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Use of Atomic Dielectric Resohance
(ADR) to identify deep lithological packages
at Kern River, California.

Comparison of Results for H10d against the Knob Hill drill log
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Introduction Adro

2 This presentation will present the comparison between Adrok’s H10d Deep Scan (down to 6000ft) results and the ground-truthing data
provided by drilled logs.

2* The data was collected in the Kern River Qilfield, near the CP_001TO location. It was collected during November 2017.

2* The interpretation was made blind (2018Q2), and CVX provided some verification of the depth for the main layers, without releasing the drill
hole results.

2* Adrok obtained the drill log for Knob Hill and CP_001TO on March 2019 from EPI Group.

Z* The work presented on this report is a ground truthing interpretation completed during May 2019.

Data processing

EPI group Adrok completes
provides drill- ~ ground-truthing
logs. verification.

CVX confirms

Data is collected. and blind

interpretation. depths.

e November 2017 e June 2018 e January 2019 e March 2019 e May 2019

Figure 1: Location map of Kern River Oilfield, H10d is in
the red box.
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Location of H10d and Knob Hill Adro

2 The data collected by Adrok and then interpreted is 2676.4ft away from the location of the Knob hill drill log that will be used
for the deep comparison.

M
s

For the shallower comparison, CP_001TO will be used, merely 98ft away from Adrok’s V-Bore.

2 The total depth for both the drill log, the end of the ground-truthing is -5469.16ft under sea level (-6050ft from the surface).

. Location of the Deep Scan T 4 'Legend
| Atthe Kern River Oilfield. k : . ¢ CP_001TO
7Y S |avoas : N ™ e e H10 ADR
& KH_WVD1

1_016 EGOGIE

Figure 2: Location of Knob Hill drill hole at KH_WVD1. Location of H10d V-Bore and WARR, The star on the left marks the position of the V-Bore.
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Components for the Ground Truthing

2* The comparison is made between Adrok’s interpretation of the data at H10 and the Knob Hill and Clampitt TO-1 drill reports.

",

2 This slide indicates some key facts about the components used for the comparison.
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ADR Zones

The following slides will display the results of the zonation for H10d based on the following:

"
N

2 Correlation Method

Bandwidth Harmonics

Elog raw data.

2 Weighted Mean Frequency (WMF) raw data.

Dielectric Constant log.

Along with the above, a table will accompany the completed zonation that contains the log response for each of the graphs above in
every zone.

2* 15 zones have been identified in H10d based on changes in data trends.

' ™y
_ i 2) EWMF & 3) Correlation 4) Bandwidth
el Harmonics Method Harmonics W
) . EWMF: Elog and \ )
WMF Extraction of the following:
. Enermf _ Extracted at 2 S andwidth
r:giﬁﬁ H10d EGamma, EADR, - s Harmonic ratio
o006 EMean, ESD . 1-5MHz « Energy %
: . Frequency « 5-10 MHz - Energy Density %
Harmonics: » Freguency %
FGamma, FADR, - Total Frequency %
\_ Y, \_ FMean FSD / \_ ) \_ )
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ADR Zones: How to get from A to B?

A B
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ADR Zones: 1) Correlation Bands (data) Adrok

ucorrﬂa'l:!:m Method | Bandwidth Harmonics Elog WMF | Dielectrics n:‘::‘;‘::t::;n
0 e — = - These curves are effectively a statistical analysis of the consistency and variation of the many thousands
of measurements taken at a particular depth interval.
500 — =S
— During a repeated scan at a fixed point, 1000 frequency traces can be repeated up to 100 times, to
1000 produce up to 100000 wave packets, increasing the signal to noise ratio and allowing higher resolution.
i In the time domain before any depth conversion, these responses are stacked. Functionalities within
1500 —— the MATLAB software are then used to relate the responses within different frequency bands with each
E— other. These include raw correlations between individual frequencies, and a stacked correlation for all
2000 — of that band (y) as well as the associated standard deviation (0). The correlations are calculated in
windows over a certain time interval, which typically corresponds to a depth interval of between 40-60
2500 —= meters.
- While the approach can be calculated for any frequency band, the bands which Adrok have historically
g 3000 found most useful in a geological context are 1-5 MHz and 5-10 MHz.
= — =
=N —
& 3500 I Where the correlation value exceeds the standard deviation calculated, it indicates - in a relative sense -
that a more consistent correlation is occurring between frequencies and traces within that band, within
4000 — an interval where the individual frequencies themselves are also behaving more consistently. This is
— most especially true where the standard deviation (SD) is lowest. Such zones of correlation > SD, where
4500 —] SD is also low, can be thought of as intervals with stronger more consistent reflectance. For this reason,
the difference between correlation and SD for a given frequency range is also sometimes shown as a
) curve alongside the raw data.
5000 ——
:3' For these reasons, it can be helpful to look at various products and dividends of individual curves with
5500 — the correlation and SD curves, to highlight where a curve’s own response can nominally be accorded
—— more reliability
6000 — = In this case, the data displayed represents correlation minus SD for both 1-5MHz and 5-10MHz). That is,
3 peaks will only appear when the correlation is greater than the SD.
6500 —{
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ADR Zones: 1) Correlation Bands (Interp.) Hdrak

_[eorien evoa sepavian ormone | eos | wheJoetecrc] o
500 —=—
1500 — :_:-_

2000 /‘”' The red lines mark the start of great peaks, or of
2500 = | areas where a Correlation band (either 1-5 or 5 to
—— / - | 10MHz) gets considerably stronger or weaker.

