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Supporting Report
Chapler 1- Hydrogeological Conditions by Commune

CHAPTER 1 HYDROGEOLOGICAL CONDITIONS BY

COMMUNE

For all the 20 target communes, groundwater quantity and quality have been evaluated based

on the results of field measurement, sampling and laboratory analyses (groundwater quality
evaluation), drilling and pumping test (groundwater quantity). ' ' '

1;_1. Thai Nguyen Province
1.1.1 Hoa ThﬂOng Commune

(1) Hydrogeology - . _
The topography of the commune IS characterized by low hills. There are some hllls in-

~ the east, whereas there are some llmestone mountains in the south. The distance from .
o the western part to the Cau River is about 2 km. ' o

* There are three (3) aquifers in Hoa Thuong Commune as follows:

» Quatemary unconsolldated deposns (Q) w1dely exposed on the surface consrstmg
' of mixed clay, sand gravel, pebble elc. “with vanous geneses Thlckness ranges
~ froma few meters to 20 m. _ ' :
- Tnassu: terrigenous sedlments (T) burldmg up the eastem srde of the hlll composed
of sandstone, srltstone, claystone with bedded structure. '
. Carbomferous‘Penman carbonate rocks (C-P), wlnch are unconfonnably overlam_
- by the Quaternary deposits, consrstlng of thick- bedded massive, strongly fraclured
' hmestone The aquer has hlgh capac1ty of yleldlng groundwater o

(2) - Groundwater Ievel | , |
. Groundwater levcls of 10 exrstmg Wells were measured in Septernber 1998 Thc
| measured 10 wells show the depth to groundwater level ranges between 1. 63 and 6. 80
; m. Shallow groundwater leVels w1thm 3. 0 m from lhe ground surface were detected at 8
wells - ' '

o | The é‘:lat:ie groundwaterlevel of the test well was 310 m from the ground surfaee in June

141
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EC values are lower than 50 mS/m in north of the commune, but in the southern part EC '

Groundwater quantity : .
The pumpmg tests carried out at JICA-2 well having 92 m of well depth T he screens
were installed in the depths from 24 to 32 m, 56 te 64 m and 76 to 88 m in limestone

aquifers.

The pumping test shows that the yields and d_.rawdowns in 4 steps are as follows:
Qi =250 ¢min  $;50.55m

Q; =500 £/min $51.32m

Q3 =750 f{/min  $52.21 m

Q4 = 1,000 £/fmin $433.76 m.

The diseharge of well is 1,000 ¢/min in accordance with the final drawdown of .5.5'5 m,

“The dlscharge of the test well shows that the llmestone in Hoa Thuong Commune has
very hlgh productlvrty The limestone aqulfers in Hoa Thuong is prospectrve for water
supply. ~The optimal yield of the test well is evaluated as 1000 rnalday wrth a

penmssrble dynamlc groundwater level of 10 m from the ground surface .

Groundwater quality
Existing welts (see Flgures 1.1t01 3)

* values show more than 50 mSlm The pH values of groundwater vary from 6.29 to
-7.18. The groundwater having more than 7.0 in pH was found from the northeastern

. _Accordmg to the results of chemical analyses only one hand-dug well has hlgher TDS. 3

part of the commune, The DO content is low, rangmg from 1 6 to 3 9 mg/E The ORP _
values are also low ranglng frorn 48 to 87 rnV '

The Stlff dlagrams show that the groundwater in the central to northwestem part is Ca- o

HCO3 type, but in the eastern part it shows Ca-HCO3-SO4 type

- value more than the standard (mVestlgated well HT-9 TDSSI 181 mg/f)

2

'Test well _ - _ _
The result of chemical analyses of groundwater from the test well (JICA-2) show that T
_only the contents of total ifon and | manganese are hlgher than the Vretnamese and the :

WHO standards for drinking water,

12
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(5)

Total Fe = 5.15 mg/¢ (Vietnamese standard $Fe50.5 mg/é)
Mn?*50.392 mg/¢ (Vietnamese and WHO standard Mn?'50.100 mg/é).

' Evaluation

It is better to drill production wells in the Carbomferous Permian carbonate rocks (C- P),
because the - Carboniferous-Permian carbonatc rocks have higher groundwaler
productivity than the Triassic terrigenous sediments. '

The groundwater quality in Hoa Thuong Commune is generally good for water supply,

~ but the treatment for iron and manganese reduction will be nccessary to use the test well

water for drinking water supply.

112 bong Bam Commune

(1) Hydrogeotogy

“The topography of the commune is rather flat. There are some tow hills in the north

‘ w1th elevation difference of about some tens meters. The drstance from the western part

of the' commune to the Cau RlVel’ is 300 .

' 'I'her‘e are the fo_llowing three (3) aquifers in Dong Bam Cot‘nr'nune:

w Quaternary unconsolidated deposits (Q) distributed in the ﬂat terrain and along the

" Cau River, consrstlng of mixed clay, sand, gravel, cobble, with poor soriing. There

" are various geneses such as alluvial, eluvial and dr[uvral Their thickness vanes

-~ from few meters to 20m.

Cwm Triassic terrlgcnous sedtments (T) burldmg up the low hills in the north. The hill -

~ located north of the drilling site is composed of brownish gray to yellowish gray
'sandstone and stltstone with bedded structures The Tnassw terrigenous sediment

' has low groundwater potential. -

g --_. ‘Carbomferous- Permian carbonate rocks (C—P) are- underlrng with unconfomuly

' -'.be!ow the Quatemary deposrts They consist of light gray to blackish gray -

Lo , 'lrmestone The rock i s massive and has thlck bedded structures. In the rocks there

i are. calcue Vems showmg vanous dlrectron The rock is strongly fraciured. The

L -'fractured are stamed w1th browmsh oxrdrzed iron. Karst cavrtres are met at various
- depths The groundwater potentral in the lrmestone rs farrly good

_ 'The ) ICA 1 test well was drrlled in the Carbomferous—Permran carbonate rocks. Durlng

.t"the Well development the Ioose materials frlhng wrth the opening spaces of limestone

'.;-1'-3
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were pumped out, then the activity caused ground collapse, cracks in the cement
foundation and walls of surrounding residential houses. The JICA study team decided
to stop the pumping,.

