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Study on water self-purification capacity in a typical
section of middle route in the main channel of
South-to-North Water Transfer Project

WANG Chao',JIA Qinglin'?,PEI Zhongping',
WANG Shulei®,ZHANG Aijjing®, YIN Wei'

(1. Yangtze River Water Resources Protection Institute, Wuhan 430075, China; 2. College of Environment,
Hohai University, Nanjing 210098, China; 3. Construction and Administration Bureau of South-to-North
water diversion middle Route Project,Beijing 100038, China)

Abstract; Self-purification ability of the water body is an important factor affecting the change in water quality indicators. In this
study, the self-purification capability was characterized by the BOD; degradation coefficient. From January 2015 to July 2015, six
monitoring sections (Chenggou, Fangcheng, Shahenan, Lanhebei, Xinfeng, and Suzhang) of the main canal in the middle route of
the south to North Water Transfer Project were selected to monitor the BOD; monthly data and to study the flow and water
depth of each control gate in the canal section, the one-dimensional steady BOD; degradation model was used to fit the BOD;
degradation coefficient of the main channel. The results showed that the degradation coefficients of BOD; in the channel section
between 0. 024/d~0. 054/d. The capacity of water self-purification of the main channel is relatively small compared to other ar-
eas. The seasonal change of the BOD; degradation coefficient in the channel section was obvious. The fitting k values from Janu-
ary to April and July were 0.028/d (p<C0.05),0.033/d (p<C0.05),0.024/d (p<C0.05),0.039/d( p<C0.05),0.054/d(p<
0. 05), respectively. But the fitting k values of May and June were not statistically significant (p>>0. 05). The runoff from the
bridge and the road formed the input of exogenous organic pollution may be the main cause behind this insignificant fluctuation
of BOD; concentration in the channel. The self-purification ability of the main channel was significantly affected by temperature.
The degradation coefficient of BOD; increased with the increase of temperature and the temperature correction coefficient was
1. 039, respectively.

Key words: self-purification ability; South-to-North Diversion Project; main channel of the Middle Route; BOD; ; degradation co-

efficient

The Middle Route of South-to-North Water route and guarantees the normal social and eco-

Transfer Project is an important strategic water re- nomic development of the provinces and cities
source allocation project in China. After the project along the route. However, since the operation of
is opened to water, it brings huge social, economic the mid-line project, the water quality assurance of
and ecological benefits to the society along the water delivery is facing a huge challenge due to the
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complex structure of the main canal, the large spa-
tial span,and the unique type of ecosystem. The to-
tal length of the main canal in the middle route of
the South-to-North Water Transfer Project is
1 432 km. The long-distance water transport makes
the factors affecting water quality complex and di-
verse, such as the self-purification factor of the wa-
ter body of the canal itself, the atmospheric dry and
wet settlement outside the canal, rainwater runoff
on the bridge and slope,etc. Studying the self-puri-
fication ability of water bodies is of great signifi-
cance for understanding the trend of water quality
in the main canal and summarizing the change law.

The degradation coefficient of organic matter
is an important indicator to assess the self-purifica-
tion ability of water'). Many studies have obtained
the size of the degradation coefficient through the
measurement and simulation of the degradation
process of organic matter. For example,Cai Jiannan
et al. ") estimated the BOD; (five-day biochemical
oxygen demand) degradation coefficient of the
study section based on a steady-state one-dimen-
sional BOD; degradation model. Mu Jinbo et al. !
assessed the BOD; degradation coefficient of the
Nansi Lake and the river entering lake using the
least square method based on the indoor experi-
mental research. Li Junbin' calculated the degra-
dation coefficients of major pollutants including
BOD; in Zhangze Reservoir based on a statistical a-
nalysis of water quality monitoring data. Liu
Hongliang et al. ! obtained the concentration-time
process line through the monitoring of the tracer to
obtain the BOD; degradation coefficient. Several
other scholars used the existing research results to
carry out an analogy analysis with the actual situa-
tion of the research river to determine the BOD;
degradation coefficient"*’, In recent years,some key
influencing factors on the self-purification capacity
of rivers and lakes, such as the increase of tempera-
ture due to climate changel” , and the discharge of
sewage and wastewater'** have gradually attracted
attention.

