ST11 13.0 178 80.0 36.5 423 235 360 0.448 0.14165 0. 3.25 ND 0.352 0.249 0.70 1.23 0.034 26.5 0.450
GW1 24.5 156 30.6 54.3 77.4 409 416 0.137 0.105 0 250.060 4.79 0.147 0.008 0.66 199 0.036 21.7 0.746
GW2 4.2¢ 33.1 94t 10.€ 14¢€ 0.0z 16¢& 0.007 0.001 1.65 ND ND 0.03¢ 0.20¢ 1.0z 0.2¢ 0.047 60.7 0.12¢
GW3 6.53 65.8 34.7 296 414 120 241 515 0.159 21.02.74 1.15 0.134 0.141 119 036 0.086 582 0.372
Swi 87.3 2491 4460 317 128 640 137 0.480 0.307 O0.1RD ND 15.9 045 025 408 0035 74 1.82
SWz 97.¢ 269C 491C 32¢ 123 687 10z 0.07¢ 0.00: 0.2t ND ND 16.7 0.3¢ 0.2 4.37 0.032 2.7 1.8<
SWz 144 354 631 45¢ 34.€ 102 93.z 0.00¢ 0.00z 0.7¢ 0.121 ND 20z 005z 011 0.71 0.02:¢ 24 0.36¢
Sw4 258 134 145 7.60 227 205 90.7 0.029 0.06106 ND ND 0.028 0.132 0.10 0.12 0.023 24 0.131

ND: not detected, concentrations below the detedtinit of the analytical method
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Table 14. Chemical analytical results of water daspollected in Soc Trang Province in November3201

Sample ID K Na Cl Mg Ca SO4 HCO3 Fe(ll) Mn NO3 NO2 NH4 Br F PO4 BO2 Ba  SiO2 Sr

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L me§¢ mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L giL mg/L
ST1 12.4 132 232 416 452 178 428 0.017 0.168 7 7.87.39 ND 0086 0.387 068 115 0.062 279 0.485
ST3 9 547 172 321 452 487 357 0.006 0.066 2.71.97 ND 0059 0326 093 036 0.164 37.7 042
ST4 5.7 6C 8.2 182 264 27.% 28t 0.04t 0.131 3. ND ND 0.02¢ 0.20¢ 0.7¢ 0.34 0.05¢ 35.& 0.22¢
ST7 9.7 224 31z 16.4 18 16C 50 0.00¢ 0.1z 0.10¢ 0.17¢ 6.7¢ 0.107 0.62¢ 24¢ 154 0.07¢ 23t 0.18%
ST11 117 151 171 31.: 35.€ 21¢ 36C 0.01: 0.09¢ 17.z ND 0.01 0.06¢ 0.25: 0.3¢ 1.07 0.03z 21.z 0.40:t
GW1 24.9 159 31.3 55 79.1 416 415 0.028 0.111 12.31.8 11.2 0.115 0.023 0.52 1.8 0.039 17.8 0.791
GW2 4 32.2 9 10.3 149 274 167 0.009 ND 142 0.04801 0.019 014 1.09 022 0.051 477 0.131
GWS3 6.2 63.6 351 29.8 399 119 250 0.341 0.154 10.0 ND 289 0.125 0.155 0.08 0.29 0.075 44 0.382
Swi1 41 269 357 848 8.4 16 60 2.62 0.013 452 NDD.0O4 0.09 0241 051 0.13 0.005 10.1 0.063
SW2 1.9 9.6 119 373 115 7 51.9 0.784 0.017 0.314D 0.03 0.004 0.016 014 0.03 0.014 86 0.066
SW3 1.8 6.9 7.9 3 115 4385 46.3 0.13 0.002 2.06 NDND 0.011 0.09 0.07 001 0.026 7.8 0.062
SW/4 2.7 9.t 101 57¢ 11z 11 55.7 0.33¢ 0.00¢ 1.8t ND ND 0.02¢ 0.15¢ 0.17 0.0¢ 0.00¢ 8.6 0.06¢

ND: not detected, concentrations below the detedtinit of the analytical method
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Groundwater

The CI contents in groundwater samples collecte8do Trang Province in both dry
and rainy season are below the Vietnamese TechRiegllation for groundwater of 250
mg/L (see Table 13, Table 14 and Figure 11). Thec®@centrations range between 0.02 —
409 mg/L in the dry and 2.74 — 416 mg/L in the yageason (see Table 13, Table 14 and
Figure 13). This is not much different from the 2 20ncentration range of fresh water in.gp
aquifer with 0.39 — 436 mg/L (Report on AssessnoériEroundwater Resource in Soc Trang
Province, DWRPIS 2010). Only GW1 showed ;S&®ncentrations (409 and 416 mg/L)
slightly exceeding the guideline value of 400 mg/L.