Groundwater level

Groundwater level of 11 existing dug wells and two (2) tube wells were measured in

September 1998. The measured 13 wells show the depth to groundwater level ranges
between 0.30 and 5. 66 m. Shallow groundwater levels within 3.0 m from the ground

: surface were detected at 7 wells.

Groundwater quantity -

The test well in Dong Bam Commune had a depth of 100 m in lrmestone aqurfer The
~ screens have been mstalled in depths from 40to 72 m. In the time of well developnient,

the pumping rate was 900 #/min, but the well dcvelopment was stopped because it
~ caused the sard darnages in the surroundmg area of the well |

Therefore, pumplng tests could not be performed however it can be sard that the

lrmestone in Dong Bam Communc has lngh productmty and is prospectrve for water
supply

(4)Groundwater qualrty
1) Existing wells (see Figures 1.1 to 1 3)

The results of the field survey show that the water of all hand dug wells and one tube
well (DB- 9) has hrgh quantity of coliforms. Coliform is not detected from DB-11 tube
~well, The pH values range from 4.94 to 6 83 Other characterlstrcs of groundwater_ :
: qua]rty are: ' '

EC from 1_1_'.42 to 112.8 mS/m

ORP from 48t0 87 mV .
Do from 2‘,6 t08.5 mg/e

~The results of chernrcal analyses of groundwater from 10 exrstmg wells shows that the. .
- The Wells havmg 10Wer pH values are
'DB-1 (pH55.24), DB;z_(pnss.az), DB-_4 (prtss'.ﬁz'i); and DB-5 (pHS6.37) @

Water of one hand dug well has TDS value higher the _Vie_tnamese standard (DB-S TDS

1-4
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_groundwater of 4 hand'dug wells has lower pH Values than the Vretnamcse standard BETIR
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51,234 mg/f). "The Stiff patterns arc large in the southern part of the commune, showing
Ca-HCO;3 type and Ca-SOj4 type. |

2) Testwell _
Due to the impossible to carry out pumping test, the groundwater sample from Dong
. Bam test well was not taken. But groundwater quality have been evaluated on the result
of chemical analyses of groundwater sample taking in the field survey. It is presumed
that the groundwater quality of the limestone aquifer is good for drinking water supply. |

(5) Evaluation | | -
- The Carboniferous-Permian ‘carbonate rocks in Dong Barn Commune has high |
- groundwater potential. In future it is possible to-obtain 1arge amount of gioundwater
when the well is drilled at suitable place not near from houses. The quality of
groundwater in DOng. Bam Commune is good and can be used for centralized water
supply system. For sclecting new well site, more attentron must be pald to the problem

_ of karst limestone to prevent ground surface collapse. ' '

11.3 'Thinh Duc Commune
(1) Hydrogeology o . : :
-~ The topography of the commune is charactenzed by low hlllS dlssected by small -
- str_eams._ There are the following two (2) aqurfers in Thinh Duc Communie.

a Quatemary unconsolidated deposits (Q) widely exposed sorface, consisting of clay,
| gravei sand of various geneses and a thickness varying from few meters to 20 m. _
= 'Triassic_ter'rigenous sediments (T) underlying with uﬁcOnfonnity the Quaternary-

deposits consisting of sandstone, siltstone, ciaystoﬂe, with bedded structure. Those
- 1ocks usually altemnate with each other. Volcanic rocks are also met in some place.

o The test well in Thmh Duc was drll!ed in Tnassxc temgenous sedlment The thickness

@ ' | - of Quatemary sedlments was 16.5 m. - Triassic temgenous sediments has very low

_ - groundwater-bearmg capacuy That Cis the reason why - the test well has low
pr‘oductlvuy A ' o '

E ,The result of chemlcal aualyses of groundwater from test well shows that groundwater '
: -quahty is good for dnnkmg watér and water supply

1-5
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Groundwater level _

Groundwater levels of 14 existing wells were measured in September 1998, The
mcasured 14 wells shows the depth to groundwater level ranges between 1.53 and 5.90
m. Shallow groundwater levels within 4.0 m from the ground surface were detected at
12 wells.

- The static groundwater level of the test well was 2.00 m from the ground surface in June
1999, |

Groundwater quantrty

In Thinh Duc Commune, the drilled test well has the depth 88 m. The screens were

installed in depth fro_rr_r 8to 16 m, 52 to 60 m, and 68 to 84m in Quaternary gravcl layer
and sandstone aquifer. The result of pumping test shows that the yields and drawdowns -
- in 4 steps are as follows: '

| 01530;0 ¢/min - 3154.37_111

Q;565.4 ¢/min = $59.50m
Q35102.0 #/min  $;514.72m
045_130.3 fmin 551880 m.

The dlschargc of the wcll shows that the sandstone i m Thinh Duc Communc has low

- groundwater productmty The optimal yield of the test well i is evaluated as 150 m /day
- when the penmssrble dynamic groundwater levels 1s set at 20 m from the ground
© surface. ' ' '

Groundwater qualrty

Existmg wells (see Figures 1.4 to 1 6) _
The field survey shows that EC values in the cx1st1ng wells are generally, rangmg from

~ 310 70 mS/m. The EC values are low in the southern to eastern parts of the commune, -
- whereas hlgher values were: detected in the northwcslem part. . " All the samples from- o ]
ex1st1ng wells havc very low pH values, rangmg from 4.47 to 5. 88 Pamcularly lower
~pH values were found from the cential to western parts.of the commune. Among 17
‘investigated hand dug we!ls groundwatcr in 13 weils is hlghly pollutcd by coliforms.
'OIhcr parameters are: : : '

: D_O fr'om 1.9 to' 6.1 mglf

ORP from 70 to 117 mg/é. -

VR

-



Supporting Report
Chapter 1 Hydrogeological Conditions by Commune

Results of chemical analyses of groundwater taken from the hand-dug wells shows that
the groundwater has very low pH values than the standard as follows:

TD-1 (pH55.62), TD-2 (pH55.49), TD-3 (pH55.63), TD-4 (pH55.39), TD-5 (H55.64),
TD-6 (pHS5.28), TD-7 (pH55.28), TD-8 (pHS54.97), TD-9 (pHS56.20), TD-10
(pH54.50), TD-11 (pH55.34), TD-1 (pH54.50).

