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ABSTRACT

The impact of climate change on runoff process is an important part of global
change research, and in the process of runoff response to climate change the snow
runoff response is most sensitive to climate change. In recent years, increased melting
glaciers and decreased seasonal snow melt water lead to the change of hydrological
process and water balance in Yushugou River basin of East Tianshan Mountains. Thus,
it is necessary to research deeply on the water resources in Yushugou River basin.

Hydrochemistry and isotope characteristic is an important method for the study
of water resources and water cycle mechanism. But, at present, there is little study
about hydrochemistry and isotope in Yushugou River basin. Therefore, according to
the observation data of the precipitation samples from May to August and river water,
groundwater, snow meltwater and glacier in spring flood period and summer flood
period, this paper analyzed the water chemical and isotopic characteristics of the
waters. It illustrated the evolution mechanism of the regional water environment and
their mutual conversion relations. In addition, we quantitative estimated the influence
and contribution of snow and ice resources to the local water resources. The major
conclusions are as follows:

In this paper, chemical ions and physical and chemical indicators are measured for
the river water and groundwater samples. The results show that the river water and
groundwater are weakly alkaline and belong to the weak water salinity. The
concentration orders of cations and anions are Ca*"> Na"> Mg** >K* and HCOs™>
SO4*>CIl >NOs", respectively. The main ion type is HCO3-Ca®". The major ion
composition, TDS, EC, pH value in runoff were little affected by instant water
discharge. The material mass concentration of river water in summer flood period is
controlled by dilution effect of runoff in a certain extent. The research by correlation
matrices, Gibbs Figure, triangular diagrams of anions and cations indicated that the

major origin of ions in runoff and groundwater were weathering of rocks. No acid rain
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has occurred in the sampling period in the study area. The concentration orders of
cations and anions of precipitation are Ca’™> Na'™> Mg?* >K' and HCOs>
SO4*>CI'>NOs", respectively. The concentration sequence of cations is completely
consistent with the sequence of abundances in the earth's crust, which suggests that
sequence of ion concentration in the atmospheric precipitation is mainly controlled by
the terrigenous materials.

Based on the variations in stable hydrogen and oxygen isotope ratios (3D and §'%0)
of precipitation and NCEP/NCAR re-analysis data, we investigated the characteristics
of the precipitation isotopes and the moisture origin during spring and summer
seasons (from May to August) in Yushugou River basin of East Tianshan Mountains.
The more negative §'%0 and higher d-excess values in spring and more positive §'*0
and lower d-excess values in summer indicated the different moisture sources and
temperature effects on isotope variations. By studying the meteoric water line, we
found that the slope and intercept of local meteoric water line (LMWL) were lower
than the global meteoric water line (GMWL) and China LMWL, which indicated the
arid climate characteristic. The temperature effect of 8D and §'30 in precipitation was
obvious with the correlation coefficients of 0.41 and 0.48, respectively, and there was
no rainfall effect. The research of water vapor transfer showed that the moisture origin
was predominantly from westerly air masses during the observation period. But §'*0
and d-excess values variations in precipitation and HYSPLIT4.0 air mass trajectory
model suggested that there was accidental event, and sometimes the moisture was
from even more dry polar air mass during the spring.

The contribution of snowmelt water and groundwater to Yushugou River were ~
63% and ~ 37%, respectively. From the study, we conclude that snowmelt water is the

dominant water source to the basin during the spring melt period. From studying the
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isotopes and CI° of river water, glacier meltwater, groundwater and precipitation, it
indicated that Yushugou River was recharged by the glacier meltwater, groundwater
and precipitation during the summer flood period. The analysis result based on the
three-component mixing model showed that Yushugou River was recharged by 54.9%
of glacier meltwater, 37.6% the runoff came from groundwater, while less than 8%
was contributed by precipitation.
Key Words: hydrochemical characteristics, stable isotopes, water-rock interaction,
hydrograph separation, hydrological Processes, moisture sources,

Yushugou River basin
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Fig.2.1 Location of Yushugou River basin and Hydrographical chart
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Table 2.1 Temperature of different years from Barkol Meteorological station
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Fig. 2.2 Temperature variation in summer and winter in Barkol Meteorological station
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Table 2.2 The average annual precipitation, evaporation capacity, and annual distribution in

Yushugou Hydrometric Station

At 1 2 3 4 5 6 7 8 9 10 11 12 4

Bk & 12 24 31 116 125 251 375 277 156 91 29 1.6 150
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ARG 25 49 122 208 302 301 286 285 224 138 57 27 2025
Hott% 13 24 60 103 149 149 141 141 11.1 6.8 2.8 13 100
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Fig. 2.3 The trend of annual average runoff change in Yushugou Hydrometric Station
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Table 2.3 The seasonal distribution of annual runoff in Yushugou Hydrometric Station

b4 ZETHRR BEE% EF% BT % X%  wmAKH WA
#/10*m’ 3-5H  6-8H 9-11 1 12-2H 7H 2H

il 5188 14.5 69.3 12.7 3.4 27.9 1.0
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Fig. 4.1 The sampling sites of river water, groundwater and precipitation
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PERR SRR, T E AR K 32 B oK RBlK . R KRR K 2R . AR 7K A4
FE S pHAS I v 1, I R /KpHAE (8.11) & T B tiipH{E (7.82), K]l
rﬁﬂﬂﬂ’]prE (6.85) FHET AT @/KKpHIE (6.94), FF/KHIpHIE N6.91, XLtk

Ref /3 pHAE/E E IR T B . R ah, Bt AR 24 0k /K il o] i 5 - 338
%naEkéEifﬁfmfﬁﬂﬂﬁﬁ%ltﬁ@prEE@E{Jmﬂm—/\EEE@JEIo A, ERX
— IR VR i R I 7 AR LU 0 AR Th SR A B 534 . ECA3 7l A T-84.5~
168.4 ps-cm™' F174.8~140.2 ps-em™ 2 [7], % HAALI K

# 4.1 pH. EC (uS-cm™). TDS (mg-L'") KEHE T (mgL") HIE
Table 4.1 Daily value of pH, EC (uS-cm™), TDS (mg-L™") and inorganic ions (ug-L™")

I 1) pH  EC TDS  Ca®*  Mg¥* Na* K SO# NOy CI  HCOsx

HEW 1 8.01 15090  72.65 2212 275 371 0.80 9.62 1.88 399 7093
H A 2 810 13758 6743 2158 238 319 0.64 8.16 1.65 329  69.67
H 3 8.01 136.78 6578 1970  2.49 336  0.69 842 1.77 356  64.17
H JH 1 4 8.00 14143 68.05 2030 2.71 384 077 9.19 2.05 393 6493
HJE W 5 793 13555  64.95 18.01  2.72 386 0.73 9.3 2.03 3.86  59.90
H W 6 812 15240 7330 2258 3.11 457 077 1041 227 445 7491
H W7 813 14988  72.08 2290 293 426 077 9.79 2.12 4.10 7836

F 42 Bt K pH. EC (pS-em™). TDS (mg-L'") KEHE T (gL HIMHE
Table 4.2 Daily value of pH, EC (uS-cm™),TDS (mg-L') and inorganic ions (pg-L™")

I 1) pH  EC TDS  Ca®*  Mg* Na* K" SO NOy CI'  HCOx

HEW 1 7.57 128.00  61.38 18.75  2.86 4.03 076 8.06 1.91 2.81  66.61
H 2 7.67 13290 63.78  20.05 3.08 476 084 878 1.75 3.16 7274
H 3 7.47  138.13 66.28 2053  3.17 487 082 898 1.57 3.16  74.52
H 1 4 772 13170  63.2 19.46  3.04 459 081 850 1.64 3.00 70.67
HJE W 5 750  127.93 61.38 18.15  2.86 413 073 7.82 1.45 2.67  66.03
H W 6 7.66 12217  58.6 17.66  2.81 419 074 778 1.60 2.68  64.40
H W7 798  115.55 554 1821 291 455 077 810 1.63 2.81  66.95
H JH 4 8 724 89.65 43 10.65 1.93 2.86 0.58 499 1.15 1.94 3999
H W9 7.4 85.57 41.03 10.56  1.75 256 058 453 1.09 1.67  39.06
HE# 10 792  80.63 38.7 9.76 1.61 232 056 4.20 0.93 1.53  36.11
HE 11 782 8327 39.93 10.63 1.66 239 057 442 1.04 1.57  38.79
HEM 12 8.1 89.45 42.9 11.31 1.89 261 054 529 1.42 1.78  40.66

