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1. Introduction

For the last two decades, Vietnam has achieved great developments in economic. Our
country is in the middle of industrialization and modernization process. But side-effects of
economic developments which is greater than ever are environmental problems, especially
water pollution. At present, with the pressure of environmental pollution, river water
quality is showing signs of pollution at some degrees. For the season, it is necessary to
assessing and monitoring river water quality, then using models to simulate water quality
to propose managing strategies. In order to contribute and improving the water quality
model for Cau River, we carried out the research: “Preliminary assessment and simulation
of the water quality of Cau River, Bac Ninh province by mathematical model”.

2. Materials and methods
2.1. Study site

Cau River basin lies in coordinates of 21°07" - 22°18 North latitude, 105°28" - 106°08’
East longitude. The area of basin is about 6,030 km? it runs through six provinces: Bac
Kan, Thai Nguyen, Bac Ninh, Bac Giang, Vinh Phuc and Hai Duong. The study site is a
fragment running through Bac Ninh Province, it has the length of 63 km, beginning at Tam
Giang Commune, Yen Phong District and ending at Duc Long Commune, Que Vo District.
The water samples were taken at twenty points along the stream.

2.2. Methods
e Inheritance method.
e Statistics, analyzing, collecting and assessing base on the earlier documents.
e Modeling method by QUAL2E model [5, 6].

3. Results and discussion

3.1. Water quality assessment of Cau River, Bac Ninh Province

Table 1. Results of water quality analysis of Cau River

Samples | pH SS DO BOD | COD N- Pesticide | Detergent Coliform
(mg/l) | (mg/l) | (mg/l) | (mg/l) | NH, (mg/l) (mg/l) |(MNP/100ml)
(mg/)
M1 7.2 85 4.2 17.7 | 25.2 0.3 0.17 0.25 17800
M2 7.3 80 4.7 175 | 255 | 0.35 0.12 0.21 11750
M3 7.5 85 4.3 16.2 | 245 | 0.32 0.125 0.3 15100
M4 7.0 65 4.7 155 | 21.2 | 0.27 0.075 0.2 10200
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M5 7.2 60 4.9 15.0 | 20.7 | 0.25 0.079 0.25 10500
M6 7.5 65 5.0 21.2 | 31.2 | 0.27 0.1 0.21 15500
M7 7.5 64 4.0 32.5 | 45.7 | 0.25 0.1 0.4 33000
M8 7.3 64 4.8 19.5 | 20.2 | 0.26 0.09 0.25 15500
M9 76| 70 4.5 20.6 | 23,5 | 0.25 0.12 0.2 17200
M10 6.9 60 5.2 17.2 19.5 0.19 0.1 0.19 12000
M11 7.0 50 5.5 13.7 20.5 0.21 0.045 0.17 11500
M12 7.5 70 5.2 14.2 21.3 0.25 0.055 0.27 14300
M13 7.2 55 5.2 14.5 20.7 0.23 0.04 0.12 10600
M14 7.3 65 5.5 13.2 19.7 0.19 0.05 0.17 10200
M15 7.2y 60 5.5 14.7 20.2 0.22 0.06 0.18 10070
M16 7.1 55 5.5 13.2 19.5 0.19 0.05 0.15 10500
M17 7.2 55 5.5 14.7 | 20.0 | 0.22 0.06 0.12 12000
M18 7.2 45 6.3 125 | 17.7 | 0.17 0.055 0.15 10500
M19 7.2 50 6.0 13.7 | 18.2 0.2 0.06 0.11 10100
M20 7.0 60 5.7 13.5 | 19.5 | 0.22 0.056 0.17 11500
TCVN | 55| <80 > 2 <25 | <35 <1 <0.15 <0.5 <10.000
5942/B | -9

With the above analytic results, we drew some comments as follows:

e All the twenty water samples has very high coliform indices, exceeding the limited
value of class B - surface water’s quality standard of Vietnam (TCVN 5942/95/B) [4, 9]. The
two reasons for this situation are the discharges of cattle waste into channels then to river
and the uses of fertilizer.

e The concentrations of DO, BOD, COD and suspended solids are not satisfying the
class A - surface water quality standard [9, 10]. So this water is unusable for such purposes
as eating, drinking and other life-uses.

e Craft villages such as Dai Lam village, Van village (alcohol-producing craft village)
brought about serious pollution for the reach run thought there. The cause is the
discharging directly untreated waste water into the stream [1].

e In general, except a few heavy pollution points, DO concentrations have trend to
increase and BOD concentrations have trend to decrease toward the downstream. This
proves quite good self-purification ability of Cau River.

