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Abstract: 12 surface water samples and 67 groundwater samples were collected from the Hailar Basin. The distribution
characteristics and occurrence patterns of uranium in groundwater of samples were analyzed using Durov diagrams, contour maps,
uranium form calculation theory, as well as mathematical statistics. Results show that the Helhongde sag area of the Hailar Basin is
mainly HCO;-Ca-Na type, the Wagang uplift, Wuerxun sag and Beier sag area are mainly Cl-Na type and HCO3-Na type, and the
Bayanshan uplift area was mainly HCOs-Ca-Na type. Hongqi Ranch and Xinbaolige depression were mainly Cl-Na type. The
distribution of uranium in the study area ranged from 17 to 425ug/L, with an average of 80pg/L and a standard deviation of 70ug/L,
which may indicate a regional groundwater uranium pollution. UO5(CO3);*” and UO(CO;),> are the dominate forms of uranium in
groundwater, which is consistent with the redox environment of Eh, indicating a favorable environment for uranium mineralization in
groundwater in the southeast of Hulunbuir Lake. Uranium mineralization prefers HCO; type uranium-containing groundwater where
uranyl bicarbonate is dominant, and the uranyl carbonate complex should be the dominate form. The dissolution of uranium is related
to the increase of HCO; . Uranium in groundwater may have participated in the mixed leaching of carbonate rock and sulfate rock.
UOz(CO3)347, UOZ(CO3)227, U,40O¢and bituminous ore are in a saturated state, while the concentrations of total Fe and (Ca2++Mg2+)
were low. Various water chemical indicators are indicative of uranium enrichment, so they can be regarded as references for potential
uranium sources.
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Fig.2 Durov and Piper diagrams of water samples in the study area
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Fig.3 Contour maps of Eh, U concentration, and TDS in the study area
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Table 1 The speciation distributions of uranium in water

samples (%)
K L Cy U0, U0, U0ACO U0, Kk
g PO (ug/l) (CO3);* (COR2 - " (OH), 2

J13 7.84 43 64.14 3579 0.074 0.028 HCO;—Ca
J11 7.70 77 62.65 37.22 0.094 0.018 HCO;-Ca
J12 7.71 31 52 4778 0.162  0.04 HCO;Ca
J42 7.53 66 51.37 4841 0.173 0.013 HCO;Ca
J60 7.19 52 36.55 6299 0433 0.006 HCO;Ca
J63 7.12 25 32.85 6657 0.542  0.006 HCO;—Ca
129 8.17 74 702 29.71 0.051 0.012 HCO; Mg
Jo1 8.14 37 69.58 30.28 0.044 0.086 HCO; Mg
J03 7.96 44 65.87 34.00 0.046 0.063 HCO; Mg
127 7.90 74 61.25 38.61 0.086 0.051 HCO; Mg
138 8.63 71 9578 419  0.001  0.01 HCO; Na
J54 8.03 115 92,66 733 0.004 0.002 HCO;Na
132 8.12 48 9262 739  0.003 0.002 HCO; Na
121 7.71 257 90.57 939  0.006 0 HCO;-Na
Jo4 7.92 34 88.39 11.60 0.007 0.002 HCO;-Na
J48 7.81 33 87.68 1229 0.009 0.001 HCO;-Na
130 7.80 51 81.86 18.10 0.021 0.004 HCO;-Na
136 7.32 52 79.48  20.50 0.033 0 HCO;-Na
J16 7.71 105 79.34  20.62 0.027 0.005 HCO;-Na
J15 7.97 57 7721 2275 0.026 0.014 HCO;-Na
J58 7.76 97 73.84  26.11 0.044 0.009 HCO;-Na
126 7.80 63 702 29.71 0.051 0.012 HCO;Na
J59 - 165 6212 3775 0.126  0.002 HCO;-Na
J47 7.26 34 57.66 42.16 0.16  0.002 HCO;-Na
J6l1 7.10 45 52.88 46.86 0.221 0.001 HCO;-Na
J14 7.86 67 57.67 4211 0.126  0.083 Cl-Ca
J19 8.43 44 9573 429  0.001  0.005 Cl-Na
123 8.05 66 9287 7.11  0.003  0.002 Cl-Na
124 7.90 107 9196  8.05 0.005 0.001 Cl-Na
J46 7.84 124 91.4 8.59  0.006 0.001 Cl-Na
135 7.75 40 91.21 8.76  0.006 0.001 Cl-Na
120 7.71 137 8795 12.04 0.013 0.002 Cl-Na
J18 7.80 206  87.23 1276  0.012  0.002 Cl-Na
J56 7.76 172 86.67 1331 0.015 0.003 Cl-Na
J17 7.75 96 80.93 19.03 0.025 0.004 Cl-Na
157 7.63 110 79.75 2023 0.03  0.003 Cl-Na
J55 7.79 57 79.52  20.43 0.029  0.007 Cl-Na
J52 7.26 425 79.17  20.78  0.052  0.001 Cl-Na
J41 - 46 76.55 2337 0.047 0.001 Cl-Na
131 7.70 75 7413 25779  0.047  0.007 Cl-Na
J49 7.33 21 72.94 2698 0.069 0.001 Cl-Na
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FFAIE.
