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Effective Hydro testing methods during low temperatures using the minimum design metal temperature (MDMT).

George Wright | Research Proposals

1.0 Abstract
The aim of this proposal is to research an alternative hydro test method with heat exchangers during low temperatures, using the minimum design metal temperature (MDMT) to avoid the shell materials ductile to brittle transition (DBT). Using simulation models to analyze an effective hydro test method, this will then be implemented in the field to address the delays in hydro testing at Valero during shutdowns when temperatures are low. In addition, several alternative materials will be proposed for future use that have a lower MDMT than those in current standards hence avoiding the DBT.
2.0 Introduction
I work for Valero Energy in Pembroke who specialize in refining crude oil to make various products. Below is a simple diagram showing the refining process of crude oil:
 [image: ]
Figure 1: Products such as jet, diesel fuel, propane, fuel gas and petrol are all end products of refining crude oil (Stribling 2018).
As these units operate continuously, Valero needs to ensure each unit is operating at its full production capacity. To maintain this production, individual operating units in the refinery are shutdown during set periods to carry out statutory inspections and planned maintenance that cannot be done when the plant is operating (Bijvank 2004). These units are normally planned for shutdown during winter, where demand for Valero’s products are lower than in the summer. This is shown in figures 2 & 3 below:
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Figure(s) 2 & 3: Refinery margin variance against January and typical product price variance for Valero, Pembroke.
Some statutory inspections and repair packs, once completed, have a hydro test to comply with HSE and Valero inspection requirements (ASME B31.3 2016). The hydro testing can cause a problem to Valero if outside temperatures are low and, in this case, it is vital to consider the material’s MDMT (ASME B31.3 2016). Below this MDMT the material undergoes a DBT that can change the properties dramatically as seen in figure 4 below:

