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Hydrochemical characteristics of groundwater

around tidal river

Jong—-Sung Lee

Department of Environmental Engineering, Graduate school,
Pukyong National University

Abstract

We examined the water quality of ground water of Ulsan area; the level of
contamination by the condition of land-use, the quality changes according to water
level and season, and whether sea-water Intrude into the ground water of
downtown by the Tae-wha river or not.

With a view of area, it showed predominantly Ca-Mg-HCO: type at Nam-gu,
and CA-Mg-HCO3-Cl type at Jung-gu. We can infer the influence of Cl-ion from
the existence of Ca—-Cl type at Jung-gu.

With a view of usage, it showed noticeably Ca-Mg-HCOS3 type at school,
dwelling, and industry zone, Ca-Mg-Na-HCO3-Cl, Na-Cl, Ca-CI types at bathing
and commerce zone.

With a view of water level, it showed predominantly Ca-Mg-Na-HCOs-Cl type
at 150m below, and Ca-Mg-HCO3-Cl type at 150m above. And we found out
that the concentration of NO3-N was higher for both. It was not related to the
ground water level.

There were 9 brackish water spots and 6 salt water spots ; six were at
Nam-gu, nine were at Jung-gu. We noticed that consumption of KMnOs and
concentration of NI -N of brackish and salt water were higher than those of
[rash water.

So, the origin of Cl-ion was inferred from complex reason, and there are

possibilities that it came from remaining sea-water or leakage of waste water.

,Vi_
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Table 3.2 The Amount used of groundwater by

authorization of 7 cities (unit : m’/y)

S R N
e L= H 5 &
ey | ® A & ) 5|7 o el
_ R
Total | AEE | ¥48 | 548 | 71 g |87 2|0 Ad
AERE
Al S 41,425,977 |31,446,455| 3,642,457 | 3,020,081 | 3,316,984 [18,101,050121,923,108| 1,401,819
Lo AE 159,507,021 148,168,525(6,264,961 | 2,051,790 | 3,021,745 | 9,473,675 147,926,449| 2,106,897

)t [28.910,133 [21,837,973]4,945,673 | 2,018,532 | 107,955 18,837,383 9,486,878 | 585,871
ol 144,072,229 [21,726,534] 1,632,854 17,240,556 3,472,285 | 2,948,278 33,492,831 2,631,120
¥;§' T 127,110,776 [17,935,913]2,516,907 | 6,957,956 0 8,306,130 |11,024,315] 8,080,331
] A 140,060,838 131,280,333(2,003,851 | 5,986,521 | 790,153 | 1,032,821 {22,549,010]16,479,026
w%' M}‘\} 27,461,131 21,825,921 (2,663,537 | 2,284,917 | 686,756 | 2,162,293 |20,736,516| 4,562,322
Rl Aefel Aahp drwre AMEER A ARE003De ©15HH Table 329
ol 7iEAE &4k Aoe] Aaks Abgae o ool nste] Aol el
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Aol Alolrh Aty Rokll A & AR wE 4 BRT PE £ A2 F
Q@ ool W golR R 7S FH Ripolvh olet e AsFH EFEE 49
‘vlol# tlo]olzzdl (Piper diagram; Piper, 1944)’, '2~¥] 3% tholo} 18] (Stiff diagram;
Stiff, 1951)" & o] &skiz o] duks}t ¥of Slvh A4t AHe] Adke FHELE
spekalarar A atol W14 wHE 8 e ol Fold AEEd o8k
H-7F 3 Piper diagram< %slo] AH i g3 2o

20
HCO3 Cl

HCO3 cl Ca PMacHk,

Ca Ma+<

Fig.

4.1 Piper diagram of groundwater

in Nam-gu in May

FFig. 4.2 Piper diagram of groundwater in

Nam-gu in October
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Piper diagram< %3le] #8454 $2& EF/sIH 20719 F3 o=z AEs & 5
lom wE X9 37 AFdAE Ca-Mg-HCO;  Ca-Mg-HCO3-Cl,
Ca-Mg-Na-CI-HCO;, Na-CI-HCO39| 4714 @] dA r 5o 74%E A d= A
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Fig. 43 DPiper diagram of groundwater Iig. 4.4 Piper diagram of groundwater in
in Jung—gu in May Jung-gu in October
=0 A9 Askgdl A= Ca-Mg-HCO3-Cl, Ca-Mg-Na-HCO:-Cl, Ca-Mg-HCO39]
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Table 4.1 Avg., Max., Min. of the on-the-spot measurement items by study area