Two exiting dug wells have higher Fe concentrations than. the Vietnamese drinking

- standard: TD-3 (Fe50. 505 mg/{) and TD-9 (Fe50.502 mg/¢). One exrsimg dug well is
_ contammatcd by Mangancsc (TD-12, Mn50. 642) '

~ The Stiff pattcms of the eXIStlng wells are small in size, but some samples show

- (NaIK) -S0; type.

2

Test well
The result of chemical analyscs of groundwater from the test well (JICA-4) show that

no_chemlca_l parameter exceeds the Vielnamese. and the WHO standards for drinking -

- water.

3

Evaluatlon
Accordmg to the hydrogeologlcal conditions, quallty and quanuty of ex1st1ng wells and

test well are ge_ncrall_y good. But the shallow groundwater has very low values of pH, |
that cannot satisfy the Vietnamcse drinking water standord The groundwater yield of
the test well is limited for piped water supply systems In future it will bé necessary to

- drill many procluct:on wells ‘for satlsfylng the estlmated groundwater demand. . For

- locatlng new well s1tcs it should be noted that the areas near the disposal site of Thai
Nguyen Clty, which is located in the nonhem part of the commune, should be avoided.

Becausc it seems that there havc bccn no measurcs to prevent secpage of dlrly polluted

o _water from the sﬂc Tcslmg the groundwater quallty of new- producnon wells will be

| neccssary
. _}'1'.-_1'.'4 : 'Na_m_ 'rieri- Co'rin'mu‘ﬁé

(1) Hydrogeology

The topography of the sntc is relatlvely ﬂat 'I'hcre arc thc follong aquers in Nam

Tlen Commune

w -'Quate'rna'r'y unconsolida;éd'deposits Q 'wiﬁely exp'os'ed on the surface, consisting

L :.. 1-7
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* Groundwater levels of 13 existing wells were measured in September 1998. The

(3)

of clay, sand and gravel of various geneses and a thickness varying from few meters

to 20 m, _ |
s Triassic terrigenous sediments (T), underlying with unconformity the Quaternary

deposits composed of sandstone, siltstone, claystone, Those rocks usually alternate

with each other.
The Triassic terrigenous sediments has very low groundwater potential.
It is better for Nam Tien commune to explore groundwater from the Quatemary aqurfer

than from the basement rock from the ‘viewpoints of quantity. According to the local
well company? it is said that there is a relatively higher grour_rdwater produetlve zone in

the northeastcm part of the commune having NW-SE dir‘ection crossing the Nati()nal '
Road No.3. However, the geophysical prospecting by the Study did not detect such :

structures in the basement rocks

Groundwater Ieve!

measured 13 wells- showed the depth to groundwater level ranged between 1,20 and _.
6.69 m from the surface. Shallow groundwater levels wrthm 3 0 m from the ground -

surface were detected at 9 wells

~ The static gr’oundWater level of the test well was 1.50 m from the surface in June 1999,

Groundwater quantity _ . o : o
The test well in Nam Tien (J[CA-3) was dnlled up to 100 min depth but the well depth

“was determined ‘as- 21.5 m due to the low groundwater productrvrty of basement 7
- sandstonie, The screens have been installed in the, depth from- 5 5 to 175 ‘m m the -
- Quaternary sediments and the upper part the weathered sandstone The result of step-_.' g

drawdown pumpmg test ShOWS the ylelds and dradeWns in 2 steps as follows

Q1548 pr $51.75m |
02596 E/rnin' B '32_53.65_m I

The discharge of wells shows that the Quaternary sed:ments m Nam Tlen Commuue'_’ L

_ as 100 m /day when the pemnssrble dynamlc groundwater level was set at iO m from he____ SR '
: groundsurface T S S o R _

1.8

“

“have also low groundwater potentlal ‘The optrmal yleld of the test well was evaluated o '
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Groundwater quality
Existing wells (see Figures 1.7 to 1.9)
The groundwater investigation was carried out at 13 wells in the commune. The

characteristics of th¢ groundwater quality are as follows:

pH from 4,39 t0 7.19

EC from 7.21 to 70.2 mS/m
ORP from 55 to 115 mV
DO from 3.0 t0 6.10 mg/f

The EC values are low in the western to the southern parts of the commune, showing
lower than 20 mS/m. The eastern part of the commune along the Road No.3 has higher .
EC values ranging from 40 to 70 mS/m. The pH.values are generally low in the
commune except onc tube well in. thc northeast of the commure. Among 13 |
investigated wells, there are 3 wells (NT-8, NT-10 and NT-11) having small quantity
(from 2 to 4 pes. /m!) of coliform. The other wells except wells NT- 12 and NT—13

. whlch were not tested, have many cohforrns

The resdl_ts of chemical analyses shows tha('the groundwater of all .ex:isting hand-dug

wells has low pH values lower than the standard. Oune tube well (NT-ll) has laboratory

| analysis pH value of 6.50 (the ficld measured value is 7. 19) Thc pH values of the dug

w:alls are

S NT-1 (pHS5.05), NT-2 (pH55.90), NT-3 (pH55.62), NT-4 (pl156.30), NT-5 (pHS5.38),
- NT-6 (pHSS.58), NT-7 (pHS6.20), NI-8. (pH55.90), NI-10 (pH55.00), NT-12

(pH54 60), NT-13 (pHS4 80).

