
Journal of Physics:
Conference Series      

PAPER • OPEN ACCESS

Comparative Analysis of Manual Strapping Method
(MSM) and Electro-Optical Distance Ranging
(EODR) Method of Tank Calibration
To cite this article: O. O. Agboola et al 2019 J. Phys.: Conf. Ser. 1378 022062

 

View the article online for updates and enhancements.

You may also like
Low-Cost Prototype Multidiameter
Measurement for Vertical Cylinder Tank
V Firmansyah, K Ahmad, P Nugroho et al.

-

A Model for the Coupled Eruption of a
Pseudostreamer and Helmet Streamer
P. F. Wyper, S. K. Antiochos, C. R.
DeVore et al.

-

A Breakout Model for Solar Coronal Jets
with Filaments
P. F. Wyper, C. R. DeVore and S. K.
Antiochos

-

This content was downloaded from IP address 154.113.65.102 on 20/01/2025 at 14:05

https://doi.org/10.1088/1742-6596/1378/2/022062
https://iopscience.iop.org/article/10.1088/1742-6596/2376/1/012016
https://iopscience.iop.org/article/10.1088/1742-6596/2376/1/012016
https://iopscience.iop.org/article/10.3847/1538-4357/abd9ca
https://iopscience.iop.org/article/10.3847/1538-4357/abd9ca
https://iopscience.iop.org/article/10.3847/1538-4357/aa9ffc
https://iopscience.iop.org/article/10.3847/1538-4357/aa9ffc
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstS_GLqfpe0tUIwfZKNrJUDQ3jaqUFZwNFyg2dBXXckzpf0DqURERdUM7vFd5EaNKwhkWhDnWwI-FNKt9e2ZwFTy-PzZYAj4dwQpJsbRKyKZKRJdtRLrxHiiqHMAn-g_iu2Wkv-QP9yBEUQUSZRjqlSH_9CnjyUXS_6xhirMDKY-BiUZyNtK7FqG1zhzfBeYGdj98velx4iVyRcgPeLF45gxicQ2xLyR7S71EHQcGOlmW4Gp7w0E7-sZ-7XaOJ1ZnJbek_ni0nwjruN73gcEw-XfZjfnlyZInhfq_E-smrkhdU5wXLMwOnLF625AJgCctKaizfXol0XOwm_5UUOI8aFEoO5Pcg9WzO1xqDOQjKk&sig=Cg0ArKJSzFVq7N-bf2ri&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/248/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_abstract_submission%26utm_id%3DIOP%2B248%2BAbstract%2BSubmission


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

International Conference on Engineering for Sustainable World

Journal of Physics: Conference Series 1378 (2019) 022062

IOP Publishing

doi:10.1088/1742-6596/1378/2/022062

1

Comparative Analysis of Manual Strapping Method 
(MSM) and Electro-Optical Distance Ranging 
(EODR) Method of Tank Calibration 

O. O. Agboola 1,2*, B. O. Akinnuli 2, M. A. Akintunde 2 P.P. Ikubanni1 and 
A. A. Adeleke 1,3 
, 
1Department of Mechanical Engineering, Landmark University Omu-Aran, Kwara State, Nigeria. 
2 Department of Mechanical Engineering, Federal University of Technology, Akure, Ondo State, Nigeria  

3Department of Mechanical Engineering, University of Ilorin, Ilorin, Kwara State, Nigeria. 
Corresponding Author;  agboola.olayinka@lmu.edu.ng 

  
Abstract-  
Oil storage tanks are mandated for calibration before putting to use and to be re-

calibrated as a statutory requirement at every five year interval. Oil tanks could be 

calibrated by geometrical methods such as Manual Strapping Method (MSM) and 

Electro-Optical Distance Ranging (EODR) method. This study compares both MSM 

and EODR in terms of cost incurred, duration of calibration and efficiency. Both 

methods were found to be efficient as they satisfied 95% minimum efficiency as stated 

by API MPMS 2.2 standard when compared with the wet method of tank calibration; 

though the cost of EODR was slightly higher than MSM but this was compensated with 

higher efficiency and reduced duration/time of calibration. 

