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Abstract: The deep Cretaceous tight sandstone in Kuqa Depression of Tarim foreland basin is an
ultra-low porosity and ultra-deep gas-bearing reservoir, which is characterized by small pores, fine
throats, and poor connectivity. The wireline logging responses are so complex, and especially, it is
difficult to identify fluid types from resistivity logs. Based on acoustic, density, and neutron logs
response differences in gas and water layers, effective fluid sensitivity factors are constructed for
gas layer identification. From conventional logs, acoustic-neutron porosity difference, density-
neutron porosity difference, and triple-porosity ratio are all sensitive parameters to the gas layer.
From the NMR logging response mechanism, the density and NMR porosity difference, and T2
geometric mean of the movable fluid are also two sensitive parameters to the gas layer. Based on
these parameters, a series of fluid typing charts are constructed and their adaptabilities are analyzed
and compared. By contrast, NMR log interpretation is better, and triple-porosity comprehensive
method from conventional logs is also effective when NMR logging is not available. Finally, the
comprehensive fluid typing strategy by combining some methods for ultra-low porosity tight
sandstone is summarized and optimized. This study is another alternative for fluid identification
using non-electrical logs.

Keywords: Ultra-low porosity tight sandstone; fluid identification; NMR logging; triple-porosity
comprehensive method; integrated method

1. Introduction

The deep Cretaceous tight sandstone gas-bearing reservoir was found developed in Kuqga
Depression in Tarim foreland Basin, China. The target layer is the Cretaceous Bashkirchik Formation
with a burial depth of more than 6000 meters. It is an ultra-low porosity and ultra-deep sandstone
reservoir, which is characterized by small pores, fine throats, and poor connectivity. Due to the high
and steep structural dip and high-stress extrusion of the target reservoir, the formation is seriously
heterogeneous, whose pore structure is complex, and some fractures in some intervals are developed.
The minerals such as clay and chloride salts. The wireline logging responses are so complex in
different types of fluids layers, and it is difficult to identify fluid types from resistivity logs because
there is no difference in resistivity logs, the previous log interpretation method for natural gas
reservoirs is no longer applicable [1-3].

In fluid identification of tight sandstone, a common method is to make a resistivity-porosity
cross-plot. Besides, a gas-water index method and a fluid compression coefficient method were
comprehensively used [4]. Li et al. also proposed index methods for identifying oil or gas layers from
wireline logs of low-porosity and low-permeability sandstones in Shiwu Oilfield, China, and
established a comprehensive fluid identification index [5]. Li et al. used resistivity-porosity cross-plot

and lateral-induced resistivity ratio method to identify the fluid types in the Xujiahe Formation [6].
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However, the porosity of tight sandstone reservoirs in Kuqa Depression is ultra-low, and the fluid in
the pores is not sensitive to the logging responses. The above method is not suitable, and gas layers
are difficult to distinguish from water layers from the resistivity logs [7]. Besides, new logging
techniques, such as NMR logging, can improve the log interpretation accuracy of tight sandstone [8-
10]. Although the investigation range of the NMR logging is in range of flushed-zone, the NMR logs
contain the fluid information of mud filtrate and formation water. Huang et al. and Tan et al. used
the NMR logging to evaluate the pore structure of tight sandstone reservoirs, and established a
correlation between the cementation index and saturation index and T2 geometric mean [9,10]. But,
in ultra-low porosity reservoirs, logs fluid typing method from NMR logging and other non-electrical
need to investigate [11-12].

This work focuses on the response mechanism of acoustic, density, and neutron logs, and NMR
logs, and constructed effective fluid sensitivity factors through analyzing the logs response difference
between gas and water layers. Finally, a series of fluid identification methods are developed. This

study is another alternative for fluid identification using non-electrical logs.

2. Geological Characteristics

The Kuqga Foreland Basin is located in the north of the Tarim Basin and south of the South
Tianshan Orogenic Belt, China. It has deposited huge Mesozoic and Cenozoic strata with a thickness
of more than 10km. A strong tectonic movement in the late Tertiary of the Kuqa depression formed
a series of thrust nappe structures in the Kuqa depression. The fault leading to the source rocks is the
main channel for oil and gas migration. Below the Tertiary gypsum mudstone and Jurassic mudstone
cap is the main place for hydrocarbon accumulation.

