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Abstrsct

Improving the resolution and the localization of geoelectrical sections is important and essential in vertical electrical

sounding (vEs) daa processing. pZ-transformation m"thod (PZ) has used to change the apparenfresistivity geoelectrical

section pk(x,r) with low resolutiin and localization ro *otft i oo"'pp z(4zpz)which was proven to have higher resolution and

better localization. However, pZ-transformation method has not'calculated the effect of the anisotropic coefficient in the

geotogical e,nvironment, so the localization was not optimal. This resulted in incorrect reflecting the depth of studied objects

as well as geoelectrical layers. The N-transformutioo m"tnod was proposed by (Nguyen Trong Nga' Truong Thi Chirh' 2016)

to overcome the pZ method,s limitation and "rl** 
tl...roludoo--d locatizaion. In this paper, the authors applied this

method in the different theoretical models. Th" ,"sutts showed that the geoelectrical sections pN(x,N) changed by N-

transformation method had higho resolution and better localization than the changed ones ppz(x,zp4 by PZ-transformation

method, therefore they dlspUyZa more accurately the parameters of studied objects and geoelectrical layers'

Keywords:Vertical electrical sounding (vES); N-transformation methods; resolution; localization'

1. Introduction

The fust VES curve transformation method was produced by (Petrovski, 1980) called P-transformation

mettrod. After that, the Z-transformation method was'establish.iUy e*"tican Geologist Zhorldy' Both two

methods were constucted with an aim to enhance the resolution and localization of geoelectrical sections by two

formulas: one to change resistivity and one to calculate the transformed depth (Nguyen Trong Ng4 2005;

Nguyen Trong Nga, 2007). The changed,vEs ."*". and geoelectrical sections by these methods have had

higher resolution and better localizatioo. fto*.',/"r, P-transfoination method has been used for the going down

parts of curve whereas Z-transforcration metlod better for the going up parts' Because the VES curves consist of

both types, it was necess*y fi;;. ; 
"omtination 

of two metioa. to p2 ftansformation method (Nguyen Trong

Nga, 2005). TbepZ*"tnot has optimiled tne aavantages of the twoP,-lcomponent methods' However' thePZ

method has been limitations to display Ano Uy"r, *a sinall objects and the 
parameters.of studied objects as well

as geoelectrical layers tf*""giti Ci,irn, ZOiZiU"**e of regardless the jffect of anisotropy coefficient in the

layered environment. witr, ariaim to t rti", improve the resolirtion and the localization of the vES curves and

geoelectrical sections, N-transformation method was produced (Nguyen Trong Nga, Truong Thi Chinh' 2016)' In

the paper, the authors demonstrated the effectiveness of the'metlod on improving the localization and the

resolution of N - transformation method.

2. N - transformation method

2. l. Theoretical environmental model

Similar to the previous P, Z, PZ methods, the theoretical environmental models have been used in N -
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-ssformation method being lD ones including the system of parallel layers. However, the electrical crurent has
:efll assumed to run in two directions, ie, perpendicular and parallel to the surface of layers (Figure l) (Truongl:: Chinh,20l7)

hz H

Uui- I- -r-Uu

Pi, hi

Pn, h,

Fig 1. The lD theoretical environmental model

-{t each point, resistivity consists of two components: a parallel component pt and a perpendicular one pn.
l-:r mean square resistivity was calculated by:

P, =r/PoP,

The parameters of each layer include the resistivity value pi and the layer thickness fu.

) )- Anisotropy coeficient

1005):

,-lt\-.F^-{; - 
H

\\here S is the total vertical conductivity and T is the total horizontal resistivity, H is the total length.
The anisotropic coeffrcient effects on the depth of electrical current. The reiation between the real

cd the conventional depth r of electrical current was shown by the formula (Truong Thi Chinh, 2017):
-/ ,=;

Because of z: m the coefficient of permeability o related the coefficient of anisotropy as follows:
Io=7

I
I

I
I

(1)

(2)

depth z

(3)

(4)

fhe anisotropic coefficient is always greater than l, so the real depth z is smaller than r. According to the
:::=ula (3), at each time the AB electrodes opened the real depth iJproportional to r with different scaling
=::ors l/2. This means, when the anisotropy of the environment is mentioned., the changed depth ii
::-'portional to r with the constantly changing coefficient of permeability o.