- medium peaks, as well as minor changes in trends.

4000 __ / :_: .| Thedotted black lines. mark the start or end of

6000 = /

6500 ———
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ADR Zones: 2) Bandwidth Harmonics (data) Bdrok

Corriagen ethos sandwiath farmarice | ciog | whe_Joitecis | maraectoton
. When a signal is received, spectral analysis of the constituent frequencies is possible
through Fast Fourier Transform (FFT) analysis, accessible via the MATLAB software suite.
200 = This takes the received resonating signal in the time domain and resolves it into its key
harmonic constituents in the frequency domain. The number of bandwidth harmonics
1000 — : . . : o
recognised above noise levels is then recorded for each time interval, and later
converted to depth.
1500 — . . . . .
Then, the values are classified relatively to their populations and values and assigned to
Low, Average or High bands.
2000 —
2500 — .
Low Average High
1000
© 3000 — E 1
r
i
0 3500 —
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c
4000 — = %
S
Q
o
4500 — a
10
5000 — . .
\
5500 — \/
1 4
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6000 — i i Range of BwH values
Population graph of Bandwidth Harmonic values showing how classes are determined.
6500 —
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ADR Zones: 2) BandW|dth Harmonics (interp.) HOdrak

Correlatlun Method Bam:lWIdth Harmonics Adrok Zone
0 L P — T Elug oole WMF  Dielectrics| e rpretation

500 —

1000 —

1500 —

2000 — The red lines mark stark change of bands (i.e. second one

in this snip) or the change in trends, such as an of the
increase of Low values (i.e. the first red line in the snip).

2500 —

3000 —

extinguishing of values, or when a line suddenly shows up.

Depth (ft)
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4000 —

4500 —

5000 —

5500 —

6000 —

6500 —
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ADR Zones: 3) Energy Log (data) Adr

u""—'""‘f!g,‘.‘l' Method Bit:ldwidth Harmonics | Ejag WMF | Dielectrics I;‘::‘;:;::;n
0 5-10MHHz " Avarags HEh oy [l T 150( 5 10
2|
=1
500 — }
1000 — 4
:_gi’
1500 — T
2000 — =
2500 — f The Energy of a wave is proportional to the square of amplitude, so it is
linearly related to the log of the amplitude. The Energy-log curve, is a
© 3000 — TS measure of the [total] energy response from the depth bin in question.
g ; Sometimes low E-log values correspond to sandstones or sandstone
© 35007 E boundaries, perhaps reflecting more energy absorption within them and at
e ..
4000 — = their interfaces.
<
4500 — ‘L;,
5000 — '—"«;3
:
5500 — £}
6000 — :’_
6500 — H
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ADR Zones: 3) Energy Log (interp.) Adr

- S
Correlation Method,| Bandwidth Harmonics | Elog | WMF _|Dielectrics |1 e o eration
0 5-10HHz i HEh oy .afan 1505 10
500 — ‘Z
1000 — _;,-
1500 — E
2000 — = — The red lines mark the greatest peaks and troughs, as well
| 3 —— —_—
_;i j . .
5e00 3 —_=" as major changes in trends.
| = ! "
3 23>
£ 3000 T — .
£ B - The dotted black lines mark smaller changes, such as smaller
& 3500 - = I "+ 11| troughs and peaks within a trend.
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ADR Zones: 4) WMF Log (data) Adr

- .
Correlation Method, BaL:]dwidth Harmonics [ glog WMF | Dielectrics |, ;ﬂ:::::::;n
0 5-10MHZ . Avarags High ooy uui_u sl 10
500 — _?:
1000 — <
1500 — __:‘
2000 — =
2500 — =t For each particular frequency response, the associated energy over a depth
= bin is multiplied together with it. This is summed for all the contributing
£ 3000 — i ic divi
£ = frequencies, and then the result is divided by the total energy observed for all
£ 2500 } frequencies, to give the weighted mean frequency.
4000 — j
4500 — %
5000 — _“=
5500 — '
6000 — =
6500 — =r
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ADR Zones: 4) WMF log (interp.) Adr

