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Abstract: Estimation of groundwater recharge from rainfall is a key factor for determining
groundwater resources in water development and management. The paper presents application of
rainfall infiltration breakthrough (RIB) model method for groundwater Holocene aquifer recharge
estimation for Hung Yén province in the Red River Delta, Vietnam. Although monitoring
Holocene aquifer water level (WL) data are from different hydrogelogical either nearly naturally
undisturbed or groundwater disturbed abstraction conditions, the relationship between the
groundwater level fluctuation and cumulative rainfall departure is of a good match. The
groundwater monitoring wells of the national monitoring network have been used are QT119,
QT129 and QT130. The fractions of cumulative rainfall departure are from 13% for monitoring
well QT119, and 12%-16% for wells QT 129 and QT130. For the basic case of specifice yield of
0.1, the rainfall recharge rates are from 427mm (34.1% of mean annual rainfall) in the monitoring
well QT119 area to 527mm (38.1% of mean annual rainfall) the area of monitoring wells QT129
and QT130 area. This recharge rates already include the evapotranspiration from the groundwater,
which may be more or less than 50% of the total recharge rate and other possible discharge.
Therefore, the obtained effective recharge is lightly greater then the range of 15%-20% of rainfall
which is commonly used by the Vietnam hydrogeologists.

Keywords: Red River Delta, Cumulative Rainfall Departure (CRD), Rainfall Infiltration
Breakthrough (RIB), Groundwater Recharge, Pearson Correlation, Spearman Correlation.

1. Introduction

The demand of groundwater (GW)
exploitation in Hung Yen province is growing
to contribute to the water supply for social
economic development of the province. In
Hung Yen province currently there are 5 water
supply systems for industrial zones with a total
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capacity of 51,600 m3/day; 5 systems for urban
areas with a total capacity of 13,500 m3/day; 12
rural water supply system with a total capacity
of 7,058m3/day, nearly 145,400 household
Unicef-type groundwater wells with a total
average abstraction rate of about
145,000m3/day, and hundreds of individual
GW abstraction wells in the organizations and
The total GW
abstraction volume in the province is about

factories of the province.
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267,000m3/day. It is expected that demand for
water in the province up to 2020 is
approximately 468,000m3/day, from which is
about 456,000 m3/day of GW [1].

In order to have sustainable utilization of
GW resources, it is needed to determine the
compositions of its reserve components. One of
the components of GW reserves is the dynamic
reserve thanks to the rainwater recharge. With
an annual rainfall of around 1,500mm to around
2,000mm in the province, and with the
distribution of the top surface soil with
permeability from medium (sand, silty sand) to
the weak (silt, semipermeable clay) formations,
the GW dynamic reserve from rainfall would be
not small. But, what is the recharge value from
the rainfall for the study area? Within this
paper, an attempted application of rainfall
infiltration breakthrough method (RIB) (X Sun
et al., 2013) [2] to estimate rainfall recharge
thanks to rainwater infiltration into Holocene
aquifer in Hung Yen province through
monitoring WL data in the monitoring GW
boreholes is presented. Through the application
results some discussions on the applicability of
the method to the study area are made.

2. Hydrological conditions of the study area

There are the following Quaternary
hydrogeological structure units from the top to
bottom in the study area [3, 4, 5].

2.1. Semi-permeable layer (layer 1)

The first top semi-permeable layer consist
of sediments of alluvial, marine and swamp,
Thai Binh formation (amQ23tb, meftb)
(thickness is 1.48+7.0m) and upper Hai Hung
formation (Qzl'zhhz) (thickness is 0+10.0m) of
total thickness 2.0+ 13.0m, in average 6.17m.
The lithology is mainly clay and silts with

hydraulic conductivity 0.000259~+
0.00838m/day, in average 0.003m/day.