The NH,; concentrations in groundwater samples collectednfrthe IGPVN
monitoring wells and private tube wells in both @dryd rainy season were not detected or did
not exceed the Viethamese Technical Regulatiomgfoundwater of 0.1 mg/L. Groundwater
samples ST4 and GW1 in the dry season were congdedirby NQ with concentrations of
30.7 and 25 mgl/L, respectively (Figure 17). Thise=ds the level stated in the Viethamese
Technical Regulation for groundwater of 15 mg/L.avehile, only one groundwater sample
taken in the rainy season (ST11) shows a WM@nhcentration exceeding the guideline value.
The NG concentrations in ST7, ST11, and GW3 in the drgeeand in ST1, ST3, and GW1
in the rainy season are 2 — 12 times higher thanviletnamese Technical Regulation for
groundwater of 1.0 mg/L.

Generally, heavy metals and trace elements weredatdcted in water samples
collected in Soc Trang province or are observddvaiconcentrations.

4.2.3. Stable isotopes analysis results

The stable isotopic compositioB®H ands'®0 (in permil (%o) difference iAH/*H and
80/*°0 ratios between the samples and the Vienna Stwidean Ocean Water (VSMOW))
were determined for water samples from Soc TrangiRce. Thes’H and3*®0 values of the
groundwater ranged from -47.7 to -34.7 %o and frém82 to -3.77 %o in dry season and from
-47.7 to -34.2 %o and from -7.01 to -3.84 %o in raggason, respectively; and those of the
surface water ranged from -54,5 to -14,5 %o and fr@m1 to -0,44 %o in dry season, and
from -53.5 t0 -35.8 %o and from -7.31 to -4.7 %o &y season, respectively (Table 15).

The stable isotope composition of water samplelec®ld in Soc Trang Province are
shown in Figure 18 in parallel to the Global Metedater Line (GMWL) derived from the
equation:5°H = 8.2* 5'%0 + 11.27 (Rozanskit al, 1993) and the IAEA/WMO Global
Network for Isotopes in Precipitation (GNIP) datt for Bangkok from 1968 — 2009. The
stable isotope compositions of rain water samptéleated in Soc Trang Province using a
rain collector installed at the Soc Trang DONRE als® included in the graph. Rain water
sampling period was from July to November 2013. Wager samples collected in the rainy
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season are indicated by unfilled symbols and theptes collected in the dry season by filled
symbols of the same color. Groundwater and suneaer samples assigned with the same
color indicate their close sampling location. Thiabte isotope analysis results of water
samples collected in the Mekong River Delta (SouthBlain) in frame of the IAEA
VIE/8/003 project are shown on the graph by thellsdaaik red unfilled circles.

Table 15. Stable isotope composition of water saspbllected in Soc Trang in 2013

Sample 4/2013 11/2013
ID dro SD dH SD dco SD dH SD
ST1 -6.68 0.05 466 06  -6.65 0.02 455 0.1
ST3 517 0.05 408 01 513 0.18 399 07
ST4 4.72 0.06 382 02 46 0.13 373 0.6
ST7 6.34 0.02 455 02  -6.33 0.17 441 06
ST11 6.76 0.02 464 02  -6.75 0.12 464 05
GW1 6.82 0.13 477 04 701 0.13 477 0.6
GW2 3.77 0.04 347 02  -3.84 0.11 342 05
GW3 -6.31 0.05 468 03  -6.48 0.06 472 05
SW1 -0.44 0.14 145 03 47 0.05 358 0.3
SW2 5.30 0.09 417 05 731 0.07 535 02
SW3 711 0.07 544 03  -7.25 0.12 531 08
SW4 7.04 0.10 545 04  -6.27 0.08 461 02

From Figure 18, it is clear that the rain water gkas collected in Soc Trang province
and the IAEA VIE/8/003 water samples locate aldmgBangkok Meteoric Water Line.

Generally, the stable isotope compositions of gdwater samples show little
differences between the dry and rainy season itid@gc@o or a negligible dilution effect of
groundwater which might be caused by a direct hyldra@onnection with surface water.

Surface water samples except SW3 showed greatatiffes in their stable isotope
compositions between the dry and rainy season. a8\l in the dry season is shifted far
towards the direction of less negatd/80 values, displaying a strong enrichmentd@ that
may indicate a strong evaporation effect and amsign of seawater. However, this is not the
case in the rainy season. Sample SW2 in the drgose enriched ifO because of the
mixing between river and seawater at the estuamg $W3 and SW4 samples in the dry
season are depleted in stable isotopes comparerg tb sample SW2 indicating a lesser
effect of salt water intrusion from sea water.