3.2 Modeling water quality of Cau River by QUAL2E

The Enhanced Stream Water Quality Model (QUALZ2E) is a comprehensive and
versatile stream water quality model. It can simulate up to 15 water quality constituents in
any combination desired by the user. The model is applicable to dendritic streams that are
well mixed. It uses a finite-difference solution of the advective-dispersive mass transport
and reaction equations. The model is intended for using as a water quality planning tool [5].

The modeling procedure included: establishing parameter set for model, inputting
observed data, calibrating, making scenarios and finally bring out predictions as well as
recommendations [7, 8].
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Operating model with observed data for four components: DO, BOD, COD, N-NH,,
we obtained result as follow:

Table 2: Results of simulation with observed data

Reach DO (mg/) BOD (mg/l) COD (mg/) N-NH, (mg/l)
No.
TT MP SS | TT MP SS | TT MP SS TT | MP SS
1 4.2 42 10.00|17.7| 1759 |0.62| 252 |24.87| 1.31 | 0.3 | 0.3 | 0.00
2 4.7 | 423 | 10.0 | 17.5| 17.06 | 2.51 | 25.5 | 23.47 | 7.96 | 0.35 | 0.3 | 14.29
3 4.3 | 444 | 3.26 | 16.2 | 1543 | 4.75| 245 | 22.21 | 935 | 0.32 | 0.3 | 6.25
4 4.7 | 445 | 532|155 | 15.31 | 1.23 | 21.2 | 22.14 | 443 | 0.27 | 0.3 | 11.11
5 49 | 425 | 13.8| 15 | 15.01 | 0.07 | 20.7 | 22.18 | 7.15 | 0.25 | 0.29 | 16.00
6 5.0 43 |14.0|21.2 | 24.8 |16.98| 31.2 | 34.79 | 11.51 | 0.27 | 0.21 | 22.22
7 4.1 | 3.97 | 3.17 | 32.5| 32.12 | 1.17 | 45.7 | 41.29 | 9.65 | 0.25 | 0.18 | 28.00
8 50 | 5.88 | 17.6 | 17 | 14.92 [12.24| 25 | 29.96 | 19.84 | 0.4 | 0.3 | 25.00
9 4.8 | 455 | 5.21 | 19.5| 27.02 |38.56| 20 | 31.99 | 59.95 | 0.26 | 0.2 | 23.08
10 45 | 509 | 13.1|20.6 | 19.71 | 4.32 | 23.5 | 18.54 | 21.11 | 0.25 | 0.22 | 12.00
11 5.2 | 5,06 | 2.69 | 17.2 | 19.69 [14.48| 19.5| 19.71 | 1.08 | 0.19 | 0.22 | 15.79
12 55 | 536 | 2.65|13.7| 19.0 |38.69]| 20.5 | 20.11 | 1.90 | 0.21 | 0.22 | 4.76
13 5.2 | 538 | 3.46 | 14.2 | 18.94 |33.38| 21.3 | 20.13 | 5.49 | 0.25 | 0.22 | 12.00
14 5.2 | 5.36 | 3.08 | 14.5 | 18.69 |28.90| 20.7 | 20.17 | 2.56 | 0.23 | 0.22 | 4.35
15 5.5 | 538 | 2.18 | 13.2 | 18.59 [40.83| 19.7 | 20.2 | 2.54 | 0.19 | 0.22 | 15.79
16 5.5 5.3 | 3.64 | 14.7 | 18.38 |25.03| 20.2 | 20.03 | 0.84 | 0.22 | 0.22 | 0.00
17 55 | 5.63 | 2.36 | 13.2| 14.0 | 6.06 | 19.5| 20.14 | 3.28 | 0.19 | 0.22 | 15.79
18 5.5 | 5.65 | 2.73 | 14.7 | 13.93 | 5.24 | 20 20.2 1.00 | 0.22 | 0.21 | 4.55
19 6.3 | 5.69 | 9.68 | 12.5| 13.86 [10.88| 17.7 | 20.29 | 14.63 | 0.17 | 0.21 | 23.53
20 6.0 | 5.66 | 5.67 | 13.7| 13.74 | 0.29 | 18.2 | 20.23 | 11.15 | 0.2 | 0.21 | 5.00

TT: Observed data, MP: Simulated data, SS: Error (%)

Next we simulate three scenarios in which waste load at point source (Tam Da) is

reduced 25%, 50% and 75% sequentially. The results obtained as follow:

Table 3. Results of simulation with scenarios

Reach Scenario 1 (25%) Scenario 2 (50%) Scenario 3 (75%)
No. DO BOD COD DO BOD COD DO BOD COD
1 4.20 17.59 | 24.87 | 4.20 17.59 24.87 4.20 17.59 24.87
2 4.23 17.06 | 23.47 | 4.23 17.60 23.47 4.23 17.06 23.47
3 4.44 15.43 | 22.21 | 4.44 15.43 22.21 4.44 15.43 22.21
4 4.45 15.31 | 22.14 | 4.45 15.31 22.14 4.45 15.31 22.14
5 4.25 15.01 | 22.18 | 4.25 15.01 22.18 4.25 15.01 22.18
6 4.62 21.63 | 31.68 | 4.78 18.47 28.58 4.94 15.30 25.45
7 4.49 26.89 | 36.14 | 4.76 21.65 30.98 5.02 16.41 25.82
8 5.89 14.55 | 28.86 | 5.95 13.32 26.74 6.01 12.21 23.82
9 4.95 23.09 | 28.55 | 5.15 19.15 25.10 5.35 15.22 21.66
10 5.34 17.31 16.64 | 5.46 14.90 14.74 5.59 12.49 12.84
11 5.30 17.42 17.92 | 5.42 15.14 16.13 5.53 12.87 14.33
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12 5.58 16.80 | 18.22 | 5.70 14.61 16.34 5.81 12.41 14.30

13 5.60 16.76 | 18.24 | 5.72 14.57 16.35 5.83 12.38 14.28

14 5.59 16.53 | 18.26 | 5.71 14.37 16.34 5.84 12.21 14.21

15 5.61 16.44 | 18.27 | 5.74 14.29 16.34 5.96 12.15 14.18

16 5.54 16.26 | 18.11 | 5.68 14.14 16.18 5.82 12.01 13.99

17 5.95 12.38 17.88 | 6.20 10.77 15.63 6.46 9.15 12.32

18 5.97 12.32 1793 | 6.23 10.71 15.66 6.49 9.10 12.33

19 6.01 12.26 18.00 | 6.26 10.66 15.72 6.52 9.06 12.36

20 5.99 12.15 1795 | 6.25 10.56 15.66 6.51 8.98 12.29

So with 25%-reduced waste load (the first scenario), BOD and COD concentrations
are still unsatisfied class B-TCVN 5942/95 standard, DO concentration was at low level. In
the second scenario, water quality has just met the standard, BOD and COD concentrations
were near the allowable limit. Water quality was greatly improved in the third scenario.

4. Conclusion and recommendation
4.1 Conclusion

e In general, the water quality of Cau River hasn’t been in heavy pollution status yet,

in compare with class B - surface water quality standard. But at the craft villages that

process agriculture products (Dai Lam village) or at crowded towns (Bac Ninh town), the
water pollution was at a higher level and mainly organic pollution.

e Modeling was an effective method in water quality planning. Application of this
method into Cau River could enable environmental managers to consider it to make
necessary decisions.

e The simulated results of this model has shown that the waste load at point source
has to be reduced at least 50% to ensure that water quality there satisfy class B - TCVN
5942/95 standard.

4.2 Recommendation

e The sooner the better rural areas have to be supplied with clean water, reduce as
much as possible the uses of river water.

e It is necessary to have solution to treat waste water in craft villages.
e More water samples should be taken to provide more exact results.

e QUALZ2E is a general model but it is impossible to simulate all the natural
processes that happened, so the regularly monitoring and assessing shouldn’t be bypassed.
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BUGC PAU PANH GIA VA MO PHONG CHAT LUGNG NUGC SONG CAU
POAN QUA TINH BAC NINH BANG MO HINH TOAN

Luu Lan Huong, H6 Minh Hiép
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi

Pé tai st dung mo hinh QUAL2E dé danh gia va mé phong chét luong nude séng Cau,
doan qua tinh Bic Ninh. Bén yé&u t6 ctia chit lugng nude dude chon dé dua vao mé hinh bao
gom: DO, BOD, COD, N-NH,. Nghién citu dugc tap trung vao xa Tam Da khu vuc bi 6
nhiém ning nhat trén doan song nghién ctu. Chiing tdi tao ra 3 kich ban 1a giam lugng thai
6 ngudn thai tai khu vuc thac Tam Da (tic giam tai lugng BOD va COD) di 25%, 50% va
75%. K&t qua nhan dugc nhu sau:

Nhin chung ch4t lugng nuée séng CAu chua bi 6 nhiém ning so véi quy dinh d6i véi
nguodn nude méit st dung vao cac muc dich khac trit muc dich sinh hoat.

Két qua md phdéng chi ra rang néu giam tai chat thai tai nguén thai khu vuc lang
nghé 50% thi chic chin rang chat lugng nude sé thoa méan tiéu chuin nuée mat loai B so véi
TCVN 5942/95.

M6 hinh hoa la mot phuong phap hiéu qua trong quan ly chat lugng nudc séng, cac
nha quan 1y méi trudng cé thé tham khao cac két qua nay trude khi dua ra nhiing quyét
dinh can thiét.
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