[image: ] [image: ]
Figure 4: DBT for some metals. A metal can show ductility at high temperatures but be brittle at low (UNSW Sydney 2014).
The DBT is seen in body centered cubic structures, for example low carbon steel, but this tends to happen at low temperatures (Doitpoms.ac.uk 2018). At high temperatures some metals are ductile and can absorb more energy until they fracture. Metals at these temperatures tend to deform first and are resistant to fracture propagation which is known as toughness. At lower temperatures the metal is brittle and thus less energy is absorbed before a fracture can occur. At these temperatures the metal will tend to fracture instantly without deforming and so loses its toughness (Scheide 2018). It is this brittle nature of materials used in oil refineries that is the area of concern in this proposal. Between this high and low temperature, the metal goes from ductile to brittle and this is known as the DBT. DBT can occur over a range of temperatures or happen very suddenly depending on the mechanical properties of the material (Doitpoms.ac.uk 2018).
In Valero, if the equipment is under high stress, which happens during hydro testing, and it is under the MDMT, there is a possibility that the material could fracture if there are any micro defects as it less ductile. This could cause a catastrophic outcome to the plant and workers which could have an economic impact on the company. An example of this was in September 1998 at the Esso natural gas plant at Longford, Australia. An explosion took place as a heat exchanger became brittle after being exposed to considerable low temperatures after a plant failure. The equipment fractured after sudden re-introduction of high temperature service fluids, which resulted in a large amount of gas being released. This found a source of ignition causing an explosion resulting in two fatalities and eight injuries. Esso were prosecuted and heavily fined, and the result of the explosion left a two-week cut in gas supplies in the state (BBC News 2001).
To avoid such an outcome Valero would wait for outside temperatures that are higher than the MDMT and this waiting period can cause shutdowns to take longer than planned. During a shutdown Valero, or any other refinery, is not producing products at a maximum rate as it would normally with all units operating. Therefore, the longer the shutdown period, the more money is lost. For instance, a typical Hydro treater outage has a lost profit opportunity during winter months of $2-3 million.  
3.0 Rationale/Relevance of the Project
In Valero there is no known procedure to carry out hydro testing of equipment when temperatures outside or that of the test medium are lower than the equipment’s MDMT. The purpose of this study is to find an effective method of hydro testing during low temperatures to prevent shutdown delays when taking into consideration the MDMT. In addition, alternative materials with a lower MDMT will be investigated as a possible future use instead. 
Both investigations will aim to prevent the DBT and the outcome of this will allow Valero to successfully start the units up on time to allow their products to be refined at a maximum rate and meet customer demands.
4.0 Literature Review
The UK has several statutory laws that relate to the health and safety of personnel, to the environment, and plant and equipment during hydrotesting. The pressure systems safety regulations 2000 (PSSR) act looks at preventing serious injury resulting from a failure of a pressure system or one of its components (Hughes and Ferrett 2011). Additionally, there is the pipeline safety regulations 1996 act that states the designing of pipework, along with any modifications to it, should be made safe within its operating conditions as low as reasonably practicable (Legislation.gov.uk 2018). Both acts need to be taken into consideration when researching effective methods and exploring the use of other materials during hydrotesting in temperatures below the relevant MDMT. 
To find and consider an effective hydro test method we need to understand what is currently being used in Valero. In addition, to explore the use of different materials we need to look what is currently being used and what past experiment techniques there are to analyze the MDMT and DBT.
4.1 Valero Mechanical Contractors 
Currently Valero have Cape plc and Jenkins and Davies Engineering that are contracted to carry out equipment hydro testing after completion of a statutory inspection or repairs. Both companies have written method statements (MS’s) and risk assessments (RA’s) for hydrotesting equipment that have been approved by Valero health and safety officers and operations; these are referenced in the appendices A and B. However, both companies’ MS’s and RA’s fail to mention a procedure to follow if the MDMT of the material is breached. Normally when this happens the Valero coordinator, with the assistance of the inspection engineer, will put the job on hold until temperatures are above MDMT. 
Recently an engineering work order had been raised in October 2018 to find the MDMT on several pieces of equipment that are planned for hydrotesting during Valero’s quarter 1 2019 outages. However, this does not address a method for hydrotesting in the event of low temperatures below the MDMT. 
4.2 Current materials in Valero and ASME B31.3
When Valero undergoes planned maintenance set engineering standards must be followed when implementing the work scope required. Specifications have been directly generated and designed from referencing ASME B31.3, which is a code of requirements for various plants including the oil and gas industry. Careful referencing and use will allow companies to comply within their relevant jurisdiction (Asme.org 2018).
Referring to figure 5, the average low temperature at Valero Pembroke is about +2 ºC in February (normal shutdown period):
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Figure 5: Pembroke’s yearly minimum temperature average from 1981 to 2010 (Metoffice.gov.uk 2018).
The hydro testing of heat exchangers causes Valero a problem around these temperatures of +2 ºC. Figures 6 and 7 show the components of a standard heat exchanger and a visual demonstration of heat exchanging between two products:
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Figure 6: Heat Exchanger components (Piping Engineering 2018).
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Figure 7: Hot product enters through the tube inlet exchanging heat with the shell product exiting through the tube outlet (123RF 2018).
Appendix C shows a Valero drawing of the 3-E-1’s oil feed effluent heat exchangers. In Valero, heat exchangers have statutory inspections carried out where the components, such as the channel head, are stripped and the tube bundle is pulled. Cleaning and inspection commence at this stage to all components, bundle and shell. If no repairs are required, the exchanger is put back together.
Both the tube and shell side are subjected to a hydrotest afterwards as required by ASME. Jenkin and Davies were at this stage with the 3-E-1’s in the early months of 2018, however they were stopped by Valero in proceeding with a hydrotest because outside temperatures were too low. This can be explained by referencing appendix C and summarizing a few facts in table 1 and figure 8 below:
	Exchanger Component
	Material
	Thickness (inches)

	Shell
	CS ASTM A515 Grade 60
	1 ’’


Table 1: 3-E-1 Shell properties.
Referencing ASME B31.3 the CS used for the shell is A515 grade 60 designed for pressure vessel plates that are in service intermediate or high temperature, with the 3-E-1 shell designed for high temperatures of 399 ℃. This material is suitable for the shell material in service as the 3-E-1’s has hydrocarbon liquid entering the shell inlet at approximately 100 ℃ and exiting the outlet around 315 ℃.   However, this material is not suitable for low temperatures which can be explained using figure 8:

