


















































































































































































TesTex Inspection Procedure 

For Storage Tanks 1-20 

at the 

Red Hill site 

Oahu, Hawaii 

 

 
Flaw reporting and marking 

 

When areas reading less than nominal wall are found, the area is marked directly with 

paint.  That area is then measured to the nearest permanent landmark (such as a weld line, 

patch plate, etc).  The information is then placed on the TesTex-Red Hill preliminary data 

sheet.  Copies of these sheets are to be given to the job contact at the beginning of the 

following day.  Additional copies are to be faxed or emailed to TesTex headquarters once 

a week for processing. 

 

The Inspection begins on the Floor of the Tank 

 

Numbering and Inspection 

 

1) Number the floor plates as per the TesTex-Red Hill tank floor drawing, paying 

close attention to the orientation of landmarks such as the 36” and 18” pipes, 

Tower corners, patch plates, etc.  Keep in mind that odd numbered tanks are 

mirrored in comparison to even numbered tanks. 

 

Floor 

 

2) Once numbered, the floor (made up of 7 plates for a total of 25 feet in diameter) 

can now be scanned. Each of the 4 Technicians will use specially designed 8” 

wide LFET (Low Frequency Electromagnetic Technique) scanners.  The 

electronics for each is to be the TesTex 8 channel TS-2000 instrument.  Each 

technician’s computer is to be running software WinLFET version 1.80.03, TS-

2000 option.  Since the floor plates are carbon steel with a thickness of 0.500”, the 

frequency should be set to between 5 and 10 Hz.  The actual frequency will be 

determined by the lowest frequency in the range producing the cleanest baseline 

(signal to noise below 0.5 degrees phase).  Note:  At a minimum, all technicians 

must check their system using the calibration plate at the beginning of each day.  

See separate LFET procedure for more details.  Also note that if power is lost, 

once restored, all computer settings must be re-entered. 

 

Notes:   
 

*  All patch and cover plates throughout the tank will be spot checked with 

conventional ultrasonic technique.  Also, if any nozzles exist in the tank, U.T. will be 



performed at the 12, 3, 6, and 9 o’clock positions around the circumference of the 

pipe as well as a spot check on the face of the nozzle. 

 

*  Additionally, the corners of all plates throughout the tank must be checked with 

U.T. 

 

Lower Dome 

 

3) Using the position of the catwalk above and the corners of the tower, start to 

layout and mark the quadrants (A, B, C, and D).  Quadrant A begins directly 

under the catwalk at the closest corner of the tower.  Likewise, quadrant B begins 

at the next corner clockwise around the tower.  Continue this pattern for the other 

two quadrants.  Paint lines showing the locations of each quadrant on course 1 

and as far as you can reach on course 2, along with each quadrant letter so as to 

clearly be seen from above. 

 

Course 1 

 

4) Once the quadrants have been identified, numbers are then assigned to the plates 

(wrote in chalk on each plate) of course 1.  The numbers begin in quadrant A and 

continue through quadrant D. 

 

5) Once the floor plates have been scanned, technicians can begin scanning the 

plates in course 1.  These plates, as well as the rest of the tank, are carbon steel 

with a thickness of 0.250”.  A frequency of 10 Hz (plus or minus up to 1 Hz is 

allowed for cleanliness of signal) will be used for the remainder of the inspection. 

 

Course 2 

 

6) Once all of the plates of course 1 have been scanned, scanning is to begin on the 

first 3 feet of course 2.  Plates again are numbered in chalk starting with plate 1 at 

the beginning of quadrant A and continuing around to quadrant D.  When the first 

3’ has been scanned, the two boomed baskets must be loaded with all of the 

equipment (3 TS-2000 electronics per basket) and the 2 outrigger trays (2 per 

basket to place computers on).  Once the baskets have been fitted with all of the 

items, scanning can continue on the remainder of course 2.  This is done by 

starting at the 3’ line and scanning vertical passes up and down the width of the 

basket from the 3’ line to the interface between course 3 and 4.  All area now 

above the 3’ line of course 2 must be both scanned with the 8” hand scanners (all 

plate surface area) and with the Hawkeye pencil probes (all welds). When 

scanning with the Hawkeye, a scan is taken on each side of all welds (probe 

bisects the weld/plate interface on each side).  The software is to be set on a 

frequency of 100 Hz, gain of 18, rotation of 305.  The probe should be used on the 

calibration plate periodically to assure proper function.  See separate Hawkeye 

procedure for more details. 

 



Notes: 
 

*  There will be area in quadrant A and quadrant D that will not be reachable in the 

boomed baskets.  This area will be scanned with an auxiliary basket at the end of the 

job (see barrel section for more details). 

 

*  If a project coordinator is on site during the first week, this person will scan all 

welds below 3’ on course 2 to include course 1 and the floor.  Otherwise, the four 

technicians will scan these welds as each section is done. 

 

*  Additionally, all intersection welds between course 1 and the floor must be retested 

using Shear Wave Ultrasonic Technique.  This is performed when a Certified 

Ultrasonic Technician is available.  Also, all possible defect locations found in welds 

throughout the tank, will be backed up with Shear Wave Ultrasonic technique.  In 

addition, all welds will be visually inspected for pinholes.  These pinhole areas, if 

found to have depth, will be marked for later Shear Wave sizing. 

 

 Course 3 

 

7) Once all of the plates in course 2 have been scanned, the teams can move to 

course 3.  Again, plates in this course are numbered as they were in course 2.  

Scanning also is performed in the same pattern of vertical up and down 

movements the width of the basket between the intersection of course 2 & 3 and 

course 4. 

 

Course 4 

 

8) Repeat the procedure for course 3. 

 

Barrel 

 

9) The Barrel consists of 28 courses (or rows) of plates.  The plates in each course 

will be numbered 1 through X starting in quadrant A.   

 

10) When scanning the barrel, drops as wide as the width of the basket are made 

vertically the entire height of the barrel section.  Within a drop, there will be 28 

scanning areas (i.e. the basket will be repositioned 28 times to cover the height of 

the barrel).  Chalk lines will be placed at each end of the baskets on the wall the 

full height of the barrel to show individual drops.  There will be 19 drops for each 

basket for a total of 38 that are reachable in the boomed baskets. 

 

Note: 

 

*  There will be 2 additional drops (one in quadrant A and one in quadrant D under 

the catwalk) that will be scanned using the auxiliary doublewide basket.  These scans 

are best done after the upper dome has been scanned (so as to not lose time 



dismantling equipment from the boomed baskets).  Both drops are done at the same 

time and includes the lower dome from 3’ above the course 1 and course 2 

intersection to barrel. 

