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CHAPTER 7 GROUNDWATER MODELING IN HANOI AREA

7.1 Framework and Parameters
7.1.1 Purpose

In Hanoi Area, the groundwater resource has been extensively exploited in a past decade for
supplying watcr for domestic use and industrial use. It is known that the groundwater levels
have been declined not only in the well sites but also in the wide arca of Hanoi City,
Subsequently, it has been reported that shallow wells were dried up and a significant amount

of land subsidence has occurred in many parts of the city.

The two (2) target communes of the Study, namely Dong Ngac and Xuan Dinh, are located
closed to the urbanized areca of Hanoi City. There are several production wells in the
communes for both public and private use, Particularly, the well fields of the Hanoi Water
Supply System are located near the communes, and it is planned to construct new well fields
in and around the communes. Figure 7.1.1 shows locations of the major groundwater well
fields and their pumping rate in Hanoi Area. According to the data collected by JICA (1997),
a fotal groundwafcr pumpage in the major 8 well fields is 365,800 m*/day in 1995. The Ngoc
Ha well field, which is located about 2 km south of Xuan Dinh Commune, has 11 production
wells and the total pumpage is 50,300 m*/day in 1995. The Mai Dich well field, which is
located about 3 km southwest of Xuan Dinh Commune, has 18 production wells with a total
pumpage of 64,200 m*/day in 1995.

Therefore, the Study Team decided to carry out a groundwater modeling study to evaluate
present groundwater flow conditions in Hanoi, and to find an optimal and sustainable
groundwater development plan for the target communes.

7.1.2 Model Structure

Groundwater flow in a groundwater basin is by nature three-dimensional. The MODFLOW
program, which_ was developed by the U.S. Geological Survey (McDonald and Harbaugh,

' 1988), uses the following partial-diffcrcntial equation to describe the three-dimensional

movement of grouﬁdwater of constant density through porous earth material:
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where

Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, ¥, and z coordinate axis, j
which are assumed to be parallel to the major axes of hydraulic conductivity (LT'); W

h is the pOk:nt.iOmctric head (L);

" Wis a velumetric flux per unit volume and represents sources and/or sinks of water _(T“?);_

Sy is the specific storage of the porous material (L™); and |

f is time (T).

~'In ge_ncrai, Ss, Kxx, Kyy, and Kzz may be functions of Spaée (55585 (x,9.2), KexSKxx (x.y,2),

etc.) and W ma'y be a function of space and time (WS (xy.z,0); equation’ (7 1.1) déscﬁbes o
groundwater flow under nonequilibrium condltlons in-a: heterogencous -and amsotroplc_ ' @

_ medlum provided the prmc:pal axes of hydrauhc conducuvnty are ahgned w1th the coordmate
directions, ' ' '

C0n31denng the hydrogeologlcal settmgs of Hanoi area, thc structure of 3 b smulatmn model
~ was determined. Figure 7.7.2 shows the model grid for the smu!atlon It is dcc1ded that the

- model has four (4) layers, and each model grld has 500 m3500 m in size, The modeled
domain has 20 km in E-W direction and 20 km in N- S dlrectlon Therefore, the total number- :
of cell is (40 rows)3(40 columns)3(4 layers)56 400 cells, : : :

The aquifer_type of t’;ach modcl Iayer is assigﬁed aé fd]loWs:: L

].ayér-l:(Fir’st aquitard): R _C('Jnﬁnéd/Unthfi.ﬁéd '

Layer-2: (First Aquifer): .~ . A_.'._'COnﬁned/Unconﬁned
‘Layer-3: (Second Aquitard): - Confined . 0o o S
. Layer-4: (Second Aquifer): IR o : _Conﬁncd: SRR E S S TP

7.1.3 Boundary Conditions
Based on the hydrogeological settings of Hanoi area, co.ﬁstaht_-ﬁead‘ boundaries are '.a.ésigﬁed at
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the Red River, Duong River, and West Lake as shown in Figure 7.1.3. The constant-head
boundaries arc set only in Layer-1, Water levels al the constant-head boundaries are given
from the data of the surface water obscrvation points. The perimeters of the modeled domain
are treated as no-flow boundaries.

