Asian Agricultural Research 2024, 16 (1) 17 -21

DOI: 10.19601/j. cnki. issn1943 —9903.2024. 01. 004

Health Assessment of Typical Reservoirs in Eastern Jilin: A Case Study

of Niligou Reservoir

Meihua HUANG', Jing WANG', Yinglin XIE', Chunsheng WEI’, Xin TIAN’, Lunwen WANG’
1. Jilin Provincial Bureau of Hydrology and Water Resources (Jilin Provincial Water Environment Monitoring Center) , Changchun 130022, China; 2. Changchun

Xinlicheng Reservoir Management Center, Changchun 130000, China

Abstract Niligou Reservoir, a typical reservoir in the eastern region of Jilin Province, is subordinate to Niligou River, which is located in the

Changbai Mountains in eastern Jilin, with abundant plant and animal resources and well protected biodiversity in the basin, but there are also

some related problems such as fragile ecosystem of forest wetland. This paper carried out a health assessment of Niligou River, including water

quality monitoring, aquatic organism monitoring, and riparian zone investigation. According to the requirements of the Technical Guidelines for

River and Lake Health Assessment, 13 assessment indexes were selected to build a river and lake health assessment index system. By sorting and

analyzing the monitoring and investigation data, we got a clear picture of the ecological environment status and existing problems of Niligou Res-

ervoir. Based on the actual situation of Niligou River, we evaluated the hydrologic integrity, chemical integrity, morphological and structural

integrity, biological integrity and sustainability of social service function, and put forward corresponding countermeasures according to the re-

sults, in order to provide a technical support for the health treatment of rivers and lakes in Jilin Province.
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1 Overview of the study area

1.1 Overview of natural geography of Niligou River Nili-
gou River is located in Changbai Korean Autonomous County, the
southeast of Jilin Province, at the southern foot of Changbai Moun-
tain and on the right bank of the upper reaches of the Yalu River
(Fig.1). Changbai County boasts numerous rivers, lakes and reser-
voirs, and abundant water resources'''. Niligou River is a first-level
tributary of the left bank of Badaogou River, with a drainage area of
48.5 km’, a length of 15.9 km from the source to the estuary, and
an annual average runoff of about 17 million m’. The river channel
varies in width, and the river bed is mostly composed of gravel. Due
to dense vegetation around the river bank, pollution-free water body
and rich fish resources, Niligou River attracts the birds and beasts
that feed on fish and shrimp to gather here, becoming the ideal
place and home for them to feed, stay, nest (hole) , live and mul-
tiply. Niligou Reservoir is built on Niligou River, with a reservoir
capacity of 5. 59 million m’. Niligou Reservoir, 41.031 38° -
41.034 206° N, 127.038 170 5° - 127.043 441° E, has a control
area above dam site of 39 km®, a river length of 12. 1 km, and a
total reservoir capacity of 7.8 million m’.

Niligou River is located on the south slope of Changbai
Mountain range. Affected by Himalayan orogeny from the end of
Tertiary period to the beginning of Quaternary period, large
amounts of basalt erupted along with the fault, constituting a large

Received ; October 12, 2023 Accepted: January 3, 2024

Meihua HUANG, master, senior engineer, research fields: groundwater re-
search in Jilin Province.

# Corresponding author. Jing WANG, PhD. , senior engineer, research fields:

water ecological monitoring and ecological restoration in Jilin Province.

area of lava platform, which was a volcanic accumulation terrain
with an elevation of 976 —1 100 m. According to its genetic mor-
phology, the landform consists of flood plain, river valley slope,
platform slope, lava platform, middle mountainous slope and mid-
dle mountain. The strata in this area belong to North China—Yan-
shan region, and are mainly Cenozoic and Mesozoic, with not de-
veloped regional structure and no large fault zone through the area
recently, being a relatively stable area. This area is a moderate
and weak earthquake area in Northeast China, with low seismicity

in modern times.
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Fig.1 Schematic diagram of the location of Niligou River

Niligou River belongs to the Yalu River system. Yalu River
is the boundary river between China and North Korea, and is also
the main water system of Changbai County, with more than 20 riv-
ers flowing into the Yalu River in turn. Niligou River is a first-lev-
el tributary of the upper left bank of Badaogou River, with a drain-
age area of 48.5 km” and a channel length of 15. 8 km. Niligou
reservoir in the upper reaches of the river has a storage capacity of

5.59 million m’. The rivers in this area are mainly replenished by
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atmospheric precipitation, with surface runoff receiving groundwa-
ter replenishment in dry season, and river water appropriately re-
plenishing groundwater in wet season. The groundwater is mainly
in shallow circulation, with deep circulation in the karst area. The
groundwater in Niligou River is mainly composed of pore water of
loose rock, karst fissure water of carbonate rock, pore fissure wa-
ter of clastic rock and bedrock fissure water.