 

Key words: Calibration, Comparative analysis, Oil storage tank, Custody 

transfer, Measurement 

 

 

1. Introduction  

Tanks are containers used in storing liquids or compressed gases. Though it can be in various 

shapes such as cubic/cuboidal shape and spherical shape or spheroid, but the acceptable shape 

in oil industry is cylindrical shape [1]. Upright cylindrical storage tanks used in oil industries 

are calibrated at an interval as directed by the regulatory agency of various countries. For 

instance, oil storage tanks are calibrated at five (5) years interval both in Lithuania and Nigeria 

[2], [3].  

Basically, tank calibration can be classified as a wet or dry calibration. Wet calibration involves 

transfer of a known quantity of liquid into a tank or withdrawal of a known quantity of liquid 

from a tank [4]. Though, wet method of tank calibration is adjudged to be the most accurate 

method however it is only practicable in the calibration of small-sized tanks [4], [5]. Dry 

calibration is known as the geometrical method of tank calibration which involves the accurate 

measurement of tank dimensions so as to use mathematical formulae and relations to determine 

its capacity [6]. Dry/Geometrical method of tank calibration is sub-divided mainly into: Manual 

Strapping Method [7] and Electro-Optical Distance Ranging Method [8] 

Manual strapping method (MSM) is the oldest geometrical method of determining tank volume 

[9]. When using this method, a strapping tape (steel tape) is wound firmly round the 

circumference of each course of the tank to obtain the actual value of the circumference. Other 
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measurements such as height of the tank, thickness of each course, temperature, specific gravity 

of the product to be stored, deadwoods in the tank and their locations; are also required to 

determine the tank capacity. MSM could be modified into: Optical Reference Line Method 

(ORLM) and Optical Triangulation Method (OTM). Agboola et al. [5] used Microsoft Excel in 

generating calibration chart for horizontal petroleum storage tanks. It was revealed that the 

results of comparison done between Microsoft Excel program and Sociétié Generale de 

Surveillance (SGS software) was found to be in statistical controlled limit. In the study, only 

manual strapping method (MSM) was used to obtain the field data.    Electro-optical Distance 

Ranging (EODR) involves the use of surveyor’s total station to internally scan about eight (8) 

or more points round the circumference of each course of the tank. Unlike MSM, EODR 

eliminates the use of scaffold to obtain circumferential measurements and also saves time [2]. 

There are recent studies in advanced method of tank calibration such as 3D scanning of storage 

tanks using 3D scanner to determine its capacity as well as the automation of tank calibration 

process [2], [10], [11]. EODR which has been on ground for a while now is yet to gain total a 

total acceptance in Nigeria because of the fear of high cost, efficiency and technical know-how 

of the calibrators.  It is on this note that this study was carried out in comparing MSM and 

EODR in terms of the efficiency of the generated calibration chart, cost of calibration and 

duration with safety requirement. 

 

 

 
Figure 1: Oil Storage Tank 

 

 

1.1 Terminologies associated with oil tanks 

Some of terminologies associated with oil storage tanks are indicated in Figure 1 
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Datum Plate: A metal plate located along the vertical axis descending from the dipping 

reference point, providing a fixed contact surface from which liquid dip measurements are 

taken. 

Dip Hatch: An opening on top of a tank through which dipping, ullaging or sampling operations 

are carried out. 

Dip Pipe: A hollow metal pipe fitted below the dip hatch which projects downwards and ending 

near the bottom of the tank. It is directly above the datum point and acts as a guide for the dip 

weight, particularly, when obstructions have to be avoided. It is compulsory for a floating roof 

tank. 

Shell Plate Thickness: This is the value of thicknesses for each course as obtained from the 

ultrasonic thickness measurement (UTM) machine 

Dipping Reference Point: This is a clearly marked point on the dip hatch. It is normally located 

along the vertical axis ascending from the dipping datum point to indicate the upper reference 

position to which ullage is measured. 

Overall Height: This is the vertical distance between the dipping reference point and the datum 

point which shall be marked on the tank at the dip hatch. 