[image: Image result for minimum allowable temperature for carbon steel paper]
Figure 8: MAT against governing plate thickness without impact testing for various CSs (Benac et al 2018).
ASME B31.3 states that A515 grade 60 lies on curve B in figure 8 and using the thickness of the CS shell we find that 3-E-1 shell MAT (or MDMT) is 15℃ (60 °F). Below this figure the material must have an impact test to analyze the materials fracture characteristics (Banerjee et al 2015) as it now enters the DBT. However, the 3-E-1’s were constructed in the 1970’s and are unlikely to have their shell material changed without good reason due to the significant cost involved. Hence, this is the reason I am proposing a research to find an effective hydro test method. It is important to conclude from figure 8 that the thicker the CS material is the higher the MAT.
As stated previously, Pembroke can have average temperatures as low as +2 ℃ around February time which is -15℃ below the MAT of 3-E-1 shell material. At this temperature the material can be less ductile and less tough, and any small micro defects can result in a sudden fracture of the equipment under high stress. This is the reason behind Valero preventing J & D from carrying out the hydro test at these low temperatures and delaying the work until temperatures were higher than the MAT. These exchangers will be having maintenance again in next year’s HTU1 catalyst change out outage during January/February 2019 at a time when temperatures are low. This in turn could delay completion of the shutdown if temperatures continue to be low for the whole event unless an effective method of hydro testing can be researched that can aid this.
4.3 Ductile to Brittle Transition Experiments
4.3.1 Charpy Impact testing of Mild Steel (Sutar et al 2014)
The Charpy impact test is a well-known procedure to determine the DBT of a material and can be used as an experiment for investigating use of alternative materials. It was used by Sutar et al to look at the critical DBT of mild steel, where the material would lose all its ductility and becomes brittle. The steel (specimen) was prepped with a 2mm in depth notch with an angle of 45⸰ and set up in the Charpy impact test as show below:
[image: ]
Figure 9: Charpy test layout with the notch in the specimen (TWI 2018).
In addition, the Charpy test used in this experiment had the specifications shown in table 2:

