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ABSTRACT

In this study, we made a verification of water quality
between forecasted and monitoring data in 2015 to find out the
differences for Cau River water quality, BOD, concentration
(5-day Biochemical Oxygen Demand). Then, an analysis on
main development factors which may cause these differences
was made. The results showed that in general, BOD5
monitoring concentrations are lower than forecasted median
results and meet the standard QCVN 08-MT:2015/BTNMT
for surface water quality, while the forecasted concentrations in
some periods are over the standard. Local government” control
of population growth in Bac Kan City is considered as one of
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the major reasons to make Cau River water quality better than
forecasted. The statistic population data of Bac Kan City in
2015 is lower than the forecasted population: 26.19% lower
than the forecasted in the low population growth scenario
(81), 28.04% in the medium population growth scenario
(82), and 29.8% in the high population growth scenario (§3).
Besides, the operation of domestic wastewater treatment plant
in Cho Moi Town, which was not considered in developing
and assessing the impacts of population scenarios on water
quality, is also considered as one of the reasons why the Cau
River monitoring water quality (BOD5 concentration) is
better than forecasted. This verification result is important and
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useful for increasing the quality of scenario development and
water quality forecast in the future.

Key words: water quality, verification, GIBSI, Cau River
basin, scenarios.

RESUME

Cette étude compare les concentrations en DBO, (demande
biochimique en oxygene apres cing jours) mesurées en 2015
et celles prédites pour la riviere Cau avec I'outil GIBSI selon
différents scénarios d’évolution du territoire prévus par les
autorités. Lobjectif est d’expliquer les différences observées. Les
résultats montrent qu'en général les concentrations mesurées
en DBO; sont plus faibles que la médiane des valeurs prédites
pour 'année 2015 selon les scénarios et qulelles respectent le
critere de qualité de 'eau de surface QCVN 08-MT:2015/
BTNMT. Les différences entre les concentrations observées et
prédites s'expliquent principalement par le fait que la croissance
de la population a été moindre qu'initialement prévu par les
autorités dans la ville de Bac Kan. En effet, la population
recensée en 2015 dans cette ville érait respectivement de
26,19 %, 28,04 % et 29,08 % inférieure a celle prévue selon
les scénarios de croissance faible (S1), moyenne (S2) et élevée
(S3) de la population. Egalement, la mise en opération d’une
station de traitement des eaux usées 3 Cho Moi, qui n’avait pas
été prise en compte dans les scénarios analysés, est un autre
facteur ayant entrainé une meilleure qualité de 'eau que celle
prédite par les scénarios. Les résultats obtenus montrent que les
futurs scénarios de développement devront étre mieux élaborés
en matiere de croissance démographique et mieux tenir compte
des prévisions d’investissement pour le traitement des eaux
usées, afin d’améliorer les prédictions de qualité de I'eau en
riviere.

Mots-clés : qualité de Ueau, vérification, GIBSI, riviére
Cau, scénarios.

1. INTRODUCTION

Cau River is a river in the North of Vietnam. The natural
area of the river basin is 6 030 km?, representing 2% of the total
country area (MONRE, 2006). In this river basin, population
and industrial growths are considered as major concerns of
local authorities due to their impacts on degradation of water
quality. Therefore, water quality improvement for Cau River
basin is one of the priorities of the Vietnamese government
(PHAM, 2013).

Several socio-economic development scenarios for Cau
River basin were created in 2010 (PHAM, 2013; PHAM ez 4l.,
2016), in which there were three scenarios of population (S1,
S§2, 83) and three industrial scenarios (S4, S5, S6). Population
and industrial factors were considered as major causes for the
degradation of water quality in the Cau River basin. These
scenarios were built mainly based on local projections for
population and industrial growths in two future years of 2015
and 2020, and then being assessed to know their impacts on
future water quality of Cau River by using GIBSI computer
tool. The scenarios and their impact on water quality are

described in details in PHAM (2013) and PHAM et /. (2016).

