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Project Dates, Funding, & Participants

* Originally 3 year project: 9/1/2020 to 8/31/2023

6 month NCTE on 8/2022: Amended end date 2/29/2024

* Direct cost (77%) to Principal Investigator
« DNV GL USA

« Cost share Partners (23%)
« Enbridge: pipeline field testing
* Lincoln Electric: coupon fabrication

« DNV GL USA: technical advisor, software
e MC Consult: technical advisor

Project Total:

$1,499,252

$300,000
$75,008
$57,488
$16,000

$1,947,748

DNV



Project Participant Organizations

* DNV (Dublin, OH): Leading independent expert in risk
management and quality assurance, including leading pipeline
DNV  corrosion and welding expertise. Global HQ in Norway with 12,000
employees worldwide in 100+ countries.

AT IEY). ° Lincoln Electric (Cleveland, OH): Leading world manufacturer of
ELECTRIC welding, brazing, and soldering alloys and robotic welding and

(Cost Share) cutting equipment, with 11,000 employees and 60 manufacturing
locations worldwide

- * Enbridge (Houston, TX): Leading operator of oil and natural gas

ENBRIDGE pipelines in North America, headquartered in Calgary, Canada. US
(Cost Share) operations has 23k miles of gas transmission and midstream
pipelines in 30 states, transporting 19% of the natural gas
consumed in the US (18 billion cubic feet per day).

DNV



Overall Project Objectives

1. Develop field protective coating over pipeline girth
welds to mitigate corrosion under field applied

coatings
2. Detail field applicability of the coating system

3. Develop guidance for application and technology

transfer to industry

Field- Fact
_ . applied actory-
Field Protective coating applied

Coating (FPC) (polymeric) coating
’(ygymeric)

ield
3irth Pipe

F
Pipe ¢
WEeld
N

DNV



Project Schedule & Milestones

Project | Task | Description
Year
1 1.0 Project Management
2.0 Select optimum coating composition
Go/No-Go report
2 3.0 Lab tests of coating concept
4.0 3-month lab & field tests
Go/No-Go report
3 5.0 6-month field test
6.0 Coating guidance document
Final Report

DNV



Natural Gas Transmission Pipelines

° Length of Pipel i nes gﬁwmmmww Gas Transmissiqn 'and Hazardous Liquid Pipelines n@'"m
Eg;;’j:;f,t:‘:,ﬁii:"‘”"'“* Pipeline data as of 11/15/2018 !
300 thousand miles of gas A Tl

transmission

2.2 million miles of gas distribution

https://www.phmsa.dot.gov/data-and-
statistics/pipeline/pipeline-mileage-and-facilities

* Volume of Gas

28 trillion cubic feet delivered

annually to 75 million customers

(https://www.eia.gov/energyexplained/natural-
gas/natural-gas-pipelines.php)

Gas Transmission

Hazardous Liquid

* Gas Composition

70-90% methane by volume
(pipeline quality gas)

http://naturalgas.org/overview/background/

6 DNV ©
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https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-mileage-and-facilities
https://www.eia.gov/energyexplained/natural-gas/natural-gas-pipelines.php
http://naturalgas.org/overview/background/

Natural Gas Transmission Pipelines

* Pipe material: Steel

— Microalloyed, up to 80ksi min. yield
strength

— 12-42” diameter, %4’-1” wall, manufactured
in 40’-80’ length segments

= External pipeline coating

— Factory coating: Fusion bonded epoxy
(FBE) except for pipe ends, left bare for
field welding

— Field FBE coating: Applied over welds
and pipe ends, often in adverse weather
conditions (wind, rain, cold, etc.), and is
usually lower quality and has higher
failure rate

7 DNV ©
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Pipeline Corrosion

« Corrosion protection: Pipelines are buried underground with
polymeric pipeline coating and cathodic protection

«Corrosion is a leading cause of pipeline incidents

Field coating issues identified by USDOT PHMSA below
https://primis.phmsa.dot.gov/imeetings/FilGet.mtg?fil=903

Field coating applied over dirt/debris Construction damage of girth weld coating found by
DCVG Survey during pipeline operation DNV



https://primis.phmsa.dot.gov/meetings/FilGet.mtg?fil=903

Reduction in Methane Emissions

Reducing corrosion of natural gas pipeline welds
lowers methane emissions by reducing:

https://www.ingaa.org/File.aspx?id=34990&v=56603504

«Controlled venting: Depressurizing pipeline for
maintenance, repairs, inspection, or hydrostatic testing,
commonly for integrity management to meet federal
pipeline safety regulations.