FURNARR B TP R B B (TZ=Ca?"+Na™+Mg?+K") N 28.22
ug L, BB PP R B E SR (TZ=HCOs+S04+CI+NOs) 83.78 pg-L™,
TDS & & 68.84mgL'; HE WA T MH&E % &K E LM

( TZ'=Ca®>+Na™+Mg*+K" ) A 232ug:'L', [ & 7 °F % 5 & K £ 2 A
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(TZ=HCO5+SO4*+CI+NO3) 69.74 pg-L', TDS & & 51.4mg-L"'. AN
f£ TDS & EILE 100 mg- L LLR, 1 B el vt S0 52yt VAT 7K Rk 7K 4 5
BAL (<1g'LD, BT EK, Z2IERKHKNE, H TDS &&2/AEHFHIIK
TEBH ., ZE RPN VA 5 10 G2 T K SR T 15 A0 B I AR B AR A T
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TERC T W BRI (K, K& I L Be i bl e, L3 )
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Fig. 4.2 The total hardness, mineralization curves of years 2010 of Yushugou hydrometric station.
The data is cited from Cai (2012)
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Fig. 4.3 Variations of the main soluble ion concentration, EC, pH, TDS content and instant

water discharge in spring flood period and summer flood period.
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Fig.4.4 Relationship between TDS and the discharge in runoff (a, spring flood period; b, summer
flood period)
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B 4.6 $E7x 1 AVA ISR K o R SR BB . PR U, B
T=AEP S AL N A, B Ca 1 Na'+K 5 B 1 P 1 32 224k
gy, HEESER Ca*imyc, KW CaTEMHE 7T S4B H, e
I A SRR #h o WAL I RE I s B 1 = A R n R ALy UEEIE HCOs 3 7T
XA AR YA K AR 2 1 03 T A IR B e WA K] 1 ELT AT KRR 0 s
E (SO +CI) B ARAE S 70 A1, U IARIRAR i b NOs S AR, AR
P, AR =M BT A A A 5B HCOs 0 A, R WHZ I AR
CI & ERCT-H Al M A it i id £ 2 th e i IE s . A aCa Ak
SEdEL L, WAL E A L ISR A s KA AR U, P BT
TR 52 AR AR 1R 5 0 WS N TK R o 120 U W R VA PRI PR 21 A T B A2 T TR
A AR .
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Fig. 4.6 The piper trilinear nomograph for the cations and anions
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BB AHOC RET — e R R I RIE . B, HCOs I Ca?*
A G R EIR (R 4.3), R FHBAG M BRI, B S5 RHRIR A i XAk
PR RIS, e BB 7 (R AR SRR IR a7, X S B TR IR —
B —2tk. BE, &8RPSR R m (R 4.4), UKL E - RIFE R
A HAFE D BRIR . MRE 7K Na™ & S ARG, 30 BIRERR #5387k
FHES B TR R ARAK, 2 BRI VA A4 v B8 1 11 32 BRI AN 2 e R 2R 24 1 KUK
O8U, K Na"— i FAK A S RKRAF A BEER XL, RIRZKAAR I KR
AR T NaU WA KAES, NafikE s T KR E, —HEPHLR
0 0.87 F10.94, UiBH FHISRIFEEA —8ME, 1 Na® iR BT & v R S A
PR FIEAE B4 2 B i B AN KA o0 TRIBCE MR PR IITE A A K, R,

Mg & EMXTBAR. T Zimisad T m se s, b2l s 3448, K
REHES T SO&F NOs & AU, H = A IR s, BB 38 3k
JEPE, T SO& B & T NOy, XA AT A& 2 KA VTR . Cl— R IE
T NaCl Al MgCl %575 #h i el 50, HAEMBHA KR CI & 258UK, HS Na',
Mg KB B A, Ul CIrEERH T NaCl Al MgCl 2574 1 XAk .

R 43 FRIRGH ST Z I R R

Table 4.3 The Spearman correlation of ion in runoff in spring flood period

Cr NOs SO4* Na* k* Mg?* Ca? HCOs5
Cr 1
NOs 0.92 1
SO 0.98 0.95 1
Na* 0.97 0.92 0.98 1
k* 0.93 0.88 0.92 0.87 1
Mg?* 0.98 0.95 0.99 0.99 0.90 1
Ca? 0.54 0.42 0.57 0.56 0.53 0.56 1
HCOs 0.55 0.45 0.59 0.61 0.55 0.60 0.95 1

44 PRG54 8 T L8 AR R AL

Table 4.4 The Spearman correlation of ion in runoff in summer flood period

Cr NOs SO4+* Na* k* Mg?* Ca?* HCOs
Cr 1
NOs 0.82 1
SO4* 0.98 0.84 1
Na* 0.99 0.76 0.97 1
k* 0.95 0.74 0.93 0.94 1
Mg? 0.98 0.83 0.99 0.97 0.91 1
Ca?* 0.97 0.83 0.99 0.96 0.92 0.98 1

HCOs 0.98 0.82 0.99 0.97 0.93 0.99 0.99 1
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Fig. 4.7 Equivalent concentration proportions of major ions in runoff
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R b A DTk B R, 2008 50%8). BRI, Natfl K £k | R b A 5k
RE N, Ca?' il Mg I BRRRIR 2h2A 28 R BURETR #h 5 A, CI AN
SO FEF HZE KA, HCO: EERH TIRIR LA 1AL,

FMIRVAR KR Nat & & Cls, FHEt AR ] Na®/ClrEE/RIKFE L
AALTEE>HN 1.35~1.56 A 2.17~2.54, WHEMHLEET LT 1 (1<y/X<2,
Y/X>2), RUPZIMIBAT IR AN 20 5 52 B 58 ZUR 7K G A BAE FH B 520 . i B
Na™fil CIRFEERDLH B FE MK R (R?=0.94,0.98) (E4.70), XAlgEEHT
TKANA SRIR AR T I 728 AR BT R 800 . S5 ILFER, 7K $ Na'/Cl 23 H A
R 38 0, S MDA AR RS NaCl AN KA 589 M. eabh, ok
JEKETE /DT BKPREE T8 (RERER 5.3.2 o 1EdEER),
110 EL B 7K AR I S T I A K DL R R K R RS A R AR B, U
BFARRIRE AR EE, &2 3 =BT oK Im

Kl 4.7a IR Ca?+Mg>" 5 HCOs+SO4> R R, MEH AT LG BT A 1 A3
AT y=x IR J7, BTSRRI EE R T 0.9, /M 1, B (Ca*+Mg?")
/ (HCO3+S04%) =1 (5% 4.5), RIFFIIRIR 7 1 XU R HaSO0s 12 5,
BRIR SR 0 W)V R AN R IR S0 1) (R0 A e 1 R B /K KA 2 T ) 3 AR s R
H2 4.7 ol &1, WK E Naty K EIRMK, BB KA 7 41 B sZ e R 28
FHRE RN, HoCOs MALBRIR 2%, (Ca?™+ Mg?") / (HCOs) HIME
N1 xR 4-1); HaSO4 MALERIR 57 (SO4*) / (HCO3) KM= AN 1,
(Ca?"+Mg*") / (HCOs) HI4sEHE AN 2 UMt 4-2). HE 4.70 7l %0, FHit
AN B (Ca?™+ Mg?™) / (HCOs) [ & LB 43 708 1.09~1.16 FiT 1.04~1.10,
JUPITE AR 1<x<2, HIEZ AN 1.13 F11.06 (K 4.5), RXERPUE
HCO3 A& PLPAT Ca? fil Mg?', T35 SOX 25 i LA IX 35 B 1Z It 38m] 7K
A A E ] 252 HoCOs WALBRIR B8, ARG A D &1 HaSO4 KA
MR Eh A