2.2. Holocene aquifer (qh) (layer 2)

This is the first aquifer from the ground
surface and consists of lower Hai Hung
formation Q,'"?hh, and Thai Binh alluvial
formation (antb). Aquifer gh has its
distribution over the entire study area. The
lithology of the aquifer is mainly sands, silty
sands. This aquifer is a moderate rich aquifer,
the boreholes in which have pumping rates
2+2.2l/sec, unit pumping rates 0.2+0.391/sec/m.
The aquifer transmissivity is 96.5+355m*/day.
The water level (WL) depth is 1.12+4.0m, in
average 1.12 m, which is correspondingly
1.18+8.22m (MSL), in average 297MSL. The
annual maximal WL difference magnitude is
0.6+ 0.84m. The water total dissolved solids
(TDS) is 0.1+1.79¢g/1, in average 0.56g/1. Water
with TDS more than 1g/l is mainly distributed
in east of Kim Dong district, east of An Thi
district and Phan Sao commune in north Phu Cu
district.

In some places the middle part of aquifer gh
is a semi-permeable layer dividing the aquifer
into upper Holocene (gh2) and lower Holocene
aquifer (ghl).

2.3. Semi-permeable layer (layer 3)

The second semi-permeable layer consists
of sediments of alluvial, marine and swamp,
upper Vinh Phuc formation (amQ, vp2), mainly
clay, silty clay or sandy clay, in some places
laterite, when wet it is soft plastic, when dry it
is hard so this layer is very low permeable. The
top of the layer is in the depth 6.5+38.0m, the
thickness is 1.0+21.5m, in average 8.49m. The
hydraulic conductivity 0.00026<+ 0.0639m/day,
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in average 0.0097m/day. This layer may be
absent in some places.

2.4. Upper Pleistocene aquifer (qp2) (layer 4)

This is aquifer consists of lower Vinh Phuc
formation (vap ;) and has it is distributed over
the entire study area. The aquifer consists of
mainly alluvial fine sand on the top, medium
sand in the middle, coarse sands and gravel in
the lower parts. The depth of the top is from
13m to 49.6m, in average 24.73m; the depth of
bottom is 19.5+59.0m, in average 30.06m; the
thickness is 1.0+27.3m, in average 14.33m.
This is low confined aquifer with WL depth
0.2+4.2m, in average 1.8m, which is
correspondingly  8.95+-1.17m (MSL), in
average 2.05SMSL. The annual maximal WL
difference magnitude is 1.8+ 2.0m. The WL
presently has declining tendency, from 1995 till
2007 had decreased more than 2m. This aquifer
is a rich aquifer, the boreholes in which have
pumping rates 1.8+12l/sec, unit pumping rates
0.09+0.95V/sec/m. The aquifer transmissivity is
350+569m*day, and the aquifer storavity
coefficient is 0.0001+-0.0002. The water TDS is
0.1+2.16g/1, in average 0.46g/l. Water with
TDS more than 1g/l is zonally distributed in
Dong Thanh, Nhan La, Vu Xa, Luong Bang
(Kim Dong district); Dang Le, Cam Ninh, Ho
Tung Mau, Hong Van, Hong Quang (An Thi
district); Nhat Tan, Ngo Quyen, Vuong town,
Di Che, An Vien (Tien Lu district); Dinh Cao
(Phu Cu district); Trung Nghia (Hung Yen
city), and others.

2.5. Semi-permeable layer (layer 5)

This semi-permeable layer directly covers
lower Pleistocene aquifer qp; and consists of
sediments of mainly clay, silty clay or silty
clay, upper Ha Noi formation (amQ,*>hn;). The
top of the aquifer is in the depth 31.0+59.0m, in

average 40.43m, the thickness is 0+19.8m, in
average 7.2m. The hydraulic conductivity
0.00026+0.0622m/day, in average 0.034m/day. This
layer may be absent in some places which makes
tight hydraulic connection between qp, and qp;.

