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Why PMI?

- Positive Material Identification (PMI) is the
analysis of any material, generally a metallic
alloy, to establish composition by reading the
quantities by percentage of the constituent
elements

* These specifications include the levels of
various alloying elements that comprise a
specific ASTM or AlSI grade

- PMI and verification applications include any
installed, inventoried, or in-process
fabricated items whose properties must meet
strict engineering specifications to avoid
potentially catastrophic consequences
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Why PMI?

“41% of the 170 largest losses in the hydro-carbon process industry resulted from failures of piping
systems...”

Equipment Iype and Fercerntage of Large Losses
Pipme 30% -
Tanks 15%
Reactors 13%

-

Drtims 7%

Prmps ared Compressors 07a
Heat Exchaneers 4%
Towers d%

Haaters Boilers 1%

Orthere 1894

Source: Marsh and McLennen (property protection and risk consultants)
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Common Technologies Used in PMI

Three technologies typically used for alloy grade ID and chemical analysis

* 40-year-old mobile Optical * 40-year-old portable X-Ray New LIBS Technology
Emission Spectroscopy Fluorescence (XRF) « Over 3,000 HH LIBS installed
(OES) - Over 60,000 Thermo Fisher - Can supplement XRF for

Scientific Niton handheld XRF carbon applications
alloy analyzers installed « Can replace OES for most
globally applications
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Why PMI?

e LIBS is a minimally destructive test — leaves a
small burn on the surface

 Relatively small spot size (50u) means alloy
must be homogeneous (representative) at that
spot

* Requires sample prep (grinding)

e Routine set-up procedure

* May need occasional cleaning of optics
* Need to purchase consumables

* Mainly argon cartridges and grinding media

e Laser Safety vs Radiation Safety

7 Proprietary & Confidential SCIENTIFIC



Why PMI?

* XRF is completely non-destructive

e Standard measurement beam area is 8mm;
Optional small-spot feature collimates the beam
down to 3mm for smaller samples

* Sample prep (grinding) is generally not required,
unless removing paint, scale, coatings, etc. from
the sample surface, or when light element
analysis (S, P, Mg, Al, & Si) is required

* Fast set-up procedure via internal System Check

* May need occasional cleaning/changing of
aperture window, which is the only consumable

* Radiation Safety Training required

8
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How it Works
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How it Works - XRF

« X-rays from a primary beam (X-ray tube) are
fired into the sample

 Excited electrons in the atoms return to
ground state, emitting characteristic energy

element x-rays y
- The energies are picked up by a detector l @ >

and produce spectral data

» Software and calibrations in the CPU
compare the energies and intensity of
spectral lines to quantify the concentrations
of elements

X-Ray Safety
Shutter

« Composition and grade data are displayed
and stored in memory for recall or printing
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How it Works - LIBS

* Pulsed laser is fired into the sample and
vaporizes the metal to form a plasma on the
surface

 Excited electrons in the plasma return to ground
state in atoms and ions, emitting light which is Tl
diffracted by a grating into component
wavelengths

* The wavelengths are transferred to a detector e i RS ——
and produce spectral data I \ N

* Software and calibrations in the CPU compare RV \ s :
the wavelengths and intensity of spectral lines to “"""i"_

Sample

quantify the concentrations of elements

e Composition and grade data are displayed and
stored in memory for recall or printing
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How it Works — LIBS & XRF Spectra of Same Alloy

The LIBS spectra contains more information, meaning we see more detectable elements,
but with greater complexity in the analytical determination of those extra elements

b e
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How it Works - XRF, OES and LIBS Element Ranges

5 0
Mg Al gSi gP Qg5 JjcCi
K gCa §5c jTi gV JCr jMn jFe BCo gNi §Cu §Zn §Ga §Ge JAs §Se QBr
Rb Isr §Y Qzr INb Mo fTc fRu JiRh P4 g §Cd gin @Sn §Sb QBTe Qi
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Technology Choice: Handheld XRF and/or LIBS Analyzer

