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Objectives:
The objectives of the proposed project can be summarized as follows:  (1) To determine the effect of electrode drying and arc length on weld metal chemistry, mechanical properties and hydrogen cracking susceptibility.  (2) To determine the effect of electrode re-hydration on weld metal chemistry, mechanical properties and hydrogen cracking susceptibility.  (3) To develop practical guidelines on how to prevent hydrogen cracking in welds deposited using cellulosic covered electrodes.
· Technical Status
· Continued technical work on Tasks 2, 3, and 7 from last quarter – Task 3 was completed in this reporting period, while work began on Tasks 4 and 6 (covered in detail below).  Note that Tasks 2 and 5 are funded by a separate project (EWI Project #46354CAP) and are tracked under this effort as cost-share.
· Task 1: Selection/Procurement of Welding Electrodes  
· This task has been completed.
· Task 2 & 3: Preliminary Welding and Testing of Dried and Re-hydrated Electrodes
· Most pipe welding is accomplished using motor-generator (engine driven) welding machines.  Indications are that welds produced using inverter-type power sources exhibit different properties than those made with the same electrodes on motor-generator power sources.  Welds were made with as-received electrodes and dried electrodes using both an inverter-type power source and a motor generator power source at two different arc lengths.  The four welds were mechanically tested and the differences were quite dramatic.  To verify that the results were accurate, the same welds were remade under the same conditions.  
· Tasks 4, 5 and 6:  Selection of Welding Consumables for Phase III and Additional Welding/Testing of Rehydration

· Task 5 (Phase II of the testing) is being undertaken under the cost-shared portion of this effort (EWI Project 46354CAP).  Based on the findings and recommendations mentioned above, focused technical activity has occurred under this task for most of this quarter.

· Task 7:  Reporting

· Activity includes the preparation of this Quarterly Report and preliminary work on the Final Report
· Business Status
· A draft paper, submitted for presentation at the upcoming International Pipeline Conference to be held in Calgary, BC (Canada), has been accepted.  The paper will be published in the conference proceedings.
· EWI requested and received a no-cost extension for the cost-shared portion of this effort (EWI Project 46354CAP) so that the end dates for the two projects would coincide.

· Schedule – on schedule.
· Payable Milestones – see Table 1, Table 2, and Table 3.
Results and Conclusions
· Task 1: Selection/Procurement of Welding Electrodes 
· This task is complete and the results have been reported previously.
· Task 2: Preliminary Welding and Testing of Dried Electrodes 
· This task is complete and the results have been reported previously.
· Task 3: Re-hydration Study
· This task is complete and the results have been reported previously.

· Task 6:  Additional Welding/Testing of Rehydrated Electrodes

· Electrodes were exposed at 80°F and 80% relative humidity for times ranging from 4 to 24 hours.  The results are provided in Table 4 and are shown graphically in Figure 1.
· A designed experiment was performed to determine the effects of different humidity conditions on the coating moisture levels.  Initially, results were simulated based on grains of moisture per pound of dry air.  Those results are summarized in Tables 5 through 7.
· Because variations in temperature may have a different effect on the electrode moisture level, additional tests were done at equal grains of moisture using different temperatures and humidity level to achieve those conditions.  Results of those tests are provided in Table 8.

· Finally, tests were done to simulate electrodes exposed to extreme cold and electrodes which are left out in the sun for an extended period of time.  Those results are also listed in Table 8.

· The results of the inverter-type and motor generator power sources are listed in Table 9 and Table 10.
Issues, Problems or Challenges:
· None.
Plans for Future Activity:
· Continue progress on 46354CAP (Task 5).
· Begin creating the draft final report.
Table 1: Cost Share Details (Seventh Quarter Cost Share Only)
	Cost Sharing Project
	Total Cost Share To Date
	Total Quarterly Cost Share
	Cost Share Posted Against DTRS56-04-T-0010

	
	
	
	Task 1

Welding Electrodes for Phases 1 & 2
	Task 2

Welding and Testing of Dried Elec.
	Task 3

Re-hydration Study
	Task 4

Welding Electrodes for Phase 3
	Task 5

A. Welding and Testing of Dried Elec.
	Task 6

A. Welding and Testing of Re-Hy. Electrodes
	Task 7

Final Report


	46354CAP
	$146,259
	$1,975
	$0
	$0
	$0
	$0
	$987.5
	$987.5
	$0

	Notes:  The posted cost share has been spread out over the tasks of this effort by assessing the source of the cost-share and determining which current task it is contributing to.


