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ABSTRACT  
This paper  focus on analyzing a pipeline rupture effects, and 
compare the simulation results to the SCADA data. This 
comparison clarifies the Pipeline Operator with some 
questions: has the shutdown valves protection device 
actuated? Did  pressure drop in the pipeline match with the 
simulation model? 

After the emergency treatment, another issue that comes upon 
is the planning of the pipeline repair and the marketing 
remaining day's load. Once again, hydraulic simulation brings 
the Pipeline Operator to the optimum solution. 

 

INTRODUCTION 
One of the most significant issues for  pipeline hydraulic 
models is to match the model results to the operating data. In 
an existing pipeline network this “tuning” is carried out by 
comparing the measured variables and those obtained by 
making calculations under different operating conditions. 

On  November 2008, a pipeline rupture took place at the 
southern section of Bolívia-Brazil Gas Pipeline (GASBOL). 
Rupture data were measured from SCADA system in some 
city-gates and compressor stations. The objective of this paper 
is to compare these measured data with result obtained from a 
simulation analysis.  

 

GAS NETWORK DESCRIPTION  
The Bolivia-Brazil Gas Pipeline (GASBOL) is a 32” gas 
pipeline, with a total extension of 1,963 mi (3,159 km) and a 
rated operating pressure of 1,422 psig  (100 kg/cm2g), 
extending from the gas producing fields of Rio Grande, 
Bolivia, to Canoas, Brazil.  

The Bolivia-Brazil Gas Pipeline Brazilian portion is owned 
and operated by Transportadora Brasileira Gasoduto Bolívia-
Brasil S.A., TBG, a company whose shareholders are 
Petrobras Gas S/A GASPETRO, BBPP Holdings 
Ltda,TRansredes do Brasil Holding Ltda, AEI America do Sul 
Holding Ltda, Bear Gás Participações Ltda. 

Nowadays 1060 MMSCFD (30,00 MMm³/d) in average are 
being transported by TBG, this amount represents 50% of the 
Brazilian market consumption.  

From its Head Office in Rio de Janeiro, TBG controls all the 
Pipeline’s operations along its entire length of 1,611 mi ( 
2,593 km) on Brazilian soil. It surveys the full extension of the 
Pipeline 24 hours a day, by satellite, utilizing a SCADA 
system. 

The maintenance of the Pipeline’s installations is a 
responsibility of the three Operational Divisions: West, 
located in Campo Grande, covering the State of Mato Grosso 
do Sul; East, located in Campinas, servicing all the State of 
São Paulo; and South, located in Florianópolis, in charge of 
the States of  Paraná, Santa Catarina and Rio Grande do Sul. 
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Figure 1 – Bolívia-Brazil  Gas Pipeline 

 

Event Description  

Overview 

The 2008 Santa Catarina-Brazil floods occurred after a period 
of heavy rainfall during November 2008, most significantly 
during days 20, 21, 22 and 23 of November. The state suffered 
constant rainfalls for over two months (during  September, 
October, and November) on the coast, which turned the soil 
wet enough to cause a landslide during the storm that hit the 
state in late November. It affected around 60 towns and over 
1.5 million people in the state of Santa Catarina in Brazil. At 
least 128 people are confirmed to have been killed  with over 
78,700 being forced to evacuate their homes. A further 
150,000 have been left without electricity, while water 
rationing is being carried out in at least one town due to 
purification problems. Several towns in the region have 
become cut off due to floodwater and landslide debris and on 
November 23. Water levels in the Vale do Itajaí have risen to 
36 feet (11 meters) above normal. 