The higher river discharge during the rainy seasaunses a decreasing effect of
seawater mixing at the estuary leading to a stredgction in the stable isotope compositions
of the estuarine sample SW2. Accordingly, the stabbtope compositions of sample SW2
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are equivalent to those of SW3 that was taken éurtipstream in Cu Lao Dung district. Only
surface water sample SW4 shows a higher stablepeotomposition in the rainy season
compared to the dry season.

10 -

© |AEA Project VIE/8/003
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Figure 18. Stable isotope compositiofts, *°0) in water samples taken in the rainy (unfillechbypls)
and dry season (filled symbols) in Soc Trang Prowim 2013. Rainwater samples were collected
from July to November 2013. Groundwater sampletectgdd from the IGPVN monitoring wells are
indicated by circles and groundwater samples daltedrom private tube wells are indicated by
squares; surface water samples are indicated bgndgviriangles.

Groundwater samples ST1, ST11 and GW1 in both d iny season show a

similar stable isotope composition being placedngldghe Bangkok MWL. This might
indicate the meteoric origin of the correspondiqgiters.

The differences in stable isotope compositionsrinsason between ST7 and SW1
despite their close sampling locations indicatehpdraulic connection between groundwater
and surface water. Similarly, the differences abbt isotope compositions in the dry season
between ST4 and SW2 in Tran De district, betweeB &Td SW3 in Cu Lao Dung district,
and between GW3 and SW4 in My Tu district alsoéatk no hydraulic connection between
groundwater and surface water there.

The enrichment of?0 in the ST4 and GW2 samples to a higher degree ithzhe
SW2 sample (Tran De estuary) suggest that samfldsaSd GW2 might be located in a
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paleo-salinized area and the enhanced seawatasiorirthrough Hau River during the dry
season does not affect the adjacent aquifers.

4.2.4. Groundwater dating
®H activity of water samples in Soc Trang province

The*H activity of water samples in Soc Trang rangedrfioelow the LOD (0.46 TU)
to 1.05 TU and from 1.14 TU to 1.53 TU for grounderaand surface water, respectively
(Table 16).

The seven groundwater samples showligctivity below the LOD were most likely
recharged with water prior to 1953, or older thdhyears. The other four groundwater
samples witfH activity from 0.57 — 1.05 TU are a mixture of pesd post-1953 water. The
3H activity of surface water samples were quite loicating exchange process of surface
water with groundwater which has lowit activity.

Table 16°H activity of water samples collected in Soc Trangvince in June 2013

No. Sample ID 3H 5 (TU)
1 Q59801T 0.94 £0.22
2 Q598020 <0.46
3 Q59804T <0.46
4 Q598030 <0.46
5 Q598017 <0.46
6 ST3 0.57 £0.49
7 PW1 <0.46
8 PW2 0.6+0.4
9 PW3 1.05+0.22
10 PW4 <0.46
11 PW5 <0.46
12 SW5 1.40£0.48
13 SW6 1.53 +£0.40
14 sSwW7 1.14£0.42

Groundwater dating in Soc Trang usiti§

The *C age of groundwater of the gp and n aquifers mrfgem 10,700 years to
22,500 years and from 15,300 years to over 40,@a@sy respectively (Table 17).

Among the seven groundwater samples froms@guifer, the two samples collected
from My Xuyen and Long Phu WTPs showed younger dgas the others, indicating that
younger (ground)water from the upper layers maydb@wvn down as a result of over
exploitation at those WTPs and that vertical comtation from the surface may eventually
occur. This may imply that the abstraction ratéhase wells exceeds the potential reserve of
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the aquifer. However, this can be confirmed by ahmuonitoring data fot“C to see whether
there is any decrease in groundwater absolute aagka closer assessment of groundwater
level behavior to see whether there is any suddenease in groundwater level.

The other three production wells did not show abrally younger ages, indicating
that the aquifers are completely confined, with mgdrogeological windows apparent;
thereby, reducing the risk of overlying youngerevab percolate into the lower lying aquifer.
Still no information about abstraction rate caririferred from these dating results.

Among three National monitoring wells of n aquifére well Q59804T (f2) showed
much younger age (15,300 years) than the otherl®,vpeobably because the well was not
perfectly sealed off and younger water from ovedyaquifers could leak down into the well,
or the casing could be cracked. It might also bssiide that this well is part of different
aquifer.

