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Abstract: The traditional method of the applied tracer for estimating the groundwater recharge according to the
peak of tracer’s concentration in soil profile has encountered the problem of precision and application. Therefore,
the multi-regions method was suggested in this paper to estimate the groundwater recharge using the applied
tracers, i.e., bromide and tritium, on the conditions of different land utilizations and depths, in Luancheng and
Hengshui areas of Hebei Province. The results showed that the groundwater recharges of Luancheng and
Hengshui areas were 124.3 mm/a and 13.7 mm/a, respectively, and the percentages of preferential flow were
28.7% and 2.3%, respectively, which indicated that the results of the multi-regions method were more reasonable
than the traditional method. Moreover, the straw mulch restrained the infiltration of precipitation or irrigation,
and reduced the preferential flow. However, the plants, i.e., corn, wheat, and grass, improved the preferential flow.
The groundwater recharge and preferential flow which were controlled by the soil structure showed no clear
relationship with injected depths.
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Fig. 2 Steps of tracing test in the field
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A-injecting tracers; B-tracing process; C-results of tracing test
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Table 1 Chart of the tracers test
i3 ;ﬁf& R ;‘ffé e *égf G2 RWE REA ﬁfé T;;i"‘ *‘;ﬁn‘j‘
LCOl  FiE+ETE  RAR & 2.0 2.6 HSO01 Pl WRFG VAR 2.0 0.8
LC02 Fie TR T8 2.0 2.2 HS02  FiE+EZR AR B0 2.0 0.8
LCO3 FlAE TRF T8 3.0 1.5 HS03 LA R’ T 2.0 0.8
LC04 Ak TRFU & 4.0 2.0 HS04  JE AT Bh R o 2.5 0.8
LCO5S  JAZEEH i I 2.0 2.6 HS05  JE A Bh R ¥ 3.0 0.6
LC06  JLAZKIED b ¥ 3.0 1.4 HS06  JE AT Bh R ¥ 3.5 1.0
LC07  JLAZKIED b ¥ 4.0 0.4 HS07  JEAZKIE3 R ¥ 4.0 1.0
LCO8 L TRFNIW, ¥ 2.0 42 HS08 Pl R g 2.0 1.2

TE: LC AR [ B 2 ik B 5, 1S A3 v [ b SR 27 g /K ST b B B 355 3t S 0 5 i 8 K ik
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Fig. 3 Distribution models of concentrations of applied
tracers in the soil profile

T AT REA = Ao A, i 3 s, A AR
FRUER) LR XTFRINZE, B 1 C VR M2 F O A T
W WA 43 ) ) B A EEERS, BRARR M L KE T
FRIE S IL A B AN R AS AR R, (HARBE A (1),
[] A9 7S B A B B TR R B, DG A 98 4 45 T A 5
S PRAE AT o R, DUHR E I (VA R K kb
BIEI AR B T IR AAE T A B, 75 B
22 ZXIER
221 REFIEBZIR

718 55 500 7E A 35 50 T b 0 W R o A B U R B
FAE 6 )X 3 R BOVE R A 25 8 o 8 X R SR A
P14 S JOT A2 5 P T VR R 3 B 32 S o o9 i L
PR BORUOG TRAE FE 25 3 o HUAR VR BV 2 PR 1= 48
A TEALBR KN — | TEARASHLN N K By ) 45 57 %6
Fo, RBOKE WAL L3 /NS N A
6], iy By Fia % wory KRB BuE, 596
FEWAH HEIE B KO T o AT b, -3y 2k
B A S B UM R B N TE SRR, [RIREK 2y F7E
B Jiis B 1 B rh 25 DR - S 24 45 i TR 2 A
VS IR O R B I l—— /KA FHLBRIREL” . T
AT 2R FH R0 SRRV 2 - 15 o B Y PR ST RS 351,
INEEF G KA B SE AR K AR . B, R
SFV TR AU BIOE: i 3R S5 M MK RV E R 5 DR Y .

Y HUER Ta iz s iR izg), 1
7 A A SRV Ty B v TR B I IRV FE X B RS,
JEE RIS, T2 BESOKE . HIEALRE
R B DL R L B e M R ), VR R E R KR T
BARECE L A K /MRZ . Olsen 45 (1968) I\ A 7E
45K 0.3~0.4 I, Dy=0.05~0.78D,, H:H1 D,
F Do Ry 43 ) R s BAE - HEK R4k 1 4y 4K
ZB(cm’d "), Vanderborght £5(2007)i\ N + 3 s
T8 ARECH 0.5 em’d WIS, AU kKEh
WELRBY 5%, R a] LLZms 3 sh s 4y 79
HE 6 3 s B B 52