-

g m TR0 pH (7 1 (mg/L) | A7) A K (s /m”)
oo 59 | 1082 | 5¥€ | 108 | 5¥ | 10¥ 59 109
Hit | 186 | 172 | 74 | 76 | 2022 | 1952 | 7315 | 52938
st Ho | 224 | 218 | 79 | 83 | 5200 | 5175 | 33400 | 13510
Hax | 162 | 143 | 65 | 68 | 580 | 232 | 1350 | 1220
e | 189 | 171 | 73 | 76 | 1790 | 1873 | 7526 | 6216
s HAdo 280

26.2 9.3 9.0 4300 | 449.7 | 4,350.0 | 3,910.0

Ha 15.0 13.9 6.4 6.9 26.0 30.7 166.0 44.4
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Table 4.2 Avg., Max.. Min. of the genernal items bv study area

4 sams

(unit : mg/1.)

% 2% ZUNEE KMnO. 21 2
ES AR S 5¥ 104 54 104 59 104
| U
3t 206.8 176.8 560.5 408.8 15 1.3
vkt Ho 390.0 310.00 | 2,824.0 | 1,028.0 6.6 9.6
HAx 40.0 37.0 163.0 135.0 0.0 0.0
ot 205.7 205.0 5169 535.7 2.8 3.2
51 ERa) 680.0 690.0 24270 | 2,634.0 41.2 54.5
B 26.0 20.0 117.0 96.0 0.0 0.0
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Fig. 4.16 Seasonal changes of Ilardness & TDS in study area
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GEbsth E3 Table 5014 F4%E 2 FUHFEN 24 oledEAN FRAFE
Yo AdHoR Folg wolm rk F

Ari 598 108 Mg®, Ca® 9
FuAGE HRaA deo C 91 AoAsE @AaA @A dekeh ey
TRAFEe 4% Ca¥, Mg, Clo #aA57 5gur) 1096 =5 @A vhebs

el F Al A gk wdlE 593 1094 Ca', Mg, Cl 53
F7h Aol molx @rm W xahAl uhERskth ol T A edxte] A

1t A19le] A gfetA Rl whgo] Mz vhEs| vhelLby] ufibol ok

o
Y
o
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Table 4.3 Correlation coefficient of Hardness & TDS with Ca™', Mg*'. Cl

T g = Hardness(mg/L) TDS(mg/1.)
.|

A} A 4 54 10¢ 59 10¢
Ca™ 0.62 0.76 0.04 0.00
[ Mg’ 0.89 0.81 0.58 0.12
Cl 0.38 0.02 0.84 0.45
Ca’ 0.71 0.68 0.84 0.80
Z=oL Mg~ 0.74 0.82 0.29 0.22
Cl 0.59 0.66 0.70 0.85

g PR (KMnO) v e ARy s 59l #%7F 0~66mg/l, At

5mg/l thebkon, 10960 0-96mg/, B 13mgdw hEbsth Ft 59
0~41.2mg/l, B 28mg/, 108 0~545mg/l, H+ 32mg/lE zhz} LhErste) o] &5
AAl whatel Ftvh Aboldk AxtE Hoj il Qlrh wab Aol Fab AR HAE

Hrjwwrl 2% wrA cepytkoh
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Fig. 4.17 Seasonal changes of consumption of KMnQ; in study area
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Table 44 Avg., Max., Min. of the anion by study area (unit : mg/L)
\\%oi F Cl NOs -N S04
R = 54 10¢ 59 104 5¢ 104 5¥ 104
H 0.1 0.2 68.2 61.7 2.1 4.0 20.9 27.1
Shot FH ol 1.4 1.7 750.0 298.0 14.5 33.0 77.0 104.0
EL 0.0 0.0 3.0 fi.(; 0.0 0.0 0.0 0.0
----- ot 0.3 0.3 75.5 122.i 29 3.0 180 | 253
Eot F f 5.1 4.2 915.0 981.()-_ 21.8 18.4 45.0 39.0
| FH A 0.0 0.0 7.0 3.0 0.(‘) 0.0 2.0 0.0
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Fig. 4.18 Distribution of NOs-N in study area
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Fig. 4.19 Seasonal changes of Cl in study area