Table 17 C, *C activity and groundwater age in Soc Trang pra¥inc

Analytical results

No. Sample ID
813C (%o) 14C (pmC) Age (year)

1 Q59801T -15.5 98.8+0.3 < 100 year
2 Q598020 -13.1 55+0.5 22,500
3 Q59804T -10.2 10.6 +0.3 15,300
4 Q598050 -11.4 04+0.2 > 40,000
5 Q598047 -13.7 1.4+05 34,000
6 ST3 -13.3 8.7+0.5 18,800
7 PW1 -14.1 6.4+04 21,800
8 PW2 -8.2 155+0.3 10,700
9 PW3 -9.3 12.4+0.4 13,400
10 PW4 -12.7 8.8+0.5 18,400
11 PW5 -13.0 9.7+0.3 18,000

4.2.5. Groundwater flow direction and groundwater tansit velocity

Static water level monitoring data from Nationalmiioring wells of the gpzaquifer
in Soc Trang province provided by DWRPIS were del@@nd input to ArcGIS to draw a
contour map (Figure 19). The groundwater flow diggcin the gp.z aquifer was defined as
the direction from higher water level to lower wdtvel indicated by the arrows.

Based on thé“C dating data of the gpaquifer and the apparent groundwater flow
direction, three sampling locations (LP, MX, VC)rasponding to the production wells at
Long Phu, My Xuyen and Vinh Chau WTPs were usedetermine the groundwater transit
velocity basing on the following criteria:
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- Groundwater flows from the location of higher wakevel to the location of lower
water level
- Groundwater flows from the location of younger &g¢he location of older age

The groundwater transit velocity in the,gpaquifer located in Soc Trang Province
was calculated by considering the distance betvessi couple of sampling points (Long
Phu — Vinh Chau and My Xuyen — Vinh Chau, indicabgdthe red lines on the map, see
Figure 4) and the differences between i@ ages of the water samples there. Accordingly,
the groundwater transit velocities in the;g@quifer between Vinh Chau and the other two
WTPs were 2.3 m/yr and 7.8 m/yr, respectively.

Legend
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Figure 19. Groundwater contour line and flow di@ttin qp.; aquifer in Soc Trang province
according to the monitoring data in 2005 from thatibhal Monitoring Network provided by
DWRPIS

4.3. Groundwater level monitoring results

The daily static water levels at 12:00 AM was fi#té out from the water level time
series and plotted on a graph together with thiy dainfall data at the Soc Trang station.
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Figure 20. Fluctuation of groundwater level at SPha Loc town, Thinh Ti district, Sé¢c Ting
province)

The groundwater level monitoring data of ST1 istoaous since April 2013 uptil
December 2015. During this period, groundwater llénas decreased from -7.34 m to -8.85
m; averaged at 0.55 m/year. The groundwater lévedufates by season and varies by rainfall.
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Figure 21. Fluctuation of groundwater level at A8 Thanh | commune, Cu Lao Dung district, Séc
Trang province)

The groundwater level monitoring data of ST3 istowous since April 2013 uptil
December 2014. During this period, groundwater llénas decreased from -4.67 m to -5.47
m; averaged at 0.29 m/year; expected to decreas®.9d m by Jannuary 2016. The
groundwater level fluctuates by season and tidghre.
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Figure 22. Fluctuation of groundwater level at SM4an Bé town, Tién D& district, S6¢ Ting
province)

The groundwater level monitoring data of ST4 istowous since April 2013 uptil
December 2014. During this period, groundwater liéxes decreased from -6.89 m to -7.7
m; averaged at 0.47 m/year; expected to decreaselfdo m by Jannuary 2016.
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Figure 23. Fluctuation of groundwater level at SThanh Pha commune, ¥ Xuyén district, Séc
Trang province)

The groundwater level monitoring data of ST7 isuailable from Jannuary 2014 to
December 18, 2014. Groundwater level has decreased from 618 -8.6 m by July 1%
2015; averaged at 0.77 m/year; expected to dectea89 m by Jannuary 2016.
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Figure 24. Fluctuation of groundwater level at STVInh Tan commune, ith Chéau district, S6c
Trang province)

The groundwater level monitoring data of ST11 istowous since April 2013 uptil
Jannuary 2016. During this period, groundwaterll&éas decreased from -6.48 m to -7.4 m;
averaged at 0.33 m/year. Similar to ST1, the grauaner level fluctuates by season and
varies by rain fall.