 

Expansion joint 

 

11) The expansion joint consists of a lip of double plate that extends from the tank wall 

into the tank perpendicularly at the barrel-extension interface or at the barrel-upper dome 

interface.  The welds associated with this area must be scanned using the Hawkeye 

system. 

 

Extension (not present in all tanks) 

 

12) The extension section consists of 4 courses of plates and is approximately 15’ in 

height.  This section, if present, is numbered and scanned the same way as the 

barrel. 

 

Notes:  The area around the catwalk that is not reachable in the baskets will be scanned at 

the end of the job from the catwalk.  A ladder will be used to reach the rest of the 

extension area above the catwalk that is out of reach by standing. 

 

*  Additionally, the inside of the manway will be scanned with LFET scanners after the 

catwalk area. 

 

Upper Dome 

 

Course A 

 

13) This section is scanned the same way as the barrel.  The plate numbering should 

be much the same as it was for the lower dome. 

 

Note:  Some tanks have a channel over the welds of the upper dome.  If this is the case, 

U.T. spot checks will be done at the bottom of each vertical channel where they intersect 

a horizontal channel.  No Hawkeye weld scanning will be done since the exposed welds 

are not structural.  The only exception to this will be if wall loss is found around the 

intersection points of the channels. 

 

Course B 

 

14) This section is numbered and scanned the same way as course A. 

 

Course C 

 

15) This section is numbered and scanned the same way as course B. * 

 



*  Inspection of portions or this entire course will depend on how close the baskets can 

get to the surface of the tank.  Scanning procedure may resort to that of course D. 

 

Course D 

 

16) Scanning of this course depends on how close the boom is able to position the 

basket to the surface.  Traditionally in past inspections, the basket was too far 

away from the surface to hand scan-using LFET.  The alternative was 100% U.T. 

measurements by using a special designed delivery unit. 

 

Course E 

 

17) Inspection of this course is to be done with the special designed U.T. delivery 

units. 

 

Course F 

 

18) This course is the top of the tank.  Access to this course is by the ladder staircase, 

which is outside of the tank.  This ladder staircase leads up and over to a manhole 

in the top of the tank.  Enter into and down the ladder to the penthouse platform. 

From this platform, U.T readings will be taken on the 24 plates of the course 

above you. 

 

Pipes 

 

19) The 18 and 32-inch supply pipes in the lower tunnel under the tank will be U.T. 

spot-checked.  A technician is to craw into the 32 inch line and take 8 

circumferential U.T. readings every 3 feet.  The 18-inch line is too small to enter 

into, so the U.T. readings are taken at 8” and 18”, just inside of the pipe.  

Additional methods may be used such as, Shear Wave Ultrasonics on the welds or 

special designed LFET scanners for I.D. surface inspections. * 

 

* Special designed scanners are a concept at this time and are not included in the price of 

the inspection 













TesTex Inc. 

 

TesTex is a Non-Destructive Testing (NDT) company founded 22 years ago, based out of 

Pittsburgh, Pennsylvania.  The company has seven domestic branches, five foreign 

operations, and several licensees around the world staffed with over 250 employees.  It 

has a Research and development department dedicated to serving the specialized needs of 

the industry.  The R&D department has produced several innovative state of the art NDT 

systems over the years to inspect pipes, storage tanks, boilers, etc. for the refining, petro-

chem., chemical, and power industries.  One of the biggest strengths of TesTex is its 

ability to quickly adapt technology to a client’s application not only for the best Flaw 

detection resolution but also for the best possible productivity.  The R&D department, 

with input from the field staff, is always working to improve technology and efficiency.  

This is evident in the progression of the three previously inspected tanks at RedHill.  

When Tank 15 began in January 2005, we started using two 4” wide hand scanners to 

inspect the surface area.  By the time the work resumed on Tank 15 in late July of that 

year, we had developed 8” wide scanners.  These scanners weighed the same as the 4” 

wide scanners and gave double the coverage.  For Tank 16, beginning in December 2005, 

we made an extra two 8” wide scanners and reduced the size of the electronics so that 

each of the two inspectors in each basket could scan at the same time.  This put four 8” 

wide scanners in use at the same time in the tank.  By doing this, the time required to 

perform the entire inspection of the tank went from 25 days in tank 15 to 20 days in tank 

16.  This productivity was also carried on to tanks 2 and 20 in 2008. 

 

LFET THEORY 

 

Low frequency electromagnetic technique (LFET) uses discreet send and receive coils.  

The send coil or driver coil is excited at a very low frequency (10 hz or less), which 

creates an AC electromagnetic field.  This field propagates into the test material from one 

side through to the other.  In areas with no wall loss, the electromagnetic field will 

experience a set amount of signal strength loss as shown in first figure below.  When the 

scanner moves across an area with wall thinning, a stronger electromagnetic field is 

measured as shown in the second figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sample waveform from tank 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8” LFET hand scanner 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LFET scanning being performed under the catwalk on the barrel section of Tank 6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



BFET (Balanced Field Electromagnetic Technique) being performed on a weld seam 

in Tank 6 
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Magnetic Particle Examination 

Visible Light 

Dry Powder Method 

 

 

I. Introduction 

The magnetic particle examination method may be applied to detect cracks 

and other discontinuities on or near the surface of ferromagnetic materials.  

The sensitivity is greater for surface discontinuities and diminishes rapidly 

with increasing depth of subsurface discontinuities below the surface.  Typical 

types of discontinuities that can be detected by this method are cracks, laps, 

seams, cold shuts, and lamination. 

 

II. Scope 

Magnetic Particle Inspection shall be considered as a means to detect only 

surface or near surface discontinuities.  Sensitivity is greatest for surface 

discontinuities and diminishes rapidly with depth below the surface. The 

effective depth for near surface discontinuities is controlled by many variables 

such a shape, material, surface finish, prod spacing. Magnetic particle 

examination should not be used for locating discontinuities more than 1/2” 

below the surface. 

  

III. Applicable Reference Specifications 

ASME CODE, SECTION V Nondestructive Examination 

ASTM A275   Magnetic Particle Examination and  

Inspection of Heavy Steel Forgings 



ASTM E709   Standard Recommended Practice for 

     Magnetic Particle Examination 

ASME CODE, SECTION VIII Boiler and Pressure Vessel Code, Div. 1 

MIL-I-6868   Military Specification Magnetic Particle 

     Examination 

IV. Surface Conditions 

4.1 As Welded - Satisfactory results are usually obtained when the 

surfaces are in the as welded, as rolled, as cast, or as forged condition.  