The Lower Cretaceous in the Cretaceous in the Kuga Depression is developed, and the Upper
Cretaceous was ablated. The Lower Cretaceous is generally parallel unconformity, and the local angle
unconformity on the Jurassic, with a maximum thickness of more than 3450 m. From the bottom to
the top, the Cretaceous formation can be divided into the Yagliemu Formation, Shushanhe
Formation, Basquigue Formation, and Bashkirchik Formation. The Cretaceous Bashkirchik
Formation is the main reservoir.

The Bashkirchik Formation is a set of fan delta-braided river delta sedimentary terrigenous
clastic rock layers, mainly including sandstone and conglomerate, and it is characterized by ultra-
low porosity and low-permeability. According to the results of rock slice analysis, the rock types of
the reservoirs in the Dabei and Keshen, two main regions, are mainly lithic feldspar sandstones, most
of which are less than 0.25mm in diameter, and they are mainly fine-grained sandstones and some
coarse-grained sandstones. The triangle diagram of its mineral content is shown in Figure 2, and the
rock lithology is mainly lithic feldspar sandstone and feldspar lithic sandstone.

Core analysis of the Bashkirchik Formation shows that its porosity and permeability
characteristics, as shown in Figure 3. The porosity mainly ranges from 1.5% to 7.5%, and the
permeability ranges from 0.01 mD to 0.5mD. Two porosity correlations are constructed from acoustic
and density logs, and the acoustic matrix is about 53.0 us/ft, and the density matrix is about
2.68g/cm3.
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Figure 1 Hydrocarbon accumulation model of the Kelasu structural belt in the Kuqga

Depression in Tarim foreland basin.
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Figure 2 Lithology classification of (a) Dabei and (b) Keshen blocks, in which I- Quartz
sandstone, II- Feldspar quartz sandstone, III- Lithic quartz sandstone, IV-Feldspar quartz
sandstone, V-Feldspar sandstone, VI-Lithic feldspar sandstone, VII- Feldspar lithic sandstone, and
VIII- Lithic sandstone.

3. Fluid identification method

3.1. Logging response of reservoirs

In the study area, Logs include natural gamma (GR), well diameter (CAL), resistivity logging
(M2R1, M2R2, M2R3, M2R6, M2R9, M2RX), compensated acoustic waves (DT), compensation
Neutron (CNL), compensation density (DEN), etc. Besides, NMR logging was run in individual wells.
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Generally, for reservoirs saturated with oil, gas, and water, the logging responses are different
from each other. Therefore, fluid identification can be performed based on the differences in logging
responses. In gas layers, The conventional log responses are: (1) The resistivity of the gas layer is
significantly higher than the resistivity of the surrounding bed and water layer, and the resistivity of the
oil layer under the same reservoir conditions is similar or slightly higher; (2) the acoustic log shows the
cycle jumping or long transit time; (3) the value of density log in the gas layer is smaller than that of
the oil or water layer because the bulk density of natural gas is much smaller than that of oil or water;
(4) The value of neutron log is smaller than the actual porosity because of the low hydrogen index of
gas, which is named as “the digging effect”.

In high porosity reservoirs with good pore structure, the wireline log responses are different in gas
layers and water layers. Especially, the resistivity log is not applicable for the fluid typing. However,
for ultra-low-porosity and low-permeability reservoirs with complicated pore structure, due to a little
contribution of fluids, the wireline logging response to the fluid type is not sensitive and not obvious in
gas layers and water layers, the fluid identification is so difficult. Therefore, we must investigate the
new log interpretation method. Considering the sensitivity of the gas to acoustic, neutron, density
logging, we intend to extract formation information from these logs and construct sensitive indicating
parameters. Moreover, nuclear magnetic resonance (NMR) logging is a new logging technology
developed in the past 20 years. It can provide accurate porosity independent of lithology, and its T
distribution is not only used to characterize the pore structure but also contains rich fluid information
[11-12]. NMR logging mainly detects hydrogen nuclei in the pores of the formation. The amplitude and
relaxation rate of the NMR resonance relaxation signals are measured to characterize the rock pore

structure and identify the fluid types [13-14].
3.2. Crossplot Methods

3.2.1. Triple-porosity logs combined method

In natural gas reservoirs, because the acoustic, density, and neutron logging responses of gas and water
layers are different from each other, some parameters of porosity difference and porosity ratio were constructed

to analyze their differences. The specific method is introduced as follows.