Dip: It is vertical distance between the datum point and the liquid level. 

Ullage: The vertical distance between the liquid level and dipping reference point. It can also 

be called outage. 

Course: One circumferential ring of plates in a tank. 

Deadwood: This refers to any tank fitting in a tank. It is called ‘positive’ when the capacity of 

the fitting adds to the effective capacity of the tank, or ‘negative’ when the capacity of the fitting 

subtracts from the effective capacity. 

 

 

2. Methodology 
 

2.1 Equipment used 
Table 1 gives the list of equipment used for this study. The study was conducted at Port-

Harcourt, Rivers State, Nigeria. 

 

S/N Name of Equipment Specification Uses 

1 Strapping tape 

100m long steel tape, made by 

Komelon  

To measure the circumference 

of the course shell of a tank 

2 Dip 20m BMI steel tape  

To determine the overall 

internal height of a tank 

3 Pocket tape 

5m steel tape, made by 

Crocodile 

To measure the height of the 

course shell of a tank 

5 

Surveyor’s leveling 

instrument Pentax N 2.0” Display 

To determine the profile of the 

tank floor 
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6 Surveyor’s Total Station 

Pentax W-1500N, 3.5” 

Display, WinCE 7.0 operating 

system. 

To take the coordinate of 

various target points round the 

circumference of each course of 

a tank 

7 Flowmeter 

 

3” size manufactured by 

Cowell, 75-750L/min flow 

rate, 150 Psi, 0.07 

Repeatability, Model: FMC-

80 Smith Flowmeter 

To accurately measure the 

quantity of liquid 

metered/flowed into the tank 

8 Water paste N/A 

To indicate the water level 

during dipping in wet 

calibration 

9 Strapping rod N/A 

To properly position the 

strapping tape for higher 

courses 

10 

Ultrasonic Thickness 

Measurement (UTM) Machine 

AR850+ Manufactured by: 

Smart Sensor 1.2 - 225 mm, 

10mm, 5MHz 

To measure the plate thickness 

of each course 

 

2.2 Method 
Three categories of storage tanks were considered: i. Small size tanks (� 1,000,000 litres), ii. 

Medium size tank (1,000,001 – 10,000,000 litres), and iii. Large size tanks (10,000,001 – 

20,000,000 litres). A representative tank was chosen for each of the afore-mentioned categories, 

of which the dimensions and volumes are presented in Table 2.  

 

Table 2: Representative tanks considered in this study 

S/N Tank ID 
Nominal  

Dimensions (m) 

Nominal 

Volume 

(Litres) 

Categories  

of Tank 

1 Tank A 10D x 12.3H 966,000 Small size 

2 Tank B 22.49D x 15.1H 5,999,000 Medium size 

3 Tank C 29.96D x 20.99H 14,799,000 Large size 

Note that ‘D’ is the nominal diameter and ‘H’ is the nominal height 
 

Four calibration vendors were contacted to give their best quotations for the calibrations of 

Tanks A, B and C. Two separate quotations, one each for MSM and EODR were obtained from 

the four vendors and the average cost for each of the method was computed. 

Tanks A, B and C were calibrated by both MSM and EODR while noting their durations and 

costs. The efficiency of each of the method was determined by comparing the calibrated volume 

with the volume obtained by wet method at different levels up to 2 m height. The efficiency 
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was calculated using Equation (1). Wet volume and the corresponding level was obtained by 

using FMC-80 Smith Flowmeter to meter in/flow in a known quantity of water or liquid [4]. 

After metering in a known quantity of water, a dip tape coated with water paste was inserted to 

indicate the level of water metered in.  