Fe concentration was hlgher than the Vletnamesc standa:d at NT-9 dug well (FeSO 830
_mg/E) The values of the rest of the chemlcal pa:ameters are lower than the standard -

< .o values,

- The Stiff paftenis'of shallow groundwater show Na-CL-SO4 type -

-'_Test well | R Ly o
) The. result of chemlca] analyscs of gloundWatcr from the test well (JICA-3) show that '
" no chemlcai parameter cxcecds the Vletnamesc and the WHO standards for drmkmg
. waler. : ST

19
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Evaluation

In Nam Tien Commune, the Quaternary unconsolidated deposils (Q) and Triassic -

terrigenous sediments (T) have low groundwater potential. For future water supply,
several production well will be necessary, but their yield may be limited like the test
well, 1f new wells pump groundwater from shallow zone, the water may have lower
value in pH. One of the farget areas for additional production wells will be in the
northeastern part of the commune. To obtain groundwater from the Quaternary
sediments, the western to the southwestern parts of the commune may be better

| considering the thickness of the Quaternary sediments and the qualily of shallow

groundwater.
‘Ha Noi
Dong Ngac CommUne :

Hydrogeology R . i
The topography of the site is flat alluvial plam of the Red Rrvcr Delta There are

followmg aqutfcrs m Dong Ngac Commune:

Aquifer'i:s.in HoldCcr'rc sedir'nents (Q w) (First Aquifer)
Aquifer is in Middle- Upper Pleistocene (Q n.m) (Second Aquifer)

Between the above mentioned two (2) aquifers, there. is u'pp'r_':r Pleistocene aquitard

(Qu). The upper part of the Holocene deposits consist of clayey layers. - -

* According to the existing data, the ‘clcvétion of the top of the First Aquifcr rangcs from
25to 215 masl. The top surface of the First Aquifer becomes deeper towards northeast. _
The bottom elevation of the First - Aqurfer ranges from 215 to. 225 masl; - Thc top R
elevations of the:Second Aqurfcr rangc from 230 to 235 masl wh;lc the bottom -
~ elevations | range from 255 to 265 masl. - '

'Although the avarlable cxrstmg data of the aquifer charactenstrcs are ilmrtcd in the.' o
commune, the values of transrmssrvrty in the Second Aqurfcr rangcs from 800 to 1, 000 a

2/day

Groundwater Ievel

Groundwater lcvcls of 2 exrstmg dug wells were measured in October 1998 ’I'he lcvels '

110 -
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of the rest could not be measured because they were tube wells. The measured two (2)
wells showed the depth to groundwater level is about 0.8 m from the surface.

Groundwater quantity _

No test well was drilicd by the study. However, the quantily of groundwater can bc
estimated from the existing data. If the transmissivity of production well site is
assumed (o be 800 m*/day and the specific capacity is assumed to be 656 m%/day from
the 751.22 Sc relation by logan (1964), the computed drawdown is 2.0 m in Dong
Ngac well. Considering the present piezometric _hcad in the tafget communes, the
dynamic groundwater level of 25 masl (15 m depth from ground surface) can allow the |

- yield to meet the groundwater production. However, the permissible groundwater level

of the wells should be dctcnmned by. consxdenng an optimal groundwater basin

. management plan of Hano1 area..

@
1)

'Groundwater quality

Exlstlng wells (see Figures 1. 10to 1. 12)
The groundwater 1nv_est1_ga_tlon was carfied om at 10 wells in the commune. The

" characteristics of the groundwater qﬁal_ity are as follows: -

 pH from 6.42 t0 7.15
EC from 31,9 to 170.1 mS/m

ORP from 218 to 276 mV

- DOffom 5510 7.0 Omg/t

; __Thc EC valucs are Iow in the eastern par but high in the westcm pan 'Ihc pH values

are more. than 7.0 in thc western and central ‘parts, but the values tend to decrease

- towards south. Co]1fonn bacteria was detected from the two (2) dug wells and two (2)

- tubc wells Rcst of the tube wells have col;form free water

- The rcsults of chemxcal analyscs shows that threo (3) ex;stmg wells have TDS valucs

N morc than thc standard value Thc followmgs are wells havmg hlgher TDS values:

o _1")_16255'(}”3@51;730 m’g/g)_f, r‘)'N-sf(Ecs'i,ssojmgw)_, and DN_—’?(EGSiéS?fng/E) :

" }chcn (7) wells among thc chsngated 10 wclls havc hlgher Manganese concentratlon

| "‘above the standard ranglng from 0.429 mg/!.’ at DN 3 well to 19,374 mg/¢ at DN- 7 :

“well. Five (5) ex1st1ng welis have hlgher iron concentratlon above the standard, ranging
3 from O 588 to 1.875 mg/f “The-values of the rcsi of chcmlcal paramctcrs are below the

, 1-11 '



The Sludy on Groundwater Development In the Rural Provinces of
Northern Part in the Socialist Republic of Viet Nam

2)

(5)

slandard values.

The most samples of cxisting wells show Ca-HCO; type of water from the Stiff
diagrams.

Test well _
Exact groundwater quality of the Second Aquifer in the communé is not known because

'test well was not drilled in the commune, however, it is presumed that Fe and Mn

concentrations are higher than the standard values.

Evaluation . :

In Dong Ngac Commune a large amount of groundwater can. be pumped from the
Second Aqurfer. At present, the piezometric heads are above 0 masl. : However, it is
planned that production wells of the Cao Dinh well field will be constructed in the

commune near future. If the pumping operatlons are started, the plezometrlc heads and "

quality of the Sec0nd Aquer will be srgmt" canily affected. It is necessary to consider
the yields of those production wells as well as the designed well of the study to pICVel'lt

R land subsrdence and worsemng of groundwater quahty

122 Xuan Dinh Commune

M

Hydrogeoiogy : : : K
The topography of the site is ﬂat alluvual p]ain of the Red Rlver Delta There are

followmg aquifers in Xuan Dinh comn_lune

Aqurfer isin Holocene sediments Qw) (Frrst Aqu]fer)

Aqulfer is in Mlddle-Upper Plerstocene (Q o m) (Second Aqurfer) ¥ .

'Between the above mentioned iwo (2) aqulfers, there is upper Plerstocene aqultard '
(Qm). The upper part of the Ho]ocene deposns consrst of clayey layers '

' Accordrng to the eXIStlng data the elevatlon of the top of the Frrst Aqurfer ranges from

25 to 220 masl. "The top surfaee of the Flrst Aquer becomes deeper towards northeast o _
The bottom elevation of the First Aqulfer ranges from 210 to 225 masl The top.[-f-'- L
elevations of the Second Aqurfer Tange from 225 to 235 mast whlle the bottom_ =

' 'elevatlons range from 250 t0270 masl, ' o N

- Although the available existing data of the aquifer’-'charaeteﬁSt_iCS_:ar‘e'.lirn‘ite'd inthe =

112
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commune, the values of transmissivity in the Second Aquifer ranges from 800 to 1,200
2 :
m“/day.

