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Two layer model with lateral inhomogeneity

a). Wenner array pseudosection

Pe.? Mid-point

6.8 16.8 32.8 -8 l 64.08 80.8 96.8 m.
.

b). Schlumberger array pseudosection

Ps.2 Mid-point Unit electrode spacing 1.8 n.
6.0 16.8 32.8 ua.@ l 64.8 8.8 96.8 m.
Y L L L L L L L
2.%
4oy
6.3
8.2
16.8
11.9
13.7
15.6
17.4

Apparent Resistivity Pseudosection

I N D N N [ (N (T B ) (R [T (NN N N
an 12.7 28.2 32.8 £8.8

2.88 3.17 .oy 8.
Resistivity in ohm.m Unit electrode spacing 1.8 m.
c). 2D resistivity model
10 1.6 188 TP
m = = Mid-point

2 6.9 4.0 8.0 12.016.0 26.90 24.0 28.0 32.0 36.0 40.0 44.0 48.0 52.0 56.0 60.0 64.0 68.0 72.0 76.0 86.0 84.0 88.0 92.0 96.0 160 104 168 112
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a). Wenner array sounding curve

1D resistivity 0.5

Depth of layers
5.0

50.0

model 1000.0 ¢

[ ]

1D two layer model
sounding curve

App.

2D model with

inhomogeneity

apparent resistivity .

values Resis.
+

100.0 |

¥
+
n +

¥+ e
¥

1.0

1.0

b). Schlumberger array sounding curve

0.5

10.0
Electrode spacing

Depth of layers
5.0

50.0

100.0

1D resistivity 1000.0 ¢
maodel [

[ ]

1D two layer model
sounding curve

App.

100.0 -

2D model with
inhomogeneity

apparent resistivity lesis.
values [ potential

electrodes spacing

is 1.0 meter ]

+ 10.0 +

+
M

At

2D model with

inhomogeneity

apparent resistivity

wvalues [ potential

electrodes spacing

is 3.0 meter 1.0
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1 — 21 — 41 Short setup Electrode spacings
Electrode 1 «— 11 «—> 21 «— 31 «— 41 Longsetup
addresses No. A B
1 120 48
2 110 44
3 100 40
4 90 36
Cable S 80 32
6 70 28
7 60 24
8 50 20
9 40 16
10 30 12
11 20 8
2 3 4 12 15 6
First spread 13 10 4
2 3 4 ~ 14 5 2
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. Single block model
a). Wenner array pseudosection

Data g g .9 16.0 24,0 32.8 n.
Level L L L L L L L L L L L L L L L 1 , L L L L , L 1 L L , L L L L | L L .

=L R E- N SR

-

Apparent Resistivity Pseudosection
b). Pole-pole array pseudosection

Data g.g 8.0 16.0 2.9 3z.0 n.
Lewvel | ' ' ' ' ' ' ' 1 '
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c). Dipole-dipole array pseudosection
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d). Pole-dipole array pseudosection
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Resistivity in ohm.m Unit electrode spacing 1.8 m.

e). Resistivity model
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Wenner array sensitivity sections

a) Wenner alpha array c1 P1 P2 co
Depth
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Dipole-dipole array sensitivity sections
a).n= c2 c1 P1 P2
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Wenner-Schlumberger array sensitivity sections
a).n= c1 P1 P2 c2
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). Pole-dipole b). Reverse Pole-dipole
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a). Dipole-dipole configuration P1 P2

P1 P2
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Block Hodel (Wenner Beta array}
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Meas. App. Resistivity Pseudosection

I DN D NN (N [ (R [ (N [T ) (R [ (N N N N

20.8 28.3 40.8 56.6 80.8 113 168 226
Resistivity in ohm.m Unit electrode spacing 5.8 m.
b).
Elec. .

ec- spac ? Bad data points
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Eilelgdit Change Settingz  Inversion  Dizsplay  Topography Optione Print Help  Quit

Exterminate bad datum points
Splice large data zets
Heverze peeudozection
LChange firzt electrode location
Edit data file

N

Run anather pragram
LChooze font
Restore colours
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GRUNDF1.DAT
90+
80
70+
60+

Percentage
50+

of total

40+

datum points
30+
20+

104

U_

App. resis. 26 error 0 20 40 60 80 100 120 140 160 180
Number of points 524 1 0 1 0 0 0 0 0 0
Total number of datum points is 541

Number of datum points selected is 536

Maximum error 337.1. Cutoff error selected 60.0.

