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RESULTS�OF�A�SURVEY�ON�THE�DISTRIBUTION�OF��

KARST�CAVES�IN�LUC�YEN�TOWN,�LAO�CAI�PROVINCE�USING�THE�2D�

ELECTRICAL�GEOPHYSICS�METHOD�

�

Abstract�
In� this� paper� we� use� the� method� of� the� resistor� sounding� measuring� of� symmetry� 2D� to�

determine�the�distribution�of�underground�karst�caves�in�Luc�Yen�town,�Lao�Cai�province.�Results�
of� resistor� sounding�measuring� were� determined� in� the� scope� of� the� survey.� According� to� the�
section�of�resistor�sounding�measuring,�the�distribution�of�rock�soil�corresponding�to�3�layers�of�
resistors:�Layer�1�is�filling�soil�with�a�variable�resistivity�from�30¸120Wm,�thickness�of�1�-�3m;�
Layer�2�is�a�layer�of�clay�mixed�with�grit,�with�resistivity�from�40¸200Wm,�thickness�of�2�-�4m;�
Layer�3�is�a�limestone�layer�with�a�resistivity�>�400Wm.�The�results�have�been�identified�in� the�
study�area�with�2�karst�caves� filled�with�water�(containing�water)�with�the�size�of:�Cave�No.�1:�
9.0m´4.5m´6.2m,� volume� 251.1m3� and� Cave� No.� 2:� 4,5m´3,5m´3,0m,� volume� of� 47,25m3�
corresponding�to�the�apparent�resistivity�value�less�than�100Wm.�
Keywords�
Karst�cave,�resistance�measurement�depth,�Luc�Yen,�Lao�Cai�province�
1.�Introduction�
In�the�limestone�mountains,�the�rainwater�washes�away�vegetation�consisting�of�weathered�soil�

from� high� terrain� to� lower� terrain,� forming� alluvial� cover� on� the� bedrock,� limestone� layer� is�
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dissolved�by�water�therefore�creating�karsts�pit�sinkhole�on�the�surface.�Due�to�tectonic�activities,�

the� limestone� was� broken� down� to� create� a� rift,� and� the� rainwater� soaked� into� it,� creating�

underground� karst.� Where� there� is� a� karst� cave,� the� fractured� zone� usually� contains� water� or�

material�pieces,�mainly�clay,�so�the�resistivity�is�low.�Based�on�the�measured�resistance�value�and�

structural�analysis,�it�can�determine�the�distribution�of�karst�caves.�

With�the�analysis�of�topographic,�geomorphological�and�geological�characteristics�and�the�data�

analysis�of�the�resistor�sounding�measuring�of�symmetry�2D,�the�study�area�has�geo�-�electricity�

section�as�shown�in�Figure�1.�

�

�
Figure�1.�Model�of�Geo�electricity�section�of�limestone�area�

�

-�The�top�layer�is�the�covering�with�compositions�of�alluvium,�sand,�grit�and�gravel�(ρ1).�

-�The� second� layer� is� a�strongly�weathered� limestone� layer� (ρ2),� creating�many�empty�Karst�

caves�(ρ3)�and�Karst�sinking�holes�filled�with�material�pieces�(ρ4).�

-�The�third�layer�is�a�solid�rock�layer�with�very�high�electrical�resistivity�(ρ5)�which�may�also�

exist�karst�caves�empty�or�filled�with�material�pieces.�

With� the� characteristics� of� geoelectricity� section� mentioned� above,� the� resistivity� difference�

between� the� limestone� parts� is� quite� clear,� the� local� heterogeneity� and� horizontal� and� depth�

heterogeneity�are�favorable�conditions�to�apply�the�methods�of�the�resistor�sounding�measuring�of�

symmetry�2D�[1,�2].�

The�method�of�the�resistor�sounding�measuring�of�symmetry�2D�is�commonly�applied�and�plays�

an�important�role�in�many�fields�such�as�mineral�search,�construction,�geology,�hydrogeology�and�

public�geology.�The�method�of�the�resistor�sounding�measuring�of�symmetry�2D�not�only�allows�

the�construction�of�geological�and�geo�electricity�sections,�determining�rock� layers�according� to�

lithological� characteristics,� mechanical� properties� and� water� permeability,� but� also� determining�

underground�karst�caves.�This�is�a�highly�reliable�method.�

The�scope�of�the�study�is�part�of� the�area�under�construction�of�new�urban�areas�in�Luc�Yen�

town,�Lao�Cai�province.�The�system�of�works�is�located�on�the�soil�layer�covering�the�underground�

limestone� formations.� While� constructing� the� works,� it� was� discovered� that� there� was� an�

underground�karst�cave�at�a�construction�geological�drilling�pit.�However,�it�is�not�known�whether�

that�karst�cave�is�large�or�small�and�how�it�is�distributed�Therefore,�the�problem�is�to�determine�the�

size�and�distribution�of�the�karst�caves,� identify�the�shape,�scope�and�depth�of�the�cave,�thereby�

proposing�a�solution�for�constructing�works�on�surface�safely�and�sustainably.�

2.�Natural�geographic�and�geological�characteristics�of�the�survey�area�

-�The�survey�area�is�located�within�the�area�of�the�project�to�build�a�new�urban�area�in�Luc�Yen�

town,�Lao�Cai�province,�with�a�fairly�large�area.�Area�of�electric�sounding�measurement�is�a�small�
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part�of�the�project�accounted�for�only�about�600m2,�located�close�to�a�small�stream�in�the�southwest,�

the�final�part�of�the�project�[3].�

The�project�area�has�been�leveled�to�build�houses,�roads�and�other�infrastructure�so�it�has�a�flat�

area.�The�southern�part�of�the�project�is�a�small�stream�with�year�-�round�water�flowing�through�and�

also�surrounding�the�project�area�[6].�

�

�
Figure�2.�Electricity�geophysical�survey�site�

�

Survey� results� and� data� collection� show� that� in� the� surveyed� area,� there� are� unconsolidated�

formations�with�the�composition�of�soil�leveling,�mixed�clay�with�a�depth�of�1�-�1.4m.�From�1.4m�

to�6.0m,�unconsolidated�rocky�soil�consists�of�sand,�gravel,�mixed�clay�and�silt.�From�6m�or�less�are�

weathered,� cracked� limestones.� In� the� survey�area,�2�boreholes� (Borehole�10� and�Borehole�11)�

showed�the�above�geological�information.�

�

�
Figure�3.�Geological�section�according�to�H10�-�H11�boreholes�

�

3.�Research�method�

3.1.�Technical�basis�of�application�of�the�method�

The�method�of�the�resistor�sounding�measuring�of�symmetry�2D�is�a�method�of�studying�the�

change�in�apparent�resistivity�ρk�along�the�depth�at�the�surveyed�point�by�keeping�the�center�of�the�

electrode�system,�then�increasing�the�size�of�the�electrode�system�to�increase�the�depth�of�the�study�

gradually�aimed�at�surveying�the�geological�section�at�that�point�vertically.�Method�of�measurement�

of�a�four�-�pole�current�generator�system,�the�transmitter�circuit�consists�of�a�DC�current�source�and�

two�earth�electrodes�A,�B,�the�receiver�circuit�consists�of�two�electrodes�M,�N�and�the�meter�obtains�

the�ΔUMN�voltage,�the�resistance�rate�is�calculated�using�the�following�formula:�

��(�) =  (�)
��

� �(1)
�

�Investigating�area�
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Apparent� resistivity� carries� information� about� the� geological� structure� of� the� environment.�

Electric�exploration�methods�with�the�basic�parameter�affecting�the�distribution�of�electric�fields�in�

soil�and�rock�are�resistivity�ρ.�The�distribution�of�this�function�in�a�vertical�plane�or�in�space�at�a�

certain�depth�has�the�common�name�of�geo�13�

�

�
Figure�4.�Layout�of�the�2D�resistance�measuring�device�

�

Geophysical�exploration�is�conducted�in�accordance�with�the�National�Technical�Regulation�on�

electric�exploration�methods�No.�57�/�2014�/�TT�-�BTNMT�and�TCVN�9432.�

3.2.�Electrical�exploration�engineering�
At� the� study� area,� Wenner� -� Schlumberger� multi� -� polar� symmetric� resistivity� sounding�

measuring�method� was� applied.� Polar� system� layout� is� AnaMaNnaB;� way� to� move� the� polar�

system�as�shown�in�Figure�5.�Device�coefficient�K�=�n�(n�+�1)[2,4].�The�way�to�move�the�polar�

system�is�as�shown�in�Figure�5.�

�

�
Figure�5.�Way�to�move�the�palar�system�of�sounding�measurement�

�

�The� measurement� method� is� the� resistor� sounding� measuring� of� symmetry� 2D� or� electric�

imaging,� tomography.� This�method� allows� studying� the� changes� in� resistivity� and� polarization�

values�of� the�geological� layers�in�both�depth�and�width.�This�method� is�capable�of�assessing�in�

detail�the�composition�of�rock�and�soil�with�high�resolution,�allowing�to�detect�areas�of�stratigraphic�

heterogeneity� in� the�range�from�small� to� large�such�as� tectonic�destruction�zones,� signs�of�karst�

development� present� in� the� geo� electricity� section.�The� resistivity�meter� used� is� an�ES4�digital�

display.�The�machine�has�accuracy�of�measuring�potential�and�current�of�<�2�%,�generator�using�

battery�12V�through�the�jack�directly�mounted�in�the�machine�for�the�output�levels�of�90V,�135V,�

250V,�400V.�

�
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3.3.�Network�and�field�construction�techniques�

The�measurement�routes�are�arranged�in�the�survey�area,�with�measurements�outside�the�area�

expected�to�build�works�on�all�four�sides.�Arranging�5�routes�for�measuring�depth�of�resistance,�

numbered�from�1�to�5.�On�routes�1�and�2,�each�line�has�6�measurement�points;�routes�3,�4,�5�have�5�

measurement�points�each.�The�total�number�of�measurement�points�is�27.�The�arrangement�routes�

are�shown�in�figure�6.�

�

�
Figure�6.�Location�map�of�geophysical�survey�routes�

�

3.4.�Document�processing�

Solving�the�problem�backwards�is�by�means�of�2D�finite�difference�method�through�RES2DINV�

processing�program�of�Geotomo�Software�Firm�of�2D�and�3D�[5].�The�program�allows�automatic�

determination� of� a� two�dimensional� resistivity�model� in� rocky� soil� environment� below� the� soil�

surface.� The� model� parameters� are� the� resistivity� values� (TS)� assigned� to� rectangular� blocks.�

Mathematical�linkage�between�2D�model�parameters�and�calculation�model�parameters�is�provided�

by�the�difference�method�or�finite�element.�In�the�2D�reverse�algorithm,�the�model�parameters�are�

initially�selected�and�adjusted�automatically�in�the�iteration�calculation�cycle�so�that�the�resistivity�

value�(TS)�calculated�from�the�model�best�matches�the�measurement�data.�This�calculation�process�

is�the�minimization�of�the�sum�of�squared�error�E�deviation�between�numerical�numerical�values�

calculated�from�the�model�and�real�measured�numerical�values:�

E�=�gTg�=å
=

n

i

g
1

2
gi�(2)�

Where�g�=�y�-�f�

with�y:�Vector�collection�of�measurement�data�assessed�in�the�field�

f:�Vector�collection�of�measurement�data�calculated�from�selected�model�

The�2D�model�used�by�this�program�divides�the�section�under�the�terrain�into�many�rectangular�

blocks,�the�purpose�of�this�program�to�determine�the�resistivity�values�of�these�rectangular�blocks.�

Rectangles�will�create�a�virtual�section�of�apparent�resistivity�consistent�with�current�measurement�

data.�Processing�results�from�the�software�give�the�following�cross�section:�

�

�
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Apparently�measuring�resistivity�cross�section�

Calculating�resistivity�cross�section�

Model�resistivity�cross�section��

�

�
Figure�7.�Resistivity�cross�section�processed�from�RES2DINV�software�

�

4.�Results�and�discussion�

4.1.�Divide�strata�by�resistivity�value�

The�results�of�the�2D�resistive�sounding�measurement�data�show�that�the�fracture�and�crack�level�

of� limestone� has�heterogeneity,�varying�both�horizontally�and�depth.�With�very� large� and�small�

apparent�resistivity�values,�it�shows�that�geological�formations�have�complex�levels�of�containing�

water.�In�the�solid�limestone�area,�there�is�little�water�with�high�resistance�value�(>�400Wm),�and�in�

the�place�of�fracture,�crack�of�limestone�develop�karst�caves�with�area�of�good�containing�water�or�

lay�(100Wm).�Thin�unconsoliadated�formations�and�poor�capacity�of�containing�water�shown�in�

Figure�3.�

Based� on� the�measured� values� of� the� 27� resistive� sounding�measurement� points�we� use� the�

software�specified�above�to�get�results.�

The� results� of� processing� geophysical� data,� according� to� the� section� of� resistive� sounding�

measurement,�show�that�the�area�is�divided�into�the�following�3�layers�of�resistance:�

-�Layer�1:�leveling�soil,�planting�soil�with�variable�resistivity:�from�30¸120Wm,�thickness�of�1�-�

3m;�

-�Layer�2:�a�layer�of�clay�mixed�with�grit,�with�resistivity�from�40¸200Wm,�thickness�of�2�-�4m;�

-�Layer�3:�limestone�layer�with�resistivity�>�400Wm.�

4.2.�Results�processed�according�to�the�routes�

*�Routes�01�and�02:�on�routes�01�and�02,�the�resistivity�value�consists�of�three�layers�stretching�

across�the�entire�route.�On�the�lines,�there�is�no�discovery�of�fracture�zones�related�to�karst�cave,�

Figure�8.�

�

�
Figure�8.�Geo�electricity�section�according�

to�the�resistivity�measurement�documents�on�routes�1�and�2�
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*�Route�03:�Discovering�a�low�resistivity�zone�related�to�karst�caves�containing�water�or�filled�

with�material�pieces,�value�of�<�100Wm�worth.�The�cave�is�from�point�2�to�point�4,�the�depth�from�

3�to�7m,�about�6�-�8�m�long,�figure�9.�

�

�
Figure�9.�Geo�electricity�section�according�to�resistivity�measurement�documents�on�route�3�

�

*�Route�04:�Discovering�a�low�resistivity�zone�related�to�karst�caves�containing�water�or�filled�

with�material�pieces,�value�of�<�100Wm.�The�cave�is�below�point�2�to�the�middle�of�points�4�and�5,�

the�depth�from�3�to�8m,�about�6�-�10.5m�long;�figure�10.�

�

�
Figure�10.�Geoelectricity�section�according�to�resistivity�measurement�documents�on�route�4�

�
*�Route�05:�Discovering�2�low�-�resistivity�zones�related�to�karst�caves�containing�water�or�filled�

with�material�pieces,�value�of�<100Wm.�Zone�1�is�below�point�1�and�zone�2�is�below�point�2�to�

point�5,�the�depth�is�from�3�to�8�m,�length�is�about�6�-�12m,�figure�11.�

�

�
Figure�11.�Low�resistivity�zone�related�to�Karst�caves�containing�water��

or�filled�with�material�pieces�
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�Results� of� surveying� and� processing� geophysical� data� in� the� area� have� discovered� two� low�

resistivity�zones�<100Wm�related�to�karst�caves�containing�water�or�filling�with�material�pieces.�

Diagram�of�cave�location,�cave�size�are�depicted�in�Figure�12.�

�

�
Figure�12.�Diagram�of�Karst�cave�location�at�the�survey�area�

�

With�the�following�dimensions�of�caves:�

-�Cave�No.�1:�the�size�is�9.0m´4.5m´6.2m�=�251.1�m3�

-�Cave�No.�2:�the�size�is�4.5m´3.5m´3.0m�=�47.25�m3�

4.3.�Solutions�related�to�the�Karst�cave�
-�The�underground�section�from�the�depth�of�3.0m�to�over�6.0m�has�the�Karst�cave�distribution.�

Because�the�measuring�points�are�only�in�an�area�of�about�600m2,�it�does�not�cover�outside�the�

scope�of�possible�cave�distribution.�Therefore,�it�is�likely�that�the�number�1�and�number�2�caves�are�

further�extended�to�the�northwest�of�the�area,�ie�extending�into�the�leveled�ground.�Therefore,�the�

calculated�volume�of�the�cave�is�only�based�on�the�measured�area,�the�unmeasured�area�may�still�

have�caves�with�larger�development.�

-�Because�Karst�cave�is�shallow�(near�the�ground)�with�large�volume,�when�constructing�works�

on�the�surface,�it�is�necessary�to�have�appropriate�foundation�solutions�and�construction�methods.�

When�the�load�is�large,�it�is�necessary�to�handle�these�karst�caves�to�ensure�the�sustainability�of�the�

building.�

-�Because�the�cave�is�located�near�the�ground�(only�from�the�ground�from�3.0m�and�6.2m),�it�is�

possible�to�dig�to�the�location�where�the�cave�is�located�and�pour�stones�or�concrete�(expensive)�for�

reinforcement.�However,�if�the�number�1�cave�is�expanded�beyond�the�measurement�range,� it�is�

necessary�to�consider�other�solutions�to�ensure�economic�factors.�

�

�

LEGEND:�
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5.�Conclusion�

-�The�research�using�the�exploration�method�of�resistance�sounding�measuring�is�suitable�and�

effective�for�the�study�area.�The�volume�and�content�of�the�study�were�done�according�to�a�strict�

procedure.� The� application� of� 2D�multi� -� electrode� resistance� sounding� measuring�method� to�

explore�karst�cave�in�the�survey�area�is�a�method�to�ensure�reliability,�high�resolution,�good�results.�

-�The�research�results�show�that,�on�the�area�of�600m2,�two�karst�caves�have�been�identified�with�

quite�large�positions,�sizes�and�volumes:�

+�Cave�No.�1:�the�size�is�9.0m�́ �4.5m� �́6.2m�=�251.1�m3�

+�Cave�No.�2:�the�size�is�4.5m�́ �3.5m� �́3.0m�=�47.25�m3�

�
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DOSE�-�RESPONSE�OF�POLYVINYL�ALCOHOL�FILMS�DYE�

�BY�BROMOCRESOL�GREEN�UNDER�GAMMA�RAYS�IRRADIATION�

�

Abstract�

The�thin�film�PVA�(polyvinyl�alcohol)�-�bromocresol�green�(~15mm)�dosimeter�was�made�and�

with�the�application�of�the�radiation�technology.�It’s�parameters�before�and�after�gamma�irradiation�

have�been�studied�using�optical�spectrometer�UV�-�VIS�JASCO�-�V�-�350�and�film�densitymeter�X�

-�Rite�Model�301.�Result�shows�that�the�wave�of�thin�film�is�~�625nm,�the�sensitivity�of�thin�film�

dosimeter�is�~�0.013x10�-�3Gy�-�1�in�the�range�of�dose�from�1kGy�to�140kGy.�The�dose�response�

function�of�dosimeter�was�clearly�described�by�the�theory�of�energy�transfer�model.�

Keywords�
Dose�response,�PVA�film,�gamma�irradiation,�Bromocresol�green�
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