Groundwater level

. Groundwater levels of three (3) existing dug wells werc measured in October 1998.

The levels of the rest could not be measured because they were tube wells. The
measured three (3) wells showed the depth to groundwater level is about 0.55 0 9.21 m
from the surface. It is found that the shallow groundwater levels have already declined

~ by the lowering of the piezometric heads of the deep aquifer.

‘Groundwater quantity |
* No test well was drilled by the study. However, the quantity of groundwater can be

estimated from the existing data.  If the transmissivity of production well site is
assumed to be 800 m*/day and the specific capacity is assumed to be 656 m %/day from
the T51.22 Sc relation by Logan (1964), the computed drawdown is 4.7 m in Xuan

~ Dinh. Considering the present piezometric head in the target communes, the dynamic
" groundwater fevel of 25 masl (15 m depth from ground surface) can allow the yield to
- 1eet the groundwater production. However, the permissible groundwater level of the.

wells should be determlned by consuiermg an optimal groundwatcr basin management

- ‘planof Han01 area.’

@
1)

Groundwater quality

'Exlst[ng wells (see Fugures 1. 10to 1. 12)
- The groundwater investigation was carricd out at 10 wells in the commune. The

characteristics of the groun_dwater quality are as follows:

pH from 5.05 t0 6.55

" EC from 6.61 to 123.8 mS/m

" ORP from 141 10 178 mV'

DO from 3.7 to 6.3 mg/¢é =

| TthC values are low in 'thé'caster'n part but high in the central part.: The pH values are

o gencrally lower than 6 0 and tend to decrease towards south, Coliform bacteria was -

SN found from the two (2) dug wells and even from four (4) tubc wells:

S | 'I'he rcsultq of chemlcal analyses shows that only one well satrsfy thc pH standard value.
A higher. TDS valuc of 1 271 mS/m was found at XD-5. ‘well. The followmg two (2)

.. wells have higher Mn concentratrons than the standard values: -
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XD-2 (Mn50.124 mg/€), XD-3 (Mn51.882 mg/¢)

Five (5) tube wells have higher Fe concentrations above the standard rangmg from 0 7
to 1.26 mg/£

- The Stiff diagrams show that some wells have Na-Cl type of water;- and the rest shows

2

®

o planned that production wells of the Cao Dmh well field will be constructed along the

Ca-HCO; type.

Test well

Exact groundwater quality of the Second Aquifet in the commune is not known becaisc -
test well was not drilled.in the commune, however, it is presumed that Fe and Mn

concentratlons are hlgher than the standard values

_ Evaluatlon

In Xuan Dinh Commune, a large amount of groundwater can be pumped from the
Second Aqurfer - At present, the piezometric heads are 0 to 210 masl. However, it is

. right side bank of the Réd Rrver near future. 1f the pumpmg operatlons are started, the

located 2 to 3 km from the commune, will give some impacts to the designed new well

piezometric heads and quality of the Second Aqulfer will be srgmﬁcantly affected.

Also the pumping operation of exrstmg Ngoc_Ha and Mai Drch well ficlds, those are

in the commune. lt is necessary to consrder the yrelds of those productlon wells as well "

as the designed well of the study to prevent land submdence and worsenmg of

13

1.3.1

RO

groundwater qualrty

' Ninh Binh Province

ven' Thang 'c'o'r'_nmune

Hydrogeology

_ " The topography of the commune 1s mamly alluvral plam There are several 1solated

small hills in the plam The southeastem part of the comrnune is srtuated on hllly area.

-There are two aqurfers in Yen Thang Comrnune S

] Quatemary aqurfer is represented by alluvral (rwer and marme) sedrments. They
are widely exposed on the surface The groundwater quallty of Quaternary deposrts -

4
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is not good: saline or brackish, and can not be used for water supply. Quaternary
aquifer has low groundwater capacitv.

s Middle Triassic carbonate aquifer is exposed on the west of the commune and
underlying Quaternary sediments. Carbonate rock in Yen Thang Commune has
high groundwater capacity, but quality of the water is not good for water supply.
But in the southeastern part of Yen Thang Commu'ne, where the Yen Thang lake is

-~ located, there are two deep wells and two springs from limestone (well-LK 12,
LK42, spring No 51, No 55) with groundwater of good quality.

The groundwater of wells has TDS from 0.21 to 0.23 g/f The: dlscharge of well No 12
(Yen Thang Lake) is 27.65 /s in correspondence with drawdown of 1.25 m. “The
discharge of well No 42 in the northeast of Yen Thang Lake is 7.7 £/s in correspo_ndence
with drawdown of 1.8 m. The spring No 51 in the south of Yen Thang Lake has the
dlscharge of 5. 49 #fs and the spring No 55 (west of Yen Thang Lake) has the dlscharge

) _of 95.35 Us.

In the central part of Yen Thang Commune the Middle 'Irrassu: hmestone has poor

N groundwater quality and can not be used for groundwater supply.

. Butin the southeastern part of Yen Thang Commune, the Mrddle Tnassrc hmestone has

- _good groundwater quallt_v

@

Groundwater level

Groundwater. levels of 18 exrstmg hand-dug wells were measured in September 1998.

_The measured 18 wells show that the depth to the groundwater. level ranges between
-0. 53 and 2.48 m. Shallow groundwater levels wrthln 2.0 m from the ground surface

were detected at 17 wells.

. The statlc groundwater level in the fest well was. 1 23 m below the ground surface in
March 1999. . |

Groundwater quantity : o _. |
' ..;.::_'_"The test well has a depth of 136 m The screens have been mstalled in the depth from

76 to 84 m, 92 to 104 m and 124 to 132 m in llmestone aqu1fer Lo

The step—drawdown pumpmg test shows that the yrelds and drawdowns in-the 4 steps

are as follows' i
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- (015120 £/min, - $510.83m

Q,5240 £/min, $2522.89 m
Q35360 #/min, $3535.77 m

015480 £/min, $4554.97 m.

The discharge of test well is 480 #/min in correspondence with the final drawdown of
54.79 m in the continuous pumping test. This discharge of well shows that limestone
aquifer in Yen Thang Commune has high productivity. The optimal yield of the teet

well is evaluated as 120 m*/day when the permissible dynamlc groundwater levels is set -

at 30 m from the ground surface.