7.1.4 Input Parameters

The necessary parameters for the MODFLOW program were prcpared based on the
hydrogco[oglca! settings, Followmgs are the initially mput data to lhc model:

- (1) Top and bottom elevations of each Iayer
Top and bottom clevations of each layer were pi¢pared from the ex1stmg hthologlc data.

The top elevation of Layer-1 is the elevation of ground surface, so that the nodal values

of ground elevation werc interpolated from the USGS digital elevation data. -

I.ayer-l" Top: 8.1 to 30.2 masl
Bottom: 21.5 t0217.3 masl

Laycr -2: Top: 21 5 10217.3 masl

~ Bottom: 27.8 10233.9 mas]

Layer-3._ Top: 27.8 10233.9 mas]

 Bottom: 221.7 t0249.4 masl - -
© Layer-4: Top: 221.7 02494 mas}

Bottom: 250.5 t02110.6 masl .

(2)  Effective porosity -
0.25 is given to all layers un_ifbrmly; B

(3) Spéciﬁé storage or gtokativity'(storage coefficient) . .
' Speciﬁc storage of 0.0001 (ni'-') is 'givfen to all layers uniformly.

| 4 .' Horizontal hydraulic conductlvny or transmissiwty _

. From the rcsults of exnstmg pumpmg test data, the transm;sswlty map of First Aqucr_' _
R '.was prepared as shown m Flgurc 71 4. In- Hanoi area, the transmlssmty values are -
‘-'-gcncra]ly hlgh rangmg from - 600 to 1,500 mzlday Thc areas’ havmg higher

BT transmlssmty are located in the weslemn part and southcm part of the city. -From the
map, transmlsssvxty at Dong Ngac Commune is cstlmated from 800 to 1,000 m%/day,
" whereas transmissivity of Xuan Dinh is cshmaled_ from 80_0 to 1,_2(_)0 mzlday.
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(5)

®

Values of hydraulic conductivity can be obtained from transmissivity values and the
thickness of aquifer. If the well structure is known, the hydraulic conductivity of
aquifer portion can be computed by (transmissivily) / (screen length). Figure 7.1.5
shows the distribution of hydraulic conductivity of Second Aquifer. The hydraulic
conductrvrty in Hanoi arca ranges from 17 to 50 m/day. The arcas having more than 40
m/day are located in the western and southein parts of the city. According to the map,
hydraulic conductivity of Dong Ngac and Xuan Dinh Communes is estimated from 17

1025 m/day :

For inputting the parameter values, at first nodal values of transmlssrvrty and thrckness _

of Layer-2 and Layer-4 were obtalned by Kriging method, The hydraulic conductivity

~value of each cell for Layer-2 and L'ayer -4 .was then computed by (transmrssrvrty) /
(tayer thlckness) The hydrauhc conductrvrty of Iayer-l and Layer-3 was umformly '

given.

Layer-1: 0.1 m/day

* Layer2: 100 to 35.4 m/day
Layer-3:  0.01 m/day

Layer-d: - 20.110 709 m/day

Vertlcal hydraullc conductrvrty or vertlcal Ieakance

: Imtrally, the vertical hydraulic conductivity of each layer was assumed to be 1/10 of the

honzontal ‘hydraulic conductivity, because it was:taken into account that the layers

consist of Quaternary sediments so that the vertical hydraulic conduclmly is smaller
- than the horrzontal hydraulic conductlvrty due to thelr sedlmentary structure S

Layer-1: ~ 0.01 rrilday
Layer-2: 1.0to3.54 m/day .

- Layer-3: 0.001 m/day

Ldyer-ti: : 2.01 to 7.09 mlday o

'_Initial groundwater Ievels and piezometnc heads o S ' '
The initial groundwater levels’ uf I_ayer-l were grven from the water levels rueasured at S
the surface water monrtonng pomts The groundwater levels of Layer-2 Were grven S

from the groundwater table measured at the observatrou welIs of Upper Seml—r:onf' ncd_ :

Aquifer. - The initial prezometrlc heads of Layer-3 and Layer—4 were grven from the' o
' prezometrrc heads measured at the pure observatron wells of Lower Confined Aqurfer .
The data of water levels and plezomelrlc hcads were measured in May 1991. The nodal - _
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(8)

- was nsed for the steady statc model cahbratlon mentloned in thé next chaptcr

values of each layer were interpolated by Kriging method.