In this research, the authors carried out a verification of
the forecasted water quality results for Cau River. Monitoring
water quality data of Cau River at Thac Rieng and Gia Bay
stations were collected during five periods in 2015 and
compared with the forecasted data. This verification is very
important to understand the forecast quality and developed
scenarios’ quality.

2. STUDY AREA

The study area in this research is the upstream of Cau River
basin in Bac Kan and Thai Nguyen provinces (Figure 1). Bac
Kan province includes eight administrative units, among which
four units are related to the Cau River basin. Thai Nguyen
province has nine units, whose all units are related to the Cau
River basin. The Cau River, whose total length is 288 km, is
located in the North-East of Vietnam. It is one of the largest
rivers of the Thai Binh River system.

This study focuses on verification of Cau River water quality
in two river reaches at Thac Rieng and Gia Bay monitoring
stations (Figure 2).

3. METHODOLOGY

3.1 Method of scenario development

Scenariodevelopmentforintegrated watershed management
is based on probable changes in the future of socioeconomic and
environmental factors such as population, industry, agriculture,
land use conversion, domestic wastewater, and climate change.
System analysis of local governments’ projections will help to
define the probable changes in future. Due to the scarcity of
available data for system analysis in several countries, especially
in developing countries such as Vietnam, realistic assumptions
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Figure 1. Map of Cau River basin in Vietnam and the study area which corresponds to the parts of the Cau River basin located in Bac Kan and

Thai Nguyen provinces (PHAM ez al., 2016).
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Location of the three selected river reaches and point
pollution sources (PHAM et al., 2016).

Localisation des trois trongons de riviére sélectionnés et des
sources ponctuelles de pollution (PHAM et al., 2016).
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are needed for scenario development. For example, assumption
of capacity of domestic wastewater treatment plants, or increase
of wastewater discharge of current industrial factories. Finally,
scenarios are created by different combinations of the probable
changes and assumptions for the above socioeconomic and
environmental factors (Figure 3). For example, a scenario,
which is created to assess the impact of domestic wastewater
on water quality combines the factors of projections for
population growth and projection and assumptions for
domestic wastewater treatment plants’ capacities. The impacts
of the developed scenarios on river water quality are assessed by
using water quality simulation models.

3.2 Method of water quality forecast

There are several river basin integrated management
simulation tools which can be used to assess the impacts of
socioeconomic development scenarios on stream flow and
river water quality such as SWAT (NEITSCH ez /., 2009)
and GIBSI (VILLENEUVE et al., 1998; ROUSSEAU et 4.,
2000). In this research, GIBSI was used to assess the impacts
of developed socioeconomic scenarios on Cau River water
quality. GIBSI is a computer tool which includes four main
components (Figure 4) (QUILBE and ROUSSEAU, 2007):

1. Database management system with a geographical
information system (GIS), including spatial data such as
gauge stations locations and attribute data such as database
of soil types which are required for developing scenarios
and running simulation.

2. Scenario management component that helps developing
various watershed management scenarios.

3. Four simulation models:

- HYDROTEL, a distributed physically-based hydrological
model (FORTIN ez al., 1995);

- MODEROSS (DUCHEMIN, 2000) and ROTO
(ARNOLD ez al., 1998), used for soil erosion and sediment
transport in rivers;

- PoPES, a pollutant transport model (LASBLEIS ez 4/,
2008);

- QUAL2E, a river water quality model (BROWN and
BARNWELL, 1987).

All these models in GIBSI should be calibrated for the
studied watershed before assessing the impacts of developed
scenarios on river water quality.

4. Post-processing tools that are used to analyze and visualize
simulation results.

3.3 Method of verification

This method includes the following steps: 1) collecting
monitoring data of water quality and current socioeconomic
development in 2015; 2) data treatment:

e Comparing the forecasted and current data of Cau River
water quality in 2015 in two monitoring stations of Thac
Rieng and Gia Bay;

e Comparing and analyzing the current socio-economic
development in 2015 and local governments’ former
projections to find out the reasons of the differences
between the forecasted and current water quality of Cau
River.