However, surface preparation by grinding or machining may be 

necessary where surface irregularities could mask indications due to 

discontinuities. 

4.2 Dirt, Grease, Lint, Etc. – Prior to Magnetic Particle Examination the 

surface to be examined and all adjacent areas within at least 1” shall be 

dry and free of all dirt, grease, lint, scale, welding flux and spatter, oil 

or other extraneous matter that could interfere with the examination. 

4.3 Cleaning – Cleaning may be accomplished using detergents, organic 

solvent, descaling solutions, paint remover, vapor degreasing, sand or 

grit blasting, or ultrasonic cleaning method. 

V. Inspection Method 

Examination shall be done by the continuous method; that is, the magnetizing 

current remains on while the examination medium is being applied and while 

excess of the examination medium is being removed. 

 



VI. Inspection Technique (Prod) 

The prod electrodes (generally solid copper or braided copper tips) are first 

pressed firmly against the test part.  The magnetizing current is then passed 

through the prods and into the area of the part in contact with the prods.  This 

establishes a circular magnetic field in the part around and between each prod 

electrode, sufficient to carry out a local magnetic particle examination.  Half-

wave rectified direct current shall be used since it will detect both surface and 

near surface discontinuities.  This prod technique utilizes dry magnetic 

particle materials due to better particle mobility.  Proper prod examination 

entails a second placement with the prods rotated approximately 90 degrees 

from the first placement to assure that all existing discontinuities are revealed.  

Depending on the surface coverage requirements, overlap between successive 

prod placements may be necessary.  Caution:  Extreme care should be taken to 

maintain clean prod tips, to minimize heating at the point of contact and to 

prevent arc strikes and local overheating on the surface being examined since 

these may cause adverse effects on material properties.  Steel or aluminum or 

copper braided tip prods, or pads rather than the solid copper tip prods are 

recommended where the possibility of copper penetration exists.  Open-circuit 

voltages should not exceed 25V.  A remote-control switch, which may be built 

into the prod handles, shall be provided to permit the current to be turned on 

after the prods have been properly placed and to turn it off before the prods 

are removed in order to minimize arcing. 

 



VII. Calibration Frequency 

7.1 Each piece of magnetizing equipment shall be calibrated every six 

months or when the equipment has been subject to major electric 

repair, periodic overhaul, or damage. 

VIII. Application of Inspection 

8.1 Solid prods or other contact devices shall be used for localized circular 

magnetization when inspecting with portable equipment over large 

areas such as castings, welds, wrought, and forged surface. 

8.2 Magnetic particle inspection should not be performed at temperatures 

above 600°F. 

8.3 Iron Powder – Iron powder shall be gray or red dry magnetic particle 

(Magnaflux 1-gray or 8A-red).  All particles shall have high 

permeability to allow ease of magnetizing and attraction to the 

discontinuities and low retentivity so they will not be attracted to each 

other. 8A-red becomes sticky and loses color above 325°F.                                

 

8.4 Inspection Sequence 

8.4.1 First, the prods or contacts shall be placed on the centerline of 

the area to be inspected.  The distance between prods or 

contacts shall not exceed 8”.  Conversely prod spacing less 

than 3” is not recommended due to banding of the particles 

around the prod. 



8.4.2 Half-Wave Rectified direct current should be used.  The 

current shall be 100 (minimum) to 126 (maximum) amp/in. of 

prod spacing for sections ¾” thick or greater.  For sections less 

than ¾”, the current shall be 90 to 110 amp/in. of prod spacing. 

8.4.3 Apply powder over the area and hold prods or contacts on the 

surface. 

8.4.4 Remove excess iron powder by blowing dry air over the area 

while the current is on and the prods or other contacts are in 

place.  A small air bank syringe or air pressure at 

approximately 1 to 2 psi shall be used for this purpose. 

8.4.5 Interpretation of Indications – Shall be made with the 

magnetizing current on and a minimum 100 ft/candle light 

source.  

8.4.6 Repeat steps at 90 degrees to the centerline. 

8.4.7 Direction of Magnetization – At least two separate 

examinations shall be performed on each area.  During the 

second examination, the lines of magnetic flux shall be 

approximately perpendicular to those used during the first 

examination.   

8.4.8 Examination Coverage – All examinations shall be conducted 

with sufficient overlap to assure 100% coverage. 

8.4.9 Magnetizing Field Adequacy – When it is necessary to verify 

the adequate direction of the magnetizing field, the magnetic 



particle field indicator shall be used by positioning the 

indicator on the surface to be examined.  When using the 

indicator, a suitable flux or field strength is indicated when a 

clearly defined line of magnetic particles forms across the 

cooper face of the indicator when the magnetic particles are 

applied simultaneously with the magnetizing force. 

IX. Evaluation 

9.1 All valid indications formed by magnetic particle examination are the 

result of magnetic flux leakage fields.  Indications may be relevant or 

nonrelevant.  Indications caused by particles being held by 

nonmagnetic forces are false.  Examples include particles lying in the 

depression at the side of a weld, or particles wedged into rust or scale 

on the surface. 

9.2 Relevant indications are produced by flux leakage fields, which are the 

result of discontinuities that may or may not be acceptable.  Relevant 

indications should be evaluated with regard to the applicable standards 

or Code agreed upon between the manufacturer and the purchaser. 

9.3 Nonrelevant indications can occur singularly or in patterns as a result 

of flux leakage fields created by conditions such as changes in section, 

inherent material properties, etc. or may be associated with a 

discontinuity which is not considered detrimental to the part. 

 

 



X. Precautions 

Precautions for personnel safety, possible material damage, and 

misinterpretation of discontinuities shall be: 

10.1 The prods shall be placed in firm contact with the surface prior to 

applying current in order to prevent injury to the operators’ eyes by arc 

flashes.  When initially applying the current, the operator shall turn his 

head away from the prod. 

10.2 Magnetizing Procedures – For the prod technique, magnetization is 

accomplished by portable prod type electrical contacts pressed against 

the surface in the area to be examined.  To avoid arcing, a remote 

control switch, which may be built into the prod handles, shall be 

provided to permit the current to be turned on after the prod has been 

properly positioned. 

10.3 A dust mask should be worn when there is a possibility of inhaling dry 

magnetic powder. 