A}

444 Fol2A B4 AAA =AW}

Table 45 Avg.. Max.. Min. of the cation by studv area (unit : mg/L)
N Ca’ K' Mg” Na'
o 54 109 5¢ 104 54 104 59 104

| 385 414 | 0136 | 0.158 209 182 239 374

76.8 | 0934 | 0725 1123 | 414 1149 | 174.0

i
s
1~
b
=
O
—t
NN

Ed 6.1 8.7 0.021 0.023 2.7 2.5 6.6 6.1

Bt 359 48.1 | 0312 | 0329 19.2 20.3 235 46.1

T # 183.3 | 1178 | 3382 | 2.355 835 | 100.8 | 2045 | 3456

o
[’

£ 2.9 2.6 0.027 l 0.028 0.9 0.2 4.4 7.8

s
e
r
4
Rl
4
lo
[}
o
(o3

rol e R GEE Ayl Ca>Na>Me>K Foz veyrom, =
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Table 4.6 Seasonal analysis data of groundwater at the unique spot (unit : mg/L)

g 7 3 7

7 o2
520 | S22 | 523 | 543 S46 | S-49 559
e (08| 4250 [ a0 [ 2 | w0 | st | mso [ 5750
109 | 2480 | 406 | 416 | 1900 | 3400 890 | 13000
59 | 17327 | 3821 | 1903 | 8019 | 5921 | 5183 | 8608
5 Fog | 1asoa | 3008 | 2886 | sz | 7o | 489 | 17571
59 | 820 | 663 | 423 | 429 181 19.0 39.1
MO e | 695 | 900 | 963 49 232 15.5 11
B 59 | 813 | 11.03 | 2034 | 146 0.25 0.17 0.02
N o T 1247 | 1384 | 4274 | 00 0.12 0.20 0.0
| Isu | o076 | 1346 | 792 | 3379 | 2420 | 2302 | 4408
g 0m | 10 | uss | a1 | oess | 1837 | 12219
59| 00 03 03 0.6 0.0 05 10.4

NOy

108 | 00 0.0 0.0 0.0 0.0 14 0.0
59| e 6 6 249 3 267 356
ST Noa | 4w 0 0 212 0 210 1013
. | 52 | 4560 | 4238 | 2293 | 2220 | 8013 | 1144 | 6958
O oa| 1039 | 4814 | 3173 | 3486 | 9620 | 1184 | 19760
[ [ 52 ) 8903 | 3211 | 3241 | 2159 | 0362 | 1769 | 4.010
“ Tioa| 401 | 1863 | 2733 | 1126 | 0275 | 0856 | 3759
. |59 | 5751 | 5023 | 481 | 1763 | 1109 | 1628 | 4766
M& oa | 68 | ess8 | 624 | 1912 | 1179 | 1418 | 13510
|5 | 12380 | 1951 | 1474 | 3687 | 1503 | 3133 | 2669
N og | 10080 6112 | 4802 | 13550 | 2446 | 6734 | 13570
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Fig. 4.22 Seasonal distribution of uniaue spot by Cl of groundwater
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45 78 AW 238 A

Aakgel AR BAFS Bl sistel 4 #B FWASE MICROSOFT

EXCEL CORREL &4 BAE& E3sle Table 9.8} o] ralgdr) dnkzy oz Ayl

AA
el Aujgko] 02elstold FuuAsE Aol gl Ao, Buigke] 040l4olw
gol gl Ao wmul, wa Aujgo] 06014l W obF we YuwAE surin
% 59t

12w A7 ey el e, ol 24t
ES

o] &3t ¥ F¥E(0.99)8 7FAaL Sl

Aol A /H;(C;f‘), UPltﬂﬁ(Mg )T b E=e AE (092, 093)8 BolFa

2lv}
VAR AN FHEKMnOs) 2] A Y- RV oA A a0.70)9F HME0.73) % g
AMass W o, diivopdd et AL A ofF v AuATE KojFi
of o]tz Mmybe] AE-39l A97h thEd e gow meldn, AMYAL F

Ashis we abeh-gel A9 glol ®e AskFAR olvshs Aol
9ol 2(Clel A9t Aahrel g 7192 MEss Ay Agu o] 2,

