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LEAK IN GAS LINE DFM-3, BETWEEN SANTA CRUZ AND DAVENPORT

BACKGROUND

In June of 1996 a leak was discovered during a walk-down of the DFM-3 pas line, between Santa
Cruz and Davenport (installation year 1957}, The leak was located in a section of pipe where the
line had been field bent to transit down an embarkment {Figure 1). After excavation, the TES
Welding and lnspection Services Unit peeformed visual, wall thickness and x-ray inspection of
an eight foot section. No evidence of pitting or otlier wall loss due to corrosion was found. Wet
fluoresecat magnetic particle examination found o Hiear indication that ran fongitudinally along
the pipe and encompassed all six Jeak sites (Figures 2 and 3). 18 was recommended to remove
the entire spool piece, The section that had been inspected was sent to the TES Metallurgy Lab
for evaluation.

Fhis work was completed and reporied by ¢-mail at the end of July, 1996, This report formally
summarized the resulis of the investigation.

METALLOGRAPHIC INSPECTION

Three cross-section were taken through the linear indication in order to characterize the leak, It
was discovered that the leaks are associated with the fongitudinal weld of the pipe. The pipe was
formed by forge welding, a inethod were a sheet is formed into a pipe and the longitudinal edges,
cach with a single bevel, are forge-welded together. The pipe is then usually cold or hot
expanded to its final diameter and the weld is not evident anymore. Although no through-wall
feak was seen in the cross-sections, several areas with Jack of bonding were noted along the
forge weld (Figures 4 and 5). It is likely that these are seale or oxide inclusions that were not
expelled from the weld during manufacturing.
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TENSILE TESTING

Four tensile tests wors conducted, two across the weld and two in the base metal 180° oppostie
the weld, Tests were performed per API 5L and are reported in Table 1. The pipe meets API SE
Grade X42 specifications for the base melal. Tho No. 2 weld coupon had a 8% lower tensile
steengzth than minimum, This coupon Failed in the weld metal, with less ductility than the No. |
weld coupon. A weld defeot {incomplete bonding} was nofed on the No. 2 weld coupon,

Table 1
Tensile Test Datn
— Pare;ﬂ Metal Coupbns e e :. r—
{180° from Weld) Wald Me!al Cou ns Gmde X42 |

_ 1 2 1 R
T’“‘s“‘z pss‘l‘;"“gm 63,200 65,000 59,3000 60,000
Yield 5'(’;‘;";3‘“ 44,400 47,500 48,200 | 42,000
Elongation (%) 38 35 30 B 35

Ty aﬂlfm Parent Mctal Parent Metal | Parent Metnl

Location _

Practure :
| Characteristios | ____ _ Duotile | Dt

CHEMICAL ANALYSIS

Chemical analysis showed the pipe to consist of low cnrbon steel. It ineets the requirements for
API Grade X42,

Fablo2
Chemical Analysis of Pipe Steel (Weight %)

Molybdeuum | Nickel | Phosphorus | Siicon |

0005 0007 | 0.05_

CONCLUSION

The pipe meets the tensile speclfications for API SL, Grade X42.
It was forge welded (nof seamless).
The leaks ocenrred along the weld. Metallographic eross-sections showed that
there were areas of disbonding due to scale or oxide inclusions, Thisisa
common defect in forge welds.

*  Because no evidence of corrosion was found, it is possubla that the leaks 'wers
created when the pipe was field bent,
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Figure 1 (left). DFM-3 pipe
while heing excavated. Nole
bend in pipe necessary to {ransit
down embarkment.

Figure 2 (bottom). Pipe during
inspection. White round circles
indicate leaks. Note their finear
arraogement along the
{ongitudinal axis of the pipe.
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Figure 3. Close-up of linear indication. It runs left to right, about midway through the
picture.

B0 Ehmetk: 4

Malerial Redacted GTROO18216




Figure 4, Metallographic eross-section through defect arca. Arrow
poinis towards linear defect afong forge weld. This
delamination Is most Hkely due to scale on the bevel surface.

Figure 5. Another defect scen on the forge weld, this is mosi likely due
10 a slag inclusion. Index marks oa the ouiside of the pleture
fndicate loeation of forge weld (hoth pictures 15X, nital eich).

6183 thmetk. 5

Material Redacted GTR0O018217




