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PRV LN HegZ e 1 AR b o /N RIEZKIEEAE— 17K
SCRENRERETIA AR S T 720 B KRR E
B H 22 IKIFE KR St A W 2e (b - 22T %
B AT HI AL B S T T RN RIE KR N
FEH YA Ti7KCR DO pH I 2k ZR a R K i
MR T S MK AOK TR S Y EZOK TS 2
TR N AA B SN Y EASE R TR 2 T Y ERt
LAERYEA - AWTFEM 201746 H—2018-9H 1}
IINRIEKIEFEX T T 2R HE , JE N RN R
AREETEFEKFE 3RS T 2 MTEAYZCR - pH 2k
ZRa B ERE BRI S S K R S S A B
T3 BT IE T AR TIRIARZE TN INRE
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FANisKinzR/K g5 RE/KPE, FE 72~ FHWinkleriZ£ #
TR (DO E (GB12157-2007), L FHp H it
(Thermo ORION A211 - 8157BNUMD ) 177K pH
HIMIE Bz 7K A [m] o8 5258 = i T A ik LI E &
BRI (SPM)FII-2kZRa& & - SPMIfrRHE
BAOA , FFER T KL PSR EE G AR 21 2 e U
(E2AT mm, FLIZO0. 45 om) JEfEE T—20 CHYKIE
ARG T EISRAG = e EAS CRYZRME MHET R
M TERVIEIAFRE SUBREA B BT & 22080 PRV R
EREEEISPM & & « S5H— 8077 7K I RIS T e g

—20 CHYZKFEH L REREE, T 0] 5256 = 5 FH 90% A B
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BRI R SH it o3 iR FiExcel 2016,0rigin
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2.1 INRIEKEZE/HIKNZET TS

2017 AF 1 H 1 H—2018 4£ 7 A 1 H/NRJIE/KPES
Ji T WIS E KUK 1 S8 A8 7 B 7K —— 80K A B 1]
BES T AR b T I I R 2 e 3 AR iy .
H,2017 4E 1—3 H.2017 4F 8 A—2018 4E 3 A .2018
4 810 H W KBYEE, 2017 4F 4—7 A 2018 4F 3—
7 HNHOKB B, 2017 4F 6 A 2018 4R 5 H (Y RAR I
[E]AL T~ 7K B T K 0 e K% K &= 43 ) A 29 X 10° Fi
52.1X10° m®, 5 A R B4 B0k 990 F1 1 730 m'/s.
2017 4% 12 A Rk PEZACR I, ME K ik 3 —4F
o R KO (75 X 10° m®), Rt &l 735 m®/s.
FEIKEF/N~5X10° m®) fybt Al 2018 47 9 A , it
T RN 1540 m® /s, 32 B b et K, VR
KA Z BT R R K LA 1(e)

2.2 INRIR/KES R & 2K RNEE 5%

2017 4 6 A, BIK FERK A, AFEK K SPM %
TR > 35~25 W KR SPM 437 52 S0 3 ) _b il 7K %
FIXE T N A AR 1% XK i SPM -2 0y 25 Fi
50 mg/L, A 35 BT T B RG /K (4 SPM & 5 R W7 R
5 BiTE SPM E R B FRMIEE 4. 76 mg/L,{H 1.3 BT
SPM F-#44& X FTHE 6. 94 mg/LOLE 2(a), 7F
IREEE KA IA (2017 47 12 ), K& SPM &4 45 #i )
A7 A BRI T EE AR R (2. 00 mg/L) . JC SPM &
FEARR IS (WL 2(6), 2018 4 5 H AL Tk IFEHT
AKHH . AR K iR SPM. 5 Bt i 25 I 01 38 30 38 ¥ AR A1
25 W 2 UFT SPM 23 A5 e T 34957, 12 3 A X K 4K
SPM [ E- 285k 7. 55 mg/LULIE 2(k)), 2018 4F
9 H QKR EID ARSI ER R, R KEH T
7 894. 70 mg/L,Zh[A) I 35~20 Wi SPM B 7K 41 1
T B b SPM. % 2 Fifl 25 BE 306 T 2 T FAIK
% 10 WAk SPM 5 BB LR 9. 16 mg/L(WLE 2
(p)s