Minimum wvalue 0.00.

200 220 240 260 280 300
0 1 0 0 0 2

Use the left and right arrows keys to
move the green data selection line.
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P2 RESZDINY ver. 3.48¢ for Win 95/98/Me Plus

File Edit Change Settings | Inversion Display Topography Options  Print  Help  Quit
Least-squares inversion

INVERSION METHODS

Include smoothing of model resistivity
Use combined inversion method

Select robust inversion

Choose logarithm of apparent resistivity
Jacobian matrix calculation

Twpe of optimisation method

MODEL DISCRETIZATION

Display model blocks

Change thickness of layers

Modify depths to layers

Use extended maodel

Allow number of model blocks to exceed datum points
Make sure model blocks hawe same widths

Reduce effect of side blocks

Change width of blocks

Tvpe of cross-borehole model

MODEL SEMSITIVITY OPTIONS
Display model blocks sensitivity
Display subsurface sensitivity:
Mottnalise sensitivity walues
Generate model blocks

IP OPTIONS
Type of IP inversion method
I.P. damping Factor

Batch mode
Use Assembly Language Subroutines
Trace program execution during inwversion

L& %It (e '
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Measured Apparent Resistivity Pseudosection

b). Standard least-squares smoothness-constrain

Depth Iteration 6 RHS error = 8.3 %
8.0 16.8 32.08 4.0 n.

Inverse Hodel Resistivity Section

c). Robustinversion model constrain

Depth Iteration &6 RHS error = 8.4 %
a.a 16.48 3z2.@ 4B.@ m.

Inverse Hodel Resistivity Section

I DN DN N R [ (T U] (RN T N BN

2.80 3.17 5.04 8.00 12.7 28.2 32.8 50.8
Resistivity in ohm.m Unit electrode spacing 1.8 m.
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Jacobian matrix calculation

=]

The present setting is :-

The Jacobian matrix is recalculated for the first 2 iterations.

You can choose to use the guasi-Newton method where the Jacobian
is estimated after each iteration, or recalculate the Jacobian

after each iteration. Alternatively, you can choose to recalculate

the Jacobian matrix only for the first 2 iterations, and use the
guasi-Newton approximation for sulk
this might be the best alternative since the largest changes in the

Jacobian matrix usually occurs in the first few iterations.
Please click the appropriate button.

" Use the Quasi-Newton approximation for all iterations
" Recalculate the Jacobian matrix for all iterations
* Recalculate the Jacobian matrix for the first few iterations

Enter the number of iterations to recalculate Jacobian matrix.

The present setting is 2 iterations.
Cona

t iterations. In some cases,
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GRUNDFOR SURVEY LINE 2

a)' ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIVITY DATUKM POINTS

I | R R e L e L e e e re e | | |
N T T A A N A A A S A A
‘x|><|><><}‘&><}\(xal&x)\(xal&x)\(xal&x)\(xal&x}\(xﬂx\x‘

MR |x % * x * x * x MoK [x %
‘ XX OK|[X x % S I X% XM o ([X K X ‘
xR E b3 * * b3 xR E
D HModel block Number of model blocks 433
% Datum peint Number of datum points 447
HNumber of model layers is 18 Unit electrode spacing is 5.8
b) ARRANGEMENT OF HODEL BLOCKS AND APPARENT RESISTIVITY DATUKM POINTS
ETIRTTa A b
T 1T
I il
EdHIEN I I
=
i ﬁ ﬁhﬁ] I
[ ]
‘ i : ‘
% ]
D Hodel block NHumber of model blocks 1092
% Datum point Humber of datum points uu7
Number of model layers is 18 Unit electrode spacing is 5.8
c).
) ARRANGEHMENT OF HODEL BLOCKS AND APPARENT RESISTIVITY DATUW POINTS
I}
e i
D Model block Humber of model blocks 1468
X Datum point Nunmber of datum points 447
Number of model layers is 18 Unit electrode spacing is 5.8
d).

