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The chemical properties and composition (pH, CaO, Fe, HCO5~, and SO,%") of groundwater (GW) and surface
water (SW) from the northern (non-carbonate bedrock) and southern (carbonate bedrock) sections of the Daedong
River, Pyeongyang were analyzed and compared period of the 1930s. In the southern section, the GW and SW has
a higher pH and SO,>~ concentration, but lower HCO;™ and Fe levels than in the north. This finding reflects a reac-
tion that formed acid by replacing metal ions in inorganic salts by hydrogen, which resulted from the oxidation of
organic material in a clay layer.

Key words: pyeongyang, daedong river, groundwater quality, surface water quality, carbonate rock area.
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Table 1. Average temperature, rainfall, and evaporation in study area from 1907 to 1934 (Muroi et al., 1939).

Month Jan. Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec. (gﬁ)
Temg,eé;‘t“re 80| 50| 13| 93| 154| 205| 240 | 243 | 188 | 11.8| 30| -51| 92

R(?er;u 148 | 126 | 247 | 451 | 704 | 727 | 2527 | 222.6 | 119.0 | 469 | 403 | 19.0 | (940.9)
Eva‘(lr’r‘l’rf)ﬁon 349 | 49.0 | 89.0 | 1455 | 177.8 | 1862 | 161.9 | 151.1 | 1249 | 96.8 | 54.0 | 36.1 | (1207.3)

LEGEND

() Bore hole
(Groundwater)

=== Cross section

38° 57" 547

Fig. 1. Map of the study area (modified from Daum Map).
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Table 2. Tributaries of the Daedong River.

Heole] S 54 585

Tributary Drainage area (km?) Main stream length (km) Navigable distance (km)
Botong River 643.016 59.30 6.0
Gonyang River 376.03 40.20 72
Sunhwa River 328.21 63.50 18.10
Bongsang River 213.15 33.38 11.60
Table 3. Planation surface in Pyeongyang area (Muroi et al., 1939).
Geology | Altitude (EL, m) Stratigraphy
Upper 50-60 dedlSh brown, sandy gravel layer (0-4 m thick) with granite/quartzite particles (20-60 cm
diameter)
Lower 20~30 Reddish brown, sandy gravel (20-60 cm diameter)
710 A%et Z3rEE 940 mm Weloln, Sl of

1,300 mmE UrE‘rLHin]r(Murm et al, 1939).
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Table 4. Stratigraphic sequence in the study area (Muroi et al., 1939).

Lithofacies Unconformity Geolqglcal Thickness Geological series Geological Age
section (m)
Clay, sandy gravel | Unconformity 20 Sandy gravel layers|Quaternary Holocene
Reddish brown Unconformity 45 Upper river beds Pleistocene
sandy garvel terrace
Reddish brown Unconformity 45 Uensan-
sandy garvel conglromerate
Tuff, red shale, Unconformity Sun yeon series Daebo Cretaceous
conglomerate and 700+ system
porphyrite
Alternation of gray | Unconformity Upper Daedong Daedong | Middle jurassic
shale and 1300 + formation system
conglomerat ’ Lower Daedong Early jurassic
formation
Alternation of sandy | Clinounconfor- 300 + Taejawon series Pyongan Triassic
gravel and shale mity system
Alternation of sandy | Conformity 500 Gobangsan series Permian - Triassic
gravel and shale
Alternation of sandy | Conformity 100 Sadong series Permian
gravel and shale
Alternation of shale | Conformity 300 Hongjeom series Late carboniferous
and limestone
Mass or layerd | Disconformity 600- Great limestone Chosun | Early ordovician
limestone series system
Crystalline Conformity Jungwha seires Middle cambrain
carbonate rocks with 1.000 =
black sltate
Dark gray mica slate,| Conformity Yangdeok series Middle - early
mica schist, black 1.200 + cambrian
slate and limestone
Limestone and black | Conformity and 500 - Guhyeon series Sangwon Proterozoic
sltate unconformity system
Crystalline Conformity Sidangwoo seires
carbonate rocks,
black slate with 1600 -
quartzite
Mica schist, green | Conformity 700 + Jikhyeon series
gneiss with limestong]
Granogneiss, mica | Unconformity Pre-Sang- Archeozoic
gneiss won system
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Table 5. Borehole data from the study area (12 May 1937 - 6 July 1937).