FiAk, N Ca* +Mg 5HE T R EX R T LA H (Kl 4.7g), Fit i Ca?+Mg**
SRS BN IEREE, FEZEHENT 1, U S TR
TG BN S . Na+ K 5 PR EzZ N T 1 (" 4.7h),
(Na™K") /TZ"4&EREH N 0.13 1 0.15, Ca*+Mg? 50 B 714 &R F il
(3518 (0.87 F110.85) i, ik — DRI It X B it A F it = EEfH & 3=
BERIF A TR 58 (1) AL IS A

4.7c NIIBAETH Mg?t/Ca?t. Nat/Ca* HI L HUS . MBI T LUE H,
TR V2 Sk T B AT B VI VAT K ) Mg?t/Ca®t s Na'/Ca? FIEL(E /N T 1, FHi
THE AR VE R 4 B2 0.16~0.30 A1 0.11~0.20, Bt — & (12475 B 4 5 f&
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0.25~0.33 1 0.18~0.25, Ui BIZF IR A A RACAE F 25 52 LU S 0 W0 ) i Ak
YEFNE . X E5HTSCH /KA 2SR 3 B 45 A —2, BRI AT Ca? -HCOs 7K1k
SRS 5 R S TR O

R A4S R B AR A

Table 4.5 Mean concentration ratio of major ions in runoff

BT Al L 5 i
Ca?*/Mg?* 472 3.78
(Ca>+Mg?")/HCO5" 1.13 1.06
(Ca2*+Mg?)/(Na*+K*) 7.10 5.61
(Ca**+Mg?")/( HCO3+S04%) 0.97 0.92
4.1.4 KRS FEIKHIS M

KA I RARIR I ANS RIF 2 — o ARV IR BT & sz 3
RABEIK S URNRK S H R K A SE R A o ERARRAE I TA], RV e ssk ) K<
BE7K A R RE KR 1) 80%, (HAZAREKERD, N 96.4mm, XA 7K THRA
RAK, HA 4.5 ¥ Gibbs B 7K FE mLI 73T AR, AUk 1) K RO TR K146
L ITARAN, FACR] DU

4. 2 {RIKIRFAFAE K HAZHIFE =

Hu R K R KA SRR T AFR R 3R K AR s A v 5 ) B Ao AR LA
e, HAEW i K A R ARHRT 01, Dyt — 2D R R K 74 A
IKACEE SR DL AT 7K AN SRR D0 » BRATIFERAR VA BT i 17 2 R 7K R R R
AR, JExHBEAT AR AR 7 T

4,21 MTRKKEFHEREIBRENX

* 4.6 HFHH T /K pH. EC (pS-em™). TDS (mg-L') KEHEF (ug'L) HIEME
Table 4.6 Daily value of pH, EC (uS-cm™), TDS (mg-L™") and inorganic ions (ug-L™") in spring
flood period

WHE(SE-H-H) pH EC  TDS Ca* Mg®* Na* K° SO& NOy CI  HCOs

2013-4-26 8.03 259 1247 3626 544 936 0.83 2257 438 998 114.22
2013-4-27 8.12 258 1245 3834 536 958 0.79 2217 435 959 1219
2013-4-28 8.11 208 100 32.68 4.06 695 054 17.04 2.66 6.65 127.7
2013-4-29 812 1892 091 31.38 3.19 531 051 129 15 4.96 100.42
2013-4-30 818 1783 858 2853 351 554 047 1386 1 527 92.63
2013-5-01 8.03 236 113 36.29 426 798 0.61 1827 2.02 727 116.81
2013-5-02 816 1899 913 2992 312 58 051 1311 142 502 96.61
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% 4.7 EWtHH T K pH. EC (uS-em™). TDS (mg L) ELHLE T (ng L) H ¥
Table 4.7 Daily value of pH, EC (uS-cm™), TDS (mg-L™") and inorganic ions (ig-L"') in summer
flood period

WHal(#E-A-H) pH  EC TDS Ca? Mg Na* K* SO4& NOy ClI° HCOs
2013-8-1 806 197 949 3449 465 1112 084 1426 058 394 13422
2013-8-3 7.82 203 974 3391 459 1091 087 1326 077 3.81 13287
2013-8-5(A) 799 1877 90.1 3286 442 103 09 1267 05  3.83 1282
2013-8-5(B) 793 195 936 3183 431 987 084 1252 043 3.64 12388
2013-8-24 743 237 114 312 468 992 088 1253 037 335 12458
2013-8-27 769 217 104 2757 452 952 085 1211 02 318 112.59

WRA.6FI4. 77N, MR VA B L A AN & v 3 R K W pHAE. #RFE. TDS
AT HL 5335 KT R B AH R R AR E (GR4.TRI5R4.2) 0 1X 2 BT N /KRR
R R A T ER K EER . B N K pHE SRV R BN, At
T°8.03~8.18 2 [H], “FHMEH N8.10; H utith T /K MpHAE S ALk i [l g K (7.43~
8.06), “VIME}7.82, FI AT PERS ImBRIE. AKIKECHE, RIAFH, HiTK
HRS ARSI E SHBEE, TRERESTEENZ e L SHEEER
/No XTI, H R KIECHITDS Z [AI/F7E 5 i FE N IEAH G R &, R R 7K
ECHIR/NSTDSIH @K Z RIFAEZ VIR & o FHUHAEZ W IFEC 7 7 0 T
178.3~259 ps-em ' f1187.7~237us-em 2 ], FEHIHZE H L E K. &
PEHITDSIE KT H Pt (R4.6814.7). 385 B BH S 1 H B P79 1 H S HCO5 1)
R EE, 15 H AN B35 R R 4 )02 110.04 pg-L'A1126.06 pg-L's
BB TR R FE 51y Ca2™> Na™> Mg?" >K*; FHE 7P Ca2t i B 5 & B 5
P43 90N33.34 ng LUAI31.98 ng- L', 43 H 5 FHE B 21 73.6 %A167.07%;
HKCN Na"fiMg?, FE— 8%, KIREKERIK, FEEFE S 5N
7.22ug- L 4.13pg L'A10.61pg LY, EHtHASFIE S 70810.27pg L 4.53pg L
F10.86 ng-L'e BHES T EIKEF 5 NHCO:> SO42>Cl>NOs; FHAFHCO: K E
e, eI BB, il o B R A 80.55% F188.12%;  H Ik 43 Al
NAESOL CI \ NO3x, FtWIPFIIME 0 17.13ug L\ 6.96ug L F12.48ug L1,
B E I E 5N 12.89ug- L. 3.63ug L' A10.48pg- L' K4 BT 7624 &7 R
F) KK A BRI 4 7 USR] 0, M Ve o R K 1) R B SRR
HCO3-Ca?" %!,

Fr it AN B vt B N K FH B P IR B AT (TZ = Ca**+Na™+ Mg +K ")
53945 3ug L 47 . 64png L, BB 5P EE AL (TZ=HCO3+SO4*+CI+NO3 ")
4y A N136.61ug L f1143.05ug LY, TDSE &4371104.33 mg-L'f199 mg-L!, 7F
500 mg-L'LAF, BB R KRR LR (<1 g LD, BTk
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FEK, faeth KB R AR HE D IShRE, A T 20K, RO RMKAKIE. BT T
KA AL AT WAL S R KRR A2 K- A0 ELAE R R 5 S D ) o R 1184 1861,
FH T 5 P 5 2 5 1 7K B I R IR OK G &R, B LR R 7K BAERH b FERRIE A
S R KA S ST G R R A JIIEE o KR NOs TR B B
E A N4.38ug L0 77ug L, BRAE A pg LAH0.2ug L (R4.6H14.7)
FHHL T KN X KT 52 B A 2B 72 88 NI BTS2 IR /DN, i T 7K
IKAL ZE AR S A S B 112 X B 7K SCHO B 3% o X 5 KA s A B A T LI IX A AR
RKR.