- i . The transformation formula of apparent resistivity in N-transformation rnethod

\n P, Z, PZ methods, the transformation formula of apparent resistivity was used to change tle apparent--lstivity to another one which has better resolution and more accurate value with the actual resistivity of ttre
." ers. These methods were done by numerical processing at each point (each size of AB) (Nguyen Trong Nga,
- -'-t5: Nguyen Trong Nga, 2007). Also, they can be treated by somi algorithm such as a"tomatic interpretation,
i::omatic inversion (Zhondy, 1989; Zhondy and Bisdorf, 1975). The paper used interpretation algorithm
\suyen Xuan Huan, 2004).

In the PZ-method, it was:

when pr. (I*, ) < po (q )

when pr. (ri*, ) > p* (q )

I Pu (')

l( , _ alep*(r)')

P rr(z): ] ( Olsr )

fo-r'r['.#)

(5)

nt
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And in the N-method, the formula as:

when P.(r,*,) S Pr(r,)

The formula (6) was improved from the PZ-method to further enhance the resolution'

2.4. The calculationformula of depth in N'transformation method

At the beginning, the penetration depth of electrical current was temporarily calculated as PZ method:

zy: zpz : 0.35r.

This formula was incomplete because it has noi beJu mentioned the effect of the anisotropic coefficient' In

the geological .nuiroo*"ni the anisotropic colfiicient )' constantly changes in depth' It depends on the

horizontal resistivity Pn and vertical resistivity pt :

^=E
As demonstrated above *" huu"t 

1 P'

llz= _r, o= _ (7I},
on the other hand, the apparent resistivity is the average square resistivity. with the going down parts of

VES curve:

So:

(6)

(8)
pN(z) : pr(z)

p.(r): p.(r): .ffi- : e,F : IP, = IP*(z)

Or:
(e)

(10)

(1 1)

(12)

(13)

at each

(14)

(1 s)

o.f'l- f
comparing the two formulas (6) and (9), the anisotropic coefftcient is calculated as follows:

t= 
[, 

- 
ffilwhen 

p,(r,+l) < P*(t)

With the going down parts of VES curve:

Pr(z): P"(z)

so: P,(r):P.(r):"F'p.=o.rp= ?: *
+ PN(z) = P.(r)?'

comparing the two formulas (6) and (12) the anisotropic coefEcient is calculated as follows:

^= [t.ffi] ** p,(r,+r)>P,G,)

Combining the two formutas (10) and (13) to have a complete formula of the anisotropic coefficient

itance r :

[(., - ry"']' when pn(r,*,) s p,(r,)

^l\.I= <

tt,. ffil when p,(rn,)>Pr(rr)

The inference coefficient formula can be inferred:

t._1.- when pr(l_,) < pr(r)

| ['-aleP' ), l[- ate' ]o=:_ =.1- I l.---t---- when pr(ri-r)>pr(rr)

l['.ffi]
So, the formula of depth inN-transformation method was shown:
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( 16)

.In
the

(10)

(l 1)

(l 2)

(1 3)

I each

3. The effectiveness of N transformation method on VES data processing.

i.1. The studied geological model

N transformation method was applied to investigate ttre distribution and thickness of broken limestone blocks

prospected Karst on Tl theoretical model line. The electrical method chosen was VES method using Wenner -
Schlumberger array (Mohamed, 1975). The apparent resistivities were calculated by RES2DMOD which is a
free 2D forward modeling program. The model sections will be displayed when the calculations are being

carried out, The Tl geo-layered model consists of the following layers:

- Layer l: The cover layer consists ofa mixture ofclay - sand located above ground water. The thickness

is 7 meters, the value of resistivity is p,= 166 11n

- Layer 2: It is hydrated clay - sand mixture with thickness 43 meters, the resistivity pr:30 Chn

- Layer 3: This is solid limestone layer. The resistivity is pr:3g6fkn.In this layer, there are broken

limestone zones prospected Karst with resistivity about l2O drm.In this paper, the authors used 3 theoretical

models with different distribution and thickness of broken limestone blocks prospected Karst to demonstrate the

applied effectiveness of N-transformation method (Figure 1,2,3).