9ol 2SO, , K', Mg’ , Na )53 52 A48 woli QvkFig. 4.25).
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Fig. 4.25 Correlation coefficient of Cl, Na' and SO.*
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Table 4.7 Matrix of correlatin coefficient among chemical species

IEE 345 TDS KMnOsy F Cl NO3; SO4 NH;y B Ca K Mg Na

M 1000 076 098 040 0.00 099 000 083 003 039 056 073 0.85 0.89

A 1.00 069 012 000 079 000 073 001 006 092 037 093 0.43
TDS 1.00 044  0.00 097 001 080 009 044 054 0.73 0.77 0.91
KMnO, 100 001 036 003 017 070 073 0.06 073 0.18 0.54
F 1.00 001 0.04 001 0.00 000 0.01 0.00 0.01 0.00
Cl 1.00 0.06 089 006 034 060 070 0.88 0.86
NO; 1.00 000 0.02 004 000 002 000 0.02
SO, 1.00 0.01 0.19 049 056 0.89 0.72
NH; - 1.00 039 0.00 039 0.02 0.15
BB - 1.00 0.02 060 0.12 0.62
7(,‘3 1.00 020 0.72 0.26
}\ 1.00 0.53 0.81
“ \lg - 1.00 0.58
. N1 N 1.00

46 Aot dFHAFLE

Aok Aol AS slFz s WHASF A4k HakHa Aol AAHe) L P
NAQ g g6 e AR PEFAS stebd wask Ak 58, A¢A
ofol 4% HEZE Fokol AFsk SHOR Afzol HuUsi: PN FRFA

H
(Tidal river)o]n] o] & FA o & S5kl Al W, tzled o 2 vpilof A gl
Aska AR g dubdon HAVIARE (, 5(“)12 , Br. TDS, Mg /Ca” 5

o ol o]l &&la glon, E3 Cl & s diE A 2o n&s AAsty, ©

o

& 1] WA BAS shrjolriiz a5 FE o Ko #dt FAAR b wol #8y
Iloglr}
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Table 4.8 Distribution of salinity bv the Conc. of Cl

Water Type & A o]-(Cl-) F=(mg/L)
v 4 (Fresh water) 2000} 8}
7] 4~ (Brackish water) 200~ 1,000
9 4 (Salt water) 1,0000] 4

=

oA A5 E daole ol wet Jus PRy

Table 4.9¢} 2t}

Table 4.9 Distribution and percentage of groundwater by salinity

ZARA 4
Water Type - y NEFONE) | REE%)
et T

vb 4= (Fresh water) 29 26 55 785

71 4~ (Brackish water) 4 5 9 12.9

% (Salt water) 2 4 6 8.6
F 709 AEaF 55702l Als b shEeol &Eke) 12.9%<1 9l AlEE 714, T
2]l 86%°l shFalis 6712 Algsw dFAstae sldsl Ao= vERRkTh FAL
Al gt Ay 3 = (Fresh water) A 8h++ YWt 29704, 5F 26M A2 42 o
ebukel. 7] 9= (Brackish water) A&h4=2] A 72}z 474, SvfAs Jeld o, o4
(Salt water) Ak - 2704, 4MAE S8 AHo] whf ARl FuijHow

- e E Koeolal Qi
At Aete] g, 7lg, 9 Askae] WEE Fig. 42600 WERAAT
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Fig. 4.27 Distribution of anion and cation by salinity
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Fig. 4.28 Distribution of organic and inorgainc compounds by salinity
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Table 4.10 Statistics data of items by salinity

OFE'_I/]O]-/HXI_)C
ZWAEE(TDS) | ° = HE(B) 1 7+(Mn)
(NH4-N)
SR A R R - S R R S R R B - S R B
HAAF 13 3 6 3 2 2 2 2 3 2 0 4
(F-2 &) |(23.6) (889 | (100) | (55) [(22.2)|(33.3)] (3.6) |(22.2) | (50.0)| (3.6 (0.0) | (66.7)
gk [ 4181 [1249.318714.71 0.086 | 5.103 | 3.974 | 0.075 | 0.243 1 0.959 | 0.122 | 0.033 | 1.003
F th 2k 749 12530.5] 15926 | 1.660 {31.510(12.1435] 0.890 | 1.225 | 2.355 | 5.447 | 0.201 | 4.336
FH Ak 1065 4562 {3864.5] 0.000 | 0.000 | 0.010 | 0.000 | 0.010 | 0.035 | 0.000 | 0.000 | 0.006
462 7t ARxA & 714
1) 2925 5(TDS)
SHFE(TDS)2] A9 E-9bAurgo] ghdtsiul ol 2 E Ho] Ashgae £%0]

