LAMPIRAN

Lampiran 1. Surat permohonan izin penelitian

YAYASAN PERGURUAN 17 AGUSTUS 1945 SURABAYA
UNIVERSITAS 17 AGUSTUS 1945 (UNTAG) SURABAYA

FAKULTAS EKONOMI DAN BISNIS

PROGRAM STUDI MANAJEMEN (S1) TERAKREDITASI
PROGRAM STUDI AKUNTANSI (S1) TERAKREDITASI
PROGRAM STUDI EKONOMI PEMBANGUNAN (S1) TERAKREDITASI
PROGRAM STUDI MAGISTER MANAJEMEN (52) TERAKREDITASI
PROGRAM STUDI DOKTOR ILMU EKONOMI (S3) TERAKREDITASI

Kampus: JI. Semolowaru 45 Surabaya 60118, Telp (031) 5931800 Ext 140 , 141, E-mail: febauntag-sbvacid

Nomor
Lampiran
Perihal
Kepada

1 2663/FEB/X1/2025

: Permohonan Ijin Penelitian
: Yth. Bapak/Ibu Pimpinan SPBU 5361137 Rest Area Tol Surabaya Gresik
Sckarkurung, Kec. Kebomas, Kab. Gresik, Jawa Timur

Sehubungan dengan Penyusunan Tesis yang berjudul “ANALISIS SISTEM ANTRIAN
DI SPBU 5361137 REST AREA TOL SURABAYA GRESIK DENGAN
MENGGUNAKAN DIAGRAM FISHBONE * oleh mahasiswa Program Studi S2
Magister Manajemen Fakultas Ekonomi Dan Bisnis Universitas 17 Agustus 1945
Surabaya, maka mahasiswa dibawah ini sangat memerlukan sumber data (referensi) guna
melakukan Penelitian Lapangan. Berkenaan dengan hal tersebut diatas, maka kami mohon
perkenan Bapak/Ibu untuk memberikan ijin & bantuan kepada mahasiswa di bawabh ini :

Nama : Maya Sofiana

N.P.M. : 1262400013

Fakultas / Program Studi : Ekonomi dan Bisnis / S2 Magister Manajemen
Alamat : Ds.Butoh, RT. 02, RW. 01, Kec. Sumberrejo, Kab.

Bojonegoro, Jawa Timur

Telp/HP 1 081555340412

Guna melakukan penelitian pada :
“SPBU 5361137 Rest Area Tol Surabaya Gresik di Sekarkurung, Kec. Kebomas, Kab.
Gresik, Jawa Timur ™

Demikian permohonan kami, atas perhatian serta kerjasamanya kami sampaikan terima
kasih. AN
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Lampiran 2. Surat Balasan Perizinan Penelitian

A
l’ SPBU 53.61137

Sekarkurung, Kecamatan Kebomas, Kabupaten Gresik,
Jawa Timur 61124 | No. Telp (021)1500000

SURAT PERSETUJUAN PENELITIAN

Yang bertanda tangan dibawah ini Pimpinan SPBU 53.61137 di Restarca tol Surabaya - Gresik
menerangkan bahwa :

Nama : Maya Sofiana

N.PM : 1262400013

Prodi : Magister Manajemen

Instansi : Universitas 17 Agustus 1945 Surabaya

Yang bersangkutan memperolch IZIN PENELITIAN di SPBU 53.61137 Restarea tol
Surabaya — Gresik yang dimulai sejak tanggal 01 Desember 2025 dengan tujuan memperlancar
proses kegiatan tugas akhir Mahasiswa yang bersangkutan.

Demikian surat keterangan ini dibuat agar dapat digunakan sebagaimana mestinya.

Gresik, 01 Desember 2025

Pimpinan SPBU 53.61137

PRy 5361137

Sow K 13500
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Lampiran 3. Data Kendaraan menurut kabupaten & Kota di Jawa Timur

Tahun 2022
Kabupaten/Ko | Mobil Sepeda
ta ’ Penumpang Bus Truk M(l))tor Jumlah
Pacitan 8.242 295 4.698 138.297 151.532
Ponorogo 38.464 716 15.507 | 350.018 404.705
Trenggalek 22.312 583 8.824 224478 256.197
Tulungagung 53.320 1.213 22.839 | 506.841 584.213
Blitar
Kediri
Malang
Lumajang 24.878 500 10.553 | 214.719 500
Jember 58.953 678 14.161 | 432.181 678
Banyuwangi 46.316 423 19.244 | 473.464 423
Bondowoso 17.343 132 4.114 115.435 137.024
Situbondo 15.089 236 4.510 116.225 136.060
Probolinggo
Pasuruan
Sidoarjo 163.751 1.852 38.413 | 946.851 ;'150'86
Mojokerto 39.640 39.640
Jombang 39.664 835 13.224 | 413.420 467.143
Nganjuk 34.906 1.056 12.554 | 396.625 445.141
Madiun
Magetan 30.702 374 10.779 | 267.612 309.467
Ngawi 24.957 328 6.929 287.438 319.652
Bojonegoro 29.256 1.250 10.282 | 330.549 371.337
Tuban 30.113 567 12.976 | 347.965 391.621
Lamongan 28.517 1.074 10.337 | 345.228 385.156
Gresik 62.234 680 20.021 | 486.471 569.406
Bangkalan 15.896 258 5.224 144.053 165.431
Sampang 8.569 153 4.689 73.482 86.893
Pamekasan 16.988 649 8.346 169.021 195.004
Sumenep 12.860 233 5.304 161.510 179.907
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Kabupaten/Ko | Mobil Sepeda

ta ’ Penumpang Bus Truk M(I))tor Jumlah

Kota Kediri 81.190 1.143 29.877 | 768.043

Kota Blitar 58.153 876 24.118 | 554.074

Kota Malang 141.871 3.400 38.025 | 793.947

Er(z)tljolinggo 37.039 1.136 | 13.400 | 286.482

Kota Pasuruan | 54.100 1.246 17.074 | 472.339

Kota Mojokerto | 53.878 1.225 23.404 | 466.506

Kota Madiun 46.573 481 11.100 | 390.016

Kota Surabaya | 369.173 2.406 203'91 1.384.588

Kota Batu 58.491 778 18.389 | 373.660

Jawa Timur 692.823 14.085 219.570 | 5.821.519 6.747.997
Tahun 2023

Kabupaten/Kot | Mobil Sepeda

a ’ Penumpang Bus Truk M(I)Jtor jumiah

Pacitan 30.572 504 6.091 181.820 218.987

Ponorogo 99.652 1.825 | 20.334 | 460.115 581.926

Trenggalek 240.784 614 10.966 | 301.830 554.194

Tulungagung 162.394 2.390 | 28.990 | 668.415 862.189

Blitar 133.340 3.239 | 19.850 | 480.035 636.464

Kediri 201.731 1.597 | 26.445 | 749.137 978.910

Malang 220.556 2.931 | 46.867 | 1.070.595 1.340.949

Lumajang 134.995 617 15.411 | 316.605 467.628

Jember 234.575 740 22.125 | 693.886 951.326

Banyuwangi 334.676 505 26.402 | 725.846 1.087.429

Bondowoso 53.861 192 6.787 | 175.315 236.155

Situbondo 107.985 369 7.469 | 192.250 308.073

Probolinggo 64.905 643 10.661 | 261.133 337.342

Pasuruan 139.324 754 16.187 | 451.168 607.433

Sidoarjo 200.184 1.663 | 51.520 | 1.370.110 1.623.477

Mojokerto 45.724 854 25.048 | 445.952 517.578
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Kabupaten/Kot | Mobil Sepeda

a ’ Penumpang Bus Truk Mcl))tor jumiah
Jombang 49318 895 | 19.040 | 584.376 653.629
Nganjuk 120.221 1516 | 17.452 | 533.235 672.424
Madiun 429.818 557 | 9.029 | 334.645 774.049
Magetan 201.074 1.061 | 14223 | 365.233 581.591
Ngawi 226.456 1.180 | 9.937 | 399.035 636.608
Bojonegoro 37.086 1.304 | 14.359 | 492.108 544.857
Tuban 36.178 613 | 17.871 | 501.162 555.824
Lamongan 35.686 1284 | 14.744 | 534.065 585.779
Gresik 75.919 782 | 27.579 | 697.689 801.969
Bangkalan 168.372 1741 | 9265 | 234.083 413.461
Sampang 118.542 1115 | 8.042 | 134.260 261.959
Pamekasan 186.107 1.878 | 12.742 | 257.940 458.667
Sumenep 77.125 282 | 7.493 | 244.466 329366
Kota Kediri 70.267 1468 | 13.690 | 326.114 411539
Kota Blitar 44.151 280 | 11.883 | 280.024 336.338
Kota Malang | 272.116 848 | 21.593 | 516.394 810.951
Er(:gohnggo 104.431 494 | 8.986 | 168.852 282.763
Kota Pasuruan | 93.187 549 | 7.416 | 238.906 340.058
Kota Mojokerto | 21.006 275 | 7.983 | 200.445 229.709
Kota Madiun | 51.230 1.094 | 6,700 | 210.538 269.562
Kota Surabaya | 563.787 3.672 i73'77 2.942.640 | 3.683.873
Kota Batu 85.540 231 | 8.605 | 161.923 256.299
Jawa Timur 5.472.875 22'5 > ;83'5 3 | 18.902.345 §5‘201‘33
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Tahun 2024
Kabupaten/ Mobil Sepeda
Kota ’ Penumpang Bus Truk Mcl))tor fumiah
Pacitan 30.702 509 6.145 187.184 224.540
Ponorogo 100.202 1.854 | 26.627 | 472.695 601.378
Trenggalek 241.151 620 31.557 311.129 584.457
Tulungagung 163.417 2.455 | 40.450 689.732 896.054
Blitar 134.063 3.271 | 49.477 | 493.701 680.512
Kediri 203.007 1.631 | 46.948 771.741 1.023.327
Malang 223.635 3.281 | 74.568 1.108.636 1.410.120
Lumajang 135.692 632 63.411 325.250 524.985
Jember 236.640 767 38.349 725.747 1.001.503
Banyuwangi 336.854 534 49.775 756.029 1.143.192
Bondowoso 54.267 204 34.031 184.105 272.607
Situbondo 108.483 373 14.510 199.995 323.361
Probolinggo 65.698 669 18.502 | 272.224 357.093
Pasuruan 140.488 785 27.478 467.988 636.739
Sidoarjo 207.376 1.822 | 69.853 1.423.157 1.702.208
Mojokerto 46.882 893 78.772 | 483.993 610.540
Jombang 50.691 936 45.075 608.569 705.271
Nganjuk 121.008 1.572 | 37.302 552.537 712.419
Madiun 430.329 568 26.885 345.211 802.993
Magetan 201.597 1.091 | 23.557 375.980 602.225
Ngawi 226.960 1.191 | 24.440 | 413.826 666.417
Bojonegoro 38.136 1.319 | 24.753 512.334 576.542
Tuban 37.315 648 32.908 519.999 590.870
Lamongan 36.811 1.305 | 33.260 555.884 627.260
Gresik 78.863 841 43.657 727.397 850.758
Bangkalan 168.945 1.745 | 37.982 | 245.175 453.847
Sampang 118.937 1.117 | 17.471 140.363 277.888
Pamekasan 186.705 1.888 | 20.929 | 269.486 479.008
Sumenep 78.154 287 20.414 | 256.780 355.635
Kota Kediri 71.311 1.497 | 13.948 337.697 424453
Kota Blitar 44.864 294 12.137 | 290.994 348.289
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Kabupaten/ Mobil Bus Truk Sepeda Jumlah
Kota Penumpang Motor

Kota Malang | 275.852 936 | 22.000 | 535.090 833.878
Kota 104.955 539 | 9.140 | 175.288 289.922
Probolinggo

Kota Pasuruan | 93.187 549 | 7416 | 249.840 350.992
Kota 21.647 295 | 8.158 | 208.970 239.070
Mojokerto

Kota Madiun | 51.821 1.102 | 6.855 | 217.555 277333
Kota Surabaya | 588.333 4.033 | 179.118 | 3.034.754 | 3.806.238
Kota Batu 86.042 242 8797 | 168.249 263.330
T e 5.541.020 :4'29 ;'326'65 19.615.284 i6'5 e
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Lampiran 4. Data Kedatangan dan Pelayanan Pelanggan

Senin 01 Desember 2025

Kendaraan Ke::;i::;an ﬂ]z/}l:r?lstl) P:szfl;::;n (R/}l:l?lstl) Selesai Total Durasi (Menit)
1 07.57 00.05 08.02 00.06 08.08 00.11
2 08.03 00.05 08.08 00.04 08.12 00.09
3 08.06 00.06 08.12 00.05 08.17 00.11
4 08.14 00.03 08.17 00.03 08.20 00.06
5 08.18 00.02 08.20 00.04 08.24 00.06
6 08.18 00.06 08.24 00.03 08.27 00.09
7 08.21 00.06 08.27 00.04 08.31 00.10
8 08.27 00.04 08.31 00.04 08.35 00.08
9 08.32 00.03 08.35 00.04 08.39 00.07
10 08.36 00.03 08.39 00.03 08.42 00.06
11 08.37 00.05 08.42 00.03 08.45 00.08
12 08.39 00.06 08.45 00.04 08.49 00.10
13 08.41 00.08 08.49 00.05 08.54 00.13
14 08.45 00.09 08.54 00.03 08.57 00.12
15 08.49 00.08 08.57 00.07 09.04 00.15
16 08.56 00.08 09.04 00.07 09.11 00.15
17 09.05 00.06 09.11 00.06 09.17 00.12
18 09.09 00.08 09.17 00.04 09.21 00.12
19 09.15 00.06 09.21 00.05 09.26 00.11
20 09.19 00.07 09.26 00.05 09.31 00.12