Type of Alloy Family

Stainless steel

C-steel

Low alloy and Cr-Mo steel
Tool Steel

Ni, Ni/Co and Co alloy

Cu alloy
Al alloy

Ti alloy

Zn alloy

Exotic and refractory alloy
Precious metals

Rare earth alloys

Best Technology

(preferred type listed first)

XRF or LIBS*
LIBS

LIBS or XRF
XRF or LIBS
XRF or LIBS

XRF or LIBS~
LIBS or XRF

XRF or LIBS3

XRF or LIBS3
XRF
XRF or LIBS
XRF

1if L-grades are needed (C)
LIBS is the only HH solution

2 HH LIBS best if sorting ECu,
Be-Cu or Al-Si bronze

3 HH LIBS best if sorting based
on Al content
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Carbon Equivalency
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Carbon Equivalency

- Formula developed to assign a numerical Common CE Value Classifications
value to the hardenability of a steel Carbon Equivalent (CE) Weldability
Up to 0.35 Excellent
 Predict the susceptibility of a steel to 0.36-0.40 Very Good
Hydrogen (cold) cracking 0.41-0.45 Good
0.46-0.50 Fair
- Heat Affected Zone (HAZ) hardenability in Over 0.50 —
welding
_ , International Institute of Welding (1IW)
* Elements C, Mn, Ni, Cr, Cu, Mo, V influence CE = C+Mn/EHCrH+Mo+ V) 5-HTuU+HNIVM5
overall CE value American Welding Society (AWS)
- Recycled steel more common today in steel GE = CuMn. Si/ehCr+ Mo AVS+HCU-NIVS
roduction ; :
P Pm=r;+5'+M"+EU+cr+N'+MD+H+5E:
- Modern high strength steels will have lower 30 20 60 15 10

carbon with micro alloying elements such as

Nb, V, Ti added for desired strength CE (CAN) = %C + P SMn/6 + %SU24.+ XCu/15 +

%Nif20 + (%Cr + %Mo + %V + %Nb)/5 + 5*%E]

ThermoFisher
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Carbon Equivalency

Used in all O&G sectors (upstream, mid, downstream)

Energy markets — nuclear, power gen, fossil fuel

Casting repairs (i.e. valves, pumps, turbine casing)

Pipeline welding, containment sleeve

Hot tap for flow meter, bypass line
 Offshore riser reinforcement
 Shaft, flange face machining & weld build-up

Repair Sleeve

Right Fillet
Weld

Longitudinal
Butt Weld

Left Fillet
Weld
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Carbon Equivalency

20) 196-204,206-... *

Low Alloy

W ce |ce s -“-n“-ﬂ--“ Sample: IMZ112
0267  03% 0049 1061  Oif8 07 0090 0081 0005 ﬁlm ..@

X65 0306 0352 0042 120 0M8 0270 0005 0087 0064 0087 0005 00

RES 0.174 0.170 0.181 0.185
X65 0201 0338 0040 1484 045 0277 04056 0091 0060 0085 0005 0030

CE: Q3R 0318 0291 w028
X5 0200 0338 002 {46  0H8 0284  0M2 0096 0065 0077 0005 Q.03

C 0.201 0204 0.175 0.167

Mn 0.464 0454 0.465 0.460
Si 0.274 0256 0.273 0.280
u 0.067 0.067 0.067 0.064
Ni  0.060 0.057 0.069 0.069
r 0.047 0.046 0.045 0.051
Mo 0.057 0.049 0.052 0.054
= 0020 O%E S el OL1s
| 0.031 0.025 0.026 0.027

0.057 0.052 0.054 0.059
Fe QR 77 9877 9876 9R.75

X6b 0.300 0.346 0.039 1.196 0.116 0.276 0.094 0.080 0.068 0.088 0.005 0.028
Xeb 0.294 0.34 0034 147 0.113 0.280 0102 0.092 0.078 0.083 0.005 0.030