At present,there has been a lot of research re-
sults on the self-purification capacity of natural riv-

ers, but there is still a lack of in-depth understand-

134« A X 5xH%

ing of the self-purification capacity of large-scale
artificial water transfer channels as the main channel of
the middle route of the South-to-North Water Transfer
Project. Compared with natural rivers, artificial water
transport channels usually have the characteristics of a
single habitat structure, uniform water flow, and high

1) and their self-purifica-

degree of artificial regulation
tion ability may be significantly different from natural
rivers. Therefore, based on the BOD; monitoring data of
the main canal in the middle route of the South-to-North
Water Diversion Project, this paper calculates the BOD;
degradation coefficient of the main canal through sta-
tistical analysis of water quality monitoring data

and provides a reference for understanding the self-

purification capacity of the main channel.

1 Data and methods

1.1 Basic data

Six  monitoring  sections  ( Chenggou,
Fangcheng, Shahenan, ILanhebei, Xinfeng, and
Suzhang) of the main channel in the middle route
of the South-to-North Water Transfer Project were
selected for the section distribution, BOD; and wa-
ter temperature data from January 2015 to July
2015. The water temperature monitoring data and
monitoring section distribution are shown in Fig,.
1. The determination of BOD; adopts the national
standard method (GB 7488-87) stipulated in "
Quality Standard for Surface Water Environment"
(GB 3838-2002). There are 13 sluice gates in the
study channel section,and there may be differences
in flow velocity between the sluice gates. In order
to calculate the channel velocity and flow time, the
monthly averages of the discharges of the various
sluice in the channel section (Chenggou-Suzhang
section) were collected and sorted. The parameters
of the channel slope coefficient and the width of the

canal bottom between adjacent sluice gates are

shown in Tab. 1.

1.2 Calculation method of BODs degrada-
tion coefficient

1.2.1 BODs degradation coefficient fitting

model

The degradation coefficient was determined
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Fig. 1 Distribution and location of water quality monitoring sites
of the studied section in the middle route main channel of the
South-to-North Water Diversion Project

using the steady-state one-dimensional BOD; deg-
radation model™" as formula(1)

c,=c, » exp(—kt) (D
where ¢, is the concentration of BOD; (mg/L.) at
time 7;c, is the initial concentration of BOD; (mg/L) ;
k is the degradation coefficient of BOD; (1/d) ;¢ is
the overcurrent time (d).

From equation (1)

m(c ) ki 2)

:

According to equation (2),In (¢,/c,) and t
have a linear relationship. Based on the BOD; val-
ues of the six monitoring sections, calculate the
degradation time ¢ and In (¢, /c;) between the ini-
tial section and each section,and plot In (¢,/c,) ~t
scatter. Linear regression is performed on the scat-
tered points to obtain the degradation equation,and
the slope can be observed as the BOD; degradation
coefficient of the main trunk canal. Both scatter
plots ‘and linear regression analyses were per-
formed in SPSSI18. 0.

Tab. 1 The monitoring section and control gate of the studied channel section

Monitoring . . Distance from canal Average flow from
. Control/Sluice gate ) other parameters
section head/km January to July/(m?® « s1)
Chenggou 93
Shierli River control gate 97 53.507
Bai River control gate 116 52. 785
Dongzhao River control gate 137 52. 095
H AR " 150 =5 264 Included:
g t at b L.
uangjin River control gate > (1)Monthly
Caodun River control gate 181 53.108 average flow
Fangcheng 195 (2)Monthly average wa-
i B ter depth in front of
Li River control gate 209 50. 480 .
the sluice
Peng River control gate 232 52. 356 (3)Monthly average wa-
Shahenan 238 ter depth behind the
. sluice
Sha River control gate 241 49. 480 . .
(4)Channel slope coeffi-
Yudai River control gate 266 50. 053 cient between two
Beiru River control gate 279 50. 477 adjacent sluice gates
Lanhebei Lan River control (5) Width of channel
300 49. 134
gate bottom
Xinfeng 315
Ying river control gate 327 52. 058
Xiaohong River control gate 348 47.955
Suzhang 354

1. 2.2 Calculation method of overcurrent time

In order to accurately calculate the flow time

of water bodies between different sections, the ve-

locity distribution of the channel section is studied.