21 09.24 00.07 09.31 00.04 09.35 00.11
22 09.27 00.08 09.35 00.07 09.42 00.15
23 09.35 00.07 09.42 00.04 09.46 00.11
24 09.39 00.07 09.46 00.05 09.51 00.12
25 09.44 00.07 09.51 00.04 09.55 00.11
26 09.55 00.00 09.55 00.03 09.58 00.03
27 09.57 00.01 09.58 00.05 10.03 00.06
28 09.58 00.05 10.03 00.03 10.06 00.08
29 10.02 00.04 10.06 00.04 10.10 00.08
30 10.05 00.05 10.10 00.06 10.16 00.11
31 10.08 00.08 10.16 00.03 10.19 00.11
32 10.15 00.04 10.19 00.06 10.25 00.10
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33 10.18 00.07 10.25 00.04 10.29 00.11
34 10.27 00.02 10.29 00.04 10.33 00.06
35 10.33 00.00 10.33 00.04 10.37 00.04
36 10.35 00.02 10.37 00.06 10.43 00.08
37 10.39 00.04 10.43 00.02 10.45 00.06
38 10.43 00.02 10.45 00.03 10.48 00.05
39 10.45 00.03 10.48 00.04 10.52 00.07
40 10.52 00.00 10.52 00.03 10.55 00.03
41 10.55 00.00 10.55 00.03 10.58 00.03
42 10.56 00.02 10.58 00.03 11.01 00.05
43 10.59 00.02 11.01 00.05 11.06 00.07
44 11.00 00.06 11.06 00.07 11.13 00.13
45 11.02 00.11 11.13 00.03 11.16 00.14
46 11.09 00.07 11.16 00.03 11.19 00.10
47 11.14 00.05 11.19 00.05 11.24 00.10
48 11.21 00.03 11.24 00.03 11.27 00.06
49 11.25 00.02 11.27 00.03 11.30 00.05
50 11.27 00.03 11.30 00.02 11.32 00.05
51 11.30 00.02 11.32 00.03 11.35 00.05
52 11.32 00.03 11.35 00.05 11.40 00.08
53 11.33 00.07 11.40 00.09 11.49 00.16
54 11.34 00.15 11.49 00.04 11.53 00.19
55 11.34 00.19 11.53 00.02 11.55 00.21
56 11.44 00.11 11.55 00.03 11.58 00.14
57 11.52 00.06 11.58 00.05 12.03 00.11
58 11.53 00.10 12.03 00.07 12.10 00.17
59 11.59 00.11 12.10 00.03 12.13 00.14
60 11.59 00.14 12.13 00.07 12.20 00.21
61 12.06 00.14 12.20 00.07 12.27 00.21
62 12.13 00.14 12.27 00.03 12.30 00.17
63 12.14 00.16 12.30 00.03 12.33 00.19
64 12.23 00.10 12.33 00.04 12.37 00.14
65 12.27 00.10 12.37 00.05 12.42 00.15
66 12.29 00.13 12.42 00.06 12.48 00.19
67 12.31 00.17 12.48 00.03 12.51 00.20
68 12.33 00.18 12.51 00.02 12.53 00.20
69 12.41 00.12 12.53 00.05 12.58 00.17
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70 12.41 00.17 12.58 00.04 13.02 00.21
71 12.50 00.12 13.02 00.06 13.08 00.18
72 12.53 00.15 13.08 00.04 13.12 00.19
73 12.57 00.15 13.12 00.05 13.17 00.20
74 12.57 00.20 13.17 00.04 13.21 00.24
75 13.02 00.19 13.21 00.05 13.26 00.24
76 13.05 00.21 13.26 00.03 13.29 00.24
77 13.08 00.21 13.29 00.04 13.33 00.25
78 13.14 00.19 13.33 00.04 13.37 00.23
79 13.17 00.20 13.37 00.04 13.41 00.24
80 13.22 00.19 13.41 00.04 13.45 00.23
81 13.27 00.18 13.45 00.04 13.49 00.22
82 13.33 00.16 13.49 00.03 13.52 00.19
83 13.35 00.17 13.52 00.03 13.55 00.20
84 13.37 00.18 13.55 00.04 13.59 00.22
85 13.37 00.22 13.59 00.04 14.03 00.26
86 13.41 00.22 14.03 00.02 14.05 00.24
87 13.43 00.22 14.05 00.07 14.12 00.29
Selasa 02 Desember 2025
Kendaraan Ke::;i::;an (llzfil:jlstl) Pe::;l;:;n (llzfil:jisti) Selesai Total (Menit)
1 07.57 00.08 08.05 00.06 08.11 00.14
2 08.01 00.10 08.11 00.05 08.16 00.15
3 08.09 00.07 08.16 00.05 08.21 00.12
4 08.15 00.06 08.21 00.03 08.24 00.09
5 08.19 00.05 08.24 00.05 08.29 00.10
6 08.21 00.08 08.29 00.03 08.32 00.11
7 08.25 00.07 08.32 00.04 08.36 00.11
8 08.29 00.07 08.36 00.05 08.41 00.12
9 08.32 00.09 08.41 00.06 08.47 00.15
10 08.36 00.11 08.47 00.03 08.50 00.14
11 08.43 00.07 08.50 00.04 08.54 00.11
12 08.48 00.06 08.54 00.04 08.58 00.10
13 08.55 00.03 08.58 00.06 09.04 00.09
14 08.57 00.07 09.04 00.10 09.14 00.17
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15 08.59 00.15 09.14 00.04 09.18 00.19
16 09.01 00.17 09.18 00.03 09.21 00.20
17 09.05 00.16 09.21 00.06 09.27 00.22
18 09.14 00.13 09.27 00.03 09.30 00.16
19 09.21 00.09 09.30 00.03 09.33 00.12
20 09.28 00.05 09.33 00.06 09.39 00.11
21 09.30 00.09 09.39 00.06 09.45 00.15
22 09.31 00.14 09.45 00.05 09.50 00.19
23 09.34 00.16 09.50 00.05 09.55 00.21
24 09.36 00.19 09.55 00.04 09.59 00.23
25 09.35 00.24 09.59 00.03 10.02 00.27
26 09.58 00.04 10.02 00.06 10.08 00.10
27 10.00 00.08 10.08 00.07 10.15 00.15
28 10.09 00.06 10.15 00.05 10.20 00.11
29 10.11 00.09 10.20 00.05 10.25 00.14
30 10.21 00.04 10.25 00.06 10.31 00.10
31 10.21 00.10 10.31 00.03 10.34 00.13
32 10.25 00.09 10.34 00.02 10.36 00.11
33 10.28 00.08 10.36 00.06 10.42 00.14
34 10.30 00.12 10.42 00.07 10.49 00.19
35 10.36 00.13 10.49 00.04 10.53 00.17
36 10.40 00.13 10.53 00.05 10.58 00.18
37 10.52 00.06 10.58 00.04 11.02 00.10
38 10.55 00.07 11.02 00.06 11.08 00.13
39 10.59 00.09 11.08 00.04 11.12 00.13
40 11.02 00.10 11.12 00.05 11.17 00.15
41 11.09 00.08 11.17 00.03 11.20 00.11
42 11.12 00.08 11.20 00.04 11.24 00.12
43 11.13 00.11 11.24 00.05 11.29 00.16
44 11.15 00.14 11.29 00.03 11.32 00.17
45 11.21 00.11 11.32 00.03 11.35 00.14
46 11.26 00.09 11.35 00.04 11.39 00.13
47 11.26 00.13 11.39 00.07 11.46 00.20
48 11.33 00.13 11.46 00.04 11.50 00.17
49 11.36 00.14 11.50 00.04 11.54 00.18
50 11.45 00.09 11.54 00.03 11.57 00.12
51 11.47 00.10 11.57 00.05 12.02 00.15
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52 11.50 00.12 12.02 00.05 12.07 00.17
53 11.50 00.17 12.07 00.06 12.13 00.23
54 11.57 00.16 12.13 00.04 12.17 00.20
55 11.59 00.18 12.17 00.04 12.21 00.22
56 12.07 00.14 12.21 00.05 12.26 00.19
57 12.15 00.11 12.26 00.04 12.30 00.15
58 12.19 00.11 12.30 00.06 12.36 00.17
59 12.24 00.12 12.36 00.03 12.39 00.15
60 12.31 00.08 12.39 00.06 12.45 00.14
61 12.37 00.08 12.45 00.09 12.54 00.17
62 12.46 00.08 12.54 00.05 12.59 00.13
63 12.49 00.10 12.59 00.06 13.05 00.16
64 12.51 00.14 13.05 00.04 13.09 00.18
65 12.57 00.12 13.09 00.04 13.13 00.16
66 13.03 00.10 13.13 00.05 13.18 00.15
67 13.08 00.10 13.18 00.04 13.22 00.14
68 13.14 00.08 13.22 00.09 13.31 00.17
69 13.19 00.12 13.31 00.04 13.35 00.16
70 13.23 00.12 13.35 00.04 13.39 00.16
71 13.27 00.12 13.39 00.02 13.41 00.14
72 13.32 00.09 13.41 00.05 13.46 00.14
73 13.35 00.11 13.46 00.04 13.50 00.15
74 13.34 00.16 13.50 00.06 13.56 00.22
75 13.39 00.17 13.56 00.06 14.02 00.23
76 13.42 00.20 14.02 00.06 14.08 00.26
Rabu, 03 Desember 2025
Kendaraan Waktu Durasi Waktu Durasi Selesai Total
Kedatangan (Menit) Pelayanan (Menit) (Menit)
1 08.03 00.04 08.07 00.05 08.12 00.09
2 08.08 00.04 08.12 00.05 08.17 00.09
3 08.17 00.00 08.17 00.04 08.21 00.04
4 08.20 00.01 08.21 00.07 08.28 00.08
5 08.23 00.05 08.28 00.03 08.31 00.08
6 08.26 00.05 08.31 00.03 08.34 00.08
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7 08.27 00.07 08.34 00.05 08.39 00.12
8 08.33 00.06 08.39 00.05 08.44 00.11
9 08.41 00.03 08.44 00.04 08.48 00.07
10 08.46 00.02 08.48 00.06 08.54 00.08
11 08.46 00.08 08.54 00.03 08.57 00.11
12 08.55 00.02 08.57 00.02 08.59 00.04
13 08.57 00.02 08.59 00.06 09.05 00.08
14 09.01 00.04 09.05 00.05 09.10 00.09
15 09.10 00.00 09.10 00.04 09.14 00.04
16 09.12 00.02 09.14 00.05 09.19 00.07
17 09.14 00.05 09.19 00.08 09.27 00.13
18 09.14 00.13 09.27 00.05 09.32 00.18
19 09.26 00.06 09.32 00.05 09.37 00.11
20 09.29 00.08 09.37 00.04 09.41 00.12
21 09.32 00.09 09.41 00.03 09.44 00.12
22 09.36 00.08 09.44 00.03 09.47 00.11
23 09.41 00.06 09.47 00.04 09.51 00.10
24 09.45 00.06 09.51 00.05 09.56 00.11
25 09.51 00.05 09.56 00.06 10.02 00.11
26 09.54 00.08 10.02 00.06 10.08 00.14
27 10.01 00.07 10.08 00.07 10.15 00.14
28 10.03 00.12 10.15 00.07 10.22 00.19
29 10.06 00.16 10.22 00.03 10.25 00.19
30 10.12 00.13 10.25 00.06 10.31 00.19
31 10.15 00.16 10.31 00.02 10.33 00.18
32 10.15 00.18 10.33 00.02 10.35 00.20
33 10.18 00.17 10.35 00.03 10.38 00.20
34 10.22 00.16 10.38 00.03 10.41 00.19
35 10.28 00.13 10.41 00.07 10.48 00.20
36 10.31 00.17 10.48 00.04 10.52 00.21
37 10.33 00.19 10.52 00.03 10.55 00.22
38 10.38 00.17 10.55 00.07 11.02 00.24
39 10.42 00.20 11.02 00.05 11.07 00.25
40 10.46 00.21 11.07 00.05 11.12 00.26
41 10.54 00.18 11.12 00.03 1115 00.21
42 10.58 00.17 11.15 00.03 11.18 00.20
43 11.05 00.13 11.18 00.03 11.21 00.16
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44 11.08
00.13 11.21 00.04 11.25 00.17
45 11.15 |
00.10 11.25 0
0.06 11.31 00.16
46 11.21 00.10 11.31 '
) . 00.04 11.35 00.14
47 11.24 00.11 11.35 .
) . 00.03 11.38 00.14
48 11.28 '
00.10 11.38
00.03 11.41 00.13
49 11.31 00.10 11.41 .
: = : . 00.04 11.45 00.14
0 . '
: = 00.07 11.45 00.03 11.48 00.10
1 . .
: = 00.06 11.48 00.07 11.55 00.13
2 44 '
o 00.11 11.55 00.07 12.02 00.18
53 45 .
00.17 12.02 00.05 12.07 00.22
54 11.52 00.15 12.07 '
: o ) . 00.03 12.10 00.18
: . :
: - 00.09 12.10 00.04 12.14 00.13
6 .08 '
: - 00.06 12.14 00.05 12.19 00.11
: . :
: = 00.08 12.19 00.03 12.22 00.11
8 .16 '
: - 00.06 12.22 00.04 12.26 00.10
: . :
6 = 00.05 12.26 00.04 12.30 00.09
0 23 '
; - 00.07 12.30 00.05 12.35 00.12
1 . :
00.08 1235 00.03 12.38 00.11
62 12.31 00.07 12.38
00.03 12.41 00.10
63 1231 00.10 12.41 .
6 B : : 00.06 12.47 00.16
4 .35 '
; - 00.12 12.47 00.02 12.49 00.14
: . )
6 - 00.08 12.49 00.03 12.52 00.11
6 44 '
; - 00.08 12.52 00.04 12.56 00.12
: . )
00.10 12.56 00.06 13.02 00.16
68 12.52 '
00.10 13.02
00.06 13.08 00.16
69 12.54 00.14 13.08 .
: : 00.05 13.13 00.19
70 13.02 00.11 13.13 '
o . : 00.08 13.21 00.19
71 08 |
00.13 13.21 00.06 13.27 00.19
7 13.15 00.12 13.27
00.08 13.35 00.20
73 13.22 00.13 13.35 .
: : 00.06 13.41 00.19
74 13.27 00.14 13.41 ‘
: - . : 00.04 13.45 00.18
: . :
- 00.12 13.45 00.04 13.49 00.16
76 38 .
00.11 13.49 00.04 13.53 00.15
77 13.41 00.12 13.53 .
) . 00.04 13.57 00.16
78 13.46 00.11 13.57 .
. : 00.07 14.04 00.18
79 13.57 00.07 14.04
00.05 14.09 00.12




Kamis 04 Desember 2025
Kendaraan Ke::;i::;an g:::lstl) Pe‘:sfl;::;n g’;l:l?isti) Selesai Total (Menit)
1 07.59 00.04 08.03 00.05 08.08 00.09
2 08.05 00.03 08.08 00.07 08.15 00.10
3 08.12 00.03 08.15 00.05 08.20 00.08
4 08.13 00.07 08.20 00.03 08.23 00.10
5 08.20 00.03 08.23 00.03 08.26 00.06
6 08.21 00.05 08.26 00.04 08.30 00.09
7 08.25 00.05 08.30 00.06 08.36 00.11
8 08.27 00.09 08.36 00.05 08.41 00.14
9 08.31 00.10 08.41 00.06 08.47 00.16
10 08.38 00.09 08.47 00.06 08.53 00.15
11 08.47 00.06 08.53 00.06 08.59 00.12
12 08.49 00.10 08.59 00.06 09.05 00.16
13 08.54 00.11 09.05 00.08 09.13 00.19
14 09.05 00.08 09.13 00.04 09.17 00.12
15 09.09 00.08 09.17 00.05 09.22 00.13
16 09.15 00.07 09.22 00.05 09.27 00.12
17 09.19 00.08 09.27 00.03 09.30 00.11
18 09.22 00.08 09.30 00.07 09.37 00.15
19 09.27 00.10 09.37 00.05 09.42 00.15
20 09.32 00.10 09.42 00.02 09.44 00.12
21 09.37 00.07 09.44 00.02 09.46 00.09
22 09.41 00.05 09.46 00.03 09.49 00.08
23 09.45 00.04 09.49 00.03 09.52 00.07
24 09.52 00.00 09.52 00.04 09.56 00.04
25 09.54 00.02 09.56 00.02 09.58 00.04
26 09.57 00.01 09.58 00.04 10.02 00.05
27 09.57 00.05 10.02 00.02 10.04 00.07
28 10.01 00.03 10.04 00.02 10.06 00.05
29 10.03 00.03 10.06 00.08 10.14 00.11
30 10.06 00.08 10.14 00.05 10.19 00.13
31 10.12 00.07 10.19 00.02 10.21 00.09
32 10.14 00.07 10.21 00.05 10.26 00.12
33 10.18 00.08 10.26 00.06 10.32 00.14
34 10.20 00.12 10.32 00.07 10.39 00.19
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35 10.25 00.14 10.39 00.05 10.44 00.19
36 10.31 00.13 10.44 00.03 10.47 00.16
37 10.33 00.14 10.47 00.05 10.52 00.19
38 10.42 00.10 10.52 00.06 10.58 00.16
39 10.51 00.07 10.58 00.06 11.04 00.13
40 10.56 00.08 11.04 00.07 11.11 00.15
41 10.59 00.12 11.11 00.06 11.17 00.18
42 10.09 01.08 11.17 00.05 11.22 01.13
43 11.15 00.07 11.22 00.07 11.29 00.14
44 11.25 00.04 11.29 00.05 11.34 00.09
45 11.25 00.09 11.34 00.05 11.39 00.14
46 11.33 00.06 11.39 00.08 11.47 00.14
47 11.38 00.09 11.47 00.03 11.50 00.12
48 11.38 00.12 11.50 00.06 11.56 00.18
49 11.42 00.14 11.56 00.06 12.02 00.20
50 11.53 00.09 12.02 00.05 12.07 00.14
51 12.06 00.01 12.07 00.04 12.11 00.05
52 12.08 00.03 12.11 00.05 12.16 00.08
53 12.11 00.05 12.16 00.05 12.21 00.10
54 12.13 00.08 12.21 00.06 12.27 00.14
55 12.19 00.08 12.27 00.04 12.31 00.12
56 12.21 00.10 12.31 00.06 12.37 00.16
57 12.27 00.10 12.37 00.03 12.40 00.13
58 12.32 00.08 12.40 00.06 12.46 00.14
59 12.35 00.11 12.46 00.08 12.54 00.19
60 12.41 00.13 12.54 00.07 13.01 00.20
61 13.01 00.00 13.01 00.06 13.07 00.06
62 13.02 00.05 13.07 00.04 13.11 00.09
63 13.02 00.09 13.11 00.04 13.15 00.13
64 13.07 00.08 13.15 00.05 13.20 00.13
65 13.10 00.10 13.20 00.03 13.23 00.13
66 13.10 00.13 13.23 00.05 13.28 00.18
67 13.17 00.11 13.28 00.03 13.31 00.14
68 13.30 00.01 13.31 00.05 13.36 00.06
69 13.32 00.04 13.36 00.03 13.39 00.07
70 13.32 00.07 13.39 00.04 13.43 00.11
71 13.37 00.06 13.43 00.03 13.46 00.09




72 13.42 00.04 13.46 00.06 13.52 00.10

73 13.44 00.08 13.52 00.07 13.59 00.15

74 13.47 00.12 13.59 00.05 14.04 00.17

Jumat 05 Desember 2025
Kendaraan Ke::;i::;an ﬂ]z/}l:r?lstl) P:szfl;::;n (R/}l:l?lstl) Selesai Total (Menit)