Efficiency = 100 � ���� ��	
���
�������� ��	
��
��� ��	
��  × 100�     (1) 

 
2.2.1 Manual Strapping Method 
The strapping tape was wound round the circumference of each course shell at 20% height and 

80% height of the course to determine the average circumference for each course as shown in 

Figure 2. Pocket measuring tape was used to measure the height of each course while the bottom 

survey was conducted on the floor of the tank by surveyor’s leveling instrument as shown in 

Figure 3. Bottom survey is conducted to determine the volume at the datum (deadstock/zero 

volume). Plate thickness of each course was also determined using UTM machine. Internal 

diameter ‘d’ was determined using Equation (2) after putting into consideration the effects of 

temperature, tape rise and plate thickness 

Internal diameter ‘�’ = 
�
� � 2�         (2) 

where c is the average circumference for each course shell and ‘t’ is the plate thickness for each 

course. 

 
Figure 3: Strapping of tank shell 

 

 
Figure 4: Bottom survey with leveling instrument 

Strapping tape 

Strapping rod 
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Commonly encountered bottom profiles as described by Dan [12] are spherical, ellipsoidal and 

conic [12], [13] is as shown in Figure 5.  After establishing the profile of the bottom, exact 

mathematical equations (Equations (3) – (8)) as given by Dan [12] was then adopted to compute 

the volume at any level/height. 

 
Figure 5: Commonly encountered bottom profile [12] 

 

Conical bottom Profile 

Calibrated volume for conical bottom profile ��  = 
�
� ���

� �
�

��
��       when � < �               (3) 

Calibrated volume for conical bottom profile ��  = 
���

� �� � ��
� � when � ! �  (4) 

 
Ellipsoidal bottom Profile 

Calibrated volume for ellipsoidal bottom profile ��  = 
�
� ���

� �
�

�� � �
�� when � < �          (5)                       

Calibrated volume for ellipsoidal bottom profile ��  = 
���

� �� � �
�� when � ! �  (6) 

Spherical bottom Profile 
Calibrated volume for spherical bottom profile �" = ���

� �2� + ��

�� � ��
� � when   � < �  (7) 

Calibrated volume for spherical bottom profile �" = �
� ���#

� � ���

� + �$�� when � ! � (8)           

where C is the average circumference of each course; t is the plate thickness of each course; a 

is the assistance between the datum point and the deepest point at the centre of the tank floor; h 

is the calibrated height/level; D is the internal diameter of the course shell; Vc is the calibrated 

volume for conical bottom profile; Ve is the calibrated volume for elliptical bottom profile; Vs 

is the calibrated volume for spherical bottom profile 

 

2.2.2  Electro Optical Distance Ranging 
Surveyor’s total station and its ancillary equipment were set at the centre or near the centre at 

the tank floor. A series of target points (minimum of 8 points) were struck at 25% and 75% 

height of each course height. This was done from the first course through to the last course. The 

coordinates x, y, z generated round the internal circumference of all the courses were transferred 
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to AUTOCAD 2017 to generate the circular section so as to determine its cross-sectional area 

(Figure 6). The cross-sectional area generated from each course was multiplied by the 

corresponding height to obtain the calibrated volume at a particular level. Figure 7 shows the 

circular section for course shell generated from coordinates supplied into AUTOCAD 2017. 

The volume calibrated using EODR can be determined using Equation (9).  

�%&�' = ()*� ,-��./*� 3),4 (5678($ �)�9/ :*;�.,/ ( × >*.?�� ;,/:.�*)*� �  (9) 

 
Figure 6: Use of EODR for tank calibration [14] 

 

 
Figure 7: Circular section generated from each course shell 

 

3. Results and Discussion 
Table 3 shows the cost of calibration and the time taken to calibrate for both MSM and EODR. 

Tanks A, B and C illustrate the small, medium and large sample tanks based on their dimensions, 

respectively. The costs of calibration of the three categories of storage tanks as well as the time 

taken to perform the calibration using the two methods were reported as shown in Table 3. The 

costs of calibration for both methods range from #117,258.50 to #604,942.92. Calibration costs 

for both methods for small storage tank is below #200,000; for medium storage tank is below 

#300,000 and for large storage tank is below #610,000. An assumption that calibration 

personnels could only perform their duties for close to 8 hours was used in this study. Hence, 

the time to calibrate the small tank (Tank A) for the MSM and EODR are 7.6 h (1 day) and 4.1 

h (1 day), respectively. Calibration time taken for Tank B and Tank C for MSM and EODR are 

Circumference of Course Shell 
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13.3 h (2 days) and 7.5 h (1 day), respectively; and 19.7 h (3 days) and 10.4 h (2 days), 

respectively.  