X6b 0.278 0.326 0.039 1.081 0.124 0.289 0.106 0.090 0.040 0.069 0.006 0.032
X6b 0.295 0.340 0.046 11427 D16 0.273 0100 0.087 0.063 0.081 0.005 0.034
X6b 0.282 0.333 0.041 1.078 047 0.310 0.107 0.095 0.050 0.075 0.004 0.038
X6b 0.280 0.325 0.036 1116 0.110 0.275 0.098 0.089 0.063 0.079 0.005 0.034
AVG 0.290 0.337 0.041 1130 0.118 0.283 0.105 0.090 0.062 0.080 0.005 0.032
STDEV  0.009 0.008 0.004 0.049 0.004 0.011 0.007 0.005 0.008 0.006 0.000 0.004
RSD 31% 24% 10.7% 4.3% 3.8% 3.8% 1% 5.1% 13.3% 12% 0.1% 13.7%

18 Proprietary & Confidential SCIENTIFIC



Carbon Equivalency
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Application Notes

thermoscientific

FLRPOEMANCE CHAHAITEHESTICES

Ihamma Scientiic Mion Apollo LIDKS Analyzor

Low Alloy and Carbon Steel
Performance Characteristics
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Analysis of Carbon Equivalents
in Steel Components

Using the Niton Apollo Handheld LIBS Analyzer

Author: Brian Wison, Thaemo Feher
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HF Alky Residual Elements — API 751
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HF Alky Residual Elements

» Alkylation units convert isobutane into
alkylate, a gasoline component

* Most refineries use HFAU while others use Safe Operation of Hydrofluoric Acid
SAAU. SAAU is not subject to this app. yiation Tnits

* Residual element concentrations in carbon
steel can be a critical indicator in the e
expected life and performance

- Manufacturing of carbon steel is becoming
more dependent on recycled metal scrap

* NACE 03651 suggests the combination of
carbon and RE content (Cu, Ni, Cr) could i :
increase corrosion by 5 times el
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HF Alky Residual Elements

Cu+Ni<0.15

* Cu+Ni+Cr<0.15
C>0.18%
CE<0.43
Nb<.02 V<.02
Nb+V<.03

TABLE 2 Tensile Reguirements

Grade
55 [380] B0 [415] 65 [450] 70 [485]
Tensile strength, ksi [MPa] 55=75 [380-515] 6080 [415-550] 6585 [450-585] 7020 [485-620]
Yiekd strength, min,” ksi [MPa] 30 [205] 32 [2200 35 [240] 38 [260]
Elongation in 8 in. [200 mm], min, 5" 23 21 19 17
Elongation in 2 in. [S0 mm], min, %2 af 25 23 21

ADDITIONAL SUPPLEMENTARY REQUIREMENTS

In addition, the following supplementary requirement is suitable for this application.

554, Requirements for Carbon Steel Plate for
Hvdrofluoric Acid Alkvlation Service

554.1 Plates shall be provided in the normalized heat-
treated condition

554.2 The maximum carbon equivalent shall be as follows:
Plate thickness less than or equal to 1in. [25 mm]: CE
maximum = .43
Plate thickness greater than 1in. [25 mm]: CE maximum
=045

§54.3 Determine the carbon equivalent (CE) as follows:

CE = C + Mn/6 + (Cr + Mo + Y¥5 + (Ni + Cul/15

5544 Vanadium and miobium maximum content based on

heat analysis shall be:

Maximum vanadiom = 0.02 %
Maximum niobium = 0.02 %

Maximum vanadium plus niobium = (.03 f.'Ji:\?
{Note: miobium = columbium)

S$54.5 The maximum composition based on heat analysis of
MNi+ Cu hhﬂ” be 0.15 %,

554.6 The minimum C content based on heat analysis shall

be 0.18 %. The maximum C content shall be as specified for
E——crc——

the ordered grade

S$54.7 Welding consumables for repair welds shall be of the
low-hydrogen type. E60XX eclectrodes shall not be used and
the resulting weld chemistry shall meet the same chemistry
requirements as the base metal.