1 08.02 00.05 08.07 00.08 08.15 00.13
2 08.07 00.08 08.15 00.03 08.18 00.11
3 08.17 00.01 08.18 00.03 08.21 00.04
4 08.19 00.02 08.21 00.03 08.24 00.05
5 08.19 00.05 08.24 00.05 08.29 00.10
6 08.22 00.07 08.29 00.04 08.33 00.11
7 08.27 00.06 08.33 00.02 08.35 00.08
8 08.28 00.07 08.35 00.04 08.39 00.11
9 08.31 00.08 08.39 00.02 08.41 00.10
10 08.41 00.00 08.41 00.03 08.44 00.03
11 08.42 00.02 08.44 00.05 08.49 00.07
12 08.45 00.04 08.49 00.03 08.52 00.07
13 08.49 00.03 08.52 00.07 08.59 00.10
14 08.55 00.04 08.59 00.05 09.04 00.09
15 08.57 00.07 09.04 00.00 09.04 00.07
16 08.59 00.05 09.04 00.10 09.14 00.15
17 09.05 00.09 09.14 00.03 09.17 00.12
18 09.09 00.08 09.17 00.05 09.22 00.13
19 09.16 00.06 09.22 00.06 09.28 00.12
20 09.28 00.00 09.28 00.03 09.31 00.03
21 09.29 00.02 09.31 00.04 09.35 00.06
22 09.31 00.04 09.35 00.03 09.38 00.07
23 09.33 00.05 09.38 00.08 09.46 00.13
24 09.36 00.10 09.46 00.05 09.51 00.15
25 09.39 00.12 09.51 00.03 09.54 00.15
26 09.45 00.09 09.54 00.04 09.58 00.13
27 09.48 00.10 09.58 00.06 10.04 00.16
28 09.53 00.11 10.04 00.05 10.09 00.16
29 09.58 00.11 10.09 00.07 10.16 00.18
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30 10.01 00.15 10.16 00.03 10.19 00.18
31 10.08 00.11 10.19 00.07 10.26 00.18
32 10.09 00.17 10.26 00.04 10.30 00.21
33 10.18 00.12 10.30 00.06 10.36 00.18
34 10.23 00.13 10.36 00.06 10.42 00.19
35 10.28 00.14 10.42 00.06 10.48 00.20
36 10.31 00.17 10.48 00.04 10.52 00.21
37 10.37 00.15 10.52 00.05 10.57 00.20
38 10.41 00.16 10.57 00.04 11.01 00.20
39 10.48 00.13 11.01 00.07 11.08 00.20
40 10.56 00.12 11.08 00.03 11.11 00.15
41 11.05 00.06 11.11 00.05 11.16 00.11
42 11.08 00.08 11.16 00.05 11.21 00.13
43 11.14 00.07 11.21 00.02 11.23 00.09
44 11.16 00.07 11.23 00.06 11.29 00.13
45 11.21 00.08 11.29 00.05 11.34 00.13
46 11.23 00.11 11.34 00.04 11.38 00.15
47 11.28 00.10 11.38 00.07 11.45 00.17
48 11.33 00.12 11.45 00.04 11.49 00.16
49 11.38 00.11 11.49 00.06 11.55 00.17
50 11.47 00.08 11.55 00.07 12.02 00.15
51 11.49 00.13 12.02 00.06 12.08 00.19
52 11.54 00.14 12.08 00.05 12.13 00.19
53 11.58 00.15 12.13 00.04 12.17 00.19
54 12.03 00.14 12.17 00.04 12.21 00.18
55 12.11 00.10 12.21 00.05 12.26 00.15
56 12.15 00.11 12.26 00.04 12.30 00.15
57 12.19 00.11 12.30 00.04 12.34 00.15
58 12.24 00.10 12.34 00.05 12.39 00.15
59 12.29 00.10 12.39 00.06 12.45 00.16
60 12.35 00.10 12.45 00.06 12.51 00.16
61 12.42 00.09 12.51 00.03 12.54 00.12
62 12.47 00.07 12.54 00.03 12.57 00.10
63 12.49 00.08 12.57 00.05 13.02 00.13
64 12.55 00.07 13.02 00.05 13.07 00.12
65 12.54 00.13 13.07 00.04 13.11 00.17
66 12.59 00.12 13.11 00.03 13.14 00.15




67 13.05 00.09 13.14 00.07 13.21 00.16
68 13.13 00.08 13.21 00.07 13.28 00.15
69 13.19 00.09 13.28 00.03 13.31 00.12
70 13.23 00.08 13.31 00.03 13.34 00.11
71 13.27 00.07 13.34 00.05 13.39 00.12
72 13.29 00.10 13.39 00.02 13.41 00.12
73 13.35 00.06 13.41 00.04 13.45 00.10
74 13.39 00.06 13.45 00.06 13.51 00.12
75 13.44 00.07 13.51 00.06 13.57 00.13
76 13.47 00.10 13.57 00.08 14.05 00.18
77 13.52 00.13 14.05 00.06 14.11 00.19
Sabtu 06 Desember 2025
Kendaraan Kemi:;l;an UI:/l[l:r?lstl) Pe‘r;l;:::m ﬂI:/}l::lstl) Selesai Total (Menit)
1 07.59 00.06 08.05 00.04 08.09 00.10
2 08.02 00.07 08.09 00.03 08.12 00.10
3 08.09 00.03 08.12 00.03 08.15 00.06
4 08.09 00.06 08.15 00.06 08.21 00.12
5 08.13 00.08 08.21 00.03 08.24 00.11
6 08.18 00.06 08.24 00.08 08.32 00.14
7 08.24 00.08 08.32 00.02 08.34 00.10
8 08.27 00.07 08.34 00.05 08.39 00.12
9 08.35 00.04 08.39 00.04 08.43 00.08
10 08.39 00.04 08.43 00.04 08.47 00.08
11 08.41 00.06 08.47 00.07 08.54 00.13
12 08.46 00.08 08.54 00.05 08.59 00.13
13 08.52 00.07 08.59 00.05 09.04 00.12
14 08.56 00.08 09.04 00.06 09.10 00.14
15 09.01 00.09 09.10 00.07 09.17 00.16
16 09.06 00.11 09.17 00.04 09.21 00.15
17 09.12 00.09 09.21 00.04 09.25 00.13
18 09.22 00.03 09.25 00.04 09.29 00.07
19 09.29 00.00 09.29 00.05 09.34 00.05
20 09.31 00.03 09.34 00.03 09.37 00.06
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21 09.33 00.04 09.37 00.05 09.42 00.09
22 09.36 00.06 09.42 00.06 09.48 00.12
23 09.39 00.09 09.48 00.07 09.55 00.16
24 09.44 00.11 09.55 00.03 09.58 00.14
25 09.49 00.09 09.58 00.04 10.02 00.13
26 09.53 00.09 10.02 00.06 10.08 00.15
27 09.59 00.09 10.08 00.06 10.14 00.15
28 10.02 00.12 10.14 00.07 10.21 00.19
29 10.08 00.13 10.21 00.05 10.26 00.18
30 10.15 00.11 10.26 00.04 10.30 00.15
31 10.17 00.13 10.30 00.04 10.34 00.17
32 10.25 00.09 10.34 00.05 10.39 00.14
33 10.28 00.11 10.39 00.04 10.43 00.15
34 10.29 00.14 10.43 00.04 10.47 00.18
35 10.35 00.12 10.47 00.06 10.53 00.18
36 10.39 00.14 10.53 00.03 10.56 00.17
37 10.45 00.11 10.56 00.07 11.03 00.18
38 10.48 00.15 11.03 00.01 11.04 00.16
39 10.53 00.11 11.04 00.05 11.09 00.16
40 10.56 00.13 11.09 00.03 11.12 00.16
41 11.05 00.07 11.12 00.06 11.18 00.13
42 11.11 00.07 11.18 00.07 11.25 00.14
43 11.15 00.10 11.25 00.03 11.28 00.13
44 11.17 00.11 11.28 00.03 11.31 00.14
45 11.17 00.14 11.31 00.08 11.39 00.22
46 11.24 00.15 11.39 00.04 11.43 00.19
47 11.29 00.14 11.43 00.04 11.47 00.18
48 11.32 00.15 11.47 00.05 11.52 00.20
49 11.35 00.17 11.52 00.07 11.59 00.24
50 11.41 00.18 11.59 00.05 12.04 00.23
51 11.48 00.16 12.04 00.03 12.07 00.19
52 11.54 00.13 12.07 00.03 12.10 00.16
53 11.58 00.12 12.10 00.04 12.14 00.16
54 12.06 00.08 12.14 00.05 12.19 00.13
55 12.12 00.07 12.19 00.06 12.25 00.13
56 12.18 00.07 12.25 00.04 12.29 00.11
57 12.22 00.07 12.29 00.03 12.32 00.10




58 12.24 00.08 12.32 00.07 12.39 00.15
59 12.24 00.15 12.39 00.05 12.44 00.20
60 12.32 00.12 12.44 00.04 12.48 00.16
61 12.36 00.12 12.48 00.05 12.53 00.17
62 12.39 00.14 12.53 00.06 12.59 00.20
63 12.45 00.14 12.59 00.06 13.05 00.20
64 12.53 00.12 13.05 00.04 13.09 00.16
65 12.56 00.13 13.09 00.06 13.15 00.19
66 13.04 00.11 13.15 00.07 13.22 00.18
67 13.12 00.10 13.22 00.04 13.26 00.14
68 13.17 00.09 13.26 00.07 13.33 00.16
69 13.22 00.11 13.33 00.06 13.39 00.17
70 13.39 00.00 13.39 00.06 13.45 00.06
71 13.41 00.04 13.45 00.04 13.49 00.08
72 13.45 00.04 13.49 00.05 13.54 00.09
73 13.47 00.07 13.54 00.03 13.57 00.10
74 13.47 00.10 13.57 00.04 14.01 00.14
75 13.51 00.10 14.01 00.07 14.08 00.17
Minggu 07 Desember 2025
Kendaraan Waktu Durasi Waktu Durasi Selesai Total
Kedatangan (Menit) Pelayanan | (Menit) (Menit)

1 08.06 00.04 08.10 00.05 08.15 00.09
2 08.08 00.07 08.15 00.04 08.19 00.11
3 08.11 00.08 08.19 00.05 08.24 00.13
4 08.15 00.09 08.24 00.08 08.32 00.17
5 08.24 00.08 08.32 00.04 08.36 00.12
6 08.26 00.10 08.36 00.04 08.40 00.14
7 08.31 00.09 08.40 00.04 08.44 00.13
8 08.36 00.08 08.44 00.03 08.47 00.11
9 08.30 00.17 08.47 00.07 08.54 00.24
10 08.35 00.19 08.54 00.07 09.01 00.26
11 08.44 00.17 09.01 00.06 09.07 00.23
12 08.51 00.16 09.07 00.05 09.12 00.21
13 09.02 00.10 09.12 00.04 09.16 00.14
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14 09.08 00.08 09.16 00.03 09.19 00.11
15 09.11 00.08 09.19 00.04 09.23 00.12
16 09.15 00.08 09.23 00.05 09.28 00.13
17 09.18 00.10 09.28 00.06 09.34 00.16
18 09.22 00.12 09.34 00.07 09.41 00.19
19 09.35 00.06 09.41 00.05 09.46 00.11
20 09.46 00.00 09.46 00.05 09.51 00.05
21 09.49 00.02 09.51 00.04 09.55 00.06
22 09.51 00.04 09.55 00.04 09.59 00.08
23 09.54 00.05 09.59 00.07 10.06 00.12
24 09.58 00.08 10.06 00.02 10.08 00.10
25 10.01 00.07 10.08 00.04 10.12 00.11
26 10.03 00.09 10.12 00.07 10.19 00.16
27 10.07 00.12 10.19 00.04 10.23 00.16
28 10.11 00.12 10.23 00.04 10.27 00.16
29 10.17 00.10 10.27 00.03 10.30 00.13
30 10.22 00.08 10.30 00.03 10.33 00.11
31 10.22 00.11 10.33 00.05 10.38 00.16
32 10.29 00.09 10.38 00.04 10.42 00.13
33 10.31 00.11 10.42 00.02 10.44 00.13
34 10.35 00.09 10.44 00.07 10.51 00.16
35 10.38 00.13 10.51 00.05 10.56 00.18
36 10.44 00.12 10.56 00.06 11.02 00.18
37 10.54 00.08 11.02 00.04 11.06 00.12
38 10.59 00.07 11.06 00.05 11.11 00.12
39 11.02 00.09 11.11 00.06 11.17 00.15
40 11.07 00.10 11.17 00.05 11.22 00.15
41 11.10 00.12 11.22 00.07 11.29 00.19
42 11.14 00.15 11.29 00.05 11.34 00.20
43 11.19 00.15 11.34 00.05 11.39 00.20
44 11.22 00.17 11.39 00.08 11.47 00.25
45 11.29 00.18 11.47 00.03 11.50 00.21
46 11.32 00.18 11.50 00.06 11.56 00.24
47 11.44 00.12 11.56 00.06 12.02 00.18
48 11.53 00.09 12.02 00.05 12.07 00.14
49 11.59 00.08 12.07 00.04 12.11 00.12
50 12.03 00.08 12.11 00.05 12.16 00.13




51 12.09 00.07 12.16 00.04 12.20 00.11
52 12.11 00.09 12.20 00.07 12.27 00.16
53 12.17 00.10 12.27 00.02 12.29 00.12
54 12.17 00.12 12.29 00.02 12.31 00.14
55 12.21 00.10 12.31 00.04 12.35 00.14
56 12.24 00.11 12.35 00.04 12.39 00.15
57 12.29 00.10 12.39 00.03 12.42 00.13
58 12.34 00.08 12.42 00.03 12.45 00.11
59 12.38 00.07 12.45 00.06 12.51 00.13
60 12.43 00.08 12.51 00.04 12.55 00.12
61 12.44 00.11 12.55 00.06 13.01 00.17
62 12.49 00.12 13.01 00.06 13.07 00.18
63 12.56 00.11 13.07 00.05 13.12 00.16
64 12.59 00.13 13.12 00.06 13.18 00.19
65 13.04 00.14 13.18 00.03 13.21 00.17
66 13.11 00.10 13.21 00.06 13.27 00.16
67 13.16 00.11 13.27 00.07 13.34 00.18
68 13.34 00.00 13.34 00.04 13.38 00.04
69 13.35 00.03 13.38 00.04 13.42 00.07
70 13.37 00.05 13.42 00.04 13.46 00.09
71 13.37 00.09 13.46 00.04 13.50 00.13
72 13.45 00.05 13.50 00.03 13.53 00.08
73 13.47 00.06 13.53 00.02 13.55 00.08
74 13.49 00.06 13.55 00.03 13.58 00.09
75 13.51 00.07 13.58 00.06 14.04 00.13
76 13.53 00.11 14.04 00.05 14.09 00.16
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Lampiran 5. Tabulasi Karakteristik Responden

Nama Jenis Usia Jenis K I:::el;u:llee
Responden Kelamin Responden | Kendaraan unjung
SPBU
Ansori Laki - Laki 41 -30 Truk / Mobil Jarang
Tahun Barang
. . . . 120-30 Kendaraan Seminggu
Syaifuddin | Laki-Lakt | Pribadi Sekali
DWI . . 1 20-30 Kendaraan Seminggu
canyo | FRLAE Pribadi Sekali
Ahmad Laki - Laki 20 - 30 Truk / Mobil Bebe.rapa Kali
Tahun Barang Seminggu
: . | 31-40 Kendaraan
Rohman Laki - Laki Tahun Pribadi Jarang
. . . | 20-30 Kendaraan . .
Rizza Laki - Laki Tahun Pribadi Setiap Hari
. . . | 20-30 Kendaraan ) )
Khoirul Laki - Laki Tahun Pribadi Setiap Hari
Al Laki - Laki 20-30 Ke-ndaFaan Bebejrapa Kali
Tahun Pribadi Seminggu
: . 120-30 Kendaraan
Eko Laki - Laki Tahun Pribadi Jarang
SISWANTO | Laki - Laki 31-49 Truk / Mobil Jarang
Tahun Barang
20-30 Truk / Mobil
R Laki - Laki iap Hari
angga aki-Laki | . Barang Setiap Hari
. : . 120-30 Truk / Mobil
Denis Laki - Laki Tahun i Jarang
Anfasul Laki - Laki | <20 Tahun Truk / Mobil Setiap Hari
Syulton Barang
AHMAD Laki - Laki 20 - 30 Truk / Mobil Bebe.rapa Kali
Tahun Barang Seminggu
. . . Kendaraan Seminggu
- <
Anang dian | Laki - Laki 20 Tahun Pribadi Sekali
Rezky . . 120-30 Truk / Mobil
Laki - Lak
Santoso e Barang Jarang




. . . | 20-30 Kendaraan Seminggu
Bima Laki = Laki | pun Pribadi Sekali
Wiwit . . Kendaraan Seminggu
= <
Wiranto Laki—Laki | <20 Tahun | p 4 g Sekali
. . 1 20-30 Kendaraan _ :
Arya Laki — Laki Tahun Pribadi Setiap Hari
Bintang . . | 20-30 Kendaraan Seminggu
Laki — Lak
tegar axt— had Tahun Pribadi Sekali
Abdul Laki - Laki 20 - 30 Truk / Mobil Senngggu
Tahun Barang Sekali
: . . 1 20-30 Truk / Mobil | Seminggu
vicky Laki - Laki Tahun Barang Sekali
. . 120-30 Truk / Mobil
Aldy Laki - Laki Tahun Barang Jarang
Shodikin Laki - Laki 41-50 Truk / Mobil Bebe‘rapa Kali
Tahun Barang Seminggu
Alif Laki-Laki | 20~ Truk /Mobil | 5o g
Tahun Barang
. . 1 20-30 Mobil Seminggu
Laki - Lak
Usman A Tahun operasional Sekali
. . 120-30 Kendaraan
Bayu sap Laki - Laki Tahun Pribadi Jarang
. . |1 20-30 Kendaraan Seminggu
Lakd -Lald | pon Pribadi Sekali
Wanto Laki - Laki 31-40 Truk / Mobil Bebe.rapa Kali
Tahun Barang Seminggu
Andi Laki - Laki 20 - 30 Truk / Mobil Bebe'rapa Kali
Tahun Barang Seminggu
Mukri Laki - Laki 31-40 Truk / Mobil Jarang
Tahun Barang
31-40 Truk / Mobil | Beb Kali
Suprianto Laki - Laki ru vl © e.rap a hall
Tahun Barang Seminggu
. . 120-30 Truk / Mobil
Gufron Laki - Laki Tahun Barang Jarang
20 -30
Waluyo Laki - Laki 3 Tronton Jarang

Tahun
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. . . | 31-40 Truk / Mobil
Samsuri Laki - Laki Tahun Barang Jarang
Wawan Laki - Laki 20-30 Truk / Mobil Setiap Hari
Tahun Barang
. . . | 41-50 Truk / Mobil | Seminggu
Sukijan Laki - Laki Tahun Barang Sekali
Samad arie | Laki - Laki 41 -50 Truk / Mobil Bebe?rapa Kali
Tahun Barang Seminggu
. . . 1 20-30 Kendaraan
Heri Laki - Laki Tahun Pribadi Jarang
Feblyagto Laki - Laki 31-40 Truk / Mobil Sernn.lggu
Mustaqgim Tahun Barang Sekali
. . . 120-30 Kendaraan
Riyan Laki - Laki Tahun Pribadi Jarang
. . . | 41-50 Kendaraan Seminggu
fupri Lakl -Lakl | o Pribadi Sekali
Kamisan Laki - Laki 41-50 Ketnda.raan Bebefrapa Kali
Tahun Pribadi Seminggu
Rama Laki - Laki Truk / Mobil Semn.lggu
Barang Sekali
M.putra . . | 31-40 . Seminggu
Bachtiar Laki - Laki Tahun Kijang Sekali
Sumadi Laki - Laki 41 -50 Truk / Mobil Bebe.rapa Kali
Tahun Barang Seminggu
. . | 31-40 Kendaraan
Gunawan Laki - Laki Tahun Pribadi Jarang
. . | 41-50 Kendaraan Seminggu
Suwamo | Laki-Leki | o ) Pribadi Sekali
Sukiran Laki - Laki 41-50 Truk / Mobil Semn?ggu
Tahun Barang Sekali
41-50 Truk / Mobil | Beb Kali
Syafiq Laki - Laki u oot © e.rapa a
Tahun Barang Seminggu
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Lampiran 6. Hasil Tabulasi Jawaban Responden
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Keterangan Pernyataan :

A = Antrian di SPBU 53.61137 Ini sering kali panjang

B = Waktu tunggu antrian terasa lama

C = Jumlah jalur yang tersedia sudah cukup

D = Petugas melayani dengan cepat dan efisien

E = Proses pembayaran berjalan dengan lancar dan cepat

F = Tata letak antrian terorganisir dengan baik (Tidak menghalangi jalan)

G = Saya merasa terganggu dengan antrian ini (Menganggu jadwal harian ,dll)
H = Kualitas Pelayanan petugas (Keramahan , Bantuan) sudah baik

I = Saya puas dengan manajemen antrean secara keseluruhan di SPBU 53.61137



Lampiran 7. Layout

|. Kantor SPBU

Il Stasiun Pengisian Bahan Bakar
[ll. Minimarket.