[image: ]
Table 2: Specifications of the Charpy test used by Sutar et al (2014).
The specimen was soaked in liquid nitrogen prior to testing for ten minutes to obtain a low temperature and positioned in the Charpy set-up with the notch facing away from the hammer. For several temperature readings the hammer would be released, impacting the specimen and fracturing it in the progress. From the gauge, the value of the impact energy absorbed that causes the fracture of the specimen was recorded. From this a graph of the specimen temperature against impact energy absorbed was generated and used to determine the DBT. The results of the experiment are shown in figure 10:
[image: ]
Figure 10: Results of temperature of the mild steel against the energy absorbed by Sutar et al (2014).
Sutar et al concluded from these results that the critical DTB temperature of mild steel was between -90℃ to -80℃.
The Charpy test has its advantages argued by Melo Moura et al. (2009) as it is fast to set-up and analyze the quality of the specimen. However, Melo Moura et al continues to state the disadvantages of the test as it does not take into consideration and calculation of the specimen being used in the relevant service. In addition, the Charpy test depends only on the specimen’s characteristics affecting the DBT but we know that this would be dependent on other parameters. Lastly, the notches and strain rates used in the Charpy test would usually not be seen in equipment used in service when they fail and fracture. Due to this, Melo Moura et al decided to look at alternative analyzation of the DBT using the traditional Charpy test.
The Charpy test would not benefit investigating an effective hydro test method as the equipment I’m looking into is already in service, but it can used for a quick evaluation when considering alternative materials.
4.3.2 Evaluating DBTT in Steel Low Carbon (Melo Moura et al 2009)
Melo Moura et al used five different methods to analyze and determine the DBT in steel low carbon ABNT 1016 using the Charpy test. These were lateral expansion, load diagram, shear fracture appearance, the average between lower and upper shelf, and master curve. The master curve uses Weibull probability statistics in determining of a material failing.
All five methods had difficulties in measuring the DBT as results were different to one another. In addition, Melo Moura et al concluded that the DBT differed depending on the direction of the impact that was either longitude or transverse direction. If I’m proposing an alternative material to Valero for future use in exchangers, I would need to know a precise answer of the DBT. Based on the different results I would use an alternative method in determining the DBT with the use of simulations.
4.3.3 Determining DBT using simulation models (Scheide 2018)
Scheide look at determining the DBT for artic applications using several simulation models to avoid the use of laboratory testing. Models included the Gurson RKR model used to identify cleavage fracture initiation and Weibull Beremin to analyze ductile damage and to calculate the probability of brittle failure through the DBT. Both models were then combined to generate a DBT simulation and were also used by Linse, Kuna and Viehrig (2014).
Scheide successfully used this simulation to show fracture geometrics and obtaining the fracture toughness through the DBT. However, Scheide recommended that this combined model does not agree with the weakest link principles in the Beremin model and thus does not completely alleviate any laboratory work being done. As both Scheide, Linse, Kuna and Viehrig used these models and were relevantly successful, I will use them with their recommendations and compare the data with my own simulation. I can then propose with confidence an alternative material to Valero to use instead of A515 grade 60 for 3-E-1’s.
5.0 Research Methods
My research is to produce a simulation of the 3-E-1’s during hydro testing using SolidWorks and analyzing quantitative data. The same 3-E-1’s design and materials will be implemented into this simulation and will be situated in low outside temperatures. I will be introducing the hydro test medium at the same temperature as the outside without applying pressure but instead circulating this medium through a hot water generator to produce a simulation like figure 11 below:
[image: ]
Figure 11: Flow simulation in SolidWorks (MA CAD GmbH 2018).
The medium will have the temperature increased in stages by +0.5 ℃ through the generator until the exchange shell and components are at that same temperature. At each +0.5 ℃ interval the stress analysis of the exchanger will be examined and recorded. The temperature of the water and components will be raised to a final temperature and then hydrostatic test applied for one hour. The temperature of the hydro test medium and components will be recorded in one-minute intervals to see if the MDMT is breached during hydro testing and the stress analysis recorded on the exchanger.
This procedure will be repeated at various final temperatures to determine the optimum temperature before proceeding with the hydro test. All data will be analyzed using graphs, and after completing the simulation this will be used in the field as a trail to evaluate its effectiveness. Temperature transmitters and pressure gauges installed on the equipment have regular calibration checks, therefore I will use these to record data in this research. If successful, this method can be implemented into the MA’s and RA’s used for hydro testing in Valero.
The same simulation can then be repeated to investigate the use of alternative materials analyzing stress and DBT of the material. I would investigate materials that lie on either curve C and D on figure 6 as these have lower MAT in general when compared to curve B, but would need to analyze if they can withstand the design temperature and pressure of the 3-E-1’s. In addition, I would also investigate use of a combination of materials using my simulation and compare it to the models of Sutar et al, Scheide, Linse, Kuna and Viehrig.
In all simulations I will incorporate micro defects and inhomogeneities as deformation of these causes’ fractures in the material (Linse, Kuna and Viehrig 2014). This would be the only way to see if a brittle fracture occurs in a simulation. 
Ethical Considerations 
It is important to keep all of Valero’s drawings and other data confidential. All research methods will abide to the health and safety laws mentioned previously in this proposal as well as abiding to the ASME code for pressure testing. All data will be repeated to avoid misrepresenting results and to be informed to the client. The research will be carried out such that it is not biased or deceives any personnel. The use of any materials will be referenced accordingly upon the research report.
Work Plan
A work plan and set milestones to ensure I am on schedule hitting key targets is shown below:
[image: ]
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Figure 12: Project plan and schedule.
A constraint to the work plan will be enforcing the alternative method at Valero during an outage. 
Budget
The only budget required for this proposal is when this alternative method is used at Valero when the unit will be offline, and several personnel need to carry out the hydro testing.
Conclusion
Carrying out this research will resolve delays in Valero outages from hydro testing that will result production commencing on time. Not only will this benefit Valero Pembroke but their other refineries and other companies with similar operational equipment. I have excellent problem-solving skills to carry out this investigation and I am confident that I will find a solution to both issues I have expressed in this proposal.
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manutacture cou ses. (24hrtiay)
HydroTesting Exchanger 2128 0 06-Jun-19 1030 26-Mey-20
1330
HTE 100 Carry outaddifional ime stigation on hydrotesting heat £ 0\Geore  06-Jun-19 10:30 | 03~Ju-19 13:30
‘exchangers during low temperatures. Wright
HTE 110 ‘Research solid work simulation, inputing design, sty and £ 0\Geore  04JUL-191030 | 31~Jul-1913:30
‘execution management. Wright
HTE 120 \Research economi cs, relisbility and environment of project. EJ 0\Geore  01-Aug-1910:30 | 13-Aug-19
Wright 1230
HTE 130 Creste simulstion and gather data. 8 0\Geore  13-Aug-191230 | 10-Sep-19
Wright 1230
HIE 190 ‘Evaluste and compar e simulstions with other modsls. ) 0\Geore  10-Sep-191230 | 24-Sep-19
Wright 1230
HIE 150 Carmy outnew hydrotest methed on site. ) 0\Geore  22an201030  04-Feb-20
Wright 1330
HTE 160 ‘Amend simulation model filowing site test 8 0\Geore  05-Feb-2010:30 | 03-Mar-20
Wright 1330
HTE 170 Carry outaddifional imestigation on use of alternative meterials 0\Geore  04Mar-2010:30  31-Mar-20
for future heat exchangers. Wright 1330
HTE 180 Use new materid in simuistion generated and evaluate. 0\Geore  01-4pr-20 1030 | 26-Apr-20 13:30|
Wright
HTE 150 Impact test rew mater sl used ran simulation and ewluate. 0\Geore  29-4pr-20 1030 | 26-May-20
Wright 1330
Report write up and presentation 211 0 27-M2y-2010:30  01~Jul-20 11:30
RWUP 100 Write up Masters report and isste. 105 0\Geore  27-Mey-2010:30 | 30~Jun-20 13:30)
Wright
RWUR110 Carmy outord presentation. 1 0\Geore  01ul201030 |01-Jul-20 11:30