Niligou River, located in middle latitude, belongs to the sub-
temperate continental monsoon climate, which is cold in winter
and warm in summer, with four distinct seasons. In spring, there
is uneven cold and warm temperature, warm and dry air, decrea-
sing precipitation and mostly westerly gale; in summer, there is
concentrated precipitation, many warm and rainy days but less hot
days; in autumn, the temperature drops day by day, accompanied
by constant invasion of cold air and emergence of frost; in winter,
the weather is severely cold, with a duration of more than
5 months.

Due to the influence of natural factors such as terrain, cli-

mate, hydrology, vegetation, parent material and human factors
on soil formation conditions, there are five types of soil along the
bank of Niligou River, namely gray brown soil, albic soil, mead-
ow soil, swampy soil, peat soil. Gray brown soil and albic soil are
mostly in complex distribution, with albic soil mainly distributed
on the flat lava platform above the elevation of 970 m, and there
are sporadic meadow soil, swampy soil and peat soil on both sides
of the river and in the low lying areas of the platform.
1.2 Social and economic situation of the area where Niligou
River is located After revision of economic census data, Chang-
bai County achieved a regional GDP of 339. 554 million yuan in
2019, with a comparable growth of 0. 7% . The primary industry
achieved an added value of 478.43 million yuan, with an increase
of 2.2% ; the secondary industry achieved an added value of
773.63 million yuan, with an increase of 18.6% ; and the tertiary
industry reached an added value of 2 143. 48 million yuan, with a
negative growth of 3.4% . The three industrial structures were ad-
justed to a ratio of 14.1 : 22.8 : 63. 1. The per capita GDP of
Changbai County reached 43 894 yuan, with an increase of
2.2% . In 2019, the total output value of agriculture, forestry,
animal husbandry and fishery in the county reached 825.07 mil-
lion yuan, with a comparable growth of 1. 9% , while the added
value reached 484.28 million yuan, with an increase of 2. 1%.

Niligou River is an important river in Changbai County.
Since the 1980s, due to the large-scale agricultural development
around Niligou River by the residents of the surrounding villages,
some riparian zones and wetlands had been reclaimed into farm-
land, resulting in the deterioration of the ecological environment
around the river bank. In recent years, with the popularity of Two
Mountains Theory, the overdevelopment of Niligou River has been
effectively curbed, and ecological restoration projects have been
carried out in the Niligou River basin, so that the natural environ-
ment and resource conditions of riverine wetlands have been im-
proved to a certain extent. To have a deeper sight into the prob-
lems existing in the ecological protection of Niligou River, we can
not have a complete understanding of the health status of river,

lake and reservoir ecosystems relying only on a single water envi-

ronment monitoring means and evaluation method, as well as a wa-
ter quality assessment technology system based on single physico-
chemical index. Therefore, based on the actual situation of Nili-
gou River, this paper evaluated the health status of Niligou River
basin from five aspects, including hydrologic integrity, chemical
integrity , morphological and structural integrity, biological integri-
ty, and sustainability of social service function, and proposed cor-
responding countermeasures according to the research results, in
order to provide a technical reference for water resources manage-

ment and ecological restoration in Niligou River basin.

2 Ecological and environmental health status of Nili-
gou Reservoir

2.1 Water quality and water ecology monitoring

2.1.1 Water quality monitoring. According to the flow charac-
teristics of the monitoring section, three monitoring points were set
up in Niligou River with a depth of 4 times the width of the river
for the river segment with a depth of less than 5 m. As Niligou
Reservoir is a narrow mountain reservoir, three monitoring points
were set up from the beginning to the end of the reservoir accord-
ing to the requirements of river subsection (Table 1). The layout
of sections followed the basic principles of monitoring section lay-
out, which can reflect the water environment quality of Niligou
River on a macro level. The layout of the monitoring sections of
Niligou River also avoided dead water area, backwater area and
sewage outlet, and sampling points were set in the straight river
section convenient for sampling, with stable river bed, smooth wa-
ter flow, wide water surface, no rapids or shoal. The six sections
included background section, contrast section, control section and
estuary section.

The monitoring project selected 22 monitoring indicators in-
cluded in the routine detection of surface water, including pH
value, dissolved oxygen, permanganate index, COD, BOD5, am-
monia nitrogen, total phosphorus, copper, zinc, fluoride, seleni-
um, arsenic, mercury, cadmium, hexavalent chromium, lead,
cyanide, volatile phenols, petroleum, anionic surfactants, sul-
fides, and fecal coliform.