-
ucﬂrr‘elag!g‘ﬁ Netho:ll Bit?wdwidiilulﬂrarmunics Elog WME | Dielectrics : ;dr:k ztu:ie
0 S LoHHE 90 High Lo o0 Mi_u_ sl 0 erpretation
500 — :
1000 — "’_'3:’
1500— | _.:::
i_-’j; — o
20007 2 — The red lines mark the greatest peaks and troughs, as well
2500 =] as major changes in trends.
£ | . __.:'1 :
=1 4
g300— | | | | =\ | e e .
£ = = The dotted black lines mark smaller changes, such as smaller
& 3500 - troughs and peaks within a trend.
4000 — z —
4500 — J: B
5000 — '1-
wl | E =
6000 — :1—:*
6500 — =r
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ADR Zones: 5) Dielectric Constant Log (data) fdrak

, Corr’ela:l:: Method Ba:?wdwndiﬂr::frmunglhcs .;._mE'ug |, wmF _|pietectrics| ; ':z:';‘::t::;n
E
500 — =
1000 — =~
= The Dielectric Constant is one of three key electromagnetic variables pertaining to any
1500 — fsE material and is related to electric susceptibility, and how polarised a material will
B become in an applied electric field.
2000 =
_:_.jT It can be estimated from the energy, frequency, and phase of Adrok tool responses, in
2500 — = combination with Maxwell equations for electromagnetic propagation and Debeye
< polarisation models.
=
£ 3000 — 3
£ = The value to subsurface geology is that hydrocarbons typically have a very low dielectric
o = . .
& 3500 — 3 constant — between 1 and 1.5, (air and a vacuum ~1), water has a very high one (~80)
7 and most rocks are in the range 4-12, though some pure exotic minerals and clay rich
4000 — i mixtures go higher.
b
4500 — 3 Note that the dielectric constant influences the speed of light in a material and hence
—-%’ determines the depth conversion.
5000 — =
';a-
5500 — ,L
3
6000 — 3
5
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ADR Zones 5) Dlelectrlc Constant (interp.) (=s

- .
Corr‘elatloﬂ Method Bit?wdw'dﬂ‘ﬂ::frmu:“..cs - Elug - Diel ectncs : :tz:::ezt::iin
0 - —?:—-
500 — i—
3
1000 — =
1500 — ,f'—‘
3}1:——- —
2000 — = e J!
,,,,, = . ‘? | ]
2500 — = = The red lines mark the greatest peaks and troughs, as well
:‘i 4 as major changes in trends.
g 3000 == :
£ = &
& 3500 — Kl ; The dotted black lines mark smaller changes, such as smaller
3 = troughs and peaks within a trend.
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ADR Zones: 6) Interpreted Parameters

Correlation Method,| Bandwidth Harmonics | Elog | WMF _|Dielectrics |1 e o eration
0 5-10HHz : 9= .@ .01 .3 :_ s — ;.
SEEm
2 5’; =
500 I o'l iy =
— —_"_é j;';, j
000 - e =
1500 —= = = _L‘a.%
— :_____ = fz- -g..
2000 — =]l | = =
2500 —= NET = | The red lines mark the starkest of value or trend changes
— IE L over the whole panel of parameters.
3000 Ssas =
E —— = =
& 3500 = o M The dotted black lines mark the smaller changes, such as
= N | I S B thi
_ A= 2 smaller troughs and peaks within a trend, or small changes
. Rt Bt in the distribution of values.
5000 — : . "E;S-E -:‘g:- -i
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S =T 5
6500 —— ] e

© Adrok Ltd. 2019 Strictly Confidential



0
A.

ADR Zones: 7) Joint Interpretation Adr

uc')rm'ﬂ!gﬂ Method | Bandwidth Harmonics Elog WMF | Dielectrics I:tz::::t::iin
G .01 .. -!__L:-:‘E__;Ig’;‘
=2 - 1
500 —————— ] -
— E SR } ; To generate the final ADR zones, an average depth value
iy === — &£ for each line (red or dotted) is calculated by seeking the
B L= i 4 .
1500 —= | = nearest common line.
— 2 = T >
2000 = | =—
2500 = A E = | The red lines will end up determining the start and end of
— z ’ the ADR Zones, as well as the amount of Zones.
3000 s A =
E — E :35 ‘;-:P
8 3500 —=— |t o The dotted black lines will end up determining Sub-Zones
= 5| =S z . . . P .
E— = Z within each ADR Zone, potentially identifying gradational
- | 10 contacts or more subtle changes.
| _fi '-1_ == 11
5000 —— l ‘-‘5,“'53 =:_* i 12
: =12 3
5500 —- ? = .
= =] |= e
— B | = ] I 14
6000 4 —— s 1 == f
5 ' f = 5:1 5,;
g e 15
6500 —= LE = =
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ADR Zones: 8) Visualisation of Zones (1)  Odrak

lJt:-:vrn*elatﬂganl Metho:ll Bandwidth “armu._-.ics Elog WME | Dielectrics IAdrok zunie
0 FETER Law Avurage High fo oy bieo — sl : it nterpretation
_ o =='_T:—_:' . 'ri 1
500 —f s 3 _: {i
— AE 3 2
00— I f{ 5}_ 3
1500 == =
— A x ’ After the ADR zones have been stablished, each Zone is assigned a
2000 = SHSF— s colour, and each Sub-Zone a subtle variation of that colour.
2500 == A = | This process is done for each parameter.
— 4 5 il 7
— == =
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£ - =3 ;i 8 % The Correlation Method
8 s JEl = 9 D
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—= | | = bl
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— T 7 10
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4500 = E| B
— == 5 11
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S
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ADR Zones: 8) Visualisation of Zones (2) HOdrak