2.6. Lower Pleistocene aquifer (qpl) (layer 6)

This is aquifer consists of silica quartz
gravels of Ha Noi formation (le'3 hn;) within
the whole study area. The depth of the top is
from 31.2m to 66m, in average 48.0m; the
depth of bottom is 67+107m, in average 71m;
the thickness is 13,5+41m, in average 27m. The
WL depth 0.13+7.5m, in average 2.77m, which
is correspondingly 4.30+-3.64MSL, in average
0.72MSL. In Gia Lam district which is adjacent
to Hung Yen province the WL depth is
7.55+14.0m. The annual maximal WL
difference magnitude is around 1.24m. This
aquifer is a very rich aquifer, the boreholes in
which have pumping rates 1.67+126l/sec, unit
pumping rates 5+10l/sec/m and greater. The
aquifer transmissivity is 1,426+3,650m2/day, in
average 2,540m”/day.

The hydrogeological section of the study
area may be seen from the actual section of GW
monitoring well QT119 as shown in Figure 1.

Semipermeable layer’

Holocene aquifer gh

Semipermeable layer:

Upper Pleistocene aquifer qp2

28
322 Semipermeable layerzzzzzz2z
3 ?L Lower Pleistocene aquifer

(m)Y Depth

Figure 1. Hydrogeological section at monitoring
well QT119.
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2.7. Groundwater monitoring system in the namely QT119, QT129 and QT130 [6] and as

study area shown in Figure 2.

In Hung Yen province there are only three
national groundwater monitoring systems,
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Figure 2. Map of locations of GW monitoring wells.
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3. About recharge estimation methods

Recharge estimation is a difficult, sensitive
and delicate problem and varies very much in
accuracy and uncertainty. Authors Kinzelbach
W. et al. in 2002 [7] in their survey work on the
most common methods of recharge estimation
have classified into the following groups with
accuracy ratings in three classes, according to
regional recharge estimates: 1) class 1: factor of
2 (two times larger or two times smaller than
the true value); 2) class 2: factor of 5 (of the
same order of magnitude); and 3) class 3: factor
of 10 or more (with large errors likely).

The method to be applied in this work is the
rainfall infiltration breakthrough-RIB (X Sun et
all, 2013) [2] modified based on cumulative
rainfall departure (CRD) method (Bredenkamp
et al., 1995) [8] (Xu Y and Van Tonder, 2001)
[9]. In accordance to Kinzelbach W. et al. [7],
the CRD method has advantages in simplicity
and error stabilization thanks to long time
series, disadvantage in requirement of storage
coefficient, of known discharge (including
abstractions), and the accuracy class 2 to 3.

4. Rainfall infiltration breakthrough method
(RIB)

4.1. Method description

The CRD and RIB methods utilize the
relationship between water level fluctuations
and the departure of rainfall from the mean
rainfall of a preceding time. The RIB formula is
defined as (X. Sun et al., 2013) [2]:

n 1 n n
ZB—{Z—&(”_MZB}ZR}

i=m i=m i=m

)

RIB(Y,,

r

(n=®, i—-1, 12, ...N); (m=®, i-1, i-2, ...
M); m<n<I

where:

- RIB(i) is the cumulative recharge from
rainfall event of m to n

- N is the total length of rainfall series.

- r is a fraction of cumulative rainfall
departure

- P; is the rainfall amount at ith time scale
(daily, monthly or annually)

- P,, is the mean precipitation of the whole
time series

- P, is a threshold value representing the
boundary conditions (P, ranges from O to P,,)

Value of P=0 represents a closed aquifer
system, which means that the recharge at ith
time scale only depends on preceding rainfall
events from P,, to P,; while value of P=P,,
represents an open system, which means that
the recharge at the ith time scale depends on the
difference between the average rainfall of
preceding rainfall events from P,, to P, and the
average rainfall of the whole time series. Both r
and P, values are determined during the
simulation process.

It is assumed that groundwater recharge by
the RIB method has a linear relationship with
water level fluctuations under natural
conditions. The relationship between natural
rainfall and water level fluctuations can be
described by Eq. (2):

Ah, = 1 RIB()" )
U

where:

Ah; 1s the water-level fluctuation, which is
equal to the difference between the observed
water level at ith time scale and the mean water
level of the whole time series; a positive value
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represents an increase of water level while a
negative value implies a decrease of water
level.