4 A& 5am#% o 135
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The velocity between the two adjacent brake sec-
tions is relatively uniform, and the -calculation

method of the average velocity is as formula (3)

h:%(hl +hs)

1A<b+mh>h (3

v=q/A

Where:h is the average water depth between two
adjacent sluice gates: measured in (m); h, is the
water depth behind the former sluice gate: meas-
ured in (m);h; is the water depth before the gate
of the next control gate: measured in (m);A is the
cross-sectional area of water flow: measured in
(m?) ;B is the width of canal bottom: measured in
(m) ;m is the slope coefficient; g is the flow (m®/s);
v (m/s) is the average flow velocity between two
adjacent sluice gates.

The overcurrent time between two adjacent

sluice gates is calculated according to equation (4)

S, 1
= 3600 X 24 4

where ¢ is the flow passage time (d) between two
adjacent sluice gates;S is the distance (m) between
two adjacent sluice gates; v is the average flow ve-
locity (m/s) between two adjacent sluice gates.
1.3 Analyze the influence of temperature on
BOD; degradation coefficient

Temperature is the most basic factor affecting
the self-purification capacity of the water body.
The main channel of the middle route of the South-
to-North Water Transfer Project is located in the
north of China, and the temperature difference be-
tween different months is obvious, so this study fo-
cuses on the influence of temperature on the BOD;
degradation coefficient. Generally, the influence of
temperature on the degradation coefficient can be
characterized by the temperature correction coeffi-
cient™ ,as shown in formula (5)

ke=kq 67T (5
where k1 is the degradation coefficient (1/d) cor-
responding to temperature T k1, is the degrada-
tion coefficient (1/d) corresponding to temperature
T,; T, T, is the temperature ('C) ;@ is the tempera-
ture correction coefficient,

By taking the logarithm of both sides of for-
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mula (5)

lnkalnkf0 =(T—T,)1no (6)

It can be seen from equation (6) that Ink;—
Inky, is directly proportional to T — Ty, and the
proportion coefficient is Inf. Based on the calculat-
ed BOD; degradation coefficient and its correspond-
ing average water temperature in different months,
the (lnkr—lnkrO )~ (C T—T,) scatter diagram is
drawn by combining two different months. The
temperature correction coefficient @ can be calculat-
ed by linear regression of scattered points and its
slope is Inf. A scatter plot and linear regression

analysis were performed in SPSS18. 0 software.
2 Results and analysis

2.1 Study on the variation of BODs concen-
tration and water temperature in the ca-

nal section

The variation trend of BOD; and water tem-
perature is shown in Fig, 2. BOD; generally shows
a downward trend along the way, but the law of
time change is not obvious. The average value of
Chenggou section is 2.1 mg/L, Fangcheng and
Shanhenan section is 1. 9 mg/L, the average value
of Lanhebei section is further reduced to 1.6 mg/L,
the average value of Xinfeng section is increased to
1.7 mg/L, and the average value of Suzhang sec-
tion is further reduced to 1.5 mg/L, respectively.
At the time scale, the highest BOD; of Chenggou
section is 2. 6 mg/L in February and July, the low-
est is 1. 6 mg/L in May, and it gradually declines
from February to May. The highest BOD; of the
Fangcheng section is 2.4 mg/L in February, the
lowest is 1.5 mg/L in July. The highest BOD; of
the Shahenan section is 2. 4 mg/L in February, the
lowest is 1. 5 mg/L in March. The highest BOD; of
the Lanhebei section is 1. 9 mg/L in May, and the
lowest is 1. 3 mg/L in February 1. 3 mg/L. gradual-
ly increased from February to May. The highest
value of the Xinfeng section was 2. 3 mg/L in June
and the lowest value was 1.4 mg/L in May. The
highest value of the Suzhang section was 1. 8 mg/L
in May and the lowest value was 1. 1 mg/L in Jan-

uary.
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Fig. 2 BOD; and water temperature variation along the

main channel (Chenggou-Suzhang)

The water temperature shows obvious tempo-
ral change,and the difference between sections are
relatively small. The water temperature of each
section is basically between 8 ~28 ‘C. The lowest
temperature of the Chenggou section is 8.4 C in
March and 27.1 C in June. The lowest tempera-
ture of the Fangcheng section is 7.9 'C in March
and 27.5 C in June. The lowest temperature of the
Shahenan section is 6. 6 C in February and 26. 8 C
in July while the lowest temperature of the Lanhe-
bei section is 6. 7 'C in February and 26.9 C in Ju-
ly. On the other hand, the lowest temperature of
the Xinfeng section is 7.0 ‘C in February and

27.1 C in July. The Suzhang

mum temperature of 7.3 C in

section has a mini-

February and maxi-

mum temperature 27. 3 ‘C in July. The water tem-

perature is relatively low from January to March,

while there is a significant rise in water tempera-

ture from March to July.

