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Abstract: Evaporation-induced salt precipitation in the soil-groundwater system is widespread in arid regions.
However, there is no consensus on whether the temporal stage division of evaporation for saline water is consis-
tent with that for pure water, which limits a deeper understanding of evaporation-induced salt precipitation in
soil-groundwater system. To clarify the stage division and the controlling factors of evaporation-induced salt
precipitation under different NaCl concentrations, indoor soil-column experiments were conducted using quartz
sand as the porous medium. Five concentrations were tested: 0, 1, 3, 10, and 50 g/L NaCl. Two parallel repli-
cates were performed for each concentration, giving a total of ten soil columns. The experiment lasted 43 days.
Evaporation was recorded, air temperature, surface temperature and profile temperature were monitored, surface
salt precipitation was documented, and the mass of the surface salt crust was measured. The results show that: (D
The evaporation of pure water is consistent with previous studies and can be divided into three stages: Stage I,
constant-rate or high-rate evaporation (days 1-18); Stage II, transitional or falling-rate evaporation (days 18-37);
and Stage 111, diffusion-limited or low-rate evaporation (days 37-43). @ Evaporation of saline water can also be
divided into three stages, but the onset time and intensity of each stage vary with NaCl concentration. With in-
creasing concentration, Stage I becomes shorter and Stage 111 starts earlier. For 1, 3, 10, and 50 g/L, Stage I last-
ed 17, 13, 7 and 4 days, respectively, and Stage III started on days 36, 31, 23 and 17, respectively. For moderate
to high saline water (=10 g/L), earlier development of a surface salt crust led to an earlier transition to Stage III
and reduced cumulative evaporation. Using the mean cumulative evaporation of the two replicates, the values for
0, 1, 3, 10, and 50 g/L were 228.25, 131.92, 117.45, 109.53, and 29.16 cm, respectively. 3 The controlling fac-
tors vary with both concentration and evaporation stage: temperature potential dominated the early-stage evapo-
ration for pure water, freshwater (1 g/L) and mildly saline water (3 g/L); during the transitional stage for moder-
ately saline water (10 g/L), temperature potential and matric potential were both important, while solute poten-
tial became stronger and began to contribute to evaporation suppression; for highly saline water (50 g/L), solute
potential dominated in the later stage.
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Fig. 1 Experiment instruments set-up
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Tab. 3 Evaporation metrics for groups A and B under different concentrations of NaCl

NaCli# i r::izl A: TEPE¥ZE B: BB PE¥ZE A: BrEL B: BBl A: 1~43d B: 1~43d A: BYEI B: Bl

W (g/L) (@ % F (em/d) KK (em/d) B (em) B (ecm) BREM(em) BEM(em) HH(%) HHE(%)
1 17 4.26 4.99 72.40 84.73 12430 139.53 58.24 60.72
3 13 434 4.57 56.46 59.45 119.52 115.39 47.24 51.52
10 7 6.21 6.07 43.47 42.48 116.82 102.24 37.21 4155
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Fig. 8 Temperature profiles for different concentrations of NaCl
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Tab. 4 Evaporation-stage for different concentrations of NaCl

NaCli i
4t K 1g/L 3 gL 10g/L  50gL
B
EHIMBE  0~18d 0~17d 0~13d 0~7d 0~4d
FOHEB  18~37d 17~36d 13~31d 7~23d 4~17d
$MEYEBE 37~43d 36~43d 31~43d 23~43d 17~43d

WIFG, 50 gL H R K mE B EMT 1 g/L A, Bk
H7E R AT 4K
32 TE-HMTKBREZZBEZESH
321 AR Ha

ER 5T I AN T T e 78 R DER S AR R E HERR
S35 FEFLBR, 1 A AR P98 K 43 ) 2 T A R 25 AR 18 @
A B SRR ZIE O o BN, S5 1G5
W PR/, DTS el SR TR BE . 5 T B Be iy, Bk 4
T 8B 2 R AR, R R R R S 5 2%
K, I 28 R s S i 2 i AN B B o Bl R 3 T 10
WERZEE SR, RZABR S BEE TR, B4
PR FEAR, 78 R S AP RO B Be . ML Ak, TR R R
K, ER 24 55 5 0 2 10 IR B AR (18] 7)), 2liK 5 1 g/L
995.1 °C, 92,5 °C, 1fij 3 g/L. 10 g/L. 50 g/L X 82.4 °C.
81.8 C. 80.9 ‘C. UhAh, b 5T A 1) M i 25 4 K
(8 8), $hJ2 A 25 5 1~21 cm FY IR 25 16 & Vi 20 %
MR 13 C.
322 REXNELKZ R