Wright
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1 Summary

Hydrostati Testing

2 Responsibil

Clent Operaton's
Clent supervsion
Cape Engneering superviion

Workorce
Working to GR-800 Spec
Working to LPSA | LPO system

3 Prerequisites

ERRY

4 Procedure

Speciic toobox tak has been held and detais of risk assessment 20-RA-002
& communiated

Obtain perms from clent’s operations

Observe al pemn specficatons and Heakh and Safety requiements.

Verfy the requred test pressure! The entre ine must be punch ksted by
cient’s supervison and signed off

Al NDEJNDT requrements must have been caried out and wenessed by
clent’s mspection department before hydrostat testing can take place.

The system must be released by quaky control

The system must be assessed i how far £ can cany the weight of the water
and f necessary addtonal structural supports must be istaled

Check the system for belows: They wil expand under pressure ¥ not
mechanialy restrted

The pressure certfyng gauge must have a current certfication of calbration.
Verfy that the seral number of the gauge coincides wth the serl number
stated in the calbraton certficate

Verdy and ensure that the folowing equpment s Solated:

a1
412
413
a1
4Ls
4Ls

417
418

Safety vakies
Controlvabves

Equpment

Machiery

Instrumentation i general

Belows must be mechanicaly restricted e.g. weh 2 minmum of two opposed
threaded bars or to smiar effect

FR corect rated spades/blanis for hydrostatc testing

Tope off area, prohbtng access for al persomel except for
testig/inspection personnel

Wiiten B

Dae ‘Aoproved By Date

Gay Davies

- Februan 2016 | Matihow Coales &0 Februan 2015
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413 Some systems may requie tempered vater for testng. Verdy the
requrements wih clent

41,10 Connect vater hoses fland fuly vent system

41111 Pressurce the system n 10% steps, gradualy and i stages. Check
pressure wih a calbrated and certfied test gauge

4.1.12 Pressurse the system to desred test pressure and hol for a few moments.
Lower the pressure, put on gogaks and visor and check the system for teb-
tak signs of leaks.

4.1.13 Check the ppe for sign of expansion or movements i the supports or
dtorton of belows.

41,14 IF Jeaks occur on fanged or screwed connections, lover pressure and re-
tighten the leakng flanged connection/reseal the screwed connecton. If keaks
occur on welds or other non-flanged and non-screwed comnections: Abort
pressure testing and report to supervison. If no kaks are beng detected
contue to step 4.1.10

41,15 Bring system back to desved test pressure and hold for one hour

411116 Check system for keaks: If keaks occur on flanged or scrawed connectons,
lower pressure and re-tghten the keaking flanged connection/reseal the
screvied connection. IF keaks occur on weks o other non-flanged and non-
screvied connectons: Abort pressure testing and report to superviin. If no
leaks are being detected continue to step 4.1.17

