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FE, FE0 75 g AR AR, ARAESr-907E L AL I
i L AT (9 R L A0 AT 2, IR A B R I M R
B, B0 B I T Sr—90 78 Y A B v 1 RS 1 B
Wi, g 5 DR R Ak ) 2 AP AR 2
SRR

LR i

L1 fkaral
bSERE AL R EIA S, OAARE L (IR

FT5+), +HpHS8.34, AHLF&EI1.7 g kg™’
SR, 2. S E RS 94 mg kgL 315
11.6 gkg', HHEI1.56 ecm’ g'n I
b+, Hoh bk & E08.44% . MRS E1.01% .
BRI H0.55% . HYET Y. A2 LR,
1.2 Rt

KR AL, AR R B A W i 3 A
R 4, 95 AMST-1, ST-2. ST-3, X5 Wik
PR H120 ml d™' 60 ml d7'L 30 ml A7, RIS
BEEWMEL, BN (1) Wik s, 4

mg kg™

F1 HRIHETY. KERD SN

Table 1 Mineral and chemical composition of test soil ( % )

. - KA ; . .
+ 4 Fap mbk RHEAT Potach LR fNA J5 fit A e A At i
otas
Soil Quartz Mica Plagioclase Chlorite ~ Hornblende Calcite Kaolinite Not detected
feldspar
PRt 50 ~ 55 6 15~ 20 7 3 — 10~15 2 1
Brown desert soil
et Si0, AL, Fe,0, K,0 Na,0 Ca0 MgO — —
Soil
PR+ 68.60 6.70 2.02 1.40 1.60 8.30 1.90 — —

Brown desert soil

BEACKR B MM TR R E RS, (2) LA
By (3) JRER YRR E . I K O 2208
K, MRS B T S S A AR R AR
HHULBEEEAF T, JEFE0.5 cm, 185 em, HHE AN
BRI emBIBEIE . A RITR . KA S emBy S
(), e T 8 I 9K 7K 8 T 2 MR 1k JS AR I S A Y
TR

BZIEWR
Polyethylene particles
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Fig. 1  Soil column experiment device

T AR, FEFEATIICERS emim EEAL I Z LR
FE KM, RS0 EREA LR, &R
I E6 cm, BARIEE 60 cm, I H LA
MR EM A AEBUHRS R, ERWE L ZE,
CHJEEta we: L R TR ) B o B s s 71 D
RO W ol = (1 7 L7 N e w3 B T
IR BRSO 5 B ROR BRI o TR 2 RO A R
Sr-90 ( B 1.24 x10° Bq) 580 HM A %W (&4
75 o) IRA WS VI AR LT, s R E
JEZ)3 mm, FJEERERTR)E FATI14.7 emR S
IEAnRL, B AR MBOROKBERI SIS, HA M
Sr-90,

ST—1, ST-2. ST-3 1 fF Wtk ] 43 5] A 51
d. 102 d. 204 d, 5t b A KA KB ICE i
TR T I A RRURN Sr—90 (A vk B . a6 JR 3] A A
JE ) 2 PR AESr— 903 B il 2k Y ok J32 U6 A 5 35 - %
A, AE B e A R B o A R . R 4 R
Ja . VWRZEAZE A, R RIE, B AR
JZ3 mmFRE, IR S0 8 M B . HAR A S
6 mol L'WYEh IR IS +, FRRUIIESS . 8. 2%
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SEE T, A3 mol L WAYRRV iR UTTE, i Sr-
spect BRAE, )i HZR 1K Sr—90 e, B RER UL
YEST™, BRI Se Ak 2R Mk A DUVE S
FHARAS I WA TN B % AS I 2 Sr—90 B IR B2 . 53 8,
Bee., 12, 18, 24, 30, 36, 42, 48, 54, 60 cm
AbRRE S, FHET IR 5 K, 15 3] AR 1)
BRSO, AL ORI T R T
K53 R ) IR AR A
1.3 TEKASENE

K T1 S B AR K o3 R M 4 S A
SKE KRR I Z R AR T <1k AL
SKRITHEMRSE G R e, LW BN, R
W PE 22 W EORI, RIS T HE .
R3] T8 AN RS KRR 1 1450 )
{H. M Van Genuchten ( 1980 ) #& & XFf F1 55 7K
2O, TR KK, . HEEEE aFIUE SEnit
GEEN N = tE S EN

WA TP LA BT B R, A kR
D R E K Sk ik o AR IR ol K, (RS - AE
AT, R e Kk E (E2) , WA
KPR, g Rk 22 HOR A, e 5%
I ] AR R R R Q

®2 LTBKNESH

Table 2 Soil hydraulic parameters

A 0. A o K,

(em™) !