According to the well logging principle, in gas layers, the calculated acoustic porosity, ¢S, and density

porosity, ¢D are both larger than actual porosity, and the measured neutron porosity, ¢N , is lower than actual
porosity [15-16]. So, we constructed two parameters. The apparent acoustic porosity subtract the apparent

neutron porosity is named as acoustic-neutron porosity difference, A¢N . > the apparent neutron porosity

subtract the apparent density porosity is recorded as, ¢

A¢NA — Oy - ¢A
A¢ND - ¢N - ¢D

where ¢5 , ¢[), and ¢/v are acoustic porosity, density porosity, and neutron porosity, respectively.

(1
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In terms of geophysical logging theory, two porosities differences, A¢N , and A¢M) , are close to or equal

to zero in the water layer, are both less than zero in the gas layer. The higher the gas saturation, and the larger
two porosities difference values. If the double porosity difference curves are displayed in the interpretation track

symmetrically, the gas layer can be more clearly identified.

70
120
60 mKS mDB mKeshen
100 | m Dabei
50 |
80
S0y oy
g 5
z 5 60 |
[
5 30 r £
40
20
20
10 |
0 0
$ ‘ .
63'\:? 6',1,‘? ‘o'{b?b ‘o'bf? (off? %’Q;o (9:\‘? (03,‘? (’)9‘.’3 '&‘? %\@ o %9_0 S S Q_Q"" RGN
SR Y S S S LG S S & & & °
N
Porosity (%) Permeability (mD)
16 16
y = -43.1x + 115.19 y = 0.7357x - 39.033
X 4 R2 = 0.5923 R? = 0.6058
12 '.‘ 1|
= =
~ =
> -
.'g 8 ?, s |
s g
o S
o
4 4 L
0 L 0
24 25 2.6 2.7 2.8 50 70

DEN (g/cm3) DT (um/ft)

Figure 3 The porosity and permeability of Dabei and Keshen regions, and the porosity
correlation with wireline logs

Besides, to further amplify the information in the reservoir, the porosity ratio is constructed, which is

defined as

— ¢S ¢l)
by

[ SND

(7

In the above formula, in water layers, [ SND is less than or equal to 1.0; in gas layers, because the

calculated ¢ and @, are both overestimated, and the measured @, is underestimated, /, ~ could be larger

than 1.0.
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svp » Ar€ parameters sensitive

to the gas layer. Based on the above sensitive parameters, a series of fluid identification charts are constructed

as shown in Figure 4. Four cross-plots can identify the gas layer. In Figure a, when the neutron- acoustic porosity

difference is close to or less than zero, the reservoir is interpreted as a gas layer. In Figure (b), when the neutron-

acoustic porosity difference is less than 0.5% and Isyp > 0.8, the reservoir is a gas layer. In Figure 6(c), when

the neutron-density porosity difference is less than 0% and Isyp > 0.8, the reservoir is interpreted as a gas layer.

In Figure 4(d), when the porosity ratio is greater than 0.8 and the acoustic porosity, ¢5 > 5.5%, the reservoir is

interpreted as a gas layer; and the water layer can better be distinguished from the dry layer: when the porosity

is less than 2%, it is interpreted as a dry layer, and when the porosity is between 2% and 5.5%, it is interpreted

as water layer.
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Figure 4 Two cross-plots for fluid identification including (a) 4¢,,,-Rt cross-plot and (b)

APy~ APy oy cross-plot

3.2.2. NMR and density logs integrated method

As well known, the depth of investigation of NMR logging is so shallow. For CMR logging technology,

the depth of investigation is within 0.15 meters from the wellbore, and the flushed-zone is not the unwashed
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formation [13,14,17]. For the sedimentary formation, even the lithology is complex or the reservoir is tight, the
NMR technique can still accurately measure the porosity, which is one of the most important advantages of
NMR logging. However, for gas-bearing or light hydrocarbon reservoirs, as the hydrogen index of natural gas
is very small, the NMR log porosity is also significantly affected.

In the formation flushed-zone, the response equation of NMR logging porosity is

¢M = Sg}m[‘ﬂg@ + ¢I‘”f(] - ng) 3)
where ¢ is the formation porosity, Hl gis the hydrogen index, HI f is the hydrogen index of fluid phase

including the mud filtrate and formation water, .S a0 is the gas saturation in flushed-zone [18-20], and Pg is

gas polarization function of NMR pulse sequence and the gas relaxation time. So,

M:]-S (- HI P)
&Xxo g &g
letazl'[ﬂp,so
g &
)
o = 1_ango- 4)

In gas-bearing reservoirs, since HI g =02 s a=0.8 , the higher the gas saturation, Sg 0 the smaller

NMR NMR

than actual porosity the NMR porosity, and the lower the ratio, . For gas layers, ranges

¢NMR ’

from 1.1 to 1.4.