4. RESULTS AND DISCUSSION

4.1 Results of water quality forecast

In this study, 14 scenarios were built in order to assess the
impacts of seven factors: population, domestic wastewater,
industry, livestock, agricultural fertilizer, land use conversion,
climate change. After assessing the impacts of these scenarios on
Cau River water quality by using GIBSI, it was found that two
factors which have significant impacts on water quality of Cau
River in the study area are population and industry (PHAM,
2013; PHAM et al., 2016). The six developed scenarios to
assess the impacts of these two main factors are called scenarios
from S1 to S6, in which S1, S2, and S3 are three scenarios for
assessing the impacts of population and domestic wastewater,
and S4, S5, and S6 are scenarios for industry.

Scenarios S1, S2, and S3 are the combination of the low,
medium, and high future population growths and the low,
medium, and high capacities of domestic wastewater treatment
plant, respectively.

Scenarios S4, S5, and S6 are the combination of the local
governments projection for the 14 new industrial zones and
the different future industrial growths of current factories
(keep current discharge, increase 5% in 2015 and 10% in
2020, increase 10% in 2015 and 20% in 2020, respectively).
In these three scenarios, we assumed that all industrial factors
meet the Vietnamese standard for industrial wastewater.

Results of Cau River water quality forecast for the six above
scenarios in 2015 and 2020 is compared with the state in 2009
in figures 5 and 6. In these figures, concentrations of BOD5 are
displayed by boxplot for each scenario in the future and for the
reference situation. Each boxplot was represented with the 365
simulated values which correspond to 365 days in one year. The
green lines in these figures indicate the BOD, concentrations
in the Vietnamese standard for surface water quality; the lower
line is the standard value for the purpose of water supply with
treatment (A2) (6 mg:L" for BOD,) and the upper line is the
standard value for the purpose of irrigation and other purposes

(B1) (15 mg-L" for BOD,).
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Figure 5.  Simulation results of BOD, concentration in 2015 and 2020 at Thac Rieng for scenarios

a) S1, S2, S3, and b) $4, S5, S6, compared with the reference year 2009 (PHAM, 2013).
Concentrations en DBO, simulées en 2015 et 2020 a Thac Rieng pour les scénarios
a) 81, S2, §3 et b) $4, S5, S6, comparées avec I'année de référence 2009 (PHAM, 2013).

The simulation results in two river reaches, namely at Thac

Rieng and Gia Bay monitoring stations, in Cau River showed
that:

At Thac Rieng: fast future population growth in Bac
Kan has significant impacts on the increase of BOD,
concentrations in the future. The reason why population
in Bac Kan is expected to grow fast is that Bac Kan Town
was planned to become a city in 2015. Figure 5a shows
that even if Bac Kan town installs a domestic wastewater
treatment plant with a capacity of 10 000 people in 2015,
as in the local government projection, the median value
of BOD, concentration is higher than the concentration
in the reference state (Figure 5a, S1_2015). However, if
the capacity of domestic wastewater treatment plant in
Bac Kan Town is increased to 20 000 people (S2_2015)

and 30 000 people (S3_2015), the water quality will be
improved. Figure 5b shows that this river reach does not
seem to be affected by industrial activities. The BOD,
concentrations in scenarios S4, S5, and S6 in future years
are the same as in the reference state. This can be explained
by the fact that in the upstream area of this river reach,
there is no new future industrial zone, and the wastewater
of all current factories is supposed to meet the standard for
industrial wastewater.