* Example: 36” diameter, 800 psig pipeline blowdown for pipe replacement of
a 30-mile segment (distance between mainline valves) results in natural gas

emission of 60 million cubic feet http://blogs.edf.org/energyexchange/files/2016/07/PHMSA-
Blowdown-Analysis-FINAL.pdf

*Fugitive emissions: Leaks and incidents during
operations

DNV


https://www.ingaa.org/File.aspx?id=34990&v=56603504
http://blogs.edf.org/energyexchange/files/2016/07/PHMSA-Blowdown-Analysis-FINAL.pdf

Current Problem

Field-applied pipeline
coating over pipe ends and
field girth weld is:

« Usually lower quality
than factory-applied pipe

Field-applied Factory-applied
coating coating
(polymeric) (polymeric)

<

NN

coating

« Results in more frequent
coating failures

Field
Pipe Girth Pipe
Weld

\\\\\\\\\\%\\\\\\\\\W\\

Axial cross-section of buried steel pipeline
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Proposed Solution

Field-applied

Field Protective Coating coating Factory-applied
(FPC) provides extra layer ~ Field Protective (polymeric) coating
of corrosion protection in Coating (FPC) (polymeric)
girth weld region. /
Especially when: R W
o Groundwater penetrates : gélﬂ s

the field top coating S VV':Id g
o Pipe is shielded from N & N

external CP

Axial cross-section of buried steel pipeline
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Project Approach

*Optimize and select alloy(s) for field protective coating,
using models and experiments

«Consider 2 types of alloys:
« Corrosion resistant
« Sacrificial

* Generate alloy coated pipe steel coupons

* Testing of corrosion coupons
 Laboratory
* Pipeline field site

*Document performance and draft guidance for field
protective coating

DNV



Alloy Overview & Selection

0.2 0 02 04 <046 08 -1.0 -12 -14 -16

Magnesium ||
B Zinc
n Bervllium
B Aluminium allovs
[ | Cadmium
Bl Mild steel & Cast iron
> N Low alloy steel
Bl  Austenitic cast iron
Aluminium bronge
Naval brass, vellow brass & red brass
Tin
Copper
S0VS0 lead tin solder
Admiralty brass, aluminium brass
Manganese bronge
Silicon bronze
[ Stainless steel - grades 410, 416
Nickel silver
90/ 10 copper nickel
8020 copper nickel
[ Stainless steel - grade 430
Lead
T0/30 copper nickel
Nickel aluminium bronze
C3 Nickel chromium alloy 600
Nickel 200
Silver
[ Stainless steel - grades 302, 304, 321 & 347
Nickel copper alloys - 400, K500
- Stainless steel - grades 316 & 317
Alloy 20 stainless steel
Nickel iron chromium alloy 825
Titanium
] Gold, platinum

[ Graphite

LEAST NOBLE - ANODIC p

4 MOST NOBLE - CATHODIC

self-corrasion rate

5
4
3

Ease of deposition Galvanic potential

Adhesion to polymeric
Coat ngg

Galvamic current

L -ZZI"'IiZ|-E"I.‘.: 1an "-,I'{'HlH,I‘ N evoution

» Selection Criteria for an effective
field protective coating
* Minimal self-corrosion

» Optimized galvanic potential and
current

« Mitigate hydrogen evolution
» Avoid complexation

» Adhesion to field applied polymeric
coating

» Weldability = DNV



Research Approach

5

Ease of deposition,

Adhesion to polymeric
coating

Complexation

elf-cor
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3
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Hydrogen evolution

Monitoring
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Coating
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5
FPC
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*Modeling and data collection
 Candidate list of materials produced
*Downselect criteria developed

* Polarization curves in soil simulant solutions

*Laboratory, electrochemical
*Field testing of coupons in soils

DNV



Primary Alloys Considered

Commercially available, practical for field application

«Sacrificial Alloy — Aluminum
- 4043 (Al-Si alloy): 4.5-6.0% Si
* 5356 (Al-Mg alloy): 4.5-5.5% Mg

*Corrosion Resistant Alloy - Steel
* B2 (Fe-Cr-Mo alloy): 1.00-1.75% Cr, 0.45-0.65% Mo
» B3 (Fe-Cr-Mo alloy): 2.30-2.70% Cr, 0.90-1.20% Mo