4.2.2 RIS FHERBRES TR LR

HAT, ST s2mith T KK SCHERA A RHE R R I A F B O AR Z, H
BATZ A MR ZREKP &&= EE U1,

= A ERVE AT DU AR B T A e S R KT AL I RS, 2 H = A K
TNVENS AR AT B A KRR AT AR AT (1 4.8), R BRI R T (e
T A Ca A (BN 75%F1 67% /A7), FeWT Ca? 7EBH B 72 pHh ik 444 %
s BB T =M B RoRHh R KK SOt 2 A7 T HCOs il 1 s (A (35>80%),
i HALF (NOs) FMEKsE A, Uil F/KF NOs [ HI& 57 Hk. R
Wi P KR EEE TS EHES TR EES A& &, HE - HNEESR
TR B, 7 25 v H AN S S AT ARCRT bR 7K 2 TR A7 7 TR 1) e 0 P 0 5
A HAERT, B R 7KH DARK B A A K, [l T /K 52 3 77K 4%
TSN o Hb R K S A A R AEKEERRS, 0 FE o 7 A R E
CO2. H'RREEANG, PRItiZod B2 3 BRI EKE R G, — RIS,
R KHP I, W Ca**. Mg, Na'. K'. HCOsZ:¥sk 3 TW ¥vasfii. frT
TRANA X K S K Z, KRR K 7K 78 R B %, KR K& CO..
HCOs RREEANAHL K, X i i 2] 7 il e it r/E A
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Fig. 4.8 The piper trilinear nomograph for the cations and anions in groundwater

T I R K& B IR A S A i, AR TR IKAL S S E AR RO AR e, T
DAFE 7~ L 1 FR SRR G — B A 2 S D00, sk 4.8 B, ARt R KA Cly
SO+, NO3'. Ca*. Mg*Hl Na™5%f . [Y) TDS {EfFAHCPEAER /& (50.90) , #&
BHAZ T B HE T 7K B840 BE S I E B2 XN Fh B sl H pH (5 & &1 A
TDS ¥EIH A, VBB FEBENKFFEN K HIE L, XraeEH T
HE B RIE T IMBR YY) BT o & 5 (R HG 1R A DG, R HORIE A — 2.
B, pH {5 Mg*. KM TDS 2B AL (R4.9) , H Mg, K'5
FoAh B8 7 AR R PR AT EL 2, 7 Ho At B8 7 AR SR PR AR L, U] Mg K Hoh
FERIRIR, FF HBE ShANER 5 IR Ak BE NI R 7K pH (EA — € M.
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PV 7K A Nat & S AR BAR, 1 B RR 5655 XL XTI 7K A BH 5 1 1) DT MR 2R ARAIK,
2 BRI AR VA AR AR R 1 R SRR R R BR R 1 XA o YA PR R A R AE
KA AXRE, B, Mg & EAHNEC. BT e T =iy, Z2RolA
Tolby5 BT, ik, KRB E 7 SO&Fl NOs & &R, H = 1A
KRR, U A YR, T SO M E L NOs iy, mI A2 T KRk
MR FUH CI'5 Na's Mg*. KIEABEHH, U8 CrizEka T
NaCl fl MgCL %75 XA MEEE CI's Nat. K'BA BEHECHERS
(£ 4.9), 5 Mg MMKMERZE, XnJRER 0T 23 KA EK IR A

R 4.8 FUMIH TR P58 T Z AR R

Table 4.8 The Spearman correlation of ion in groundwater in spring flood period

pH EC TDS Cl NOs- SO  HCOs Na' K* Mg?* Ca?
pH 1
EC 074 1
TDS -0.74 099 1
Cr -0.64 097 0.97 1
NOs -0.54 092 0.92 0.96 1

SO4* -0.66 097 0.97 0.99 0.95 1

HCOs=  -0.58 0.71 0.70 0.67 0.70 0.72 1

Na* -0.66 099 0.99 0.98 0.93 0.99 0.72 1

K* -0.63 096 0.96 0.98 0.96 0.95 0.56 0.95 1

Mg?* -0.61 095 0.96 0.99 0.95 0.99 0.68 0.98 0.96 1

Ca?* -0.74 097 0.96 0.90 0.85 0.91 0.77 0.94 0.88 0.88 1

R 49 FEPHIH T KR8 T Z AR R

Table 4.9 The Spearman correlation of ion in groundwater in spring flood period

pH EC TDS Cl NOs- SO  HCOs Na' K* Mg?* Ca?
pH 1
EC -096 1
TDS -0.95 099 1
Cr 0.80 -0.77 -0.76 1

NOs 045  -046  -0.46 0.84 1

SO4* 0.56  -037  -0.35 0.78 0.70 1

HCOs 049 -043  -042 0.91 0.91 0.84 1

Na* 0.55 -044 -042 0.87 0.89 0.94 0.93 1

K* -0.24  0.07 0.06 0.07 0.15 -0.26 0.15 -0.01 1

Mg?* -0.43  0.60 0.61 -0.06  0.18 0.45 0.28 0.40 0.08 1

Ca?* 0.56  -0.52  -0.50 0.94 0.90 0.81 0.99 0.90 0.12 0.16 1

TRHATRIE 2 A A A A AT b a5, ARIETUS b 2 1F, BARIfE

38



5 4 & WX B KA AR R LA

SRR TR R
1. BRERER A KL (0<x<1):
Ca Mg, CO,+H,CO, — xCa™* +(1-x)Mg** +2HCO, (4-1)
2Ca Mg, CO,+H,S0, — 2xCa® +2(1-x)Mg™ +2HCO, + 50, (4-2)
2. EREAE L (0=<x<1):
Ca Mg, ALSiLO,+2H,CO, +2H,0 — xCa** +(1-x)Mg** +2HCO, +28i0, + 2 AI(OH),(4-3)
Na K, AlSi,O, + H,CO, + H,0 — xNa** +(1—x)K* + HCO, +3Si0, + Al(OH),(4—4)
Ca Mg, ALSi,O, + H,S0, — xCa** +(1-x)Mg*" +S0,> +2Si0, + 2AI0O0H (4-5)
2Na K, AlSi,O, + H,SO, — 2xNa* +2(1-x)K* + SO,* +6Si0, + 2 AIOOH (4 - 6)
Na*/Cl'n] DLA R A7 R 7K Na B & SRR RE . IEHEOL T, Na'/Criufl &
O EER), PRl /KE) Na/ClUH B R £~ F241E N 0.85, it 7K Na®/Cl
LEA R EOR T8N T 0.85, J2 7R f5 A8 A R Hh 1) AN 8] 1R 77 T v AT RS o 2
FUFAHTTRK SZ BRSNS JERZ I, ] Na®/ClEu] R 8 m T KT
0.8. M 4.9a FTLLE tH, VA I AL SR S v 04 TR /K b Na )& & B CT
1, Na/CIEE /R FELL R F3ME 208 1.62 F1 438, WEMEEBI KT 1
(Y/X>1), FUZRIRA UL E I KRR A2 T 5 Z KA A EAE R
1M HH T 7K Na™ il CRFER I H B A OC R R (R?=0.97, 0.75), XA[RER
FH T 10 KR 25 SR s . — R ZU ) 28 R AR T 2 801 o[BI R 7K Na™/CLI)
AECELEIE IR, YA R NaCl FI¥ g, >R IRERR LA 1 XL DL &
A MgCL S50 W) RV s i 1 3BT 7K P ) Na™/CI-F i ok & .
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Fig. 4.9 The relationship of Na/Cl. (Na*+K™")/CI" for groundwater in spring and summer flood
period
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TR VR T I AR A A S I R R K R (Na ™K WREERR CIIREE T, & R B /K
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Fig.4.10 The relationship between (Ca?*+Mg*")-(HCO5+S04>) and (Na™+K'-CI’) for groundwater

in spring and summer flood period
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YEERN 112, KT 1, NFE HCOs FA E LA Ca?s Mg, 5% SO4>
SEINCLTAT . U EZIRIEE K A 2 AR E 2R HaCOs WALERTR
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Fig.4.11 The relationship of (Ca*+Mg*")/( HCO5+S04*) and (Ca**+ Mg*")/(HCO5") for
groundwater in spring and summer flood period
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XERAIBTRE R o] SEdahn . DX KA EEZE 3 1O 5 R, 110 L REHER S k=
MR RS o B A5 BRI B S AR 25 R GT 231900, Gz i N SR AR
B KA A RFAE RE 8 S K SAL A R A AR, A7 B T 50 0 i KSR R T o 1) 5%
e At LR R A TR e R AL AL,

