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Gravity, Magnetic and VLF Explorations in the
Ubong Industrial Waste Landfill, Pohang

Byung-Doo Kwon*, Seok-Hoon Oh*, Ho-Joon Chung*, Hyoung-Rea Rim*, Chun-Ki Lee*

ABSTRACT : Gravity, magnetic and VLF surveys were conducted to investigate the structural stability and hazards as-
sociated with the Ubong landfill in Pohang City, which has been built to dump industrial wastes. In 1994, the collapse
of a bank happened in the 6th landfill site due to sudden heavy rain, and a large quantity of waste materials flowed out
to the nearby landfill sites, factories and roads. We used 10X 10 m resolution DEM data for gravity reductions. The
maximum variation of the terrain effect in the survey area is about 0.5 mgal and the terrain effect is large in the vi-
cinity of bank boundary. The Bouguer gravity anomaly map shows the effects due to the variation of thickness and
type of waste materials. The small negative gravity anomaly increases from the 9th site to the 6th site. The small ne-
gative gravity anomaly of the 9th site reflects the relatively shallow dumping depth of average 14.5 m in this site and
increased density of waste materials by the repeated stabilization process of soil overlaying. The 6th site is located at
the center of the former valley and rainfall and groundwater are expected to flow from south-east to north-west. There-
fore, considering the previous accident of mixing waste and bank materials at the north-west boundary of the landfill,
there may be some environmental problems of leakage of contaminated water and bank stability. The complex inv-
ersion technique using Simulated annealing and Marquardt-Levenberg methods was applied to calculate three-di-
mensional density distribution from gravity data. In the case of 6th site, it is apparent that the landfill had been dumped
in four sectors. However, most part of the 9th site show high density distrbution. Magnetic surveys were carried out a-
long three profiles in the 6th site and two profiles in the 9th site and showed that high magnetic industrial wastes were
concentrated in the 6th site. The result of magnetic survey showing low magnetic anomalies along the boundaries of
two sites is similar to that of gravity data. The VLF data also reveals four divided sectors in the 6th site, and overall
anomaly trend indicates the direction of former valley.
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Table 1. Stratigraphic sequence of studied area.

Quaternary | Alluvium
Unconfo:mity
Cenozoic Trachyte,
Terti Nuldaeri Adesitic lahar
eruaty Formation Vitric tuff
Tuff breccia
Mesozoic Gyoungsang system felsite, Porphyry

o] 2] A A47]o) I} (Table 1). 53] FLA|
go] EE 5= HNFAE Tdsh= 23 IFE R
o 4=1kel Block faulting 5ol 9aix] iAoz Az3)
I e Ao BHEY (F54H, 1995).
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Fig. 1. Location map of the Ubong landfill area. Gravity,
magnetic and VLF surveys were mainly carried out in No. 6
and No. 9 sites. Triangles indicate gravity measurement sta-
tions. Contour interval of topography is 10 meter.
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Fig. 2. Regional topographic map of the Ubong landfill
area based on digital elevation map (DEM). Contour in-
terval is 4 meter.
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Fig. 3. Free-air anomaly map of the Ubong landfill area.
Contour interval is 0.1 mgal.
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Fig. 4. Bouguer anomaly map of the Ubong landfill area.
Contour interval is 0.1 mgal.

Fig. 5. (a) Bouguer anomalies for the area outside the landfill sites. (b) Regional anomaly map obtained by a polynomial sur-

face fitting of (a).
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Fig. 6. Residual Bouguer anomaly map obtained by re-
moving regional anomaly of Fig. 5 (b). Contour interval is
0.1 mgal.

VLF&At 181

2QT 2% Aol eldF avuct o e oy
& ®olm, Huh &9 oS vehile A9 ¥
£t we vggel 4udes § 43
4% B2 WYE AoR 2T g BAT
1 gt 6B 2P A9e 248 A
Aozt ge Aed) val A A 7 w2
4 MG, ol Hd FAA2 UK Rolch, 39
kel REE Re 89 ol gl AAA AgHE
[e]
e

2

2 Hol Y2 wro| njgFol AuE 28 17}
He Aoz FAE, AAAF A= A%
de Aoz 4EfA Uk
eulEALe APH o2 AZe FLR HPBlRR S5
u A3l %—‘é— | BEZl| ] HAZ] 5Fo| oy
2, ol PR BME A g Ee] A 4
e AMdE BEY &5 FE3 AlEe] gl
4gS A Aoz B},