S$54.8 In addition to the requirements for product marking in
the specification, an “HF-N" stamp or marking shall be
provided on each plate to identify that the plate complies with
this supplementary requirement.
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HF Alky Residual Elements

- Common material specifications

* A106 pressure retaining piping

« A105 flange, valve forging

+ A234-WPB wrought fitting (elbow, tee)
« A516-70 pressure vessel plate

+ A216-WCB valve casting

* Weld consumables typ.
« E60XX, low hydrogen

» Very important to remove protective copper
coating from outside of filler wire

« >30% copper can be detected using XRF

24 Proprietary & Confidential SCIENTIFIC



HF Alky Residual Elements

— #218 Avg(20) 196-204,206-... ‘

« XLS5 is great solution Low Alloy
for Cu, Ni, Cr, Nb, V CERTIFICATE OF ANALYSIS Sample: IMZ112
IMZ-112
2D @ DD
. SPECTROMETRIC REFERENCE MATERIAL OF LOW-ALLOY STEEL
(main, low) ¥ | RES 0.174 0.170 0181 0.185
Analysis listed as percent by weight [% m/m]
 No carbon or CE CE 0.319 0318 0.291 0.285
detected C 0.195 Mo 0.043 C 0.201 0.204 0.175 0.167
Mn 0.43 ¥ 0.045 Mn 0.464 0.454 0.465 0.460
 Apollo is preferred with Si 027 5 Ti 0.010 Si 0274 0256 0273 0.280
10s measurement i G —_ i o
5 G 'D 18 R Al 'D':"Er“ U 0- 06? no 06? 0-06? O.U 5'4
Cu+Mi = 0,101 .
i bvEr = 4 , 0.057 0.069 0.069
- Able to measure C/CE T I ol e L N1 0.060
and nossiblv relax RE NI 0.046 it o sn 0.15 r 0.047 0046 0.045 0.051
o |p o yC . cu  ooss | Emeem |y 0010 Mo 0.057 0049 0052 0.054
otatcrl erla( y I) |- - B020 0815 0.012. 0.016
« Same sample process Tee B Sl | 0.031 0.025 0.026 0.027
. Lartincate NMumber -2
with more data output 0.057 0052 0054 0.059
Fe QR 77 9877 9876 9R.75
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Sulfidation Corrosion — API 939C
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Sulfidation Corrosion

 Thins pressure boundary
wall of piping, components

and welds exposed to Guidelines for Avoiding Sulfidation
hydrocarbon COﬂtaining (RSel;:::cel;fgsCorrosmn Failures in Qil
sulfur compounds at

elevated temperatures Downsizeam Segment

APl RECOMMENDED PRACTICE 939-C
FIRST EDITION, MAY 2009

* Accelerated corrosion for
carbon steels containing
less than 0.10wt% silicon

* One third of high
temperature sulfidation
corrosion failures result
from low silicon content
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Sulfidation Corrosion

« Mechanism ranges from 450-1000F

* This chart from API 939C shows one 180
company’s corrosion rate ’

Corrosion Rate vs Silicon Content

« All A53 B piping circuit and operating at the
same approximate temperature

* 10 to 15 mpy versus 1 mpy makes a big
difference after decades of service

Comosion Rate (mpy)

* More than 700 refineries worldwide
» ~200 refineries in N. America

* |dentify the refinery shutdown periods and 20
key in on service providers "

000 005 0.10 15 020 0 030 035
Silicon Content (Weight %)

. . ThermoFisher
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Chemistry Requirements A106 vs A53

TABLE 1 Chemical Requirements
Composition, %

Grade A Grade B Grade C
Carbon, max 0.254 0.30° 0.35°%
Manganese 0.27-0.93 0.29-1.06 0.29-1.06
Phosphorus, max 0.035 0.035 0.035
Sulfur, max 0.035 0.035 0.035
Silicon, min 0.10 0.10 0.10
Chrome, max® 0.40 0.40 0.40
Copper, max® 0.40 0.40 0.40
Molybdenum, max® 0.15 0.15 0.15
Nickel, max® 0.40 0.40 0.40
Vanadium, max® 0.08 0.08 0.08