. Thickness of sediment (m)
Borehole Location Depth Casing
site (m) (m) Clay | “®% | sand | Shate | Sandy- | Sand-
sand gravel stone
G-1 | Southern part of | 055|510 819 ; 15 5.08 ; 3.92 ;
Daedong R.
G-02 2040 | 1.00~6.00 3.0 15 - - - -
G-03 12.00 | 1.00~6.00 1.5 15 29 46 - 2.5
G-04 | Northern part of =g T 209 80 03 ; 0.9 - 8.64 ;
| Daedong R.
G-05 6.80 0.80~5.80 - 15 - - 3.5 -
G-06 7.90 2.90~7.90 26 12 - 15 26 -
G-07 Southern part of | 12-00 - 8.2 2.9 - - -
G-08 Daedong R. 2320 | 8.0~18.00 420 29 13 - 13.80 -
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Fig. 2. Cross-section along G-01, G-04, and G-05.
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Fig. 3. Cross-section along G-06, G-07, and G-08.
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Fig. 4. Cross-section along G-02, G-03, and G-06.
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Table 6. Water level change with distance from the mouth of the Daedong River, caused by the tidal effect based on tidal data

from August 1922 (Muroi et al., 1939).

. . Wuyi- Ch? oldo Gyeomy-| Yeon-
Site Jinnampo| don river ino bon
€ | island | P e

Kyeo- | Neun-
Seokhoje Man- ngyiseon| grado
Daean Hwaseok| kyeo- . .
ong nedac rail river
& bridge | island

Distance from the

mouth of the river |  12.0 20.0 343 46.3 54.5

(km)

66.0 70.25 74.0 86.0 89.0 93.3

Calculated water

level difference | 5.02 5.21 5.56 5.84 6.04

(m)

5.71 5.56 5.29 3.55 2.91 1.84

Measured water
level difference | 5.01 - 5.59 5.83

(m)

5.76 - 5.00 3.81 - 1.64
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3
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APl =(HE 157K, Weir raised backwater)2] ol <]
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T Rox HEFAEA 93] A grrt Zolxo
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9} gt 22 SIFAYL HYge] 7% =g Ao
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°C A= g0 ¥ I%E}kkzttl, F B SRR A
718] ol gk Wske] Hlg-2 AFZF o= of 2
3} ZFo] JERHICHTable 7).
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Fig. 5. Water level change with distance from the mouth of the Daedong River, caused by the tidal effect (Muroi et al.,

1939).

Tabel 7. Water temperature change with water depth in the Daedong River (Muroi et al., 1939). The temperature of the water

surface was assumed to be 0°C.

