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A scheduling method for products pipeline considering operation stability
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Abstract The pipeline scheduling plan is an important operation basis for the multi-product pipeline to complete its trans-
portation tasks. In addition to ensuring the delivery of products to the stations along the route on time and in the right quantity,
it should also maintain the stability of the pipeline as much as possible and improve the overall service quality of the pipeline
scheduling. At present, for the multi-product pipeline with centralized distribution process, the domestic and foreign studies
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on scheduling plan development have not been able to take the stability of pipeline operation into consideration. Moreover,
some literature confirms that if the pipeline flow is only controlled by hydraulic constraints, it will cause frequent fluctuations
in a certain range, which will weaken the safety of pipeline operation, resulting in the research results being detached from the
engineering reality and rarely applied on the ground. In this paper, based on the existing research, the key parameters adapted to
the centralized distribution process, such as flow fluctuation coefficient and upper limit of operation number, were introduced for
the single-source multi-sink pipeline, and the optimization strategy was proposed based on the discrete-time expression method.
Thereafter, constraints such as station delivery process, pipeline section operation flow rate, batch tracking, estimated delivery
volume, delivery deviation, and flow rate deviation are considered, and the delivery deviation and operation flow fluctuation are
minimized as the objective function. Combining with the field experience of manual preparation plan for changing the delivery
flow rate of this station at the operation time node in adjacent stations, an automatic preparation model of pipeline scheduling
plan is constructed to realize the rapid formulation of pipeline scheduling plan for multi-products considering the stable
operation. The model was applied to an actual multi-product pipeline containing 9 stations in China, and the monthly scheduling
plan of the pipeline could be solved accurately within 2 minutes; the scheduling plan completely considered the entire delivery
process and one-time delivery requirements of the pipeline, and met the generality requirements; the solved results accounted for
90% of the normal flow fluctuation during operation, and the deviation of product demand was controlled within -3.23%~3.65%,
which has strong engineering practicality. The research results have certain guiding significance for the multi-product pipeline

operation enterprises adopting the centralized distribution process in formulating the scheduling plan.
Keywords multi-product pipeline; scheduling plan; operation stability; centralized distribution; MILP model
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E11RY S e [T 7 AR /m?
TE—-3.23%~3.65% 2 [A]. N6 uli £ T~ #5656 f%E 104t 4 Oft 458 17 590
. N7 Wi FINS Wi T 256 4 FsE 7 ekt il v 8 7 934 2, 10 811
8 93# = IV 53 649
9 97# R 20 811
F1 ERmisEENERE 10 0 728 115 663
Table 1 The initial state of a products pipeline 11 934 2. 14932
HEHIFS AR B LARBAR AR /m? 12 93# A I 50 000
1 93# = YA 214 724 13 97# ZE VR 20 892
2 97# A= YR 203 166 14 O 4% 115 663
3 O# ZE58 196 886 15 93# 2. 14 932
4 93# 4= YR 145 228 16 93# ZE R 50 000
5 97# IR 103 887 17 97# R 20 946
6 O# ZE5E 89315 18 O# 428 115 663
3 ENWMBTHBHNEKRBR
Table 3 The demand for oil products at each distribution station
U, . Syl Ay oK /m?
HRFS WA TR /m? NI 2 N N4 N5 NG N7 o
1 93# 4 FHII 11 554 - - - - - - - 11 554
2 ITHANT 6284 - - - - - - 932 5351
3 O# Fr4% 51 663 - - - 2241 6747 16289 6024 20 361
4 934 A= R 41338 - - - 4378 6757 11081 2703 16 419
5 97# =AY 14 554 - - 1351 1622 2568 2405 1081 5527
6 O# 458 106 506 9639 10241 8434 8554 14940 24096 3012 27 590
7 93# £ 10 811 10811 - - - - - - -
8 93# =R 53 649 8649 2838 4054 4189 6216 10541 2703 14 459
9 974 A= R 20 811 4730 2027 1351 1757 2973 1757 1081 5135
10 O# 74k 115 663 18554 10361 9639 7831 15663 23494 3614 26 506
11 93# £, 14 932 14932 - - - - - - -
12 934 A= IR 50 000 7973 2838 4054 4730 5405 8919 2162 13919
13 97# R 20 892 4730 2027 1351 1703 2973 1622 1081 5405
14 0# 428 115 663 18554 10361 9639 7831 22289 20482 3614 22 892
15 93# LI 14932 14932 - - - - - - -
16 93# AR 50 000 7973 2838 4054 4730 5405 8919 2162 13919
17 97# ZE VR 20 946 4730 2027 1351 1757 2973 1622 1081 5405
18 O# Fr4% 115 663 18554 10361 9639 7831 15663 23494 3614 26 506
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Fig. 4 A strip chart of running batch
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Table 4 The actual distribution volume of each distribution station
. SCPRR 3 /m?
HRFS  msAR PR N E R /m?
N1 N2 N3 N4 N5 N6 N7 N8
1 93# VRN 11 562 - - - - - - - 11 562
2 97TH AR 6285 - - - - - - 938 5347
3 O# 758 51 638 - - - 2177 6747 16274 6025 20 415
4 O3# VI 41298 - - - 4396 6747 11032 2696 16 427
5 OTHARI 14 462 - - 1344 1629 2474 2399 1081 5534
6 O# 2258 106 514 9639 10213 8434 8504 14970 24109 2997 27 648
7 93# £, 10 807 10807 - - - - - - -
8 MHAFRI 53989 8649 2833 4050 4157 6178 10563 2694 14 865
9 9TH LI 20810 4847 2037 1349 1747 2973 1760 1087 5010
10 (| 115 340 18554 10271 9539 7848 15662 23273 3558 26 635
11 93# £, it 14 936 14936 — - - - - - -
12 O3# LV 49 602 7973 2833 4045 4657 5392 9033 2106 13 564
13 OTHZEFATI 15441 4883 2023 1305 1643 2938 1571 1079 -
14 O# 774 65100 18555 10271 9563 7820 3325 13620 1945 -
15 93# £ i 14 936 14936 - - - - - - -
16 O3V 15449 7973 2800 4034 643 - - - -
17 OTH AR 7269 4883 2037 349 - - - - -
18 O# 728 18907 13835 5072 - - - - - -
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Fig. 5 The time curve of the distribution flow of distribution station N5 (left) and N4 (right)
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Fig. 6 The time curve of the flow of pipe section N2—-N3 (left) and N6—N7 (right)
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