MR, TS 2 L X, B AR ARG S, KA NRIESI
WAL/, B RFIE R AR T IZIX KA B AR DL, 2 KA LA
FEE B I MR TN T S X o AU K, R 2 S o KR 2,
HPKED AR, K EDIE 529 H, X B FRK S SRR ER
79.6%!" e B FERAE 1 2013 5 5-8 343 IR UBEIK IR XS b AT KA 2RIk A T
FC, DA T il X4 2 2 KSR 2 R AR I T S AR, D9 it — 2P ik FE ik
1 X AR AL S S HcdfE PR AIE

4.3.1 %7K pH FnER 53

AR — D5 KA T FERS KB BIA R, @FEELT, BKE
KA CO2 M I RARBRFE & pH fHA 5.6, pH<5.6 FIFN /KB N RIRW, H
R PR A A T A5 G20, 3R 4.12 44 1 T RFRI BL R T st
X KA FEK A pH R SRR IE(E . G138 4.12 Fiow, fbamisisE 2 RS K
(1) pH JEFIFE 5.97~7.63 1A, H-VIMEN 6.86, 2558, KT 5.6, #iH]
AHIF I DX B AR AE KA I B AR R AR R T A I 0L

WK 4.10 s, SR 3.79~239 ps/em Z A8, AALIREEARR K, &=
HL 3R B K 2 A T K B BN L, G 3 3R K 2 R AR AE R /K AR BOR
I o 3X & TR K BRI EIR, = Nl E R T oK SR E T, BEK
FER R S A S AN

R 410 KA RFE TR SR, pH EMEEKE

Table 4.10 The EC. pH and amount of precipitation in precipitation of spring and summer

SRAFFI [A] pH B 5 (EC)/ps-cm’! %7K #/mm
2013.5.7 7.63 39.4 0.3
2013.5.15 6.86 22.6 15.5
2013.5.22 7.19 49.9 3
2013.6.6 7.36 97.7 1.5
2013.6.7 7.02 3.79 20.9
2013.6.8 6.18 9.45 2
2013.6.19(1) 6.8 57.7 0.8
2013.6.19(2) 6.98 39.8 0.5
2013.6.20(1) 6.76 25.8 5.1
2013.6.20(2) 6.58 24.2 2.1
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2013.6.21(1) 6.44 5.57 0.2
2013.6.21(2) 6.49 252 45
2013.6.21(3) / / 3.8
2013.6.25 6.46 14.99 4.6
2013.6.28 6.82 46.4 1.3
2013.7.6 6.93 84.6 1.6
2013.7.9 6.36 5.46 8.2
2013.7.13 6.96 49.8 0.9
2013.7.14 6.67 12.94 1.9
2013.7.25 7.59 239 0.5
2013.7.27(1) 732 189.1 0.7
2013.7.27(2) 7.11 579 0.9
2013.7.29(1) 731 84.4 0.8
2013.7.29(2) 6.93 53.4 3

2013.8.26 5.97 336 4.6
2013.8.27 6.89 50.7 0.7

4.3.2 PRk P EZEAAME TLHM
411 KRB TR B TR BERFE (pgrL )

Table 4.11 The characteristic value of ion concentrations (ug-L™') in precipitation of spring and

summer
Ca?* Mg?* Na* K* NH4* SO NOs Cr F
YN 19.17 1.29 17.53 6.91 6.83 17.30 8.15 19.09 0.41
w/ME 0.03 0.002 0.02 0.004 0.20 0.07 0.06 0.09 0.004
SEH 3.48 0.30 2.67 1.08 2.11 4.83 2.74 2.71 0.06

mE 4.11 Fiw, WPHAREEE SRR REKE ELBEE - Ca’. Na™fl
NH4 58 5 ) & 36.10%- 27.70%A11 21.89%, FEHETH S04&. NOs
T CIR BT EIREE 2 305 46.71%. 26.50%11 26.21%. it BRI VA IR IRE H 2k
PR BB B R AL 2 R L Ca®t s Na il NHa N, BHES 7 32 B4k 2 20 i A
SO4*. NOsFl CI"NE . SO&FHREWIE T NOs, WEMAEN 1.76, R
KPP HBRED R URRHBEANE. A HE T P55 EKRE D52
SO >NOs>CI>F il Ca*> NHs>Na">K'>Mg? . Hr [ & 7SI 558
LR FRINT 52—, M-SR R IR EHESIF (Na® > Mg?™>
Ca® >K") AN 7MW, WA, T+ 5 W BB, A K AR 5
BIDME, ARSI S IR BT 32 FERIEY) BE ], 245 RS SRS
U DX R 7K AR 3R v TR A 318 5 DK PN 2% S R VR ) 6 1 — 1012020, Pl B 9 1 24
Bk A ( TZ=SO2+CI+NOs+F ) A A Il BH B 7 4 & ¥k & & A
(TZ'=Ca*+Na™+K+Mg>"+ NH4s") 1] 0.5 15, /T 1, HEHE A BH B 1117,
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Fig.4.14 The relationship of SO4>/NO3 and C1/Na* for precipitation in spring and summer

£ 412 AR E 25K K R R 85 443 B A 9 R B R
Bon, VERNMES7FRAREMR T Ca> il Mg™, fﬂqé;fa: eI ﬁ%ﬁ%ﬁa&
KFRo. {H Ca®"5 Na'fl K Z [AI I AH AT K, 1% 2 BT Na™fl KB 5

Ca —FERIE T MR AR IR AL, nREEA HEKIE. Mg> a5 Na'fl Clz [Alf
FHOCPEERIR SR, FIRE =& IL AR 2L . KT SO [RIHL R MIAH I i 1K
SHBEPER) KoCOs HR TR HaSOs KAE THF RN . S04 5 NOs = HIAH K &
A, RSB T ZH AN Setb i BRI AL AR AL, LRI eE T BEK
FREEII R /N e SO4>F1 Ca?'s Mg?'s K' Na'PUFh B A BsRAAH e, X ] fE 2
T2 S 5 & 8 B 15 KA I HaSO4 R A T 4274840, T DABR R £
(I RGENBEIK . pH 15 NOs . SO F1 Ca>" 2R FI I A= ME, T 5 HE &5
TR AR R 55, R pH [ERK/N3Z NOs SO« H1 Ca* [R5 KT H e 5
T, ARHA R Z IR s, BoKRRYEZ Z MRS T 3L EE A
NH4"5 SO>Fl NOs M R K, WX =Fh B FERE K FIAEAE T A — 2 1)
L
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Table 4.12 The Spearman correlation of ion in precipitation in spring and summer

F Cr NOs SO4* Na* NH4" K* Mg?* Ca?* pH
F- 1
CI 0.46 1
NOs3 0.53 0.56 1
SO4* 0.52 0.78 0.84 1
Na* 0.34 0.91 0.42 0.78 1
NH4+ 0.55 0.85 0.54 0.79 0.85 1
K* 0.46 0.97 0.44 0.72 0.92 0.89 1
Mg?* 0.39 0.81 0.69 0.92 0.86 0.72 0.74 1
Ca%* 0.36 0.57 0.86 0.82 0.50 0.43 0.42 0.82 1
pH -0.12  -0.02 -0.42 -0.37 -0.08 -0.19 -0.04 -0.22 -0.30 1
4.4 KB