10.4 Continuous circular lines of iron powder will be found adjacent to and 

concentric with the prods.  These lines shall be interpreted as 

nonrelevant. 

10.5 Nonrelevant or false indications often appear but are usually able to be 

identified. 

10.5.1 Line like indications may appear at the junction of two metals 

of different permeability or at the boundary of the weld and 

base metal or in a material with a banded microstructure. 



10.5.2 Cold worked surface will often develop broad indications if 

there is an abrupt change in permeability. 

10.5.3 Flow from forging or rolling will appear as many groups of 

parallel indications caused by magnetization far beyond that 

required for flaw location. 

10.5.4 Broad areas of particle accumulation, which might mask 

indications from discontinuities, are prohibited and such areas 

will be cleaned and reexamined. 

 

XI. Demagnetization 

When residual magnetism in the part could interfere with subsequent 

processing or usage, the part shall be demagnetized any time after completion 

of examination.  ASME CODE, SECTION V, SE709 1983 

 

XII. Final Cleaning 

When required in the applicable Customer’s specification and/or code, the 

surface shall be cleaned so that iron powder is completely removed after 

inspection. 

 

XIII. Reports 

A detailed Magnetic Particle inspection report shall be prepared:  See 

Example. 

 



XIV. Acceptance Standards 

Any indications of an imperfection, which is believed to be 

nonrelevant, shall be regarded as a defect unless on reevaluation it is 

shown by reexamination by the same method or by the use of other 

nondestructive methods, and/or by surface conditioning that no 

unacceptable discontinuities are present. 

14.1 Examination of Areas from which defects have been removed.  After a 

defect is thought to have been removed, and prior to making weld 

repairs, the area shall be                                                                  

14.2 Unacceptable defects and repairs requirements   

Where a discontinuity is removed by chipping or grinding, and 

subsequent welding is not necessary, care shall be taken to contour the 

surface so as to eliminate any sharp notches or corners. When a defect 

appears to be removed, the area shall be reexamined by the same 

method to verify that it has removed completely.  If repairs are made, 

the repaired area shall be examined by the same method. 

14.3 Treatment of Imperfections believed nonrelevant 

Any rejectable indication, which is believed to be nonrelevant, shall be 

reevaluated by the same method or by the use of other nondestructive 

methods, and/or by surface conditioning to prove that no unacceptable 

discontinuities are present. 

14.4 Re-examination of repair areas.                                                        

After repairs have been made, the repair area shall be blended into the 



surrounding surface so as to avoid sharp notches, crevices, or corners 

and re-examined by the magnetic particle method. 

 

XV. Certification of Competence for NDE Personnel 

NDE Level II shall perform evaluation of Magnetic Particle Examination. 

 

   





Magnetic Particle Examination 

                                                 Dated November 11, 2005 
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Magnetic Particle Examination 

Yoke Technique 

Dry Powder Method 

 

 

I. Introduction 

Alternating Current (AC) magnetic particle examination method may be 

applied to detect cracks and other discontinuities on or near the surface of 

ferromagnetic materials.    Typical types of discontinuities that can be 

detected by this method are cracks, laps, seams, cold shuts, and lamination. 

 

II. Scope 

The visible light dry powder magnetic particle examination method shall be 

used to detect surface or near surface discontinuities.  Sensitivity is greatest 

for surface discontinuities and diminishes rapidly with depth below the 

surface. AC magnetic particle examination should only be used for locating 

discontinuities open to the surface. 

Applicable Reference Specifications 

ASME CODE, SECTION V Nondestructive Examination 

ASTM A275   Magnetic Particle Examination and  

Inspection of Heavy Steel Forgings 

ASTM E709   Standard Recommended Practice for 

     Magnetic Particle Examination 

ASME CODE, SECTION VIII Boiler and Pressure Vessel Code, Div. 1 

MIL-I-6868   Military Specification Magnetic Particle 

     Examination 



III. Surface Conditions 

3.1 As Welded satisfactory results are usually obtained when the surfaces 

are in the as welded, as rolled, as cast, or as forged condition.  

However, surface preparation by grinding or machining may be 

necessary where surface irregularities could mask indications due to 

discontinuities. 

3.2 Dirt, Grease, Lint, Etc. – Prior to Magnetic Particle Examination the 

surface to be examined and all adjacent areas within at least 1” shall be 

dry and free of all dirt, grease, lint, scale, welding flux and spatter, oil 

or other extraneous matter that could interfere with the examination. 

3.3 Cleaning – Cleaning may be accomplished using detergents, organic 

solvent, descaling solutions, paint remover, vapor degreasing, sand or 

grit blasting, or ultrasonic cleaning method. 

 

IV. Inspection Method 

Examination shall be done by the continuous method; that is, the magnetizing 

current remains on while the examination medium is being applied and while 

excess examination medium is being removed. 

 

V. Inspection Technique  

The poles are first pressed against the test part.  When the AC yoke is 

energized, a longitudinal magnetic field is induced in the part between the 

poles sufficient to carry out a local magnetic particle examination.  This yoke 



technique generally utilizes dry magnetic particle materials due to better 

particle mobility.  Proper yoke examination entails a second placement with 

the yoke rotated approximately 90 degrees from the first placement to assure 

that all existing discontinuities are revealed.  Depending on the surface 

coverage requirements, overlap between successive yoke placements may be 

necessary.   

 

VI. Calibration Frequency 

6.1 Each piece of magnetizing equipment shall be calibrated every six 

months or when the equipment has been subject to major electric 

repair, periodic overhaul, or damage. 

6.2 The AC electromagnetic yoke shall have a lifting force of at least 10 

lb. At a pole spacing of 2 to 4 inches and shall be checked with a 10 lb 

steel weight. 

 

VII. Application of Inspection 

7.1 An AC yoke shall be used for localized longitudinal magnetization 

when inspecting with portable equipment over large areas such as 

castings, welds, wrought, and forged surface. 

7.2 Magnetic particle inspection should not be performed at temperatures 

above 600°F. 

7.3 Iron Powder – Iron powder shall be a gray or red dry magnetic particle 

(Magnaflux 1-gray or 8A-red).  All particles shall have high 



permeability to allow ease of magnetizing and attraction to the 

discontinuities and low retentivity so they will not be attracted to each 

other. 8A-red becomes sticky and loses color above 325°F 

7.4 Inspection Sequence 

7.4.1 Pole spacing for the yoke will be from 3 inches minimum to 6 

inches maximum. 