 

Table 3: Cost of calibration and time taken for calibration 

S/N Tank ID 
Nominal 

Dimensions (m) 

Cost of calibration (#) Time taken (hour/Day) 

MSM EODR MSM EODR 

1 Tank A 10D x 12.3H 117,258.50 198,685.99 7.6h/1 day 4.1h/1 day 

2 Tank B 22.49D x 15.1H 228,470.37 285,885.41 13.3h/2 days 7.5 h/1 day 

3 Tank C 29.96D x 20.99H 589,627.66 604,942.92 19.7 h/3days 10.4h/2 days 

Assumption is that the calibration personnel could only work for a maximum of eight hours (8 
h) in a day. A day is � 8 h 

From Table 3, it was observed that the cost incurred while adopting EODR was slightly higher 

than that of MSM when compared for each tank under study. However, the duration of 

calibration was reduced in EODR when compared with MSM for each tank under study. 

Therefore, it can be said that EODR is faster and slightly expensive than MSM for usage for 

each tank level. 

MSM and EODR calibrated volume at different level/height up to two metres (2 m) for the three 

tanks are shown in Table 4. The bottom profile for the tanks A, B and C are flat, cone and cone, 

respectively. For both methods, calibrated volume increases as the level or height increases. 

Moreover, calibrated volume in EODR was higher than MSM at every level considered for all 

the three tanks. This indicates that EODR can be said to be more accurate in volume calibration 

of storage tanks than MSM as supported by Knyva et al. [2] 

 

Table 4: Calibrated volume at various levels 

Tank 

ID 

Bottom 

profile 

MSM (Calibrated volume at different 

level/height in Litres) 

EODR Calibrated volume at different 

level/height in Litres) 

0 

m 
1 m 1.5 m 2 m 0 m 1 m 1.5 m 2 m 

Tank A Flat 341 78,891 118,166 157,441 350 79,930 119,735 160,120 

Tank B Cone 
797

8 
405,288 603,943 802,598 7990 406,090 605,440 804,990 

Tank C Cone 
200

02 
725,062 1,077,592 1,430,121 

2001

5 
725,095 1,782,715 3,192,875 

 

Table 5: Efficiency at the datum level and at the highest calibrated level 

Tank 

ID 

Wet calibration MSM EODR 
MSM 

Efficiency 

EODR 

Efficiency 

0 m 2 m 0 m 2 m 0 m 2 m 0 m 2 m 0 m 2 m 

Tank A 358 164,910 341 157,441 350 160,120 95.3 95.5 97.1 97.1 

Tank B 8,305 824,720 7,978 802,598 7,990 804,990 96.1 97.3 96.2 97.3 

Tank C 20,806 1,472,183 20,002 1,430,122 20,015 1,430,175 96.1 97.1 96.2 97.1 
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Table 5 gives a further analysis of Table 4, where the efficiency of both MSM and EODR was 

determined. The wet calibration values and dry calibration values based on MSM and EODR 

for datum and highest calibrated levels were as shown in Table 5. The efficiencies for MSM 

and EODR were obtained based on Equation (1) for each of the tank. The efficiencies obtained 

show the accuracy of the methods. 

Tank A which has the smallest nominal capacity had its MSM efficiency lower than Tanks B 

and C. It was observed that for Tank A that the EODR efficiency maintained same value of 97.1 

m at datum and highest calibrated level. This might be due to uniform cross-sectional area 

between the datum and the highest calibrated level for this study. Furthermore, it could be 

opined that there are no local deformations such as bulges and dents.  More so, the efficiency at 

2 m was slightly higher than the MSM and EODR efficiencies at the datum (zero level) for all 

the tanks. From the foregoing, it could be inferred that the efficiencies increase with an 

increasing level. Higher efficiency with shorter duration observed when using EODR 

corroborated the work of Knyva et al. [2]. It could also be said that the results of calibration of 

both methods are efficient because they satisfied the minimum requirement of 95% efficiency 

when compared to wet calibration [3], [13].  