* B9 (Fe-Cr-Mo-Ni-V alloy): 8.5-9.5% Cr, 0.85-1.10% Mo, 0.40-0.80% Ni,
0.15-0.25% V

DNV



ThermoCalc - Scheil Simulation for 5%
Dilution with Fe: Content of
intermetallics vs. a-phase
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Alloy 4043
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Mole fraction of solid
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Alloy 5356

DNV



Corrosion/CP Modeling: BEASY Mesh

Coated Steel Bare Steel Anode

S

*Unrefined mesh
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BEASY Results

Potential (mV)

-T72.79
-810.7
-848.8

- -B86.5
-8924.41
-862.31
-1000.2
-1038.1
-1076

-1113.9

CD (mA/m2)

233.21
195.57
157.93

-120.3
82.659
45.022
7.3844
-30.253
-67.891
-105.53
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Example COMSOL Simulation

Baseline with CP

Current flow from anode protects pipeline X52

Coated steel (98%) X532

Holiday X52 Polarization Curve
kinetics (deaerated) in NS4*

—————

.

-0.94

-0.96

-0.98

Fq-1.02

-1.04

-1.06

-1.08
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Example COMSOL Simulation #2:
Without CP and Sacrificial Coating

- T T T T T T T T - 5 .
0.24- i
0.22 |
0.2 |
-0.87
0.18 4

0.16
0.14}
0.12} g -0.88
D.D-E—
0.06 . |
o0e CoOated Test Material _ 1 =
2.02) (AA 5356) Coated X52 X52 Holiday
0 p— —
C—T AA 5356 Holiday+ Exposed X52 , . m—
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 m
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Electrochemical Testing

» Sacrificial FPC:

» Materials provided by project
partners in weldable TIG rods
of 4043 and 5356 aluminum

* Corrosion resistant FPC:
B2, B3, B9 steel alloys

* Flat cell Luggin capillary, soill
simulant solution

Reagent g/L
KCI 0.122
NaHCOs3 0.483
CaCl,.2H,0 0.181
MgS04.7H,0 0.131

R R

DNV ©
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Electrochemical Testing

ouer 1’;,} filled w/ agar
electrode | '
Specimen‘ ’

Test cell and electrode configuration used for electrochemical testing in soill

DNV ©

|
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BP1 Go/No-Go Metrics

1. Composition should be commercially available, or developed with
relatively minor modifications of existing commercial alloys;

2. Alloy should be capable of being deposited using methods suitable for
pipeline field conditions; and

3. Alloy should be amenable to field application of polymer coating

4. Sacrificial Alloy
 Galvanic potential should be in the range of -950 to -850 mV SCE
« Corrosion rate of sacrificial alloy should be low (e.g. for 0.1 inch thick coating to last 20
years, corrosion rate should be < 5 mils per year)
5. Corrosion Resistant Alloy

 Corrosion rate of the alloy should be low, and at least an order of magnitude lower than
unprotected steel

 Galvanic effect between the corrosion resistant material and steel should be relatively low

23 DNV ©
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Alloys Selected

«Sacrificial Alloy: Aluminum 5356

*Flame sprayed to avoid brittle intermetallics

*Corrosion Resistant Alloy: Steel B9
*Gas metal arc welded on 4.5" dia. X42 pipe

DNV



Field Coupon

Pipe-clamp collar
Bare steel ring

Metallic overlay ring
(3-inch height) T

O-ring sealsfisolators

Bare steelring_— [
(1-inch height)

Slot

Ref. 1 . :
Working 1 Working 2 | "o 2

—l- - [ ZRa2

1
Sliding seal €81 cs-2

" Counter 1 -Counter 2
Electrical

leads \ i

o Lead connection

Locating/alignment
rings (Delrin)

Interior ring for
lead attachment

Center pipe with
elongated hole




3-Month Field Test

*Enbridge site: Natural gas pipeline compressor station in
San Jacinto County, TX

«Coupons are electrically coupled to the pipeline to simulate
CP conditions that a pipeline undergoes.

* The corrosion rate is monitored using linear polarization
resistance and impedance methods after periodically
disconnecting the pipe connection.