41,17 Clent’s superveion to check and verfy the pressure i ine and winess that al
‘elds and flanged connections are free from leaks

4.1.18 Hydrostati test certficates to be signed on successful completon of test by
RE Solutons and clent’ representative

4.1.19 Upon completon of test, release pressure i system at pump. Verfy, that
the pressure gauge ndicates zero pressure, open top vents fist

4.1.20 Drai system: As the vater level fas, open other vents unti al vents are
open

4.1.21 Once the system & draied compltel, cose al vabes and re-ft al caps or
phigs

4.1.22 Remove al spades/blanks at the dlent’s request. Refer to Bok tiohtening
procedure 20-M5-001D

4.1.23 Cean area, remove al tape, sign off bind/blank lt, sign off and return al
permts

5 Related documents

5.1.1 Hydrostati test certfate
5.1.2 20445-001D, Diametrc Boking, 20-RA-002, Hydrostatc testig.

By sining helw 1 agree that 1 have read, understood and agree to comply fuly wkh ths

document,
Tame: Sign: Date: ]
]
]
]
]
|
Wiiten B Dae “Aoproved By Date ]
Gay Davies February 2018 | Nfthew Coates. 8- Febuan 2058 |
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iob Description Job Number 20102
Location Date Issued 24/10/13
Activities
‘Who May Be | Risk Prior ‘Addtional Work Required Remaining
Hazard/Risk Atoctods = |t Contrey | Established Precautions to Control Risk 2nd by whom Rk
Fydro testing Tradesmen | Medium | The vessel, in-iine flem 1 &.valve, PIpe(s) Or 5ys{em coniaining or made | The enciosure / sysiem under pressure | Low
Material ailure / burst of aforementioned parts must be released fom quality control. Al joints | should not be approached for close
and welds tested and passed /non-destructve testing methods. Al | examination unti a reasonable period
secondary attachments isolated. of ime has elapsed. The test object
should be approached for examination
with the pressure lowered to search for|
obvious and apparent tell-ale’ signs of
Ieaks
Figh pressure Tradesmen | Medium | Qualified competent person 10 cary out hydro-test Tape offarea and | fthe frstinspection under lesser Low
display waming signs. Al non-test personnel to be excluded fom test | pressure does notreveal any leaks, a
area. Observe hydro-test pressure, and maxmur operating pressure | close examination of the enclosure
oftestequipment Ensure current calibration certificate for gauge PPE. | under test pressure may be carefully
conducted under protective personal
equipment such as hard hat, aoaales
Dlus visor, and gloves
Compare units of pressure e.g. bar or
Ibs. stated on certficate and gauge with
design test pressure before
pressurising the system
Undue stress on Tradesmen | Medium | Increase pressure gradually and in 10% stages up to required fest Low
materials pressure. Some piping or vessels may need 1o be tested and filled with
tempered water in order fo avoid undue stress within the materials due
to conflcting temperature coeficents
Fydro testing Tradesmen | Medium | The enclosure / 5ystem should not be subjected to any form of Sock | Hydro testing Low
Undue stress other loadings’ such as ‘hammer testing’ Undue stress other
Vacuum in enclosure/ | Tradesmen | Medium | 1. Release pressure at pump and close pump once excess pressure| Ensure the water draining rate does not | Low
system in tested system is zero at pump gauge. exceed he venting capacity of the
Stucture collapse vessel, tank or piping system
2. Subsequently open topmost vents first, then bottom drain(s) to
equalise pressures and o allow controlled drainage Iin doub reduce drainage rate, open
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Who May Be | Risk Prior ‘Additional Work Required Remaining

Hazard/Risk Atoctods = |t Contrey | Established Precautions to Control Risk and by whorn ok

more vents it possible
3. A5 the system drains, open more vents.

SvuchireTope hanger | Tradeamen | Medum | Caeualions o Siands Rangers and 64105 1 place. ATDNGS 1| pmemper 1marvter s Low

colap o v approdmalely tonin weight

Bellows &panding— | Tradesmen | Medium | Mechanically restraint every bellow within tested system wil atleast | e bellows have no proprietary Tow

deforming two diametically opposed threaded bars mechanical restraints, check with client

Fipe movement o introduce mechanical restraints or
lower st pressure

Enliapped air pockes by | Tradesmen | Medium | Under 5uch Gircumsiances, ihe precautions Given for pneumalic lesting| Pneumatc testing not part of s risk | Low

design should be considered assessment

Name: Matthew Coates Date: 7% February 2018 RA Number

Signature: Matthew Coates Review Date: | 7° February 2019 20-RA-002

Injury Potential

assessment.

