
Technical Note: Does the spring setting of a safety relief valve really deviate
after being in operation?

A.M. Mullerl and M. Heyns2
(Rrceiued February 1 9 9 8; Final aersion February 1 I9S )

According to statistics from SASOL, set pressures of safety
relief ualues (SRVt) tend to deaiate rnore than the allow-
able deuiation margin of 10%. This ut)as determined by

doing a Leak test on the ualues when they were remoued

from the plant to be oaerhauled. Tests uere done at differ-
ent stages to determine when the deuiation actually occurs.
The different stages are discussed in this paper and results
are giuen. Another series of tests uas done to determine if
there is any corcelation between the set pressures quantified
by Leak testing and Treui testing, which is an in-situ cali-
bration method. This was done because only Leak-test ual-
ues of set pressures were aaailable on the ualues and these
ualues had to be compared with Treui ualues afler certain
stages. It was also determined if SASOL's Leak tests were
done according to Dresser's (ualue supplier and manufac-
turer) specifications. The tests showed that SAS O L's Leak
tests gaae approrimately the sarne results as Dresser's cal-
ibration method.

Introduction

SASOL at Secunda, South Africa, found by doing a pre-
test (Leak test) on safety relief valves (SRVs) after a pe-
riod of time in operation, that many of the SRVs start
to leak at a different, in most cases lower, pressure than
they were set for. SASOL was very concerned about this
situation, because thousands of rands are wasted through
leaking product and significant savings would result if this
integrity problem was solved. It was decided to do cer-
tain tests to determine if the spring stiffness or the spring
setting was influenced during handling or operation.

Influence on safety relief valve set pressures
during transportation, handlirg and installation

To determine the stage when a deviation in set-point oc-
curs, it was decided to monitor certain SRVs during a shut-
down at SASOL. The valves were monitored with a Trevi-
test apparatus,l which is an in-situ2 calibration method,
at the following stages: Stage 1: Before removal from the
plant; Stage 2: After removal from the plant; Stage 3: Af-
ter t,ransportation to the workshops; St age 4: After repairs
were done on the valves; Stage 5: After transportation to

I Postgraduate student, University of Pretoria
2Associate Professor, Departrnent of Mechanical and Aeronauti-

cal Engineering, University of Pretoria, Pretoria, 0002 South Africa

the plant for re-installation; and Stage 6: After installa-
tion.

The monitored valves were chosen to:

o be from different plants

o have different set pressures

o have different sizes

o be of different makes

Three valves were used from which two of them were
from the same plant. This was inevitable due to practical
circumstances during the shut-down. Two of the valves
satisfied four conditions and were believed to give satis-
factory results. Before the tests were carried out, a test
was done to determine the repeatability of a Trevi test. It
was found that the test results stayed constant within a
deviation margin of 0 .55% from the first reading, &s shown
in Table 1. The original set pressure was set according to
SASOL's Leak test calibration method.

The results of the monitoring tests are tabulated in
Table 2. One of the valves (21PSV-1001A) was only avail-
able as from after transportation to the workshop. Trevi
tests were done at the different stages and a Leak test
was also done after transportation to the wor.kshop and
after repair. This was done for comparison between the
Trevi and Leak test set pressure values. From this com-
parison, the Leak test may show a set pressure of zero kPa,
whilst the Trevi test shows a much higher pressure. This
is because the Trevi-test apparatus is spring-force related.
Table 3 summarises the percentage deviation from action
to another as is shown graphically in Figure 1. For valve
number 2IPSV-1001A, a maximum deviation of -1.08%
occurred duritrg installation. For 40PSV- 1 100, a maximum
deviation of 2.857o occurred during transportation to the
workshop. A maximum deviation of 2.23% occurred for
21PSV -2025 during installation.

Figures 2 to 4 show a graphical representation of the
Trevi-test results of the tests done on the valves at differ-
ent stages. According to these figures, slight deviations in
the set pressures are observable after the valves have been
transported and installed at the plant. Because there were
no pressure and high-temperature gases involved, the only
factor responsible for these deviations could be handling.
Accordittg to Figure 3, the original pressure before rernov-
ing the valve from the plant, is lower than the final pres-
sure after installation. This could be because of vibration
during operation, material properties, or physical damage
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Valve
number Set press I st Lift [kPa] 2nd Lift [kPa] 3rd Lift [kPa]

Maximum deviation
from I st lift l%o)

40PSV- I 100

2 tPSV-2025

640

5370

625

67 84

628

6772

628

67 47

0.48

-0.55

Table 2 Trevi test at different stages

Set press
Valve (LEAI()

number [kPa]