DNV



Outreach

*CORROSION 2021 (April 22, 2021)

 Christopher Taylor presented “Enhanced Protection of
Pipeline Field Joints Using Field Protective Metallic
Coatings”, Research in Progress symposium, virtual
conference, Association for Materials Protection and
Performance (AMPP) [formerly called NACE International]

DNV



WHEN TRUST MATTERS
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Organization Chart

Cost Share
Partners:
Enbridge
Lincoln Electric

Lead

Organization:

DNV

Principal

Investigator:

Kenneth Lee

Project Advisors:
Neil Thompson,

INarasi Sridhar, Ph.D.

Ph.D.

Task 1

Project
Management
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Task 2

Optimization of]
Coating
Composition

Task 3

Laboratory
Testing of
Coated
Samples

Task 4

3-month Lab &
Field Coupon
Testing

Task 5

6-month Field
Coupon
Testing

Task 6

Guidance
Document
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Gantt Chart

Task

Budget Year 1

Budget Year 2

Budget Year 3

Task 1.0 Project Management & Planning

1.1 Project management plan

Q5

Q6

Q7

Qs

Q9

Q10

Q11

Q12

1.2 Technology maturation plan

Task 2.0 Optimization of Coating Composition

2.1 Modeling of FPC alloy corrosion

2.2 Testing of alloy compositions

Task 3.0 Lab testing of coated samples

Task 4.0 Fabricate & 3-mo. testing of FPC coupons

Task 5.0 Field testing 6-mo. of FPC coupons

Task 6.0 Guidance Report

31
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Summary

		Task 1: Project management

		Task 2: Alloy selection using literature, modelling, and machine learning. Fabricate coated lab samples

		Task 3: Test coated lab samples

		Task 4: Fabricate lab & field coupons. 3-month lab coupons testing at lab & pipeline validation site

		Task 5: 6-month field coupon test at 2 pipeline test sites

		Task 6: Guidance document/Technoeconomic analysis





Deliverables

		Project Start		9/1/20

		Project

		Month		Due Date		Task		Deliverable		Details

		1		9/30/20		1.1		Project Management Plan (30-day)

		2		10/31/20		1.2		Technology Maturation Plan (60-day)		per Appendix G of the FOA

		3		11/30/20				Data Management Plan (90-day)

		4		12/31/20

		5		1/31/21

		6		2/28/21

		7		3/31/21

		8		4/30/21

		9		5/31/21		2.0		Optimized coating composition (9-mo), BP1 Go/No-Go Report

		10		6/30/21

		11		7/31/21

		12		8/31/21

		13		9/30/21

		14		10/31/21		3.0		Lab Test Results of Field Protection Coating Concept (14-mo)

		15		11/30/21

		16		12/31/21

		17		1/31/22

		18		2/28/22

		19		3/31/22

		20		4/30/22

		21		5/31/22				BP2 Go/No-Go Report

		22		6/30/22

		23		7/31/22

		24		8/31/22		4.0		Field coupon performance: lab & field validation site (24-mo)

		25		9/30/22

		26		10/31/22

		27		11/30/22

		28		12/31/22

		29		1/31/23

		30		2/28/23

		31		3/31/23

		32		4/30/23		5.0		Field test results of field protection coating concept (32-mo)

		33		5/31/23		6.0		Coating guidance document (33-mo)

		34		6/30/23		1.0		Draft Final Report, Data submitted to NETL-EDX (34-mo)

		35		7/31/23		1.0		Final final report (35-mo)

		36		8/31/23





Deliv Chart

		Due Date

		Project Month		Task		Deliverable

		1		1.1		Project management plan

		2		1.2		Technology maturation plan

		3				Data management plan

		9		2.0		Optimized coating composition

		9				Go/No-Go report - BP1

		14		3.0		Lab test results of field protection coating concept

		21				Go/No-Go report - BP2

		24		4.0		Field coupon performance: lab & field validation site

		32		5.0		Field test results of field protection coating concept

		33		6.0		Coating guidance document

		34		1.0		Draft final report

		34				Data submitted to NETL-EDX

		35		1.0		Final final report (35-mo)







