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Boron Injection Neutron Life Logging Technology

and Its Applications in Qilfield Development

Lu Dawei Zhao Peihua
(PetroChina Company Limited)

Abstract: This paper introduces the theory of Boron Injection Neutron Life Logging technology and its
application examples in Huabei, Jidong, Dagang and other oilfields in China. The applications illustrate that this
technology provides a feasible and effective logging method for oilfield watered out zone evaluation and residual

oil potential tapping.

Introduction

Boron Injection Neutron Life Logging is a new logging method for watered out intervals
developed in recent years, it is the development of Logging-Injection-Logging in China. At present,
it is applied in many oil fields in China, the 1ogging service job increases year by year, according to
the uncompleted statistics, the accumulated logging jobs have reached 2000, the logging service
jobs of PetroChina are around 200 every year. This technology has obtained obvious achievements
in the aspects of accurately locating the intervals with high water-cut and channeling to provide
basis for plugging water and tapping oil production potential. At the same time, it also plays an
auxiliary role very well in determining the non-producing intervals, evaluating the sealing
effectiveness of formation, analyzing casing erosion, monitoring residual oil saturation variation,
understanding the vertical and horizontal distribution of oilfield residual oil saturation.

Theory

Boron Injection —Neutron Life Logging is developed from Neutron Life Logging. Neutron
Logging is to measure the formation capture cross-section by measuring the second gamma ray
density emitted from the neutron ray produced in neutron source after many nuclei reaction in
formation, the technology is suitable in the oilfield with high salinity. For the oilfield with low
salinity formation water, Neuron Life Logging cannot distinguish oil intervals from water intervals
because the capturing cross section of water intervals and oil intervals are similar. It is this point
inspirits the logging method of Boron Injection-Neutron Life Logging. The method is using the
injection fluid with high capture cross section as the tracer to make the formation “salinitified”, so
the capturing cross section of formation water is increased and water interval can be distinguished



from oil intervals. Because the capture cross section of Boron is about 23 times of chlorine, and
Borate is easy to dissolve in oil rather than in water. Borate solution with suitable density is
injected into borehole, “logging-infiltration -logging” or “logging-injection-logging” is run with
neutron logging tool, the formation capture cross section varieties of two runs before and after
boron injection are used to evaluate formation watered out degrees and formation residual oil
distribution (See Fig.1).

The basic process of Boron Injection- Neutron Life Logging is: first measure a reference line
of formation capture cross sectiony ;. then design the borate density, injection amount and injection
pressure difference according to the thickness of the producing interval, porosity, litholgy, pressure,
temperature and other parameters, after that, inject or infiltrate the solution at a very low speed to
make the formation “salinitified ”, measure another formation capture cross section curve} ; , the
formation water-cut condition can be determined by overlapping these two curves. Because there is
no change of the basic elements that affect the values of formation capture cross section, such as
porosity, shale content, saturation, and etc., the only change is the value of cross section of
formation water, so the value of the amplitude difference between the two capturing cross section
amplitude qualitatively reflects the water-cut of the formation. The bigger the water-cut is, the more
borate enters into the formation, and the bigger is the amplitude difference.

Fig.1 The sketch map of the theory of Boron Injection Neutron Life Logging

Application Examples

1. Identify the water producing intervals in which the main production is water to
provide basis for the down hole measures such as water plugging and profile adjusting

Fig. 2 is a logging result of Boron Injection Neutron Life Logging in Well LuX of Huabei
Oilfield. Since 3", September of 1988, the general production is from intervals No.10, 11, 19 and
No.20 together. In July of 2000, the metering at the wellhead showed that the fluid output was



53.4¢/d, oil output was 1.8t/d with 96.6% of water-cut. the result of production profile logging run
in June of 2000 showed that the fluid output was 48.7t/d, oil output was16.7 t/d with 65.7% of
water-cut. The water-cut from logging is quite different from the metered one at wellhead. In
order to make clear the residual oil distribution at the perforated intervals at present , on 27" July
of 2000, Boron Injection- Neutron Life Logging was run in this well, the interpretation results
indicate that Interval No. 10 is serious water out, No. 11 is slight watered out, No. 19 is medium
watered out, No. 20 is characterized as medium watered out. Based on this result, water plugging
was applied to this well on 2™, August of 2000, after the treatment, the fluid output reduced to
33.2m%d, oil output increased to 9.7t/d, water-cut reduced t071%, oil production increased by
7.9t/d, the accumulated oil production increased 1221t. At the same time, both the Boron Neutron
Logging and the treatment being taken verified that Interval No. 11 was an oil payer, which used to
be mistaken as the second-class oil payer. According to this and combining the conditions of
borehole structure and logging response, it was assumed that Interval No.12, which is connected
with the neighboring well, was also an oil payer( it used to be interpreted as oil-water layer). The
reperforation was applied in June of 2000 in the neighboring well and it obtained a very good oil
enhancing effect. The well has been shut off since April of 1997 because of high water-cut (fluid
out put was 41t/d with 100% of water-cut). After the treatment, the oil output is 11.7t/d with only

2% of water-cut.
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Fig.2 Logging Example of Boron Injection Neutron Life Logging in LuX Well of Huabei Oilfield