Type ( em’ em™ ) ( em’ em™ ) (ems™)

Bt 4
0.32 0.0023 0.0165 2.6846 2.90x 10~
Sand
+
2 45 R

2.1 AEMBGHIEE LHEKE

R 5 37 N L/ N 75 o N e R T
K, WEEEEHBETRASTKE, ST-1 414
K HR0.167 ~0.324 em® em™, ST-2+ k&K
ZH0.172 ~0.334 em® em ™, ST-3 LM HKEN
0.170 ~0.332 cm® em™ (K3) o HEFIE, ©+
N LB 3 RBGE R THORGR A, KRG N B IFE
AR R, MBS R EEE EAT
He o BARBEMR R R, (ER Y KR IR R
FE ST, A R e 1) 5 KRR A3 AT A AR TR

o

—]
|

EZINT

Porous plate

2 RS K R i e

Fig. 2 Test device for measuring saturated water conductivity

DA e R, K SRk B R .
2.2 AREIBEHEE TSr-9074 TP rE#H

ST—1HFEWEMRS1 dJF, Sr—90¥k J&F I P )
TiER442.3 cm, WE(EHE }7415.8 Bq ecm™ (A
3) o ST-2+AEWEHk102 dJ5, Sr—90¥k Ji¥ I |i] T i
F82746.2 cm, WEHIKE #289.6 Bq em™. ST-3+
FEWEHR204 dJ5, Sr—90¥RJE I M N L 2944.4 cm,
W B 4323.9 Bq em ™

=S I B B R Sr—90 1k BE I AE ' 4 A R
T E R IR B AR — 3, TR SBOKERE .
Bof () B IE B o fHJ2 = A 4 B30 ~ 40 em (R EEE
Pl N St—90 1 ik J3 I e A AR bl ol %8, KSR PR FE
25100 ~ 200 Bq cm™, ¥ B 437 fh 28 77 16 i 2 19
FFAE, ULHISTr—90 IR )2 Wi Ve M T ok 5, # W Bt
R R LA, MREEEELE, BL
f9Sr=90 A + A0 T A W ok, [ AR AR A e ] B
P R b RO R G B W . ST-2, ST-3
AL Sr—90 1y M BE o A il e e i e B LR —
e, MST-1HAE B R FATPE, B A BTk R
JEBR, Sr—90H 5 5 IR JZE BV Tk, T mg
W BT R R 60 ml d7'BF, AR, MI5Y
Hi 1 18 52 v BRI GR) o A 0 AR R, 4 Sr-90
AR LA TG, S R SR AR
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Table 3 Measured moisture content in soil column

W Depth

&Ik FEWater content (em® em™)

(em) ST-1 ST-2 ST-3
6 0.167 0.172 0.170
12 0.215 0.178 0.170
18 0.231 0.211 0.165
24 0.225 0.189 0.212
30 0.234 0.220 0.232
36 0.254 0.220 0.228
42 0.276 0.246 0.248
48 0.309 0.253 0.236
54 0.314 0.261 0.298
60 0.324 0.334 0.332
T ST—1., ST=2. ST-3%FREMEHkIRZ 4351120 ml d™', 60 ml d™', 30 ml d”'c T[] Note: The corresponding spray intensity of

60 ml d'

-1, ST-2. ST-3 are 120 ml d™",

500 ¢

P& Concentration (Bq cm™)
o I
[e] [e]
(e} (e}

300 f

—_
(=
S

30 ml d™". The same below

0 10 20 30

40 50 60 70

R)JE Depth (cm)
B3 A A A T Sr—9 052 I vk B 4547 il 45

Fig. 3 Concentration distribution curve of Sr=90 in soil column profile

3 BERTRHE(ERA

3.1 KRERBIRE IR S KERE

H T HEMEA R BRI R, H e
Hydrus—1d R 8 37 3 1) b 79— 210 A —3E 1R Fn K
PRI, BRG0P i W B o % 4 X A A P
Mg IR0 . I IE R URIT B 2 8O A Jr
TET P 1] AN (] W% 74 5% 88 X % 2R Sr=907E P R iE A% 1Y
AL