Groundwater quallty
Existing wells (see Flgures 1.13t0 1. 15)

13 hand dug wells and 1 natural spnng were mvest]gated in Yen Thang Commune The '

results of field measurement are as follows:

pH from 5.93 10 7.47

EC from 6.13 to 213 m$/m
ORP from 13 to 216 mV
DO from 1.8 to 6.2 mg/¢

There are some wells havmg good quality of water, quantlty of colrform fanges from 0
(Y I‘-12 YT-13) to 41 pes./ml (YT—18) Permanent spring has a discharge rate’ about 20

¢fsec with 8 pes.f{ of coliform.” Other hand dug wells have many coliforms frorn about
100 to 400~500 pes./ml. Groundwater of some wells shows a very brown ¢olor; People _

use water from some hand dug wells oniy for washmg and bathlng but not for drmkmg

The results of chemrcal analyses of groundwater shows that the fOIIOW1ng 9 wells have Co

iron content hlgher than the standard value

YT ();F'e51 01 mg/é), YT-3 (EFeso 56 'mg/'f). YT-6 (SFes0. .6'.'15'- m"g/e)" 'i'r'r-?
(SFe51.8 mg/t), YT-9 (SFe50.95 mg/f), YT-10 (SFe50.615 mg/f), YT—lS (chsr 175_ —

nig/t), YT-18 (_S;Feso 615 mg/e) and YT-19 (zFeso 612 mg/r)

_ 'I‘wo hand- dug wells has sulfate content hrgher than standard‘ Y’l 3 (8045486 37 mg/f) ,.

- YT8 (3045415 88 mg/t).

: Amt}ng 10 han_d dug Wells, 6 hand dug wells have total dissolved sol_id (TDS) higher |

1-16
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than the standard: TDS varies from 1,025 mg/€ (YT-6) to 2,372 mg/# (YT-2):

Water of the hand-dug wells such as: YT-1 (TDS51,259 mg/f£), YT2 (TDS52,372 mg/0),
YT-4 (TDS52,342 mg/f), YT-5 (T1S51,463 mg/f), YT-11 (TDS51,482 mg/f), Y'I‘-l2

. (I‘ DS51,357 mg/f), YT-13 (TDSSI 786 mg/f) are brackish.

Test well

~~ The results of chemical ahalysis of groundwater from the test well (JICA-) shows that

the groundwater of Yen Thang Commune has much higher values of TDS, Mn* EFc, o

- - CI" and Na* exceeding the Vietnamese and WHO slandards for drinking water: -

TDS52,372 mg/¢ (Victnamesc and WHO standard TDS51,000 mg/f) -
_ Mn?*50.420 mg/¢ (Vletnamesc and WHO standard Mn*50. 100 mg/f)

YFe51.80 mg/£ (Vietnamese standard YFe50.5 mg/f)
C1752,343 mg/( (Vietnamese and WHO standard Cl'SZO0,00 mg/f)

© Na'5882,50 mg/¢ (Vietnamese and WHO standard Na*5200,00 mg/f)

® E

. In general, thc quantlty of gmundwatcr of limestone aquer in Yen Thang is hlgh but

_(T)

The groundwater quality of Yen Thang Commune is not _Satisﬁed by the Vietnamese
and WHO standard for drinking water and for water supply. - ' o

Evaluatlon

quality of groundwatcr is not good and can not be used for drinking water. But, in Yen
Thang there are two existing wells situated not far from Yen Thang Lake and two

springs from limestone aquifer has high yicld and good quality. In the S0uthWestem o

area on the commune, it is possible to find some good locations to obfain groundwater

~in good quality. . To confirm ‘the hydrogeologicél conditiﬁon's, it is necessary to -

investigate groundwater quallty and quantity of the existing groundwatar source in

3 .,delall Iti 1s also recommendcd to drlll one more test wcll in the area, .. -

B 1.3.2 _'Quan‘g Séh Coni'muné |

Hydrogeology

_ There are two aqulfers in Quang Son Commune

. 'Qua{emdry dqﬁifer is'ebes'ed on ihe_:suffa'cé, which js --r'epresente'd_by diluvial

| dcp’oéits. “The sediments are (:ompose_d of c_lay'and pebbie. 'The_thic_:kness -rang'e_sr
from scveral meters to 12 m. The Quaternary sediments has low groundwater
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- There are 17 hand dug well and onc cave which were 1nvest1gated in Quang Son

potential, not prospective for groundwater supply.
» Middle Triassic carbonate aquifer (Toadg) overlain by Quaternary sediments is
composed of limestone. In deeper portions, the limestone is slrongly fractured
- where the groundwater potential is very high. In Quang Son Commune, Middie
Triassic limestone has high groundwater productivity and prospective for water
supply. Groundwater quality is good and can be used for drinking water. '

Groundwater level

_ Groundwater level of 17 exrstrng wells and one cave were measurcd in September 1998

The measured 17 wells shows the depth to the groundwater level ranges between 1,19

~and 13. 00 m. Shallow groundwater levels within 5.0 m from the ground surface were .

detected at 11 wells.. _The groundwater levels are deep in the hrlly areas of the western

part of the commune. -

The static groundWater level of the test well was 10,80 m in March 1999.

Groundwater quantlty
" The pumpurg tests were performed at the test well (JICA-S) wrth the depth of 120 m.

The screens have been installed in the depth from 72t0 116 m in llmestone aquifer.