- i is the specific yield of the aquifer.

Equations (1) and (2) indicate that the
water-level fluctuation at ith time scale
(daily/monthly/annually) is  affected by
preceding rainfall events from P, to P,, with a

n
weighting factor {2 — _ z P that
Pm, (n—m) iz,
is a function of the moving average of a rainfall
time series. It is not necessarily constant and
may be positive or negative depending on
whether or not the amount of rainfall during the
period of interest exceeds the moving average

rainfall. The scheme of the RIB model is shown
in Figure 3.

In reality, the water level fluctuations result
from many factors besides rainfall, including
groundwater evapotranspiration, abstraction,
base flow and water flow into/out of the
aquifer, etc. The relationship between the RIB
model and water level fluctuations can be
expressed as:

Ah, = lRIB(i); LA 3)
U Au

AQ represents groundwater volume increase
(decrease if the value is negative) resulting
from evapotranspiration, abstraction, outflow,
inflow and other activities over an area of A.
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Figure 3. Scheme of the RIB process (X. Sun et al., 2013) [2].
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The difference of contiguous departures
should be regarded as recharge instead of using
the departure from average. The groundwater
level will rise if the difference is positive and
vice versa; recharge at the ith time scale can be
calculated as:

Re(i) = RIB(i)" — RIB(i)". + % AQ =[Ah(i)— AhGi - D] u+ A—AQ
4)
Re(l) = Ah(Du + A—AQ )
T,. = Re(l) + Zn:Re(i) (6)
i=2

where: Re(1) is the recharge for the first
time step; Re(7) represents the recharge estimate
at the ith time, which could be daily, monthly or
annually; Tg is the sum of the recharge in mm
for the whole time series. If the value of Re(i)
becomes negative in Equations (4) and (5), no
recharge on the ith time scale is assumed.

4.2.  Assumed assumptions in the RIB
application to the study area

As previous studies have given arguments
on use of rainfall of longer than daily due to the
fact that the effects of factors other than
rainfall, i.e., evapotranspiration, atmospheric
pressure and entrapped air, on water level
fluctuations at short-term scales can be
significant, and also shown that the recharge
rates estimated at monthly scale are more
realistic than those estimated at daily scale (X.
Sun et al.,, 2013) [2]. Therefore, monthly
rainfall data are used in this study, also because
the monitoring groundwater level data are in
monthly basis (recorded on the 15" of each
month).

As it had been shown in paragraph 4.1, the
needed input data are including specific yield,
inflow and outflow etc. The specific yield of the

Holocene  aquifer determined in  the
hydrogeological survey is varying from 0.01 to
more than 0.1 [3,4,5]. The common used value
is 0.1. Therefore, the specific yield of 0.1 is
used in the recharge estimation. Then, since the
recharge in inversely proportional to the
specific yield, the recharge is then re-estimated

in accordance with specific yield.

Regarding the inflow and outflow, the
monitoring wells Q119 and Q130 are located
far from the population areas so that the man-
made outflow may be eliminated. Regarding the
natural inflow and outflow, these figures are
impossible to be determined within this limited
work. Therefore, the natural inflow and outflow
is assumed to be implicit in the estimated
recharge. This means that if the net inflow and
outflow is known, then the actual recharge shall
be the estimated recharge minus the net inflow
and outflow. However, the recharge is to be
estimated from the rainfall, while the area is
large and the GW level is mostly effected by
the rainfall recharge, then averagely over the
whole area the inflow and outflow would most
likely be balanced.

Regarding the lag time between rainfall
event and recharge, the monitoring GW level
had been recorded for the 15" day of each
month and the monthly rainfall data are used,
then the lag time of few days or even couple
weeks would be negligible for this time scale.