1. AR VA S S AT B A R KRR S Y pH (E I 2 558 TDS & &/ T
100mg' L', J& T8 LK. BI. FHE FlREKEF S N: HCO:>
SO4>CI'>NOs", Ca*>Na™ Mg?" >K*, X F B2 T ra .
K EFE T RN HCOs-Ca?t o 2 Lh FE AR 52, 251 HAPIER H
[AARA0 S H AR TR AR A SR B A SO0 R« B HUHIR AR R AR R 52 52 3R
BN A AR 8, SOKERIATE RN T =2 SRR KA = BR T 2 2R
BONE AR LR LA, B2 ROKERETTER . R B EERIET A
KA IR R A R4k, HLULCAT A M) Vs fE O 32 BB T A R &
R, MpE AR 1) 3 ERURAS AR A AL

2. WA RIS U A B R KB pH B REE. TDS ML SRR T[H
IS SR A S R AR AR, R T KAETR B AR R A T R 27K AR . BH
BT REWRERYI N Ca*™> Na™> Mg?" >K', BB FREWREFH N HCOs>
SO4*>Cl' >NOs7; Zimidh T /K FE &7 A% HCOs-Ca*'. TDS & & AlN
100mg L' 7245, J& TS50 WEK, nTLMERDL R K FHZKIE . ks Ve it 38 A it
SUPRN Lt S b T 7K B 2H R TR A2 AR kAR FH A5 0] o 53k b T ZK BT
R S CI. SO4>. NOs'. Ca*". Mg Fl Na i#zi, Hytiy, Bihm
B R IR AR BE I B R 7K pH AEA — € P2 o vt R R /K I BH 528
A2, TR R K B BH B 1A A R o IR S R K B S R
T HaCOs RALBRIRER A, 52 HaSO4 KALERTR Eh i I s2mi /s Bk ML T 7K I
B RR 3 BRI AR AL, IR D B I IR R A VA

3. M RIRE R RS EKN pH H 2558, H KT 5.6, UHIARFIXE
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IKAERRERT B R R AE TR AR DL o B BHES 1T 35 57 B9 P N = B 2 il 2
S04 >NO3>CI>F fl Ca**> NHs™>Na™>K"™>Mg?", HH [H & T-HEZI )T 5 5%
TLER P =F BN AH— 0. 2R B KA B4 /K HH (10 8 34 55 L 52 s I 20 o 28 i)« SO
JE 1z X B ZE KA K 2 BRI - Na"Fl KIBRES 705 Ca? —FERURT ik
PR AN AT REIE A HE kIR . S04 5 NOs LRIk E T BoKERE K K/N. pH 14
K/NZ NOsFl Ca* (I K T HE BT, (HFEKER L A2 52 2 P B BH & T 3%
[FfEH . NHa™5 SO« F1 NOy =M F1E K A E T o — e 3.
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Fig. 5.1 The sampling sites of river water, groundwater, precipitation, glacier meltwater, and snow

meltwater

5.1.1 XS Mk R ERERT B I EE 1k R B 5200 [E &

WA TR H 22 KRR R R AR BRI A TR BE (] 5.2 Fik 5.1
880 AL TE I H-14.65%0 F] 5.74%0, SD A AIE I N-96.2%0E] 44.23%0, ZAVIEE
R EERRAEAKF, 8180 F-50%0%] 10%0, SD I F-350%0F!] 50%0.2 [H]205],
Liu &F20CRAR T o [B 5 Bl Y IR ASRRK, FRIE 1 S5 (1 v B RSk R 24
8180 & H-29.47%0E] 9.15%0 2 [A], 8D 7% £ -229.6%0%! 45.4%0. PHALTFIXK
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S BEIK §180 AF-20. 58%0~-0. 01%0Z [f]. BT UL, HrAR VA IR S B K 1 A )
MRS RS AT E SRR KR b i ME&E TR X2
H T A IX AL T TR IX, ST, ZRERTRKE, RithzE &K ERH L
SR I IR ZERAE AR GRS, RASENZXEN 810 Em TEANEILTR
X o

EEEZE, N5 AREl 8 A kR ANABIEE, HPHAE (D A
44.23%0, 8'80 N 5.74%) HIIEEZE6 H 12 H, R ICFXT N IR KA
0.7mm, H-GFHREEN 18.1°Co X EEIR T MM iE L XA T AR X, 5
RS, PAERKIAKRAE Y kB R AR, HARRBEKERDN,
A AR R s BN, RERE SRS, HTEARENE SRR
%, BB T AR EA RN RE. B/MERITE 6 A 21 HIS =W,
Bk BN 4.5mm, HTHSIEN 16.3°C, BT ZIREEKNZ H RS kK, H
PR AN EOR, BT AAE— € I BN, 543 AR K 1) R AL R A A -

WRIEE 5.2 Fs, REEBAREA RN ZEEZEH Y, S A2 7 A, BR
Bk B H BEOR, RIREEAER H HHE, PRI R 20k B3GR, 75 FE A0 K
TREMSL; A 8 Htn)a, BINRERE, HEERMREE, X2
KA 8 H A BIRE/K &/ T, 3B H ) Y B RUORL K T8 B 28U
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Fig. 5.2 The variations of '® O and d-excess with the monthly precipitation and average

temperature.
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5.1 MRATUISE 2SR 6180 A1 8D fH
Table 5.1 The 5'* O and 8D values for the precipitation samples of Yushugou River basin.

KAEH 3'%0/%o 8D/%o
2013-5-7 -5.66 -31.71
2013-5-15 -10.65 -69.55
2013-5-27 -3.74 -19.03
2013-5-31 1.28 7.21
2013-6-6 0.99 2.96
2013-6-7 -5.31 -35.23
2013-6-8 -6.28 -41.55
2013-6-12 5.74 44.23
2013-6-19(A) -4.80 -42.86
2013-6-19(B) -6.69 -53.61
2013-6-19(C) -8.29 -58.51
2013-6-20(A) -7.00 -38.59
2013-6-20(B) -10.14 -63.88
2013-6-21(A) -12.11 -84.04
2013-6-21(B) -14.65 -96.20
2013-6-21(C) -4.78 -53.53
2013-6-28 -0.77 -7.70
2013-7-6 0.52 1.84
2013-7-9 -12.32 -82.88
2013-7-13 -0.47 -3.19
2013-7-14 -5.41 -40.38
2013-7-20 -3.93 -32.89
2013-7-25 -4.47 -30.83
2013-7-27(A) -5.70 -48.14
2013-7-27(B) 2.77 -21.66
2013-7-29(A) -1.90 -12.18
2013-7-29(B) -3.78 -20.48
2013-8-26 -3.49 -16.88
2013-8-27(A) -2.68 -23.44
2013-8-27(B) -0.58 -11.27
5.1.2 XS KL

KA IK LR AT LB b s e — AN X 1) AR BN S R 64, A BT b i
SEAREARE B KR SRR S i) E0S), LinSEROSIR HE 4 [ 3 Bl N R B K k), 3R T
b ] B T (K PR K 7 R 8D=7.485'%0+1.01. P52/ K&OHRE 7 b T 5 IX
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Fig. 5.3 Local meteoric water line at Yushugou River basin.
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Fig. 5.4 The relationship between 6'0 and dD and average daily temperature.
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Fig. 5.6 The relationship between d-excess and temperature
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Fig. 5.7 Spatial distributions of wind fields (arrows) and humidity fields (color) at 500 hPa during
spring 2013 (May) (a) and summer 2013 (June to August) (b) over China and adjacent regions.
Arrows indicate wind direction and colors represent humidity (g/kg). (For interpretation of the

references to colour in this figure legend, the reader is referred to the web version of this article.)
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For each trajectory model, the red, blue, and green lines in map view represent the path of air
parcels terminating at 500, 2000, and 3500 m AGL for the 96-hr period prior to the specified date.
Vertical motion for each air parcel as calculated by HYSPLIT is shown in each map. (Source site
+ at 43.08N, 93.95E ) (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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B EARBATARR 0 H], FEESLAE DUT UM B i i E 11352282290,
(1) FARRH D WIREFIREZ AR (2) SKIRAI7RESFIIRE R 2= —,
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AR RENS RAE:  (3) R B AL 20 ] ARG, BRI &
BSR4 FADPRESIEEIEEALE;  (5) FHTHIREFIIK
FEAE 2 1Al AR