At Gia Bay: The river reach at Gia Bay station is the outlet of
the studied region of Cau River basin. From the upstream of
Cau River to this outlet, there are two domestic wastewater
treatment plants which will were planned to be installed in
2015, in Bac Kan Town and in Thai Nguyen City. Figure 6a

shows that BOD, concentrations in all three scenarios S1,
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Figure 6.  Simulation results of BOD, concentration in 2015 and 2020 at Gia Bay for scenarios
a) S1, S2, 83, and b) $4, S5, S6, compared with the reference year 2009 (PHAM, 2013;

PHAM et al., 2016).

Concentrations en DBO, simulées en 2015 et 2020 a4 Gia Bay pour les scénarios
a) S1, 82, 83 et b) S4, S5, S6, comparées avec I'année de référence 2009 (PHAM, 2013;

PHAM et al., 2016).

S2 and S3 in both future years decrease compared with the
reference state. In general, the water quality is improved
if these two domestic wastewater treatment plants are
installed and operated, even with the smallest capacities
in scenario S1 (capacity of 10 000 people for treatment
plant in Bac Kan Town and capacity of 100 000 people for
treatment plant in Thai Nguyen City). For three scenarios
S4, S5 and S6 (impacts of industry), figure 6b shows
that BOD, concentrations in both future years decrease
compared with the reference state. This is due to the fact
that in the future, all industries are supposed to meet the
standards for industrial wastewater.

4.2 Results of water quality verification

The monitoring data for verification of Cau River water
quality, collected from Center for Environmental Monitoring
(CEM), Vietnam Environment Administration (VEA), are
from five monitoring periods in 2015, which are:

e Period 1: 5-13 May 2015;

e Period 2: 15-22 July 2015;

e DPeriod 3: 10-16 September 2015;
e Period 4: 9-15 October 2015;

e DPeriod 5: 2-9 December 2015.
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These are the annual regular monitored values for Cau
River. Only one sample was collected for each monitoring point
along Cau River during each monitoring period. Therefore,
there was only one value of BOD, concentration for each of
five monitoring periods at each river reach.

The monitored data of Cau River water quality at Thac
Rieng and Gia Bay in these five periods of time and the median
values of the forecasted data series in 2015 for scenarios S1
to S6 were used for comparison and verification. Results of
Cau River water quality verification between monitoring data
and the forecasted data of the six scenarios of population
and industry, compared with the Vietnamese standards of
surface water quality QCVN 08-MT:2015/BTNMT (A2 for
the purpose of water supply with treatment and B1 for the
irrigation purpose), are shown in figures 7 and 8.

The verification results in above figures show that, in
general, BOD, monitoring concentrations are lower than the
forecasted results in all of five periods of time in 2015. The
BOD, monitoring concentrations in all of five periods in 2015
meet the standard QCVN 08-MT:2015/BTNMT of both
purposes A2 and B1, while the forecasted median values in
some cases are over the standard for the purpose of water supply
with treatment (A2), especially at Thac Rieng (Figures 7a and
7b). The differences between the forecasted median values in
S4, S5 and S6 were not significant, which were 7.56 mg-L'! in
S4, 7.56 mg:-L! in S5, 7.57 mg-L"! in S6 at Thac Rieng, and
6.16 mg-L'" in S4, 6.18 mg-L" in S5, 6.20 mg-L" in S6 at Gia
Bay, therefore there was an overlap of three lines for $4, S5 and
S6 in figures 7b and 8b.These verification results show that the
moniroring results in reality of Cau River water quality (BOD,
concentrations) show a better water quality than the forecasted
results.

4.3 Discussion

The verification results show that the local governments in
Bac Kan and Thai Nguyen provinces well controlled the Cau
River biochemical water quality in 2015. In order to know the
reasons of this good control of water quality, we implemented
a review of the projected growths in the six scenarios and made
a comparison with the population and industrial growths
in reality in these two provinces. This review showed several
differences which may be the reasons of good control of Cau
River water quality in 2015. These differences are discussed
below.