Table 1 Latitude and longitude of sampling points

No. Sampling point Longitude // ° Latitude //°
1 The beginning of Niligou Reservoir 127.736 372 41.458 038
2 The center of Niligou Reservoir 127.735 368 41.458 200
3 The end of Niligou Reservoir 127.733 686 41.458 443
4 Monitoring section 2 127.673 993 41.473 993
5 Monitoring section 1 127.713 061 41.463 669
6 Estuary 127.655 315 41.478 928

2.1.2 Water ecology monitoring. The investigation team conduc-
ted the sampling and monitoring of phytoplankton and benthos, as
well as a survey of fish stocks in Niligou River in September 2023.

According to the objectives, contents and requirements of the
project and the present situation of Niligou River basin, three bio-
logical monitoring points were set up in Niligou Reservoir to moni-
tor phytoplankton qualitatively and quantitatively.

Qualitative samples were hauled with plankton net No. 25.
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Quantitative samples were 2 L of water collected at about 0.5 m
below the water surface with a 5 L water sampler, fixed with
Lugo’s solution on site, and then left undisturbed for 48 h when
brought back to the laboratory. Finally, the solution was concen-
trated to 30 mL for biological classification and counting under the
Leica DM 750 optical microscope.

The investigation and assessment was limited to Niligou Riv-
er. Samples were collected and tested in accordance with the
Technical Guidelines for River and Lake Health Assessment ( SL/T
793-2020) , the Code for Reservoir Fishery Resources Investigation
(SL 167-96) , the Manual for Fishery Naiural Resources Investiga-
tion in Inland Waters, and the Technical Regulations for Phyto-
plankton Monitoring in Inland Waters ( SL 733-2016). Analogy
analysis, conventional analysis and ecological mechanism analysis
were employed for analysis and evaluation.

2.2 Survey of hydrology, water resources and morphologi-
cal structural integrity

2.2.1 Survey of hydrology and water resources. There is no hy-
drographic station in Niligou River, so the relevant hydrological
and water resources data can only be derived from local hydrologi-
cal monitoring agencies and collected from existing relevant plans,

reports and literature.

Niligou River is a second-level tributary of Badaogou River,
and there is no hydrological observation station in its basin. When
the Northeast Survey, Design and Research Institute of the Minis-
try of Water Resources designed Baoquan third-level station, tem-
porary hydrological stations were set up at several dam sites for da-
ta observation in 1974 — 1978. In the adjacent basin Sandaogou
River, there was a Sandaogoumen hydrological station established
in January 1957, belonging to a national basic station. This time,
Sandaogoumen hydrology station was selected as the reference sta-
tion. Referring to the data of Sandaogoumen hydrology station, the
water flow of Niligou River was analyzed and calculated by using
hydrological area analogy method, and the discharged ecological
flow from reservoirs was calculated by referring to the monitoring
data of reservoir management bureau.

2.2.2

its surrounding riparian zone were surveyed in August 2023, and

Inspection of morphological integrity. Niligou River and

factors such as land use type, vegetation cover and human disturb-
ance in the river and riparian zone were comprehensively consid-
ered. The specific investigation points are shown in Table 2.

Table 2 Location of vegetation cover survey sites in the riparian zone of Niligou River

No. of survey site Characteristics of riparian zone

Longitude of survey site //° Latitude of survey site //°

Near dam site

Central section of the reservoir downstream
Riparian road

Points with erosions around

Middle section of the river

Reservoir location

Right bank in the upstream of the reservoir

Inlet of the reservoir

NGRS e Y S S R

Estuary section

—_
o

50 m in the upstream of estuary section

127. 688 088 41.472 760
127.696 370 41.470 126
127.703 143 41.465 106
127.671 874 41.474 588
127.668 451 41.476 139
127.729 014 41.458 218
127.734 235 41.458 352
127.748 072 41.457 214
127.658 762 41.479 708
127.656 370 41.478 425

The survey was conducted in accordance with the Technical
Guidelines for River and Lake Health Assessment ( SL/T 793-
2020) , including stability of riparian zone, vegetation coverage of

riparian zone, artificial disturbance, etc.

3 Establishment of Niligou Reservoir Index system
The establishment of an evaluation index system can monitor
and evaluate the evaluation object scientifically, and more compre-
hensively reflect the change trend of the health status of the evalua-
tion object over time, especially evaluate the effectiveness of man-
agement behavior through comparison. The research evaluation
system mainly comprises three levels, namely target level, criteri-
on level and indicator level. The target layer refers to the health
status of Niligou River; the criteria layer includes hydrological in-
tegrity, morphological and structural integrity, chemical integrity,
biological integrity and service function integrity; the indicator lay-
er includes national basic indicators and indicators increased ac-

cording to basin characteristics (Table 3).