Among 5 monitoring wells in Soc Trang province, tireundwater level at ST1 can
decrease down to 9 m below sea level, meanwhieegtbundwater level at ST3, of which,
the lowest level was as much as 6 m below sea,levetuch higher than those at the other
monitoring wells.
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5. Observations and Conclusions

5.1. Groundwater reserve and quality of the gps

The groundwater level of the gphas been decreasing continuously since April 2013.
The average decreasing rate was 0.29 — 0.77 m/ijeargroundwater level varies by seasons
and tidal regime.

Generally, groundwater of the qp2-3 shows good iyaho heavy metals, trace
elements were observed. Therefore, groundwateneofjp2-3 can be extracted for domestic
water supply with relevant water treatment techgglapplied. The influent water quality
should be monitored continually due to the variatid chemical components by time.

5.2. Salt water intrusion

The stable isotope composition of water sampleteceid in Soc Trang in 2013
showed that salt water from the sea was going egstrto some exten on Hau River during
the dry season but it did not affect the adjacqotfars.

5.3. Groundwater source, recharge and the surfaceater — groundwater interaction

Major ions and stable isotope data of both groundwand surface water samples in
dry season showed no hydraulic connection betweeniters and the corresponding aquifers
in Soc Trang province. Any recharge from surfaceew#o aquifers in Soc Trang should
occur outside the vicinity of Soc Trang provincent groundwater sampling points are
located in previously occurred salty area.

5.4. Issues related to the centralized Water supplstation

The pump rate at the two water supply stations fMiyen and Long Phu districts)
were exceeding the maximum sustainable yield oathgfer and contamination from surface
water may eventually occur. It is necessary to r@btihe pump rate at these WTPs to prevent
any possible contamination.
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6. Proposal of the Recommendations and Solutions rfaGroundwater
Management in Soc Trang province

6.1. Review and assessment of the implementation ¢fgal documents, secondary
regulations in water resource sector

According to the "Review of the groundwater resesrenanagement in Soc Trang
province" implemented by CTU and Soc Trang DONRR045, the management apparatus
and the legal tools for groundwater resource mamage are tightly set from the central to
local levels. The legal documents, secondary reéiguis in water resources sector in general
and groundwater in particular have been issued ruthdeauthority by the Government, the
MONRE and Soc Trang PPC; and were implemented ly T8ang DONRE (see Section
1.2.3). Therefore, Soc Trang DONRE should conduatedew and evaluation of the
implementation of those documents to clarify angadivantages to overcome in the near
future; propose orientations and implementatiom.pla

6.2. Water resources planning

The project "Planning for groundwater resource eixglion, utilization and protection
in Soc Trang province to 2020" was completed in®R@hd was approved by the Soc Trang
PPC in the beginning of 2011. To date, the resflthis planning is still being applied as a
basis for management of groundwater exploitatioansing in Soc Trang. In the context of
seriously increasing drought and salinization i fhekong Delta; and the provisions of the
Water Resources Law dated on 21/06/2012, the @ircd2/2015/TT-BTNMT dated on
29/9/2015 of the MONRE regulating water resourdasming techniques; the Soc Trang PPC
should carry out a general water resources plansaigmit to the MONRE for comments
before submission to the Provincial People Coufarilapproval. In details, surface water
resource planning should be newly carried out; gdowater resource planning since 2010
needs to be adjusted and supplemented. Analysis\aidation of the implementation of this
planning are needed to point out the contents tadjasted and the factors affecting the
planning adjustment.

The general water resources planning will be trasbfor the Soc Trang DONRE to
perform the tasks of water resources managemegipitation licensing and allocation.

Currently Soc Trang is carrying out the projectafitiing for surface water resource
exploitation, utilization and protection in Soc fMgaprovince to 2020, orienting to 2030"
(currently processing the survey data, collecteth,daunning the water quality model,
topographical mapping of some major rivers), whghxpected to be completed at the end of
2016 and will be sent to MONRE for comments ancdh{tseibmitted to the Provincial People
Council for approval.
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6.3. Specific tasks regarding to water resouces piaing
Groundwater exploitation licensing

In the mean time while an updated water resoypta®ing is not yet available, the
Soc Trang DONRE still has to apply the groundwagsource planning 2010. However, the
groundwater resource exploitation licensing shdadddone with the following remark: limit
the abstraction rate in the gpaquifer, especially in Thanh Tri, My Xuyen, Vinhh&u
districts where quick drawdown of groundwater lsvate observed as a monitoring result of
the IGPVN project (see Section 4.4).