 
Figure 2 – Rain rate 

 

(Figure 02), taken by the Tropical Rainfall Measuring Mission 
(TRMM) satellite, shows a snapshot of the storm that 
caused the flooding. TRMM snapped this image of the rains at 
11:50 a.m. local time (13:30 UTC) on November 22, 2008. 
The image shows the horizontal distribution of rain intensity 
as seen from above. Areas of intense rainfall (darker reds) are 
associated with heavier thunderstorms over and just off the 
coast. A broad area of light to moderate rain (green and blue 
areas) extends well inland. Located in the subtropics, southern 
Brazil’s rainiest months on average occur during the Southern 
Hemisphere summer. The pluviometrical station of  Indaial-
SC, has recorded high pluviometrical level by end of 
November 2008. (Figure 03) 

 
Figure 3 – Accumulated rains 

 

Pipeline Rupture Location 

The storm also had serious economic consequences, virtually 
closing off access to the state's tourist resorts and causing 
damage to two portions of the Bolivia-Brazil gas pipe in the 
city of Joinville.  

These problems led state-owned oil company Petrobras to cut 
off the supply of natural gas to several industries in Santa 
Catarina and the neighbouring state of Rio Grande do Sul. The 
available fuel was mainly being directed to hospitals in the 
area.  

At 21:25 h novembre 23, gas operator crew received a free 
call service reporting a strong noise and a flash in Gaspar-SC 
region. From this moment, TBG has started it’s Emergency 
Plan. Technitians were sent to recognize the region reported 
and make first mitigation tasks. Pipe rupture was confirmed  in 
a  20” pipe located at  km 658+510 (between VES_60110  and 
VES_60100)  in the southern leg of GASBOL (Figure 04). 
There were no victims related to gas pipeline rupture. 
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Figure 4 – Pipeline Rupture map 

 

One of the greatest issues was reach the rupture point, because 
the flooding has blocked more than 20 roads. Eight 
communities are cut off from the rest of the nation and have 
no water and electricity, water and coats are being brought in 
by helicopter 

 
Figure 5 – Pipeline rupture snapshot 

 

SIMULATION ANALYSIS X MEASURED 
DATA 

Demand Forecasting 

To optimize the pipeline linepack and keeps residential, 
hospitals and commercial customers , Pipeline Operator deals 
with the shippers to  reduce gas demand in all city-gates 
downstream the rupture location. All delivery points were 
significantly reduced and the total flow in SC and RS states 
were reduced to 1,06 MMSCFD (30,00 MMm³/d.). 

 
 

Figure 6 – Demand Forecasting 

Simulation Analysis 

The facts to be verifyed  in this section  are the not automatic 
performance of  shut-down valve  VES_60100 and to proof of 
the automatic performance of the shut-down valve 
VES_60110 after the pipeline rupture  in the condition of 
operation pressure in the point in subject of  981.4 psi (69 
kgf/cm².) 

The analysis and their conclusions will be based on the 
comparison of real the data  with  the expected theoretical 
data, and by  mathematical simulation of  the operational 
profile  of the real pressure drop . 

To compare the real  data profile, acquired by SCADA, and 
the behavior expected in a situation of a pipeline rupture, a 
Commercial Pipeline Simulation software (Pipeline Studio), 
was used to simulate  leak conditions. (Table 01) shows 
different hole diameter that were considered to get to real 
values. 

Beyond simulation decribed above, mean flow theoretical was 
estimated for a 4 hours period, for hole from 1” to 8”. (4 
hours) was the period that VES_60100 e VES_60110 were 
assumed to be closed). In this scenario was not considered the 
automatic opration of shut down valves.(Table 02) 

Considering conditions described above, graphs below 
compare the real pressure drop at the delivery points Gaspar  
and  Guaramirim and the simulated profiles. 

VVEESS--
6600110000  

VVEESS--
6600111100  
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Figure 7 –Gaspar City Gate profile (Simulated X Real) 
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Figure 8 –Guaramirim profile (Simulated X Real) 

 
Table-3 compares  simulated values (tables 1 and 2 )  with real 
values (red text). 
 

Tunning Pipeline Simulation 

Topics above shows that pressure drop and flow transient  had 
different behavior of a real  pipeline rupture. Some questions 
were raised up, such as: has the shut down valve (SDV) 
actuated?  