4.3. RIB application to the study area

The obvious direct relationship between the
water level of Holocene aquifer and rainfall can
be visually felt from the graphs of water level
and rainfall in the three monitoring well
QT119, QT129 and QTI130 as shown in the
Figures 4-6 (4-QT119, 5-QT129 and 6-QT130).
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Figure 4. Monthly GW levels in the monitoring well Q7179 and rainfall.
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Figure 5. Monthly GW levels in the monitoring well Q7129 and rainfall.
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Figure 6. Monthly GW levels in the monitoring well Q7130 and rainfall.

Statistic analysis of the groundwater level in
the observation wells and the monthly rainfall
data during the study period have shown that
between GW level and monthly rainfall is a

strong correlation for monitoring well QT119
since the Pearson correlation coefficient is
equal 0.654, while is a very poor correlation for
well QT129 and QT130 (Table 1.)
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Table 1. Pearson correlation coefficient ® between
GW level and monthly rainfall

Monitoring well QT119 QT129  QTI130
Correlation
coefficient R 0.654 0.017 0.209

After the application of RIB method with
constant value r as the original metehod
proposes, it had been observed that the
observed WL and RID simulated WL are of
good match for some years, while are of worse
match for other years. Therefore, the change of
r for each year would result in better match for
the entire series. Therefore, the analysis of the
recharge had been carried out two
alternatives:

in

- A constant of r (fraction of cumulative
rainfall departure) is used as the RIB method
specifies;

- A varying r over the analysis period, but
constant over each year;

Besides, the values of parameter P,

representing the boundary conditions (P, ranges
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from O to P,) had been manually estimated.
However, the best one is P= P, for all the three
monitoring wells’ areas, and the closer to zero
the worse RIB simulated WL (Figure 8 shows
the case of P=0.5P, for monitoring well
QT119).

Also, since the observed WL at QT129 has
two distinguished parts: one is from 1995 to
1999, and another is from 2000 to Oct. 2006
(for from Nov 2006 till 2007 data are missing),
the results of those two time periods are to be
separately described.

The values of fraction of CRD r have been
trial-and-error determined by visual better
match between observed WL and RIB
simulated WL and the values of correlation
coefficient. The values of r in the RIB analysis
of the three wells are given in Table 2 and the
resulted RIB simulated WL are shown in the
Figures 7-13 for both constant and varying
fraction of CRD.

Table 2. Determined recharge values (1995-2007) by the RIB

Monitoring Time veriod Constant fraction Varying fraction r
well p r (%) Min-Max (average) (%)
QT119 1995-2007 13 9-25 (16.26)
QT129 1995-1999 16 16-22 (20.00)
2000-15.0c¢t.2006 12 9-18 (13.00)
QT130 1995-2007 15 11-30 (19.00)
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Figure 7. Observed and RIB simulated WL at well QT119: constant r.
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Figure 10. Observed and RIB simulated WL at well QT129: constant r.
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Figure 11. Observed and RIB simulated WL at well QT129: varying r.
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Figure 12. Observed and RIB simulated WL at well QT130: constant 7.
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Figure 13. Observed and RIB simulated WL at well QT130: varying r.
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Figure 14. QT130: RIB simulated WL Jan. 1997-Dec. 2005 shifted 3months forwards.

Since the varying parameter r has given
better match between the observed WL and RIB
simulated WL, the results for varying r and
threshold parameter P=P, are presented and
discussed hereafter. In order to determine the
degree of correlation between the observed GW
levels and RIB-determined GWL levels the

Spearman correlation coefficient have been
determined as presented in Table 2. By the
Spearman correlation criteria, the observed and
RIB simulated WL are of strong correlation for
QT119 and 129, while very poor correlation is
for QT130.
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From the graphs of the RIB simulated WL
and observed WL for the three monitoring wells
it may note the following. The RIB simulated
WL is of better match with the rising WL,
because during the rainy season the recharge is
overwhelming any discharge. The over-
estimated WL for after rainy season would be
due to the improper assumption about the
evapotranspiration, inflow and outflow etc.
from the aquifer in the area. Since, there is no
obvious shallow groundwater abstraction in the
three monitoring wells’ areas, the discharge
from the aquifer would be dominating after the
rainy season due to groundwater drainage to the
lakes and rivers and evapotranspiration from the

groundwater etc.

