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@® Study Area — Turpan-Hami Basin, Xinjiang

@® Fundamentals contrary to the use of in-loop TDEM
@® Other strategies

@® Field data examples

@® Conclusions
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TURPAN-HAMI Basin

Study area
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Partially Saturated Jurassic target sequence

I m m Geological time Lithology Description
m (Overburden weathered volcanics,
underground water level can be
Quaternary and .
nestrata found between thiz layer and the
. layer balow.
50 4
calcareous
Upper Jurassic sandstone
100
40m 1000m
weathered vol anics
20
wet coarse sand and graveks
Lake-swamp facies grey-white
conglomate, grey-green mudstone and other sed imenis
o sandstone and grey-black 45
Jurassic XiShanYao | §() sandstone and mudstone, E
Member carbonaceous mudstone i
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Surveyed with TDEM since 1998
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Physical Basics

1
Instrument Current gSB/Bt \\l
l linear ramp off
1- expl- U tauh p1 =::::::'_\ '''''''''''' /
0 —— 02 _\\/ :
p3 -::::::::::::::::I::E??Tff?f:::::a
P4rmmrmmmm e "
Jo}o)

- Periodic Impulse Response when using induction coil frequency band limited
- "no" primary field in the off time
- Primary B field is the source of induced currents

- Currents induced at depth proportional to primary field strength
g Currents then diffuse outwards and downwards producing the offtime response
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Study Surveys Objectives

= Historical surveys — 1998 to present
- continuous, small loop, central loop measurements
- approximately 100km per year
- first 10 years with domestic Chinese equipment
- now utilizing large voltage transmitters
- multiple base frequencies.
- requiring long data collections
- recently immediately outside the loop and invert as inloop

= practical concerns
- small loops small dipole strengths without large curents
- primary fields relatively non-uniform inside the loop
- late time secondary currents migrating outside loop
- do low base frequencies offer any additional information?

" |ncrease loop size
- increase spatial data sampling
- how to increase resolution
- how to increase depth of penetration

- decrease the need for large currents
‘g . PETROSEIKON
= :
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Effect of Loop Size on Primary Field Excitation

-100m loop with 4 Amps , 200m loop with 1 Amp D - {,

- larger loop more horizontally uniform .
- larger loop weighted stronger at depth

- weaker effects from horizontal components -

-15-3 0 -100 -50 0 50 100 15CI150

-8~ Hole1, 1 Hz, Free{l S - 4amps 1amp large loop) - L1 Hz
at Centre 100m |00p = Hole1, 1Hz, Freel S - 4damps T1amp large loop) - L2 Hz

at centre 200m loop

Off Centre lOOm IOOp -=— Hole2, .I Hz, Free{lS-damps 1amp large loop) - L; Hz

Log (Response (nTesla))

off centre 200m loop

1.0 2.0 3.0
Log (Hole Depth (m))
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Effect of Loop Size on Primary Field Excitation

-100m loop, 4A, Z=50m
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Response (nTeslalsec)
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Current Migration Perspective |

Migration of Crossover

- 100N, Chan
= 100N, Chan
—+ 100M, Chan

-500

-400

-300

In this figure: Hz (x,t)
- early-time channel (1) (Red)
- mid-time channel (9) (blue)
- late-time channel (14) (green).

-200 -100 [}

Easting

100

200

300

400

- Crossover ( e.g. plus to minus ) shows migration past a station
The vertical magnetic field changes sign at the crossover as the station changes from being
inside the current concentration to being outside the current concentration.

200

40m 1000m

weathered volk anics

20
wet coarse sand and gravel

mudstone and other sed impnis
45

wet
sandsione and mudstones
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Current Migration Perspective |l

Current Migration Indicated
by Hz at the surface

Current Density at Z=200m

600 -500 00 -300 -200 -100 0 100 200 300 00 500 600
600

8.7e-003
500

7.7e-003
400

6.8e-003

5.8e-003

4.8e-003

3.9e-003

2.9e-003

1.9e-003

9.7e-004

- -~ (a) The current waveform,
TEw e s e W = = = = = mA/m?  (b) Early time Hz

-the figure shows J (total) at 2.2msec after (c) Intermediate time Hz
turn-off (2.5hz basefrequency) (d) Late time Hz
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e Current density below 2 positions,

Current Migration Perspective lll

-one near the center of loop

-one 200m east of the loop

4—
L ]
Inloop station

- 200m ———»

Station 200m to
the east of the

Tx

loop

Remove “inloop station”
and “station 200m ...” from this

figure
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Log (Response {(mVolts/m}))

Log (Response (mVolts/m))

Current Density vs Depth Early Time
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Non-Uniqueness at the Loop Center

25Hz cycle frequency InLoop

Resistivity (Ohm+m)

5 layer Inversion Model
Red - data

Black — inversion response
Blue — response of top 3 layers

Many layer Smooth Inversion
Red — data
Green - response of inverse model
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Log Time(mSec)