Relative sensitivity of model blocks

FERRKRERRUBAFIORE

HELRHE H T

HiHHH

D Hodel block Number of model blocks 1871

% Datum point Humber of datum points L4u7
Humber of model layers is 1@ Unit electrode spacing is 5.0
N N N N e ) [ O e O [ O e . -
8.16 08.26 6.1 08.65 1.0 1.7 2.6 4.2
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You can choose a model where the thickness of each
deeper layer increases by a moderate amount (10%) or
by a larger amount (25%) for each sucessive deeper
layer, or a user defined model.

{+ Layer thickness increase by 10%
{" Layer thickness increase by 25%
" User defined model

—User defined model
Ratio of thickness of first layer to the

unit electrode spacing.

Factor to increase layer thickness

with depth.

—Model parameters limit

Allow number of model parameters
to exceed number of datum points?
" Yes {+ No

Factor to increase model depth range (1.0 to 1.5)
OK I Cancel |
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B2 RES2DINV ver. 3.46c for Win 95/98/Me

Eile  Edit | Change Settings  lnwersion  Display  Topography Options: Pt Help Gt

IMYERSION DAMPIMNG PARAMETERS
D amping factors

Change of damping factar with depth
|.P. damping factar

Dptimize damping factor

Limit range of maodel resistivity
Wertical/Harizontal flatness filter ratio

MESH PARAMETERS
Firte mezh gnd zize

U ze finite-element method
Mesh refinement

INWERSION PROGRESS

Line Search

Precentage change for line zearch
LCorvergence limit

Humber of iterations

Model reziztivity values check

DATA/DISPLAY SELECTION

Cut-off factor for borehole data

Dption for contowr interyalz

Show pseudosections during inverzion

S ave inverzion parameters
Fead inversion parameters
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Limit range of model resistivity values

Y'ou can choose to limit the upper and lower values of
the resistivity values the inversion model can take.

In some cases., this might be necessary to ensure that
the model resistivity values do not become too large
or too small.

# Do not limit resistivity values:
" Limit range of resistivity values

# Use average resistivity
" Use first iteration resistivity

Enter upper limit factor

Enter lower limit factor

#5

oK I Cancell
L& 0 ( .9 "( &
; @()>" 6 @((6)
0 reer I et & (
11 ("(' & &' 0 @' " ( BA ' B
: ( *1 @ R " '
/- (e 1o & I 11
(" & &Y & ! ' '
9 Jo 1 (m " '
% (& 0"
<76=%,87 %-0 ) - 7(° ( &' @ A'( "’ &
9" I I (( 1 1 (& "(( B L&
" L 1 &&!'  ( ((
& 0 & C@%  "(. A
I ! =1 @ 1'&".
(v B 9 (( "A (& L
0 & ! I ( & & (nrrmd Y &
& 1 " Po* 9" <76=,87 +=K &
o Pt & @% " (
4 ' . A
$ =111 (& 1( ! ( 1
4 @ & "( "1 A
* & ol =9 &
11 & """ 1
(4 @ 9(("(A "
' & ! '
- ‘&1 box "& "
' 3 ( & . v
1ot (& ! &
"P
8;78= %0 ) - O (o @+ &(
' "( 0 1 R B { A " & '
(" I .& "( T7& (1 &
R ¢ 1 L&" ( o I