BE, MAERichard 75 F @7 2 7] L i — 4R 1R
A—AE AR RAE RS, 23 8] PR AR BB B3 mm
FIETEAS , BRI 90 s K15 2 1Y L 1Y)
WESHC LHOK I ZH WOk L SR AR

ABHL, AR AR B &K, [F
FEZEI6 ., 12, 18, 24, 30, 36, 42, 48, 54, 60
emAb AR . H 8RS IS 20 09 S0 5 K %
{EXT L, S K I A A iy mT HEE

oh
5 = alkm g
_ oh
K(h)(az+1
V,(z,t) ,z = H,t >0
<H,i =0

): Vi(z,t),2z=0,0 =0

0(z,t)
0(Z9t) = 00’0 g z

A, OHEFHE KK (em’ em™) , thKpisH
WHE] (d) o, AR A R 1Kk (em) |, 22 %S
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A AR, K (h) FARBEAISKE (em d™') , 6,940
AR (em’ em™) , VI AB#ERE (emd™)
Vo RIER W i Cem d7') , HR H AR &
(em) o
MERBI R RAEE (F4) , AP
KFESARIE R R T ZEEH K, IR
VAR A& KR . ST-1H A& KR HN0.187 ~ 0.317

*4

em’ em”, S5EZINE N2 N -5.58% ~ 11.98%.,
ST-2+H & /KEH0.156 ~0.298 ¢cm’ em™’, 5
SN AR A 2= -12.80% ~ 8.81% ., ST-3+ 4
KHEH0.148 ~ 0.290 em® em™, 5 SZI{E 1 2%
F-12.94% ~ 8.90% . Xf b &% H & 90 35 3 A W)
A, FTHEDK AR AR BB, BB M S BR
Kz g il .

REZ KRR R R

Table 4 Calculation results and verification of moisture content by model

ST-1 (em® em™)

ST-2 (em’em™)

ST-3 (em’em™)

W Depth

Com) T i 22 A i 2 A P 2

Calculation value Deviation Calculation value Deviation Calculation value Deviation
6 0.187 11.98% 0.156 -9.30% 0.148 -12.94%
12 0.203 -5.58% 0.168 -5.62% 0.161 -5.29%
18 0.220 -4.76% 0.184 -12.80% 0.175 6.06%
24 0.237 5.33% 0.200 5.82% 0.190 -10.38%
30 0.254 8.55% 0.217 -1.36% 0.206 -11.21%
36 0.271 6.69% 0.234 6.36% 0.223 -2.19%
42 0.287 3.99% 0.251 2.03% 0.240 -3.23%
48 0.300 -2.91% 0.268 5.93% 0.257 8.90%
54 0.309 -1.59% 0.284 8.81% 0.275 -7.72%
60 0.317 -2.16% 0.298 -10.78% 0.290 -12.65%

e Wi2E NIEME, Rt Mo M,

is negative, the calculated value is small

3.2 FESEFERMEXHOTLERIBSEIE

BT, %R AE b a0 Sy 1 A 0 o
REAHNAR A I A 50 P A I PSS, SR 4%
FAE [ AHAY 5T b REAR PRk B B e R 1 A A
AR A I 1] L B AH 55 8 A A 22 18] 38 3 P-4
BLSEBR %k 18 B R g 583 s 50 6% I J) 5 [
ARAS B4 i A 3R, HOUR B A I AR AR AR A X
PRAEFIHE S o 10 =P~ 167 52 A X R B Je el i s 3X o
ML

20t 22 504X, X i — IR SO T b T
wE BT issh, R 2. e
— RN It L AR R O Yeh
Tripathi \*'" LA & Mangold fTsang 2 ¥4 X i — ¥k ik
BB eIV i e VAN I NN I B R e
P, BEARERLA T A A B R

i E M/ Note: Deviation is positive, the calculated value is large; Deviation

SRR AbeE ARk R S I8 TS IR =X g B AE
M, YR % R T A RDE K iE 5,
G TSR, (HREE—E MR T,
A2 ARV A ok AR A AR A ok AR W] AR S S —
HIECIE L, AR 0 B AR X ) & e A B B i
T