Water depth (m) 2 3 4 5 6 7 8 9 10
Upstream of the | 5 65 | g7 | o8 | 109 | -117 | 12 | -123 | -130 | -134
Temperature Daedong R.
Q) Downstream of
the Daedong R. -0.10 -0.29 -0.39 -0.46 -0.54 -0.60 -0.65 -0.71 -0.75
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In (Y)=0.2360 In (X)-0.2784 B3 5 Bt AN =2 A=E YePdthMuroi et
(& AR A9, R?=095) (5)  al, 1939). £ AaFEE e G2 M5 @EHEH
A FRelMe B dRA S ALt
Y =0.3943 In(X)-0.1628 Al 20mg/L ol o}, MAEEHE) sHFM=
@M g5 A9, R?=0.99) ©6) M) APAQl FEFE wot dasErt JH S
oAl SFTh g 1930 B gk oR HReEs
7MY A9 doldA el £2(°C), X= T4l (m) HE) 5 B2 s 2249 o] nx|A] e
ol 3HF A YelA= X > 1.86 meltt. olHT} 3HFR1 HAHGRL A= Al mE 244 4
o] Yehgth 19379 AgEolM o] zAPA °lo}
TESY A AT 2 PR R L) F2Me
B Ao oz HAFE} 150 mg/L~600 mg/LE B
E7te F2 439 A9S 527 wj&o) syt 319t Muroi et al,, 1939). EE3F HAF HZoj] oj2H
o] Axw HwA gom duidoR F FE= 50 FAEETF wlS F7I8le] ThRA] 150 mg/lL BEolv
mg/L Welo IE}. BEAS o] H3UANE T3t WA AFEFE #l7E A9 Ikl Deitta st
= FRAZERL ZFFERL) 59 FEL& uiE 1937 99 6 WA A A o) |51 (Table 8) B
7d BRE oflEl Bebel sAiuwikd WM, e Gl Bt Afo] 7k Fogh geeE ek 3 5 9l
A g gRA 5o AH AY AYS 52+ sl < UE FaEErt I UElkith & 5] ¢
Table 8. Surface water quality in Pyeongyang area.
Sample no. | S-01 | S-02 | S-03 | S-04 | S-05 | S-06 | S-07 | S-08 | S-09 | S-10 | S-11 | S-12 |Average
Water type dDoarfg cll)oa:g cll)oa:g clljoa:g clljoatfg cli)cffg ?zliilfg i?fg Blé)it\?;g B;its;g B];)it\(/);g é\:{r':;?l -
River | River | River | River | River | River | River | River
pH - | n - | 674|704 | 705] 64. | 67. | 674 | 684 | 65 | 705 | 6.82
Total thardness ¢, 3 1 665 | 578 | 71.8 | 700 | 770 | 315 | 31.5 | 368 | 455 | 665 | 105.0 | 56.0
(mg/L)
Ezrifl‘e’;:r{m gy | | 3| - | 473|578 | 613 | 195 | 245 | 193 | 368 | 420 | 753 | 403
E;rg;f;:“zm gy | 0| 123 - | 245|123 [ 158 | 123 | 70 | 175 | 88 | 245 | 298 | 150
TSS (mg/L) 740 | 940 | 77.8 | 98.7 | 1144 | 1074 | 816 | 662 | 832 [ 119.8 | 156.4 | 219.5 | 97.6
CaO (mg/L) 28.1 | 289 | 259 | 320 | 305 [ 330 | 138 | 132 | 140 | 179 | 279 | 389 | 24.1
Fe (mg/L) 0.07 080 | 015 | 037 | 0.12 | 023 | 0.14 | 025 | 049 | 120 | 1.00 | 038
ALO; (mg/L) 21 | 08 | 19 | 40 [ 36 | 28 [ 03 [ 39 | 13 | 05 | 89 | 99 | 27
Na,0 (mg/L) 50 | 52 | 87 | 81 | 58 | 71 [122] 99 [109]282] 63 | 137 98
SiO, (mg/L) 67 | 56 | 53 | 92 [ 168 | 62 | 11.8 | 122 ] 124 | 95 | 392 | 244 | 123
Mn (mg/L) ND | ND [ ND | ND | ND | ND | ND | ND | ND | 05 | 02 | 02 | 04
Cl (mg/L) 65 | 55 | 9l 14 | 144 | 144 | 167 | 179 | 105 | 18 | 128 | 229 | 127
SO, (mg/L) 103 71 [ 96 | 31 | 28 | 54 [105] 47 [ 156 | 56 | 51 | 287 73
CO, (mg/L) 2.7 33 | 47 | 40 | 32 [ 259 ] 37 | 53 | 14 | 101 | 106 | 64
HCO; (mg/L) 279 | 322 | 289 | 344 | 356 | 387 | 107 | 192 | 132 | 26.1 | 333 | 39.8 | 273
NO; (mg/L) ND | 33 | ND | 26 | 44 | 38 | 128 | 49 | 56 | 1.1 | 48 | 43 | 438
NO, (mg/L) ND | 0.004 | 0.008 | 0.006 | 0.010 | ND | 0.008 | 0.009 | 0.008 | 0.010 | 0.003 | 0.014 | 0.008
NH, (mg/L) ND | 011 | ND | 132 ] 017 | 018 | 470 | 040 | 0.10 | 250 | 027 | 0.44 | 1.08
KMnO, (mgl) | 20 | 36 | 20 | 61 | 85 | 20 | 80 | 25 | 32 [ 136 | 59 | 99 | 53
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Fig. 6. Total and temporary hardness in the north (non-carbonate rock) and south (carbonate rock) of Pyeongyang area.
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Table 9. Groundwater quality in Pyeongyang area.

Sample no. G-0l | G07 | G-08 | G-02 | G-03 | G-04 | G-05 | G-06 (Q;?eg;) (I‘\?th?eg;) [XZZ%‘:
Temperature (°C) | 17.0 | 143 | 155 | 13.0 | 200 | 180 | 13.5 | 20.0 16.8 16.2 164
pH 741 | 7.6 | 776 | 6.84 | 641 | 656 | 670 | 651 7.44 6.60 6.92
Total hardness 1278 | 980 | 78.8 | 70.0 | 403 | 403 | 525 | 298 | 1015 46.6 67.2
(mg/L)

Temporary hardness | 103 31 910 | 683 | 66.5 | 210 | 21.0 | 350 | 140 87.5 315 525
(mg/L)