Layer-1:
Layer-2:
Layer-3:
- Layer-4:

3.36 to 4,47 masl
26.33 to 7.95 mas!
210.63 to 5.19 masl
210.63 to 5.19 masl

Recharge rate
Although a detailed study of water balancc in Hanoi area has not been carried out yet, a

temporal recharge rate is estimated as 1.1 mm/day (5401.5 mm/year) The rccharge rate

was umformly glven to the active top cells of thc modc!

Pumping rate by grid and Iayer

The pumpage data were available from 1990 to 1996,

' by model cell and glven to Laycr—4

_ The groundwater pumpage data, that was coilected by thc Study Team, are mostly
' pumpcd from Lowcr Confined Aquifer. Thcrefore the pumpage values were compiled

| Figure 7.1.6 shows the

dlstnbutron of the average well drschargc in 1991. Thc groundwater punipage in 1991
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Major Groundwater Well Fields in Ha Noi Area
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2,334,000 AL
2,332,000~ f-ﬁx
230000
T 236,000 s
= ’
k- ok
> 2_324.0007' ;
2,322,000
C
2,320,000 ‘-
2318000 :
2,318,000~
| dogdeaid? o Lot - 1 A2
_}‘_:’.:S’:{_F:I . ' i", S A G S O k\“\: £.f ,i ve g, e d
576000 578000 580,000 582000 584,000 586,000
UTM-E (m)
Name of Well Fields] Number of | Pumping Rale |Feasble Discharge _
Wells (miday} (m/day)
1 jYén Phu 13 44,500 110,000
2 [Ngositien - 19 43,200 - 30,000
3 {NgocHa 11 =50,300 30,000
4 |Phap Van : 9 27,700 30,000
5 |Mai Dich i8 64,200 ’ 45,000
& |Ha Dinh 9] - 27,200 ) 25,000
7 |Lueng Yen i5 . 79,500 80,000
8 jTuong Mai 10 29,200 | 30,000
| |TOTAL i04 365,800 380,000
[after JICA (1997)]*
*Note: . Figure 7.1.1 | Major Groundwater Well Fields and
1)Dataasof 1995. _ _ _Pumping Rates in Ha Noi Area
2) Number of Wells includes standby wells. ’ THE STUDY ON GROUNDWATER DEVELOPMENT ':N
"Feasi i " w ' THE RURAL PROVINCES OF NORTHERN PART |
3) "Feasible stclmargc was based on FINNIDA M/P (1993) B oG IALIar REPUBLIC OF \IDTNAM |
and approved by the Government of VN,
: JAPAN INTERNATIONAL COOPERATION AGENGY (JICA)
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Boundary Conditions of Layer-1
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7.2 Model Calibration

Calibration of the simulation mode] is very im'porta'nt work for the modeling study. If the
model was not calibrated properly, the results of simulation are not reliable, and the model
cannot be used for future prediction,

In general the calibration is carried out by comparing of the simulated groundwater levels

. with the actual groundwater levels. . Therefore, monltormg_ of groundwate_r levels or B

piezometric heads is very essential for groundw-ater modeling study. At first, the created 3-D
groundwater simulation model of Hanoi area was calibrated by Steady-State simulation. Next,

the model was calibrated by transient simutation using the pumpage data from 1990 to 1996.

724 Steady-'st'até calibration

I the steady state callbratlon a duratron of a stress perrod was set as 30 years, then the
simulated ptezometnc heads were compared with the actual plezometnc heads ' For the-

~ calibration, model used the pumpage data of 1991 because the avatlablllty of field observatron

| ~ data is the best in May 1991. The actual dynamrc prezometnc surface map of May 1991 was
prepared not only from data of pure observatron wells but also data of observed productlon

wells for the mode] callbratlon, whrch is shown in Flgure 72.1. Durmg the model calibration,
vertical hydraullc conductmty of each layer was modlf' ed because the rmtrally mput ‘data had
less reltablhty S ' '

