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Abstract

Many blocks of Shengli Oilfield are located in urban areas, and the site selection of well sites is
limited. In order to meet the needs of reservoir development and deployment, five-section
trajectory is increasingly used. Difficulty in site selection results in directional well development,
and reservoir deployment requires vertical well development. In order to resolve the two
contradictions, five-section trajectory is used in the well design, and vertical drilling after hitting
the target. The problems with this type of trajectory are high torque drag and easier fatigue of the
drilling pipe. When the displacement is small, the effect is small. When the displacement is large,
it will cause engineering complexity such as difficulty drilling weight transfer and fatigue of
drilling pipe. Aiming at the shortcomings of the five-section trajectory, with the help of existing
drill string force analysis software, the parameters of the five-section trajectory were analyzed,
and reasonable values were recommended to provide an optimization idea for the five-section
trajectory.
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1. FOREWORD

Most blocks of Shengli Oilfield are located in urban and rural areas. Considering environmental protection, public
safety and other factors, drilling site selection is difficult, so directional wells have become common well types,
and because of limited surface site selection, the proportion of highly deviated wells is increasing . However, from
the perspective of reservoirs, it is desirable to use vertical wells for reservoirs with thick oil layer, because
directional wells will make the interval between underground wells less uniform when the thickness of the
reservoir is larger, as shown in Figure 1. This effect becomes more serious, especially when the well angle is
relatively large, and may even lead to the failure of the entire reservoir development. For example, in the case of
water injection development, because the wells at the top of the reservoir are too close, the reservoir will be
flooded in advance.

Difficulty in site selection results in directional well development, and reservoir deployment requires vertical
well development. In order to resolve the two contradictions, five-section trajectory is used in the well design, and
vertical drilling after hitting the target. The problems with this type of trajectory are high torque drag (Li, et al,
2018; Wang, et al, 2016; Chen, et al, 2018; Cheng, 2013; Wang, 2016; Du, 2017), and drilling pipes are more
prone to fatigue. When the displacement is small, the effect is small, but when the displacement is large, it will
cause engineering complexity such as difficulty drilling weight transfer and fatigue of drilling pipe. In view of this,
this article takes the development of a thick glutenite reservoir in a block of Shengli Oilfield as an example. Based
on torque drag analysis and fatigue analysis, a five-section trajectory optimization is carried out to reduce the
drilling difficulty and shorten the well construction period (Gai, 2018; Liu & Feng, 2003; Wang & Wan, 2004;
Wang, et al, 2018).
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Figure 1: Schematic diagram of underground well spacing of different trajectory types

2. BLOCK OVERVIEW

The block is located in the eastern section of the northern zone of the Dongying Sag. The main oil-bearing section
is the glutenite body in Es, Formation, with a buried depth of 3710 ~ 4300m. Reservoir features: many layers,
large thickness, and long oil-bearing well sections. Reservoir analysis suggests that straight wells are more
adaptable, and multi-stage fracturing is beneficial to increase productivity. Taking into account the later well
pattern adjustment, the row well pattern encryption adjustment is flexible, and the block adopts the row well
pattern. Well pattern direction: well rows are in the same direction as fractures, and the designed row spacing is
225m and well spacing is 450m, as shown in Figure 2.

Because of ground reasons and the need for later management, the old well site and the "well factory model" are
used. In order to meet the needs of the reservoir, the trajectory type uses a five-sectiontrajectory, which is drilled
vertically after the target. A total of 12 new wells are deployed in the plan, and the displacement is 225m-1070m.
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Figure 2: Schematic diagram of row-shaped well pattern

3. OPTIMIZATION OF FIVE-SECTION WELLBORE TRAJECTORY

The five-section (hold-build-hold-drop-hold) wellbore trajectory can meet the needs of both surface location and
reservoir vertical well development. For wells with displacements close to and exceeding 1000m, the five-section
trajectory will significantly increase torque and drag . The parameters that affect the shape of the five-section
trajectory mainly include the length of the final hold, Kick-off point, build-up rate, and the final inclination.

3.1 Impact of the Length of the Final Hold on Engineering

In the case of the same Kick-off point and build rate, if the vertical depth of the reservoir required to be reduced to
0 <is different, the length of the final hold is different. Welltrajectories have been designed for different targets
requirements (figure 3).
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Figure 3: Well trajectories of different target requirements

With the help of Landmark software, the torque drag in the drilling corresponding to different trajectories is
analyzed, as shown in Table 1.