After After
transpor- transpor-
tation to tation to After
workshop workshop repair
(LEAr() (TREVT) (LEAr()

[kPa] [kPa] [kPa]

Before
removal
(TREVT)

IkPa]

After
removal
(TREVT)

IkPa]

After
repair

(TREVT)

IkPa]

After
transpor-
tation to

plant
(TREVT)

IkPa]

After
installa-

tion
(TREVT)

IkPa]

Final
setting

(TREVT)

IkPa]

2I PSV-
100tA 3t30

4OPSV-
r r00 640

2I PSV-
2025 5370

N/A

628

67 47

N/A

632

67 84

2800

0

6r50

3r rB

650

666r

3r25

640

53 70

34r6

657

5612

3416

650

5550

3379 3ll8

646 632

5674 5352

Table 3 Deviations from one action to another

Percentage deviation from:
Valve

number
Before removal

+ After removal

After removal -f After repair --+ After transportation Total deviation
After transportation After transportation to plant --+ as from setting

to workshop to plant After installation in workshop

2I PSV-
r00rA

40PSV-
I 100

2I PSV-
2025

N/A

0.64

0.55

N/A

2.85

-r.B r

0.00

-r.07

-1. t0

-t.08

-0.62

2.23

-1.08

-1 .69

l.t3
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Table 4 Tabulated results from ressure

Valve SASOL
number pre-test

Trevi Original
pre-test set-press

9Oo/o of
First leak Open/'pop' new
pressure pressure set-press

Bubbles
per Final

minute Trevitest
New

set-Press

IkPa]

2I2PSV
- L'r030

3OPSV-
IF033-2

3OPSV-
I FOt 9A
2IOPSV
- I 7005

2loPsv
-r7004
I IPSV.
sBOl0A
I IPSV
-58007
2IOPSV
-t7Q06
I IPSV-
58005
I IPSV-
5B0l0B
2IOPSV
-17001
2IOPSV
-17009
4OPSV
-7 L22C
40PSV
-7 l22A
40PSV
-7 r22B
40PSV
-7 132

r 388 I 400 r 400

344 350 350

r420
r420
r420

350
350
350

r420
r420
r420

r260

315

r295
r295
r295

25r
25r
25r

0
0
0

0
0
0

5200

550

535

3200

0

2920

I 600

2200

I 600

400

t30

130

130

3850

7 893

533

s08

3058

2692

2837

35 l6

108

t0B

r23

3866

832 I

5t5

564

3090

3090

3040

3400

3090

3504

3504

r3l

l3t

l3l

4000

832 I

514

564

3090

3090

3 r40

3400

3090

3504

3504

r3r

r3r

l3r

4000

510
5t0
510

560

3l l0

3140

3160

3090

3550

3l l0

3140

3200

3090

3550

:1:

s08

27 Br

27 BL

2826

3060

27 8r

3r54

532

3028

3084

3238

0
0
0

0

0

0

0

0

0

130

t30

t30

4020

l lB

I lg

I tB

3600

r64

t68

lB0

3866

0

0

0

0

- - - Data not available due to practical circumstances
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Table 5 Comparison between Leak and Trevi tests

First leak Final Trevi- Difference
Valve number pressure (l) test (2) (l)&(2) o/o

Absolute average - higher pressures: 5.7 Lo/o

Absolute average - all valves: I 6.74o/o

% Deviation at different stages

Stage of deviation

Figure 1 Graphical representation for deviations from one
action to another

Trevi Tests for 2lPSV-1001A
3416 3416

3500

3000

2500

2000

I 500

1 000

500

0

12345
Stage at which Trevi test was done

Figure 2 Graphical representation of rrevi-test results
tor 21 PSV-IOO1A

660

650

640

630

620

610

:z345
Stage at whlch Trevi test was done

Figure 3 Graphical representation of Trevi-test results
for 40PSV-1100

Trcvi Tests for 2IPSV-2025
6747 678/ OO61

2345
Stage at whlch Trcvl test was done

Figure 4 Graphical representation of rrevi-test results
for 21 PSV-2O25

Figure 5 Pressure cycle
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3 140
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130
130
130
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25r
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323 B

164
l68
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-3.57
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Table

Valve number
Original set
pressure ( I )

Trevi
pre-test (2)

SASOL
pre-test (3 )

Difference Difference
(l ) & (2) o/o (l ) & (3) o/o

2T2PSV4AO3O
3OPSVI FO I9A
2 r OPSV 17004
I IPSVsBOIOA
I I PSVsBOOT
2 tOPSVt 7006
2lOPSVr7009
4OPSV7 132

I 400
832 r
564

3090
3090
4040
3504
4000

I 3BB

7 893
508

305 B
2692
2837
35r6
3866

0
5200
535

3200
0

2920
400

3850

-0.86
-5.r4
-9.93
-r.04

_12. BB

-6.68
+0.34

-3.35

-100
-37 .5 r

-5.r4
+3.56
-100
-3.95

-BB.5B
-3.7 5

to the valve. Figure 4 shows that either a too-high set
pressure was set at first or a deviation was caused during
operation.