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FRIE KA 2= S HUN eV R AE AR (R 2) AT 401, 70]
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Table 2  Statistical analysis of the chemical parameters of water samples
» . Na'+K* Ca™ Mg> cr SO~ HCO;~ TDS EC Eh
AR AR s : pH {1
(&L) (g/L) (g/L) (g’L) (g/L) (g/L) (g/L) (s/m) W)
Max 2.14 0.04 0.05 1.13 0.14 1.41 0.50 0.14 0.27 8.36
Wk Min 0.04 0.01 0.02 0.01 0.00 0.18 0.24 0.03 0.07 7.53
Mean 0.36 0.03 0.03 0.18 0.03 0.43 0.38 0.08 0.19 7.88
SD 0.68 0.01 0.01 0.36 0.04 0.39 0.08 0.04 0.06 0.23
(9% 1.91 0.33 0.45 2.06 1.75 0.90 0.21 0.52 0.33 0.03
Max 52.50 0.08 11.08 93.27 50.72 0.94 1.08 0.15 0.24 8.17
Wk Min 0.04 0.03 0.02 0.01 0.00 0.35 0.26 0.03 0.09 7.70
Mean 13.24 0.05 2.80 23.36 12.70 0.60 0.64 0.08 0.17 7.95
SD 22.67 0.02 4.78 40.36 21.95 0.23 0.35 0.05 0.06 0.20
(9% 1.71 0.51 1.71 1.73 1.73 0.39 0.54 0.62 0.32 0.03
Max 1.48 0.23 0.20 2.58 0.93 0.85 4.94 0.70 0.36 8.63
Mi 0.01 0.01 0.01 0.00 0.00 0.09 0.24 0.03 -0.13 6.83
HIF K "
Mean 0.34 0.06 0.05 0.40 0.15 0.41 1.49 0.21 0.15 7.51
SD 0.32 0.04 0.04 0.53 0.19 0.17 1.18 0.17 0.13 0.38
(9% 0.92 0.67 0.73 1.35 1.27 0.41 0.79 0.79 0.88 0.05
Max 10.60 0.55 4.60 30.92 6.98 0.80 0.76 0.10 0.23 7.70
K Min 0.04 0.02 0.02 0.01 0.01 0.22 0.42 0.02 0.01 6.70
8 Mean 2.71 0.16 1.17 7.75 1.76 0.44 0.63 0.05 0.12 7.35
SD 4.56 0.22 1.98 13.38 3.01 0.22 0.15 0.04 0.11 0.39
CcV 1.68 1.36 1.70 1.73 1.71 0.51 0.24 0.71 0.93 0.05
Max 52.50 0.55 11.08 93.27 50.72 1.41 4.94 0.70 0.36 8.63
it Min 0.01 0.01 0.01 0.00 0.00 0.09 0.24 0.02 -0.13 6.70
o b
Mean 1.13 0.06 0.25 1.93 0.86 0.43 1.29 0.18 0.16 7.60
SD 5.98 0.07 1.34 10.97 5.74 0.21 1.13 0.16 0.12 0.39
CV 5.15 1.08 5.41 5.69 6.67 0.50 0.88 0.88 0.79 0.05
HMax I K Minh i/ ME . Mean g FI{E . SDARHEMRZE . CV AR R 5L
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