V. Atm

V. Kantin

VL. Toilet

VII. Musholla

VIII. Motor Service

IX. Pos Satpam
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Lampiran 8. Fasilitas SPBU

1. Pompa BBM

3. Mushola
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4. ATM
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7. Motor Service

. éiu‘rl

:nduro

[ MOTOR SERVICE
SPBU 53.611.37
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Lampiran 9. Draff Kuesioner

UNIVERSITAS 17 AGUSTUS 1945 SURABAYA
KUESIONER PENELITIAN

“ANALISIS SISTEM ANTRIAN DI SPBU 5361137 REST AREA TOL
SURABAYA GRESIK DENGAN MENGGUNAKAN DIAGRAM FISH BONE”

Kepada Yth,

Pelanggan SPBU 53.61137 Rest Area Tol Surabaya — Gresik
Di Tempat

Saya Mahasiswa Universitas 17 Agustus 1945 Surabaya
Program Studi Magister Manajemen

Nama : Maya Sofiana

NIM  : 1262400013

Ingin meminta ketersediaan Bapak/Ibu/Saudara untuk berpatisipasi
menjawab kuesioner yang saya ajukan, guna untuk penulisan tesis sebagai tugas akhir
perkuliahan saya di Universitas 17 Agustus 1945 Surabaya.

Kuesioner ini bermaksud untuk menganalisis sistem antrian di SPBU
53.61137 Rest Area Tol Surabaya — Gresik. Kuesioner ini digunakan untuk
kepentingan ilmiah, sehingga semua jawaban anda akan di jaga kerahasiaannya. Atas
ketersediaan saya ucapkan terima kasih.
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Petunjuk Pengisian Kuesioner
Angket ini terdiri dari tiga bagian yaitu sebagai berikut :

1. Bagian A terdiri dari identitas responden, yang akan diisi dengan identitas
masing — masing responden.

2. Bagian B terdiri dari daftar pernyataan, pada bagian ini responden hanya
memilih salah satu jawaban yang dianggap paling tepat atau paling mewakili
jawaban responden.

Keterangan :

STS  :Jika Sangat Tidak Setuju terhadap pernyataan tersebut
TS : Jika Tidak Setuju terhadap pernyataan tersebut

N : Jika Netral terhadap pernyataan tersebut

S : Jika Setuju terhadap pernyataan tersebut

SS : Jika Sangat Setuju terhadap pernyataan tersebut

3. Bagian C terdiri dari saran dan masukan responden terkait waktu tunggu di S
SPBU 53.61137 Rest Area Tol Surabaya — Gresik.

A. IDENTITAS RESPONDEN

1. Nama Responden

2. Jenis Kelamin :

3. Usia :a. <20 Tahun
b. 20 — 30 Tahun
c. 30 —40 Tahun
d. 41 — 50 Tahun
e. > 50 Tahun

4. Jenis Kendaraan . a. Kendaraan Pribadi
b. Truk/Mobil Barang
c¢. Lain — lain

5. Freskuensi Kunjungan : a. Setiap Hari
b. Beberapa kali dalam seminggu
c. Seminggu Sekali
d. Jarang
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No ST | T S S
Pernyataan S S S
1 2 45
| Antrian di SPBU 53.61137 ini sering kali Panjang
dan Padat
) Waktu tunggu antrian di SPBU 53.61137 terasa
sangat lama
3 | Jumlah jalur yang tersedia sudah cukup
4 | Petugas melayani dengan cepat dan efisien
5 Proses pembayaran berjalan dengan lancar dan
cepat
6 Tata letak antrean terotganisir dengan baik (tidak
menghalangi jalan)
7 Saya merasa terganggu dengan antrean ini (
menganggu jadwal harian, dll)
Kualitas pelayanan petugas (Keramahan, bantuan)
8 .
sudah baik
9 Saya puas dengan manajemen antran secara
keseluruhan di SPBU 53.61137 ini
C. SARAN DAN MASUKAN
1. Berapa perkiraan waktu tunggu yang Anda angap wajar di SPBU ini ?
e <3 Menit
e 3 -5 Menit
e 5 Menit
2. Apa saran Anda untuk meningkatkan efisiensi antrian di SPBU 53.61137

Rest Area Tol Surabaya — Gresik ini ?
e Penambahan jumlah petugas / operator
e Penambahan jumlah jalur / pompa

e Peningkatan kecepatan transaksi pembayaran (Contoh

metode non-tunai yang lebih cepat
e Perbaikan tata letak
e Lain - lain

: dengan
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Lampiran 10. Draff Wawancara

Bagian Operator

1.

Bagaimana alur kerja harian di SPBU ini, mulai dari pembukaan hingga
penutupan ?

Jenis BBM apas saja yang tersedia di SPBU ini? Dan jenis bahan bakar apa
yang sering dibeli oleh pelanggan?

Berapa rata-rata waktu yang Anda butuhkan untuk mengisi bahan bakar
minyak satu kendaraan ? apakah ada perbedaan singnifikan ?

Metode pembayaran apa saja yang digunakan SPBU untuk melakukan
transaksi ?

Menurut Anda, faktor — faktor apa saja yang paling sering menyebabkan
antrian atau keterlambatan pada saat pengisian bahan bakar minyak (BBM)?
Kendala teknis apa saja (misalnya kerusakan Pompa bahan bakar , kerusakan
sistem pembayaran ) yang paling sering Anda hadapi saat proses pelayanan ?
Kendala non — teknis apa saja (misalnya kekurangan staff , kepadatan lalu
lintas) yang sering memperlambat proses pelayanan pengisian bahan bakar ?
Apakah ada upaya atau prosedur khusus yang diterapkan untuk mempercepat
proses pelayanan pengisian bahan bakar saat terjadi antrian panjang ?
Menurut Anda , bagaimana cara agar proses pelayanan dapat berjalan lebih
efisien dan menggurangi waktu tunggu pelanggan?

Bagian Sarana dan Prasarana

1.

Bagaimana kebijakan dan prioritas unit sarana dan prasarana dalam
mendukung kelancaran operasional dan peningkatan kualitas pelayanan di
SPBBU Rest area tol Surabaya — Gresik ini ?

Bagaimana proses perencanaan dan pengadaan sarana dan prasarana baru
dilakukan, dengan mempertimbangkan kebutuhan untuk efisiensi alur
pelayanan dan pengurangan waktu tunggu pelanggan?

Bagaimana unit sarana dan prasarana berkoordinasi dengan unit lain dalam
mengidentifikasi kebutuhan sarana dan prasarana yang dapat memperlancar
pelayanan ?

Bagaimana Anda memastikan ketersediaan dan fungsi peralatan utama
(misalnya pompa pengisian bahan bakar) agar tidak terjadi bottleneck dalam
proses pelayanan pelanggan ? apakah ada sistem back-up jika terjadi
kerusakan ?
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Bagaimana sistem pemeliharaan preventif dan korektif ssarana dan prasarana
di SPBU ? Seberapa cepat respon tim anada terhadap laporan kerusakan
yang dapat menggangu pelayanan ?

Apakah ada mekanisme pelaporan dan pemantauan kendala sarana dan
prasarana yang berdampak pada waktu tunggu pelanggan ? Bagaimana data
ini digunakan untuk perbaikan?

Apakah ada evaluasi rutin terhadap efektivitas pemeliharaan dan perbaikan
sarana prasarana dalam meminimalkan gangguan terhadap pelayanan?
Menurut pandangan Anda, area sarana dan prasarana mana saja yang
memiliki pengaruh paling signifikan terhadap waktu tunggu pelanggan
SPBU?

Apakah Anda melihat adanya bottleneck atau inefisiensi dalam alur pelayanan
yang disebabkan oleh keterbatasan atau masalah sarana dan prasarana
tertentu? Contohnya?

Upaya-upaya apa saja yang telah atau akan dilakukan oleh unit Anda untuk
mengatasi kendala sarana dan prasarana yang berpotensi memperpanjang
waktu tunggu pelanggan?

Apakah ada rencana pengembangan atau implementasi teknologi baru dalam
sarana dan prasarana SPBU yang bertujuan untuk meningkatkan efisiensi alur
pelayanan dan mengurangi waktu tunggu (misalnya, sistem antrian digital,
display informasi) ?

Apakah ada masukan atau saran strategis dari Anda terkait peran sarana dan
prasarana dalam upaya mengurangi waktu tunggu pelanggan SPBU Rest arca
tol Surabaya — Gresik ?
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Abstract: This study aims to determine and analyze service waiting times, identify the root causes of
long queues, and develop a strategy to improve service performance at the 5361137-gas station (SPBU)
at the Surabaya-Gresik Toll Rest Area. The research method used is a mixed-methods approach with
an exploratory sequential design. This study combines quantitative analysis using Queuing Theory to
measure system performance (arrival rates and service times) and descriptive qualitative analysis using
a Fishbone Diagram. Data were collected through direct observation, interviews, and g-for techniques.
The results indicate that the current queuing system performance is in a critical or severe condition,
indicated by a server utilization rate of 0.94 to 1.02 during peak hours. The average time spent by
vehicles in the system is 14.3 minutes, of which 9.6 minutes (67%) is spent waiting in the queue.
Fishbone diagram analysis revealed that the root cause of the main problem lies in the complex
interaction of factors: Machine factors (EDC signal failure and pump repair downtime), Human and

Method factors (implementation of static shifts and reactive ), and Envi 1 factors

(narrow layouts that hinder large vehicle mancuvers). As a solution, this study formulated a hybrid
improvement strategy that includes short-term business process engineering (the use of Floating Staff
and lane segregation) and long-term investment in additional pumps to change the queuing model from
Single Channel to Dual Channel. This strategy is expected to reduce the utility level to a safe zone
below 0.80 with a target waiting time of 3—5 minutes.

Keywords: Fishbone Diagram, Queuing System, Queuing Theory, Service Efficiency, Waiting Time.

1. Introduction

In the contemporary era of hypercompetition, the efficiency and responsiveness of
service operations have become a central determinant of business success and customer
satisfaction. Service-oriented industries, including fuel distribution networks, face increasing
operational challenges due to fluctuating demand, limited-service capacity, and customer
expectations for immediate service delivery (Heizer & Render, 2016). As the transportation
sector expands rapidly across developing economies such as Indonesia, fuel stations play an
essential role in sustaining mobility and economic activities. Consequently, understanding and
optimizing the queue management system in these service facilities are imperative for

enhancing customer satisfaction and operational performance.
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In Indonesia, the growing number of motorized vehicles has led to a corresponding
increase in fuel consumption, particularly in densely populated regions like East Java.
According to the Badan Pusat Statistik (2024), the province recorded over 26.5 million
registered vehicles, signaling an unprecedented rise in energy demand and service utilization.

Table 1. Number of Registered Vehicles by Regency/Municipality in East Java Province.

Regency / City Passenger Cars Buses  Trucks Motorcycles Total
Pacitan 30,702 509 6,145 187,184 224,540
Ponorogo 100,202 1854 26627 472,695 601,378
Trenggalek 241,151 620 31,557 311,129 584,457
Tulungagung 163,417 2455 40450 689,732 896,054
Blitar 134,063 3271 49,477 493,701 680,512
Kediri 203,007 1,631 46948 771,741 1,023,327
Malang 223635 3,281 74,568 1,108,636 1,410,120
Lumajang 135,692 632 63411 325250 524,985
Jember 236,640 767 38349 725,747 1,001,503
Banyuwangi 336,854 534 49,775 756,029 1,143,192
Bondowoso 54267 204 34,031 184,105 272,607
Situbondo 108,483 373 14510 199,995 323,361
Probolinggo (Regency) 65,698 669 18,502 272,204 357,093
Pasuruan (Regency) 140,488 785 27478 467,988 636,739
Sidoarjo 207,376 1,822 69853 1423157 1,702,208
Mojokerto (Regency) 46,882 893 78,772 483,993 610,540
Jombang 50,691 936 45,075 608,569 705,271
Nganjuk 121,008 1572 37302 552,537 712,419
Madiun (Regency) 430,329 568 26,885 345,211 802,993
Magetan 201,597 1,091 23557 375,980 602,225
Negawi 226,960 1191 24440 413,826 666,417
Bojonegoro 38,136 1,319 247753 512,334 576,542
Tuban 37315 648 32,908 519,999 590,870
Lamongan 36,811 1,305 33,260 555,884 627,260
Gresik 78,863 841 43,657 727,397 850,758
Bangkalan 168,945 1,745 37,982 245,175 453,847
Sampang 118937 L117 17471 140,363 277,888
Pamekasan 186,705 1,888 20929 269,486 479,008
Sumenep 78,154 287 20414 256,780 355,635
Kedisi (City) 71311 1497 13948 337,697 424453
Blitar (City) 44,864 204 12,137 290,994 348,289
Malang (City) 275852 936 22,000 535,090 833,878
Probolinggo (City) 104,955 539 9,140 175,288 289,922
Pasuruan (City) 93187 549 7.416 249 840 350,992

Mojokerto (City) 21,647 295 8,158 208,970 239,070
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Madiun (City) 51,821 1,102 6855 217,555 277,333
Surabaya 588,333 4033 179,118 3034754 3,806,238
Bamu (City) 86,042 242 8,797 168,249 263,330
East Java (Total) 5,541,020 44295 1,326,655 19,615,284 26,527,254

Source: Central Bureau of Statistics (Badan Pusat Statistik), East Java Province.

This surge has placed significant pressure on gas stations (S7asiun Pengisian Bahan Bakar
Unmm, SPBU) to maintain smooth and efficient service flows, particularly in high-traffic
zones such as toll road rest areas. The SPBU 53.61137 located at the Surabaya—Gresik Toll
Rest Area exemplifies such a high-demand service point, where long vehicle queues frequently
occur during peak travel hours, adversely affecting customer experence and service
productivity.

Queue formation in service systems reflects the imbalance between demand and service
capacity (Tjutju, 1992). Prolonged waiting times not only reduce operational efficiency but
also erode customer trust and satisfaction, key dimensions in service quality management
(Tjiptono, 2019). Numerous studies have applied queuing theory to optimize service
operations across sectors, including transportation hubs (Ricardianto et al., 2022) and
manufacturing systems (Mas et al., 2022). However, there remains limited empirical research
focusing on queuing system optimization in Indonesian fuel stations using an integrated
quantitative—qualitative approach.

To address this research gap, the present study adopts a mixed-methods design
combining queuing theory with Fishbone Diagram analysis to identify both measurable
performance inefficiencies and their underlying root causes. Queuing theory provides a
quantitative framework to analyse system parameters such as arrival rates, service times, and
utilization levels (Charles, 1990), while the Fishbone Diagram facilitates qualitative
identification of root causes across six dimensions—manpower, machines, methods,
materials, measurements, and the environment (Pande et al.,, 2003). This integrative approach
offers a holistic understanding of systemic bottlenecks that impede service flow.

Previous research using Fishbone analysis has demonstrated its utility in diagnosing
complex operational problems (Durroh & Yusuf, 2023; Tsou & Hsu, 2022), while other
scholars have highlighted its complementarity with queuing theory for service system redesign
(Whjie et al.,, 2022; Gaitonde, 2020). Nevertheless, few studies have applied these tools jointly
in the context of service industries in developing economies, particularly at critical
infrastructure nodes such as toll road rest areas. The combination of these analytical
perspectives allows not only the identification of performance constraints but also the design
of targeted interventions for service process re-engineering.

The Surabaya—Gresik Toll Rest Area SPBU provides an ideal case to explore the
dynamics of service congestion and operational inefficiency in a high-traffic, time-sensitive
environment. Preliminary observations reveal server utilization rates exceeding 0.90 during

peak hours, a critical threshold indicating overcapacity and delayed service response.
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Moreover, qualitative interviews suggest that operational delays stem from both technical and
organizational factors, including pump malfunction, static shift scheduling, and constrained
layout design, which collectively exacerbate queue buildup and reduce throughput efficiency.