 

4. Conclusion 
The comparative analysis of Manual Strapping Method and Electro-Optical Distance Ranging 

method of tank calibration has been carried out. The results confirmed that both methods were 

efficient. The cost of utilizing EODR for calibration is a bit higher than MSM but compensated 

with higher efficiency and a shorter duration when compared with MSM which shows longer 

duration with lower cost. Due to the shorter duration involved in EODR, the study suggests that 

the method can viably be used in Nigeria for storage tanks calibration. More so, based on the 

analyzes done for both methods, the study has offered the decision makers opportunity to make 

choice of calibration method they preferred to use; considering the cost, efficiency and duration. 

 

Acknowledgements 

The authors wish to acknowledge the financial support offered by Landmark University Omu-

Aran in supporting this research work for publication 

 
 
References 
[1] Kuan S. Y (2009). Design, Construction and Operation of the Floating Roof Tank. 

University of Southern Queensland, Dissertation.   

[2] Knyva V., Knyva M. & Rainys J. (2013). New Approach to Calibration of Vertical fuel 

tank. Journal of Elektronical Ir Elektrotechnika, 19(8) 

[3] DPR Guide (2017). Addendum to Procedure Guide for the Determination of the 

Quantity and Quality of Petroleum and Petroleum Products in Nigeria (“addendum”). 

Department of Petroleum Resources, 1 – 14. 

[4] API 2555 (1998).  Method for liquid calibration of tank. Measurement Coordination 

Department, Washington, DC. 

[5] Agboola O. O, Ikubanni P. P, Ibikunle R. A, Adediran A. A & Ogunsemi B. T (2017). 

Generation of Calibration Charts for Horizontal Petroleum Storage Tanks Using 

Microsoft Excel. MAPAN-Journal of Metrology Society of India, 32(4), 321-327. 



International Conference on Engineering for Sustainable World

Journal of Physics: Conference Series 1378 (2019) 022062

IOP Publishing

doi:10.1088/1742-6596/1378/2/022062

10

[6] Nosach V. V., Belyaev B.M (2002). The calibration of large vertical cylindrical tanks 

by a geometrical method. Measurement Techniques, 45(11). Available: 

http://dx.doi.org/10.1023/A:1022062532494 

[7] API MPMS 2.2A (2000). Measurement and Calibration of Upright Cylindrical Tanks 

by the Manual Tank Strapping Method, Measurement Coordination Department, 

Washington, D.C 

[8] API MPMS 2.2D (2000). Measurement and Calibration of Upright Cylindrical Tanks 

by the Electro Optical Distance Ranging. Measurement Coordination Department, 

Washington, D.C 

[9] Nosach V. V. & Belyaev B.M (2003).  Salient features of procedures for geometric 

calibration of large vertical cylindrical tanks. Measurement Techniques, 46(1). 

Available: http://dx.doi.org/10.1023/A:1023413606206 

[10] Knyva, V. & Knyva, M. (2012). New method for calibration of horizontal fuel tanks. 

Elektronika ir Elektrotechnika, 18(9). 

Available: http://dx.doi.org/10.5755/j01.eee.18.9.2816  

[11] M. Knyva, V. Knyva, Z. Nakutis, V. Dumbrava & M. Saunoris (2017).  A concept of 

fuel tank calibration process automation within IoT infrastructure. MAPAN-J. Metrol. 

Soc. India 32(1), 7–15. 

[12] Dan J. (2010). Calculating Tank Volume, Available from 

http://www.webcalc.com.br/blog/Tank_Volume.PDF. Accessed on 25th August, 2015. 

[13] API MPMS 2.2 (2000). Measurement and Calibration of Vertical Cylindrical Tanks, 

Measurement Coordination Department, Washington, D.C 

[14] Savaraman S. (2012): Vertical cylindrical storage tank calibration technologies and 

application, Proceedings of API Conference & Expo, Singapore. 

 