7.4.2 While keeping the yoke energized, spray or dust powder over 

the area between the poles. 

7.4.3 Remove excess iron powder by blowing dry air over the area 

while the current is on and the poles in place.  A small air bank 

syringe or air pressure at approximately 1 to 2 psi shall be used 

for this purpose. 

7.4.4 Interpretation of Indications - Shall be made with the 

magnetizing current on and a minimum 100 ft/candle light 

source.  

7.4.5 Repeat steps at 90 degrees to the centerline. 

7.4.6 Direction of Magnetization – At least two separate exam-

inations shall be performed on each area.  During the second 

examination, the lines of magnetic flux shall be approximately 

perpendicular to those used during the first examination.  

7.4.7 Examination Coverage – All examinations shall be conducted 

with sufficient overlap to assure 100% coverage. 



7.4.8 Magnetizing Field Adequacy – When it is necessary to verify 

the adequate direction of the magnetizing field, the magnetic 

particle field indicator shall be used by positioning the 

indicator on the surface to be examined.  When using the 

indicator, a suitable flux or field strength is indicated when a 

clearly defined line of magnetic particles forms across the 

copper face of the indicator when the magnetic particles are 

applied simultaneously with the magnetizing force. 

 

VIII. Evaluation 

8.1 All valid indications formed by magnetic particle examination are the 

result of magnetic flux leakage fields.  Indications may be relevant or 

nonrelevant.  Indications caused by particles being held by 

nonmagnetic forces are false.  Examples include particles lying in the 

depression at the side of a weld, or particles wedged into rust or scale 

on the surface. 

8.2 Flux leakage fields that are the result of discontinuities that may or 

may not be acceptable produce relevant indications.  Relevant 

indications should be evaluated with regard to the applicable standard 

or Code agreed upon between the manufacturer and the purchaser. 

8.3 Nonrelevant indications can occur singly or in patterns as a result of 

flux leakage fields created by conditions such as changes in section, 



inherent material properties, etc. or may be associated with a 

discontinuity which is not considered detrimental to the part. 

 

 

IX. Precautions 

Precautions for personnel safety and misinterpretation of discontinuities shall 

be: 

9.1 A dust mask should be worn when there is a possibility of inhaling dry 

magnetic powder. 

9.2 Nonrelevant of false indications often appear but are usually able to be 

identified. 

9.2.1 Line like indications may appear at the junction of two metals 

of different permeability or at the boundary of the weld and 

base metal or in a material with a banded microstructure. 

9.2.2 Cold worked surface will often develop broad indications if 

there is an abrupt change in permeability. 

9.2.3 Flow from forging or rolling will appear as many groups of 

parallel indications caused by magnetization far beyond that 

required for flaw location. 

9.2.4 Broad areas of particle accumulation, which might mask 

indications from discontinuities, are prohibited and such areas 

will be cleaned and reexamined. 

 



X. Demagnetization 

When residual magnetism in the part could interfere with subsequent 

processing or usage, the part shall be demagnetized by one of the methods in.  

ASME CODE, SECTION V, SE709. 

 

XI. Final Cleaning 

When required in the applicable Customer’s specification and/or code, the 

surface shall be cleaned so that iron powder is completely removed after 

inspection. 

 

XII. Reports 

A detailed Magnetic Particle inspection report shall be prepared:  See 

Example. 

 

XIII. Acceptance Standards 

13.1 Unacceptable defects and repairs requirements.   

Where a discontinuity is removed by chipping or grinding, and 

subsequent welding is not necessary, care shall be taken to contour the 

surface to eliminate any sharp notches or corners.  When a defect 

appears to be removed, the area shall be reexamined by the same 

method to verify that it has been removed completely.  If repairs are 

made, the repaired area shall be examined by the same method.             

 



       14.2    Treatment of Imperfections believed nonrelevant 

Any rejectable indication, which is believed to be nonrelevant, shall be 

reevaluated by the same method or by the use of other nondestructive 

methods, and/or by surface conditioning to prove that no unacceptable 

discontinuities are present. 

 14.3    Examination of Areas from which defects have been removed.  

After a defect is thought to have been removed, and prior to making               

weld repairs, the area shall be examined by suitable methods to ensure                               

that the defect has been eliminated.                                                                                                                                                                                                 

14.4 Re-examination of repair areas                                                              

After repairs have been made, the repair area shall be blended into the 

surrounding surface so as to avoid sharp notches, crevices, or corners 

and re-examined by the magnetic particle method and by all other 

methods of examination that were originally required for the affected 

area. 

XIV. Certification of Competence for NDE Personnel                                       

NDE Level II shall perform evaluation of Magnetic Particle Examination. 
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1.0 SCOPE 
 

This procedure describes the Visible Dye Penetrant examination utilizing the 
Solvent-removable process as performed by Integrated Service Company L.L.C. 
 
This method of nondestructive examination provides for the detection of 
discontinuities open to the surface in ferrous and non-ferrous materials, which are 
non-porous. 
 
Typical discontinuities detectable by this method are cracks, seams, laps, cold 
shuts, laminations, surface porosity, and lack of fusion.  
 
This procedure is in accordance with the applicable requirements of ASME 
Section V, Article 6; Section VIII, Div. 1, Appendix 8, and Section I, Appendix    A-
270.  

 

2.0 APPLICABILITY 
 

This procedure governs all Solvent-Removable Visible Dye Liquid Penetrant 
examinations performed by Integrated Service Company L.L.C. Inspectors. 
 
All outside testing services and laboratories utilizing Solvent-Removable Visible 
Dye Liquid Penetrant methods shall abide by this procedure.  Alternate or 
substitute procedures must be submitted to Integrated Service Company L.L.C. 
for approval. 
 
Liquid penetrant examination is performed on longitudinal weld seams, girth weld 
seams, overlays, flame cut plate and finished machined surfaces. (Non-essential 
variable) 
 

3.0 PROCEDURE QUALIFICATION 
 
 When procedure qualification is specified, a change of a requirement in ASME 
 Section V Table T-621 identified as an essential variable from the specified 
 value, or range of values, shall require requalification of this written procedure. 
 Where a range is specified for an essential variable, the bounding values of the 
 range shall be qualified by demonstration. A change of a requirement identified 
 as a nonessential variable from the specified value, or range of values, does not 
 require requalification of the written procedure. All changes of essential or 
 nonessential variables from the value, or range of values, specified by the written 
 procedure shall require revision of, or an addendum to, the written procedure. 
 