The Soc Trang DONRE needs to review and sum ughallicensed abstraction rates
for each aquifer. The newly granted licensing of mgoundwater abstraction works must not
exceed the sustainable yield of each aquifer. Hewethere still may be the case when the
actual abstraction rate did not exceed the sudiknaeld of the aquifer but still resulted in
groundwater level drawdown. This demonstrates thednto investigate, evaluate and
calculate the sustainable yield of the correspandiguifers; and the need to cut down the
abstraction rate.

The Soc Trang DONRE should notify the District Feopommittee on groundwater
dynamic in their district and request for coordingtin management and supervision of the
gp2-3 exploitation restriction.

Investigation for updates of groundwater explodatand utilization

The Soc Trang DONRE should conduct an investigatmnupdate groundwater
exploitation and utilization in the whole provin@ssess the implementation of the Decision
No. 11/2008/QD-UBND dated on 14/4/2008 issued leySloc Trang PPC on registration for
groundwater exploitation and utilization at houddtszale.

The Soc Trang DONRE should introduce concrete mreasto end the household
arbitrary drillings (many households drilled terismells, one new well will be drilled as soon
as the previously drilled well is dry out); for emple, the PPC should issue regulation on
administrative punishment for household arbitramilidgs, requirement to fill up any
household tubewell that is no longer in use bediviléng any new well.

Budget allocation is needed to support local petpl#ll up abandoned wells, saline
wells those are no longer usable; supervision df filleng up is needed to assure that it is in
accordance with the relevant regulations and stasd@ecision No. 14/2007/QD-BTNMT
dated on 4/9/2007).
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Water resources Allocation

The Soc Trang DONRE should allocate water resouacesrding to the following
priorities: 1) water for domestic use; 2) water fagricultural production; 3) water for
aquaculture; then for other purposes.

Water for domestic use must be guaranteed by destabter supply from the
centralized water supply plants. The Soc Trang Bfslild develop a plan for construction of
water supply plants in the province which points bow many water supply plants are
needed to meet the water demand. There should lapiopriate roadmap to completely
switch from household tube well water to tap wated rainwater. The local people should be
encouraged and supported to switch to tap watezry @hso need to be trained how to collect,
store and handle rain water for domestic use apgasted instruments for that. It is advisable
to develop distillation technology using solar gyefor surface saline water treatment for
domestic water supply during dry season.

Fresh aquifers should not be exploited for agnizeltand aquaculture uses and should
be reserved for domestic use. Water from the sajtyfer can be exploited and used for this
purpose provided that the wells are registerediaadsed and the water is consistent with the
salinity tolerance of plants and animals. The Smng DONRE should control the pumping
rate that is allowable for the saline aquifer arekenpublic the water quality data. The Soc
Trang DARD and the relevant agencies should adgwesple how to use saline water for this
purpose (direct use or mix with other water sources which plants and animals fit this
water source.

The local people should use surface water for afjul production and aquaculture
with the following note: water should be taken @t Itide not at high tide to minimize the
tidal impact. For this, people not only need to enstand the tidal regime, but also need to
actively update the weather forecast and salimitgdast for the river system to accordingly
make their own irrigation plan. The Soc Trang PRGutd make policies to develop scientific
irrigation technology to help save water and ensuvop yields.

Protection of fresh/slightly saline aquifers

The fresh deep aquifers need to be conserved tagtegsc water reserve for domestic
use and for prolonged drought or extreme watercégarThe Soc Trang DONRE should
restrict groundwater exploitation licensing for theep aquifers (gpn?, nab).

Additionally the Soc Trang DONRE need to investgand make a list of the
abandoned wells (broken, saline, not usable anyempand make plan for filling up those
wells. Appropriate policy is needed to support lieal people on filling up those wells and
the well filling up should be supervised to assheequality.
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The Soc Trang DONRE should properly control thdidg quality. Drilling licensing
should be done adequately to assure the licensedcgindividual must have sufficient
equipments and technical capacity. While drillingvell, various aquifers/layers must be
tightly sealed off to prevent any leakage that mesult in aquifer contamination. The well
owner should report to the DONRE or the distriobgle committee about unusual problems
occuring while using the well so that those infotimra will be put into a factual record of the
corresponding drilling agency. The factual recadpen access so that people can refer to
any relevant information when selecting a drilliagency. The drilling license will be
revoked or will not be extended for the drillingeagy if the number of the broken wells in
their factual records exceed a certain number (plyss).

Management of saline aquifer

As mentioned above, the saline aquifers (ghy) @pe possible to be exploited for
agricultural production and aquaculture if and dhiye salinity is consistent with the salinity
tolerance of plants and animals. Moreover, therabson rate of the saline aquifers regarding
this purpose must be tightly controled.