2.2 Calculation results of BODs degradation
coefficient in the selected study channel

section
2.2.1 Distribution of velocity and flow time

The calculation results of the flow velocity
and overcurrent time are shown in Fig. 3. The
downward trend of the flow velocity from January
to March is obvious. The highest flow velocity in
January is 0. 25 m/s and the lowest is 0. 14 m/s.
The highest flow velocity in February is 0. 18 m/s.
and the lowest is 0. 11 m/s. The highest velocity in
March is 0. 25 m/s, and the lowest is 0. 18 m/s.
The average velocity increased significantly from
April to July, but fluctuated greatly, with a maxi-
mum of 0. 34 m/s and a minimum of 0. 23 m/s in
April. A maximum of 0. 29 m/s and a minimum of
0.24 m/s in May. Whereas a maximum of 0. 46 m/s
in June, the lowest is 0. 27 m/s. Overall, the highest
in July is 0. 39 m/s,and the lowest is 0. 30 m/s. On

average , the velocity of the main canal is generally
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decreasing along the course, with an average veloci-
ty of 0. 26 m/s.

Taking the Chenggou section as the starting
point, the flow passage time is inversely propor-
tional to the velocity along the channel. The flow
velocity was the slowest in February, 22 days in
January, 14. 1 days in March,and 9 days in April to
July. According to the average flow rate, the time
of overflow is 11. 3 d.

2.2.2 Fitting results of BODs degradation

coefficient
Regression fitting was performed on the aver-
age degradation coefficients from January to July
and the other remaining months. The scatter distri-
bution and fitting results are shown in Fig. 4. The

scatter plot shows that from January to April, July
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and the average value In(c¢,/c,) increases with the
increase of the overcurrent time, but there is no
significant change in May, and it shows a down-
ward trend in June. From January to March, the
values of In(c,/c,) were all greater than 0, but the
values of In(c,/c,) were negative in other months,
mainly because the BOD; of some sections fluctua-
ted greatly and exceeded the initial section concen-
tration. The fitting results show that the degrada-
tion coefficients k from January to April and July
are 0.028 (p<0.05),0.033 (p<C0.05),0.024
(p<<0.05). 0.039 (p<0.05)sand 0.054 (p <
0. 05) ,respectively, but the fitted k values in May
and June are not statistically significant (p >
0. 05). The fitted result of the average value shows
that the k value is 0. 026 (p<<0.01).
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Fig. 4 BOD; degradation coefficient fitting results along the main channel (Chenggou-Suzhang)

2.3 Effect of temperature on BOD;s degrada-

tion coefficient
According to the corresponding relationship
between average water temperature and BOD; deg-
radation coefficient in each month (Tab. 2), the
degradation coefficient increases with the increase
of temperature., From January to March, the aver-

age water temperature is 9.5 C, and the average

+ 138« A X 5x%

degradation coefficient is 0.028 1/d. In April, the
water temperature rises to 14.7 C and the degra-
dation coefficient increases to 0.039 1/d, while in
July. the water temperature further rises to 26.5
‘C,and the degradation coefficient reaches 0. 054
1/d. Fig. 5 shows that through the pairwise combi-
nation of different months, the logarithm difference

of average water temperature difference and BOD;
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degradation coefficient shows a good linear rela-
tionship (P<C0. 01), the fitting slope Ing is 0. 386,
and the calculated temperature correction coeffi-
cient @ 1s 1. 039.

Tab. 2 Average water temperature in different months and

corresponding BOD; degradation coefficient along the

main channel (Chenggou-Suzhang)

Month 1 2 3 4 7

Average water temperature/ C 10.3 9.0 9.0 14.7 26.6

BODsdegradation coefficient/d? 0. 028 0. 033 0. 024 0.039 0. 054
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Note: (Jan,Feb) and (Feb, Mar) data points are located in other

quadrants of the coordinate system,not shown.