#2

C&'( ! "'& O 1&
& I L& 9"&" (
& ( & 1 & &
=9 @4 & A *
&
& &' Y
8%-748K %-0 ) - | ( 0 & * . .
( 1 ( F- 1'&". !'"( . 9 ((&" G
& @+ & " "1
A "ot
=9 & & (L& & (
("
$ 8 ! &'( (o &
A " &
Sl 9 "
& 0 (& o+ @7 (& TR
(. A *'('& ' '
?0$
0o ( ! " ' « . " #
( o ! o ( ' (7T7& "- % &
&(( ! ( ' (1 ( (n L
>& ' I >&' " % 1 3
& &Y (. & *( 1 ! & PO
Lo>& . ( "'"(*.& ' "1 (
0 F% . G '&( F+ G"al 1
reo ! & ( "( 0 & " &
Feor& L& R & ((
0 &* " : ( & +
* &! && ' & &
&' & ' (O (
" & (& & B |
9 '(( ¢ vt "
e n 1t (@& | (1" H g
( (& """ "1 | .! * "1
& ! S 8 1* 1 &
"9l "& ( & 5( 1 "9 ! !
TR
, & .01 ( Lo ot ( !
& "1 ariro =( r 0
L& 1 ' & ' &! 1
( & 1 (O 9 ( & !
&t " & (! &
+ & | (*' " |
(& >& (8 & ( 9
2 0 "t& (! "( ! & !
" & % " ( & 5 & (1 ( &
& (1t rogn ( (. -&.& (=1
1 ' " &(( (& +
1* "( & & ' B! "( 1 =




& & - gl & &
S A G SR
" "o " ( &'(
9"&" '("'"&
(& L&
(e ("
L& 1 !
8(.& &( 1 >
(7 H+)32,=1 6 -1+ 2,-2
1 +5 =a ta &6 &+a 6
2 ‘& | N
& ! .& "
"1 ' (& &' (!
u( 0 * '( [ "(
| ‘( "( & *

( e
" ( G A |
B 1 'l (& "
" ( + & *
O
& ! .7
1 7 " &
1 7 &
0 "(&( & %8+ '(9&
& (T r.& ’
| '& (0 '&
I ' N |
& 1"
& 1 b
& $# "9v&" &((
& 0 ot
"o ' &
! & (" &
! ! ( 8(.& (
& I " oo o
1 %8+ & ! & 2"
tgr&MT(( vt L& #”
"1 %8+ &* & .1
1 & v g
.1 0 " (&
& 11t &Lt
%8+ & (! 0



. . Landfill survey
(a) Apparent resistivity pseudosection

Ps-2 6.0 2%.3 Le.0 7z2.0 96.08 1?0 1?hm.
1.54
6.14
10.8
154

21.5

Measured Apparent Resistivity Pseudosection

(b) Inversion model section

Depth Iteration 5 RHS error = 1.56 %
48.8 72.8 96.8 128 148 m.
| | h

8.758
5.56
9.56
14.4
28.3

23.6
27 .4

Inverse Model Resistivity Section

I DN D N NN [T (R [ (N (T [ (N [ (NN N N
28.3 40.98 56.6 80.0

10.08 4.1 20.8 113

Resistivity in ohm.m Unit electrode spacing 3.88 m.

{c) Medel sensitivity section

Depth 0.0
a.e

4.7
8.5

13.1

72.0 26.8 12a 144 m.

h8.0

24.0

18.7

HModel resistivity relative sensitivity section

Hodel resistivity relative sensitivity Unit electrode spacing 3.08 m.