"~ As a result of the steady state calrbratlon the vertrcal hydraulrc conductlvrty was modlﬁed as

follows:

Layer-1: 0,03 m/day ) _ X
Layer-2: {.100to354m/day
Layer-3: 0.04 m/day
Layerd: 2.01107.09 m/day

. Wlthout modlfymg other parameters such as horrzontal hydraullc conductlvrty, the model can

' simulate piezometric heads reasonably. Frgure 7.2.2 shows. the srmulated prezometnc surface o
by the steady—state simulation. Compared with the actual dynamlc plezometrlc surface shown - '_ :

- in Flgure 7.2.1, it can be said that the shape of the depressron cone as well as the values of :
piezometric heads by the srmulatron show a satlsfactory agreement wrth the actuat |

plezometrlc surface
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7.2.2 Translent calibration

The transient calibration was carricd out using the simulated piczometric heads obtained by
the steady-state calibration as the initial heads. In the transient simulation, yearly
groundwater pumpage from 1990 to 1996 wé_s input to the model. Table 7.2.1 summarizes
the groundwater pumpage in Hanoi are from 1990 to 1996._ According to the data, a total
pumpage of the major well ficlds of the Hanoi Water Supply System has the maximum
amount of 368,112 m3lday in 1993. In 1996, the total pumpage in Hanoi area is 453, 690
m’/day, consmlmg of 291,480 malday by the major well fields of Hanoi Water Supply S)stem
and 162,210 m*/day by the minor wcli fields and pnvatc wells.

Figljrc 723 'rshows the result of the transicnt Calib_ration in 1996. It can be said that the
distribution of the piezom'etric héads in the Second Aquifer is reasonably simulated compared
with thc actual plezometnc heads During the transient simulation, the model parameters

were not modlﬁed
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7.3 Prediction

To predict the influence of the future groundwater devetopment in the target communes of the
Study, future simutations were carried out using the calibrated model, It is assumed that one

well in Dong Ngac Commune (159, J513) and onc well in Xuan Dinh Commune (159, 1514) |

will be constructed, and they will extract groundwater from the Second Aquifer (Layer-4).

For the future. groundwater pumpage, the Hanoi Water Supply System has a pla'n to expand
the existing well fields as shown in Figure 7.3.1. According to NHEGD-DGM (1998), Cao

Dinh well field is proposcd along the nght side bank of the Red River. In the new well field,

26 productlon wells will be constructed and a total of 97 964 m3/day will be pumpcd Yen
~ Phu well field i 18 also planned to be expanded along the Red Rrver A total of 13 productlon

_ wells w1lt be constructed addmonally ’I‘he add1t10nal pumpage of Yen Phu well ﬁeld will be |
60, 777 m /day For the future srmulatlon, it is assumed that the groundwater purnpage isthe

pumpage of 1996 with the planned pumpage of Cao Dinh well field and additional Yen Phu

well field. - Therefore, the future sunulatlon was carned out assummg that the total -
groundwater pumpage rn Hanol area is 612 431 m3/day Thjs pumpmg 51tuat10n lS named '

“Case 0” '

_The followmg two (2) cases of future pumping plan in the target communes were prepared .‘. |

] based on the dally rnaxlmum groundwater demand desrgned by the Study, e

" Case-1: Dong Ngac - 051 260 m’/day, Xuan Drnh 052 850 m3/day
Case-2: Dong Ngac ' 051 890 m /day Xuan Drnh 054,27_5 m3/day

-

The pumpage of Case-1 is the’ desrgned dally maxtmum groundwater demand The pumpage' T

of Case-2 i is 1.5 tlmes of Case-l pumpage

The future srmulatlon was carried out by transsent srmulatlon The srmulatlon duratlon is 10 .

years, havmg 10 time steps. The prepared pumping plans were mput to the model The

recharge was uniformly given to the top actlve cells of the model at a rate of 1 1 mm/day '_
_throughout the simulation period. The mltla! groundwater levels and plezometnc heads were .

brought into each layer from the final simutated heads of the transtertt mmulatron from 1990__. RS

to 1996.. ‘The water levels at constant—head boundarres were the same as that of the transrent ' 7- -

srmulatlon s1mulatron S

In the future smulatron firstly future prezometnc heads were computed wsthout the pumpage' o o

of the target communes using Case-0 pumpage. Then, the pumpage of Case—l and Case-2:' SR
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was added to the pumpage of Case-0. The simulated piczometric drawdown of Case-1 and
Case-2 after 10 years of operation was obfained by comparing the simulated piezometric
heads of Case-1 and Casc-2 with the simulated heads of Case-0.