Regarding the monitoring well QT129
observed WL, during the period 1995-1999 the
WL fluctuation magnitude is much greater than
that of period 2000-Oct. 2006. Also, in January
2000 the WL sharply raised up and the
fluctuation magnitude from that time became
much smaller than before. This would be of

hydrogeological conditions due to man-made
acivities, for example the fast urbanization of
Hung Yen city around the monitoring well
QT129 has caused such changes.

Regarding the monitoring well QT130
observed WL, the RIB simulated WL during
Jan. 1995-Dec. 1996 and Jan. 2006-2007 are
cyncronized with arlier WL. However in the
period during Jan. 1997 - Dec. 2005 the RIB
simulated WL is about 3 months arlier than
the observed WL. This would be due to the
error in dating the observed WL during the
monitoring work. The simple forward shift of
this period to 3 months had given much better
correlation  of  Spearman’s  correlation
coefficient of 0.656-0.658 and is shown in
Table 2 and Figure 14.

The estimated recharge values have been
estimated by the above-described equations 4-6
are given in Table 3, where the uncertainty of
the recharge estimation in regards to the
specific yield ranging from 0.06 to 1.2 was also
presented.

some reasons causing the change of
Table 2. Spearman’s correlation coefficient (R,) between observed WL and RIB simulated WL
QT130 (RIB simulated WL Jan. 1997-Dec. 2005
Borehole QT119 QT129 QT130 shifted 3months forwards)
Constant r 0.751 0.708 0.171 0.656
Variable r 0.730 0.712 0.164 0.658

Table 3. Determined recharge values (1995-2007) by the RIB method

Total rainfall

Percentage of

Time period T,. (mm) (mm) rainfall (%) Percentage of rainfall (%)
1=0.1 1=0.06 1=0.08 1=0.12
QT119, QT130
1995-2007 6,592 17,310

38.1 22.86 30.48 45.72
Mean annual 507 1,332

QT129
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1995-

15.0c¢t.2006 3,480 16,060
Mean annual 427 1,251
1995-1999 2,636 6,984
Mean annual 527 1,397
2000-

15.0ct.2006 2844 9,076
Mean annual 416 1,328
Average mean 6.036 16,685
annual

20.46 27.28 40.92

37.7 22.62 30.16 45.24

31.3 18.78 25.04 37.56

21.66 28.88 43.32

5. Discussions and concluding remarks

- GW level of the Holocene aquifer in the
study area would obviously tightly related to
the rainfall thanks to the permeable of semi-
permeable surface ground soil layer and its not
thick thickness. The Holocene aquifer level rise
thanks to the below Pleistocene aquifer would
be not present since at the present WL of
Pleistocene aquifer is lower than the Holocene
aquifer.

- The Holocene aquifer of the study area is
better representing an open system from the
RIB methodology's standpoint.

- Besides the strong relationship of
Holocene aquifer WL with rainfall for which
there is strong relationship between observed
WL with RIB simulated WL as for well QT119,
even though the Holocene aquifer level has
very poor relationship with rainfall, the
simulated WL by RIB may have very strong
relationship with the observed WL as the
analysis results of monitoring well QT129 show
that the Spearman correlation coefficient is
0.708-0.712.

- The fractions of cumulative rainfall
departure are from 13% for monitoring well
QT119, and 12%-16% for wells QT129 and
QT130. For the basic specific yield of 0.1, the
rainfall recharge rates are from 427mm (34.1%

of mean annual rainfall) in the monitoring well
QT119 area to 527mm (38.1% of mean annual
rainfall) the area of monitoring wells QT129
and QT130 area. This recharge rates already
include the evapotranspiration from the
groundwater, which may be more or less than
50% of the total recharge rate for the study area,
as the results by Dang Huu On et al. (2007)
[10]. Therefore, the obtained effective recharge
is more or less in the range of 15%-20% of
rainfall which is commonly used by the
Vietnam hydrogeologists.