This topic answers this question using pipeline simulation by 
tuning the model with real data acquired from SCADA. Then, 
adjusting the diameter of the hole, the variations of hourly 
demands in each city gate and conditions of the surrounds of 
the rupture, the real scenario was modeled in the simulator to 
reproduce transient variations in pressure at points upstream 
and downstream of the pipeline point of rupture.  
 
Transient scenario was used in the simulator to show  real 
variations in pressure in the pipeline after the rupture, transient 
conditions are : 

·  VES_60110 close , but  with gas leakage;  

·  VES_60100 not close Bullet; 

·  There is no rupture in pipeline; 

·  There is leak from a  4.7 inches hole; 

·  Changes in demand for each gas delivery point. 

(Table 04) shows these transient scenarios. 
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Figure 9 – Pressure Profile VES-60100 (Simulated) 

Guaramirim profile (Theoretical X Real) 
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Figure 10 -Gaspar /Brusque city Gate-Pressure Profile 
(Real) x Pressure Profile (Simulated) 

The relevance of  graphs above lies on the fact that they 
clearly show how the calculated pressure and the measured 
pressures values are in line, thus enabling us to rely on the 
model accuracy. 

Those simulations proved that  VES_60110 (downstream 
rupture) has closed and  VES_60100 (upstream rupture) has 
not close , but this  pipeline segment has bending (Figure 11). 
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Figure 11 – Pipeline snapshot 

CONCLUSIONS 
After the pipeline rupture, Control room Controllers have 
received information that both valves VES_60100 and 
VES_60110 has not actuated, however, by the results shown 
in this paper some conclusions can be highlighted: 

Evidence of automatic actuation of Line Break protection, 
closing the valve VES_60110. This assertion is based on the 
pressure drop downstream of the valve that is consistent to a 
situation of closing the VES_60110, with little leakage trough 
the valve. 

Evidence of no actuation of Line Break protection of the valve 
VES_60100 This assertion is based on the of pressure drop 
profile in the upstream of the valve that is consistent with the 
profile of a 4,7 hole in  pipeline.  
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TABLES 
 

 
 

Table 1 – Simulated hole diameter 
 
 

 
 

 
Table 2 – Simulated mean flow 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hole diameter 1 2 3 4 5 6 8 

Flow [MMCF/D] 26.48 109.66 245.32 430.19 656.89 1018.54 1458.93 

Time to reach 
640 psi at 

Guaramirim 

- - - - >5h51min 5h51min 2h47min 

Time to reach 
498 psi  at  

Gaspar 

- - - - >4h10min 4h10min 1h27min 

P.drop Ave. rate 
VES-60100 
[psi.min] 

0.71 2.41 4.977 8.38 12.65 17.06 27.16 

P. drop Ave. rate  
Guaramirim 

[psi.min] 

0.14 0.42 0.85 1.56 2.27 2.98 4.55 

Pressure drop 
Average rate  

[psi.min] 

0.99 4.12 9.81 16.63 22.18 28.29 38.25 

Hole diameter 
(inch) 

1 2 3 4 5 6 8 

Flow (MMCF/D) 27.41 100.87 200.09 304.72 384.86 912.41 1458.58 
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Table 3 – Comparison real values x simulated 
 
 
 
 

Flow 
[MMCF/D]  

27.44 109.66 245.32 430.19 656.89 913.11 1458.93 

Time to reach 
640 psi at 

Guaramirim 

- - - - >5h51min 5h51min 

4h20m to 
678 psi 

2h47min 

Time to reach 
498 psi  at  

Gaspar 

- - - - >4h10min 

17h40m to 
499 psi 

4h10min 1h27min 

Presure drop 
Average rate 
VES-60100 

0.711 2.42 4.98 8.39 12.66 17.07 

3.55 

27.17 

Pressure drop 
Av. rate  
Guara. 