Table 1
Analysis of the influence of the final hold section on the torque drag
Kick-off - - Max. Measured weight Drag of  Drag of

No. p(oniqr)lt ( ‘;)1lg(lJ?n) hgllg(?:‘l) 'Efn[)) i(rljc of tri?lflilr;g out -{lgl\rquu;j pi(Ckk'\-ll)Jp slz?il&-;)ff
1# 1200 15 - 4328 26.14 1400 25.1 281 221
2# 1200 15 550 4287 29.89 1456 26.9 331 243
3# 1200 15 650 4301 31.64 1473 28.1 353 253
44 1200 15 750 4316 33.65 1493 29.3 376 263
5# 1200 15 850 4334 35.99 1517 30.7 406 275

Note: For comparison, the 1# trajectory is a three-sectiontrajectory.

The results show that the longer the lengths of the final hold, the longer the length of the wellbore, the larger the
maximum inclination, and the larger the torque and drag. Compared with the three-section trajectory
(hold-build-hold), when the final hold is 550m, the torque increases by 7%, the drag of pick-up increases by 18%,
and the drag of slack-off increases by 10%, and when the final hold reaches 850m, the torque increases by 22%,
the drag of pick-up increases by 44%, and the drag of slack-offincreases by 24%.

3.2 Kick-Off Optimization

The Kick-off point is generally selected in a relatively stable formation, avoiding rock fracture zones and lost
formations, which is conducive to the stability of the wellbore in the build section. The cluster well group must
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also consider the collision; and the needs of the oil recovery process also need to be considered. From bottom to
up the well encountered the formation Shahejie, Dongying, Guantao, Minghuazhen and Pingyuan. The burial
depth of the Minghuazhen Formation is 1075m. Considering the stability of the formation, the Kick-off point is
selected to be deeper than 1075m.

In the five-section trajectoty, with the same other parameters, as the Kick-off point deepens, the maximum
inclination increases and the well depth increases. See Table 2 for analysis of torque and drag during drilling at
different Kick-off points.

Table 2
Drill string force analysis results at different kick-off points trajectory

Measured weight Dragof  Drag of

Kick (Or]:) point (%%é?n) Fln(a‘ljlnc 'Efn? Ma(x(.jmc of trizfl\ilr;g out T(c’)\lr.?nu)e pi(ckk,\'ll;p Slftcklﬁ;)ff
1100 15 0 4274.47 28.34 1446 26.6 322 240
1200 15 0 4287.10 29.89 1456 26.9 331 243
1300 15 0 4301.16 31.64 1466 27.3 342 246
1400 15 0 4316.93 33.65 1478 27.7 354 248
1500 15 0 4334.81 35.99 1493 28.3 369 251

Note: The length of the fianl hold is 550m.

The calculation results show that as the depth of the Kick-off point increases, the torque and drag increase, but
the increase is not big. Although the effect of the depth of the Kick-off point on the torque and drag is not
particularly obvious, considering that the increase of the maximum inclination will lead to an increase in the
subsequent drop, which will increase the drillingtime. Therefore, the Kick-off point should not be too deep and
should be minimized Maximum inclination.

3.3 Build Rateoptimization

The build rate mainly considers the following factors: First is the requirements of the oil production process;
second is the ability of the power drilling tool to build in different formations and different boreholes; the third is
the influence of the build rate on the torque drag and stress of drillpipe.

If the build rate is too low, it will increase the length of the build section and increase the workload of the build
process, which is not conducive to improve the efficiency. If the build rate is too high, it will increase the dogleg
and increase the wear of the oil production string in the later stage. The drill string force analysis was performed
(Table 3): Kick-off point is1200m, vertical drilling behind the target, build rate: 10 </ 100m, 12 </ 100m, and 15 ©
/ 100m.The analysis results show that because the change of the build rate has no significant effect on the well
inclinatione and well depth, it has little effect on torque and drag, but the change of the fatigue ratio of the build
section is obvious.