SRR (R 3, K2, B3, 4, Bl 5) R, WE
R, 222 3K B M A I BT R A e [RDER L R R R TR

AR, RSN, FERERUK gL) h,
Vs AT I R AR e, A Al ER TR iR B 40 T T8
It 7R R ROK (10 g/L) w3 3 55 el e 5 R LB
58 &E AR FEZERR G N T, 28 & BURKEC 78
K (50 g/L) H, W B i 5, Z8 R PR AP
7 R G i B . 5 TR B (9 B8 ) , RG0
i 7 ) DLV Al £ 5, b SR (=10 g/L, T
H 50 g/L) RER 7SI Lt P 4 3 2k B 41348, 530
JE 06 B TR A . B AN b T 2 B, 2% R S
PrHLEE R, 50 /L WY ER7EE 5 RALA 1~3d, 565 1T B
B 4d, BAHZELIEE R BPIE L AL 1635 g, [FIAT,
R B A AE T A S8 B 28 % i LU R, AL B ALEE T
W Bt 5 HG A3 9K 58% F 61%, 10 g/L 5 50 g/L [ Kk
JEE R R A RS R 46 A, 5 A B B T
P s o SR b, o B s, B BG4 R H B,
BRZE L RN,
323 R@EBENARLA A

T S B Bl 728 A R DB R 2R 22—, FOR [ ok BE 1Y
By B Xl oy (2 4), % 1 i 5 78 & BT T Pear-
son AT (£ 5) o AR BN 4k, kK1 gL) 5
BRRE K (3 @/L)TESE 1 Bir Be i 5t b 3500 5 (2 404l
4 p<0.05, R* #/& )5 Bt B T7H 3, 465 1 B BL R Atk
T, ERAAESS T, TR B AH S U8 55 A (8 355
50 g/L fE 250 Be i R e, g vEss . Uil &
JE ROK 9 78 e TR RLAZ 3h 58 S5 U A e, o o 78 Ak X
T 5k 1 o) 7 95553, D T el ¥R 55 o 1 e DG Bk
TEJG AP

x5 BESHZBEREXMEITR

Tab. 5 Correlation analysis between temperature and evaporation rate

A Bl
NaClifk & B Be
R’ pfE A A A 5 R’ pfE A A A 5
I 0.860 5.3e-10 2 0.526 1.3¢-04 2
4l 7k 1 0.352 0.015 2 0.260 0.044 2
i 0.013 0.806 g 0.145 0.400 g
| 0.343 0.035 2 0.132 0.222 i
1gL I 0.471 1.5¢-04 2 0.037 0.359 4
mm 0.104 0.481 4 0.000 0.979 i
I 0.185 0.085 = 0.435 0.004 b=
3glL I 0.061 0.441 w 0.171 0.182 w
m 0.492 0.002 v 0.098 0.238 &
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5k s
Al B4
NaClik B B Bt

R’ pfH A AT PR R’ p & A AT PR

I 0.012 0.777 w 0.215 0.209 w

10 g/L I 0.581 3.7¢-05 s 0.461 5.1e-04 o=

i 0.014 0.685 o 0.012 0.705 o

I 0.796 0.003 b 0.261 0.196 i

50 g/L I 0.104 0.155 i 0.049 0.333 i

I 0.254 0.047 2 0.299 0.028 2
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o HC A [ e B B8 AN TR B B 2% e e R 1Y 4
2R, A SO 78 e R e b T 280 M 9 il 5
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R PRR BEAT 3 ORI o K AR AR R R I 9
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Fig. 9 Rating results for different concentration NaCl of dominant controls factors under different stages

(1) ik 78 % i B S AW — 2, Al &40 e 1
1E /= (0~18d) . Tad P ms s (18~37d) . I
PEUAGE (37 d)3 DR EL .

(2) 7K 2% AL R 43O 3 B BE, (H By B4R Sz 1 ]
SR B R B AR . R R, 2R T B B R e [
S, ERAT H R, EhSE T PUE AL, 28 K R A Yz
MR, 2zE R B/, 1g/L. 3g/L. 10g/L. 50 g/L 1
IR BN 17 d, 13d, 7d, 4 d, A4l B L &
111.81 cm &% 26.00 cm,
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(3)Z8 K F 0 I 7 Bl 7% i B 5 vk 32 i A% Ak 4
KRR SR BE K /A T B BE AR $5o E, opRE
K/ TR Bl B | B ot 3 | o o 34 W) 4 Y, B
K/ TR B AV o0 3 o 4K 5528 K (1 /L.
3o/ 1 B Bl B 5 78 & o R o b 3 R 0 S
R* 8, ik RP ik 2 0.86, 10 g/L., 50g/L #Y R* A,
S
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