Figure 7.3.2 shows the results of future simulation by Case-0. The contour lines indicate the
simulated piezometric surface of Secoﬁd-Aquife_r'. The piezometric heads were lowered in the
northern part of the central Hanoi by'thc pumpage of Cao Dinh and additional Yen Phu well
fields. Due to the increase of pumpage, the piezometric surface in the target communes witl
beQto-5 masl lowenng 5t010m comparcd wnth the piezometric surface in 1996.

~Figures 7.3.3 shows the simulated piezometric drawd_oWn in Case-1. The maximum

drawdown is predicted as 2.36 m at the Xuan Ding pumping site. The radius of drade'wn '_
more than 10 cm is extended about 5 km 26 the east of the Xuan Dinh well site and about 7
km to the south, The Case-1 groundwater development plan will cause 15 to 30 cm of :

) drawdown at existing Ng()c Ha and Mai Dich well fields.

_ .FigUIe'_'7'.'3.4_ s_hoWs the simulated piczoni_etric drawdown in Case-2. ~ The maximu_m '
~ drawdown is simulated as 3.54 m at the Xuan Dinh site. The radius of drawdown more than |

10 ¢m is extended about 6 km fo the east of the Xuan Dinh well site and about 8.5 km to the *

_ 'south In this case, the plezometnc heads at the exnstlng well ﬁelds of ihe Hanoi Water
- Supply System near Xuan Dmh will declme 20 to 40 cr. _ '
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Future Major Groundwater Well Fields in Ha N&i Area
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e Proposed Well Location of Cao Dinh Well Field
4 Proposed Well Location of Yen Phu Well Field

Name of Well Fields| Number of | Pumping Rate
Waells (m3/day)

1 [Cao Dinh _ 26 97,064
2 lYen Phu (additional) 13 60,777
TOTAL 39 158,741

[Data source: NHEGD-DGM (1998)]

Existing Weli Field

) Future Well Fields in Ha Noi Area for
Figure 7.3.11 * " Euture Prediction (Case-0)

THE STUDY ON GROUNDWATER DEVELOPMENT IN
THE RURAL PROVINCES OF NORTHERN PART IN
THE SOQCIALIST REPUBLIC OF VIETNAM

Proposed Well Field

{Symbol size is proporiional to s purnpage.)

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA}
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Transient 3-D Simulation (Case-0, after 10 years)
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1996 Q = 453,960 m*day : o : _
_THE STUDY ON GROUNDWATER DEVELOPMENT iN

Cao Dinh @ = 97,964 m*day :
Ad(htmnal Yen Phu Q = 60,777 m*fday

THE RURAL PROVINCES OF NORTHERN PART IN
THE SOCIALIST REPUBLIC OF VIETNAM

[Data source: NHEGD- DGM(IQQB)]V

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
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Simulated Piezometric Drawdown (Case-1, after 10 years)
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Top View: Layer 4 (Main Confined Aquifer)

Cross-Section
Projection Raw = 9
Projection Column = 14

Case-1 Pumgping Plan:
Pumpage of Case-0 with following pumpage:
Dong Ngac (i=9, J=13) Q = 1,260 m/day
Xuan Dink (19, J=14) Q=2850 mslday
Pumping from Layer-4. o

Maximum Drawdown = 236 m
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' : Groundwater Table
Constant Head RN
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: R Simulated Piezometric
— FI_OW Vector .. Drawdown (m)

.|  Simulated Piezometric Drawdown
Figure 7.3.3 Simulatéd Piezometric Draw :

by Case-1 (after 10 yea_rs)

THE STUDY ON GROUNDWATER DEVELOPMENT IN
THE RURAL PROVINCES OF NORTHERN PART IN
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Simulated Piezometric Drawdown (Case-2, after 10 years)
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Case-2 Pumping Plan: _
- Pumpagé of Case-0 with following pumpage:
" Pong Ngac (=9, J=13) Q = 1,890 m’fday
Xuan Dinh (19, J=14) Q =4,275 m°iday
Pumping from Layer-4.