The practical urgency of this investigation is substantial. Addressing the current service
bottleneck at this critical toll road location is an essential step towards maintaining service
quality for customers, supporting the efficiency of regional commerce, and upholding the
operational commitment of PT. Pertamina. The research outcome will provide immediate,
actionable insights for service performance enhancement, particularly in high-demand
transportation service contexts across Indonesia and international. Therefore, this study is
governed by three primary research objectives:

1. To determine and rigorously analyse the current service waiting time and system
performance at SPBU 53.61137 using Queuing Theory models.

2. To systematically identify, categorize, and analyse the root causes of prolonged waiting
times through the application of the Fishbone Diagram.

3. To formulate a comprehensive, hybrid strategy for service improvement aimed at
optimizing the queuing system and achieving a safe utilization level.

Methodologically, this study adopts a mixed-methods approach with an exploratory
sequential design. It leverages quantitative data on arival and service rates for Queuing
Theory analysis, followed by qualitative data collection (observation and interviews)
structured by the Fishbone framework to explain the root causes. This design ensures that
the derived solutions are empirically grounded and address the full scope of operational
deficiencies. This article contrbutes significantly to the body of knowledge in Operations
Management, Service Operations, and Industrial Engineering. Scientifically, it validates the
efficacy of integrating Queuing Theory with Root Cause Analysis (Fishbone) to bridge the
gap between performance measurement and targeted strategic intervention in complex
service systems. Practically, it develops a concrete, multi-phased improvement strategy that

serves as a blueprint for managing capacity constraints in high-demand service settings.

2. Preliminaries or Related Work or Literature Review
Theoretical Foundations
Operational Management

Operational management forms the fundamental framework for analyzing efficiency and
productivity in service systems. According to Heizer and Render (2016), operations
management refers to activities that create value through the transformation of inputs into
outputs in the form of goods and services. Similarly, Handoko (2017) defines it as a systematic
effort to optimize the use of resources, including labor, machines, and raw materials, in the
transformation process. Haizer and Rander (2012) further emphasize that operations

management represents one of the three core functional areas in any organization—alongside



129

ePaper Bisnis : I ional Joumal of Entrep hip and M: 2025 (D ber), vol. 2, no. 4, Sofiana, et al. 183 of 197

marketing and finance—ensuring alignment between production processes and business
objectives. Collectively, these definitions underscore that operational management aims to
enhance resource efficiency to deliver products and services that meet customer expectations
effectively.
Service Operations

Services, as a distinctive output of operational activities, are intangible, perishable, and
inseparable from the service provider (Heizer & Render, 2016). Kotler and Armstrong (2018)
describe services as acts or performances offered by one party to another that do not result
in ownership transfer. Tijiptono (2019) identifies five defining characteristics of services:
intangibility, heterogeneity, inseparability, perishability, and lack of ownership. These
attributes make service management complex because service quality and efficiency depend
heavily on human interaction, timing, and environmental factors. As such, ensuring reliability,
responsiveness, and consistency in service delivery becomes a strategic priority in operational
management. The context of gas station operations—where service time and customer
satisfaction are critical—highlights the importance of service management theory in
understanding queuing and process performance.
Queuing Theory

Quening theory serves as the analytical foundation for evaluating service system
performance. Tjutju (1992) defines it as the mathematical study of queues, focusing on the
relationship between service demand and available capacity. Charles (1990) explains that
queuing theory measures key performance indicators such as average waiting time, queue
length, and service utilization, enabling decision-makers to determine optimal service
capacity. Heizer and Render (2004) emphasize the principle of faimess in queue disciplines,
noting that the “First-In, First-Out” (FIFO) system ensures equitable service delivery unless
priority-based exceptions apply, such as in healthcare. The goal of queuing analysis is to
achieve a balance between service costs and waiting costs—minimizing total system
expenditure while maintaining satisfactory customer experiences. In this study, queuing
theory provides the quantitative framework for analyzing waiting times and server utilization
at SPBU 53.61137.
Queueing System Structure and Models

A queuing system comprises interrelated elements: arrival patterns, service mechanisms,
queue discipline, and service channels (Igbal, 2011; Thomas J. Kakiay, 2004). These systems
can take several structural forms—single or multiple channels and single or multiple phases—
depending on how customers are served (Rizaldi et al., 2021; Bataona et al., 2020). Kendall’s
notation (Tika, 2021) categorizes queue models such as M/M/1 (single server, exponential
service), M/M/S (multiple servers), M/D/1 (deterministic service time), and finite population

models. These frameworks allow the prediction of waiting times and service efficiency levels.
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For instance, the M/M/S model is particularly relevant to multi-pump fuel stations, where
multiple service counters operate under a shared queue structure.
Fishbone Diagram and Root Cause Analysis

The Fishbone Diagram, also known as the Ishikawa or Cause-and-Effect Diagram, is a
diagnostic tool used to identify and categorize potential causes of a problem (Pande et al.,
2003). It organizes causal factors under six dimensions known as the “6M” framework:
Manpower, Machines, Methods, Materials, Measurements, and Mother Nature
(Environment). Each dimension represents a potential source of inefficiency or error within
an operational process. The method’s strength lies in its ability to visualize and decompose
complex problems into actionable sub-causes, facilitating root cause identification and
continuous improvement. In this research, the Fishbone Diagram complements the
quantitative queuing analysis by revealing non-quantitative determinants of service
inefficiency such as human factors, procedural limitations, and environmental constraints.
Previous Studies

A growing body of literature integrates queuing theory and root cause analysis tools to
enhance operational efficiency. For instance, Sakdiyah and Eltivia (2022) analyzed decision-
making delays in corporate settings using the Fishbone Diagram and identified four core
managerial bottlenecks affecting responsiveness. Mas et al. (2022) proposed a queuing theory
model for fog computing systems, demonstrating its capability to optimize system
architecture under limited resources. Tsou and Hsu (2022) combined Fishbone and
DEMATEL techniques to improve warehouse operations and identified “process” as the
most crtical factor influencing performance. Similady, Ricardianto et al. (2022) applied
queuing theory to evaluate the dual-runway system at Soekarno—Hatta International Airport,
suggesting infrastructure expansion to balance utilization rates. In safety and quality domains,
Waujie et al. (2022) employed Fishbone and Bayesian analysis to predict railway accidents,
emphasizing the interaction between human, environmental, and technical variables. Durroh
and Yusuf (2023) used the Fishbone Diagram to analyze quality control in tea production,
identifying material handling and temperature inconsistencies as dominant causes of defects.
Harinta and Arianti (2023) applied similar methods to agricultural management, highlighting
environmental and pest-related risk factors that decreased farmers’ motivation. Kusuma et al.
(2024) combined Fishbone, control charts, and FMEA to reduce production defects,
illustrating how cross-method integration strengthens diagnostic validity. Finally, Gaitonde
(2020) contributed theoretically by modeling learning behaviors in strategic queuing systems,
offering insights into adaptive decision-making under resource competition.
Research Gaps and Conceptual Framework

Despite  these  advancements, pror  studies reveal  several  gaps.
First, most research employing queuing theory emphasizes industrial or digital system

optimization (Mas et al., 2022; Nampoothiri et al., 2022), whereas applications in public
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service facilities, such as fuel stations, remain scarce—particularly in the Southeast Asian
context. Second, previous Fishbone Diagram applications have predominantly focused on
manufacturing quality control (Durroh & Yusuf, 2023; Kusuma et al., 2024), with limited
attention to service process inefficiencies. Third, few studies adopt a mixed-methods
approach that integrates quantitative queuing metrics with qualitative causal diagnostics,
which is essential for achieving both systemic and behavioral understanding of service
bottlenecks. Finally, imited empirical evidence exists on queue system redesign for SPBU or
rest area facilities in Indonesia, leaving a gap in both localized operational research and
strategic service improvement frameworks.

Conceptual Framework

- - -

Figure 1. Conceptual Framework.

In line with the continuous advancement of society, human needs have increasingly
diversified; however, this growth has not been balanced by the availability of adequate service
facilities, resulting in queuing phenomena becoming a common occurrence. The conceptual
framework of this study serves as a critical component of the research design, as it not only
illustrates the overall structure of the investigation but also provides a general overview of the
research mechanism. Specifically, this study examines the service system at the fuel station
(SPBU) located in the Surabaya—Gresik toll road rest area by employing a Fishbone Diagram
(Ishikawa) approach. The analysis evaluates six key dimensions contrbuting to service
performance: human behavior (Man), facilities and infrastructure (Material), standard
procedures (Method), equipment (Machine), measurement systems (Measurement), and
environmental conditions (Mother Nature). These factors collectively form the analytical
foundation for identifying the root causes of queuing inefficiencies and for developing

targeted improvement strategies in service delivery.

3. Materials and Method
This study employed a mixed-methods approach with an explanatory sequential design,

integrating quantitative queuing analysis and qualitative Fishbone Diagram evaluation to
examine and improve service waiting times at Gas Station SPBU 53.61137, Surabaya—Gresik
Toll Rest Area (KM 13), East Java, Indonesia. Quantitative data were collected through direct
observation of customer arrivals, service durations, and payment processes, while qualitative
data were obtained via interviews, documentation, and Likert-scale questionnaires distributed
to customers and staff. The purposive sampling method was used to select both fuel station
customers and operational personnel as respondents, ensuring representation of service users

and providers. The key variables analyzed were waiting time—measured across arrival,
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fueling, and payment stages—and root cause factors based on the 6M framework (Manpower,
Machine, Method, Material, Measurement, and Environment). Quantitative data were
processed using queuing theory models (M/M/1 and M/M/S) to calculate arrival rates,
service rates, utilization levels, and average waiting times, while qualitative data were analyzed
using the Fishbone Diagram to identify and categorize the root causes of service delays.
Findings from both analyses were synthesized to propose improvement strategies such as
lane segregation, floating staff deployment, and additional fueling pumps to optimize
efficiency. Data collection adhered to research ethics, ensuring informed consent,
confidentiality, and voluntary participation, with all findings aimed at enhancing operational

performance and customer satisfaction in public fuel service facilities.

4. Results and Discussion

Overview of Findings

This study explored the service efficiency and waiting time dynamics at Gas Station
SPBU 53.61137, Surabaya—Gresik Toll Rest Area, through an integrated analysis combining
quantitative queuing data and qualitative insights from operators and management staff. The
results reveal that the queuing system operates at a near-saturation point, with average
utilization rates (o) between 0.95 and 1.02, indicating a critically overloaded system. However,
the stability of operator performance, combined with structured yet rgid operational
procedures, maintains service continuity despite capacity strain.

Through thematic analysis of interview and observation data, four dominant themes
emerged as the core determinants of service waiting time: (1) Human Resources Constraints
(Man), (2) Technological and Mechanical Reliability (Machine), (3) Environmental and Spatial
Limitations (Environment), and (4) Procedural Responsiveness (Method). These interrelated
factors formed the structural backbone of the queuing bottleneck identified through both
Fishbone and queuing models.

Theme 1: Human Resources Constraints

The first emergent theme concerns insufficient staffing and static shift allocation, which
limits service flexibility during peak hours. Although SPBU 53.61137 operates 24 hours a day
under a three-shift system (Moming 06:00-14:00, Afternoon 14:00-22:00, Night 22:00—
06:00), personnel distribution remains constant regardless of fluctuating vehicle inflows. This
mismatch between arrival rate (1) and service capacity (1) creates temporary imbalances that

lead to queue buildup during peak periods.

An operator described this issue succinctly:
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“The SPBU operates 24 hours with three fixed shifts. However, there is no backup personnel

3

during peak hours, so quenes easily form when vebicles arrive in groups.”

(Interview, Fuel Operator, 2 December 2025)
Although staff members display consistent performance and professionalism, the
absence of dynamic resource allocation exacerbates bottlenecks. Respondents repeatedly
suggested “adding additional operators to assist during busy hours”, highlighting that queue delays

stem more from workload imbalance than worker inefficiency.

Theme 2: Technological and Mechanical Reliability

The second key theme emphasizes the dual role of technology as both facilitator and
barrier in achieving operational efficiency. While SPBU 53.61137 has adopted multiple
payment systems — cash, debit, and QRIS/barcode — digital payment issues often reverse
efficiency gains. Intermittent network disruptions and barcode reader errors extend service
time significantly beyond the ideal 4-5 minutes per customer.

As one operator explained:
“Sometimes the ORIS barcode payment is trouble, and when the signal is weak, we must input
manually. This delays the next customers.”

(Interview, Fuel Operator, 2 December 2025)
Mechanical issues also contribute to downtime. Pump malfunctions—especially filter
clogs—are recurrent, requiring technical assistance. The maintenance team reported that
repairs can take up to 1.5 hours, reducing effective service capacity and causing exponential
queue accumulation:
“When a pump filter is damaged, repair takes about one and a half hours by the technician.
During that time, the quene becomes very long.”
(Interview, Infrastructure Staff, 2 December 2025)

Table 2 summarizes the key subthemes within the technological and mechanical dimension.

Table 2. Summary of Machine-Related Factors Affecting Service Delays.

Subtheme Description Impact on Waiting
Time
Digital payment malfunction QRIS/Barcode errors and unstable +1-2  minutes  per
network transaction
Pump filter damage Requires 1-1.5 hours for repair Significant service
downtime

Limited spare parts & technician  Reactive rather than preventive Queue backlog during

delay maintenance failures
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These findings reveal a “technology paradox”—where systems designed to enhance
efficiency inadvertently prolong service duration when supporting infrastructure (network

and equipment) lacks stability.

Theme 3: Envir 1 and Spatial Limitations

The physical environment emerged as another structural constraint influencing queue
length and customer experience. The narrow entryway to the fueling area restricts vehicle
maneuverability, creating bottlenecks even before service begins.

As an operator explained:
“The entrance is narrow, so when two large vebicles arrive together, others must wait ontside. This
makes the line longer even before reaching the pump.”

(Interview, Fuel Operator, 2 December 2025)
Furthermore, ongoing road repairs within the rest area reduce the number of accessible
lanes, amplifying congestion. From a systems perspective, these spatial limitations decrease

throughput and elevate perceived waiting times, despite consistent operator performance.

Table 3. Environmental and Physical Barxiers.
Issue Source Operational Consequence
Narrow entrance layout  SPBU site design Queue buildup before pump access
Road repair activity External factor Temporary lane reduction and congestion

Limited parking space Rest area constraint  Increased maneuvering time and exit delay

Such environmental constraints demonstrate that queue management is not merely an

operational problem but also an infrastructural and spatial design challenge.

Theme 4: P: dural R i and Mai Pr

P

The methodological theme relates to how standard operating procedures (SOPs) and
maintenance practices are implemented. While preventive maintenance protocols exist, they
are not always sufficient to preempt crtical failures. The maintenance department reported
that routine inspections are conducted daily, but many actions remain reactive, addressing

problems only after distuption occurs.
“We conduct daily checks of pumps and noles to prevent leaks, but if damage occurs, we must
repair it with  backup  equipment,  sometimes  assisted by  Telkom.”

(Interview, Infrastructure Staff, 2 December 2025)

The dependency on external vendors, such as Telkom for network restoration, often
leads to delays beyond SPBU’s control. Moreover, existing SOPs are not fully adaptive to
emergency situations, such as sudden surges in customer arrivals or simultaneous pump
failures. Despite this, staff expressed strong commitment to service reliability and continuous

improvement, emphasizing the need for procedural agility and faster response mechanisms.
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Integrative Interpretation of Themes

Cross-theme analysis reveals that the prolonged waiting time at SPBU 53.61137 is not

caused by a single malfunction but rather by an interacting triad of human, technical, and

environmental factors operating under a near-capacity queuing system (o = 1.0).

Core Theme

Human Resources

Table 4. Integrated Synthesis of Core Themes.

Tndelvi
Underly

1L

1g Issue

Static staffing during

ive Quote

“No backup operator

Implication

Workforce

peak demand during rush hours.” flexibility needed
Machine /Technology QRIS errors & pump  “Barcode trouble makes the  Infrastructure
downtime next customers wait.” stability critical
Environment Narrow entrance & “The entrance is narrow; Spatial redesign
roadwork cars queue before the required
pump.”
Method Reactive “Pump filter repair takes 1.5 Enhance

maintenance & slow

hours.”

preventive system

repair

The convergence of these factors results in a cumulative delay, where 67% of total
customer time at the station is spent queuing rather than receiving service. This finding
highlights a disproportionate waiting-to-service ratio, affecting both efficiency and perceived
quality of service.

In interpretive terms, the study illustrates how micro-level process stability (consistent
service time) can mask macro-level systemic fragility—a phenomenon where operational
discipline maintains short-term stability, but structural imbalances (high utilization, rigid

procedutes, spatial limits) threaten long-term sustainability.

Discussion of Research Findings

This study analyzes the queuing system of the Gas Station SPBU 53.61137, located at
the Surabaya—Gresik Toll Rest Area, by employing a set of operational assumptions. The
system is modeled under the following conditions: dual layout, single service phase, unlimited
population, Poisson arrival pattem, FIFO (First-In-First-Out) discipline, and an unlimited
queue length. These assumptions enable the analytical application of queuing theory (M/M/s

model) to diagnose the system’s efficiency and service balance.

Waiting Time Based on Queuing Theory

Fuel stations in toll road rest areas play a vital role in the logistics and mobility ecosystem.
Unlike urban arterial SPBUS, rest-area fuel stations face unique constraints where time is a
critical and perishable commodity. For drivers on the Surabaya—Gresik toll corridor, which

accommodates dense industrial traffic, tolerance for delays is extremely low. Therefore, queue
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accumulation is not merely an operational inefficiency but a structural signal of an imbalance
between demand (arrival rate) and supply (service capacity).

Field observations conducted over one week in early December 2025 show that the
average total time per vehicle in the system is 14.3 minutes, consisting of 9.6 minutes of
waiting time (67%) and 4.7 minutes of active service time (33%). This disproportionate
ratio—where customers spend two-thirds of their visit idling—indicates structural
inefficiency in vehicle flow management. Similar patterns were reported by Prasmoro,
Widyantoro, and Warningsih (2020), who found that a dominant waiting time ratio signals
early-stage system saturation and directly reduces customer satisfaction.

