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Dear SPE The First reader,

The SPE Norway 2016/2017 Season is coming to its end. Filled
with awards, surprises and wonderful moments, it has allowed us to
learn, inspire and progress. The incredible Bergen One Day Semi-
nar and Harstad Workshop in the Artic proved one more time they
deserve to be listed as international SPE events, gathering many
members and followers and giving valuable knowledge exchange.
Technical nights, games, breakfast/lunch/dinner, social events like
BBQ, Sailing etc. are only a few of the various events that the SPE
Norway offers us. We can be proud of SPE Norway programme.
Do not miss the last event at your section this Season, before going
on holidays!

Our young Magazine is celebrating its two years’ anniversary as
SPE Norway regional publication, and three years since it was first
lunched by the Oslo section. Looking back at the history — we have
grown a lot! It is incredible, after just two years we have been no-
ticed: the SPE Presidents writing for us, having been mentioned at
the annual main SPE conference (ATCE), articles from our mem-
bers and SPE friends sharing their passion within the SPE Norway
community.

As The First editors, we try to invite authors from abroad to share
their ideas with our industry sector. We have published articles
from authors from our neighboring countries, some of whom have
even become our regular contributors, some from West and Middle
East.

This issue is no exception! The Australian experience in the con-
cepts of exploration chance of success predictions are shared with
the Northern society. In addition, High Resolution Electromagnetic
Exploration method and approach from neighboring Russia and
from the local and leading EM marine companies are shared in this
issue.

If I may reserve of your time for one more thought. In the search
for interesting ideas to share in The First and looking for possible
authors, I scan regularly updates in social media and in particular,
LinkedIn. Being a woman in the industry and having working expe-
rience from some of the harshest environments like working behind
the Arctic Circle on the rig with outside temperatures -37 C and
wind 17 m/s, or in desert with +55C, I do appreciate seeing many
events organized for women in the industry. Large oil&gas compa-
nies continuously post on Linkedln and Facebook events like
“Women in industry days”, or special events at conferences just for
women, women recognition and awards. But! I cannot see anything
being organized for men! Are there no men on the platforms? Do
they not feel cold and tired? Do they not work in hard conditions?
Do they not work under stress? Do they not make discoveries? I
respect and will always remember my first male field manager. He
was supposed to be working just in the office, but facing shortage
of field personnel available, he could as easily work in the work-
shop and run it at the rig being at the same time a FSM, Supervisor,
operator and any other function needed - all of that in one perso
I believe men in our industry are not enough appreciated. Especial-
ly those born in the 90es, and making their careers in the interesting
time of trending “Women in the industry” events.
So, our dear men, we, professional women in the industry, would
like to invite you to celebrate yourself and your great achieve-
ments! We cherish you, we support you and we appreciate you. To
balance the injustice, come and join us

“Celebration of the Men in Industry”, September 7, Oslo,

Beer Palace. The sponsor Rock Flow Dynamics offers the

first drink for free.

More information will follow.
Let us organize events and reward on merit and not by gender.

Enjoy reading The First and as usual, do not forget to provide us
feedback!

On behave of editorial team,
Vita Kalashnikova

The First is SPE Norway Regional

SPE Oslo publication and is distributed to a multidisci-
SPE Stavanger pline audience. Circulation: 200 printed
SPE Bergen copies, 4,500 electronic copies
SPE Northern Norway  The electronic version of this Issue and previ-
SPE Trondheim ous Issues are available on SPE Norway

websites.

The editorial team takes no responsibility
for accuracy or content of the articles
provided. Technical articles, professional
overviews and SPE section news have no
editorial fee. The editors are working on
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SPE Norway — Reservoir simulation

Figure 2. SPE 10 benchmark for simulation time. 4-cores laptop — dark blue line; Dual-CPU workstation — light blue line; 4-cores laptop with

GPU - red line.

with 4-cores CPU, powerful dual-CPU work-
station (somewhat like HP z840) and the lap-
top from the first test but with GPU enabled
for computations. As you can see form the
figures, the difference in the simulation time
between the cases with and without GPU is 5-
6 times. The simulation time is reduced signif-
icantly, without too much investment in hard-
ware. You can find a laptop of this kind in any

hardware shop for about $2000. It is also
worth mentioning that a machine like this
outperforms a significantly more expensive
workstation with 40 CPU cores (~$15000) by
about 2 times.