Correlation Method | Bandwidth Harmonics i i Adrok Zone
A e | A Pl s Elog WMF |Dielectrics Interpretation
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— 4l |5 i 2
1000 1 f{ 5}_ 3
1500 — === = ;3* .L‘-x%

— A3 x ’ After the ADR zones have been stablished, each Zone is assigned a
20007 i - e I colour, and each Sub-Zone a subtle variation of that colour.
2500 f _ = | This process is done for each parameter.

=— dl 1= = 7

— =l = L
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ADR Zones: 8) Visualisation of Zones (3) HOdrak

Correlation Method | Bandwidth Harmunics|- Elog | WMF |bielectrics |, Adrok Zone
0 G- LOMHHzZ Low Avlﬂﬂsﬂl High b1 .3 :_ _ii_ — __]L___ erpratation
— g - ;7:__: i ‘E 1
500 44— = | P -
| — = = LY
—_— .,f = B -.ii 2
1000 ] T_;«“ o = 3
1500 = = =
— 3| - ’ After the ADR zones have been stablished, each Zone is assigned a
0 — === colour, and each Sub-Zone a subtle variation of that colour.
2500 =+ 35 [ = | This process is done for each parameter.
= =il 1= = -
== A= £
3000 — S . .
€ - M < 5 ¢ The Correlation Method
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= — A | I - N
000 : e — ] z +* Energy log
4000 —— : - 2
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— == 11
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- B — =] F 13
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=== Szl F
— e =t T 14
5000 = | B
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6500 —|— AH=12—

© Adrok Ltd. 2019 Strictly Confidential



ADR Zones:

8) Visualisation of Zones (4)
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drok

After the ADR zones have been stablished, each Zone is assigned a
colour, and each Sub-Zone a subtle variation of that colour.

This process is done for each parameter.

N
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N
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N
/|

N
/|
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The Correlation Method
Bandwidth Harmonics

Energy log

Weighted Mean Frequency
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ADR Zones: 8) Visualisation of Zones (5) HOdrak

lJ&:-:brr'elatl!%lII: Metho:ll Bit?wdwidiilulﬂrarmunicsL Elog WME | Dielectrics : :tdr:k J:u:ie
0 S.LoHHz il L. Y 0. uu‘ 150(5 10 erpretation
;—_L—___: | ti:—h .r-- .
500 — :‘_Q B 2
— -E ’;;:J' ] == 2
1000 1 s 5}_ 3
1500 = =
— 2| 3] = ° After the ADR zones have been stablished, each Zone is assigned a
000 EE =1 s colour, and each Sub-Zone a subtle variation of that colour.
00— 5 E;;_ This process is done for each parameter.
— 2 ; ‘i 7
g0 1 e E;i 8 * The Correlation Method
= —— < - . .
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[ =] 2 12
5000 == £
=] P 13
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ADR Zones:

8) Visualisation of Zones (6)

C lati Method dwidth i . . Adrok Zone
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—?_'____-'_ = ‘.’:_aa f;_ .E 11
z|[ 1= : 12
5000 —— 5 =t <
— =] i 13
Ca— o .
5500 —- L RS %
— i 14
6000 — E =l | = i
6500 —— = 2

drok

After the ADR zones have been stablished, each Zone is assigned a
colour, and each Sub-Zone a subtle variation of that colour.

This process is done for each parameter.

S
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wy Ay Ta®

S S S S

S

N
/|

The Correlation Method
Bandwidth Harmonics

Energy log

Weighted Mean Frequency
Dielectric Constant log

And to complete the process, the ADR Zones

2* The next slide shows a very detailed breakdown of the
behaviour of each of the 5 parameters within each of the

15 detected ADR Zones.
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ADR Zones Summary for H10d  (pelivered on 201802) Bdrak

