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Fig. 1 Regional location of the study area
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Fig. 2 Lithology of borehole andsampling position of chloride ion
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Fig. 3  Soil moisture and chlorine ion mass concentration in unsaturated zone
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Tab. 1 Intensity and time of rainfall infiltration recharge in different depth of unsaturated zone profile
I /m o(Clsw)/ R/ ) 2imey/ D VR /m o(Clgw)/ R/ ) 2771(;1( D
(mge+ L1 (mm=+a 1) (gem2) (mge« L) (mme*a 1) (gem ?)
—1.52 34.98 121 —25.45 181. 99 23 175. 519 41. 612
—1.68 9.07 465 —25. 96 144. 49 29 178. 993 42. 436
—2.48 9.959 440 —26. 62 240. 82 18 184. 184 43. 666
—3.69 154. 64 27 —27.30 215. 21 20 190. 599 45. 187
—4. 38 28. 05 150 —28.25 211. 54 20 198. 063 46. 957
—4. 83 144. 64 29 —28.43 110. 63 38 199. 194 47. 225
—5.45 285. 29 15 —29.15 105. 20 40 202. 916 48. 107
—6.12 89. 32 47 11. 889 2. 819 —29.95 168. 95 25 208. 016 49. 316
—6.70 233.11 18 19. 779 4. 689 —30. 35 30. 30 139 211. 343 50. 105
—17.70 197. 31 21 35. 969 8.528 —31. 89 23.24 181 224.705 53.273
—8.50 211. 23 20 45. 765 10. 850 —32.90 16. 29 259 231.776 54. 949
—9.10 133.87 32 51. 184 12. 135 —33.50 19. 90 212 235. 507 55. 834
—9.88 14. 94 282 56. 273 13. 341 —34.05 22. 40 188 239. 447 56. 768
—11.10 82.13 51 63. 751 15. 114 —34.25 17. 34 243 240. 806 57.090
—11.50 27.83 152 66. 910 15. 863 —35. 20 12. 04 350 245. 668 58. 243
—12.65 32.03 132 78. 897 18. 705 —36. 15 16. 90 250 250. 431 59. 372
—13.15 87.41 48 82. 622 19. 588 —36. 85 24. 69 171 254. 529 60. 344
—14. 35 149. 62 28 89. 096 21.123 —37.05 21. 82 193 255,502 60. 574
—15.10 103. 13 41 93.910 22. 264 —37.68 55.43 76 258. 265 61.229
—16.72 125. 00 34 104. 144 24. 690 —38.32 67.21 63 261. 676 62. 038
—17. 30 120. 00 35 107. 315 25. 442 —39.55 11. 72 360 268. 098 63. 560
—18.15 123. 66 34 112. 487 26. 668 —40. 16 16. 69 253 271. 319 64. 324
—18. 95 202. 22 21 118. 860 28.179 —41. 45 18. 87 223 2717. 566 65. 805
—19. 20 19. 83 213 120. 903 28. 664 —41. 65 22.83 185 278. 358 65. 993
—19.95 36. 71 115 128. 251 30. 406 —42.35 44, 30 95 282. 858 67. 060
—21.25 67.62 62 142. 632 33.815 —43.55 31. 60 133 291. 688 69. 153
—21.82 20. 77 203 146. 663 34.771 —44. 50 41,75 101 298. 437 70. 753
—23.45 166. 88 25 158. 238 37.515 —45.18 47.02 90 304. 212 72.122
—24. 40 145. 97 29 166. 328 39.433
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Fig. 4 Groundwater recharge process and time

in different depth of unsaturated zone profile
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Fig. 5 Recharge rate on different stages(T:period of precipitation

recharge; R:average intensity of precipitation recharge)
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Characteristics of groundwater replenishment in deep and thick unsaturated zone
based on chloride tracer method
YANG Huifeng"?,BAI Hua'"? ,CHENG Yanpei' , MENG Ruifang"? , CAO Wengeng"? ,NAN Tian!*?
(1. Institute o f Hydrogeology and Environmental Geology ,Chinese Academy of Geological Sciences ,
Shijiazhuang 050061, China;2. Hebei Cangzhou Groundwater and Land Subsidence
National Observation and Research Station ,Shijiazhuang 050061, China)

Abstract: The continuous decline of groundwater level in northern China, the thickness of vadose zone continued to increase, so
the law of water movement in the vadose zone has changed significantly. The maximum depth of previous experiments and re-
searches on the vadose zone was mostly 7-10 m. Due to the lack of research on the law of water movement and precipitation re-
charge in the deep vadose zone, lag effect of deep water movement and the process of groundwater recharge problems have not
been well solved.

A significant research has been carried out on geological drilling in the typical deep vadose zone of the piedmont plain of
North China. During drilling,a built-in ring knife sampler was installed at the front of the sampling drill pipe,and a built-in ring
knife was pressed into the soil by a non-circulating hydraulic method. The rotary drill pipe disconnected the bottom soil mass
and the built-in ring knife sampler simultaneously consolidated the soil sample during sampling to obtain deep undisturbed soil
samples with high integrity. The soil structure parameters, water content,and chloride concentration of undisturbed soil samples
were tested,and the chloride ion tracing method was used to study the law of water movement in the 45m thick vadose zone. At
the same time, the history of precipitation recharge in the deep vadose zone was reconstructed and the intensity of precipitation
recharge was evaluated.

The results show that : (1) At different depths of vadose zone profile, the chlorine content in soil water is significantly dif-
ferent,and negatively correlated with water content. (2) There are three chloride ion peaks in the depth range of 5. 50-28. 25 m
at the profile of the vadose zone. The first chloride ion peak was affected by evapotranspiration in the semi-arid area. The forma-
tion of the second and third chloride ion peaks was related to precipitation and the lithologic structure of the vadose zone, which
reflected two dry precipitation periods in the recharge history, and the peak mainly occurred in the transition section from
coarse-grained stratum to fine-grained stratum. (3) The total age of precipitation recharge recorded in the 45 m vadose zone sec-
tion was 72. 12 years. During this period, the recharge intensity experienced three high and low fluctuations, reflected three rela-
tively dry and wet climate processes. Meanwhile, the average infiltration recharge intensity was 0. 096 m/a,and the precipitation
infiltration recharge accounted for 18. 1% of the average annual precipitation.

The vertical infiltration law of water in the deep vadose zone was multiple pulses under the superposition of precipitation
and gradually move to the deep, so it need a long-term process to recharge groundwater. When the upper part of the vadose zone
was coarse and the lower part was fine, the water migration was hindered and the ion components were accumulated. On the
contrary,the water migration was faster and the accumulation of ionic components was less.

Key words: deep and thick unsaturated zone; undisturbed soil sample; chloride; tracer; precipitation infiltration; groundwater replenishment
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