I
sof

B)

(e)

1ar 3a 12t Bat
III@

,:I'L

,IM

l6t r!! Ll

Fig 2. The resistivity model of section 1

In Figure 2,we cansee that Karst zone develop both horizontal and vertical direction (site 400 to site 450) in
section l, its thickness is 50m and the depth is from 50m to 100m.

12t tt!
I@

(14)

(1 s)

Fig 3. The resistivity model of section 2

r

- 

when P*(4*,) S Pr(r,)
( , olgpu l
(.'- atsr J

r

- 

when Pr(rr*r)>P*(q)
|',-olgp. ]
III-I\. aw)
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The resistivity model of section 2 was displayed in Figure 3. There is a Karst zone developing horizontal (site

400m to site 520m) with the change from 50 meters to 70 meters in depth.

laa 3l t2a al!
IIII

Fig 4. The resistivity model of section 3

Figure 4 is the resistivity model of section 3 which consists of 4 Karst zones with different distribution and

thickness. The first one is 40m in width and 20m in thickness (site 300m to site 340m). The next one is also 40m

but only lOm in depth (site 370m to site 4l0m). The third Karst zone was located at site 440m to site 480m with

the thickness of 5m. The last one is the biggest one developed both horizontal and vertical direction from sirc

510mto site 630m.

3.2. The applied results

3.2.1. The applied resul* on section I

After using the RES2DMOD program to calculate the resistivities, we obtained the apparent resistivit-v

section pk(",d After that N and Pi trirsformation method were applied to change pk(x,r) section to ppflx,zpz)

and pN(x, zN) ones. The results were displayed in Figure 5'
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Fig 5.(a) The pr,(x,zp,) section l; O)The pN(x,
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As the results of Figure 5, the broken limestone zones prospected Karst develop both horizontal and vertical
direction (site 400 to site 450) on both pr,(x,zr.) section and pN(x,zN) one.

On the pw(x,zp") section (Figue 5a), the depth of Karst zone changed from 60m to 85 m, while it was 50 -90m on pN(x,zN) section (Figure 5a). with changed resistivity was 120 - :ooorn (Figure sb). ihis means that the
geoelectrical sections pN(x, zN) changed by N-transformation method had better localization than the changed
oaes po,(x,zp,) by PZ-transformation method because displayed relatively accurate the real depth (50 -l00mlof
Karst block.

On the other hand, the boundaries between layers were described more clearly in the pN(x, a.r) section
because the resistivity values change complicating. They allowed to explicitly define the toundaries of the
layers. As the result of the geological section I (Figure 5c) there *"re i layirs : layer I was about 7m, the
resistivity was 80-90Om (mixture of clay - sand located above ground *uto); layir 2 was about 35rq the
resistivity was around 30Qm (hydrated clay - sand mixture); the bottom one had thl resistivity being :OO-SOO
om (solid limestone). The Karst zone was in the solid limestone layer having the resistivity from 120 em to 360
Qm.

. Briefly, the changed results from the pp(x, zN) section displayed the depth and thickness ofthe layers and
karst zone to be more suitable with the theoretical geological model than one by pZ method. In another word, the
geoelectrical section pN(x,zN) changed by N-transformation method have higher resolution and better localization
than the changing ones po,(x,zo,) by PZ-hansformation method.

3.2.2. The applied results on section 2

-t0
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-30

40

-50

€0

-70

-80

-90

.1(x)

.tt0.

.120.

.130.