(d) Model uncertainty section
Depth 4 2.8 ug.0 72.8 96.8 128 144n.
8.8

4.7
8.5

13.1

18.7

25.4

HModel resistivity percentage uncertainty section {with smoothness constrain)
|

Hodel resistivity percentage uncertainty (with smoothness constrain) Unit electrode spacing 3.88 m.
(e} Minimum and maximum model sectionhs
Depth
6.8 248 48.0 144 m.
8.758 ! =

5.56
9.56

4.4

28.3
23.6
27.4

Inverse HModel Minimum Resistivity Section (with smoothness constrain)

Depth
24.0 48.0 72.0 96.0 120 1a4m.
i h

8.750 I I I I
- e = e e
5.56
9.56

4.4

28.3
23.6

27.4 -

Inverse Model Maximum Resistivity Section (with smoothness constrain)
I D N (N (T (B (T N ([ [ (O NN N
18.8 141 20.8 28.3 40.0 56.6 80.a@ 113
Resistivity in ohm.m Unit electrode spacing 3.680 m.
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Landfill survey

{a) Model section with extended depth range
Depth Iteration 3 RHMS error = 2.9 %
8.8 24.8 48.8

8.758

5.96
108.4

15.

22.

29.
3n.
9.
L1
58.
57.

6.

2.

81.
Hodel resistivity section
I N D N (R [ (R (T (NN ] (O (N N N
16.8 14.1 20.08 28.3 40.8 56.6 8e.a 113
Resistivity in ohm.n Unit electrode spacing 3.68 m.
(b) DOl index section

Depth Iteration 3 RHS error = 2.9 %
8.8 24.08 48.8

8.758 L

5.96
10.4

15.7
22.1

29.9
3s.4
9.4
448
50.8
57.4

64 .6

72.6

Hormalized depth of investigation section

1§ § - Jempeoymay jeaymmyeoysay oy oy | |
6.808 a.8588 a.188 a.158 6.200 08.258 a.300 8.350
Hormalized DOI Unit electrode spacing 3.68 m.

L& 0 o& (v (" 1
9'((( ‘(. '" B(%S8+'(9 '

SEA
Depth _lteration 4 RMS error = 3.7 %
0.0 8.00 m.
0.280 3
hodel resistiity section
I D N DN (N [ [N [ N () [ T (N O N B
0719 1.69 397 9.33 2189 515 121 284
Resistivity in ohm.m Unit electrode spacing 1.00 m

Depth _lteration 4 RMS error=3.7 %
.0 8.00

0.280
269
5.23

16.0 X | 400

862
1.5

149

191

Normalized depth of investigation section

] 1 J Jommlewjee)  jeeimmjesyesy § ) ) |
0.00 0.100 0.200 0.300 0.400 0.500 0600 0.700
Marmalized DOI Unit electrode spacing 1.00 m
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Fixing model resistivities

Data format
R

Xq,2Z4q

x2,22

2.0

Data format

Rectangular regions

(%x1,24)

(XZ:Zz)

Triangular regions

-
X1, 24 (Xq,29) *3,23)
X3,2Z5
X3,2Z3
P
2.0
(xz,zz]
, & #,9' I '& ( '& oo
" (
9 JO 1 19
% (& 0"
8% ,+E %-0 ) - -1 (' (!> & b
' ( ' 1 1 ' ' "( . &'( =9
19( @% (. A
19t 78 ' "l
(
+,?2=87- %-0 ) - -1 (" +, ?=87- %-0 ( ! *
( P I & 0 (& b
4 b + 1 &(( (G
" 1 Y L& &
& " ( (™ ' F7(& ! ! (. G (
+,?2-L74%-0 ) O (
" &1
(0 ( % "ol +,?2-L74%-0( ! +'
1 ("« b | 1 ¢ " "
[ " [ & P &(( 0
& ( .& " ! "( * 1
F*& ' @% (. AT 7&'
E Y (N & 1 ' (

1 &




Data set with fixed regions
ARRAHGEWENT OF HMODEL BLOCKS AHD APPARENT RESISTIUITY DATUM POINTS

[o-d

[:] Model block Humber of model blocks 198
«  Datum point Humber of datum points 245

Humber of model layers is 7 Unit electrode spacing is 1.8
Minimum pseudodepth is B8.51. Haximum pseudodepth is 5.1.