Ai¥ As3/A53M - 12

TABLE 1 Chemical Requirements

Composition, max, %

Carbon Manganese Phosphorus Sulfur Copper” Nickel” Chromium™ Molybdenum®  Vanadium®
Type S (seamless pipe)
Grade A 0.25% 0.95 0.05 0.045 0.40 0.40 0.40 0.15 0.08
Grade B 0.30¢ 1.20 0.05 0.045 0.40 0.40 0.40 0.15 0.08
Type E (electric-resistance-welded)
Grade A 0.25% 0.95 0.05 0.045 0.40 0.40 0.40 0.15 0.08
Grade B 0.30¢ 1.20 0.05 0.045 0.40 0.40 0.40 0.15 0.08
Type F (furnace-welded pipe)
Grade A 0.30% 1.20 0.05 0.045 0.40 0.40 0.40 0.15 0.08
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Chevron Richmond Incident

* On August 6, 2012, the Chevron Refinery in
Richmond, CA experienced a catastrophic
rupture in the #4 Crude Unit

* At the time of the incident, light gas oil was
flowing through the line at a rate of
approximately 10,800 barrels per day

* The ruptured line released flammable, high
temperature light gas oil which partially
vaporized into a large cloud that engulfed 19
Chevron employees. A few minutes later,
the release fluid ignited.

 Chevron Refinery Incident
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https://www.youtube.com/watch?v=QiILbGbk8Qk

Chevron Richmond Incident

Inlet ey py 8-Inch Schedule 80 Piping

Flow
/ Thickness Survey Results
Owarhaad Pipa
Thicknaas
0.208-0,364
Elbww Thicknees Pipe Abave the Pup Pisce
0.482-0.548 _— Measured from OO
— Thickness 0.357-0.42
Flap Thickness Remainder of the
030,057 Failed Pup Place
Thickmess 0.03-0.10"
Top of Tes
Thickness
ﬂ.m-ﬂ.ﬁ" Tm_n.un
r Top 15" T'*i' .20 I 'Y
: :I
L OE
Primary ' E }  Bypass
Flow AR Flaw
-k ..: - R
\ {11 Mormally
i § &+ MNoFlow
NN ¥
L Tes 0,470 56" Botiom i
B.47" Thick on Bottom Tk goarTes  Bottom
Lowest reading G.20.0.22*  0.430.45
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Silicon, Carbon Stability

Multiple samples analyzed eighty (80)
times over a period of approximately four

Silicon (Si) Stability - Instrument 12

MBH 12X 12749W Certified = 0.298%, avg = 0.28%

32

0.4
(4) hours to determine the stability of 035
individual instruments. o o8 SRS
. . . 0.2
The following illustrates examples of single 015
instrument repeatability, all showing good o
precision for silicon (Si) and carbon (C). 0
10 20 30 40 50 60 70 80
Chromium (Cr) Stability - Instrument 2 Carbon (C) Stability - Instrument 11
MBH 12X 350B Certified = 0.392%, avg = 0.401% BS 48B Certified = 0.110%, avg = 0.118%
0.6 0.2
0.5
015
0.4 Lt e et o 0t S e P P o e 4 T s g el el S, 01
01
0.3
0.05
0.2
0 20 40 60 80 100 0
MBH 12X 350 B e 350B cert 10 20 30 40 S0 60 70 80
ThermoFisher
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Typical Silicon Performance

0.058 0.100 0.270
P #110 Avg(5) 106-110 * ™9 #104 Avg(5) 100-104 * P #117 Avg(5) 113-117 *
! Low Alloy : Low Alloy Low Alloy
Sample: BS15A 0.058 Silicon Sample: IMZ113 0.10 Silicon Sample: IMZ112 0.27 Silicon
IGO0 [IMOOr DM
CE 0.390 0422 0373 0.383 CE 0.626 0613 0615 0676 CE 0.352 0.333 0.367 0.323
C 0.178 0204 0163 0.183 C 0.258 0.254 0.257 0.294 [T oM egaus el e
Mn 1.102 1.136 1.091 1.036 Mn 0.515 0.485 0.487 0.554 Mn 0.407 0409 0.379 0417
|mSi 0.053 0052 0053 0048 Si 0.113 0108 0111 0120  WSi 0.293 0289 0302 029 |
Ni 0.096 0.101 0.097 0.099 Ni 0.177 0.172 0.167 0.178 ENi 0.102 0.098 0.104 0.100
Cr 0.065 0.066 0.068 0.060 Gr: 12089 1192 :1.187 1.244 BCr 0.051 0.052 0.051 0.051
Mo -0.005 <0.034 <0.044 <0.033 Mo 0.060 0.062 0.062 0.060 BMVo 0.031 <0.037 <0.044 <0.039
i  0.075 0.075 0.076 0.075 Ti 0.070 0.070 0.070 0.069 BTi 0.076 0.076 0.075 0.076
| 0.036 0.032 0.035 0039 Al  0.007 <0.013 <0.010 <0.011 BA] 0.029 0.038 0.019 0.024
v/ NANAT AAADS AAA1 A AAD mS N NHEO AngT Aned B OES |
ThermoFisher
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« XL5 is proven and
approved solution for
ambient conditions