5.3.2 EiR 57 BIRBL A K17 B

FUtER, MAEE 5.1 wrEL, K EERRE R F AR AL TN KRS Rk
Z 18], T HA 2 B R 3B I 22 S R, 96 KR o BB () B AR 2% o

AT [FIAL R =KV 7 B, D AU B e 75 1 25 A B AT e, RA TR 2
Oy B R B S AR B, A REA TR R AT 08, F T UL &S
R, AR B RIKIR R R AE R 512

RV IR AR L A o B AN [F) KR SR AR B B 2 e, BV
B2 A B i B KRR 7K 2R, 3R B AN P47 28 R 3 PRI R FE 28N o e rpr ok ) 1 ik
VAN DVAS B9 =&/t = SRR VA s ol CTIRTITE 5/ o & S ) O i S R B A B 54
AN L1117 7 <7 S == T VA T e N 7 | QN 17 AT I @l TS
BIVAT 7K A2 FH X = FlK EANA BT R, S8 2Rk I K 3E 1T =K IR A2 5
B REHT.

DL BRI IR T UG B, 2R ZEuK A, WKRMA IR AT LRI 40 8 =I5, {HCI
Z 55385, BHTAFRRERRZ BRI RERRAFE, TR ERR S H1)
FEARGFARANG R o DRI, AT — 25 20 B I W & K AR CEIS PO 5% R 2 1531 2
BRI, Phe R BT LLHCIE 75 §%0 TEM VA IEGET = /KIFAR
rEl, CLCIE T BEARAAR . 8180 AYABARERIPHA I K. HRK. UK
JI KRR K Cr-8"%0 SRRE (il 5.13) , AT SRR IITE T 7 4,
FoAr i N K UK RERK AR AKARR P IIE, EH KRR R KRR K 341
my PAEANKIE R ERFAME A TSR R T B =M% . KA KA T b,
UK KA T 726 R, R KA T4 o, WSS AR A h T = AT X 8
P, FF HIX A0 A5 = AR =1 A RS A, BITRKOR =KIETR A 4 R,
o AR VA B A BT K AT = KRR AL A E R A B
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Fig.5.13 Relations of CI"-3'%0 of water bodies in Yushugou River basin during summer flood

period

.33RANENLER

MRS 207, fEH BN, KA m B wh K K R DTk % N 51.7%~
96.1%, TR KT &5 (K L ~3.9%~48.1%; /KA AR 25 fit 7K X V] 7K F o ik
HH36.7%~63.3%, HL KT R 836.7%~63.3%. HREE/KIGER, HiHK
R R AT A N . SR N N = o 2 R W o S e T A A v 1 Y P
T TR B IE R . %547 L2 i) B R 740 2 ROR S5 iR B3R N 5 1S T ]
IKFISL ZZAE AR . SRS, M IR B BT KA 63%K H FHRlK, 37%
SKEH K, FHREAGRFIK RN FE R .

MFE5.315 51, HZBPOKIAM T K S 7K EL B 37.6%, FKAERT 7K A BT o5 )
LB R7.5%, UK)IERZK & K B A 54.9%,  FERT UL, ATk Aok ) TRk BT 5
el ok, R IKIRZ, BEKEToK R & R bl . 22810, E I HmK R 3
TEAMA RV K, 32K 2R /N .
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R 5.2 K BHA IS 0 % 4L WK KR 45 B

Table 5.2 Contributions of different waters to the Yushugou River basin from isotope hydrograph

separation.
B K /% R K%
ARFEH KA SR Sk SRR
2013.4.26 87.0 51.8 13.0 48.2
2013.4.27 76.7 54.3 23.4 457
2013.4.28 96.1 63.3 3.9 36.7
2013.4.29 86.9 60.0 13.1 40.0
2013.4.30 51.9 36.7 48.1 63.3
2013.5.1 51.7 38.6 48.3 614
2013.5.2 60.5 36.7 39.5 63.3
RSN 62.8 37.2

5.3 MR A SR IR A SR K R A EE

Table 5.3 Contributions of different water sources during the summer flood period as a result of

hydrograph separation.
IR 3'%0 Cl'(mg-L™") REHEY%
H R 7K -11.78 3.63 37.6
FIN -6.23 2.71 7.5
UK IRdK -12.34 1.26 54.9
K -11.67 2.26

5.3 4R RPN HE

5341 TR BRR A HE N

A7 AR5 B 45 R VAT e VPN 5 o B 4 R FIFF R 2 & s ik 2 4%
FREORTT LR T e 42 43 B 45 R AN e P20 JE TR 2L ikl B
— R TR NIRRT T ER AR 7 B (P AN P b AT Ak B (2312320 AR A 5K
i, B8z R Ecneo...,en Ge,z=f Ceico...,cn) ) HEE, HpgANZ
B A E R BISL 1) HARBREL 2F1 3528 & 2 (8] AN 8 P mT L T 5
e,

W, = JCEW, 7+ (o, ) s (2w, ) (5-11)
oc, " oc, oc,

n

Hofe WA T RIS R R e b
T G U N T

oc

CHRET AR,
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H ATR(S-3) AR ARG-11)5

C _ _
W, = (e W Y (W e (e ) (5-12)
ENNC e e TG -G C,-C, °

s 4

Hr. wy RED IR R ENE, Wes, Wee, War PHIMCE G, Co, C IR
T 3 1

¥ (5-4) AFABIAR (5-11) JUBRIFBIRGR, BN (5-3) s
AR B AN 8 PE R FECR AR AL (5-4) F i EI3L.

MR (5-12) BT 5y W, AR5 # o AN 2H 50 R B A 22 S R AR O
imH, f BRI ENESTCo A E MR,

THEAR IS B AN 8 M 7 BR R A IR FEAE, I H B & 41 43 HhoR R 7R
FE (AN 8 PEREAT Al B o ANRTRTZK AN [R)2E 20 RT AR AN PR A0 50 mT g SR S =2
MERZE . ShAh, TRERF BT 25 A5 A0 A 2 5 BRI 7 B I H ANt e 2 11 22 i
[R23223T) 38 TR B AR AR IR 2 8, A5 /K AARS SO PR B TR AR A4 PR AN Bt o 1 75 0t
B TATZKRAHE R 7K IR 5 B i R SRR [ — N Hh i, S RKCRAE T o BRI,
S H D IWER, TEERESBO M2 5B, R ERFIRE b5 i 22 36 LA
SRR ¢ AN S 70%/E B _EIRORERFIIR AR R (U 232, SEIR = TR
ZEIANH R PEIE T T S S R I C, C M G IAHE TSR] BP0 B E
TIEIRE FEN0.2%0, A SCH IS FZAS EERI245 (0.4%0) Rt B JeThrifhfi 2 1
5L FISBOTE S 2 2 IR B AE, XTSI = AT iR Z A2 M (U 51EE
T2y EVREAY (KR S AT A 23T, RS AR S S NANH & PR Tt . A
M Mg R, MR VE SR EE (£0.03) /N TR BRI BEAS B (1)
IR AR B R ZE (£0.21) o Z RlKFIAT 7K R AN 28 1 0 S AN 2 ) 5 M 4
Ko BWFFEH, EH HIREFNR B 2 E KT A e tAE, Fitk, XM
VIR YAV K AT A0 20 2 G B 232

5.4 HPHARIRAR S 5 4120 v SO BE A K HR R 2 S 8

Table 5.4 80 data used in computing mixing fractions and their uncertainties for river water
sample in Yushugou River basin during the spring flood period.