2017 4 6 H K FE UK IR B PR X 7K IR A7 A B2
YIRS IS LA 2(b)). FEKE/NT 10 m 1y
30~ 35 1] X IR K T s (24 OO BT 459, b
E PRGN, AR AE KT 7 1 35 m [iiE &
A B AR, T m DB 7T~25 m DL 25 m DL T K
SEYREE R 25.2.23.2 M1 17.2 C.RIKERER
FIEF] T 10.0 °C, 2017 4E 12 A, /K FEE KR MK E
FEARAT A 5T AR IR Sy D R R 2 v eI (UL 2
(@), FHHA 12.5 °CL /K JE FiiF(15~35 Wi &Kk
BFEM s ZR2 HRIEZRERKHA 3.9 C,
2018 4F 5 H /K R BL/K I P XOK IR B B 1 0= 00
ARG KIS B A0 Wi T iR B IUET, KN F

7.7~23 F1 23 m DL F VK4 B 20.1.13.9 Fi
9.2 C,REZBERE R 12.4 CLE 2(1)), 2018
9 H L K BEAKR A3 A B 5 - 2 7K D 26. 8 °C
LI 2Cq) ), 2 DU IR A v AR B v

2.3 INRIRZKEE DO pH Ft 43 EK a W ZE 5%

2017 4E 6 A, DO E¥{E K 6. 36 mg/L (LA 2
(), B RMA1.7 mg/L) BIAE I A KK FEE, DO
PR AL BB E. RIZZ)IE)Z DO KM ZE 8.01
mg/L. 2017 4% 12 A DO AR By AR5, F3¥E
J 7.56 mg/L, KT (15~35 Wi DO B335 iy
BRI G OLE 2(h)) iz X EJEZE KK DO B &
TRE. 2018 £ 5 M1 9 A DO s Ay &) (WK 2
(), (e, T B ZH S, V4 E 55k 8.10 F
6.13 mg/L,

2017 4£ 6 A pH By itEdl 5 DO Bl —3 (L
Bl 2(d) FHER 8. 38, B B 3 /KK 10 m
DL bk ik pH S350 8. 58,10 m DL R /KR pH F-#h
8.02, HFEREZKZ pH A2 0.85;2017 4E 12 A
A pH 3 A 8 R 3551 (WL 2 (), I {E R 8. 02,
2018 4 5 A /KK pH 437 5% 25 15 K IR 4 Ao B AU
50~35 Wi pH 23 Ay 5), B ¥ 7. 80, 1 35~15
Wik KR pH 5y B G , b BRI 4 R 4 5
B (PEIX 1~10 Wi pH Fdl s LK 2(n)),
2018 4E 9 A m &b B IX (20~35 W) Ak & pH 434 &
B E 2 (), ¥ 8,02, 3R SPM % 1= Bk
(1~10W7 1D A9 X 38, pH 35, S RfE R 8. 27, e I
% X3, pH R 7K BR A IE Iz BRI

2017 42 6 HEX M4 R a VHEN 1. 83 pg/L,
KIFNT 10 m i RIBAKIAM 4R o SR8 FHh
2.55 pg/L, KB 10 m LUF 2R E o WA i B35,
SR 0,53 pg/LCULIE 2Ce)) . 2017 4F 12 H FEX K
R o FRMmAE SRS S, FHEEN
0.70 pg/LAULIE 2()) ., 2018 4£ 5 H 35~50 Wi /K A&
2R 2R a s MBS 52 3. 48 pg/L, A 35~
S 4% o BIMBH RS, ZXBKE
10mPl B4R a WV HEREN 3.75 pg/L, KHE
10 mPAN 4R o W35 RN 0.66 png/L, 1~5 I
HHt4RE o NREZRIREHFRAZHHR 18R H
POMRTEKTE LT 10 m AT B E R E (~3. 2
pg/L (WL 2C0)), 2018 4E 9 M4 R a S HE TTE
SPM A% 1~10 Wi i 3R 2, & KAE R F] 1 10. 50
pg/ Lo 3 ) B XIS 3K o 7K R 3S n 32 T
%77 SPM X (20~35 WTTHD M4 R o S &BNH i
5 R o P E RN 149 pg/LOULE
2()),
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3 Wi

3.1 INRIEKE SPM (I = T R # N E &

RN AR A K PRI B AR 22, /INTR IC JE X K
R (R TR R ) 2 B R R T 2 AR VTR 2017 4R
6 A1 2018 4F 9 A SRALHAIE] , /INRIE /KR 35~20 Witk
fg SPM. 7R 1)L #1052 B0 1 I 300080 00T 0 9 AR K L A 1) I
B 7K R Iz 3 K R (IL BT 22D, (p)) . 3X AT RE
2 DR A AU 0 % 3 U A ds R A R U R AR AR
FEU R Z i sl g el B2 i Tk B 35~20
W7 TRT 7K 3l 3 R A 58 DG 2 U OB W 7R 0 X I8 & R
FRIELIRM . X RS 1~15 Wi, SPM & &
BARH A 357, 2K FE WA X7, 2018 4 5 A
JF X SPM V-85 5 A PrREAIR, B AE 50 ~45 W7 s
W SPM s iR G . 2017 4R 12 Al T AR
TREREN KB S X 5T . AR VR, B
XK SPM -2 5 R8I, PR XK B 2 35 9 SPM
BRI s B4 K IF SPM B 23 43 T A8k 32 T
TR IR BRI s 1a AT X f U R
3.2 INRIRKEKBHNZETH EFMER