- - 1
Correlation Method | Bandwidth Harmonics | Elog | WMF |Dielectrics| ; harox 297¢ 10
T Low Average High .01 alan 1oale 10 Interpretation Zone Top
0 4 . —== Zone Depth (ft) CORRELATION METHOD BWH ELOG WMF DIELECTRICS
! ! = T
—_— 1 0 Log signatures indicative of gain
____J 3 1 2 620 Broad peaks around 0.4 in both Dominated by average values, with the | High values with little fluctuation Little variation in values Values dominantly above
500 . - _;_ - “;, frequencies. top marked by a high and base by a low. between baselines. between baselines. NMO.
— =
— 7 & With the exception of two minor Dominated by average values with low Top marked by a sharp, large Top marked by a sharp, large Values dominantly below
— E 2 3 790 peaks, both frequencies do not rise | values also present throughout. One high trough with values gradually peak with values gradually NMO v
= about the SD. present. decreasing with depth. increasing with depth. !
1000 4 3 E
] . = Two peaks between 0.25 - 0.5 in each| Dominated by average values but low Top marked by a trough. Top marked by a peak. .
— Large fluctuation of values
m— 4 1025 frequency, with the size of peaks values present throughout, with highs Fluctuation of values between Fluctuation of values between
4 X . . " around NMO.
decreasing throughout the zone. restricted to top half of zone. baselines. baselines.
1500 —/—————— = ) Top section of zone
- Large peaks up to 0.7 in 5-10MHz, . . Top marked by a trough. Top marked by a large broad | characterised by values
- 1 5 > X Dominated by average values with low . . .
—_— 5 1490 with one small peak in 1-5MHz X Fluctuation of values between peak. Fluctuation of values  |below NMO which change
—— = and high values present throughout. . X R
present at top of zone. baselines. between baselines. to fluctuating around
2000 — 1 B NMO with depth.
| I "% B With the exception of three minor Dominated by average values with low Fluctuation of values between Fluctuation of values between Large fluctuation of values
—3- 6 1870 peaks, both frequencies do not rise |and high values mostly present in top half baselines, with an overall baselines, with a slight overall g around NMO
2 . —= .%- about the SD. of zone. increasing trend. decreasing trend. .
500 — = —— Top of zone is marked by a large peak . Fluctuation of values between |Large fluctuation of values|
r ; X . . . Fluctuation of values between . . . .
= e 7 in the 5-10MHz correlation, with Dominated by average values with low R . baselines, with a slight overall | around NMO, with range
T =] x 7 2350 . . baselines, with an overall X
: = smaller peaks in the 1-5MHz present and high values present throughout. increasing trend decreasing trend. Large peak of values gradually
= 3000 - . == — % throughout rest of zone. e : present in middle of zone. decreasing with depth.
E - ki i - 8 With the exception of a minor peak in| Dominated by average values with low | Top marked by large trough with | Top marked by a large trough Minor fluctuation of
£ ——— ?i- = 3;; 8 2980 the 1-5MHz, both frequencies do not | values also present throughout. One high| an overall increasing trend with with an overall decreasing
— = = N values around NMO.
5— 4 % e 9 rise about the SD. present. depth. trend.
8 3500 — ~ ‘} }_:P- 4 Dominated by average values with highs Values dominantly below
== ?f -,’ & 9 3155 Peaks in both frequencies ranging sparsel reZent th%ou hout. One Iogw Variation in value trends between Variation in value trends NMO, but gradually start
— =] $ from 0.1-0.7. p v P tg : the baselines. between the baselines. to move closer to the
= T present. NMO with depth.
} 5’ Dominated by average values with low Top marked by a large trough with |Top marked by a very large peak
— | = = 10 Sparse peaks in both frequencies values restricted to top half of zone and P L v 8 g 'p L y viarge p Values close to NMO by
= £ 10 3715 R o N R variation in values between the |with variation in values between
= 2 ranging up to 0.45 in size. high values restricted to lower half of . . mostly below NMO.
- = baselines. the baselines.
= 3 zone.
r
= i 11 Large abundant peaks in both Dominated by average values with low | Top marked by a very large trough |Top marked by a large peak with| Large range of values that
—~ _:";i —_— 11 4600 g fre uen‘;es values also present throughout. One high | with an overall increasing trend in | an overall decreasing trend in are dominantly below
B —%— = 12 q ) present. values. values. NMO.
5000 — 3 'f_E -E-é: With the exception of two minor | Average values dominate with low values | Top and base marked by a trough, | Top and base marked by a peak, )
— X R X . . R Fluctuation of values
= = 12 4755 peaks in the 1-5MHz, both present throughout zone. Absence of high| with values fluctuating between |with values fluctuating between
- 7 13 f i . i baseli around NMO.
= - = requencies do not rise about the SD. values. baselines. aselines.
5500 —L 5 Peaks in both frequencies that Aver?ge values dominate Wlth'|0W and Overall increasing trend in values Overall decreasing trend in Fluctuation of values
- — 13 4990 o R high values present sporadically . R
- = gradually decrease in size with depth. throughout with depth. values with depth. around NMO.
T e ] 14 .
- =] - . .
T = Abundant peaks in both frequencies Average values dominate Wlth low values Fluctuation of values between Fluctuation of values between Fluctuation of values
6000 —_= L g = 3 14 5505 o present throughout zone. High values . "
—| i that range from 0.2 - 0.6 in size. R baselines. baselines. around NMO.
— % present only in top half of zone.
e =] 15 I?ea!(s n .S-IOMHZ gra'\duall'y Increase Low values dominate with an absence of Fluctuation of values between Fluctuation of values between Fluctuation of values
Ea g T 1 6055 in size with depth, with minor peaks average and high values baselines baselines around NMO
6500 = e up to 0.2 in size in 1-5MHz. i i : )