KRR Mean® o° nt 1/70%" WI70%°
ELIVIN -16.11 0.38 6 1.156 0.44
H R 7K -13.34 0.24 7 1.134 0.27
K -15.08 0.46 27 1.058 0.49
@ SIBO TR 5

DX R R R AR T O 22 5
F T VSN E PR

68



55 &l X A KRR E R AL R AR A A B R

AT 0%5 E _E A ;
KRR I E PR, TR EETTIVR B bR v 22 30 A2 A6 103 A B A B HE 70% 15 R BRI AR R,

R5.5 KPE R BRI BIAIAN 2 PE M 4h

Table 5.5 Separation and uncertainty results for Yushugou River basin during the spring flood

period.
REHE/ % ANt e P
T RlK R IK U, Un
62.8 37.2 +0.21 +0.03

5.3.4 2= Lo EMR B N HE 1

* 5.6 FHIRESFIIR AT R TEEAR (5-8) - (5-100 HH)#%
Wy o £~ ) HIAERE T

T AR 511 IADAMETUN E BAGE 8 A7~ ER IR FE AR 1A & 1
XA E R EE . ClHoWREE GRIZKE) CREED WA E PELE fo 1 £ AN
SEMEF 530 f 60.64% A1 60.00%, {HIE, HAE £ BIAHE M B b LR S,
R 6.82% (K 5.7) o Clv WEERIAHEHAER/N (0.66; % 5.7, AilisH—
1), HAE fo M AEETARSNEZENE, XEKR NI/ oCT, M
Of)oC, HHAMUANRERFIRIRE o o WIAHIENEXS £, 105 B0 20T Hxt
fo I LB, f AR KL 50%3ZH T o fl 6p HIMRFE(E, 55—
o EEZMT 6 WMAFENE (FE 8 MREFIREME T =00 o Cly AT
SEPEXT fo BIAEE /N T HXF £ A1 £ 2. B8 Cl, BIAIRE(ETE 8
ANTREEFIREE RO, BRI f, fo A4 RORH @ MR AR /N, JEHERT £
Os I EAEAE 8 NREFANRE i/, T H IR £, fo FH £ HOANE E 14 52 10
RN

5.6 MRV B &40 th 180 W S AN E 1S 4L
Table 5.6 Tracer data used in computing mixing fractions and their uncertainties for river water

sample in Yushugou River basin during the summer flood period.

IR Nl Mean® o nd 1170%:¢ WI70%*
K1 flK 8y -12.34 0.28 2 1.963 0.55
Cly 1.26 0.26 2 1.963 0.51
MRk 3 -11.78 0.14 6 1.156 0.16
Cl 3.63 0.30 6 1.156 0.35
Bk Sp -6.23 3.23 13 1.083 3.50
Cl, 2.71 5.19 13 1.083 5.62
IPIN 8¢ -11.67 0.37 40 1.050 0.39
Cl 2.26 0.63 40 1.050 0.66
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URERFIERY;

OIRERFIIR L 5

S it B TR E XA A Ml 22 5

ST SEAHH E PR AORE b

T 0%(5E FE L et

CEHE A AN E B, 7R PR FBE AR b v 22 306 LA 22 A o 7 A1 O B 53 1 70% 15 B2 L AR BRFFIR FE AR 52

R 5.7 MIMVE IS I A AN 2 1R 1E
Table 5.7 Percentage of the total uncertainty in each f value arising from the uncertainties in eight
tracer concentrations, for Yushugou River basin during the summer flood period.

SHIANH E ML, © %

TNERF WI70%"°
A fs J
8¢ 0.55 0.34 0.69 25.23
Cly 0.51 10.90 10.83 121
8 0.16 0.02 0.03 0.93
Cl 0.35 245 2.41 0.28
8p 3.50 0.25 0.54 19.63
Cl, 5.62 24.83 24.59 2.8
3 0.39 0.59 1.17 42.99
Cl 0.66 60.64 60.00 6.82
RIS,

A AN E YRR, 2 R RIR P R b A 22 30 LA A o 00 A1 ) LA 55 1 70% 15 B2 1 BZR BR AR FE AR 3¢5
A =FHH I HIRZE L

RS8N for fi M fo BIANHA E HERISLGERK VR A LLR . TR S EUIA
B 11 (£0.20, £0.22, +0.09) /)N T 7= B 71U B A B R I 43 A8 4 7 A ) 1R 22 (0,34,
+0.38, £0.10) o UKJIE NI T 7K RIANER & MK T Bk BT 2 PR . AW 5T
H, B R ER R B AR A 22 i K T AN EEAE, [RIE, 0 Aau v v dAt dui 2 3t
SR K AT ZAKIRAR T 2 F e A B 232,
5.8 M VAR AR IR o BN E Vo 4

Table 5.8 Separation and Model uncertainty results for Yushugou River basin during the spring

flood period.
KR TRA /% A e
U, Un
UK oK 54.9 +0.34 +0.20
H1 R K 37.6 +0.38 +0.22
FeK 7.5 +0.10 +0.09

Uv 7R BR 7R B RN 2 A8 A 7 A AR 22 A
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5.4 KEBNESTHL

1. WA VE IR B 2= RS K B AL &= B A BOR AR . 8180 4L Tu A
-14.65%0%1] 5.74%0, 3D ZZALTE HIN-96.2%0F] 44.23%0, ZEALIRERIK, WMET R
R SAFAFAE S 2 X RS BE K 8180 L T R FEAFILTRX IR . K<
B 7K 2 AP A RER AR WA, JCHOR AR RIRIR 2, BT 1% X 48 1) <M LK B
IK I ZKVR RV A FARF R () 256 45 R o WA VA L3 B 7K TR 7 25 P /K B AR
R, KA BRI B RS K T R AN o KRR I 5 TR 0 S /s BF SR B
B9 X K PR RV 32 252 AR i v R i, R ER ZAE /R /KR A
H.
2. FPHHI KA 880 F1 3D ~FIME 53 )t -13.34%0H1-92.83%0, A TG 73731
H-13.08%0~-13.74%0, -90.95 %o~-94.88 %o, ALALIEFEIR /N, FTAAHL T IK KNS
TRIREEA X R T « 8'°0 FH 8D /A fEH X RS PE /KL T, BhBF AL T~ /K&
T — RN RER. B3t R/KR SD Al 880 {H448 4k V5 43 &
79.47%0~-75.8-%0, -11.98%0~-11.6%0, ~F-351E 73 7 H-77.36 %of1-11.78%0. =it
N KSR R 5K ESIER, BB 1~ /K S K A E VI
IKITRFR . HHHIN d-excess fH = T-FHEHT, RMUZ M T /KTEE dt AT 8
AN T A 25 SR U

3. MIBATS A B R A [E A 2R H AR AR R AN K,
SD ARALYE ] 53 1) 92~ 113.82 %0~-98.37 %o, -79.14%0~-70.59%0; 5'0 & EA4L,
23 ) =16 %o~ -14.3%0F1-12.23%0~-10.7%0 I FAL AT 7K 1 8D 1 8'%0
(B IS [B] AR A i, B 2R K SAME BOR, BBt E SN . X BT
BRI, Z2RMEREREL, K 8D A1 8180 AN & & Ak, PIAmS
AR R NA RV AN A o
4. HRKEH KA LG B E K AR, X BT HMKREANGE T
K R R AE AR ST S, MRVA LR U AT KA 63%K H FH ik, 37%
kBT K, EHRAGRI KB RNG FERIE . B 2R KA T 7K &R K A
37.6%, BEKAEFK T T 5 I EL N T7.5%, UK )RR & ] K ) LR 54.9%, B
VEIRVAT 7K I 32 BN G RIF A UK )N K, HGRH K, SZ K sZ IR /N .
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