TR 432 T2 R PR A 1 W VE 2 AR T AR
PR FE R BE AL I 3 B2 K BL 3R T R T s 2%
o FIHIA /KRR E KR 53 K AR AR LR 2281k
o R O, R PR S i o 2R IR 2 T2 A 3 AR
JE 22 R M R 2 /K PR T 1) 22 46t IR X DA T T 1
SRR ARBRSOH L ANRCK AR 2018 4F 5 AR
2017 47 6 H BRI K I 2 B4 24 A B s A OO 2
(b, (D), A R RKBARTF 10 m, FEHZK B % d2
POy ERGREBIE M EE e N &, £ 201849 A
SRAEHR] 52 7K FE R4 K 52 0 12 0 PR XK AR TR
H¥5, TN R EREOLE 2(a)) K PEizTT I
PR RE S 5 WA R K PR K RS P i R R R
3.3 INRIEZKEE DO # pH RIS =T U R # 0 E &

DO WA 7K A 25 R G A A S U Y U R
PREY L XA R R R A TR PR $ B R
M) DO T[] 430 [ S BER R A, 7B & B IR K
R PR R X DO B & &4 A AR 7E B F
M), 2017 4 6 H/MRIEKFER K T REN D Z.
DO 7 iZ B 2 I 1 5024310 i B DO 54t
# a JKRZAAEE—E M PE LE 3(b), (o)), Ik
AR FHIE SRR RIS 2R R MR 2017 47 6 H XK
R DO Ay REHEE ., [ i HIRE DO e
KB T YA RAY: B[R] B P Fe AR KO 3 PT RE 2 Hh A4
43 2 1R Z /K AR R AR 3 FE 1 S BE A5 31 K At %
FE o 38 2 U R SRR ARD R X it K 4
(2018 4 9 J) , MUEI K AR R A1) 1~5 Wr ki, DO Bizg 7K

ETHEA R LR 3(0)), %5 2017 4£ 6 AJE
X KA DO Fifi K L AR P S, 5 M 2 78 20 I
T & 11 2 U0 A K AR v, DO B /K I 4 T w8 T AL
(LB 3(e)) ik 2 i TR BT O ¥R
PRIk 7 K 4 1 2R /K PR R [ K382 i) DO g 2
HZ A, Ml &b Kk DO 820G EH %
TR L T 2 U DX R 3R R 5 i e 0
TVbEKR DO By EEH P, KEMRS ZEH KRG
(2017 4 12 J1, B FRIRMBIRERMIRZ DO &5
M, K2 DO & —30, B4R i
/KT KA DO B K IR 7 T i T AR LT 3(e)) s
PRI 2R 2 R BB K AR DO p R R R

MR R AOU) 2 DO B (E 5 seil 5 2
WA . AOU<C0 i), £ DO 4 Fil i f g = A
RA, K2 AOU>0 B3R DO 4b T 48 = 40 f 38 AR
B, BESEYRENIEA A OKIEER/ KL HER
KB AR DO W 1 A 20 H DO
EEERY B S AT 2  AOU fH, 45
FFIH, 2017 48 6 H R M FRIZKIKE 88 FUIRES,
2018 4F 5 H FZ/KMRILA KRN, B 62 A X K
AR AL T 35 E AR (L 2(6), 2017 42 6 H il
20184F 5 H AOU 54 # o 23 T8 B E AR
RFR X LB B Ry VR A W 1 6 B P SR K
i DO @B m A AOU & #ifiw 111 2017 4F
12 AF1 2018 45 9 H AOU Zp AT 0 I HAS b 3t B %%
N AOU 543K a WAHCHE WA B &, 55312 2018
A9 HUFI4 &K o FrEEKEE T 10 pg/L.HZ
A FE XK 7R DO -1 FEE R 7620, Ul K i
A SR DO JHFER 2, ol GBS K A 3 B4 B 7K
IR A5, KRR fEdE T A ML A AL o i TH
F& T KRS DOPY,