4 Health assessment of Niligou Reservoir
4.1 Assessment of water resources integrity Utilization rate

of water resources development refers to the ratio of water con-
sumption in a basin or region to the total water resources. Accord-
ing to investigation, the area around the Niligou River basin is
sparsely populated, and there is no quantitative data statistics in
this region. Therefore, the utilization rate of water resources devel-
opment in Changbai County in 2022 was used to characterize the
utilization rate of water resources development in this region"’.

Referring to the Notice of Issuing the Guiding Opinions on Ec-
ological Index System and Application of Water Engineering Plan-
ning and Design by the General Institute of Water Conservancy and
Hydropower Planning and Design of the Ministry of Water Re-
sources (SZHY [2010] 248) , the ecological basic flow should be
determined separately in non-flood season and flood season in the
northern region. Considering the climatic conditions and down-
stream ecological water requirements of Niligou River, the mini-
mum ecological flow from April to September is considered as 20%
of the average annual runoff, and those in other months is consid-
ered as 10% of the average annual runoff.

According to the Technical Guidelines for River and Lake
Health Assessment, the hydrological integrity of Niligou Reservoir
was scored 97.4 points.
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Table 3 Health evaluation index system of Niligou Reservoir

Target layer Criterion layer Sub-criterion layer

Indicator level Indicator selection

Reservoir health  Good ecological Water Hydrological integrity
environment
Chemical integrity
. . Morphological structure
Reservoir . .
integrity
Organism Biological integrity
Density
Function Sustainability of social

service function

Utilization rate of water resources development Basic indicator

Satisfaction degree of discharged ecological flow Basic indicator

Quality of water Basic indicator

Nutritional status Basic indicator

Compliance rate of water function zone Alternative indicator

Artificial interference degree of riparian zone Basic indicator

Natural condition of Stability of reservoir bank Alternative indicator

riparian zone Vegetation coverage of riparian zone Basic indicator

Phytoplankton Basic indicator
Biological integrity indicator of benthic macro-invertebrate ~ Basic indicator
Fish retention indicator Basic indicator
Public satisfaction indicator Basic indicator

Flood control indicator Alternative indicator

4.2 Assessment of morphological and structural integrity On
the basis of the evaluation grading criteria for bank erosion, the
survey data were assigned scores, including 85 points for slope in-
clination angle, 50 points for vegetation coverage, 85 points for
bank height, 90 points for substrate, 90 points for erosion status,
and 80 points for overall stability assessment of reservoir bank.

The reservoir bank vegetation coverage index of Niligou River
was evaluated and assigned following the direct evaluation criteria
of reservoir bank, and the vegetation coverage of Niligou reservoir
was assigned 61.5 points.

According to the investigation of artificial interference at each
monitoring point, the artificial interference along the embankment
zone of Niligou reservoir was assigned 95 points.

The longitudinal river connectivity index, riparian zone stabil-

ity, bank artificial interference status and vegetation coverage rate
of Niligou River and Niligou reservoir were weighted to obtain the
score of morphological structure criterion layer, and the morpho-
logical structure criterion layer of Niligou reservoir was scored 80. 5
points.
4.3 Assessment of chemical integrity The total phosphorus,
total nitrogen, chlorophyll, permanganate index and transparency
in the data of Niligou Reservoir in June and September 2023 were
selected for evaluation, and the trophic state index value of the wa-
ter body of Niligou Reservoir was calculated according to the Tech-
nical Regulations of Surface Water Resource Quality Evaluation
(SL395-2007). The eutrophication status was calculated according
to the eutrophication evaluation criteria of lakes and reservoirs.
The trophic state index of Niligou reservoir was calculated to be
55.8, which was in the state of mild eutrophication, and thus the
index was assigned 50 points.

According to the Surface Water Environmental Quality Stand-
ard (GB3838-2002) , 3 categories of water quality were evaluated ,
and the water quality categories of the evaluation section were de-
termined by the worst indicator. It can be seen that the water qual-
ity of Niligou Reservoir was classified as class II.

Chemical integrity evaluation includes 3 indexes, and the
minimum score of them is selected as the chemical integrity score.
The chemical integrity of Niligou reservoir was assigned 50 points.
4.4 Assessment of ecological integrity A total of 33 species

of fish belonging to 12 families, 6 orders were collected from Nili-
gou River and Niligou Reservoir. During the investigation, visit
and monitoring in 2022, a total of 23 species of fish from 10 fami-
lies, 5 orders were collected. After expert consultation and confir-
mation, it was calculated by the formula that the fish retention in-
dex was 92% , and the fish retention index was assigned 100
points.