 Typically, 20-60s
measuring time
depending on the
concentration

* No carbon or CE
detected

* Apollo is preferred with
10s measurement

* Able to measure C/CE

« Same sample process
with more data output

~N

Sulfidation Corrosion Presentation

Measuring Silicon in Carbon Steel at Ambient
Temperature Using X-ray Fluorescence to

Address Sulfidation Corrosion

Materials Engineer®
Business Development Manager**

,,/
7 /4 Pl
ASSET INTEGRITY THROUGH CORROSION MANAGEMENT,
INSPECTION AND ENGINEERING TECHNOLOGY

Chevron*

h S i tlﬁ ok
Daniel Chapman* Thermo Scientific

Brian Wilson**

JAN. 30-FEB. 02 | GALVESTON ISLAND | TEXAS \
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PHMSA Mega Rule

NDT Supply.com, Inc.
7952 Nieman Road
Lenexa, KS 66214-1560 USA

Phone: 913-685-0675, Fax: 913-685-1125 suppLY.COM
e-mail: sales@ndtsupply.com, www.ndtsupply.com
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PHMSA Mega Rule

B _ 1. Summary of PHMS5A's Proposal
« DOT regulatory initiative stemming from The conventional method for
PG&E San Bruno incident Sept 9, 2010 glat=rminissta propertics. of aknawn
steel pipe material is to cut test
specimens known as “coupons” out of

¢ EffeCtlve date Of flnal I’U|e was JUIy 1 . the Pipn and p&rfurm destructive
2020 testing. Because of the large amount of
pipe operators reported in Annual
: . Report submissions for which there are
¢ ApplleS tO 500k ml|eS Of natural gaS unh‘[:)“m ar 1nadgquatglv dﬂgumgn[gd
transmission pipelines across U.S. proparties, the coat of such a

conventional approach would likely be
- onerous. Therefore, PHMSA proposed

« High Consequence Areas (HCA's) — standards in § 192.607 by which
interstates, freeways, expressways, etc. operators could develop a material
properties verification plan and use an
i - . opporiunistic ling techni t
- 49 Part 192.607 — Material Verification rats sl I Tl |
) N properties in a more cost-effective
» Assets must be “traceable, verifiable and manner, More specifically, PHMSA
» proposed to allow operators to use
complete recently dquIDpEd technology to
| perform i nog-destructive

|
| exmmua LONS fu: determining the |

| properiies of unknown steel pipe
material,
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PHMSA Mega Rule

This rule also requires operators of certain onshore steel gas transmission
pipeline segments to reconfirm the MAOP of those segments and gather any
necessary material property records they might need to do so, where the records
needed to substantiate the MAOP are not traceable, verifiable, and complete.
This includes previously untested pipelines, which are commmonly referred to as
“arandfathered” pipelines, operating at or above 30 percent of specified
minimum vield strength (SMYS). Records to confirm MAOP include pressure
test records or material property records (mechanical properties) that verify the
MAOP is appropriate for the class location.[”) Operators with missing records can
choose one of six methods to reconfirm their MAOP and must keep the record
that is generated by this exercise for the life of the pipeline. PHMSA has also
created an opportunistic method by which operators with insufficient material
property records can obtain such records. These physical material property and
attribute records include the pipeline segment's diameter, wall thickness, seam
tvpe, grade (the minimum vield strength and ultimate tensile strength of the
pipe), and Charpy V-notch toughness values (full-size specimen and based on the
lowest operational temperatures},[s] if applicable or required. PHMSA considers
“insufficient” material property records to be those records where the pipeline's

physical material properties and attributes are not documented in traceable,

verifiable, and complete records.
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PHMSA Mega Rule Application