The step drawdown pumpmg test shows that the ylelds and drawdowns in the 4 steps
are as fo!loWS S ' ' '

Qi560 ¢/min,  $580m
Q,5120 £/min, = s;5152m

| Q35180 ¢/min, © $:521.9m

Q45240 £/min, ~  5:543.0m

The discharge of well is 240 ¢/min in éOrrespondeu'ce with the final drawdowrjr:o_f 42,6 -
“m by the continuous pumping test. This dis'cha:r'ge"o'f well shows that lim'est'one: in
Quang Son Commune has medrum productmty and 1t “can be used as one of the
_ production well in the commune. The optlmal pumpage of the test wetl is evaluated as 3
250 m3/day when thc permrssrble dynarnlc groundwater level is- set at 30 m from the‘

' groundsurface o SEE E R

‘Groundwater qualtty

Existing wells (see Fagures 1.16 to 1. 18)
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- Commune. EC values are relafively high in the central part of the commune, ranging

from 50 to 90 mS/m. The western parl and the eastern part have lower EC values below
30 mS/m. From the pH measurements, slightly acidic water occurs in the central to
southern parts in the commune. The western and eastern parts show that the

groundwater is slightly alkaline. -

The quality of groundwater in thi_s commune is not good; all hand dug wells are polluted

by colifroms about 100 to 400~500 pcs./ml. The results of ficld measurement are:-

pH from 6.14 10 7.89

EC from 11.03 to 122 mS/m
DO from 2.7 to 6.2 mg/{
ORP from 177 to 266 mV

~ Result of Laboratory chemical analysis of gr‘ou_ndw_ater that samptles from one hand-dug

well has a TDS value higher than standard: QS-5 (TDS-1,164 mg/f). And another has

~ifon content higher than standard: QS-11 (Fe50.61 mg/¢). The shatlow groundwater

2)

 quality of almost hand-dug wells i_n'-Qua'r_'lg Son Comiiiune-is not good for drinking
- without boilin'g the water. R

'_The Stiff dragram shows that the groundwater in the central area is Ca HCO; type,

however (Nal K) is dommant in cations in the northwestem part of the commune,

_ Test we'll '

The result of cheniical analysis of groundwater from the test well (JtCA-S) shows that

_ only the concentratrons of Fe and Mn are higher than the WHO standard for drmkmg '

: water, but the Fe concentratron can clear the Vretnamese standard

o g The total Fe content is. 0 420 mg/£ (Vretnamese standard 1s 0.5 mg/f and WHO standard
is 0. 3 mg/t’) ' ' Lo '

| Mn content lS 0250 mg/f (Vietnarnese and WHO standard content of Mn is 0.100

o For dnnkmg water supply, the treatment of rron reductron wr!l be needed

:-Evaluatlon r T . : S
Quang Son Commune has hlgh groundwater potentra] in- the basement limestone -

1:19 -
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aquifer, but the yicld from the test well was not enough due to the fractures in the

limestone are filled with claycy materials. It is possible to encounter more productive
zones in other areas in the commune. '

The groundwater of new production wells may also have high content of iron and
mangancse. To meet the Vietnamese drinking water st'andar_d,. iron removal is requ.ired.
It is noted that there is a pig-farming pldnt in the upper stream area in the commune.
And in the cultivated area the farmers using much agricultural -chemicals such as
fertilizer. The groundwater qualrty must be tested when new productron wells are
constructed o L

1.3.3 Dong Phc‘mg Commune

(1)

@

3)

Hydrogeology

'Dong Phong Commune is located in the 1ntermountam flat basin surrounded by -
' lmestone mountains. Thete are two aqurfers in Dong Phong Commune

= Quaternary aquifer eXpOSed on the surface whi'ch- lsrepresented by diluvial
'-de'posi'ts They are composed of clay.and pebble. The thickness ranges from
several meters to 12 m. Quatemary sedrments have low groundwater potentlal and
not perspective for water supply ' '

- m - Middle Triassic carbonate aqurfer (Tgadg) underlymg the Quaternary sedlments is
composed of limestone. In deeper portions the limestone i rs strongly fractured “The -

groundwater potentral in the fractured lrmestone is very hrgh

: Groundwate'r Ie\rél _ o _ RS
Groundwater levels of 18 existing wells were measured in Septe.mber:' 1998 ““The .
measured 18 wells shows the depth to the groundwater level ranges betWeen 0. 63 and _

© 270 m. Shallow groundwater levels wrthm 2.0 m frorn the ground surface were -

deteeted at the 16 wells

The static groundwater level in the test well was 0 60 m below the ground surface in o

May 1999.

Groundwater quanttty

The test well (JICA-7) in Dong Phong Commune has the depth of 130 m. The screens- ‘
- were mstalled in depths from 92 to 126 m in the dractured llmestone aqurfer DS

1-20 _. -
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The step-drawdown pumping test shows that the yields and drawdowns in the 4 steps
are as follows:

Q15300 £/min, 5152.07 m
Q5600 ¢/min, $54.56 m
Q35900 #/min, 5356.48 m
Q451200 #/min,  $458.54m"

The discharge of test well is 1,200 #/min in correspondence with the final drawdown of
8.77 m by the continuous pumping test.

- This discharge of the test 'Wel._l shows that liméstonc in Dong Ph_ong Commune has very

high productivity and prospective for 'w-ater' supply. The optimal yield of the test well is
evaluated as 1,500 m’/day when the permnsmble dynamlc groundwater level is set at 10
m from the ground surface, ' '

Gr'oundw_r'ate'r qual_ity' =
Existing wells (see Figures 1.19 10 1.21)

" There are 18 existing hand-dug wells investigated in ]-)o_ng' Phong Cormune. The EC |
values are relatively high in the southwestern and southeastern parts of thc commung,
_cxcccdmg 100 mS/m. The EC values are low i in the central to the northemn part of thc

commune, having the values below 50 mS/m

-'AmOng'ihc inéesti'gafed wells’, some wclls have small quantity of coliform such as DP-
1, DP-2, DP-4 (cohformSO pes./ml),. DP-3, DP-10 (coliform51 pcs./ml), DP-8

- (coliform53 pes./ml), DP-9 (COllfOl’IIl514 pcs Iml) DP—13 (collformSlS pcs./ml), DP-12

(colnform530 pcslml), DP-17 (coliform532 pcslml) DP-18 (coliform550 pes./ml). -
Another wel!s have many coliforms, from about 100 to 300~400 pcs Jml, ' '

; :,Othe_r' gr‘(')und_wate_r’ qu_alitjr char‘z{CteristiCs by the field measuremcht are as fo]li)ws:

il 'pH from 6. 22 to 7521 _
- EC fiom 33.5 t0 105.9 mS/m
- .ORP from 5210 219mV -

o ?D,O from 21 tjq'4.8 mg}f-,; SRR

::-'.'-,v'-Thc rcsult of Laboratory chcmlcal analysrs of groundwatcr samplcs from extstmg hand-

dug wells shows that four 4 hand-dug wells - have Iron content hlgher than the -
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| (5)

1.4

1.4.1

(1)

. standard: DP-7 (Fe50.785 mg/£), DP-8 (FeS0.700 mg/£), DP-10 (Ee50.610 mg/e), DP-

16 (Fe50.610 mg/t).