FRAE LA LB s 3, N TR B 7E 3850 m b
(Y B 43 A S i T 45 4 A K I AB T
RIS ER 5 St N TORERE B AS 50K R s 3
Rl SRS —800 .
222 HZXEE

T RSB R KN — . B A S L&
4 R R RN i S M AR A, OB A B ALK
ia 3 2 R BRI 23 s TR X, HARR A
it X Z B Je K A B, & Ui XA i 2 K,
h 4 RS- £ 7K i (KShne et al., 2009), &Nk X ACE
KR HORM R ST LB . B 4 A ZIX
ANBHESHIA, A ORI X8 N X,
[ AFR S5 T R Jl 43R N IX



S5 Ui SRS NTIREE T BTN T K AB MG B AL 499

B /m

4 ALIREBZXER
Fig. 4 Multi-region model of applied tracers
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Table 2 Results of groundwater recharge using the method of applied tracers

. o ANBAMEE/(mm/a . I A B A /(mm/a
i REH D AT e REH ABHLRAmma)
2 XA & G W R Z X BRI & 458 VAR

R 149.5 160.8 LCO8 i 116.8 62.7
LCO1 . =

i, 167.5 160.8 R 13.8 0.0

. HSO01 _

R 154.2 141.0 i 13.2 0.0
LCO2 L )

il 159.4 141.0 w 13.2 0.0

. HS02 o

" 142.6 110.4 I 12.9 0.0
LCO3 ) )

i 127.8 110.4 " 12.5 0.0

. HS03 —

W 147.8 135.0 I, 12.1 0.0
LC04 . .

Il 129.9 135.0 HS04 R’ 15.4 0.0
LCO05 e 96.0 68.5 HSO05 R’ 14.2 0.0
LCO06 ’ 76.6 54.8 HS06 " 13.9 0.0
LCO07 ’ 64.0 0.0 HS07 b} 15.0 0.0
LCO8 " 83.6 62.7 HS08 w 14.4 0.0
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Table 3 Percentages of groundwater recharge by preferential flow
g Z max 0.5Z max e Ab it AR B/ o) Zmax 0.5Zn  RIGHAAR LR
/m /m /(mm/a) % /m /m /(mm/a) FEEE /%
LCO1 2.6 1.3 33.7 225 HSO01 0.8 0.4 0.19 1.4
LCO02 2.2 1.1 52.8 343 HSO02 0.8 0.4 0.10 0.8
LCO03 L5 0.75 60.1 422 HS03 0.8 0.4 0.24 19
LCO04 2.0 1.0 82.0 555 HS04 0.8 0.4 0.18 12
LCO5 2.6 1.3 15.3 15.9 HS05 0.6 0.3 0.25 18
LCO06 1.4 0.7 9.24 12.1 HS06 1.0 0.5 0.23 1.7
LCO7 0.4 0.2 16.78 26.2 HS07 1.0 0.5 0.13 0.9
LCO8 4.2 2.1 18.5 220 HS08 1.2 0.6 1.2 8.3
Br/(mg/L) Br/(mg/L) Br/(mg/L)
0 500 1000 1500 2000 2500 0 1000 2000 3000 0 1000 2000 3000
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E40 g 40 £40 A
Ko ——LCol 1% 5.0 %50
Lcoz —+—1CO1 i —+—LCO5
6.0 —e—1LCO5 6.0 —L1CO03 6.0 —=—LC06
A T Lcos g‘ B ---e--LCO4 C —e—LCo07
7.0 7.0 g 7.0
Br/(mg/L) T/TU T/TU
, 0500 1000 1500 2000 2500  , 80 130 180 230 280 330 380 80 130 180 230 280 330 380
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g 40 £
1% 5.0 S
4.0
—a—HSO01 —+—LCO1
6.0 4.5} —=—HS02 —=*—LC02
E —e—HS03 —e—LCO08
7.0 5.0

B 5 REFIKRERE
Fig. 5 Tracers’ concentration profiles in LC and HS sites
A-LC AN - b H 7 30(Br); B-LC AN 7R B2 R B (Br); C-LC Jo A 283 3 AN [ 7 R IR B (Br);
D-HS A [F] - 3F] FH 5 3 (Br); E-HS AN -4t F) HI 7 X (T); F-HS Jo A2 B A [Rl/R BR TR BE (Br)
A-different land use styles in the LC site (Br); B-different injected depths of the tracers (Br) in the LC site; C-different injected depths of
the tracers (Br) without human activities in the LC site; D-different land use styles in the HS site (Br);

E-different land use styles in the HS site (T); F-different injected depths of the tracers (Br') without human activities in the HS site
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