The saline water is not suitable for domestic istha MOH guideline value for Cl in
domestic water is 250 mg/L. Therefore, the Soc GrddONRE should disseminate
information on saline aquifer to the local peopleptevent and stop drilling into the saline
aquifers for exploitation of groundwater for domesise. There should be an appropriate
roadmap to completely switch from household tub# water to tap water. The residents in
the saline aquifer areas should be encouragedupmbded to switch to tap water. They also
need to be trained how to collect, store and haradfewater for domestic use and supported
instruments for that.

The saline aquifers should only be exploited by tater treatment plant with
appropriate treatment technologies, using nanafiiin (NF) membrane in combination with
reverse osmosis (RO) or distillation. The pumpiatg rmust be tightly controled to ensure the
aquifers’ sustainable yield are not exceeded smadsto lower the groundwater level or
enhance the salinisation process. The Soc Trang REDNhould update the annual
monitoring data of groundwater dynamic and adjust ticensed pumping rate of the
corresponding water treatment plant. The Soc TR2RA@INRE needs to coordinate/consult
DOST to learn about saline water/seawater treatrtemitnology to qualify their licensing
capacity and supervising capacity on the operaifdhe corresponding water treatment plan.
Especially when all the water sources (includingfaxe and groundwater) in Soc Trang
province are affected by salt water intrusion, thika only solution is to build up the
centralized water treatment plants of saline wséewWwater treatment technology. A rational
development orientation is to build up centralizgdter treatment plants of saline water
treatment technology using influent water of altgive surface water/rainwater and saline
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groundwater to ensure stable operation; increaginigjice water/rainwater exploitation during
the rainy season from May to November. It is rec@nded to facilitate the water supply
company to build up rainwater harvesting system sesrvoir to cut down groundwater
pumping rate during the rainy season; and to develistillation technology using solar

energy for surface water treatment to cut down iggewater pumping rate during the dry
season. The Soc Trang PPC should direct the wapgiyscompany in Soc Trang to update
water treatment technology and prepare for the; gater treatment plants to switch to saline
water treatment technology.

Artificial recharge

In the mean time when a detailed guideline of tf@NNRE on artificial recharge is yet
available, the Soc Trang DONRE together with thstrdit People Committee and the
communal People Committee should make plan for gt ticontrol on this issue in
combination with awareness raising for the locabpte to avoid "spontaneous recharge":
people let rainwater and surface water runoff frefdw into the wells leading to risk of
serious pollution.

The Soc Trang DONRE should cooperate with the DO&FEearch institutes,
universities to do research and development orfexqaitificial recharge in accordance with
the specific conditions of Soc Trang province. Bwc Trang PPC should have guidelines
and policies to encourage this activity: call fovestment from the Soc Trang water supply
company, industrial zones and water stakeholder® $oc Trang PPC and Soc Trang
DONRE should actively seek for any external resesyceither scientific, technical or
financial resources to implement this solution.

However, artificial recharge is recommended foglé@rm measure. Currently, under
the context of severe drought and salinizationhim Mekong Delta, this measure does not
have high priority as any water source that mayubed for artificial recharge should be
allocated for domestic use. Moreover, artificiatirarge requires a recovery step to pump out
and treat the previously recharged water and tbegefit is not cost effective and not
appropriate for Soc Trang at current state.

Groundwater monitoring

In phase 2 of the IGPVN project, 5 groundwater rtavimg wells of the gps aquifer
have been built in 5 districts of Soc Trang proeimnd groundwater monitoring started since
April 2013 (see 3.4). After taking over the monimgr wells, the Soc Trang DONRE should
develop an annual monitoring plan and submit toRRE to apply for funding. Monitoring
data should be taken regularly for every 3 mon8ismiultaneously, the monitoring wells
should be inspected during each visit to detect@oplem occurring, develop maintenance
plan and submit for approval. Details on the maiatee of the monitoring well are outlined
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in the "Short list for implementation of maintenanfor groundwater monitoring works" by
the IGPVN project based on Article 13 Circular TH3/TT-BTNMT and handed over to the
Soc Trang DONRE along with the monitoring wellst@ks as follows:

* Regularly clean, clear up the surrounding areatlh@entrance to the monitoring work
to ensure a safe and convenient performance ahtiretoring task.

» Check the protection fence, gate and lock of tha@itodng work; lubricate, repaint,
repair, replace if necessary.

* Check if the basemen of the monitoring well siok$looded, then it should be lifted
up to a reasonable extent. If necessary, the waellgnd the well protection tube must
also be lifted up and the atteched benchmark neutgveled again.