4 layer inversion

subspace starting model
Red - data
Blue - starting model
Green- inverse model)
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Multiple Data — In Loop plus Out-of-Loop

Joint Inversion
Inversion Model

Resistivity

Multi-Separation Inversion Synthetics R T T T T e e T
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Fixed Loop Approaches
3 station window, Hz example

40m 100Cm
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ON : x=-250; y=0

- multi-station moving station window
- use previous inversion for start of next window
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2012 Study

Fixed Loop and Moving Loop Survey

- 3 Lines on 500m loop with 50m stations
25Hz — fast survey, Hy indicates 1D apsect

- 2 ML lines
100m loop surveys with 100m stations
2.5Hz with in loop and out of loop measurements

M

= s =

@ -+ =

-+ = -

= =
CoO0; L)
S500; | ]
000 I00
4500¢ {300
000 HO0

=2



Elevation {m)
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L48W Inloop Hz Smooth Inversion — 30layer model

6000
Profile Distance {(m)

100

Resistivity (Ohm-m)
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Log (Response (nTesla/sec))
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L48W Inloop Hz Smooth Inversion —
Are Model Parameters Necessary or Meaningful

6.0 5100N
C = 48w 9A, Ds 0.00, Tot( P) Hz - S1
5.0 -+ 48w _9A, Ds 0.00, Tot( S - smooth 5100) Hz - 51
B - 48w_9A, Ds 0.00, Tot( S - Slayer 110m depth) Hz - 51
- -+ 48w _9A Ds 0.00, Tot( S - Marg5) Hz - 81
4.0 =
k E
3.0 =
20 =
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1.0 =
0.0 =
_1.0_ | | I\I\II| | | \IIII\I | | \IIII\| | | II\III| | | I\IIII‘ | | [ | | IIII\I|
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(}0 19 2.0 3|0 40 50 Bp 79 8|0 9|0 190
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20+
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16.5 69.6 109.3 VA space
7.0 124.3 233.6 6071
14.1 410.0 643.6 [
8.3 80~

48w 9A : x=-4800: v=5100




LA8W Inloop Hz Smooth Inversion — 70m

Other Data Parameters

50 =
E = 48w 9A, Ds 0.00, Tot( P) Hz - 52
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L48W Moving Loop
Inloop and Out of Loop Data Inversion

3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

LDCX:'MUI'I'l‘l'l'l'l'I'I'I'l'l'l'ILUCX:'43001"“'“
) 783
T4
4.2
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16.3
1.8
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8]
6.8
b4
53
45
B ™~~~ 20
300+ 16
IREERE LT e
:E - shallow strong conductor found
20 - Bottom layer resolved in out of loop data
150
-180
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2404 L e
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-300-+

A48w_9A : x=_4800; y=5100



L4A8W Fixed Loop
Inversion of Hz data

3600 3800 4000 4200 4400 4600 4800 H000 5200 5400 hH600 5800 G000 6200 6400
Loc X: -4798 | . I . I . I . I . I . I . I . I . I , ] . ] | , I , ] Loc X:-4797

1] j oolooooloool j . . Io j . ' *

-50

Resistivity
0 20 40 60 80 100 120 140 160

- thin conductor at approx 50m is indicated .Jzﬁg

-1503

- thick conducting Jurassic found thickening to the north N

. 2504
- lower resistor resolved 300}
e
450+
:550:

-600-+ I

048W : x=-4796; y=5901




2015 - Field Data Examples
7/5km from Tian Shan

3 survey configurations
1. fixed loop, multiple lines
2. fixed loop, 5 stations

SCALE:1: 250000

800 900 1000 1100 1200

7200, T i i :
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! 7100/ !

7000/

6900 ! 4
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68001 T i
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6600 : 3 i

1< {

6200
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e

1
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N |\ |Fault [ B |Lower Permian [ Bh|Tertiary Shanshan member | .- |Road
D | ==|Parallel Unconformity —_—
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Fixed Loop Field Method — Example 1

3 Lines north of loop

This contour plots show a large amount of information about the subsurface
particularly if the geology is apprOX|mater 1D
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Multi-Component / Multi-Station Inversion :
- Example 1: 8 time channels and 12 stations from central line -> single model result

12000 ——
_ et data - hz, hx, hy
o L ',
E: 10000 \\ ! model - hz, hx, hy
& 8000 At i AT N EE O
w
E | iia
£ 6000 Channel 2
2 4000
g |
B 2000 - (a)
b [ -
S 0 ==
2000 | e Lo
550 650 750 850 950 1050 1150
Absolute ¥ (m)
Fixed Loop to Multi—Station lnversion
BOO0———————————
data- hz, hx, hy
[&]
model - hz, hx, h
B 6000 o y
[+ a_
= 4000 “\\
® . S e I B (b)
w0 T - ' <
[=X
8 Channel 6 k-
E? 0 a:—f=34;;jii 3 __,F,qff*“**—'*_ffﬂir;*éﬁ;
20000 % o ¢ ¢ovoiovoiovow oo on 1|
550 650 750 850 950 1050 1150

