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Abstract: Construction of casade dams in Heihe River had a certain influence on the river water quality. We divided the water into
upstream and downstream reaches of dam and natural reaches. To explore the impact of casade dams on the water quality, multiva-
riate statistical methods were used to analyze the spatio-temporal characteristics of water quality based on 24 different sampling sites
from december 2017 to august 2018. The results showed that the main impact factors on water quality in Heihe River were water
temperature ( WT) , pH, dissolved oxygen (DO) , electrical conductivity (EC) , total nitrogen (TN) , total phosphorus (TP ) and
biochemical oxygen demand (BODs). WT, EC, BODs, chemical oxygen demand (COD,, ) and TN varied signnificantly on the
spatial scales. The water quality of the upstream reaches of dam were greatly affected by BOD5 and COD\, , while WT, EC and TN
were the key drivers for the natural reaches and less environmental influence on the downstream water quality. In temporal terms,
WT, EC, BODs and ammonia nitrogen excerted the greatest effects on the water quality, with most of the water quality factors
changed obviously in non flood seasons. Factors such as temperature, rainfall, hydrological conditions and the joint operation mode

of cascade reservoirs were the main factors affecting the seasonality of water quality in the region. The spatial differences were main-
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ly influenced by the exogenous pollutants discharging in Qilian and Zhangye areas, and the influence of sediment retention and ac-
cumulation on the environment of dam construction due to the change of hydrodynamic conditions. The results show that exogenous
pollution sources were still the main factors, followed by the cascade dam construction as the indirect factors, for the water quality
deterioration. Therefore, controlling the exogenous pollution sources caused by human activities in the region, and implementing a
reasonable reservoir operation mode according to the seasonal variation of pollutants were the key to improve the river water quality
along with the cascade hydropower development.

Keywords: Water quality; multivariate analysis; spatio-temporal variation; cascade dams; Heihe River
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Tab.1 Channel characteristics and hydrological features of the upper and middle Heihe River

B K /km I LI/ %0 T/ (x10% m*) R K 2/ mm iR/ C
230 175 8.5 7.5 4243 -1.9
JNE 75 9.3 14.6 422.4 2.0

S T e 95 9.1 44.7 300 ~600 <2.0
PRI —1E gk 185 2.03 10.5 140.0 2.8~7.6

e BRI T R A K SOK SRR (1968 — 2013 45) .
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Tab.2 Hydropower development on the mainstream of the upper Heihe River

L 24 B BEHLA R/ (x10* kW) BREZ/ (%108 m?) AR K ELR/ (x108 kW -h) AL B ]

AR R 1.40 0.0021 0.07 1997 47 H
i3 HEL 1.60 0.0028 0.72 2004 4E 9
B L 4.90 3.67 1.43 Py
ST Rl 12.30 2.150 4.10 20124E7 A
=T HL 11.20 0.053 4.00 2009 4E 5 A
A1 5.05 0.811 1.74 2007 4E9 A
KR L3 6.50 1.410 2.01 2009 4E 7 A
JNDRLL F 3 10.20 0.014 3.91 2006 4E 7 A
o8 15.70 0.862 5.28 2004 4 8 A
e B — L 5.20 0.132 1.98 2002 4F 4 A
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Tab.3 Characteristics of water quality factors in the studied area

KA F BIE bR SIS
WT/C 13.25+2.71 2.95~25.75
pH & 8.71+0.09 8.24~8.99

DO/ (mg/L) 8.26+0.41 8.24~10.34
EC/(uS/cm) 633.26+85.55 465~928
BOD;/(mg/L) 2.7120.50 1.24~4.50

COD,,/(mg/L) 2.87+0.57 1.31~5.13
NH;-N/( mg/L) 0.470.19 0.12~1.32
TN/ (mg/L) 0.94+0.34 0.36~2.17
TP/ (mg/L) 0.170.06 0.04~0.36

4 IR T[] Pearson FHOCHREL”

Tab.4 Pearson correlation coefficients of water quality indexes

WT pH DO EC BOD; CODy, NH,-N TN TP
WT 1
pH -0.19 1
DO -0.29 0.25 1
EC 0.71* 0.16 -0.07 1
BOD; 0.62*  -0.28 -0.08 0.69 ** 1
CODy, 0.44*  -0.34 -0.31 0.62** 0.82* 1
NH;-N 0.51*  -0.14 -0.45" 0.67 ** 0.75* 0.85* 1
TN 0.85*  -0.20 -0.11 0.69 ** 0.68 ** 0.45* 0.36 1
TP 0.40 -0.15 -0.64** 0.42°* 0.43* 0.60** 0.64 ** 0.32 1

# FIRAE 0.05 K- B (UM E AR s o FIRTE 0.01 K CUUM) | W 2FARK.
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NG ShAF R i 3. 268 2 E 0 PC2 M7 25Tk 3N 16.671% , 5 Z AH KB S 802 NH,-N [ TP 1
DO, JfH NH,-N 5 TP 2IEAH¢, 5 DO 2RAAME, [RIAT Pearson AH ¢4 17 R B i1 2 0] 3R 9 M b 25 47 A4
K, BLWIKE S E SRR (TP NH,-N) Ay A, DO e B2t AR R AR 1. 58 3 a3 PC3 1Y 7 22 SRR IR AR,
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Tab.5 Principle component analysis of monitoring index in the studied area

T
WS bR
PCl1 PC2 PC3

WT 0.827 0.172 -0.105

pH -0.118 -0.142 0.965

DO 0.071 -0.838 0.198

EC 0.863 0.223 0.347
BOD; 0.854 0.269 -0.149
COD,, 0.632 0.582 -0.166
NH,-N 0.574 0.708 0.059
TN 0.866 -0.006 -0.149

TP 0.279 0.846 0.010

A 4.803 1.500 1.072

J7 2 TR/ % 53.364 16.671 11.931
SRy E TR/ % 53.364 70.036 81.949
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Fig.2 The PCA biplots of water quality

factors in the research area
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Fig.3 Spatial variations of water quality factors in the research area
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Fig.4 Temporal variations of water quality factors in the research area
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Fig.5 The relationship between water quality indexes and reservoir capacity
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