In the formation flushed-zone, the response of the density log is:
p,=p,-9)+tpHl-S, . )+pdS,,.

where ¢ is the formation porosity, Py is the density of mixed liquid phase including mud filtrate and
formation water, which approximately equals 1.0g / cm3; P is the rock matrix density, according to

rock physics experiments, p = 2.68g / e’

In the log interpretation theory, the calculation method of density porosity is obtained from the

density log,

_ PPy _ P lP(1-9) T HI-S,)F PP,
pm - pf pm - pf

¢, (5)

SO
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Pr-P
¢D :¢[1+ngu]
pm_pf

pf_pg

Let ﬁ - , from the above formula,

Py~ Py

gxo

?
D =14+ 88
p Ji (6)

In gas-bearing reservoirs, since }Z =02 , ,B =055 , the higher the gas saturation, .S a0 the larger

the actual porosity the density porosity, ¢D , and the lower the ratio, —2 .

Therefore, when the formation contains gas, the NMR measurement porosity may be smaller, and the
calculated density porosity is larger. To identify the types of fluid, the difference between the two porosities
was selected A¢M = ¢D - ¢M as the sensitive indicator for fluid indication. The larger the A¢DMR

value, the better the gas-bearing saturation of the reservoir. Therefore, the cross-plot with resistivity and NMR

effective porosity (MPHE) was constructed, as shown in Figure 5. The gas layer can be successfully

distinguished from the water layer and the dry layer on the cross-plot, that is, when A ¢DMR >3, it is interpreted

as a gas layer; when A¢DMR <3, it is interpreted as a water layer. Moreover, from resistivity and effective

porosity, these data are overlapped together, and three fluid types are effectively distinguished from each other.
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Figure 5 Some T2 geometric mean of NMR movable fluid-related cross-plots including (a)

Taum-Swb cross-plot (b) Tewm - 4@, . cross-plot.

3.2.3. T2 geometric mean of NMR movable fluid-related cross-plots
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According to the NMR relaxation mechanism, due to the different bulk relaxation (T2puk) and diffusion
coefficient (D) of oil, gas, and water, the T distribution of NMR log is different for rocks with the same pore
structure, and its T, geometric mean (Tar) is also different [11,16]. The bulk relaxation of natural gas is about
30-70 ms, and its diffusion coefficient is significantly larger than that of oil and water. Therefore, the T
geometric mean of NMR logs is a sensitive parameter to fluids and can be used for fluid identification [21-25].
Besides, because the NMR response difference between gas and water-saturated rocks is mainly in the movable
fluid part of NMR T, distribution, the T, geometric mean can more clearly show the difference of different

fluids. We define the T, geometric mean value of the NMR movable fluid part as 7>z, », which is calculated by:

1
— Af A.f An Z

2LM 2 2j

where Ty, v is the T, geometric mean value of the movable fluid part; T»; is the j* relaxation time component,
and 4 is the component porosity corresponding to 75;; T2 is the bound fluid and the movable fluid 7, cutoff

value, c is the ordinal number corresponding to 77 of the 7>..
Two cross-plots of NMR movable fluid 72, and NMR bound water saturation (Sws), A¢5DMR, are

constructed as shown in Figure 6. Figure 6a is the T>71-Sws cross-plot, and when 75y is between 20-125ms,

the layer is interpreted as a gas layer; when 7>, is less than 20ms and the irreducible water saturation is greater

than 60%, the reservoir is interpreted as a dry layer. Figure 5b is the Toy, v - A9

our Cross-plot, from which the

gas layer and the water layer can be accurately distinguished. When A ¢DMR >3 and 7>z, is between 20-125ms,

the layer is interpreted as a gas layer.
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Figure 6 Triple-porosity difference and ratio method is studied and some sensitive
parameters are used to construct four cross-plots for fluid typing, including (a) double-
porosity difference cross-plot, (b) neutron-acoustic porosity difference and Isnp, (¢) neutron-
density porosity difference-Isxo cross-plot, and (d) acoustic porosity-Isxo cross-plot.