A9MYZ-L i Zolr} 145 m2 L1 AYZHQ) o)
A7) HEo] vbE 219j o 2 Wiy Eo] Wert FolM 5
ol dgtel X x HwA FE F9| o] 4gE Btk A
oul g WellMs dMEelA 718 22 &9 o]dgke]
et o] 2e ulygR] AAY 229 AT Xo=
iR &o] A A dErt w3, @AY A H2e]
o2 wjgE A7 mi$ ek JFolgkn Hozioh
oAy FENERYE FYHo2 FHH & gl o)
YEo U 232 HIRow dy] e 28 94
£ A3l o gt

Y

2 2o S oy B oW g o

B
=3
=

o

3

i

Aggal &) 4

Uz it

PR Aol £AE A ARE B} A
oz HHe7] Ase] 39 Gare sttt 334
Zeoa ol o)Al AEE sk et
2 ol4Ae] ol & atake W A5l TES A2
Beled 7} o) YEE 2Pk D Ao Itk oY
)9} o] vHBe) BEAZ} Aah Vehts Aol
t 958 9EE AL o 4AE T & o) WE
o i gel ol FEs FHsplole oleigel Wa
o £3, sl el PelEe slgEe] DEE Foke
Aol ¥l ZRWAe] BHolB A Ao AEANT
FaBGT. ANBAL 30 m Hol2 T F HEH
He AR 2AHYCH, AAAL] FPH L e s
2 252 FolHt Fele) B T, AoAFL
14 m Zol2 2HAACM A4 SR 25E Folxli
F2E M ole@ WYY 24 TES 2Kbe,



182 YT - o NF -AZE - 4FY - 0|27

Depth{m)
10

20

b

Fig. 7. The plan view of polygonal blocks divided for
density inversion at each layer. Polygons are top plan of
blocks.

A6 HFL 374 F, ANHG 2709 Foz 286
Hrt. ol we FHAR qide] HAYTE nE sty
A1EL 2 20 mx20 m JAZ B3P o0, A2%
# A3FE 40 mx40 m I718] AAR EEIHA. o]
& AR A9 F5 AAAA A4t S Fo
=, ARA Y HAEE PdAE & o Fig 72 7
9 AR F2E BoFa gon, F 215 /9 Ao] A
b=

A7EY Gae F2 udHHY Aol BR & 7
317] 95l H¥ A= WS AHEsiAlEh o8
e 271X A 9E3A Hoj eate] 244 A4
Ao m@ste A7t Boh iR 2o 34 EAES
F 7AAE ¥R o] WHL FAIE /A drt
o[Bl3t GHAIE SE3] Yt 7 71X B3 HA g
7ol AFEolAz glon, d& Eo] Simulated An-
nealing 71'3#} Genetic ¢121F 5o] ZAe[th 2 A7
e A¥s 78T B95 HAHst 71EE vk,
45 BgHo s Hegogn Bl FE JiE 49
sl H¥3 7o 2& Marguardt-Levenberg '8
< AHgetR e, #9 FAg rHess §EHeR A
28h= WY 9] 3119l Simulated Annealing”]-S A
&3

Marquardt-Levenberg W2 #19] HHAS 93k
ARtA QI HaAls Wiel 744 QA (damping factor) &
Hgdle] dabg Fshe et B drexe Z
WEA A SVD (Singular Value Decomposition)E
3 Aatd nhgte] H9 He] AR F A2 A

A33le g 402N FELEEE YA W
£ A8l th Simulated Annealing® 202 719
o Ext9] &5 e AREHE Edo] A3 Wzt
WA AR 7L A7) He & HH 38 ZA =Yg
BAA A3} 71U TR FT4H HAA|7) obd %
I3 FHhRd mdetA "ok o] d7oM e 74 2d o
ZoEle} IPEE nsle $HEEERE I ASA
(Adaptive Simulated Annealing)®g (24& &, 1997)
&AM T

2 o gR|el vigE A8l 4L FEe A AU
Al o, Ao E o] miEE FAlel ZAME A 9
a9, dAe o ($8A)7 68.9%% 718 B, d4
A 6%, EXF 5.5%, BAF 4.9% £9 €2 £¥3n
Ack. eu= FeHy S AR HE HHA T, gl
ol 473 ¥ AxE /M Aoz JdAEy, A2
U 22 F dA AEH A Y BAF G TE H71ES
vls] Br) vlwA vok A6 AdFolA 478
ol Jehbs w2 29 3 ol ds 2
< fHEY A JIdse ez Addrnt 94ks
Faate FF oA a9 e R Yot B
74e) Agte] o], Wiy Ee] 44S mjste] A
-1.2~0.5 g/cm’e] WEX}2 A el