DO YRAE I B PR X K A pH B B @ A 25 43 A
FRE AR IR 7. 47~8. 85, %3t Fl S5 BT IR i o
IR K pH (B2 LI B — 30 . B T K
PR b T EOR B B 4 R B R R AR K A pH
TRBsPE Y B R TR AR A2 2 R A 32 B
A e R W AR E K TR SFE A
RHEE MG W, ORISR 4 248, pH 54
Fa MRABEZHART, 2017 4 6 H/NRIEKE
pH 54K o SIE D E M IEXTHOHELE 3(a),
A RER ORI e 2 2T IR B S K IR T AR K
B3 K 7R CO, KEBHFESE pH THE, 2018
5 A9 AR 4R %K o WIEMTHE pH KEEIZE
Wi R AR LK 3(a)) BB pH B i Y1 5cE:
[ 2 52— B o, A F A& 2R (2017
12 H) R, pHE M4 K a (9 H e 50 22, UL X
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R I KR pH AP R B LA 3Ca))
3.4 INRIRKEITRE a IR ETARZIMER

2R3 o VE N IF WAL B 2 A B AR AR
— e 2 B YA A A Y IR R TR R A5 B
FEE] L 7Kl 2 7 W TRE 288 40 DAY Al S BN 8 A R
R IR o 19 E FEEEH 0 MR T
TIURL I e X 06 454 P A2 M D) 2 e 5 1) 2
R T JERR . 2017 4F 6 A M 2018 4F 9 H HiE KR
A BT 2R o SREFRPEETHALE 3(e)) . 33
FIITE X T TR A B B A AT 0 98 8 A K T 244 i
PO R A, T 2018 4 5 F SR AR KA A
EAF A IHK” 52 00 SR (UL 3 Ced) s AR 1 /K EAS
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Controls on Spatial-Temporal Variation of Hydrological
Features in the Xiaolangdi Reservoir

HUANG Xin-Ying', YAO Peng’?, SONG Guo-Dong', WANG Chun-Yu',
WU Dan', YANG Jian-Bin', CHEN Lin!, LIU Su-Mei **2
(1.The Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China,

Qingdao 266100, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine
Science and Technology(Qingdac) , Qingdao 266237, China)

Abstract: Suspended particulate matter (SPM) contents, temperature, dissolved oxygen (DO), pH
and chlorophyll-a in water column of the Xiaolangdi Reservoir (XLDR) in the Yellow River from four
field investigations conducted in June 2017, December 2017, May 2018 and September 2018 were ana-
lyzed to study the controls on spatial-temporal variation of hydrological features in the XLDR in different
seasons and different operating modes. During the draining period (June 2017 and May 2018) and flood
regulation period (September 2018), the SPM contents gradually decreased from the upper section of
the XLDR to the region near the dam, but at the end of the impoundment period (December 2017), the
overall distribution of SPM in the reservoir was homogeneous. In September 2018, the SPM contents in
the reservoir were relatively high, reaching a maximum of 7 894.7 mg/L, while in other periods the val-
ues were less than 10 or only a few dozens. Thermal stratification was observed in the reservoir during
the draining period, and the maximum temperature difference between the surface and the bottom of the
reservoir was 12. 4 ‘C. While during the impoundment and the flood regulation periods the distributions
of water temperature were relatively homogeneous, with average temperatures of 12. 5 and 26. 8°C, re-
spectively. In June 2017, the average DO content in the reservoir was 6. 36 mg/L. and the stratification
phenomenon was significant. Surface DO was higher relative to bottom; the minimum DO was only 4
mg/L in the bottom and the maximum difference was 8. 01 mg/L. The distributions of DO were rela-
tively homogeneous with no obvious stratification during other periods, and the average values were
7. 56 (December 2017), 8. 10 (May 2018) and 6. 13 mg/L (September 2018), respectively. Stratification
of pH in the whole reservoir was only observed in June 2017, and the difference between the surface and
the bottom was 0. 85 (with an average of 8. 38). The pH values were higher near the dam than those in
other regions of the XLLDR in May and September 2018 with decreasing trends from the surface to the
bottom, whereas in December 2017 the pH was evenly distributed, During the draining and flood regula-
tion periods, the chlorophyll-a contents were generally higher in the surface than those in the bottom
and gradually decreased with depth. In September 2018, the chlorophyll-a content reached a maximum
of 10.5 pg/L. While in December 2017 the chlorophyll-a contents were low with an average of
0.70 pg/L, and the distribution was relatively even. The distributions of chlorophyll-a indicated that the
phytoplankton biomass was characterized by significant seasonal variation,

Key words: Xiaolangdi Reservoir; hydrological features; spatial-temporal variation; climate change;

reservoir regulation
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