<
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Fixed Loop Field Data Example 1

Fixed Loop to Multi—Station Inversion

Absolute ¥ (m)

Response (nTesla/sec)

Fixed Loop to Multi-Station Inversion

: data - hz, hx, hy

model - hz, hx, hy

i e g

o —

e >y
— s
M T A
Our Inversion Model

142 Qm to 68m

410 Qm to 604m

basement highly resistive
= - Eo
; - phy: p



Field Data Example 2 —200m Loop 5 locations

e 200 x 200m Loop on central line
200m Loop 200m Loop
“““““ f H H f f H H
/ﬂ
[-e 0182, Chan# 3, Tot( M) Hz | ix I data - hZ, hx e
data - hz. hx * 0182,Chan#3,Tol(M)H‘ 50
! ____,__-ﬂf/ -2~ 0182, Chan # 12, Tot( M) Hz
nnnnn et 0182, Chan # 12, Tot( M) Hx
o = |
2 s T I B A 3
b 3
: _— :
Pt — x// 8 ) —
5 5 =
H - H _—
LT
e
///// — I
L e,
L ”_____._———-""—J
555555555555555555555 ‘47HEEE[I 4706700 4706750 4706800 4706850 4706800 4706950 4707000 4707050 4707100 470715 -2:7 ‘ 4706550 I 66 706650 4706700 4706750 63 68 4706900 4706950 4707000 4707050
Absolute Y (m) Absolute Y (m)
Ch3 ( Hz, Hx) through the 200m loop. Ch12 Hz, Hx through the 200m loop.

Northern most stations strongly affected by the 3D structure to the north,
station immediately south of most northern station somewhat affected.
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Field Data Example 2

* 3 Southern stations Multi-Station Inversion Model

- Hz — 19Channels and 3 stations

Multistation Inversion

- data- Hz
| model - Hz

n Time3) Hz

Log (Response (nTeslafsec))

Log (Time (mSec))

-The data is unable to resolve any zones in
resistivity in the upper 500m,

- Depth to a resistor is quite well resolved.
- Resistivity of the basement resistor must
be over 2000 Ohm-m.

<
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Log (Response (nTesla/sec))

Fit to Inverse Model
Middle Station Example

Our Inversion Model

220 @m to 525m
basement highly resistive

Multistation Inversion

|5 0182, Y 4706529.00, Tot( M) Hx

—\ﬁ | 0182, Y 4706529.00, Tot( S - Sim Time3) Hx

"

data - Hx
model - Hx B

o

Log (Time (mSec))
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Field Data Example 3

* 100m Moving Loop Centre Loop Inversion — Loops 1 and 2

- the centre loop data can resolve a conductor, resistor, conductor , resistor sequence

* independent inversion of the centre data produces models which vary too much at depth
» joint inversion of the centre loop data produces a spatially consistent model

* model does not fit either 70m or 150m data

Loop 2 Centre Loop 2 150m

e 0182,Y658000, Tot{M)Hz-53

20

10 ey Hz data

=1 Model Hz :
“E Model Minimum basement |

Log (Response (nTesla/sec))
Log (Response (nTesla/sec))
=

w0 L] Hz data
“ Model Minimum basement [

20 10 00 10 2 20

20 410 00 10 20

Lo (1w fmSech Log (Time (mSec))

Loop 2: Inloop data S Loop 2: Separation 3
comparison to multiple station inversion Inloop Model does not fit out of loop data
Our Inversion Model
93 @m to 38m
1550 @m to 213m =
185 Qm to 458m e LN
‘B basement resistive greater than 1000 Qm e

B0G203. CNNC



Field Data Example 3

e 100m Moving Loop Multi-Separation Applications — 25Hz
* in order to find a consistent model for all data —
multi-station, multi-separation inversion was performed

Hz 3seperations 5 layer

4. 00 EE—— : S : ]
Depthto P : = ; :
Resistivit Thickness NG : - e e e ety 5
! Bottom of Layer g2
37 13 13 %‘; 2.00 ' “
3920 22 35 E 1. 00 bbb bbb ool
1300 127 162 g oo
195 370 532 oo
-2.00 -1.00 0.00
Log (Time (mSec))
Loop 1: Sep3. Hz multi-station/separation
(0,75,150) inversion to data.
Hz Only
93 @m to 38m
1550 @m to 213m
185 @m to 458m E——
‘g basement resistive greater than 1000 Qm e PETROSEIKON
; - physical exploration
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CONCLUSIONS

Inversion of in-loop data is misleading as this location senses the
ground resistivity with limited extent

If the ground is not approximately 1D, then small in-loop data often
misrepresents the resistive structure.

Measuring with a multiple separation strategy
- May increase the resolution
- Hx can be utilized and fewer models can fit
- This strategy still has limitations.

Fixed loop data gave us the most information of the entire
survey area.
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