Table 3
Stress analysis results of drill string with different build rates

. - Measured weight of Drag of Drag of -
(%%'(I)?n) 'z/rln? Ma()%'nc tripping out 'I;oNrﬁ]u)e pick-up slack-off Fz::tgi]ge
(KN) ' (kN) (kN)
10 4291.75 30.78 1455 26.7 330 240 0.9
12 4289.37 30.32 1455 26.8 331 241 1.1
15 4287.10 29.89 1456 26.9 331 243 1.38
18 4285.63 29.62 1456 27.0 332 244 1.67
21 4284.61 29.43 1457 27.1 333 245 1.95
25 4283.65 29.25 1457 27.2 333 245 2.16

Note: The length of the final hold is 550m.
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Figure 4: Analysis of fatigue ratio of drill string with different build rates

3.4 Final Inclination Optimization

In order to realize the deployment of underground vertical well patterns, Geologist hopes to drill vertically after
the target, that is, to drill hold after the target at the inclinaiton of 0< However, this requirement will lead to an
increase in torque and drag.The stress of the drill string under the different final inclination was analyzed (table
4).The torque and drag which is at final inclination 6 < 8 < and 10 s biggerthan at final inclination0 < The drag
increase is 4% to 10%, and the torque increase is 3% to 5%.The theoretical analysis assumes that the wellbore is
smooth, so the increase in torque drag is not large. But in actual drilling, because the drilling speed is slower
during the drop process and the wellbore immersion time is increased, it will cause the wellbore quality to
decrease.And at the same time, dropping increases the irregularity of the wellbore, which will increase the torque
drag in the drilling process.In order to reduce the difficulty of drilling operation, and at the same time consider the
reservoir well pattern, the final inclination can be reasonably designed in consideration of the oil layer thickness
of each well and the difference in distance between the top and the bottom of the reservoir.As shown in Figure 5,
the thickness of the oil layer is 400m, and the allowable distance between the top and bottom of the oil layer is not
greater than 50m. It can be calculated that the final inclination should be less than or equal to 7.1 < Then the final
inclinaiton can be designed with a 7 <to avoid the 0 < and it can make the drilling easier.

Table 4

Stress analysis results of different final inclinaiton trajectory

Kick-off . Final . Measured weight Drag of Drag of

point (,_.?1%'6?“) inc 'zlnt)) Ma(x(.jmc of tripping out T(?\Ir%e pick-up slack-off
(m) @) (kN) ' (kN) (kN)
1200 15 0 42%7'1 29.89 1456 26.9 331 243
1200 15 6 4227'9 28.23 1434 26.0 310 233
1200 15 8 42717'6 27.80 1428 257 304 230
1200 15 10 4228'6 27.43 1424 255 300 228
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Figure 5: Schematic diagram of oil layer thickness and allowable displacement difference

4. CASE

Taking the well Y-X4 completed in the early stage of the block as an example, the wellbore trajectory was
redesigned using the optimization ideas in the text.After optimization, the torque is reduced by 13%, the pick-up
drag is reduced by 18%, and the slack-off drag is reduced by 14%.The main reason is that the length of the final
hold is reduced. At the same time, a small-degree is used instead of a zero-degree as the final inclinaiton. Due to
the decrease in the build rate, the fatigue ratio is reduced from 1.41 to 1.11, which can greatly reduce the fatigue
risk of the drill string.

Table 5

Comparison of data before and after optimization

Final Measured
Kick-off . Final weight of Drag of  Drag of .

. - Build - hold MD e Torque - Fatigue
Trajectory PO (qi00m)  MClengn  (my  TEPING gy Pk sleckeolf g
Original 1050 15 0 800 4303 1506 29.8 378 269 141
Optimized 1200 12 6 550 4280 1434 25.9 310 231 1.11

CONCLUSIONS

(1) When the displacement is close to or more than 1000m, compared with the three-section trajectory, the
five-section trajectory will obviously increase the torque drag during drilling.

(2) Although the effect of the depth of the Kick-off point on the torque drag is not obvious, the increase of the
Kick-off point depth will lead to the increase of the maximum inclination, and the increase of the inclination will
lead to the increase of the work load of the later dropping operation. Therefore, the depth ofKick-off point should
not be too deep, the maximum inclination should be controlled within 30° .

(3) The drilling period of the five-section trajectory is longer than that of the three-sectiontrajectory. The fatigue
risk of the drill string is relatively increased. To reduce the fatigue of the drill string, the build rate should be
controlled within 12 </ 100m.

(4) When reservoir conditions permit, try to avoid 0 to be the final inclination. According to the thickness of
the oil layer and the needs of the well pattern, use the small angle as final inclination.
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