American Midsrream Parmers
Anadarkn Petroleum
Andesvor Logistics

Ammos Energy

Ammaos International

BASF

Black Hills Energy

Blade Energy Partners
Bluewing Midstrearn
Baoardwalk |'||'-rli:|-r Partners
EP

Buckeye Partners

Canyon Midstream Partners
CenterPodnt ]'il'.l.'rg}

Centurion Pipeline

Cheniere Enerpgy

L hevron

Cia. Operadora de Gas del
Amazonas SAC

CITGD

Coalonial |";|1r1i:|-r L'-lsn}u:l)
ConocolPhillips

L'lll.u'l'h:. mark

CPS Energy

Crespwood Midseream
Crimson Midstream
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DTE |".|'.r|*-.¢:.-
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PHMSA Mega Rule

» Users are the owner-operators and
inspection firms that do pipeline
inspection for them

+ Key benefits:
 Size, portability, ergonomics
» Similar form factor to XRF
« Simple to use, familiar user interface
 Typically, lower purchase price vs OES

» Lower cost of ownership (argon,
maintenance)

« SAFE and ideal for descending challenging
excavation sites

* Recognized methodology per API 578 3
edition release

ThermoFisher
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Flow-Accelerated Corrosion (FAC)
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Flow-Accelerated Corrosion (FAC)

e FAC is a corrosion mechanism that has been a concern in nuclear
power production for 40 years, and it has led to accidents that have
caused fatalities. There have been pipe ruptures leading to a release
of steam and deaths of workers

e Accelerated loss of metal due the mechanical effect of fluid flow or
velocity of a fluid combined with the corrosive action of the fluid. It
is @ complex process influenced by a number of variables:

* The composition of the steel — principally the alloying elements of
Chromium (Cr), copper (Cu) and molybdenum (Mo)

Parameters

Plant Component
. . . i T('C) pH o, d (mm) Re
* The water chemistry in use — pH at temperature in the water, dissolved [ ] kg [ SSubeinicvin '
a 3 orificed/d, = 3.28 155 9.1-94 | ~2ppb | 156 2% 10°
oxygen, and temperature e
. . . . S PWR! p:mh:rfgff i LA0=ER 86-9.3 | <5ppb | 540 5.8 % 10°
* The water flow variables — fluid velocity, diameter, fitting geometry, and - o e
. c 35 reducing T-piece 190 89-90 | 4ppb | 305 107 ish
upstream Influences il in condensate system o %
d | canpU® h::;::;:::dd 305-315 | 10.2-10.8 ~0 38-90 |3.5-7.7 % 10°
» Of these variables, the material composition has been shown to
exert the most influence of FAC through both plant experience and | Cheral, B, Goyette, L. Horowits, ... Ruscak, L., Predicting the
Ia borato ry teStI ng 1 Impact of Chromium on Flow Accelerated Corrosion, PVP-Vol 338,
‘ Pressure

ThermoFisher
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Flow-Accelerated Corrosion (FAC)

Measurement Cr Cu Mo

1 0.079 0.051 0.0040

2 0.078 0.051 0.0047

3 0.071 0.055 0.0037

4 0.078 0.048 0.0044

5 0.081 0.053 0.0055

6 0.073 0.047 0.0040

7 0.072 0.057 0.0046

8 0.076 0.047 0.0042 . Cr in Steel Accuracy
9 0.083 0.047 0.0048 e
10 0.074 0.055 0.0044 .

Average 0.077 0.051 0.0044

Std. Dev. 0.004 0.004 0.0005 v

Ref Value 0.079 0.050 0.0047 ]

0.05 0.1 0.15 02 0.25 03
ertified Value, Cr %
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