The queuing analysis using Kendall’s M/M/s model, simplified to M/M/1 for single-
lane evaluation, identifies the root cause mathematically through the server utilization factor
(o = A/p). Operational data show utilization levels between 0.94 and 1.02, with peaks on
Mondays and Fridays exceeding 1.00. According to Ats-Tsauri et al. (2022), when utilization
approaches unity, the system enters a saturated and unstable state—small disturbances
exponentially increase queue length, known as the Hockey Stick Effect. The SPBU’s lack of
slack capacity further worsens recovery, as random (Poisson) bursts in vehicle arrivals cannot
be absorbed, especially during lunch-hour peaks where queues reached 14.9 minutes on
average.

Consistent with Manalu and Palandeng (2019), when service lanes (servers) are
insufficient to meet demand surges, backlogs persist beyond the peak period, degrading
performance throughout the day. Although operators maintain stable performance (average
service time 4.4-4.8 minutes), the system’s physical and procedural constraints prevent
throughput improvement. Customer survey data reinforce this diagnosis, revealing a
substantial expectation—perception gap: customers expect 3—5 minutes of total waiting, yet
experience neatly triple that duration.

The Fishbone analysis highlights four determinants: Man (Human Resources), Machine
(Technology), Method (Procedure), and Environment (Layout and Infrastructure). While
human factors such as fatigue and understaffing contribute to delays, mechanical and
procedural inefficiencies—particularly slow payment processing and mixed vehicle queues—
dominate. The average 4.7-minute service time per customer exceeds the 2-3 minute
operational benchmark for modem fuel stations (Ritonga, 2019). Service heterogeneity
further compounds the issue: heavy vehicles (trucks and buses) significantly prolong service
cycles due to larger tank capacity and limited maneuverability, creating queue spillover effects.

Nacy and Ibrahim (2019) demonstrated that separating lanes by vehicle type reduces
waiting time variance and stabilizes service rates. However, SPBU 53.61137’s constrained
layout allows heavy vehicles to block smaller ones, causing spillover queues into main rest-
area lanes—an operational and psychological burden that degrades the rest area’s overall user

experience.
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Comparative studies (Ritonga, 2019; Fakry, 2024) validate that this overcapacity pattern
is not isolated. Ritonga (2019) showed that adding nozzles reduces utilization from >0.9 to
<0.7, while Fakry (2024) simulated 2 multi-channel (M/M/s) redesign that halved waiting
time. At SPBU 53.61137, where o reaches 1.02, incremental staff speed improvements are
insufficient. The system mathematically requires either additional service channels (s) or a
reduction in mean service time (i) to restore equilibrium.

Short-term process reengineering could reduce service time from 4.7 to 3.5 minutes,
increasing capacity from 12.7 to 17 vehicles/hour, lowering utilization to 0.73—a safe zone.
Strategies include deploying mobile payment assistants (floating staff) using portable EDC
devices, optimizing vehicle positioning, and implementing fast-lane protocols. Failure to act

risks economic and reputational loss, as long waiting induces balking (customers leaving
queues) and stress, undermining rest-area safety and comfort. Thus, queue management at

SPBU 53.61137 is not only a matter of business efficiency but also a public safety concern.
Root Cause Analysis via Fishbone Diagram
The integrated survey and field observations identify the Effect (Head of Fish) as

“Prolonged Waiting Time / Long Queue” Four major causal dimensions interact

systemically: Human (Man), Machine, Method, and Environment.
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Figure 2. Fishbone Diagram.
Human Factor (Man)
Three critical subfactors were identified:

1. Static Shift Scheduling — Staffing remains constant across shifts despite fluctuating

demand. Jamil (2023) confirms that failure to match active servers to real-time arrivals

(1) produces explosive queues.
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2. Cognitive Overload — Operators multitask between fueling and payment, creating
micro-delays that accumulate into longer service cycles.

3. Operator Fatigue — Consistent with Meireza et al. (2019), fatigue from continuous
high-utilization work reduces reaction speed, further slowing service.

Machine and Technology

1. Digital Payment Failures — EDC/QRIS malfunctions and unstable internet
connections delay transactions (Rancang Purwarnpa, 2019).

2. Pump Downtime (90 minutes) — Filter replacement downtime creates unbounded
queues due to service capacity loss.

3. Recurrent Mechanical Failures — Frequent nozzle leaks and filter clogs increase
physical service time and variability.

Method

1. Reactive Maintenance — The system relies on corrective rather than preventive
maintenance, causing recurting breakdowns (Heiger ¢ Render, 2017).

2. Absence of Floating Staff Protocols — The lack of mobile payment operators limits
responsiveness (Manalu <> Palandeng, 2019).

3. Ineffective Error Handling SOP — EDC signal failures are managed reactively
without a defined fail-safe mode, wasting valuable service time.

Environment

1. Road Construction Bottlenecks — External repairs reduce effective entry width,
creating single-lane queues.

2. Namow Layout and Heavy-Vehicle Manoeuvring — Limited space prolongs vehicle
positioning time and pump tumover.

3. Unstable Internet Coverage — Poor connectivity further impairs digital payment

reliability.

The cross-analysis indicates that prolonged waiting time results from a systemic

interaction among the four dimensions. The rigidity of operational methods amplifies human

workload; technological failures are exacerbated by environmental constraints; and reactive

maintenance policies prevent recovery from minor disruptions. The system thus exhibits

double capacity constraints—physical (equipment and layout) and procedural (inflexible

methods and static staffing). This interdependence explains why minor distuptions, such as a
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30-second EDC delay or a truck’s slow maneuver, trigger exponential queue escalation in 2
system already operating at o > 0.95.

To restore stability, reform must address all four pillars simultaneously: adaptive staffing
(Man), preventive maintenance (Method), infrastructure reliability (Machine), and spatial
redesign (Environment). Without such systemic intervention, queue reduction will remain

marginal and unsustainable.

Strategic Framework for Service Time Improvement

Operational dynamics at toll-road SPBUs differ fundamentally from urban stations due
to the dominance of time-sensitive industrial and intercity traffic. Efficiency here is not an
advantage but a necessity. With a total average cycle of 14.3 minutes—of which 9.6 minutes
(67%) is idle waiting—SPBU 53.61137 faces structural inefficiency in service flow. Prasmoro
et al. (2020) emphasize that dominant waiting time ratios indicate facility imbalance and
predict direct declines in satisfaction and revenue due to balking behavior.

The queuing model confirms a critical utilization rate (o = 0.94-1.02), with saturation
on peak days. Ats-Tsauri et al. (2022) descrbe this as system instability, where minor
perturbations trigger exponential queue growth—the Hockey Stick Effect. In such a saturated
environment, without slack capacity, even minimal arrival bursts overwhelm the system. The

Fishbone analysis consolidates four interlinked dimensions:

1. Man: Static staffing mismatched with stochastic demand; multitasking-induced micro-
delays; fatigue reducing reaction speed (Meireza et al., 2019).

2. Machine: Unreliable EDC/QRIS systems and prolonged pump maintenance downtime
(90 minutes) demonstrating the technology paradox (Rancang Purwarupa, 2019).

3. Method: Reactive maintenance and absence of floating staff or fail-safe protocols limiting
process flexibility (Heizer & Render, 2017; Manalu & Palandeng, 2019).

4. Environment: Namow layout and ongoing roadworks restricting heavy-vehicle

maneuverability (Nacy & Ibrahim, 2019).

From this synthesis, SPBU 53.61137 faces dual capacity constraints—physical (layout,
equipment) and procedural (rigid methods, staffing). Incremental managerial adjustments,
such as extending operator shifts, are insufficient for systemic recovery.

Short-term strategies should focus on Business Process Reengineering to reduce average
service time. Lowering service time from 4.7 to 3.5 minutes would increase throughput and

reduce utilization below 0.80. This can be achieved through:
1. Deployment of floating staff with mobile payment systems,
2. Implementation of fail-safe SOPs switching instantly to cash/manual after a 10-second

EDC failure,
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3. Queue separation by vehicle type (heavy vs. light) to stabilize service variance.
Long-term strategies require physical investment. Following Ritonga (2019) and Fakry

(2024), adding new pumps or nozzles—transitioning from single-channel to multi-channel

queuing—can cut waiting time by up to 50%. Infrastructure expansion will be necessary as

industrial traffic continues to grow on the Surabaya—Gresik toll corridor.
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Figure 2. Improvement Strategy Flow.

The proposed improvement flow diagram conceptualizes the transformation from the
current critical condition (o > 1.0) toward an optimal stable state (o < 0.8), integrating both
immediate process interventions and medium-term infrastructure upgrades. Short-term
measures manipulate service rate (), while long-term actions expand capacity (s). Both tracks
must converge to achieve sustainable efficiency.

Ultimately, prolonged waiting time at SPBU 53.61137 is not merely a comfort issue—it
poses risks to drver safety, fatigue, and operational reliability. A comprehensive solution
combining technological renewal, human resource flexibility, preventive maintenance, and
infrastructure expansion is essential. Only by lowering system utilization to 2 manageable
threshold can the SPBU fulfill its intended function: providing fast, safe, and restorative

service for toll-road users.

5. Comparison

Compared to prior studies on fuel station queuing systems and service optimization, the
findings from SPBU 53.61137 contribute novel empirical evidence on the interaction between
human, technological, and spatial constraints in high-utilization toll-road environments.
While earlier works such as Ritonga (2019) and Fakry (2024) emphasized structural
expansion—adding pumps or transitioning from single-channel to multi-channel (M/ M/s)
systems—as the primary solution to reduce waiting time, this study extends the discussion by

quantifying how operational rigidity and technological unreliability jointly produce system
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saturation even without visible infrastructure failure. Similarly, Prasmoro et al. (2020) and
Manalu & Palandeng (2019) focused on static performance ratios and workforce scheduling,
whereas the present study integrates mixed-method analysis, linking queuing parameters (o =
0.95-1.02) with real-time behavioral and environmental observations, offering a more holistic
systems diagnosis. Moreover, by introducing the concept of Double Capacity Constraint—
the coexistence of physical and procedural bottlenecks—this research provides a new
theoretical framing beyond the traditional M/M/s queue equilibrium models. The empirical
validation of the Technology Paradox—where digital payment adoption increases rather than
decreases waiting time under unstable network conditions—also expands the literature on
digital transformation in public service operations, resonating with but advancing beyond
Rancang Purwarupa (2019). Overall, this study bridges a gap between mathematical queuing
theory and operational field dynamics, demonstrating that sustainable service efficiency in
public fueling systems depends not only on increasing physical capacity but also on integrating
adaptive human resource management, preventive maintenance, and resilient digital

infrastructure within a unified operational framework.

6. Conclusion

This study provides an integrated analysis of the queuing performance at SPBU 5361137
Rest Area Surabaya-Gresik by combining queuing theory with a Fishbone diagnostic
framework to identify operational bottlenecks and evaluate system capacity. The results
indicate that the service system is operating in a critically saturated state, with server utilization
consistently ranging from 0.94 to 1.02 during peak periods. This condition reflects demand
levels that exceed available service capacity, resulting in an average system time of 14.3
minutes per vehicle, of which 67% constitutes waiting time. These findings confirm the
research objective of assessing the severity of operational congestion and identifying the
factors contributing to extended delays.

The root-cause analysis further reveals that prolonged waiting times emerge from a
double capacity constraint drven by interrelated human, machine, method, and
environmental factors. Key contibutors include technological disruptions such as EDC
signal failures and pump downtime, rigid staffing and operational methods that are not
responsive to demand fluctuations, and physical layout limitations that impede the movement
of heavy vehicles. These insights collectively reinforce the argument that the queuing problem
is systemic rather than incidental. To address these issues, this study proposes a hybnd
improvement strategy designed to reduce server utilization to below 0.80 and shorten waiting
times to 3-5 minutes. The short-term strategy focuses on process optimization, including the
deployment of floating staff for pre-payment, implementation of fail-safe digital payment
procedures, and segregation of vehicle lanes. Meanwhile, long-term structural solutions—

such as additional pumps or nozzles, preventive maintenance systems, and dynamic
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workforce scheduling—provide more sustainable capacity enhancements. Together, these
strategies offer actionable recommendations for improving service flow efficiency and
enhancing customer experience.

The study contributes to the literature on service operations by demonstrating the value
of integrating quantitative queue analysis with qualitative diagnostic tools to address
multidimensional operational constraints. The implications are particularly relevant for fuel
stations located in high-traffic toll road environments, where the interplay between demand
variability and infrastructural limitations requires strategic operational design.

Despite its contributions, this research has limitations. The analysis does not incorporate
simulation-based modelling to validate the projected effects of transitioning from single-
channel to multi-channel queue configurations, nor does it include a detailed financial
feasibility assessment for infrastructure expansion. Future research should apply discrete-
event simulation or system dynamics modelling to evaluate the impact of proposed
interventions more accurately. Additionally, further studies should examine the reliability of
digital payment infrastructure in geographically constrained rest-area environments to

support the development of resilient and adaptive service systems.
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The resules indicare that th i in s sl o

indicared by a scrver unlization rarc of 0,94 o 102 during peak hours. The average fime spent by

vehides in the system is 143 minutes, of which 9.6 minutes (67%) is spent waiting in the queue

Fishbone diagram amlysis reveaked tha the ot case of the main probleen lies in the comples

inveraction of factors: Machine fictors (EIDC signal fallure sd pump repai downtimel, Human and
od

(narcone layours that hinder lsege vehicle maneuvers). As a solution, thes study formulated a hybrid

Single Channel 1o Dual Channcl, This straegy is expected 1 reduce the utilty level t a safe zone
below 0:80 with a tac et waitng time of 3-5 minutes.

Keywords: Queuing theory, Quesing system, Fishbone diagram, Waiting time, Service effiiency.

Introduction

In the e of the efficiency and i of
service operations have become 2 central determinant of busincss success and customer
sutisfiction. Service-oriented industrics, including fud distribution networks, face increasing
opcrational challenges duc to flacmaring demand, limited-service capa
expectations for immediare service delivery (Heizer & Render, 2016). As the wansportation
scctor expans apidly across developiny ceonomics such as Indonesia,fucl satons play a0

c

optimizing the queue manapement system in these serviee facilities ar imperative for
enhancing customer satisfaction and operationsl pesformance.

In Indoncsia, the growing number of mororized vehicles has led 1o a corresponding
inercase in fuel consumption, particularly i demely populited regions fike Fast Java.
According to the Badan Pusat Statistk (2024), the province recorded over 265 million
cegistered vehicles, signaling an unprecedented rise in energy demand and service utlization.
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Table Vehicles by Regency East Java
Province

Regency / City Passenger Cars Buses  Trucks Mowrcycles  Toul

Pacitan 0,50 9 6,145 187,184 24540

Ponoroge 100,202 1856 26627 72695 037

Trenggilek 241,151 w20 31,557 ERE) 84457

Tulungagung. 163417 2435 40430 69,732 896,054

Blicar 134063 E I 93701 680512

Kedid 203,007 1631 4648 T 108337

Malang 2365 3281 566 L1853 1,410,120

Lumajang 135692 @2 ea 32525 524985

Jember 236,640 6 389 2574 1,001,503

Banyuwaagi 336854 B 075 5602 [RFT

Bondowoso. 54267 A4 W s 2607

Simubondo 108483 373 14310 199,995 323361

Probolingg (Regeney) 63,60 69 302 72204 357093

Pasuruan Regency) 140,488 785 27478 67088 636739

Subourps W75 [EZ TABA5T 1702208

Mojokerio (Regeney) 46,582 893 T2 153993 610540

Jombang 50,601 B 45 W8 560 703271

Niganjuk 121008 1572 32 3525357 712419

Madiun (Regency) 430,329 568 26,885 5211 802993

Magetan 1597 109 2355 75080 02225

Niawi 2690 L9 2440 382 6417

Boonegon 39036 1319 2475 51253 576542

Tuban 37315 o5 32,908 390870

o 36811 13065 33260 627260

8863 Bl 43,657 850,758
16845 1745 3082 453847
18937 [ATE A ] 277888
1605 1388 20929 479008
78,154 27 20414

Kediri (Ciry) R 1497 13048 337,607

Blitar (Ciry) ey 204 12,137 200,004

Malang (Ciny) 775852 036 2,000 535,000

Probolingges (City) 104,955 539 9,140 175288

Pasuruan (Cit 59 Ao 249850

Mojokerto (City) 205 8,138 208,970 &

Madius: (City) Lz 683 2755

Surabaya 0% 10018 3054

Baw (City) 22 8797 168249

East Java(Total) 44295 1,326,655 19615284 26,527,254

Source: Central Bureau of Statistics (Badan Pusat Staristik), Fast Java Province.
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“This surge has placed significant pressure on gas stations (Sfasin Porgisian Bahen Bakar
U, SPBU) to muinuain smooth and efficicnt scrvice Sows, particulasly in high-maffic
zones such as ol rod ret s The SPBU 5361157 locwed at the Surabaya-Gresik Toll

where
occur during peak mavel huun. adversely affecting customer experince and service
productvity.
Queue formation in service systems reflccts the imbalance berween demand and serviee
capacity (Tjutu, 1992}, Proloaged waiting tmes aoc only seduce operationsl efficicacy but
rode castomer trust and sarisfaction, key dimensions in service quality mansgement
(Tjiptono, 2019). Numerous studies have applied queuing theory 10 optimize service
across sectors, including tnsporaion hubs (Ricardianwm et al, 2022) and
manufacturing systems (Mas et al,, 2022), However, there remains limited empirical sesearch
focusing on queuing sysiem optimization in Indoncsian fucl stafions using an inregrared