High — Fatality/Major Injury

Medium — Injury/Damage/Loss/Medical Treatment

Please refer to related Method Statement for specific job steps
To all employees — please be advised that under the Management of Health & Safety at Work Regulations 1999 you should inform your management of any shortcomings in risk

Low — First Aid
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bege 1 o

Hydrostatic Testing

Key Messages

Switch on!
@ ASSESS @ ANALYZE @ACT
Do not proceed unless allrisks have been addressed!

1 [ Pumose

11 | Hydrostatic Testing of Pipework and Pressure Vessels

2 [ cope

21 [ Assbove

3| Prerequisites

3.1 | Permit to work (for testing on live plant/systems), operations to confirm that systemis
blinded / isolated and available for test

32 | Only trained and competent persons should carry out pressure testing

33| Correct PPE as stated on permit to work.

3.4 _| Job workpack

35 | Testpump

36 | Calibrated test gauge

3.7 | Test pressures to be provided by client

38 | Hydrostatic test o be confirmed a5 correct test medium.

3.9 | Fresh water supoly.

310 | Equipment blinded for test as per ops requirements

311 | Correct blinds, gaskets and bolts to be available.

312 | Venting and draining points to be identified

313 | Ensure good working platform with suitable access /egress

314 | Area to be barriered off and warning signs to be erected during test

315 | 110v power supply if required

3.16 | 110 hand tools to have a current ‘Portable Appliance Test sticker displayed

317 | Compressor where required

318 | Hand tools and hoses to be visually inspected & in good condition

319 | Whip checks to be fitted to hoses

320 [ Al plant to be visually checked / inspected by supervision before use

321 | iFfire hydrant to be used trained personnel only to use/operate hydrant

Gary Price, Date:_July 2018

g

Robert Gibson Date: July
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e
rostatic Testing bee 2 ot
& Procedure
4.1 | Complete ‘Stoy Safe” pre-task assessment hazard check before commencing work
4.2 | prepare pipevork / equipment for pressure test
4.3 | Test pressure to be provided in workpack, ifin any doubt—ASK
4.4 [ Pressure gauge to be obtained exclusively from QA/QC ofice and signed out on regiter
Under no circumstances use gauges from any other source ~ they may not be calbrated
or be otherwise defective
25| Ensure any cquipment such a5 PSV, control valves, relief valves, etc are removed prior to
test. Temporary cotton reel spools to be fitted i piping configuration where necessary.
46 | Any instrumentation to be removes (or isolated) prior to test
4.7 | Ensure all block velves are open, in ine bal valve to be in the helf open position
4.8 | Test linds to be i place, high point vent to be open
2.5 | Set up exclusion zone for test, using barriers and position warning signs at permeter
Minimum exclusion zone to be a least 5 metres, Only personnel carrying out work to be.
present at the pressure test location, keep unauthorised personnel out of the test area
and inform others in vicinity prior to pressurising equipment
10 [ Set up test pump, check hoses and connections
‘Check Point!
Ensure you have the correct test pressure and are using a calibrated pressure gauge
Ifin doubt — ASKI

411 | Fll system, ensuring all ar i eliminated before vents are closed

312 [ Access to test are to be strictly limited to personnel involved in the test

4.13 | Ralse the pressure in Increments and hold before raising further

214 | Ensure that test pressure is not exceeded at any time

215 | Once test pressure i achieved, monitor, hold and prove for one hour before test being
witnessed by either client representative or authorised QA/QC representative.

416 | Any joints failing to pass the test to be repaired and re-tested as required

217 | Do not tighten joints that are under pressure. If a leak develops, depressurise (0. safe
level and then re-tighten.

218 | Depressurise the system by opening the valve on the test rg ina controlled manner
utiising vent points to ensure that a vacuun i not created.

215 | Fully open vents / drain points and drain the system. Operations o confirm where unt
drains are to be used.