It is actually quite difficult to predict where
the hardware competition is going to go in the
near future. Even before the end of this year
we can expect several releases of the new

chips by Intel, NVidia and AMD. Time will
tell who is going to deliver the best results,
but there is no doubt that the high-
performance hardware world is changing
rapidly these days and we can expect reservoir
simulations to run significantly faster in the
near future. The race is definitely going to be
interesting. ..

Comparison of the simulation time on 10 random real-field 3-phase black-oil models.
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Cased Hole Reservoir Layer Pressure
by Remke Ellis and Rita-Michel Greiss, TGT Oilfield Services

Rembke Ellis
Reservoir Engineer
Domain Champion

Rita-Michel Greiss
Business Development Manager

One of the most critical measurements for reser-
voir management is that of formation layer pres-
sure. Various methods are employed to determine
reservoir pressure however many techniques only
measure average reservoir pressure and should not
be used for multi-zone reservoirs that are differen-
tially depleted. Multi-rate PLT method is used to
measure formation pressure across individual per-
foration intervals, but the assumptions that all fluid
exiting / entering a perforation interval is confined
to a particular unit (i.e. there is no fluid redistribu-
tion behind pipe) and uncertainties in unit thick-
ness can result in significant errors. Triple Rate
Spectral Noise Log method (TSNL), measures the
pressure for each active layer independently, re-
gardless of behind pipe fluid redistribution. TSNL,
is based on the same hydraulic diffusivity equa-
tions as multi-rate PLT method but uses reservoir
flow Noise Powers (NP) instead of trans-
perforation flow rates (Q). This means that flow-
ing reservoir units are evaluated independently
even when fluid from multiple layers commingle
to the same perforation intervals. Furthermore
SNL directly measures effective formation
(flowing) thicknesses behind pipe', which is an
important input for the technique and also enables
assessment of reservoir performance and helps
refine estimation of reserves.

Triple Rate SNL (TSNL) Technology

SNL-HD is a passive tool, comprising of a battery,
electronics and hydrophone with unrivalled sensi-
tivity. The tool records the frequencies and ampli-
tudes of acoustic energy associated with move-
ment of fluid. Frequencies in range of 8 to 58,500
Hz are recorded in 115 Hz wide bands (512 chan-

nels). Each band has its own specific noise intensi-
ty. The tools dynamic range is 90 dB. This means
that even when certain frequencies are very in-
tense the less intense frequencies are not masked.
The frequency bands and associated intensities /
amplitudes for each station depth are then dis-
played on a SNL data panel (see figure 1 ).

Analysis of the data panel provides insight to the
origin and character of fluid flow. The frequency
of fluid movement is inversely proportional to the
size, or aperture, of the flow path. For example,
flow through large pores generates lower frequen-
cy noise than flow through small pores. Flow
through open pipe will generate lower frequencies
than that through a fracture. This principle enables
High Definition Spectral Noise Tool (SNL-HD) to
distinguish between the different sources and path-
ways of fluid movement, so commingled channel-
ling and borehole noise can be separated from
actual formation layer noise. The noise pattern
geometry helps reveal the source of the noise;
reservoir noise is characterized by wide frequency
range streaks over discrete depth intervals, while
borehole or cement channelling noise have much
lower frequencies, narrower frequency range and
are tracked over long depth intervals (parallel with
wellbore).

The SNL-HD panel shows noise data in three di-
mensions: Depth, Frequency and Amplitude. Fig-
ure 1 illustrates noise acquired by SNL-HD for
different fluid movement pathways. Displaying the
SNL-HD data like this means that the noise associ-
ated with individual unit reservoir flow can be
distinguished from that associated with the com-
mingled borehole and cement channel-
ling noise, allowing for each layer to
be assessed independently?. The inten-
sity (amplitude) of fluid flow noise is
directly proportional to the product of
flow rate and differential pressure.
These relationships that determine
frequency and intensity form the basis
of TSNL technique.