Gantt Chart

		Task		Budget Year 1								Budget Year 2								Budget Year 3

				Q1		Q2		Q3		Q4		Q5		Q6		Q7		Q8		Q9		Q10		Q11		Q12

		Task 1.0 Project Management & Planning

		     1.1 Project management plan

		     1.2 Technology maturation plan

		Task 2.0 Optimization of Coating Composition

		      2.1 Modeling of FPC alloy corrosion

		      2.2 Testing of alloy compositions

		Task 3.0 Lab testing of coated samples

		Task 4.0 Fabricate & 3-mo. testing of FPC coupons

		Task 5.0 Field testing 6-mo. of FPC coupons

		Task 6.0 Guidance Report





Reporting Req

		4. Reporting Requirements:		Announcement

				Notice (AN)		Frequency				Address

		A. MANAGEMENT REPORTING

		Research Performance Progress Report (RPPR) (RD&D Projects)				Q		Quarterly; within 30 days after end of the reporting period.  (Deadline:  January 30th, April 30th, July 30th, and October 30th)		FITS@NETL.DOE.GOV

		Special Status Report				A		Within 5 calendar days after the event or as specified.		FITS@NETL.DOE.GOV

		B. SCIENTIFIC/TECHNICAL REPORTING

		(Dissemination of results is required for RD&D projects. Reports & other S&T publications/products must be submitted using the appropriate DOE Announcement Notice (AN) located at: https://www.osti.gov/elink)

		Journal Article-Accepted Manuscript		DOE AN 241.3		A		Within 5 calendar days after the event or as specified.		https://www.osti.gov/elink-2413

		Scientific/Technical Conference Paper/Presentation or Proceedings		DOE AN 241.3		A		Within 5 calendar days after the event or as specified.		https://www.osti.gov/elink-2413

		Other STI (e.g., dissertation/thesis, see special instructions)		DOE AN 241.3		A		Final; 90 calendar days after the period of performance ends or termination of the award.		https://www.osti.gov/elink-2413

		Final Scientific/Technical Report		DOE AN 241.3		F		Final; 90 calendar days after the period of performance ends or termination of the award.		https://www.osti.gov/elink-2413

		C.  FINANCIAL REPORTING

		SF-425 Federal Financial Report				Q,F				FITS@NETL.DOE.GOV

		D.  CLOSEOUT REPORTING

		Invention Certification (Patent Certification - DOE F 2050.11)				F		Final; 90 calendar days after the period of performance ends or termination of the award.		FITS@NETL.DOE.GOV

		SF-428 & 428B Final Property Report				F		Final; 90 calendar days after the period of performance ends or termination of the award.		FITS@NETL.DOE.GOV

		E.  OTHER REPORTING

		Annual Incurred Cost Proposal				O/Y/180				FITS@NETL.DOE.GOV

		Audit of For-Profit Recipients				A		Within 5 calendar days after the event or as specified.		Sent to 3 different addresses in accordance with the final audit guidance.  A copy for the Contracting Officer shall be submitted via FITS@NETL.DOE.GOV and PricingGroup@netl.doe.gov; a copy must also be e-mailed to the CFO at DOE-Audit-Submission@hq.doe.gov.

		SF-428 Tangible Personal Property Report Forms Family				A		Within 5 calendar days after the event or as specified.		FITS@NETL.DOE.GOV

		Subject Invention Reporting				A		Within 5 calendar days after the event or as specified.		https://www.iEdison.gov

		Invention Utilization Report				A		Within 5 calendar days after the event or as specified.		https://www.iEdison.gov

		Federal Subaward Reporting System				A		Within 5 calendar days after the event or as specified.		https://www.fsrs.gov

		Other(see special instructions)				A		Within 5 calendar days after the event or as specified.		FITS@NETL.DOE.GOV

		Data Management Plan				O		90 days after Award Notification		FITS@NETL.DOE.GOV

		FREQUENCY CODES AND DUE DATES:

						A -		Within 5 calendar days after the event or as specified.

						F -		Final; 90 calendar days after the period of performance ends or termination of the award.

						Y -		Yearly; 90 calendar days after the reporting period ends or termination of the award.

						S -		Semiannually; within 30 calendar days after end of the project year and project half-year.

						Q -		Quarterly; within 30 days after end of the reporting period.  (Deadline:  January 30th, April 30th, July 30th, and October 30th)

						Y180 – 		Yearly; 180 days after the end of the recipient’s fiscal year

						O -		Other; See instructions for further details.