220 | Always veriy that complete depressurisation has occurred through the use of pressure
gauges and visual checks

721 | Once system has been drained, compressed air o be used to blow through and dry out
pipework where specifed by the client

222 | Remove any temporary spools and reinstate any items removed prior to test

.23 | Remove test biinds, remake any broken connections vith new gaskets

2.24 | Remove barrier tape and warning signs

2.24 | Remove all equipment and clean-up work area

Reference Risk Assessment JDRA.Gen014
To be reviewed July 2019,

Date:_July 2018

Date:_July 2018
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Hydrostatic Pressure Testing

Document No.
JDRA Gen014
Issue

Pge 1 oOf

Risk (R) = SEVERITY (5) x LIKELIHOOD (1)

- - — "A t0ol box talk covering this Risk Assessment,
Numerical Value Severity (5) Likelihood (1) procedure and relevant COSHH data will be held
1 Minor injury with no time off Very unlikely .
2 injury, up to 7 days of Unlikely priorto starting wor
Jury, up I understand and will abide by the Control
3 Reportable injury, over 7 days off kel Mo s documant
4 Major injury, long term absence Very likely
5 Death Certain Name Signature
K (R) Rating
Likelihood (1)
5
4
3
2
1
Severity (5)
‘Acceptable Low Risk
Judgement required ‘Mediun? Risk Date
Not Acceptable ‘High’ Risk
Assessed by: _Gary Price Date:_July 2018
Reviewed by: _Lance Rose Date: _uly 2018
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Hydrostatic Pressure Testing Pge 2 Of 4
Before After
Work Activity & | Hazard & Expected
Persons at Risk Consequence SR Control Measures bl
Permit to work, check that the permit covers your task
Point of work risk assessment (Stay Safe form) prior to commencing work
Pressure testing to be conducted by 3 trained and competent person
Set up exclusion zone for test, using barriers and position warning signs at
perimeter. Minimum exclusion zone to be at least 5 metres
Stored energy Only personnel carrying out work to be present a the pressure test location,
Over pressurising. keep unauthorised personnel out of the test area and inform others in vicinity
Hydrostatic | Burst hoses prior to pressurising equipment
pressure testing | Line of fire Do not work over o near where pressure testing is being conducted
of pipework | Persons accessing test Complete visual inspection of pressure testing equipment prior to use
and equipment | area Use whip-checks on hoses
Uncontrolled release Confirm test pressures and use suitable calibrated pressure gauges
of water High point vent to be open
Jobworkers, | Manual handling a2 Remove in-ine fittings/instruments as required 1
other workers Inform and warn any personnel near the testing zone before commencing test
or trades in Raise test pressure incrementally and hold before continuing to increase to
area test pressure.
Minor to severe injury Do not exceed pressure test imits
Damage to plant and Do not tighten joints that are under pressure. If 3 leak develops, you must
equipment depressurise to a safe level and then re-tighten
Environmental Ensure controlled release of water is achieved and correct location of drain-
contamination down has been identified and clarified by operations
Always verify that comlete depressurisation hes occurred through the use of
pressure gauges and visual checks
Discuss manual handling technigues, use mechanical aids or get assistance to
move heavy items
PPE o5 per permit requirements
Assessed by: _Gary Price Date: July 2018
Reviewed by: _Lance Rose Date: _July 2018
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Hydrostatic Pressure Testing Page 3 of 4
e o
[ IT——
Persons at Risk Consequence LS R Control Messures s
Foor Poweiessing
General Trphazards Point of work risk assessment (Stay Safe form) prior to commencing work
housekeeping ":"‘5 “I"’_"" atheight Clean up area and store materials safely
Shamobiect vur 004 houekesaig i tan throughc h ek, ottt
Job workers, anualhandling end of the task or your shift
et | 72| 6 o I aneing techniues use mechancasid or gt sstance 2
Sorangn | [kt ove neay s
e e g and b provided fovaste, e thtl s el re
G s —————
s fols Aoprapiat o foryour e
contemingin

Assessed by: _Gary Price

Date: _uly 2018

Reviewed by: _Lance Rose

Date: _July 2018
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Crude Oil Refining

Atmospheric distllation uses heat to separate

AMoseHERIc|
PR A e v i ot and neawy s

vacUUM
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9 Amospheri esicue i
further distiled to extract ois|
under vacuum conditions.
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