hrah o) Fwupel o webah

R E R

Wk FbsE S

AFE(TDS)E] Hhww Z718 Aow Azbgch 1ol Fig, 42982 ®d Awst 24
ol A5 puranEe] wusl Frhekis A ohum, wd AT AP wol A
S oobuh whebA @5EAe] Aakge] TDS F7h: H-ghAl wkgel Fbel A /918
7l vk Al Aol 53490 el9ld o R 4ol Edtel ode Ao W
Avh FWAFR(TDS)O] a4 #ate] ol o451 ov FuRFE(TDS)
#hoole) AhA SARM ATl RASE AR Table 13} 2ol ZHRHE
(TDS) 91 40]2(Cl), WEF(Na'), &4ho] 2807 )53 e 458 1elx gl
cho Clel 71l Aghelgs, v, A4S, sl ol Al vicleh, EF L] oA A Esta,

A,

Lo /—] o

1

A% R Ao, kel oo

Ve QA e A g 2194

of A1},
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Table 4.11 Correlation coefficient of TDS with other items

o) La o 7(:)) = KMHOA Cl 5042 Cail K{ Mgz. Nal

2 < -

of

TDS| 0.20 0.69 044 | 097 | 0.80 | 0.54 0.73 0.77 0.91

18000
16000 °
14000
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12000
3
S 10000
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F 8000 o
B
6000 ¢
[ J
4000 °
[ ]
2000 b
0 °°o'o'b°".'- soe, § $ o o
0 50 100 150 200 250 300 350

Well Depth(m)

Fig. 4.29 Distribution of TDS by the depth pipe of groundwater
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Fig. 4.30 Distribution of TDS in study area
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HCO3; /¥ anion

Fig. 4.31 Factors
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Fig. 4.33 Spots of seawater intrusion among groudwater in study area
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F+ 110, 520mg/LE ztzh peEbgkth £33 NHe -N s 58 g52355  0.086,
660mg/L, 715335 5103, 31.540mg/L, BFA18F 3974, 12.435mg/LE e}
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Table 4.12 Conc. consumption of KMnOs and NOs ., NHa'of brackish & salt water

2 m ¥ 5 KMnOs(mg/L) NO3 (mg/L) NH,4 (mg/L)
L s-12 08 2.0 0.000
$-21 1.3 65 0.015
5-23 69.3 0.2 31.540
N 5-29 38 13 0.000
7 o $-38 19 0.9 0.375
A5
S-47 47.9 0.0 13.98
5-48 25 0.6 0.000
S-56 41 0.5 0.000
S-60 11 12 0.015
$-20 758 0.0 10.300
§-22 78.2 0.2 12.435
o4 $-43 239 0.3 0.730
A5 E | S5-46 20.7 0.0 0.185
$-49 17.3 1.0 0.185
$-59 20.1 5.2 0.010
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Fig. 4.34 Distribution of KMnO.. NO; . NH;' by salinity
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Table 4.13 Conc. of Br', C1 and Br/Cl ratio in study area

Az F A A Br (ppm) Cl (ppm) Br/CI(x10 “ratio
S-12 1.074 298 36.0
S-20 27.235 7053 38.6
S-21 1.619 273 59.3
S-22 5.579 1390 40.1
S-23 5.004 1158 43.2
S-38 0.892 327 27.3
| s 15637 4123 379
S-46 10.002 2648 37.8
S-47 4.560 9831 46.5
S5-49 6.032 1837 32.8
S-56 0.913 353 259
S5-59 62.332 12219 51.0
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Fig. 4.35 Conc. ratio of Br', Cl in study area
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Fig. 4.37 Distribution of NIL'-N using GIS
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Fig. 4.39 Relation between NO3; -N and Mn in study area
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Table 4.14 Spot of high Concentration of Boron in study area (unit @ mg/1.)

B Kig 59 104

S-14 0.89 1.00 0.78

S-20 2.36 3.32 1.39

et S-22 1.68 1.77 1.59

S5-23 1.23 1.10 1.35

S-35 0.68 0.81 0.54

v $*43 1.22 1.33 1.10

S-47 0.32 0.61 0.02
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