Table 2: Payable Milestones Per Contract (Seventh Quarter Tasks/Seventh Quarter Costs)
	Task No
	Activity
	Status of Activity
	Payable Milestone Title
	Projected Federal Payment
	Actual

Federal Payment (incurred)
	Projected Cost Share
	Posted Cost Share
	Projected Total
	Actual Total

	6
	Additional Welding and Testing of Re-Hydrated Electrodes Begins
	On-going
	Additional Welding and Testing of Dried Electrodes Begins
	$19,933.79
	$8,295
	$0
	$987.5
	$19,933.79
	$9,282.5

	Totals
	$19,933.79
	$8,295
	$0
	$987.5
	$19,933.79
	$9,282.5


Table 3: Cumulative Payable Milestones (All Tasks Up To Seventh Quarter)
	Task No
	Activity
	Status of Activity
	Payable Milestone Title
	Projected Federal Payment
	Actual

Federal Payment (incurred) 
	Projected Cost Share
	Posted Cost Share
	Projected Total
	Actual Total

	1
	Selection/Procurement of Welding Electrodes for Phase 1 an d 2
	Completed 
	Welding Electrodes for Phase 1 and 2 Procured
	$14,424.13
	$14,506.00
	$14,000.00
	$16,108
	$28,424.13
	$30,614.00

	2
	Preliminary Welding and Testing of Dried Electrodes
	Completed
	Preliminary Welding and Testing of Electrodes Completed
	$2,212.95
	$1,552
	$48,000.00
	$46,902
	$50,212.95
	$48,454

	3
	Re-hydration Study
	Completed
	Re-hydration Study Begins
	$45,888.15
	$46,118
	$0
	$14,339.00
	$45,888.15
	$60,457

	4
	Selection of Welding Consumables for Ph. 3
	On-going
	Selection of Welding Consumables for Ph. 3 Begins
	$16,899.46
	$482


	$15,000
	$10,933.5
	$31,899.46
	$11,415.5

	5
	Additional Welding & Testing of Dried Electrodes
	Completed
	Additional Welding & Testing of Dried Electrodes Begins
	$2,212.96
	$1,968
	$40,000
	$34,953.5
	$42,212.96
	$36,921.5

	6
	Additional Welding & Testing of Re-Hydrated Electrodes
	On-going
	Additional Welding & Testing of Re-Hydrated Electrodes Begins
	$39,867.58
	$22,358
	$0
	$23,023
	$39,867.58
	$45,381

	7
	Final Report
	On-going
	Final Report
	$0
	$25,195
	$0
	$0
	$0
	$25,195

	8
	Peer Review
	On-going
	Peer Review
	$1000
	$1,056
	$0
	$0
	$1,000
	$1056

	Totals
	122,505.23
	113,235.00
	117,000.00
	146,259.00
	239,505.23
	259,494.00


Table 4.
Effect of varying times at 80°F/80% relative humidity
	Electrode
	Conditioning
	Moisture
(%)