4.3.1 Population and domestic wastewater treatment plants

In the three developed scenarios for population, the
population in Bac Kan Town was forecasted to grow fast with
three level of growth: low in scenario S1, medium in S2, and
high in S3 because the local government wished Bac Kan

Town to become a city in 2015. This wish came true, Bac Kan
Town became Bac Kan City in March, 2015. However, the
actual population data of Bac Kan City in 2015 (BAC KAN
STATISTICS OFFICE, 2016) was lower than the forecasted
population in all three scenarios for population: 26.2% lower
than forecasted in scenario S1, 28.0% in S2, and 29.8% in S3.
This may be one of the reasons for Cau River water quality to
be better than forecasted, due to less pressure from the impact
of fast population growth in Bac Kan Town.

On the contrary, the population data of Thai Nguyen City
in 2015 (THAI NGUYEN STATISTICS OFFICE, 2016) was
higher than forecasted. However, the difference between real
and forecasted population data in 2015 in Thai Nguyen City
is not important, only 11.4% in the low population growth
scenario S1, 7.3% in the medium population growth scenario
S2, and 5.1% in the high population growth scenario S3, as
compared with the forecasted population. The differences
between the real and forecasted population in Bac Kan and
‘Thai Nguyen cities are indicated in figure 9.

Regarding the domestic wastewater treatment plants, it was
projected by the local governments, in the three population
scenarios S1, S2, and S3, that there would be two domestic
wastewater treatment plants in Bac Kan Town and Thai
Nguyen City in 2015. These projections went into practice,
since these two domestic wastewater treatment plants are now
in operation with capacities as local projections: 3 000 m?-d™!
(or for around 10 000 connected people) in Bac Kan City
and 21 000 m?-d" (or for 100 000 connected people) in Thai
Nguyen City. Besides, domestic wastewater treatment plant
in Cho Moi Town, which belongs to Cho Moi district, Bac
Kan province, was constructed and is in operation with a
capacity of 800 m®.d™'. This treatment plant in Cho Moi Town
was not considered in developing and assessing the impacts
of population scenarios S1, S2, S3. This is also considered as
one of the reasons why the Cau River monitored water quality
(BOD, concentration) is better than forecasted.

4.3.2  Industry

To develop industrial scenarios S4, S5, and S6, it was
assumed that wastewater from all industrial factories meets
the Vietnamese standards for industrial wastewater, because all
industries must meet these standards according to Vietnamese
environmental protection law. The monitoring results show
that the Cau River water quality (BOD, concentration) in
2015 was good, and below the Vietnamese standard for surface
water quality, even for the purpose of water supply with
treatment (A2). This indicates that the industrial development
in Bac Kan and Thai Nguyen in recent years did not increased
much, and/or that the local governments have controlled well
the quality of industrial wastewater from factories in the study
area.
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Figure 7. Verification of BOD, concentration in 2015 at Thac Rieng for scenarios a) S1, S2, $3, and b) $4, S5, S6.
Vérification des concentrations de DBO, en 2015 & Thac Rieng pour les scénarios a) S1, S2, 83 et b) S4, S5, S6.
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Figure 8.  Verification of BOD;, concentration in 2015 at Gia Bay for scenarios a) S1, $2, $3, and b) $4, S5, S6.
Vérification des concentrations de DBO, en 2015 & Gia Bay pour les scénarios a) S1, S2, $3 et b) S4, S5, S6.
5. CONCLUSION which may lead to a water quality better than forecasted in Cau

River is the operation of a domestic wastewater treatment plant
in Cho Moi Town, which was not taken into consideration
in the developed scenarios. This verification result can provide
guidance for increasing quality of scenario development, useful
for water quality forecast.

The verification result showed that, in general, the quality
of socio-economic scenario development based on local
projections and forecasted water quality results, which were
simulated by GIBSI for Cau River, is relatively accurate.
The fact that the monitored water quality is better than the
forecasted water quality may be due to the population being
lower than forecasted in Bac Kan City. Besides, another reason
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Vérification de la population en 2015 dans les villes de Bac Kan et Thai Nguyen.
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