 
 
 
 
 



4.0 IDENTIFICATION 
 

Integrated Service Company L.L.C. Inspectors will use the following family of 
materials for the standard method. 
 
The dye penetrant will be Magnaflux Spotcheck SKL-SP1 or Sherwin Dubl-Chek 
DP-40 / DP-51. 
The cleaner / remover will be Magnaflux Spotcheck SKC-S or Sherwin Dubl-Chek 
DR-60. 

 The developer will be Magnaflux Spotcheck SKD-S2 or Sherwin Dubl-Chek D-
 100. 
 
5.0 PROCEDURE 

 

Color contrast penetrant inspections may be performed on a component at any 
point in processing, but normally after the final heat treatment or stress relieving. 
 

Preparation    (Essential variable) 
 

All material surfaces to be examined must be free of all rust, splatter, scale, 
grease, paint, oily films and dirt.  Any of these contaminants can prevent the 
penetrant from entering surface defects. 
 
If only a section of a part, such as a weld, is to be inspected, the adjacent area 
within one inch of the surface to be inspected must also be cleaned. 
 
Material surfaces must have a finish, which will permit proper interpretation of 
developed indications.  The surface shall be even with no abrupt ridges or valleys. 
The shape and size of objects to be examined are not limiting factors, provided 
the specified area under examination can be properly examined within the 
specified time intervals of this procedure. 
 
The material surface will be cleaned using Magnaflux Spotcheck SKC-S or 
Sherwin Dubl-Chek DR-60. 
 

Parts must be completely dry prior to penetrant application.  Permit five minutes 
elapsed time for evaporation after cleaning with solvent / cleaner. 
 
Grit or sandblasting prior to the examination is not permitted. 
 
Flame cut edges shall have scale removed prior to cleaning. 
 
The part will be warmed or allowed to cool to a temperature within the range of 50 
degrees F to 125 degrees F. When it is not practical to conduct an examination 
with these temperature limits, qualify the procedure at the temperature of intended 
use as described in ASME Sec.V, Art. 6, T-653 using the Eishin Crack Panels. 
Another family of materials may be required. 



Application of Dye Penetrant    (Essential variable) 
 
Application of the dye penetrant shall be by aerosol spray or brush. 

 
Hold the can nozzle six to twelve inches from the area to be sprayed.  Spray the 
penetrant on the surface so that the entire part or the area under inspection is 
completely covered with penetrant. 
 
If the part is stationary, move the spray over the entire surface to be inspected.  
The spray may be held stationary and the part moved through it if the part is 
mounted on a rotating machine. 
 
Penetration (Dwell) Time    (Essential variable) 
 
The surface must remain wetted for a period of not less than 10 minutes.  If the 
penetrant dries within this time, remove it and start again.  Do not leave the 
penetrant on longer than thirty minutes. 
 
Excess Penetrant Removal    (Essential variable) 

 
After the penetrant has been on the surface to be inspected for the prescribed 
period of time, all excess penetrant shall be removed from these surfaces by the 
following steps. 
 

1. Remove excess penetrant by wiping with a clean, lint-free material, repeating 
the operation until most traces of penetrant have been removed. 

 
2. The remaining traces shall be removed by wiping the surface with a clean, lint-

free material lightly moistened with cleaner / remover. 
 
To minimize removal of penetrant from discontinuities, care shall be taken to 
avoid the use of excess solvent.  Flushing the surface with remover, following the 
application of the penetrant, and prior to developing is prohibited. 
 
Drying After Excess Penetrant Removal    (Essential variable) 

 
The surfaces may be dried by normal evaporation, blotting, wiping or forced air. 
Parts must be completely dry prior to developer application.  Permit five minutes 
elapsed time for evaporation. 
 
Application of Wet Developer    (Essential variable) 
 
The developer shall be applied by aerosol spray as soon as possible after 
penetrant removal. Shake the can thoroughly and spray short spurts to clear the 
spray valve. The time interval between penetrant application and the application 
of the developer shall not exceed 30 minutes. 
 



Spray the area to be inspected with a thin, even coat.  The proper developer 
thickness will dry to a thin translucent layer. The developer requires one-to-two 
minutes to dry due to its non-chlorinated carrier and propellant.  The developer is 
translucent and care must be taken not to over apply, a heavy coat can mask 
defects. 
 
The developer must be thoroughly dry before interpretation. It must dwell for a 
period of not less than 10 minutes before interpretation.  Do not interpret after 
thirty minutes 
 

6.0 INSPECTION 
 

 Visible penetrant indications can be inspected in either natural or artificial white 
 light.  Adequate illumination is required to ensure no loss of sensitivity in the 
 inspection.  A minimum light intensity at the inspection sight of 100 foot candles 
 is required. The light source must be verified and documented as meeting 100 
 foot candle lighting requirement. 
 
7.0 INTERPRETATION 

 

Indications shall be interpreted and evaluated based on the following definitions. 
 
Only indications with a majority dimension grater than 1/16 inch shall be 
considered as relevant. 
 
Linear Indications: 
Linear indications are those in which the length is more than three times the width. 

 
Rounded Indications: 
Rounded indications are those, which are circular or elliptical with a length equal 
to or less than three times the width. 

 

8.0 ACCEPTANCE CRITERIA 
 

The criteria for acceptance or rejection shall be as specified in the job 
specifications and/or in the applicable Code or Standard. 
 

9.0 REPAIR OF INDICATIONS 
 

Defects greater than acceptable shall be removed by grinding and/or chipping.  If 
the defects do not encroach upon the minimum thickness, they do not need to be 
repaired, except they shall be faired in or blended by grinding to eliminate abrupt 
valleys or ridges.  The area shall be retested in accordance with this procedure 
after fairing. 
 
Defects that reduce the minimum piece or wall thickness shall be removed by 
chipping and/or grinding and repaired by welding, provided the repair falls within 



the permissible requirements of the specific material specification and referencing 
Code Section. After the defect removal procedure and prior to making the weld 
repairs, the area shall be examined by suitable methods to ensure the defect has 
been removed. Welded repairs shall be made by ASME qualified welders and 
procedures. The repaired area shall be retested in accordance with this 
procedure. 
 

10.0 POST TEST CLEANING    (Non-essential variable) 
 
Post test cleaning is necessary in those cases where residual penetrant or developer 
could interfere with subsequent processing or with service requirements.  If deemed 
necessary, the entire surface of material affected by the penetrant dye or developer will 
be cleaned by liberally flushing with Magnaflux Spotcheck SKC-S or Sherwin Dubl-Chek 
DR-60 cleaner / remover. 
 