Leak testirg 't)s. Trevi testing

The tests in this section were done to determine if SASOL
calibrates their SRVs accordittg to Dresser's (valve manu-
facturer and supplier) specifications.3 The tests were also
done to determine if there is any correlation between
SASOL's Leak testing and Trevi testing. The tests were
carried out as follows:

o When an SRV arrived at the workshop, SASOL did a

pre-test (Leak test). A Trevi test was then done and
both the values were tabulated.

o The valve was then overhauled by SASOL and set to
the prescribed set pressure. This set pressure was also
tabulated.

o With the valve on the test bench, the pressure was
then further increased until the valve 'popped'. This
cycle is illustrated in Figure 5. Both these values were
tabulated.

o The pressure was then decreased down to 90% of the
set pressure. The number of bubbles was counted and
tabulated.

Table 4 summarises the results of these tests. The
repeatability of the testing methods was first determined
by repeating the test three times for three valves. From
the results, it was clear that the values stayed constant in
all three cases, which proves the consistency of the testing
methods for a newly overhauled valve. Furthermore, it
is clear that SASOL's Leak test gives approximately the
same results as the Dresser prescribed calibration method.
This carl be seen in Table 4 in the 'First leak pressure' and
'Open lpop pressure' columns. By definition, the 'First

Absolute average: 5.0306 42.Blo/o

leak' pressure is SASOL's set pressure and the 'Open/pop'
pressure is Dresser's set pressure.

Table 5 shows the comparison between SASOL's Leak
testing and Trevi testing. From this comparison, it is clear
that Trevi testing cannot be compared to Leak testing at
low pressures, but only for the higher pressures, 560 kPa
and above. Also note that all the Trevi-test values are
less than the 'First leak' values for the higher pressures.
Accordittg to Table 5, the average difference between 'First
leak' and the Trevi values are only 5.7I% for the higher
pressures.

From these results, it is possible to compare the set
pressures of certain valves over a period of tirne. In other
words, the most recent Trevi pre-test results may be com-
pared to the original set pressure of the valve from which
only the Leak-test data are available. By doing this, it is
possible to determine if the valve spring stiffness deterio-
rated over the period of time.

Investigation on spring stiffness after being in
operation

It is therefore possible that for pressures of 560 kPa and
above one may compare Trevi testing with Leak testing for
a newly overhauled valve. Table 6 shows that the differ-
ence between the original set pressure and the Trevi-test
value, after a period of time, only differs more than I0%
in one case. The absolute average deviation is only 5.03%
while in the case of the Leak testing the absolute aver-
age deviation is a high 42.8I%.From this, it is clear that
the spring stiffness of the valves did not deteriorate signif-
icantly with time, because the Trei test is spring-stiffness
related.

Conclusion

The followittg can be concluded from the tests described
above:
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r rhe repeatabiriry or revi and Leak testing are both ll#l::"t,j}*fi1.T::i.'ff:iff:,rlifi:lt"-T,i.T,]
very good' 

needed to find the cause of leakage.

o It is clear that the spring setting does not physically
deviate during transportation, handling, or installa- Acknowledgrnent
tion, according to the Trevi tests done at those stages.
This means that the setting does not change, but the The author would like to thank SASOL Limited, without
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o It is also proven that the way SASOL calibrates their 
possible'

valves satisfies the way prescribed by Dresser. References
o It can also be concluded that Trevi testinE can be

related to Leak testing for a newly overhaui'ed rralve. 1' Furmanite' Trevi testing Brochure'

This finding was used to prove that neither the spring 2. Thibault DG & Zahorsky JR. ,In sentice, set pres_
stiffness nor the spring setting deteriorated with time. sure lesting of safetg aalaes. Crosby Valve & Gage

Because it is proved that the physical setting and the company' 1991'

spring stiffness do not change significantly, it is clear 3. API Standard 527, ANSIBL4T,I-72).
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