S I R AR S A A A [ A A T i
AR PRI B I B, I ESE TR rh A% 3 v B S 0 B &R
BGWAHT R TR, BCFBAanT

ot ot

T B AR R LS (R g AR R ) 5 Al
WA X, BRI T — SRR
B, N RALEIT AL L R il [ A A 5 W B AN 25 i et
SENL, IR AAAE W B R A (), BRI
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9C _ 9, dC)_ 9 _ o8
{6 a az(aD gz) 5:09C) Py
as" St
pat—MC—KQ

WG S5 AR A4
C(z,t) =Cy(z,0),0<z<L,t =0
{C(z,t) =0,L<z<H,t =0
C(z,t) C(z,0),z=H,t =0

K, OMEBEKR (em’® em™) |, thER
EBEE (d) , B2 EALR, DRy yRHEl R4
(em>d™) , pHEE (gem™) , CHEMAUE
(Bqem™) , SNWIHHWEE (Bqem™) , KR
S B A A B R (em® g7 ), BN
W B AE Z Y — G R R (7)) , HRH RS
B (em) , LRFIZEE (em) , CoAVIRIKE
(Bqgem™) , CoHRHEHE (Bqem™) .

3 590 S ST S A R LSl ST B R
BEA ) PR R A R — 4 B A B BB
Rl RS R B AP R Sr—90 7 AR R Y
W EE o A it 42, 52 o3 A it 2 5 1 H 58 0 A ith 42
FEXFE AT AT, AR ILA R, SRASSr—907E /) 1
T REK, . PREUED . — il F R

ML TR ZE AR (£5) , ST-1EH P
W B A5 2K B T (B 296343 Bq em ™, JEF £ 1%
B A5 2 Y 15 I 29396.4 Bq em ™, ZMHC R ECH
0.73 ml g™, BN1.46 d7', ST—-2 4 -y g B 55 X
HHH B 2523.2 Bq em™, AR PA7 0% B X A9
HIE(HZ253.3 Bq em™, SFEEARECH0.70 ml g7,
BHF0.56 d' ST =3 A - Ay W BFASE = 1) 11 5 e {
21695.2 Bq em ™, ARy Mg RS 2 04 T B 14 2
317.5 Bqem™, ECARECH0.72ml g, BH0.36d7,

ST W RSS2 T A 1 U R A i 2k R Y
XERRVE, TSk, e EgfEdE, R’
PR IR, JC T Al AR S I R A il £k H R
FAE o AR ST A R B AT E T A S R B A
[B) () — G 2 R EL B, THE VR BE 43 A th 2 5 52
WSV ARBERLD (K4) o 3 FhmikssE T,
Sr—90 1Y e Jig W 7E A FE AR v (1 3 #% IR B AR — B,
1717 3 - Ay W R ASL X e i s S 43 B 3R 50R 2 -
W BRFASE B 43T 2R 8, 4 RIS KB A AR ), L
NZ B ARUGRIE A1 B0 5 B R ECH0.70 ~

0.73 ml g7', FA LAMAK, FEHIE, [FET
Ut B Sr—907E /> 4 A it v 119 1 £% M 15 5 10 9k it D
B L 9. A% A 3 A B b 9 40 L R 8z pH
A BT & & 1 2 A K, (HR AR =45 +
e Ak [ R — A LA BT, 20l i 4 g
pH. AP S &, AL B, B&EEAR LAER,
ST-2+ AP A HLBT &/ EST-1, ST-3 14402
16% , A 1% 4 FE Sr—90 ¥k J& 6 1 B 119 i 2 A FL A 2
AR, SR RERE N

SRR N, AR TREUE R
0.08 ~ 0.24 cm, XJ&H TA WL R H 2 3h
+, BEHAALEAE T S

£=5 Sr-90 IS

Table 5 Migration parameters of Sr—90

YU — YRR

7 d

‘ S YREED /
+ Distribution First order rate

Dispersion
Soil column coefficient coefficient
1 (em) 1
(mlg™) (d™")