Figure: (Left) Zonation for H10d, (Right) Summary of log responses for H10d. The table shows an overview of the 15 zones identified, providing common log responses for each result within each zone.
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Shallow Fluid Bearing Comparison

Location of the Deep Scan

Dielectric Constant for H10d Dielectric Constant for H10d i S ot
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11 )18
oft | I | | I | | oft | | | | | | | 605ft
450ft
g g g
3 3 o
£ £ 9 #* This diagram compares the Dielectric Constant (DC)
-
0] @ 300ft ﬁ tracked during 2018 to the Fluid presence data from
E 328ft E 328ft £ CP_001TO ( 5ft corrected for elevation difference).
[ u“— (o]
s 5 = 2* The CP_001TO report indicates the depths for Tar
a a 9 Sands, Wet Sands and Qily Sands, those depths
150ft © are highlighted in the diagram.
RMS DC 2* The DC correlates with the water interval just
5 § below 140ft above sea level.
RayDC__ 2* The DC tends to dip below RMS (the blue line) or
%\ %\ Sea Level o
present a trough at the Oily intervals.
656ft - Tar 656ft
<S "E 2 The comparison indicates that ADR is successful at
- Water % finding the wet and oily sands.
2100 _ - Oil 810t N ~150ft
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Deep Scan
Comparison (1)

S
o~

This diagram combines the four
components of data in a 2D sectiol
from SW to NE.

S
o~

The formations from the key are
derived from the reports providec
to Adrok by CVX.

®
KH_WYD1_CVX H10 ADR Hd k
"""""" cP-ootr = l-D—
OB Zone 1 - . : - S
. Location of the Deep Scan  eCa ’ <W‘-°92:‘00 23
02 = = At the Kern River Oiffield. : : ‘% : H10_A[1)R >
Oft 11-18-2010 Zone 2 W e J AN /e
CP_001TO QIS A 8
Shallow lithology ZoRg 4 e ¥
N PIOOAE®
Zone 5 LB AT v e ST WS LR
| ‘..|"".4':;\-\\;§._ - y ?:r' B % ' -
Zone 6 KR ¢ % 1000ft"
R S . ﬂh ______m—
Zone 7 . .
b Hill and CP_001TO Formations
Zone 8 [] Freeman-Jewett
] Saturated KR B Vedder 1
Zone 9 Chanac [] Vedder 2
[ ] Santa Margarita [] Vedder 3
[ ] Round Mountain [ ] Vedder 4
-32801t Zone 10 ) )
B Middle Round Mountain [_] Vedder 5
_ [] Lower Round Mountain [ Famosa
ADR Zonation I:]
.......... Interpretation Zone 11 ] Mcvan Walker
Zone 12 [ ] Lower McVan [ Basement
B Oicese
KH_WVD1 Knob Hill Zone 13 . . Petrophysics (Knob Hill)
03060652_DATA_2019- petrophysics ADR Zonation Units (H10d) Interpreted Lithology
0215 | |"I = LR L Zone 14 Bl Reirinaar s TN
..... by Adrok 7= o R o)
-6050 7one 15 B Even Zones (2, 4, ..., 14) o
PTIII I 2500ft .............. SRR vaTzm I
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Deep Scan
Comparison (2)

2 This comparison highlights the
spatial relationships between the
Zones defined by Adrok and the

Formations identified by CVX.

2% Most of the Zones relate very wel
in thickness with the formations.

2¢ As atrend, the relationships
between the Formations at Knob
Hill and the ADR Zones reveal tha
there is a general west to east
gentle dip.

2¢  Zone 15 relates spot on to the
Basement depth.

The amount of distinct ADR Zones
corresponds very well to the
number of Formations.

KH_WVD1_CVvX H10_ADR

Zone 7

Zone 8

Zone 9

Zone 10

Zone 11

Zone 12

Zone 13

Zone 14

Zone 15

. Location of the Deep Scan
At the Kern River Oilffield.

S\

Knob Hill and CP_001TO Formations

[] Vedos ] Freeman-Jewett
[ saturated KR B Vedder 1
[ Chanac [] Vedder 2
[ ] Santa Margarita ] Vedder 3
[ ] Round Mountain [ ] Vedder 4

B Middle Round Mountain ] Vedder 5
[] Lower Round Mountain [] Famosa

] McVan [ walker
[] Lower McVan [ Basement
Bl Olcese

Petrophysics (Knob Hill)
Interpreted Lithology
T VCLGR
B Odd Zones (1,3, ..., 15) =

0L ey

[ Even Zones (2, 4, ..., 14)  camEvorcur

ADR Zonation Units (H10d)

© Adrok Ltd. 2019
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Deep Scan
Comparison (3)

% This comparison colour codes the
ADR Zones with the key assigned to
their related Formation.