3.3. Adaptability Analysis of Fluid Identification Methods and Integrated Method
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Among the above-mentioned fluid identification methods, their application effects are studied and
compared from each other. To evaluate the effect of each method, the concept of the chart coincidence
rate was proposed. The definition is the sum of the numbers of gas layers in the gas zone, the numbers
of water layers in the water zone, and the numbers of dry layers in the dry zone, divided by the total
number of layers. Define the chart coincidence rate (CCR) of fluid classification:

N +N +N,

V _ water—layer gas—layer dry—layer
R

N

where N

water—layer the number of gas layers in the gas zone, Ng

as—layer 1S the number of water layers in

the water zone, and N, is the number of dry layers in the dry zone. N is the sum of all layers.

ry—layer

Table 1 lists the fluid identification coincidence rate of different charts above.

Table 1. Fluid identification coincidence rate of different fluid identification charts

No. Methods Cross-plot Charts Chart coincidence rate
1 Double porosity difference cross-plot 87.96%
Triple-
2 porosity ¢a -Isnp cross-plot 85.67%
3 difference and Adna -Isnp cross-plot 89.58%
ratio method
4 Adpn -Isnp cross-plot 85.41%
5 DMR based Adpmr-Rr cross-plot 84.20%
6 methods Adpmr-OmpHE cross-plot 84.16%
7 T,oim based T>rm-Sevicross-plot 88.89%
] method Toom-Adpmr cross-plot 92.90%

! Tables may have a footer.

In the above-mentioned NMR-related identification method, the T>zay-A¢pur cross-plot and Tozu-
Sws cross-plot has a higher coincidence rate and can be used to identify the gas layer. 4¢pmr-Rr has a
lower coincidence rate. The resistivity and porosity cross-plot method often used is not effective with a
lower coincidence rate of about 50.6%, which shows that the resistivity is not sensitive to the gas layer.
For example, in Figure 4, the resistivity of the gas, water, and dry layer overlaps together and three
types are not distinguished from each other. In the triple-porosity comprehensive identification method,
the A¢n4-Isnp cross-plot and the double-porosity difference cross-plot also has a higher coincidence rate,
while the acoustic porosity-Zsyp cross-plot can better distinguish the dry layer from the water layer. By
contrast, the chart coincidence rate of the 7T>ry-A¢pur cross-plot is higher than that of the Adwns-Isnp
cross-plot, which indicates that NMR logging is more advantageous in gas layer identification.

Therefore, the density-NMR porosity difference, 4¢pur, and triple-porosity ratio, Isvp, are two

fluid-sensitive parameters. These two parameters from wireline logs amplify the effect and responses of


https://doi.org/10.20944/preprints202008.0559.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2020 d0i:10.20944/preprints202008.0559.v1

gas layers and make their values obvious in the gas layer. The porosity ratio in the gas layer is larger in
the water layer, and it is regarded as an innovative idea for fluid identification of ultra-low porosity
tight sandstone. Moreover, considering the NMR response of the gas layer, we calculated the T,
geometric mean in the movable fluid part rather than the entire T, distribution, which shows more clearly
the difference between the water layer and the gas layer [26].

In the logging data processing and interpretation, first, the T2zy-A@pmr or Adna-Isnp cross-plot is
used to identify the gas layer, and then the acoustic porosity-/syp cross-plot is used to identify the dry
layer and the water layer. When NMR logging is not available, the triple-porosity comprehensive
method can be used to identify gas, water, and dry layers. The Data flow for comprehensive fluid

identification method is as follows:

—| Apya versus Agyp cross-plot

(CCR=V,) ]
Majority
| ] Adnp versus Igyp cross-plot | | results are
(CCR=V,) i i the same
Logging Fluid typing . Output the majority
gas layer=3, Vote for fluid . .
data > e consistent fluid
dry layer=2, identification dentificati It
| | Toum versus Sgy; cross-plot | [ | ater layer=1 1dentification results
(CCR=V3)

The results are
different

Ty versus A¢pyg cross-plot| |
(CCR=V,)

Output the fluid
identification results

Figure 7 Data flow for the comprehensive fluid identification method

4. Case Study

Ks501 is an exploration well in the study area, and only conventionally logs are run. Because the
resistivity-porosity cross-plot method cannot be used effectively for fluid typing, the density porosity,
acoustic porosity difference, neutron-density porosity difference, and triple-porosity ratio, are
calculated using Eq. (1) and (2). These results are shown in Figure 8. Track 3 is a resistivity log, Track
shows triple-porosity log, and Track 5 shows calculated acoustic porosity, neutron acoustic porosity
difference, neutron-density porosity difference, and three-porosity ratio. Comprehensive fluid
identification was carried out using the differential ratio fluid identification chart. At zone of 6404-
6430m, the natural gamma-ray log reads about 49.72 API, the calculated acoustic porosity is about
6.45%, the neutron-acoustic porosity difference is about -0.137%, the neutron-density porosity
difference is about -1.462%, and the triple-porosity ratio is about 1.059. According to the Adna-Isnp
cross-plot in Figure 6, it is interpreted as a gas layer, and the other three cross-plots are also interpreted
as the gas layer. The product testing data shows that the gas production was 161,448 m3/day, and regards
it as a gas layer, so the logs interpretation result from the triple-porosity comprehensive method is
correct.