	ESAB SW 10P
	As-Received
	2.84

	
	Dried
	1.15

	
	Rehydrated, 4 hr
	8.82

	
	Rehydrated, 8 hr
	11.39

	
	Rehydrated, 24 hr
	12.94

	Lincoln SA 90
	As-Received
	2.86

	
	Dried
	1.24

	
	Rehydrated, 4 hr
	9.19

	
	Rehydrated, 8 hr
	12.32

	
	Rehydrated, 24 hr
	13.2


Table 5.
DOE test conditions
	DOE Parameters

	
	Time
	Grains of Moisture

	Run 1
	6
	170

	Run 2
	2
	100

	Run 3
	10
	100

	Run 4
	6
	100

	Run 5
	6
	30

	Run 6
	4
	135

	Run 7
	4
	65

	Run 8
	6
	100

	Run 9
	8
	135

	Run 10
	8
	65

	Run 11
	6
	100


Table 6.
DOE test results

	
	Moisture Content, wt%

	
	Hobart
	Lincoln
	ESAB

	As-Received
	3.46
	3.56
	4.82

	Run 1
	10.84
	14.91
	13.12

	Run 2
	3.59
	3.69
	5.41

	Run 3
	3.76
	3.57
	3.75

	Run 4
	3.73
	3.63
	5.21

	Run 5
	3.42
	3.56
	5.18

	Run 6
	9.02
	9.22
	9.93

	Run 7
	3.65
	3.62
	5.35

	Run 8
	3.26
	3.24
	5.00

	Run 9
	10.79
	13.15
	13.82

	Run 10
	3.38
	4.60
	3.29

	Run 11
	4.81
	5.21
	6.84


Table 7.
Actual DOE test conditions

	Grains of Moisture
	Temp, °F
	RH, %

	30
	53
	50

	65
	75
	50

	100
	95
	40

	135
	79
	90

	170
	85
	91


Table 8.
Additional simulations
	Additional Testing
	
	
	Moisture Content, wt%

	Sample ID
	Grains
	Temp, F
	RH, %
	Time, hr
	Hobart
	Lincoln
	ESAB

	60-1
	65
	95
	27
	8
	3.81
	4.21
	5.37

	60-2
	65
	110
	16
	8
	3.72
	3.68
	4.35

	60-3
	65
	60
	85
	8
	5.33
	5.04
	6.30

	Cold
	
	
	
	24
	3.59
	3.97
	5.49

	Sun
	
	
	
	24
	3.18
	3.58
	2.80


Table 9.    Tensile Results for Power Source Comparisons

	Spec.

ID
	Diameter
	Gage
	Ultimate Strength
	0.2% Yield Strength
	Elongation
	%RA
	Failure 

	
	(in.)
	(in.)
	(ksi)
	(MPa)
	(ksi)
	(MPa)
	(%)
	(%)
	Location

	Hob Gen Dry
	0.161
	0.515
	109.1
	752
	85.1
	586.9
	32.0
	64.4
	Base metal

	Hob Inv Dry
	0.162
	0.513
	67.7
	467
	63.4
	437.2
	1.4
	12.0
	Base metal

	Lin Gen Dry
	0.159
	0.515
	106.6
	735
	81.6
	562.8
	26.2
	52.1
	Base metal

	Lin Inv Dry
	0.160
	0.518
	45.1
	311
	35.5
	244.8
	28.2
	41.9
	Base metal


Table 10.    Bend Results for Power Source Comparisons
	Spec.

ID
	Thickness
	Orientation
	Mandrel Diameter
	Results
	Validity

	
	(in.)
	
	(in.)
	
	

	Hob Gen Dry
	0.399
	Cap 
	2.5
	Cracks
	Fail

	Hob Inv Dry
	0.388
	Cap 
	2.5
	Cracks
	Fail

	Lin Gen Dry
	0.396
	Cap 
	2.5
	Cracks < 1/8"
	Pass

	Lin Inv Dry
	0.398
	Cap 
	2.5
	Cracks < 1/8"
	Pass
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Figure 1.
Effect of exposure time at 80°F/80% relative humidity on moisture content
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Objectives:
The objectives of the proposed project can be summarized as follows:  (1) To determine the effect of electrode drying and arc length on weld metal chemistry, mechanical properties and hydrogen cracking susceptibility.  (2) To determine the effect of electrode re-hydration on weld metal chemistry, mechanical properties and hydrogen cracking susceptibility.  (3) To develop practical guidelines on how to prevent hydrogen cracking in welds deposited using cellulosic covered electrodes.

· Technical Status

· Continued technical work on Tasks 2, 3, and 7.  Note that Tasks 2 and 5 are funded by a separate project (EWI Project #46354CAP) and are tracked under this effort as a cost-share.

· Task 1: Selection/Procurement of Welding Electrodes  

· This task has been completed.
· Task 2 & 3: Preliminary Welding and Testing of Dried and Re-hydrated Electrodes

· Most pipe welding is accomplished using motor-generator (engine driven) welding machines.  Indications are that welds produced using inverter-type power sources exhibit different properties than those made with the same electrodes on motor-generator power sources.  Welds were made with s-received electrodes and dried electrodes using both an inverter-type power source and a motor generator power source at two different arc lengths.  The four welds were mechanically tested and the results were quite dramatic.  To verify the results were accurate the same welds were remade with the same conditions.

· These tasks have been completed.
· Task 7:  Reporting

· Work on a draft final report has been initiated.
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