.,m'mmp.,.iumc approach.
[0 address this rescarch the present study adopts a

2, design
combining queuing theory with Fishbone Dum analysis 1 identfy both messurable
ance incficincies and theiz undedying oot caes. Quewng theory provides a
aquantitative framework 1 analyse system parameters such as arrival rates, serviee times, and
ikzation levels (Chacks, 1990), whils the Esshbong@Diagram {anlmm qualitative
identification of rout causes across six dimensic
marcrials, ande et L, 2003). Thi inegrative approschs
offers ¢ bolsic undenanding of sptcnic bortkneks ta imgesle srvice flow.
Presious rescarch using Fishbone analysis has demonstrated its utibty o dagnosing
complex operational problems (Durroh & Yusuf, 2023 Tsou & Hsu, 2022), wh:le mm

(Wuje ct k., 2022, Gaitonde, 2020). Nesertheless, few stules have applied these luulwnml\
in the context of service industries in developing economics, particulaly a caitical
infrasticrure nodes such a8 toll rad e arcar. The combination of these analytical
aot only constraints but also the design
of targeted for service process
‘The Surabaya-Gresik Toll Rest Area SPBU provides an ideal case to exphore the
dynamics of scrvice conpestion and operational nefficieney in a high-traffic, time-scasitive
environment. Preliminary observations reveal server utibzation rates excecding 0.90 during
poak bours, 2 critcal thresholl indicating overcapacty and dlayed servie response
NMoreover, qualitative mterviews suggest tha s stem from both techni
onal factors, including pump malfaaction, static i seheduling, and constzained
Jayout design, which collecively exacerbate queac budup and reduce throughpur effciency.
4l urgency of this investigation is substantill Addressing the current service
bottleneck a¢ this critical toll road location is an essential step towards maintaining service
quality for customers, supporting the cffickncy of regional commeree, and upholding the
operational commitment of PT. Pertamina, The rescarch outcome will provide immediate,
actionable insights for service perfommance cobuncement, particulasly in bigh-demand
fransportation service contexts across Indonesia and intemational.
“Thesefore, this study is governed by three pamary research objectives:
1. To determine and rigomusly analyse the curment service waiting fime and system
perfomance at SPBU 5361137 using Queving Theory modcs.
2 To sysematically idenify, eatcgorize, and snalyse the root causes of prolonged witing
times through the application of the Fishbone Disgean.
3. To formulatc a comprehensive, hybril smategy for service improvement aimed at
optimiziag the qm% systan and schieving a safe utdiztion level.

sudy adoprs a approach with an exploratory
sequentidl desigm. It leverages quantistive data on amval and scervice maces for Queuing
Theory analysis, followed by qualitative dan collesrion (observaion and inrerviews)

stnuctured by the Fishbone fmmework to explain the root causes. This design ensures that
derived soludons arc cmpirically prounded and address the fall scope of operational
deficiencics. This artiele contrbutes significanty 10 the body of knowledge in Operations
Managemeat, Service Opemations, and Industril Engincering, Scicatficall, it validares the
efficacy of integrating Queuing Theory with Root Cause Analysis (Fishbone) w bridge the
p berween performance measurement and targeted smatepic interveation in complex
service systems. Practically, it develops a conerete, multi-phased improvement seeategy that
scrves as a blucprat for managing capacity constraints in high-demand service sctrings.
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,ﬁﬂuhuin or Related Work or Literature Review
2.1. Theoretical Foundations
211, Operetional iamagenivnc
forms the framework for analyzing efficiency and
pvmnl\xn\lw in service systems. Aonding 10 Heizer and Render (016), oper
refers 10 actvitics that Greate vabue theough the ransformation of inputs into
oods imilarly, Handoko (2017) defines it s a systematic
effort 1 optimize the use of resources, ineluding labor, machines, and raw materials, in the
mansformation process. Haizer and Rander (2012) further emphasize that operations
management represents one of the three core functional arcas in any organization—alongside
marketing and finance—ensaring alignment between production processes and busmcss
objectives. Collecuvely, these definitions underscore that operational mamgement ams o
enhance resource efficiency to deliver products and services that meet cusomer expectations
effectively.
21.2. Service Operations
Services, as a distinctive output of operational acuvitics, are incangible, perishable, and
inscparalggfrom the scrvice provider (Heizer & Render, 2016). Kotler and Amstron (018)
desenbe services as acts or pesformances offered by one party © another that do not result
in ownership tmansfer. Tiipiono (2019) identifies five defining characterstics of services:
ibilt and lack of ownership. These
antributes make service management complex because (rr\xx‘ quality and cfficicacy dcpcml
heavily on human intceaction, tming, tors. As such,

n become:
management. The context of gas station operations—where service time and customer
satisfaction are critical—highlights the importance of service management theory in
understanding queuing and process performance.
21.3. Queuing Theory

Queving theory serves s the analytical foundation for evaluating service e

formance. Tiutju (1992) defines it as the mathematical study of queues, focusing on
relationship between seryffl)demand md available capacity. Chasles (1990) explains .l.\.
queuing theory measures by performance indicators such as average waiting time, qucue
length, and service utlization, casbling decision-makers to determine optimal service
capacity. Heizer and Reader (2004) cmphasize the panciple of fairncss in queue disciplines,
noting that the “First-In, First-Out™ (Flm system ensures equitable service delivery unless
priority-based exceptions apply, such as in healtheare The goal of queving analysis is to
achicve a balance between service costs and waiting coss—minimising total system
expenditure while maintaining wtisfsetory customer experiences. In this study, quesing
theory provides the quantiative framcwork for analyzing waiting times and server utilization
at SPBU 53.61137.
214. Queucing System Structure and Models

A quening system comprises intereeluted elements: arrival patterns, service mechanisms,
aueuc discipline, and scrvice channcls (Igbal, 2011; Thomas . Kakiay, 2004). These systems
can take several structural forms—single or muluple chanaels and single or mulple phases—
depending on how customes arc served (Rizaldi ctal, Bataona ct al., 2020). Keadall's
notation fl‘nka. 2021) categorizes gkene models such (single server, exponential
servicd), M/D/t i

mda;m allow of d
For fnstance, the M/M/5 sodel.Is partculady relcvare to malt-pamp fucl sations, where
multigg] scrvice counters operate undera sharcd queuc structure.
215, Diagram and Root Cause Analysis
“The Fishbone Digram, alko known a the Ishilaws or Cause and. Fffect Disgram, is a
dingnostic tool used 10 identify and catgorize potential €auses of 4 probkm (Pande ot al,
03). It orgnizes causal fictors under six dimensions known us the “6M” framework:
b . Machincs, Methods, Materials, Mesurcments, and Mother  Nature
(Environment). Each dimeasion represents a potential source of inefiicieney or crror within
aa operational process. The method's surcagth lis in its ability o visualize and decompose
complex. problems into actionable sub-causes, faciliating mot case ilentification and
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continuous improvement. In this sesearch, the Fishbone Diagram complements the
quantitative queuing analysis by reealing non-quantitative determinants of service
incfficiency such as human factors, procedural Emitations, and environmental constraints.
22. Previous Studics

A growing body of literature intcgrates queing theory and oot cause analysiy cools to
enbance operational efficiency. For instance, Sakdiyah and Eltivia (2022) analyzed decisioa-
making delays in corporate scttings wing the Fshlgfff Diagram and identificd four core
managerial bottlenccks affecting responsivencss, Mas et &, (2022) proposed a queing theory
model for fog computing sysems, demonstrating s capability 1o optimize system
architcerure under limited resources. Tsou and Hsu 2022) combined Fishbone and
DEMATEL rechniques to improve waschouse operations and ideatified “process” as the
most ertical factor influencing performance. Smilarky, Ricardiani et al. (2022) applied
queaing theory to evaluate the dusk ranway system at Sockamo-Harta Intemationsl Airport,
suggesting i sion to b In safety and qualiey domains,
Waic et al. (2022) employed |.-hhn..< and Baycsian analysis to predict raikeay accidens,
and technical variables. Durroh
and Yusuf (2023) used the Fishbone mg.m 1o snalyze quality control i tea production,
identifying material handling and temperature inconsistencies as dominant causes of defecs.
Haringa and Arianti (2023) applied similar methods to agricultural management, highlighting
environmental and pest-related risk factors that decreascd farmers” motivation, Kusuma et al.
(2024) combined Fishbone, control chans, and FMEA to reduce production defects,
ilustrating bow cross-method integration serengthens dagnoste validicy. Findly, Gaitonde
(2020) contributed theoretically by modeling learning behaviors in sategic queuing systems,
offering msights into sdaptive decision-making under resource competition.

Recent intemnarional studics farther highlight the relesance of queac opfimization in
public scrvice systems, For instance, Kumar & Lee (2021) examined dual-channel quenc
models for fucl stations under stochastic demand conditions, demonstrating that hybrid
queueing significantly reduces customer waiting time. Rahman et al. (0022) emphasized the
role of digital payment reliabilicy in minimizing service liency in energy distribution
networks. Similarly, Npuyen et al. (zoz'\; and Al-Saidi & Yoon (2024) explored smart queue
management using IoT-based systems, providing evidence of ral-time adapuability in
congested scrvice facilitics. Bai ct al. (2025) extended queuinp theory to multi-ageat
environments, underscoring the importance of dynamic server allocation i educing

I bektlomeclos Th \ joex dodd
P 'F Y "8
e 7 d adapive b hi i sposcd in this study.
23. Rescarch Gaps and Concepal Framework

Despite  these  advancements, prior  studies  reveal  several  paps.
First, most sesearch employing queuing theory emphasizes ndustral or digitl system
optimizaton (Mas et al, 2022 Nampooshiri et al, 2022), whereas applications in public
service facilities, such s fucl stations, remain scarce—particularly in the Southeast Asian
contest. Second, previous Fishbone Diagram spplications have predominantly focused on
manufacturing qualicy control (Durroh & Vasur, 202 Kosoma 2l 224), with lxnued
attention to service pmeess incfficicncics. Third, few studics adopt a mixcd methe
approach that integrates quantitative queuing merrics with qualitative causal .m.mmm.
which is essential for achicving both systemic and behaviorl understanding of service
botenecks. Finally, limited empirical evidence exists on queac system redesign for SPBU or
rest area facilities in Indonesia, leaving 4 gap in both localized operational research and
stategi scrvice improvement framcworks.

24. Conceprual Framework

Figure 1. Conceprual Framework
In linc kb the conduous advancement of socicry, human needs have increasingly
divensifiod; however, this growth has not been balanced by the availability of adequate service
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facilitics, rrw'nng in queuing - The mmrpnml
Eramework of this study serves i & muu! tumpom:u of e rescasch desian, 2 i 2ok unl\
overall strucrure of the i

sescarch mechanisan. Speciicaly, tis suudy m the serviee system at the fucl mnnn
SPBU) located in Fishbone Diagram
(Tahlkaws) spproach. The analysis L'u.lu:lcs six key dimensions contributing 10 serviee
performance: human behavior (Man), facilities and infrastructare (Maria), snmdaxd
procedures (Metlod), equipment (Madbing, measurement systems  (Measrement),
environmental eonditions (Mother Natary), These factors collectively form the 'uulrnul
foundation for identifying the o0t causes of queuing incfficiencies and for developing
‘mrgeted improvement strategics in scrvice delivery.

3. ls and Method
study cmployed a mixed-methods approach: a al desi
integrating quantittive queving analyss and qualitative Fishbone Diagram evakiation
examine and improve service waing ames t Gas Station SPBU 536137, Surbaya-Gresik
“Toll Rest Aren (KM 13), East Java, Indonesia. Q.
ation of customer. lm\'nl! service duations, and payment processes, whike rualmm'e

data and Likert-s
o customers and .m'r The purpoﬂ\c sampling method was used o ket bt ml station
customers ensuting rep wsers

and pmuam lh(. ey vomablen |m.l 2ed were waiting tme—measured across. arrval,
ot cause fictors based on the 6M framework (Manpower,
Machine, \km' farerial, Measurement, and Eavironmeny). Quantitaive data were
processcd using queuing theory models (M/M/1 and M/M/S) to calculate amval mtcs,
wnlcgw wikzation levels, and average waiting Gnes, while qualitative data were snalyzed
using fagram 1o identify and catcgorize the ot causes of service delays.
Findings from both analyses were synthesized to propose impmvement seategies such as
lane scpregation, floating saff deployment, and additonal fucling pumps 1o optimize
efficiency. Data collection adhered 1o research erhics, ensuring informed  consent,
confideatialiy, and volunmry participation, with all findings aimed at cabancing operational
performance and customer satisfaction in public fuel service facitics

and Discussion

4.1 Overview of Findings

This study explored the scrvice efficiency and waking time dynamics at Gas Station
SPBU 5361137, Surabaya-Gresik Toll Rest Area, through an integrated analysis combining
quantinative queuing data and qualitative insights from operators and management staft. The
resules reveal that the queuing $y3tem Opertes at a near-satraton pon, with average
utlization rates (g) between 0195 and 1 Jicating  critically overloaded system, However,
the sublity of vpentor performance, combined with structured yet rigid operational
procedures, maintains service continuity despitc capacity strain.

‘l‘hmu,gh themae analysis of interview and observation data, four dominant themes
emerged as the corc determinants of service waiting tme: (1) Human Resourees Constraints
(Man), ) Technological m: Mechanical Relisbility (Mschine), (3) Environmenal and Spatial

Limitatioas and (4) Procedural (Method). These inerrelared
factors formed the structural backbone of the queuing botileneck identificd through both
Fishbone and qucuing models,
412 Theme 1: Human Resources Constraints

The fist ctocapent theme concernsinsuffcint st an s sift aocaton,which
ity seqe flcxibilty during peak hours, Although SPBU 53.61137 operates 24 hours & day
under mmn-mgmo-lmmumonummmmn—
06:00), personacl inflows. This

mismatch berwecn arival ate @) s servie capacly ) creses temporary imbalances thar
lead 10 queue buildup during peak pe
An operstor described this issue nmncd)-
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“The SPBU operstes 24 honrs with three fed sbifs. Howerer, thor is mo hackap persessel
during peae s, 3 guenes casid furns len vebicls arrive in grpr,”
(Interiew, Fiued Operster, 2 Deanpier 2025)

Although staff members display consistent performance and professionalism, the
absence of dynamic resource allocation exacerbates bottlenecks. Respondents repeatedly
sugggested “adding aditional speraters to assst during by howrs”, highlighting that queve delays
stem more from workload imbalance than worker inefficiency
4.13 Theme 2: Technological and Mechanical Reliability

The second key theme emphasizes the dual role of technology as both facikitator and
barrier in achieving operational efficency. Whie SPBU 5361137 has adopied multiple
payment systems — cash, debi, and QRIS/barcode — digital payment issucs often reverse
efficiency gains. Intermuttent network disruptions and barcode reader error extend service
time significantly beyond the ideal 4-5 minuzes per customer.

AS one operator exphined:

“Sameismes the RIS lersede payment i frsebe, and shen the signal is wesk, we mnst infuct
. This dehys the wext nstomers.”
(Intersew, Fael Operater, 2 Decensbor 2025)

Mechanical issucs also contribute to downtme. Pump malfunctions. !
clogs—are recurrent, requiriag techaical asssunce. The mantenance team reported that
sepairs can take up to 1.5 hours, reducing cfeesive service capacity and causing exponeatial
aqueuc sccumulation:

When a puowp il i damaged. ripair takes aboset oxe and @ hadf bowrs by e tectmician.
Davig that time, the queas briomres swry fong”
(interiv, Infrastracture Stafi, 2 Decober 2025)
Table 2 summarizes the key subthemes within the technological and meehanical dimension.
Table 2. Summary of Machine-Refated Factors Affecting Service Delays

Subtheme Description Impac: on Waiting Time
Digital payment malfunction QRIS/Bacode crrocs and wnstable +1-2  minues  per
network wransicion
Pump filiee damage Requites 1-1.5 hours for sepair Sigmificant servie
downgime
Limited spare parcs & techician Reactive mather thin peevenive Queve  backlogduring
delay maintenance failures

These findings reveal a “technology pamdox”—where systems designed to cohance
efficiency inadvenenty prolong service duration when supponting infrastructure (nctwork
and cquipment] lacks stabiliy.

414 Theme 3: Environmental and Spaial Limitations

“The physical environment emerged as another strucursl constraint influencing queue
length and customer expericace. The narrow enteyway to the fucling arca restricts vehicle
mancavembiliy, creating bottlenecks even before service hegins.

As an operator explained:

“The entrance is narrow, 1o when v large sebicles arvive logetiber, ofbers mnst wait aniside. This
apakes the e fouger cven befor resching the poonp.”
(Intersien, Fuel Operster, 2 Deanier 2025)

Furthermore, ongoing rosd repairs within the rest area reduce the number of sccessible
lanes, amplifying congeston. From a systems perspective, these spatial limitations decrease
throughput and clevate perccived waiting times, despite consistent operator performance.