& 0 ' (1 o19¢ 0 19( ' (1
& = & 9 (. ' &

Clifton with layers specified
ARRANGEMENT OF HMODEL BLOCKS AND APPARENWT RESISTIVITY DATUM POINTS

[:] Model block Humber of model blocks 333

= Datum point Number of datum points 392

NHumber of model layers is 11 Unit electrode spacing is 2.8
Minimum pseudodepth is 1.82. Maximum pseudodepth is 16.4.
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a). Default model with cell width of one unit electrode spacing b). Finer model with cell width of one-half unit electrode spacing
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a). Pole-dipole array
Ps.2 .
8.5
2.1
3.6
5.2

Measured Apparent Resistivity Pseudosection
b). Wenner array
Ps.2

c |
a

a
2
3.6
E.1
6.7
8.2
Heasured Apparent Resistivity Pseudosection
(_§ § 1 J° IEmjeuyemy  feeimmpeoegeay oy §

1.08 2.08 L._9a 8.008 16.8 az.a 64.8 128
Resistivity in ohm.m Unit electrode spacing 1.8 m.

c). Model

18 1988 1.9 388
Il B B
Resistivity model

2 a.8 4.8 8.8 12.8 16.8 280.8 24 .89 28.8 32.9 36.80 L4LO.O L4 O HB.O 520
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Pole-Dipole Hodel
a). Apparent resistivity pseudosection
FS-2 4.0 16.8 az.8 us.9 n
8.5 ) N T T N T T TN TN N N T T T 1 | T T T S T T T T T N T T T T 1 | T T T N T T T T TN N O N A B 1 | T T S |
2.1 . -
3.6
5.2
Measured Apparent Resistivity Pseudosection
b). Model with cell width of 1.0 m.
Depth Iteration & Abs. error = B.63 %
a.8 16.8 32.8 48.8 n
ﬂ.3 I T T N S T 1 e~ | T T N S T T TN T N Y N T T 1 | T T N S T TN TN T TN T T T 1 | T T T T T
2.8 -
3.5
5.2
Inverse Hodel Resistivity Section
c]. Model with cell width of 0.5 m.
Depth Iteration & Abs. error = B.22 %
a.8 16.8 24.8 32.8 40.8 4.8 m.
8.1
1.7
3.1
5.8
6.6
Inverse Hodel Resistivity Section
d). Model with cell width of 0.25 m.
Depth Iteration 6 Abs. error = 8.50 %
a.8 4.8 8.8 12.8 16.8 28.8 24.8 28B.8 32.80 36.8 4B. A 44 B 4B.B 52.8 m.
.
3.3
4.8
6.
Inverse Hodel Resistivity Section
1§ ] § eyl  jeeymmeoegeey § § g |
1.88 2.88 4.88 8.88 16.8 32.8 64.8 128
Resistivity in ohm.m Unit electrode spacing 1.8 m.
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Underground pipe suruvey
a). Measured apparent resistivity pseudosection
I|1|.
Measured Apparent Resistivity Pseudosection
b]. Inversion model section using model cells with a 1.0 metre width
Depth Iteration 4 RHS error = 7.6 %
a 8.8
.3
1.3
4.8
Inverse Hodel Resistivity Section Unit electrode spacing 1.8 m.
c]. Inversion model section using model cells with a 0.5 metre width
Depth Iteration 4 RMS error = 6.9 %
a.@ g.@ 16.8 248 m
Inverse Model Resistivity Section Unit electrode spacing 8.58 m.
I DN NN DN (O [ (O [T N T ) (O T DN OB BB B
25.8 0.9 1480 280 Lae gae 1688 J2ae
Resistivity in ohm.m
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I I S N N ] [ O . O ] [ T .
18.8 12.8 14.8 16.8 18.8 28.8 22.8 24.8
Apparent Resistivity in ohm.m
% unit electrode spacing 1.8 m., ¥ unit electrode spacing 1.8 m.

Z:0.35-0.70 Z:0.70-1.10

Model Resistivity Yalues
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