A FHo)FEZRY FLF LE (-0.7 g/emD)E
Z7|X R d}od F3A Marquardt-Levenberg ¥l 9
3 g9k} 27]2)71 g 28l Simulated Annealing2 ©]
4% 94t A9E 77} Fig. 8(a)9 (b)dll A8} A
B2 245 T iy o3t date] ozt AR e, o
AL AR BEEE] A AHANA ST T U
Fgro] Yol FiH oz Wro] ¥sl-Zo| X7 mfio]
t} ol @ ARe] ESEE 27)A 4 dd A F9E
4 9B 2 Marquart-Levenberg 182 A% A¥9
EES0] F4a4 FHoXC wd 87t Uk ¥,
Simulated Annealinge Z&4<] #3% 53l v} 3
Al HAXE Foirle A, oje) 2 3x9) d4t
o Yojre F2 24 ger|E ] od FEEEs]} S
XA "k B dpoAe o gHe Bast
918t Simulated AnnealingS S8 43 % WHEISFE
S Fo 94 A2 Marquardt-LevenbergiH'd 9]
ZI1A 2 3t kg Fslsitth. eate] fEAE vlw
37] 93t 40m BHAE A7 FHo Gz RE it
d 2d wujelg 22122 3 2352 et e
o] WE RMS A& Fig. 99 A8kt 94 1
(method 1) -0.7 g/cm’2 T4 LEAE 272
g A2 71718, W 2 (method 2)¥ 2ZAEE o



% f339 A71% HPAAXY 33, A, VLFEA 183

Layer 1.

— Se——E | S - . S TN e e e e
0 40 80 120 180 200 240 280 0 40 80 120 160 200 240 280 0 40 80 120 160 200 240 280

Layer 1.

S S S,

Layer 2.

Layer 2.

S e . e
¢ 40 BO 120 160 200 240 280 0 4D BO 120 150 20D 24D 280

Layer 3.

0 40 80 120 150 200 240 280

Fig. 8. (a) Densities of each block calculated by Marquardt-Levenberg method. (b) Densities of each block calculated by simu-

lated annealing (SA) method.
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Fig. 9. RMS errors of three methods with respect to itera-
tion numbers. The initial values of density contrast are tak-
en as constant values (— (.79 g/cm’) for the Method 1, den-
sity values obtained by inversion of 40 m upward continued
gravity for Method 2 and density values obtained by SA
inversion for the method 3.
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Fig. 10. (a) Comparison between the observed and calculated anomaly maps. (b) The final results of density distribution of
each layer obtained from Marquardt-Levenberg method using SA.
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Fig. 12. Total magnetic anomalies obtained at the Ubong
landfill sites. The value of IGRF in the survey area is 49496
gamma.

A gL ARZRE A8} T2 0] ] HRICZRE A
2 & e AE Z31E AAAT| 2 sl4 ] HOE s}
%724 (normal correction)® A=8PHE (reduction
to the pole)Z AAIEAEt ASsAsE <loje] Bzpg
TR = A GellA ZAE Aol Ak Bzto] 90%l A9, &
FAWNA Yeh e A EARZ HEA 7= 78 WY
olt}y., FFEA L &3X]A IGRF (International Geo-
magnetic Reference Field)& #AAsHs A2 38 B4}
A BE FHE wFo] FHo4E Adsle AT
Abstetk, vt B A7 A9 548 19 Azrb & 1
kmE ¥x] g F2 Ado|nz BAke] = A
it

B2t o] &3l ALNE FAE - AT EH, 42000~
57000 nTo] HHE Holw, At} 15000 nT} ol dgk&
717t} (Fig. 12). sigA) 9] G5 AFoMnt 22 gALE
FEA7] WEol ALEAL AdFHE dECE 4
de R/t Qo] A3 Agd A o)l dE TP
Aytel thy] 42 At (Fig. 13). Mg x| oA 2] 212
el BXx= dYE U A 24 7IR1Eke T84
g 7Ivekel Xg 3 dixig] wsld] g G
o] o] W& At AeulH AT onihFe] AL =
B2l A gAtollA sjuteto] 21 ghe] vX & FES
a8 24 & AR AZAHDE Ao dge v E
Wl Ay BAS] e B dthn & 4 ok

A6 E A olefol]l AR T FHe] 5L FE P
I vl E Holu ik F, S0l 4dgke] ZA UEh e
RN E AFHolugke] A et 9lm, WelEo]

Fig. 13. Composite plot of pole-reduced magnetic anomalies
and Bouguer gravity anomalies. Contour interval of gravity
anomaly is 0.1 mgal.
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Fig. 14. VLF profiles obtained at the Ubong landfill sites.
(a) In-phase component, (b) quadrature component.

Fig. 15. Filtered VLF profiles by using the Fraser (1969)
method. (a) 3-D plot of VLF values. (b) Plot showing only
positive values of (a).
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