Year1

		Project Start		9/1/20

										PE		SE8		PE		SE8		SE8		ST7		SE9		E7		200		COST SHARE

		Project				Sub				Lee		Evans		Taylor		Li		Cao		Gerst		Kovacs		Land		Sridhar		Sridhar		Thomp		Lincoln		Enbrid

		Month		Start Date		Task		Description		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs

		1		9/1/20		1.1		A. Project Management - start & task 1		60																		80		10		19

		1		9/1/20		1.1		B. Kick-off meeting: draft ppt & brief		20																				10				12

		1		9/1/20		1.1		C. Draft project management plan		20																				5

		2		10/1/20		1.2		A. Draft Technology Maturation Plan		20																				5

		2		10/1/20		2.1		A. Selection of 2 alloys		50																120				20		44		8

		2		10/1/20		2.2		A. Selection of coating tests		10																								8

		2		10/1/20		2.1		B. Alloy technologies review		10																						36		16

		4		12/1/20		2.1		C. DFT/Machine Learning (C.Taylor)		10		150		300																2

		6		2/1/21		2.2		B. COMSOL FE model (X. Li)		10		125				300														2

		8		4/1/21		2.2		C. Fabricate coated lab samples (Lincoln)		10																						56

		10		6/1/21		2.1		D. Go/No-Go Topical Report for 90day Decision		20

								BP1 Total Hours		240		275		300		300		0		0		0		0		120		80		54		155		44









































Year2

		Project Start		9/1/20

										PE		SE8		PE		SE8		SE8		ST7		SE9		E7		200		COST SHARE

		Project								Lee		Evans		Taylor		Li		Cao		Gerst		Kovacs		Land		Sridhar		Sridhar		Thomp		Lincoln		Enbrid

		Month		Start Date		Task		Description		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs

		13		9/1/21		1A		Project Management 		124																								40

		13		9/1/22		3A		Test coated lab samples (K. Evans)				310						400		82						40

		17		1/1/23		4A		Fabricate lab and field coupons (Lincoln)																								123

		18		2/1/23		4B		3 month lab testing of field coupons				255						383				255								24

		18		2/1/23		4C		3 month field testing of field coupons												200				300						24				80

		22		6/1/23		4D/1		Go/No-Go Topical Report		20











								BP2 Total Hours		144		565		0		0		783		282		255		300		40		0		48		123		120









































Year3

		Project Start		9/1/20

										PE		SE8		PE		SE8		SE8		ST7		SE9		E7		200		COST SHARE

		Project								Lee		Evans		Taylor		Li		Cao		Gerst		Kovacs		Land		Sridhar		Sridhar		Thomp		Lincoln		Enbrid

		Month		Start Date		Task		Description		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs		Hrs

		25		9/1/22		1A		Project Management 		144																								40

		25		9/1/22		5A		6 month field testing of field coupons at 2 sites												580				738										194

		34		6/1/23		6A/1		Draft guidance & final report		348		50																				36

		34		6/1/23















								BP3 Total Hours		492		50		0		0		0		580		0		738		0		0		0		36		234









































Proj # Neil

				Corrosion Mitigation Pre-treatments for Pipelines with Field Applied Coatings to Mitigate Methane Leaks		Project Number		Task Number		Lincoln Participation		Enbridge Participation		MC Consult Participation		DNV GL Participation



		Task 1.0 - Project Management and Planning

				Subtask 1.1 Project Management Plan				xxxx		x		x		x		x

				Subtask 1.2 Technology Maturation Plan				xxxx						x		x

				Subtask 1.3 General Project Management				xxxx								x

				Task 1 Management -  Cost Share				xxxx		19 hrs		20 hrs		40 hrs		30 hrs

		Task 2.0 – Optimization of the Field Protective Coating (FPC) Composition

				Subtask 2.1 Modeling of FPC alloy corrosion				xxxx						x		x

				Subtask 2.2 Testing of coating alloy compositions				xxxx		x		x		x		x

				Subtask 2.3 Alloy Selection				xxxx		x				x		x

				Task 2 FPC Cost Share				xxxx		136 hrs		24 hrs		40 hrs		24 hrs + software (14k)