- The modification of use of varying
fractions of CRD to the original proposed RIB
method with constant r, makes insignificantly
better Spearman correlation although visually
the fluctuation of GW level rise looks better.

- The recharge values obtained by the RIB
method would be the total rainfall recharge to
GW that already includes the
evapotranspiration from the GW. The
estimation of the evapotranspiration from GW
would be a challenging task for estimation true
rainfall recharge to the GW.

Finally, as this method had been first time
manually applied in climate condition other
than arid and semi-arid, it is worthwhile to have
more study and research on its applicability, the
effect of the varying fractions of CRD etc. For
avoiding any unnecessary discrepancies in
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application of RIB method, the observed WL
data need carefully be checked for accuracy
such that had been possible occurred to QT129
and QT130 (if such shortcomings actually had
been happened). Accurate experimental areas
would be the best conditions for such study and
research, for which all the boundary conditions,

rainfall events, transpiration,

evapotranspiration, inflow and outflow,

groundwater abstraction etc. need to be
accurately identified and monitored.
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X4c dinh dai lwong bd cap nude mua cho tang chtra nudc
Holocen khu vuc tinh Hung Yén bang phuong phiap RIB

Nguyén Puc R&i

Vién Dia chat, Vién Han lam Khoa hoc va Céng nghé Viét Nam, 84 Chua Ldng, Ha N¢i, Viét Nam

Tém tit: Xéc dinh dai lugng bod cap nudc ngdm tir nuéc mua 1a rit quan trong trong danh gia trit

luong nude ngam phuc vu khai théc va quan 1y tai nguyén nude. Bai béo trinh bay tng dung phuong
phap dudng cong mua ngam (RIB) dé xdc dinh dai lugng bd cap nude ngam tir nwdc muwa khu vyc tinh
Hung Yén-dong bang song Hong. Mic dit muc nudc tang chira nuée Holocen trong cdc 16 khoan quan
tric & cdc diéu kién dong thai myc nudc khac nhau, chéng han g?ln nhu 1a dong théi ty nhi€n hoac
d6ng thai phd huy do khai thic, nhung quan hé gitta dao dong muyc nudc va mua cong don xuét phat
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rat chat ché. Tai liéu quan tric muyc nudc duoc su dung la tir cac 16 khoan quan tric trong mang ludi
quan tric Qudc gia QT119, QT129 va QT130. Ty s6 mua cong don xudt phat xdc dinh dwoc c6 gid tri
tir 13% dbi voi 16 khoan QT119, 12%-16% dbi voi QT129 va QT130. Déi véi truong hop co ban c6
hé s6 nha nude trong lyc bang 0,1 thi lugng nudc mwa ngam tong cong 1a tir 427mm (34.1% lugng
mua nam trung binh) dbi véi khu vuc 16 khoan QT119 dén 527mm (38.1% lugng mua ndm trung
binh) d6i véi khu vuc cic 16 khoan QT129 va QT130. Lwong nudc mwa ngdm nay bao ham ca lugng
bbc hoi nude tir nwde ngam, ma tdng luong bde hoi nay cling cdc thanh phan thodt nuéc ngam khac &
khu viyc c6 thé chiém khoang trén dudi 50%. Vi vdy lugng nudc mua ngdm hiéu qua & khu vyc chiém
khoang 15%-20% tong lugng mua, va nam trong giéi han gid tri ma cdc nha dia chét thuy vian Viét
Nam thuong str dung.

Tir khéa: Dong bang song Hong; Mua xuét phat cong don (CRD); Pudng cong mua ngdm (RIB);
B cap nudc ngam: Tuong quan Pearson; Tuong quan Spearman.