TSNL Concept of Measurement

This technique uses hydraulic diffusiv-
ity equations in conjunction with SNL
noise power ratios in order to deter-
mine external boundary pressure of
reservoir zones under flowing condi-
tions. McKinley' pioneered the first

Figure 1 SNL-HD Interpretation
Fundamentals

laboratory studies investigating the relation-
ship between energy dissipated by fluid flow
through a media (equivalent to the product of
flow rate and pressure differential) and the
strength of associated acoustic signal generat-
ed (noise power). Figure 2 presents
McKinley’s results, revealing a linear though
scattered relationship. The scattered distribu-
tion of McKinley’s data is linked to limita-
tions of the equipment used at the time. Noise
Power (NP) represents a fraction of kinetic
energy that is lost from the system as noise, so
it is not surprising that it varies linearly with
system enthalpy. Little or no research work
has been done since the McKinley experi-
ments, until 2012 when the implications of
what the study revealed were realised.

Proportionality of NP with energy dissipation
(Q.dP) allows for the substitution of Q with
NP in hydraulic diffusivity equa-

tions (see SPE 177892). This

means that a producing / inject-

ing well can be kept on line, and

simply by varying the flow rates

one can determine pressure of

flowing units. Unlike PTA with

downhole gauges or multi-rate

PLT method, TSNL records NP

specific to discrete flow units,

and can therefore determine indi-

vidual layer pressures, even be-

hind pipe.

Examples in Silicacious

Deltaic Environment - SPE
177620 - MS

Spectral Noise Logging tech-
nique has been utilized to esti-

mation Tester pressures.
Additionally SNL deter-
mined the effective flow
thicknesses of all layers,
identified the source of
produced water and also
tested intervals untested
by RFT;

(2) The technology does
not require shutting in
the well, although it
requires stable flow at
conditions above fluid
saturation point (single
phase);

(3) This technology is
particularly suited for

when target zone is be-
hind a tubing, such as in
dual string well comple-

Fig 2: First realization of linear Q.dP vs NP relationship

(McKinley”

mate the average reservoir pressure
for each perforated layer in a multi
-zone single completion oil pro-
ducer. The noise logging survey
has been carried out under flowing
conditions with 3 different rates (see figure 3).

The main conclusions were as follows:

(1) The pressures estimated by the TSNL
technique without shutting-in the well were in
good agreement with the Open Hole For-

Fig 3: Tracks from left to right: depth, well schematic, lithology and saturation, permeability, pressure
data (orange dot from RFT, black from TSNL, 3 pressure curves for each flow rate), SNL data for flow

rate 1, 2 and 3, Noise Power curves derived from each SNL profile

tions with a need for pressure measurement of
the formation producing through the short
tubing string, or for a non-perforated reservoir
communicating with the wellbore through a
cement channel.

Table 1: Verified TSNL Job Summary

The below table details some jobs where
TSNL method has been used in various set-
tings (sandstone, limestone, producers, injec-
tors, etc) and calculated pressures has been
verified.

e — FER S Fluid Type Permeability| Prod Rate Inj Rate bpd No. of Flowing Determined Pressure e —
mD bpd Layers Pressure psi psi
nat heterogeneous sstn Water 19 157 -1270 1 3980 - 5147 2980 SIBHP 2926
Koc? sstn Oil 700 1200 - 1900 3 3316 - 3485 3598, 3617,3761 |RFT 3611, 3648, not tested
ADMA? Imstn ail 90- 100 3104 - 3326 3360 RFT 3403
na semi-cemented ssth Oil w/ high GOR 200 circa 2500 14 1310 -1880 1337 -1916 cross well verification
na semi-cemented sstn ail 200 circa 1900 11 1860 - 1960 1882 - 1962 cross well verification
na sstn il 106 & 35 circa 300 2 3000 - 3060 3267 B 3092 3233 5IBHP
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