Permanent hardness | 4 5| 50 | 105 | 35 | 193 | 193 | 175 | 158 14.0 15.1 147
(mg/L)

TSS (mg/L) 2296 | 140.6 | 189.2 | 219.4 | 123.0 | 1280 | 162.6 | 1524 | 186.5 157.1 | 168.1
Ca0 (mgL) 502 | 336 | 318 | 297 | 157 | 150 | 200 | 7.7 415 17.6 266
Fe (mg/L) 002 | 370 | 230 | 7.80 | 1.60 | 140 | 150 | 3.60 | 2.01 318 274
ALO, (mg/L) 09 | 43 | 136 | 195 | 74 | 54 | 45 | 110 63 9.6 83
Na,0 (mg/L) 27 | 10 | 147 | 398 | 124 | 245 | 161 | 185 15.8 223 19.8
Si0, (mg/L) 270 | 127 | 341 | 390 | 100 | 141 | 200 | 160 | 246 19.8 216
Mn (mg/L) ND | ND | 070 | ND | 0.14 | 014 | ND | ND 0.70 0.14 0.33
Cl (mgl) 135 | 153 | 165 | 124 | 160 | 195 | 160 | 17.8 15.1 163 | 15.10
SO, (mg/L) 615 | 47 | 134 | 41 | 88 | 96 | 121 | 105 | 265 9.0 15.6
CO, (mgl) 62 | 122 | 93 | 182 | 162 | 81 | 106 | 222 92 15.1 12.9
HCO; (mg/L) 508 | 478 | 368 | ND | 184 | 173 | 207 | 236 | 481 20.0 32.1
NO; (mg/L) 099 | 560 | 430 | ND | 1.00 | 007 | 0.70 | ND 3.63 0.59 211
NO, (mg/L) 0.004 | 0.009 | 0.006 | 0005 | ND | ND | ND | ND | 0.006 0.005 | 0.006
NH, (mg/L) 098 | 054 | 062 | 003 | 0.18 | 0.08 | 0.03 | 0.04 | 071 0.07 031
KMnO, (mg/L) 22 | 06 | 109 | 32 | 60 | 49 | 48 | 68 46 5.1 493
9, Fig. 7). &, 9] A3|IAY A8(G-01, G-07, G- WS o|abslEk Ayt A% 59 FEN(FeS,), 24

08)= B FUZE) A (pH 7.16~7.76, B 744y Ho|
U EE2AF(G-02, G-03, G-04, G-05, G-06)= E5 <F
2HI(pH 6.41~6.84, H 6.60)2 HAT) E3F EZ9
HIERIAA ] BE3S WIEEE AFF (G-02,
G-03, G-06H%) ABlrallME Frelehhtchii, CO,)
9] %7} 162222 mg/L(B+F 189 mg/L)EA =4 Y
Ebsitt. ]9} o] BE9| Askrrt ofiMdS Hole o]
e U5 el f718S o ke AREES
EAE o §71E9] st o3 olikslerart wAYs)
3, o] Wl ARE 2] AR HU1E W S5
o] F&olg X3 ke ] WEoE Hktt

W G52 550 Hj3)] HwA 52 MEEE
4.7~61.5mgL, Hd 265mgl)st @& SENETE
(62~122mgL, Ha 92mgL)E UER|SITE ¥=9]
Asr7t kg S vehlE olf= Ak Wl &
dE oliksigtie] o5 FEE Pk o E A
Waldok e PEe] vwA e HEFE(1.6~7.8

mg/L, Hd 43 mg/L)—“:— A2y $7)1E9] ksl 93

(FeO(OH)nH,0)2 WH&-3lo] 718-de] Feriba (FhRhE
i, Fe(HCO;),= AAskedl = €<lo] e Zos A
53k

HEo MR e} BEe] HA3AIg e AEE
B, dEdMes F4E7t 78.8~127.8 mg/l, Bt
101.5 mg/Lelvt B2l M= 29.8~70.0 mg/L, H 46.6
mg/LZ YEPEOH(Table 9), AF52 A= A=
o]9} FALEIATH Table 8). E3F HAR oM A3l )
F73=9} YAAX (temporary hardness) ARelell ofefj<}
e AE =& th(Fig. 6; Table 9).

In (Y)=1.8546 In (X) - 3.7425

(B2 HERSl R2=098) (16)
In (Y)=0.0085 X +3.5945
(92 WISk o], R2=0.98) (17)

714 Xe= ANAE, Y= 24 %ot}
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