The Stiff diagrams show that the most shallow groundwater samplco are Ca-HCO; type

waler.,

The results of chemical analysis of groundwater shows that the groundwater quality of

'Dong Phong Commune is generally good except higher Fe concentration is some areas.

. Test well .
 The tesults ‘of chemical analysis of groundwater from the test well shows that the

groundwater quality in Dong Phong Commune is very good, satisfied for water supply.

Evaluatlon

' Dong Phong Commune has high groundwater potentral and good quahty, perspechvc
'for feasrbﬂrty study in futurc. '

. T:hanh. Hoa- -

Vi“n.h 'l'hanh Comemune .

Hydrogeology

‘The top0graphy of the area is rather ﬂat There isa low-elcvated hill of Lower Triassic
claystone. in the southeast of the commune. The Ma Rwer is located on the western
r-'penmeter of the comriung. o ' ' ;

b 'l'hér’e are twt) foll_o\uin_g aquifers in Vinh Thanh Cbinm_une: SR

Quatemary unconsol;dated deposrts (Q) distnbuted in the flat terrain and along the -
. Ma Rlver consrstmg of mixed clay, srlt clay, below with mlxed wrth quartz sand and _ -

- gravel.:

'L Low Triassic carbonate rocks (I‘ldgl) occur m the southern part of the commune
and underlymg the Quatemary deposzts They consrst of gray, brown gray, blue'
| gray, in some places pinkish, massive, solrd lrmestone with moderate fracturc level g
_ kThe claystone formrng the hill i in the southeast may exlsts as an lnterbcdded layer e
- In the boring logging sectron lhere are empty karst cavrtres between 33510 36.8m _ o
‘and 45.3 to 45.4m. From 50 0'to 54.8 m. karst caves are ﬁlled with reddish brown '

Y
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clay and silt.

In Vinh Thanh Commune Low Triassic carbonale rocks have very high groundwater
potential.

Groundwater level
Groundwater levels of 10 cmstmg hand-dug wells were measured in October 1998. The
measurcd 10 wells shows the depth to the groundwater level ranges between 0.36 m and

607 m. Shallow groundwater levels within 4.0 m from the ground surface were

)

: dctectcd at 8 wells. Deeper groundwater levels were measured near the Ma Rivcri

- The static groundwater level in thc test well was 7. 55 m bclow the ground surface in

April 1999,

K Groundwater quantity :
- The test well (JICA-ll) in th Thanh Commune has the well depth of 80 m. The

screcns were 1nstal[ed in. depths frorn 32 to 48 m, and from 60 to 76 m in l1mcstonc
aqu:fer ' '

The step- drawdown pumpmg test shows that the ylelds and drawdowns in the 4 steps |

are as follows

Q15252 £/min, . _ 3151'.86 m
Q:5510 #/min,. ~  $;54.90m
Q;5780 ¢/min,  $359.80 m

. Qi51,050 f/min,  5514.27m

@

5Thcrc are 10 1nVest1gated hand dug wells mvcstlgatcd by thc study in thc communc :

: The 'dischargé' of well-is 1,050 ¢/min in éonespéndeﬁCc wi'th"thc final .dra'Wdown of
' '_716 29 m by the contlnuous pumping tést. The opumal yield of the test well is evaluated
as 1, 500 m /day wnth thc pemussrblc dynamxc ‘walcr level of 20 m from the- ground '

surfacc et L

: 4Groundwater qualrty

Exist:ng wells (see Figures 1 22 to 1 24)

-~ The well dcpth ranges from 3 6 m to 10 22 m (VT-4) 'I‘he rcsults of flc]d rneasurcment
'--rfj,areasfollows e ke LT T T e
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- pH from 6.36 10 7.36

EC from 53.6 to 187.5 mS/m
ORP from 367 to 454 mV
DO from 3.5 to 4.6 mg/{

The distribution of EC valucs shows that higher EC values more than 80 mS/m were

found along the Ma River, whereas lower EC values less than 40 mS$/m were found

from northeastern part of the commune, that is located far from the Ma River. The pH

values were high, showing slightly alkaline water along the Ma River. On the other
‘hand, lower pH values below 6.0 were found in the northeastern part of the commune.

The coliform content varies from 4 to 100 pcs. /ml Only one hand-dug well WT-?) had
no coliform. Water of most hand- dug wetls 1s used for everythlng mc]udmg washmg,

“ cooking and dnnkmg purposes

The results of iaboratory analyses show that the groundwater quahty of the commune is,

generalty good and satisfies the Vietnamese standard and the WHO standard, However
three (3) hand—dug wells have higher TDS values than the st_andard. Those wells arc:

VT-1 (TDSSl 893 mglf) VT4 (TDSSI 101 mg/f), VT-5 (TDSSI 181 rng/ﬁ)

One hand dug well has pH lower than standard VT—9 (pH56 48)

Two hand- -dug wells have manganes'e concentratio"ns higher than the standard VT 8 :
(Mn50.374 mg/€), VT-9 (Mn50.338 mg/f). Two hand-dug wells have Fe concentration

hlgher than the Vletnamese standard VT-5 (FeSO 560 rng/t’), V’I‘-S (FeSO 700 mg/ﬁ)

' The Stiff dragrarns of the shallow groundwater show that the groundwater is mostly Ca-' }

HC03 type. The size of stlff dragrams is large in the area along the Ma Rrven L

Testwetl_ _ .
The result of chemlcal analysrs of groundwater from the test well (JICA-ll) shows that

‘only iron (EFe) exceeds the Vletnamese and WHO standard for drmkrng water IR

EFeS 1.82 mg/f (the Vletnamese standard ZFeSO 5 mg/f the WHO standard EFeSO 3 3
- mg/t) :

{’
L= 3
¥

For using the test well water for water supp!y, it is necessary to treat the water to reduce‘ S

_ the iron concentration.
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