M2,

2%  The Freeman Jewett Formation is
the most overestimated, while the
Olcese is quite underestimated.

% The ADR Deep Scan is able to
identify the boundaries between
the Vedder 1, 2, 3 and 4.

",

R
-,

The basement correlation is spot
on, showing it at the same depth.

R

The Chanac is found in both the
petrophysical log, as well as the
CP_001TO, as well as the Saturated
KR chest.

K
7

The Deep ADR scan provides a
useful indication of the depth and
thickness of the main formations.

-6050ft

© Adrok Ltd. 2019

KH_WVD1_CVX

H10_ADR

CP_001TO

-3280ft

Oft

ARV

\_1\

—————
e ———

Saturated KR

Chanac

Santa Margarita

Round Mountain

Middle / Lower
Round Mountain

Olcese

Freeman-Jewett

Vedder 1
Vedder 2

Vedder 3

2500ft

Vedder 4
Famosa / Walker

Basement

— - — y
| Location of the Deep Scan &%

At the Kern River Oilffield.
0

—

(! © CP_001TO p
) ® H10_ADR |

Knob Hill and CP_001TO Formations
[ ] Vedos

] Freeman-Jewett

[ saturated KR B Vedder 1
[ Chanac [] Vedder 2
[ ] Santa Margarita ] Vedder 3
[ ] Round Mountain [ ] Vedder 4

B Middle Round Mountain ] Vedder 5
[] Lower Round Mountain [] Famosa

] McVan [ walker
[] Lower McVan [ Basement
Bl Olcese

Petrophysics (Knob Hill)
Interpreted Lithology

VSILT

ADR Zonation Units (H10d)

B 0dd Zones (1, 3, ..., 15)
B Even Zones (2, 4, ..., 14)

]

"r"l"'r" VCALCMM -:-H-LrL
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A

Deep Scan Comparison (4) - Summary Adr

O
KH_WVD1_CVX H10_ADR KH_WVD1_CVX H10_ADR
Zonel = 3
Oft Zone 2 Saturated KR Zonel -
Zone 3 Zone 2 Saturated KR
Zone 4 Chanac
Zone 3 Saturated KR
Zone 5 Santa Margarita
8 Zone 4 Chanac
Zone 6 Round Mountain Zone 5 Santa Margarita
Zone 7 Middle / Lower Round Zone 6 Round Mountain
Mountain
Zone 8 Olcese Zone 7 Middle/Lower Round Mountain
Zone9 | WMEEETT Zone 8 Olcese
-3280ft | Freeman-Jewett Zone 9 Freeman-Jewett
Zone 10
Zone 10 Freeman-Jewett
Zone 11 Vedder 1 Zone 11 Vedder1
Zone 12 Vedder 2
Zone 12 Vedder 2
Zone 13 Vedder 3
Zone 13 Vedder 3
Zone 14 Vedder 4 / Famosa / Walker
14 V r4 /Fam Walker
-6050ft Zone 15 Nl Basement Zone edder 4 / Famosa / Walke
[ vedos O] santa Margarita B mcvan B vedder 1[0 vedders °,_” — V-,V?_L?_R R Zone 15 Basement
B saturated kR Round Mountain E LowerMcvan [ vedder 2[l Famosa 0 i VLT il
B Chanac Middle Round Mountainlll Olcese B vedder 3E walker Tt VoAU rrir
Lower Round Mountain B Freeman-lewettl] vedder 4l Basement oo vaizim oy
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Deep Scan Comparison (5) - Summary Adrok

v,

Z* A numerical comparison has also been carried out to check on the depths of the Formations and Zones, as shown below.
2* The Freeman Jewett Formation is overestimated by 478ft, while the Olcese is underestimated by 352ft.
2* The basement is found 25ft deeper with the ADR Deep Scan.

2 The thickness of the Santa Margarita, and the Vedder formations has been prognosed very close to the drill results.

2* The overall depth difference for the tops is only 1.2 ft (shallower). The overall thickness difference is only 24
ft (thicker).