11.0 REPORTS 
 

The results of the examination shall be reported on the Liquid Penetrant Test 
Report form.  This report shall be signed and dated by the examiner. (See Exhibit 
#1) 
 

12.0 QUALIFICATION 
 

Procedure    (Essential variable) 
 
Qualification of the procedure shall be performed by utilizing a test piece 
containing one or more discontinuities of the smallest relevant size encountered in 
production examinations.  The procedure shall be demonstrated as being capable 
of detecting such discontinuities. Documentation of this demonstration to the 
Authorized Inspector shall be maintained on file. 
 
Requalification  
 
Requalification shall be required when a change of a requirement in ASME 
Section V Table T-621 identified as an essential variable from the specified value, 
or range of values is made to this written procedure. Re-demonstration of the 
procedure to the Authorized Inspector shall be required. 
 
Personnel    (Non-essential variable) 

 
Personnel utilizing this procedure to make final acceptance inspections shall be 
qualified in accordance with the requirements of Appendix 8 of ASME Section VIII 
Division 1, and Appendix A-270 of ASME Section I. 
 
 Personnel certified Level II or III shall perform interpretation of results. 
 
 
 



13.0 CERTIFICATION 
 

WGS hereby certify that this procedure has met all the requirements of T-150 of 
Section V of the ASME Code. 
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HYDROSTATIC TEST PROCEDURE 
 

 
I. SCOPE: 

 
This procedure is to insure that all the requirements of the applicable sections 
of the ASME Code are met and to insure the safety of all personnel which are 
involved in performing the hydrostatic test. 

 
II. RESPONSIBILITIES: 
 

The Site Manager or Field Superintendent is responsible for the safe 
performance of the hydrostatic test.  Only trained personnel, aware of these 
procedural steps, shall be used to conduct the test. 
 
The Quality Control Manager or his designee is responsible for witnessing and 
documenting the results of the hydrostatic test and assuring that it is performed 
safely in accordance with this procedure. 
 
For hydrostatic tests performed to meet ASME Code requirements, the Quality 
Control Manager or his designee is responsible for notifying the Authorized 
Inspector in advance of the test so that he may be present. 
 
NOTE:  The Authorized Inspector must witness and accept all  
  hydrostatic test performed to meet Code requirements. 
 

III. REQUIREMENTS: 
 

All welds shall be satisfactorily completed and the vessel and or piping 
released by Quality Control for hydrostatic testing. 
 
NOTE: All fabrication shall have been completed, except for operations 

which can not be performed prior to the test such as weld end 
preparation, seal welding of vent plugs or cosmetic grinding on                       
the base material which does not affect the required thickness. 
All examinations shall have been performed, except those 
required after the test. 

 
IV. PROCEDURE: 

 
1.0 The hydrostatic test pressure (usually 150% of design) and temperature 
 shall be determined  from the approved vessel and or piping design 
 specifications. 
 
 
 



2.0 Flanges and nozzles which are not utilized during the hydrostatic test 
 shall be blanked and plugged using material approved for the job or 
 standard approved material in the hydrostatic test area. 
 

2.1 Material (blinds, threaded plugs, bolting, etc.) shall be 
compatible for the design pressure of the vessel and or piping 
and for use with the specified test pressure.  Only material in 
good physical condition shall be used. 

 
 2.2 Material used for welded closures shall be as specified on the 

vessel/piping drawing and identified by “P” number or by 
material specification. 

 
2.3 Welded connections made to temporary closures shall have the 

minimum weld sizes as specified on the vessel/piping drawing. 
 
 2.4 Any additional NDE specified on the drawing for welded  
  temporary closure shall be performed and any necessary repairs 
  made. 
 
 2.5 These connections must be visually inspected for verification of 
  proper material, preparation, welding, threading, or bolting as  
  specified on the vessel/piping drawing. 
 
 2.6 The design and capacity of test plugs will be verified by Super-  
  vision and Quality Control. The plugs will be secured by chain  
  or other means to assure containment if they slip.  
 
 2.7 Visual inspection by Quality Control of all closures is required       
  before pressure application. 
 
3.0 Hydro Trees will be engineered and constructed to WGS Engineering 

specifications or better. All Hydro Trees will be marked with their rated 
capacity. Temporary drains and vents will use the same or higher 
schedule pipe as the Hydro Tree. 

      
4.0 The testing medium shall be clear city tap water with less than 50 ppm 

Chloride content unless otherwise specified in the vessel/piping design 
specifications.  This report will include the latest city water quality 
report. Other liquid mediums may be used if there is a danger of 
freezing or water would cause adverse effects on the vessel/piping.  

 
5.0  A calibrated gauge shall be selected with a dial range of at least 1 1/2 

 times and not more than 4 times the hydrostatic test pressure.  The 
 spacing between graduations shall be such that the Quality Control 
 Inspector and the operator controlling the test shall be able to 
 determine when the required test pressure has been applied. 

 



 5.1 Digital reading pressure gauges having a wider range of   
  pressure may be used provided the readings give the same or  
  greater degree of accuracy as obtained with dial pressure  
  gauges. 
 
 5.2 The gauge shall be mounted directly to the vessel/piping as 

 near as practical to he top most part undergoing the hydrostatic 
 test. Hydrostatic head on the gauge shall be considered 
 depending on the location of the gauge. 

 
 5.3 If the indicating gauge is not readily visible to the operator con- 
  trolling the pressure applied, an additional indicating gauge  
  shall be provided where it will be visible to the operator   
  throughout the duration of the test. For large vessels, consider- 
  ation shall be given to the use of a recording gauge in addition  
  to indicating gauges. 
 
6.0 Connect all fill and vent connections as necessary. 
 
 6.1 Open vents must be located at the high point of the 

 vessel/piping during the fill up to purge the air from the  system. 

 6.2 A hose or some other means to control water release should be 
 installed on the high point vent. 

 
7.0 Prior to filling the vessel, all personnel not involved with the 
 hydrostatic test shall be kept at a safe distance from the testing area.  
 The item to be hydro tested, the pump and the high pressure hose will
 be roped off at a safe distance with red barricade tape.  
 