.140

(a)
360 380 400 420 410 460 480 5oO 520 540

360 400 420 410 460 480 5oO

clay - sand mixture located above ground water
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EF
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(c)

t-ll
[]

hydrated clay - sand mixture

Karst zone

m broken timestone

f*-f Sotid timestone

Fig 6.(a) The 6,(a'J section 2; (b)The p(v" zp) section 2; (c)The geological section 2

Figure 6 displayed results ofthe theoretical geoelectrical section which consists of a karst block along the
line. We can see that the pro(x, zN) (Figure 6b) section showed the depth and the thickness of this zone more
consistent with the theoretical modgl than po,{x,zp,) (Figtre 6a). In the concrete, the depth of Karst zone changed
from 50m to 62q the changed resistivity was ljO - :ObCl," on the pr(x, zN) siction @igure 5a) and it was 60 _
70m onthe w@,4) section (Figure 5b). Similar to the result on section i, th" luyer b-oundaries shown in thep(x, zrq) section were more appropriate than the pw(x,W) section. On the geological section (Figure 6c), the
thiclness of layers were 7,35, o respectively compared wia z, 43, o on model section

-r0

-N

-30

-t0

-50

€0

-70

-80

-90

480 500 520 540

-10

-20

-30

-t0

-50

-60

€0

-90

.100

.110

.120

.130

l



50

3.2.3. The applied results on section 3
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Fig 7.(a) The p*(*z*)section 3; (b)The pN(ve zN) section 3; (c)The geological section 3

Section 3 consists of 4 Karst zones with the largest one at the bo{oqr of the line' These zones were shown at

site 300m - 340m; 370 - 4t0;440m480m ana siom-o:0m on both the pr,(x,4) t:$o1qig*t 7a) and thc

p'(x, zN) section (Figure 7L1. Ho*"u"r, tle 
_thickness 

of layers was 10m, 5m, 10n1 35m respectively m

pwg,E) and 25rq10nL'io, so ,n oo pr(T, 4 . Th*, the processing results byN and PZ method both displayed

exactly the position of the tursting blocks, fi"t tn" if -"moa reflIcted morl accurately their thickness in thc

theoretical model.
In adition, the layer number and the boundaries between layers were described more clearly in the pN(x' as)

section because tne resislivity values transformJ complicatini an-d- allowed to explicitly define the boundaries

of the layers. On the geological section 3 (Figure Tcjthere iere 3 layers : layer 1 was about 7m but wasn't

described clearly, the resistivity was 80-90Qm (*i*t*. of clay - sand located above ground water); layer 2 was

about 35rr, the resistivity wur".,o*a 30Om (h,drated clay --sand mixture); the bottom o1e h.ad the resistivity

being 360-800 Om (solid limestone). fUe mrJt zon", *"i" in the solid limestone layer having the resistivity
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=om 120 Qm to 360 Om.

.f. Conclusion

rhe N and PZ transformation methods were used to process ensure the vES data obtained the theoretical=odel' comparison of treated results t u, a".noirt uted the effectiveness of the N-transformation method:The N-transformation.method improveJthe-iesolution org.o"r""t i.al sections. The results on 3 theoretical='rdels showed that the changed sections p"r", 
^l 

reflected ;;;i;; rhe number and the boundaries of the--:i'ers and karst zones than the po"1x,4,l 
"iiirl 

iiJria".;;riliiff#|or"r, thi, layers were described in the-\. x. zp) sections in an authentic ,uy. '
The N-transformation sections had better localization because of calculation the effect of tre anisotropic::':trcient in the geological environm*i' ir," p,ur,., zN) sections 

"rr"*"a 
determining relatively the number of::"lo-sical layers' the oosition, the boundarier,i'r,".irri"t 

"r, 
of l"y.;, 

";d 
karst zones compared to theoretical

=-'",ili,rYil#lll;,ll!.3'.ili;ffJ- ir:m*i*f*iir'"?ffi:J accurarerv uu, *r,J 
'*-uer or ravers
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