* Maximum Drawdown = 3.54 m
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Figure 7.3.4 Simulated Plezometnq Drawdown
_ by Case-2 (after 10 years)
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7.4  Evaluation of Impact

As a result of the future simulation, it is predicted that the groundwater development plan of
the target communes will cause further drawdown of piezomeiric heads in the northweslern
part of Hanm Area. The area havrng more than 10 cm of drawdown will be extended out of
the target communes, mcludmg the western half of West Lake and the well fields of Ngoc Ha
and Mai Dich. ‘When the pumpage in the target communes increased 1.5 times of the
desrgned darly maximum groundwater demand, the area havmg more than 10 cm of
drawdown will reach to the center of Hanor City. -

- While the groundwater ﬂbw s'vster‘n of Hanoi'area has already been ehanged gr‘e'atly from the__-

natural conditions. A large depressron of piezomietric surface has been formed in the central
to southem parts of Hanoi City. The groundwater of Han01 Arca flows into the center of
_ depressron formed ' in the Second Aqurfer honzontally and vertlcally The depression is

formed by the groundwater pumpage from 130 productron wells of the major 8 well ﬁelds of .
the Hanoi Water Supply System (330, 000 to 390,000 mjlday in pumpage) and about 250 -
"pnvate wells for 1ndustry and commercral ‘use (about 75, 000 m3lday in 1998) (NHEGD-'

DGM, 1998) “The designed groundwater pumpage for the target cornmunes ‘which is
- amounted about 4 1(}0 rna/day, is only about 1 % of the exsstlng pumpage Therefore, the
development of new groundwater resources would not have any srgmﬁcant nnpact on
: groundwater flow in Hanot. ' '

Based on the results of Case-l future srmulatlon Frgure 74 1 was made to show the
simulated groundwater flow in Hanor area and the pathltnes of gl‘oundwater ﬂow into the

Dong Ngac and Xuan Dinh wells and the wel]s in Cao Dinh well fielcl The groundwater

which flows into the Dong Ngac and Xuan Dmh Wel]s w1ll be recharged from the surface near
well sites and the surface from the West Groundwater n the Cao Dmh well field is mamly :

_ ,recharged by ﬂows frorn the Red River.

The result of Case-l future srmulatlon shows that the huge pumpage in Cao Dmh Well ﬁeld -

. makes deeper prezornetnc heads in the well field than that of Dong Ngac and Xuan Dmh Ty
_' The well field will function as the barrier wells to block the drrect mﬂow frorn the Red River .

. tothe wells in Dong Ngac and Xuan Drnh Itis, however, possrble for Red Rrver to dtrectly- 7 o
~ flow into, the Dong Ngac and Xuan Dmh area to recharge groundwater ﬂow, 1f pumpage 1n_

_ the Cao Dlnh well f1eld is small

Accordtng to JICA (1997), arsentc in the Red RlVCl' in 1994 exceeds the value (0 05 mgll) N
strpulated for drinking water in Vietnam at a maxrmurn of 0.095 mg/l. ’I‘he river was also
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obscrved to contain chromium, lead, and nickel levels way over the drinking water standard
of Vietnam and WHO DDI‘ levels in the nvcr also exceeded the drinking water standard of

Vietnam,

The development of new wells in the target communes would not only necessitate particular
caution regarding the groundwater amount to develop but also the quality of the recharging or
target resources. Iti is, therefore, important that a monitoring system be established to monitor
groundwater level and water quality.
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Simulated Groundwater Flow and Pathlines (Case-1, 'afte'r 10 years) |
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Simulated Groundwater Flow and Pathlines (Case-1, after 10 years)
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; ’ THE STUDY ON GROUNDWATER DEVELOPMENT IN
Pumping from Layer-4. THE RURAL PROVINGES OF NORTHERN PART IN
THE SOGIALIST REPUBLIC OF VIETNAM

Maximum Drawdown = 2.36 m JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
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