Table 3. Environmental and Physical Barricrs
Issuc Source Operational Consequence
Narrow cotrance lsyou SPBU ste design  Queu buldup before pamp access
ety Tixtermal facior Temporary lane reduction and congestion
Limited parking space Restares constraint_[ncreasad muneuvering ttne and exit dehy
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Such constraints. is not merely an
operational problcm but also an infrastructural and spn.ul bl iy

415 Theme 4: and Practices
“The methodological theme wlates 1 how standard opemting pmuv:hm.: (SOPy) and
pracrices are While preventive exist, they

arc not aheays sulicieat 10 precpt crkical fubures, The sintenance departacot zeporied
that routine inspections arc conducted daily, bat many actions remain reactive, addressing
problems oaly after disruption occurs.
W comct daily checks of pumps and wesgies 1 preswnt eaks, it if dansage ey, we mrust
mpair it wih backup  eppwent, somiims  assisted by Tdkwa."
(Tntervaew, Infrastructure Staff. 2 Deamier 2025)
he dependency on extemal vendors, such as Telkom for ncework restoration, often
ke .w» beyond SPBLs control. Moreover, existing SOPs are not fully adapiive to
emergency situadions, such a5 sudden surges i customer amivals o simulancous pump
failures. Despice thi,saff xp to service relabilty and.
necd forp agiity and faster responsc mechanisms.
416 Integrative lmmpmdm of Themes
Cross-theme analysis reveals that the prolonged waiting sime st SPBU 53.61137 is o
caused by a single malfuncion bat racher by un interacting tsiad of buman, techaical, and
environmental factors operating under a near-capacity queuing system (¢ = 1.0).
Table 4. Integrated Synthesis of Core Themes

Core Theme Undedlying Issue Ulusrative Quote Implicaton
Human Resources bnn: staffing danng  “No  backup  opersor  Workforce
cak demand during rush hours.™ flexibiliry nceded
Machine/ Technology le:ﬂmhd‘p\n\p “Barcude trouble makes the  Infrastructure
next customers wiit.” stablity entical
Environment Nmm o & T cumnce e secw, Spail e
roadwork cars qu:ut before the coquired
Method Reacive -lx.mp e e takey Fnhance
mainenance & sow 15 hours! preventive system

repait

The convergence of these factors tesulis in @ cumulative delay, where 67% of tonl
customer time ac the station is spent queving rather than receiving scrvice, This findiap
highlights a disproportionate waiting-to-service ratio, affecting both efficiency and perceived
quality of service. In interpretive terms, the study ilhiserates how micro-level process stability
(consistent service time) can mask macro-level systemic fragility—a phenomenon where
operavonal discipline mainains short-term  stability, but structural imbalances (high
ulization, rigd procedures, spatial limits) threaten Jong-term sustainability.

The analysis also rcveals that queuc congestion is not purcl mechanical but socio-
technical Behavioral incrtii—where operators adhere rigidly to SOPs despite. real-time
changes—amplifics incfficicncy, Similaty, the lack of predictive scheduling tools preveats
adaptive resource albcason. Comparative modeling with recent studics (Rahman et al,, 2022:
Bas ct al, 2025) suggests that incorporatig digxal dashboards and predictive analyties could

b congestion by dy y and opimizing pump usage
based on real-time data streams.
421 Discussion of Research Findings

This sty arlyocs s qening st of the Gas Soton SPBU 3361137, loated

e Suwabaya-Gresi Toll R Ares, by exployiog o f of cpeioel mmpion: The
the mmmmlmm

populition, Poisson mlm FIFO (summ-c Our) diseipling, and an unkimited

WSIEIERGE. Thescassumptions coable 18 amayical applcation B qucing theory (M/M/ 2

madel) to diagnose the system’s efficiency and service

531 Waiting Time Based on Queving Theory

Fuel wations i toll road restarcas play a vital olc in the logistics and mobility ccosystem.
Unlike urban arwerial SPBUS, rest-area fuel stations face unique constraints where dme is a
caitical and perishable commodity. For drivers on the Surabaya-Gresik toll comridos, which
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el - Theref
accumulieion Is not mercly an opecational inefficicacy but a struceusa gl of an knbalance
between demand (arrival rate) and supply (service capacity).

Field observations eonducted over one week in carly December 2025 show that the
average tonal time per vehicke in the system s 143 minutes, consisting of 9.6 minutes of
waiting time (67%) and 4.7 minutes of active service time (33%). ‘This disproportionate
ratio—where customers spend two-thirds of their visit idlinp—indicates structural
inefficiency in vehicle flow management, Similar paverns were seported by Prasmoro,
Widyantoro, and Warningsih (2020), who found that a dominant waiting time mtio sipnals
early-stage system suuration and direaly reduces customer satisficton.

‘The quewng analysis using Kendals M/M /s model, simplificd to M/M/1 for single-
fane cvaluation, identifies the oot cause mathematically through the server utlizaton fuctws
(@ = #/p). Operarional daa show wtilization levels berween 094 and 102, with peaks on
Mondays and Fridays exceeding 1.00. According to Ats-Tsauri ct al. (2022), when utilization
) unity, the system caters 2 samraed and unsmable state—small disturbances
exponentially increase quene length, known as the Hockey Stick Effeet. The SPBUs lack of
slack capacity fusther worsens recovery, as random (Poisson) bursts in vehicic armivals cannot
be absorbed, especially during hunch-hour peaks where queues reached 149 minutes on

average.

Consistent with Manaly and Palandeng (2019), when service lanes (servers) are
insufficieat to meet demand suspes, backlops persist beyond the peak period, degrading
performance throughout the day. Akhough operators maintain stable performance (average
Service time 4448 minutes), the system’s physical and procedural constraints prevent
throughpat improvement. Customer survey data reinforec this diagnosis, revealing
substantal expectation-percepion gap: customers expect 3-5 minates of tofal waidng, yet
experience nearly triple that duation.

‘The Fishbone analysis highlights four determinants: Man (Human Resources), Machine
{Technology), Method (Procedure), and Eavironment (Layout and Infrastructurc). While
human factors such as fatipuc and understaffing conenbute to delays, mechanical and
procalunl incfficiencies—particularly show payment processing and mixed vehicle queues—
dominate. “The average 4.7-minute service fime per customer execeds the 2-3 minute

wonal benchmark for modera fucl stations (Ritonga, 2019). Service hetcrogencity
further compounds the issuc: heavy vehicles (trucks and buscs) significantly prolong service
eyeles du o larger tank capacity and limited mancuverability, ercating queuc spillover cffects.

Nacy and Thmhim (2019) demonstrated that separating lanes by vehicie type reduces

waiting tme vasiance and subilzes service fates. However, SPBU 5361137% constzained
Tayour allows heavy vehicles 1o block smaller ones, ensing spillover queucs into main rest-
area lanes—an operational and psychological burden that degrades the rest area’s overall user
experience.

Comparasive studies (Ritonga, 2015; Fakey, 2024) validate that this oveseapacity pattera
s not isolated. Ritonga (2019) showed that adding nozzkes reduccs utilization from >09 to
<07, while Fakry 2024) simulated 2 multichann (M/M/s) redesign that halved waiting
time, At SPBU 33,6137, where g reaches 102, incremental staff speed improvements are
insufficicat. The system mathematicaly requires cither additional service chaancls () or a
redduction in mean service time (1) to restore eqiibrium.

Short-tem process reengincering coukd reduce service time from 4.7 0 35 minues,

increasing capaciy from 127 10 17 vehicles /hour, lowering utiliza
Strateyies include deploying mobile payment assistants (foating staff) using portable EDC
devios. optimizing wehiJe postonivs, and lnglementing fult-tane protocels Fellure o ot
risks economie and reputational loss, 35 long waiting mduces balking (customers leaving
cucs) and stress, undermining rest-arca safety and comfort. Thus, queve management at
SPBU 5361137 is not only a matser of business efficiency but ako a public safety coneern.

4.2.2 Root Causc Analysis via Fishbonc Diagram

‘The inegrated survey and field observations identify the Effect (Huld (.r Fxsh) as
“Prolonged Waitng Time / Long Queue” Four major causal dim
systemically: Human (Man), Machine, Method, a0d Environment,
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Figure 2. Fishbone Diagram

Human Factor (Man)
“Three critical subfactors were identified:

1. Static Shiff Scheduling — Staffing remains constant across shifts despie fluctuatin

dermand. Jawit ha il h s to reaki
) produces explosive queues.
2 Cognitive Overload — Operators multitask between fucking and payment, creating
micro-delays that accumulate into longer service cycles.
3. Opemtor Patigue — Consistent with Meinga of al. (2019), faiigue from continuous
high-utilization work reduccs reaction speed, farther slowing service.
Machine and Technology
1. Digital Payment Failures — EDC/QRIS malfunctions and unstable intcrnct
conncctions delay transactions (Russng Pararips, 2019).
2 Pump Downtime (%0 minutes) — Filter replacement downtime creates uabounded
queucs duc to service capacity loss,
3. Recurrent Mechanical Failures — Frequent nozzle leaks and filter clogs increase
physical service time and variability.
Method
Reactive Maintenance — The system relics on corrective rather than preventive
maintenance, causing recusring breakdowns (Heiger ¢ Resder; 2017).
2 Abscnce of Floating Staff Protocols — The lack of mobike paymeat operatoss Limits
responsivencss (Ml & Paiandeng, 2019).

3. Incffcetive Ermr Handling SOP — EDC signal failurcs arc managed reactively
without a defined fail-safe mode, wasting vahizble service time.
Environment
1. Road Construction Bottenceks — External repairs reduce cffective entry width,

ercadng single-lane queues.
2 Narrow Layout and Heavy-Vehicle Manoeavring — Limited space prolongs vehicle
positioning time and pump wmover,
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3. Unsuble Internet Coverage — Poor connectivity further impairs digital payment
weliability.

The cross-analysis indicates that prolonged waiting time resuks from a systemic
Imerxron umaog th foue dimeosooy. Thedejdky of opemtooal merdodsawpkics uma
workload; failurcs are cxaccrhs and reactive
masntenance polaes prevent recovery from minor disruptioas. The system thus
double capacity consiraints—physical (equipment and lnwm) and procedural nfixible
‘methods and static staffing). This interdependence exphiins why minor disruptions, such as a
H-sccond EDC delay or a track's show mancaves, trpger exponcatial queuc escalation in a
system alrcady operatng at g > 0.95.

To restore seability, reform must sddress all four pillars simultancously: adspeive staffing
(Man), preventive maintenance (Method), infrustrucure reliability (Machine), and spatial
redesiga (Environmeat). Without such systemic intervention, queuc reduction will remain
marginal

and unsustainable.

42.3 Strategic Framewotk for Scrvice Time Improvement
Operatonal dynamies a ol rosc SPBUs difcr fudmenily from urban sstons duc

et al, (2020) cmphasize that domirant waiting time ruos indicate facility imbalance and
oedic ciec deckioes s cros s e e bl Sabvi

The queting modl confirms a criical utilization rate (o
on peak des. ATy ol (2023 descrbe this 3 1y

0.94-1.02), with saturation

environment, wlrhnuv shack (‘apm'y,wm i hum werwhelm the system,
“The Fishb
1. Man: Statc slafﬁng mismatched with stochstic demand; multitasking-induced micro-
delays; fatigue reducing reaction speed (Meireza et al, 2019).
Machine: Useeliable EDC/QRIS systems and prolonged pump mantenance downtime
(90 minutes) demonsratingthe technalogy parados (Rancang Purwanups, 2019
3 Method: Rescri and shsence of loat fep b limiting
process flexibility (Hieizer & Render, 2017; Manalu & Pakandeng, 2019).
Environment: Narrow lagout and ongoing rosdworks restricting  heasy-vehicle
mancuverabslty (Nacy & Thrahim, 2019).
From this synthesis, SPBU 5361137 faces dual capacity constraints—physical fayout,
equipment) and procedural (rigd methods, scaffing). Incremental managerial adjustments,
such as extending operator shifts, are insufficient for systemic ccovery.

Short-term strarcgies should focus on Business Process Recnginecring to reduice average

service time. Lowering serviee fime from 4.7 to 3.5 minutes would increase throughput and
Tehsc ction hekow 080, This e be achieve] aragh

1. Deployment of Aoating sff with mobile payment systems,

-

2 Implementation of fail-ssfe SOPs switching instantly to cash/manual afrer a 10-second
EDC failure,
3 Quene separation by vehicle type (heavy vs. light) 1o stabilize serviee variance.

Long-tcm stratcgics require physical investment. Following Ritonga (2019) and Fakry
cnz»). adding new pumps or nozzes—trunsitioning from single-channel to mulki-channcl

cuing—can cut waiting time by up 1o 50%. Infrastructure expansion will be necessary as
B iohi B actinses 1 g oo s Sarsbape- Cirall o8 siekloe:

‘The implementation of a dual-channel queue model (M/M/2) at SPBU 53,6137 is
giieciad o bave Wi it o Knpiaa, By (g the Cusi: ok Y0 s
parallel service lines, the system effectively halves the average waiting ime and stbilizes
scever wilization under high. ions (o < 0.80). In the long run, this configuration
supporss scalabikty, allowing addisional pumps t be integrated without redesigning the entire
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service Jayout. Farthermore, duak-channel systems enhance resilience against stochastic
flucuations in demand, providing sustainable operational cquilibdum and minimizing
revenue loss duc to customer balking during peak raffic.

Ao bz
S | (n-g
n-k‘-t
e i

Figure 2. Improvement Strategy Flow

‘The proposed i flow diagr formation from the

o condition (¢ > 1) .m.d n Sl bl e (@ < 0.8), integrating both

immediate process upgrades. Short-term

measures manipulate service rate (Jl).v\hxk lowz term actions cxpand capacity (5). Both tracks
must converge 1o achieve sustinable efficicacy.

Hizuicly, peoknged waiiog tnea: SPBU S361137 it nox mercly s comfort ok
poses ver safety, fatigue, and operaional relizbility. A comprehensive solution
combining techaological renewal, human resource flesibility, preventive mainterance, and
infrastnucture expansion is essential. Only by lowering sysem wilization to 1 manageable
threshold can the SPRU Rulfill its mtended function: providing fast, safe, and restorative
service for toll-road users.

5. Comparison
Compared 1o prior studies on fucl station queuing d servi the

findings from SPBU 33,6137 contrik A empirical evid he lnteraction between

human, techaol and spatial constrints in high-udlizaton toll-rosd environments.

logical,
While earlier works such ss Ritonga (2019) and Fokey (2024) emphasized structural
cxpmm—add:m posipe ce transkioning fom single-<haanel to mula-chanacl (M/M/3)
o ng time, this sty extends the discussion by
quantifying how Foperacionul rigidit and technological unrelabiliy jointly produce em
saturation even without visible infrsstructure fulure. Similarly, Pessmoro et al. (2020) and
Aanala & Palandeag (2019) focused on suc performance racos and workforee scheding,
reas the present study integrates
(195-1.02) with rea-time behavioral and environmental observations, offeriag a moee olistic
s disgrosis. Moreover, by .m..,a...:..g the e o of Double Capacity Constrair
coexstence of physical and procedural bottleaccks—this research provides 4
e B ing beyond the traditional M/\I/- o s R The coplied
validacion of the Techology Paradox—shere digital payment adoption increases rather than
decreases waifing time under unstable actwork conditions—also cxpands the literature on
digital ransformation in public service operations, resonating with but advancing beyond
Rancang Purwarupa (2019). Overall, this study bridges a gap between mathematical quesing
llrury and opertonal fed dynamics, denonsiating that sustasubie serice eficincy In

ndnpm'L humanresource management, preventve maintenance, and resilient digical
crure 2 unified operational framework.
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6. Conclusion

“This study provides an i d analysis of th SPBU 3361137
Rest Area Surabuya-Gresik by combining queuing theory with a Fishbondlisgnostic
framework tw identify operaconal botdenccks and craluate system capaciry. The results
with server uilization
consistently ranging, from 0.94 1 1.02 during peak perocs. This condiion reflects demand
levels that exceed available service eapacity, resulting i an aversge system time of 14.3
minutes per vehicle, of which 67% constirutes wainng tme. These findings confirm the
rescarch objective of assessing the severity of operational congestion and identifying the
factors contribatng to cxtended delays.

The rot-cause analysia furher reveak that proloaged waiting times emerge from &
dowble crpacy conuniar diiven by igereated boman, machine, medhod, and

facton. Key disruptions such ax EDC

signal failures and pump downime, rigid mm and operational methods that are not
responsive to demand fucwations, and plmml lx)(mx Iumuuum that unpak the mosement
of heavy vehicles. Th h that
is systemic rather than indenul. To adress these lma s sudy W- 2 hybrid

dmes to 3-8 minutes, The short-tcrm stategy Focuses on pm(m uplm\ualn

deployment of floating saff for pre-payment, implementation of fail-safe di

procedures, and scgregation of vehicle lancs. Mes kil gt et Swipeie

such a5 additonal pumps or nozzks, preventive maintenance systems, and dynamic

workforee scheduling—provide more sustainable capacity enhancements. Together, these

strategies offer actionable recommendations for improving service flow efficiency and
customer ience.

“The study conributes to the lirerature on service operations by demonstrating the value
of intcarating quantitative queuc analysis with quaitative diagnostic tools to address
mulidimensional operational conseraints, The implications are purticularly relevant for fuel
stations located in high-traffic toll road cnvironments, where the ntesplay between demand
wariability and infrastructural limirations requires strategic operational design.

Despite its contsbutions, this rescareh has limitations. The analysis docs not incorporate
simulation-based modelling to validare the projected cffecrs of transitioning from singlc-
channel to multi-channel queue configurations, nor does it include a detsiled financial
feasibility assessment for nfrastructire expansion. Future rescarch shoukd apply discrete-
event. simulation or system dymamics modeling o cvaluate the impaee of proposed
intervetions more accurarely. /\ddimm.ll\'. farther snukics should examine the rehabiiry of
digital payment infrastructur ly constmined restarea environments
support the development of rlens oy adaptive service systems.

Academically, this study extends the queuing theory application by integrating the dul-
channcl model vith qualimue Fishbone analysis, providing a malti-dimeasional framework
for diagoosiag congestion in public fuel senice systems. Pacicly, the finding offer
actionable f sharia.-bas
emphasizing the balance between operational efficency (ibiss) and customer welfure
(watlebab). “The proposcd hybrid swacegy supports cvidence-based investment planaing for
PT Peramina and aligns with broader nationsl objeetives for sustainable, customer-centered
servic systems.
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