0.14 0.43 0.85 1.56 2.27 2.99 4.55  

Pressure drop 
Average rate  

[psi.min] 

0.57 
(1.56) 

4.12 9.81 16.64 22.19 28.30 38.26 
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Table 4 –Transient scenario 

Station Time 0.00 0.01 0.02 1.00 2.00 3.00 4.40 4.41 5.00 6.00 7.0 
 Guaramirim MCFD 10.54 10.54 10.54 10.54 5.62 5.62 6.68 6.68 6.68 6.33 5.97 

Joinville MCFD 5.62 5.62 5.62 5.62 10.54 10.19 9.84 9.49 9.49 9.49 8.79 
Gaspar MCFD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Brusque MCFD 2.11 2.11 2.11 2.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tijucas MCFD 5.27 5.27 5.27 5.27 5.27 5.62 5.27 5.27 5.27 5.62 5.97 
Tubarão MCFD 3.51 3.51 3.51 3.51 3.16 2.46 2.81 2.46 2.46 2.81 2.11 
S. Pedro A. MCFD 2.46 2.46 2.46 2.46 1.76 1.76 1.05 0.70 0.70 0.70 0.35 
Urussanga MCFD 10.90 10.90 10.90 10.90 10.19 10.19 10.19 10.19 10.19 10.19 8.79 
Refap MCFD 12.30 12.30 12.30 12.30 12.30 12.30 11.60 7.03 7.03 6.68 6.68 
Canoas MCFD 19.68 19.68 19.68 19.68 20.03 20.74 18.63 13.36 13.36 13.36 12.30 
Igrejinha MCFD 0.35 0.35 0.35 0.35 0.35 0.35 0.00 0.35 0.35 0.35 0.00 
Várzea MCFD 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 3.51 
Cachoeirinh
a 

MCFD 8.08 8.08 8.08 8.08 8.08 8.08 8.08 8.08 8.08 8.08 7.03 
N. Veneza MCFD 8.44 8.44 8.44 8.44 8.44 8.08 8.08 8.08 8.08 7.73 7.38 
Canoas U. MCFD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

V60110 %close 100 100 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 

V60100 %close 100 100 100 100 100 100 100 100 0.00 0.00 0.00 
Leak inch 0.00 0.00 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

Station Time 7.0 
 

8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 

Guaramirim MCFD 5.97 6.33 7.03 6.68 7.73 8.79 9.84 9.49 8.44 8.08 

Joinville MCFD 8.79 9.14 9.14 9.14 9.49 10.54 11.25 11.25 11.60 11.60 

Gaspar MCFD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brusque MCFD 0.00 0.00 0.00 0.00 0.00 0.35 0.70 1.05 0.70 0.35 

Tijucas MCFD 5.97 6.68 6.68 4.57 5.62 5.97 5.62 5.27 5.62 5.62 

Tubarão MCFD 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 

S. Pedro A. MCFD 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

Urussanga MCFD 8.79 8.79 8.79 8.79 8.79 8.79 8.79 7.03 6.68 7.03 

Refap MCFD 6.68 6.68 7.38 6.68 7.03 6.68 6.68 6.33 5.27 4.57 

Canoas MCFD 12.30 11.95 11.95 13.71 14.06 18.98 19.33 14.41 10.19 5.97 

Igrejinha MCFD 0.00 0.00 0.35 0.35 0.35 0.35 0.35 0.70 0.70 0.35 

Várzea MCFD 5.97 6.33 7.03 6.68 7.73 8.79 9.84 9.49 8.44 8.08 

Cachoeirinha MCFD 8.79 9.14 9.14 9.14 9.49 10.54 11.25 11.25 11.60 11.60 

N. Veneza MCFD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Canoas U. MCFD 0.00 0.00 0.00 0.00 0.00 0.35 0.70 1.05 0.70 0.35 

V60110 %close 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 

V60100 %close 0 0 0 0 0 0 0 0 0 0 

Leak inch 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 