Ks204 is another exploration well in the study area. In addition to conventional logs, NMR logging was
run by the CMR-plus tool, and the logging data processing was performed using the above methods. First, the
neutron-acoustic porosity difference, neutron-density porosity difference, and triple-porosity ratio, Isyp are

calculated using Eq. (1) and (2). Then, similarly, using Eq. (4) and (6), the density-NMR porosity difference,
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A¢pmr can be calculated. The T, threshold cutoff value is determined from the NMR experiment of cores, and
The Thcuopris 16 ms through a comparison of the measurement of water saturation and after centrifugation. From

Eq. (7), the T> geometric mean (72zx) of the movable fluid part in 7> distribution can be calculated.
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Figure 8 Logging data processing and interpretation results of Ks501

Figure 9 shows the results of logging data processing and interpretation of well Ks204. Track 3 shows the
resistivity log, Track 4 shows the NMR T2 distribution and the T2 geometric mean of the movable fluid, Track
5 shows the density-NMR porosity difference, and Track 6 is the calculated acoustic porosity and triple-porosity
ratio. The Agpmr-Toim cross-plot and the triple-porosity ratio methods are integrated for log interpretation, as

shown in Track 7.
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At the zone of 5973 -- 5981 meters, the natural gamma-ray is low, and the NMR porosity and density
porosity are about 4% and 10%, respectively. The calculated 7> geometric mean of the movable fluid is about
300ms, so it is interpreted as a gas layer from the A¢pmr-Toru cross-plot. Moreover, the calculated acoustic
porosity is about 10%, and the triple-porosity ratio, Isvp, is about 4%, so it is interpreted as a gas layer from
Adomr-Isnp cross-plot. Therefore, this layer in the zone of 5973 -- 5981 meters is comprehensively judged as
the gas layer. The product testing data shows that the gas production was 57.38 m3/day, and the testing
result indicates that it a gas layer. At the zone of 5994 -- 6000 meters, the natural gamma-ray is low, and the
NMR porosity and density porosity are about 8% and 7%, respectively. The calculated 7> geometric mean of
the movable fluid is about 100ms, so it is interpreted as a water layer from the A¢gpmr-T2.m cross-plot. Therefore,
this layer in the zone of 5994 -- 6000 meters is comprehensively interpreted as a water layer. The product
testing data shows that the water production was 18.6 m3/day, and the testing result regards it as a water

layer, so the interpretation of the logs is proved correct.
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Figure 9 NMR logging data processing and interpretation results of Well Db204

Besides, NMR logging data of 8 wells were processed by using the above method and 16 layers

were interpreted by the proposed method. Compared with the product test, the interpretation coincidence
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rate was about 90.2%. Also, another 16 wells, whose NMR logs were not available, triple-porosity
comprehensive method is used to log interpretation, 33 layers are classified and the interpretation
coincidence rate was about 87.32%. The application in this study area shows that the 72.y-4@pmr cross-
plot and triple-porosity method for fluid identification is effective in tight sandstone reservoirs in Kuqa

Depression.

5. Conclusions

(1) Nuclear magnetic resonance logging can be used for fluid identification of Ultra-low porosity tight
sandstone reservoirs. The density and NMR difference and 72 geometric mean of the mobile fluid are two
sensitive parameters to the gas layer. The constructed Torm-Adpmr cross-plot is effectively applied to fluid
identification in tight sandstone reservoirs.

(2) When the NMR log is not available, in conventional logs, acoustic-neutron porosity difference, density-
neutron porosity difference, and triple-porosity ratio are all sensitive parameters to the gas layer. Four fluid
identification charts based on the porosity difference and ratio can also achieve fluid identification.

(3) The Torm-A¢dpmr cross-plot method from NMR logging is better than the porosity ratio method from

conventional logs, which indicates the advantages of NMR logging.
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