According to the phytoplankton sampling and monitoring data
of Niligou reservoir in June and September, the average annual
phytoplankton density of Niligou Reservoir was 1.76 x 10° individ-
ual/L, which was assigned by direct evaluation method. According
to the Technical Guidelines for River and Lake Health Assessment
(SL/T 793-2020) , the number of phytoplankton in Niligou Reser-
voir was directly evaluated and the density of phytoplankton was
assigned 70 points.

In August 2023, the project team conducted a qualitative
and quantitative investigation on the status of benthic macro-in-
vertebrate in Niligou River and Niligou Reservoir. The entrance
section of Niligou Reservoir was determined as the reference
point, with the other sections as the damaged points. According
to the local conditions, samples were collected once at each of
the 3 damaged sites. After sorting, a total of 12 species of ben-
thic animals were obtained, including mosquito larvae and nerit-
idae larvae, belonging to Oligochaeta, Gastropoda, Lamelli-
branchia, Crustacea and Insecta. Since there is no historical
monitoring data of Niligou River and Badaogou River, the histor-
ical data refer to the Yalu River.

Through the redundancy analysis of alternative parameters,

the parameters that can reflect the species diversity, abundance,
community structure composition, pollution tolerance, functional
feeding groups and life forms of benthic macro-invertebrate were
screened. The BIBI index system consisting of total taxa number,
Ephemeroptera taxa number, percentage of pollute-tolerant taxa,
and BMWP index of benthic macro-invertebrate intolerant group
was determined, and the biological integrity scored 70 points.
4.5 Assessment of social function sustainability ~Considering
the flood control and other service functions of the Reservoir, we
distributed 100 public satisfaction questionnaires to the public,
and recovered 98. The average scoring was 80.
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5 Health assessment of Niligou Reservoir

Through the health assessment of ecological condition and
service function of Niligou Reservoir, Niligou Reservoir was classi-
fied into the grade of very healthy, with 97.4 points for hydrologi-
cal integrity, 50 points for chemical integrity, 80.5 points for mor-

Table 4 Health scoring of Niligou Reservoir

phological and structural integrity, 70 points for biological integri-
ty, and 80 points for sustainability of social service function. After
weighted calculation, the health assessment of Niligou Reservoir
was assigned 75.5 points (Table 4). Hence, Niligou River was in
a healthy state.

Morphological

Hydrological integrity ~ Chemical integrity

Sustainability of social

Biological integrity Health assessment

Name structure integrity service function
Score Weight Score Weight Score Weight Score Weight Score Weight Score Weight
Niligou River 97.4 0.2 50 0.2 80.5 0.2 70 0.4 80 - 75.5 Healthy

6 Suggestions

6.1 Ensuring the discharged ecological flow of Reservoir and
reducing the impact of human activities on runoff The up-
stream of Niligou River is an important forest and swamp ecosystem
and water collection area, and also an important guarantee of water
resources security in Niligou River and Badaogou River basin. It is
also an important habitat for rare and endangered wildlife resources
such as Mergus squamatus. Niligou River Basin, with crisscrossing
river network and good habitat conditions, is a good wetland com-
munity and habitat for rare wild animals and plants, thus becoming
a key protection area in the Yalu River Basin. Niligou River main-
ly aims to protect the health of water environment, so it is advoca-
ted to reduce manual intervention, thus realizing natural succes-
sion of river ecosystems by self-metabolism.

6.2 Effective measures should be taken to control water
quality in Niligou Reservoir Scientific and effective protection
measures should be taken to further improve the ecological struc-
ture of Niligou River and Niligou Reservoir, and improve the het-
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educational resources, and further expand foreign scientific and
technological cooperation and exchanges. It is necessary to focus
on cultivating leading industries and characteristic agricultural
product brands involving live pigs, Camellia oleifera, tea and
chestnut according to local conditions, and develop series brand
products by varieties and categories, so as to form scale, enhance

strength and improve efficiency.
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erogeneity and stability of habitat. The treatment of agricultural
water pollution in Niligou River should be strengthened to intensify
pollution control and management in tourist areas. Water resources
in the river basin must be allocated scientifically, ensuring the ec-
ological water demand of Reservoir wetland through ecological
replenishment.

6.3 Adjusting the industrial structure and rationally develo-
ping eco-tourism The conservation of fish resources and the pro-
tection and restoration of their habitats in Niligou River can be re-
alized through the rational planning of fishery production and
tourism industry.
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