Zone 1
Zone 2 I saturated KR IR Wl 170 ft Saturated KR 854 ft 83 ft
Jone > & Chanac Zone 3 790 ft 235 ft
rone s I N Zone4 1025 ft 465 ft | Chanac 937ft  680ft
Zone 6 Round Mountain Zone5 1490 ft 380 ft | Santa Margarita 1617 ft 363 ft
sone? vidde / over Rowd Zone6 1870ft  480ft |  Round Mountain 1980 ft 259 ft
Z’::j M Zone7 2350 ft 630 ft Mdl/Lwr Round Mt. 2239 ft 684 ft
e 10 Freeman-lewett Zone 8 2980 ft 175 ft | Olcese 2923 ft 527 ft
Zone 11 Vedder 1 — 2601t Freeman-Jewett 3450 ft 967 ft
Zone 12 Vedder 2 Zone 10 3715 ft 885 ft
fone 13 v Zone11l 4600ft  155ft | Vedder 1 4417 ft 237 ft
oo 1 |ooree pocers e /Weler | Zone 12 4755t 235ft | Vedder 2 4654 ft 254 ft
Zone13 4990ft  515ft | Vedder 3 4908 ft 492 ft
D vedos O e B teervcvan B vesr g LS Zone14 5505ft  550ft  |Vedder 4/Famosa/Walker 5400 ft 630 ft
B chanac B N Ko o e et w3 Walker EEEISUEER 006 15 6055 ft | Basement 6030 ft
Average | 12ft | -24ft
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A.

Discussion (1) — Deep Scan to 6000ft Adrok

Olcese and Freeman-Jewett discrepancy
1. The Freeman Jewett Formation is overestimated by 478ft.
2. The Olcese is underestimated by 352ft.

R

This is due to the boundary interpreted between Zone 9 and Zone 10, the diagram below outlines the features in the parameters that led to this decision.

H10d Knob Hill
Correlation Method | Bandwidth Harmonics . . Adrok Zone
2 Sl_for‘::&-z 1 Low Average High UIOIElog 0.3l90 WMFIQU E.DIEIeCtr;gs Interpretatinn
— < S— =
& 3000 :
g ] "éﬁ < 8 Olcese
- = — T
tE B s =
Q =::—"’ 1. ... ... .. 9 .......
0 3500 — === = %
I EilE= ? _________________ Freeman-Jewett
4000 - — . = P R :
% = 10
4500 — E ~= Vedder 1
——_ o
= = 11 - i
P 2500ft *sssstamsssnnnnnns >
Contact marked Contact marked at Sharp trough Change The contact between the Olcese and the
Zone 9 to 10 by the end of a the beginning of and peak | el Zone 10 top at . . .
. increasing Freeman-Jewet is a gradational contact, which
boundary sequence of small = several bands of low | respectively for 3715ft. . .
trendtoa makes the pinpointing of boundaries more
parameters: 10-5MHz values, and after Elogs and WMF
stable complex.
correlation peaks. several highs. parameters. interval.
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Discussion (2) — Deep Scan to 6000ft dr

A.

Basement Identification
1. The basement is found merely 25ft deeper than in the drill log, it correlates to Adrok Zone 15.

2. The behaviour of the signal after the top of the basement was recorded and is distinctly different from the shallower zones.

This interpretation proved very useful and the Bandwidth Harmonics have been used in posterior work (Work packages 4 and 5 of project 00198) in a
successful manner.

Correlation Method | Bandwidth Harmonics . . Adrok Zone
: 51-_15t1r¥r1-1k|!4iz : Low Average High ?IEIECtr:gS Interpretation
5500 —% |
___________ . ool Vedder 5
E':_: — e - :?- -------- 14 --------- Famosa
_é 6000 — 1 : *1: Walker
OO e e —— e e a e e T S [ N
o f;'l;- e 1 Basement

=

6500

—l

Diminishing 1-5MHz Bandwidth harmonics lose all

Sharp trough and peak Variability
band of correlation.

high and medium values, only | respectively for Elogs for DC picks
low values remain. and WMF parameters. up in the

Zone 15 top at
6055ft. This depth is
calculated by
basement. averaging the top of
the zone at the rest

of the parameters.
© Adrok Lid. 2019
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A.

Conclusion — Deep Scan to 6000ft == T (= =

e

2:  Main Similarities

Saturated KR

1. The amount of distinct ADR Zones corresponds very well to the number of

Formations (14 Formations VS 15 Zones). Chanac

2. The thickness of the Santa Margarita, and the Vedder formations has been Santa Margarita

prognosed very close to the drill results (80 feet difference)
Round Mountain

3. The basement is found merely 25ft deeper than in the drill log.

4. There is a general west to east gentle dip.

Olcese

e

¢ Overall Accuracy

2% The overall depth difference for the tops is only 1.2 ft. The overall = RS
thickness difference is only 24 ft (thicker). e B

-3280ft ; 7. Freeman-Jewett

N

% Critical Message

Vedder 1
Vedder 2

A

“ Adrok has verified the prognosed interpretation from the

blind data to a high degree of accuracy. Vedder 3
2* The comparison indicates that ADR is highly useful to e
determine presence and thickness of lithological 6050ft™ e — Fosement
formations at depths Of 6000ft- O vedos L1 Santa Margarita H Mevan || Vedder 1] vedder5 —
B saturated KRD Round Mountain O LowerMcvan [ Vedder 2[0 Famosa 0 ST i
B chanac B Middle Round MountainBll Olcese [ vedder 3@ walker
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