8.0 The temperature of the testing medium shall be as specified in the 
 vessel / piping design specifications. 
 

8.1 The testing medium shall be at least ambient temperature but in 
no case less than 70 degrees F for Section I items. For NBIC 
repairs, the metal temperature should not be less than 60 degrees 
F preferably at least 30 degrees above the MDMT but not more 
than 120 degrees F for section VIII Division 1 items. The 
temperature for B31.3 Piping is limited by the stress value at test 
pressure-temperature.  

 
 8.2 The test pressure shall not be applied until the vessel and its  
  contents are at about the same temperature. 
 
9.0 The vessel shall be filled with the testing medium until all air pockets 
 have been expelled.  The vent valve shall be closed when it is 
 determined that venting is completed. 
 



9.1 Vents shall be provided at all high points of the vessel/piping in 
the position in which it is to be tested to purge possible air 
pockets while the vessel is filling.  If the operator or the Quality 
Control Inspector determines the vent arrangement is 
inadequate, the test shall be aborted until the problem is 
resolved. 

 
 CAUTION: The venting of air at ALL high points must be checked  
   IMMEDIATELY prior to the pressure test.  As the  
   temperature of the testing medium increases, air may be  
   released.  It must be vented. 
 9.2 If the pressure does not come up readily when pumping, stop.  
  This could be an indication of air in the system. Depressurize  
  and re-purge to assure the removal of air. 
 
10.0 The operator of the hydrostatic pump shall have a clear view of the test 
 pressure gauge, so that he will be aware of the test pressure at all times. 
 

10.1 The pump operator will be stationed away from the immediate 
vicinity of the vessel/piping being tested as deemed necessary to 
provide for his safety. A means of observing the pressure gauge 
will be provided. 

 
 10.2 If the operator or the Quality Control Inspector suspects any  
  gauge to be in error, the test will be aborted until such gauge  
  has been replaced or recalibrated. 
 
11.0 At this time and until the conclusion of the hydrostatic test, the pump 
 operator will not leave the pump station for any purpose except when 
 relieved by an individual competent in the performance of this 
 operation. 
 
12.0 The hydrostatic pressure shall be applied gradually until the required 

test pressure is reached.  The pressure application will be witnessed by 
the Quality Control Inspector.  A close visual inspection WILL NOT BE 
conducted at this time. 

 
 12.1 The test pressure shall never be exceeded by more than 6%. 
  
 12.2 NO FITTINGS OR CONNECTIONS WILL BE TIGHTENED  
  WHILE THE  SYSTEM OR VESSEL IS UNDER PRESSURE. 
 
 12.3 If a leak is detected during testing, the pressure is to be lowered 
  to 2/3 of the test pressure (or maximum allowable working  
  pressure) prior to approaching the vessel. 
 

12.3.1 Leakage of temporary gaskets or plugs installed for the 
purpose of conducting the hydrostatic test and which 



will be replaced later may be permitted unless the 
leakage exceeds the ability to maintain the vessel/ piping 
test pressure for the required amount of time or 
interferes with the evaluation of the test results. 

 
13.0 After the predetermined holding time of the hydrostatic test pressure, 

the pressure will be lowered to 2/3 the test pressure (usually the 
maximum allowable working pressure). 

 
13.1 The holding time shall be a minimum of ten (10) minutes or a 

greater time if specified on the vessel/piping drawing or 
requested by the Inspector to complete the visual inspection of 
joints or components.  

 
14.0 A close visual examination will then be conducted of all joints and 

connections at this time.  When a satisfactory Hydro has been 
completed, the results will be recorded on the Job Traveler (if it is an 
ASME Code job) and the appropriate Hydrostatic/Pneumatic Pressure 
Test Form by the Quality Control Inspector. 

 
15.0 Upon completion of the hydrostatic test, the pressure will be dropped. 
 The pressure gauge will be checked to verify it has returned to zero. 
 
16.0 Drain and vent valves will be opened to allow the vessel to drain. 
 Never open the drains on a large vessel without first opening the vent. 
 Open lines shall be elevated in order to be free of any standing water 

 
 

V. Calibrations 
 
 The test gauge(s) shall be calibrated within a (1) year current time frame and 
 in accordance with NIST standards. A copy of the gauge(s) calibration will be 
 present during the test.  
 
 
VI. Records 
 
 The Hydrostatic/Pneumatic Pressure Test will be recorded on the appropriate 
 form as determined by the QC Inspector at the completion of the test. The test 
 record will be maintained for the duration as specified by the applicable code.  
 

1.0 Approved Test Forms 
1.1 Record of Hydrostatic/Pneumatic Test 
1.2 Pressure Test Certificate  

 
A copy of the test gauge calibration(s) shall be attached to the test report for 
final records. All test records or reports will be submitted in the project final 
report or data book.  



Record of Hydrostatic / Pneumatic Test 
 
 
 
 

Job Number ________________________   Location___________________________ 
 
Sheet Number_______________________  Mark Number_____________________ 
 
Date of Test__________  Gage Number__________  Calibration ______________ 
 
Chart Recorder Number_______________________________ 
 
Calibration Date _____________________________________ 
 
Hydrostatic Test Pressure_________________________PSIG 
 
 
 
Test Medium       __________________________________________ 
 
Duration of Test ___________________________________________ 
 
 
Witness and Accepted by: 
 
Inspector:________________________________________ Date: __________________ 
 
Customer Representative ___________________________ Date:__________________ 
 

 
 
 
 
 
 
  





t-12.5% for pipe with no Corrosion Allowance

ASME PG-27.2.1 TUBING PRESSURE CALCS. <=5"OD

Thickness Diameter Stress Exp tubes Pressure

0.135 1.05 17100 0 2218.725 Sch 80

t D S e

ASME PG-27.2.1 TUBING PRESSURE CALCS. <=5"OD

Thickness Diameter Stress Exp tubes Pressure

0.192 1.05 17100 0 3193.425 Sch 160

t D S e

ASME PG-27.2.1 TUBING PRESSURE CALCS. <=5"OD

Thickness Diameter Stress Exp tubes Pressure

0.269 1.05 17100 0 4510.125 Sch XXS

t D S e

MAWP FOR HYDRO TREE VALVES: TYPE PRESSURE

800# 2000#

1500# 3750#

2500# 6250#

P = S [ 2t - 0.01D - 2e / D - ( t - 0.005D - e ) ]

P = S [ 2t - 0.01D - 2e / D - ( t - 0.005D - e ) ]

P = S [ 2t - 0.01D - 2e / D - ( t - 0.005D - e ) ]

STRESS CALCULATIONS FOR 3/4" SA106-GR B PIPE






























































































































































