		Task 3.0 - Laboratory Tests on Coated Metal Samples

		Task 4.0 - Field Coupon Fabrication and Lab Testing

		Task 5.0 - Field Testing

		Task 6.0 - Coating Deposition Guidance









f. Contractual

		Detailed Budget Justification 

		f. Contractual

		INSTRUCTIONS - PLEASE READ!!!
1. The entity completing this form must provide all costs related to subrecipients, vendors, and FFRDC partners in the applicable boxes below.  
2. Subrecipients (partners, sub-awardees): Subrecipients shall submit a Budget Justification describing all project costs and calculations when their total proposed budget exceeds either (1) $100,000 or (2) 50% of total award costs. These subrecipient forms may be completed by either the subrecipients themselves or by the preparer of this form.  The budget totals on the subrecipient's forms must match the subrecipient entries below. A subrecipient is a legal entity to which a subaward is made, who has performance measured against whether the objectives of the Federal program are met, is responsible for programmatic decision making, must adhere to applicable Federal program compliance requirements, and uses the Federal funds to carry out a program of the organization. All characteristics may not be present and judgment must be used to determine subrecipient vs. vendor status. 
3. Vendors (including contractors): List all vendors and contractors supplying commercial supplies or services used to support the project. For each Vendor cost with total project costs of $250,000 or more, a Vendor quote must be provided. A vendor is a legal entity contracted to provide goods and services within normal business operations, provides similar goods or services to many different purchasers, operates in a competitive environment, provides goods or services that are ancillary to the operation of the Federal program, and is not subject to compliance requirements of the Federal program. All characteristics may not be present and judgment must be used to determine subrecipient vs. vendor status. 
4. Federal Funded Research and Development Centers (FFRDCs): FFRDCs must submit a signed Field Work Proposal during award application. The award recipient may allow the FFRDC to provide this information directly to DOE, however project costs must also be provided below.
5. Each budget period is rounded to the nearest dollar.



		SOPO Task #		Sub-Recipient
Name/Organization		Purpose and Basis of Cost		Budget Period 1		Budget Period 2		Budget Period 3		Project Total

		2,4		EXAMPLE!!!  XYZ Corp.		Partner to develop optimal lens for Gen 2 product. Cost estimate based on personnel hours.		$48,000		$32,000		$16,000		$96,000

		1		Narasi Sridhar, MC Consult, LLC		Cordinate and kickoff activities, project planning, $200/h		$16,000						$16,000

		2		Narasi Sridhar, MC Consult, LLC		Advise technology development and technology review, $200/hr		$24,000						$24,000

		3		Narasi Sridhar, MC Consult, LLC		Advise coupon construction, $200/hr				$8,000				$8,000

		1		Lincoln Electric		Project planning and management		$3,750						$3,750

		2		Lincoln Electric		Consulting/advice on initial alloy groups selection;  application optimization & application method.  Develop plan and schedule for fabrication of coupons. Fabricate Lab samples.		$25,000						$25,000

		1		Enbridge Pipeline		Project planning and management		$2,700						$2,700

		2		Enbridge Pipeline		Consulting/advice on girth weld coating systems & testing. Technology Review		$7,200						$7,200

		4		Lincoln Electric		 Finalize plan to fabricate coupons.  Fabricate lab coupons & field coupons				$38,000				$38,000

		1		Enbridge Pipeline		Project planning and management				$9,000				$9,000

		4		Enbridge Pipeline		Final selection & prep of field sites for coupon testing.  Managing & Assisting excavation/installation.  Actual excavations (2) @$34,975.				$84,950				$84,950

		6		Lincoln Electric		Assist with guidance document						$8,250		$8,250

		1		Enbridge Pipeline		Project planning and management						$9,000		$9,000

		5		Enbridge Pipeline		Assistance in field site monitoring; site removal & coupon extraction; data interpretation.  Actual excavations (4) @ $40,000						$187,150		$187,150		CS		Federal

						Sub-total		$78,650		$139,950		$204,400		$423,000		$391,000		$32,000



		SOPO Task #		Vendor 
Name/Organization		Purpose and Basis of Cost		Budget Period 1		Budget Period 2		Budget Period 3		Project Total

		6		EXAMPLE!!!  ABC Corp.		Vendor for developing robotics to perform lens inspection. Estimate provided by vendor.		$32,900		$86,500				$119,400

														$0

														$0

														$0

														$0

														$0

						Sub-total		$0		$0		$0		$0



		SOPO Task #		FFRDC
Name/Organization		Purpose and Basis of Cost		Budget Period 1		Budget Period 2		Budget Period 3		Project Total

														$0

														$0

						Sub-total		$0		$0		$0		$0



				Total Contractual				$78,650		$139,950		$204,400		$423,000



		Additional Explanation (as needed): MC Consult, LLC is also cost-share partner. See tab j. Cost Share, for in-kind contribution.
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