ST-1 0.73 0.08 1.46
ST-2 0.70 0.10 0.56
ST-3 0.72 0.24 0.36

4 4 e

TESEHy 2 NS, 7120 ml d7', 60 ml d7',
30 ml d™' = ANAS [ BE R B R Sr—-907E /) + + 4
WA R R B (X K 56 1 E] 4 51 ST d L 102
d. 204 d) , X HAr AT T [R5 BE X B R
Sr—90FE RS - H TR R . A5 LR E LSS
(1) =FPmEaRE T, Sr—90¥ 5 1§ 1Y 1T 7% 1 5
FEA —F, IE 8 R B Wb R R R ) O L
(2) =L H Bk s B AL B AN TR, (3
MR A B K B, U B IR K X Sr—-9011 i
B EZ, (3) =AM, Sr-90M ik
AR B AR R, WIEREL ), BE
[19Sr=9023 Y+ A J5t v e i W 1 o, AR AR B
] BE N PR B BE . (4 ) g S A6 WA o 485 X
E 28 0 X Sr—9 0¥k JiE 43 A1 11 4 1) 446 F& 2 47 M A 41
R AR A AR, I A— R RS
Jo, RET UMb AR IS
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700 - S e
*  Measured concentration
P TP AR Rk ST-1
o — Calculated concentration based / \
3 500 on the nonequilibrium model / ‘\‘
£ 4001 PR R .
B Calculated concentration based 5\
b= 300 - on the equilibrium model
g
S 200t
=
& 100 -
0 . == \ . . )
0 10 20 30 40 50 60 70
%% Depth (cm)
600 - K S
I ®  Measured concentration
g S00f e P BB 2N ST=2
d — Calculated concentration based //’ AN
B 400} on the nonequilibrium model / AN
P N 3 / N
E RIS / \
g 300F Calculated concentration based /’ .
g on the equilibrium model s 00e,® *\
j53
Q
g 200t
@]
% 100 |
0 -—-,"‘—— L | ' 1 )
0 10 20 30 40 50 60 70
1R Depth (cm)
700 JKEE PR,
. Measured concentration VAN
7600 St b [ A ST-3
g 600F 1P B vk y
o ——  Calculated concentration based 7 N\
@: 500 - on the nonequilibrium model 7 A
S PR R
=Tl Calculated concentration based ; Y
= on the equilibrium model / 2 asegen k
5 3001 d 4 )
5
O 200+
i
¥ 100+
O L === ” 1 1 N L I
0 10 20 30 40 50 60 70
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Fig. 4 Fitting of Sr=90 concentration
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Effect of Spraying Intensity on Migration of Sr-90 in Soil

ZHU Jun DENG Anchang SHI Yunfeng CHEN Chao LIU Tuantuan ZHANG Aiming’
( China Institute for Radiation Protection, Taiyuan 030006, China )

Abstract Based on the dynamic soil column method in laboratory, experiment was conducted on
studying the migration of radionuclide Sr-90 in Sand relative to different spraying intensity ( spraying intensity
was designed to 120 ml d™', 60 ml d”', 30 ml d”', and the corresponding experimental time were 51,
102 204 day respectively ) .Results showed that migration distance of Sr—90 concentration peak in the soil
columns more or less the same, were 42.3 cm, 46.2 cm, 44.4 cm, Which was positively related to intensity
and duration of the spraying. In addition, the concentration distribution curves of Sr=90 in soil column section
all exhibited asymmetry and “tailing” phenomena under the three different spray intensity, i.e. After Sr—
90 was leached down from the source layer, it was adsorbed to the Sand, thus lagging behind and getting
desorbed after the peak concentration passing the observation point, hence Sr=90 concentration remained to
be quite high in soil columns for a long time. With the aid of HYDRUS-1D software, two numerical models
were established for radionuclide migration, one based on equilibrium adsorption and the other on non-
equilibrium adsorption. It was found that the non-equilibrium sorption model, which took into account the
first-order rate coefficients f, could be used to better explain the asymmetry and tailing phenomena. Based on
fitting the measurements of Sr=90 concentrations in the soil columns, distribution coefficient of Sr=90 in the
Sand was figured out to be 0.73 ml g”', 0.70 ml g™ and 0.72 ml g™' relative to intensity of the spraying, which
shows that intensity of the spraying did not have much effect on distribution coefficient of Sr=90.

Key words Spraying intensity; Soil column experiment; Radionuclide migration; Equilibrium

adsorption; Non-equilibrium adsorption
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