Fig. 5 Fitting results of the temperature correction factor for BODs

degradation along the main channel (Chenggou-Suzhang)

3 Discussion

In this study,the BOD; degradation coefficient
of the main channel in the middle route of the
South-to-North Water Transfer Project is between
0.024 1/d and 0.054 1/d (except for May and
June) ,which is relatively small compared with the
self-purification capacity of other areas. For exam-
ple, Wang Ping et al. ''*! studied the water self-pur-
ification process in the middle and lower reaches of
the Han River and calculated the BOD; degradation
coefficient between 0. 08 and 0. 62 1/d. Zhang Li et

131 caleulated the river degradation coefficient of

al.
the main reaches along the river in Shaanxi by
using the steady-state one-dimensional BOD; deg-
radation model, and the BOD; degradation coeffi-
cient of some natural rivers in foreign countries
was also between 0. 05 and 3. 00 1/d™*. The main
channel of the middle route of the south to the
North Water Transfer Project is quite different

from the conventional river. On the one hand, the

bottom and slope of the main canal are all hardened
structures, therefore, it is difficult to form a perfect
attached organism and benthic habitat at the initial
stage of operation, which is not conducive to the
enhancement of self-purification capacity”'*. Sec-
ondly, the local concentration of pollutants in the
main channel as the drinking water source is rela-
tively low, and the average concentration of BOD;
is about 2 mg/L., which is not conducive to the rap-
id propagation and growth of the microbial commu-
nity and affects the degradation process of organic
pollutants'”. These may be the main reason why
the degradation coefficient of the main channel is
lower than that of other areas.

Studies have shown that temperature has an
important effect on the degradation coefficient of
water organic matter, and the degradation coeffi-
cients of conventional rivers at 0 C and 30 C can
differ by more than three times''®. The effect of
temperature on the degradation coefficient is main-
ly achieved by changing the activity of microorgan-
isms. The self-purification process of water is
mainly driven by microorganisms. Within a suitable
range,an increase of temperature can accelerate the
rate of enzymatic reactions in the microorganisms,
promote and strengthen the physiological activities
of microorganisms,and thereby increase the degra-
dation coefficient of organic matter'®), Many stud-
ies have measured the temperature correction coef-
ficient , and the results are mostly between 1. 02
and 1. 08" The calculated value of # in this
study is 1. 04, which indicates that the fitting result
better reflects the influence of temperature on the
self-purification capacity of the main canal.

In this study,the measured data were used for
fitting calculations. The concentration of BOD;
changed from the ideal self-purification attenuation
process, especially the fitting results of the BOD;
degradation coefficients in May and June were not
significant. The main reason may be the existence
of external organic matter input along the way. Al-
though the main canal space of the middle route of
the South-to-North Water Transfer Project is fully
enclosed, as an open channel system, the organic

matter in the channel water body is not only self-
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purification attenuation, but also affected by many
factors such as the atmospheric dry and wet settle-
ment, the runoff of the channel slope and the
bridge deck, the flow disturbance of the gated dam
and so on. Taking the canal bridge runoff as an ex-
ample, according to the study of Liu Wenming et
al. Y, the concentration of BOD; in rainwater run-
off on highways and bridge decks exceeds 30 mg/1..
Under the condition of heavy rainfall, the rainwater
runoff from the bridge deck may increase the con-
centration of pollutants in the main body of the ca-
nal. In addition, some occasional pollution sources,
such as rainwater, polluted groundwater, etc, may
also affect the water quality of the main canal*?*.
May and June, in which no significant fitting re-
sults were obtained in this study, coinciding with
the rainy season. According to the 2015 meteoro-
logical data of Nanyang City, there were 15 days of
rain in May and June, with heavy rain in some peri-
ods, while in July only 8 days of rainfall which
were mostly light rain. The runoff may form an in-
put source of organic matter, which will cause the
BOD; concentration to fluctuate along the way and
affect the fitting result of the BOD; degradation co-

efficient.
4 Conclusions

(1) The value range of BOD; degradation co-
efficient k is 0. 024-0. 054 1/d. Compared with oth-
er areas, the water self-purification capacity of the
main channel is relatively small.

(2) The results showed that the seasonal vari-
ation of BOD; degradation coefficient was obvious,
the fitting k values from January to March and Ju-
ly were 0. 028(p<C0.05),0.033(p<C0.05),0. 024
(p<<0.05),0.039(p<C0.05),0. 054 (p<C0.05) 1/d,
respectively, and the fitting k values in May and
June were 0 and — 0.007/d, respectively, which
were not statistically significant (p>>0. 05).

(3) The degradation coefficient of BOD; was
significantly affected by temperature and increased
with the increase of temperature. The temperature

correction coefficient § was 1. 039,
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