» Check the signboard, the well protection tube, @ag lock. The signboard must be
kept clean to clearly see the printed text. Wellchenust always be closed tightly. The
well protection tube, cap and lock must be repaireglaced promptly if they are
rusted or damaged.

* During pumping for water sampling, if the watemised with mud and/or sand, then
the well depth is very likely to be silted up; lilet output flow rate is too low, then the
well screening is very likely to be clogged. Instisiase, it is recommended to flush the
well to restore its depth and clear up its scregnin

* The depth of the monitoring well should be checkedry 3 months to immediately
detect the sedimentation at the bottom of the aebbstacles falling into the well, if
any.

e The monitoring well should be flushed every 3-5rgea

* If severe damage of the well casing is detecteat) ttecision on repairing or filling up
the well should be made.

6.4. Development of the Guidebooks on water resowgs sector

Currently, the Guide book on water resource managergior local authorities) and
the Guide book on water resource exploitationjzatilon and protection (for enterprises and
companies) are being compiled by the Soc Trang DBMRh the support of the IGPVN
project.

In 2012, the Soc Trang DONRE has compiled a Guatk imn management of water
resources - minerals (for local authorities) whidiified the legal documents and secondary
regulations in order to provide basic knowledge andfessional guidance to officials in
charge of natural resources and environment maragerand officials of relevant
departments in the province. To date, there aredegral documents are enacted; therefore, it
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is in need to compile a guide book on water resmsimanagement based on some of the
contents of the previous Guide book to conform Wi new regulations in water resources
sector.

The Guide book on water resource exploitation,izatiion and protection (for
enterprises and companies) will be compiled in ordeprovide necessary knowledge to
support enterprises and companies in implementaifotne legislation in water resources
sector.

The project IGPVN has been cooperating with the $mang DONRE to compile
these two Guide books to release on schedule.

6.5. Strengthening the integrated water resources amagement, networking and
information sharing

Soc Trang is a coastal province which locates & rifost downstream part of the
Mekong River. The tidal regime of the East sea tnedhydrological regime of the Mekong
River have a great influence on groundwater regoafthe province. In the context of global
climate change and increasing drought and saltisian in the whole Mekong Delta, Soc
Trang province is one of the most heavily affecteda. Three estuaries in Soc Trang
province make good condition for sea water intmigiather inland causing many difficulties
for production and people's lives. Locating in duastal estuaries, tidal-enhanced saltwater
intrusion has affected large portion of the proeirarea. In some places, salty water can
intrude as far as 60 km inland. Meanwhile, drougleb occurs in Soc Trang more seriously
than in other provinces.

As a province of quite low per capita income anderneies are mainly from
aquaculture and vegetables, Soc Trang is facingynaifficulties especially in financial
resources while implementing the legislation inavaesources sector.

In order to overcome these difficulties and chaks)y Soc Trang needs to be
proactively connect with the neighboring provindasthe Mekong Delta, especially the
upstream provinces to share information on wateources, the right and responsibility to
protect inter-provincial river water and relatedsaerces (upstream protection forests,
riverbed sand ...); connect with the provincesdastal estuaries of similar natural conditions
to share information and learn experiences on watsurce management. The approach of
integrated water resource management, regionalag@kmanagement with a regional
coordination mechanism are especially in need.

6.6. Awareness raising on water resources

So far, water resource exploitation, utilizationdaprotection has been clearly
stipulated in the Water Resources Law 2012 and nwhgr legal documents as well as
secondary regulations. However, in order to engwese regulations will come to life and will
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be enforced, it is the responsibility of the auities to carry out communication for
dissemination of these regulations and policiethéopeople. Appropriate awareness raising
communication forms are necessary for each oljectder to promote the efficiency.

For the local people, the most effective form omoounication and information
dissemination is evidence-based. People will leabout the issue and gain deeper
understanding when witnessing the consequencesesfexploitation, indiscriminate use of
water resources which their neighbors are incurrirgn that, people will understand that it
is only a matter of time for them to become simil@tims.

For the school children, it is recommended to irdegrelevant content into the school
curriculum. The development of education matermelsvater resources for school children is
essential. This is one of the work packages thiagiisg implemented by the IGPVN project.

For students who are subjected to formal trainiraye basic knowledge, independent
thinking and problem-solving ability; it is recomnuied to facilitate to students to contribute
ideas and solutions for water resources issuesaiticplar and for natural resources and
environment issues in general. It is necessaryrémgthen the connection between the local
authorities and the students of Soc Trang provimbe are studying at various universities
across the country to make the students betterrstiaghel the current state of the local issues,
so that they will have better career orientatiod aan contribute to the improvement of the
situation in the province.
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