Fig. 3 is a Boron Injection Neutron Life Logging Result obtained in Jidong Oilfield, two
layers Numbered 7 and 8 were perforated; the perforated interval thickness is 9.1 meters. Before
being taken measures, the fluid output was 16.2 m>/d, oil output was 3.2 t/d, resulting water-cut
was 80.4%. The interpretation result indicates that Layer 9 is a major water producer. Chemical
plugging was taken to Layer 9 according to the logging result. After the treatment, the fluid
output became 28.6 m*/d, oil output became12.9t/d, the resulting water-cut reduced to 51.8%,

the effect is obvious.
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Fig.3  Log Example of Boron Injection Neutron Life Logging run in Well G115-4 in Jidong Oilfield

2. Provide basis for further understanding reservoir and taping residual oil production
potential

The andesite of A’bei Oilfield located in Erlian Region of Huabei is mainly
pore-amygdaloidal andesite, the reservoir type is porous-micro fractural, the output of some wells
is high at the early stage of produz:tion, but the output decreased dramatically with water-cut
increasing fast, the well had to be shut off. The analysis for this phenomenon got the following
conclusion, in this kind of sudden watered out wells because of fracture channeling, according to
the rule of underground water and oil distribution, vertical gravity separation will happen after shut

10



off, so the oil will move upward to make the residual oil accumulate again. In order to prove this
point and understanding, Boron Injection Neutron Life Logging was run in Well A’X1 in this block.
As shown in Fig.4, the watered out in Layer No.7, 8 and 10 is not serious; it is possible to restore
the production in these wells. Then, the 7 wells that have been long-term shut off were restored
production. At the early stage of production restoration, the fluid output reached 157t/d, oil output
reached 99t/d with total water-cut of only 38.6%. The successful restoration of these well not only
improves the low efficient development in some blocks of A’bei Qilfield and forms the second
development of the old oilfields, but also provides the basis and references for the treatment of
other low efficient blocks.
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Fig.4 Digital Processed Result of Boron Injection Neutron Life

3. Evaluate cementing quality, identify channeling interval, and provide basis for
plugg-ing the channeling

The well in Fig.5 is completed in September of 2000 in Dagang Oilfield, Layer No.13, 14 and
21 were perforated at the early stage of production. Since it was put into production, the water-cut
has been increasing all the time. Before Boron Injection Neutron Life Logging was run, the well
produced at fluid 72.4t/d, oil 2.2t/d with water-cut 97%. In order to find out the main reasons for
water production in these three perforated intervals, Boron Injection Neutron Life Logging was
decide to be run in this well. The log result is as shown as in Fig.5, the curve of Interval
884.4m-893m under Layer 14 has a big deviation, which means borate flows into this interval
along perforated Layer 14. The analysis of combining the data with cementing data finds out the
channeling in the upper part of the second interface. Based on this analysis, cement squeezing
treatment was carried out in the channeling part of this well (884.4—893m) . after the treatment,
7mm mandrel was used to restore the production, the liquid output reduced from 72.4t/d to
21.6t/d, oil output increased from 3.5t/d to 9.2t/d, water-cut reduced from 95.1% to 57.4%, the oil
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production increases 2052 every year, water production reduces 93732m’ every year, the effect of

increasing oil and reducing water is very obvious.
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Fig.5 Log Result of Boron Injection Neutron Life Logging run

TR R A% e ¥ |m| 2
s (] API 150]0 CES 200160 o i 10 ‘}L & i
) LI, . Y eveeeneld) H
= AT o Tt e £ A E
s 1o CPS 400/60 c.u o B (R %
P 4 “
5 [} 3 .
SH . ’ 5
! - A
v i {3
Y T :
: ¥
) 5 =
= > s Y L7 .
é ) b ’-‘%\
) ) $0=33.5%
* ‘o K
= ? P2
‘.:‘g f & s ;
"”"\ t‘:'ﬁ ti
LTS < (‘ =
5 v ) ; 1
2 N . : rd
! 5
(]

Fig. 6 Boron Injection Neutron Life Logging Result run in Jidong Oilfield
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Fig.6 is a Boron Injection Neutron Life Logging Result run in Jidong Oilfield. Temperature
Water Locating Logging found out that Layer 9 has channeling connected with Layer10, 11 and 12.
The production effect is not improved by water plugging Layer10, 11 and 12. So it is decided to use
Boron Injection Neutron Life Logging to do further examination for water plugging effect. The
logging result shows that only Layer 9 produces fluid, the original channeling plugging effect is
still effective. The further analysis assumes that sand flowing causes bad production effect, so sand
flowing preventing measures were taken, the result is daily oil enhancement is 3 tons, and the
accumulated oil enhancement is 1270 tons.

4, Calculate reservoir residual oil saturation, determine the distribution of residual
distribution to provide basis for adjusting block development plan

A further understanding to the block can be made by carrying out the planed Boron—Neutron
Life Logging in different well patterns of the block. Fig.7 is a Sketch Map of the Wells Being run
with Boron Neutron Life Logging in a certain block of Jidong Qilfield, the evaluation result for
single well watered out gives a new understanding to the residual oil distribution. Because of the
serious intra-layer and interlayer heterogeneity, distribution difference oi‘ residual oil saturations in
vertical direction is prudent. In the vertical direction, the residual saturation of Layer 12 is bigger
than that of Layer 13. So, the oil production potential in the vertical direction is huge.

Conclusions

The applications of Boron Injection ‘Neutron Life Logging in Huabei, Jidong, Dagang and
other oilfields show that, this technology provides a feasible and effective logging method for
evaluating oilfield watered out zone and tapping residual oil production potential. It can also
provide basis for cementing quality evaluation and channeling interval identification.
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