
FATIGUE DAiIIAGE CALCULATIONS FOR A DENTED AND OVALLED SECTION
OF THE TRANSATASKA PIPELINE SYSTEM AT THOMPSON PASS

James D. Hart and Graham H. Powell
Principals, SSD, Inc.

James A. Maple
Principal, J.A.M. Associates

Glen R. Stevick
President, BEAR,.lnc.

J. David Norton
Consultanl Alyeska Pipeline Service Company

ABSTRACT

During thc summer of 1996, the TransAlaska Pipelinc Systcm CIAPS)
cxperienced vibrations in a section of the pipeline ncar Thompson
Pass, north of Valdez, Alaska Alyeska Pipelinc Servicc Company,
opcrator of TAPS, initiated an extensivc invcstigation, and determincd
that thc vibrations were causcd by prcssurc pulscs originating ncar a
slacklinc-packlinc interface. The pressurc pulscs are thought to have
bccn caused by thc collapse of vapor bubbles trappcd in thc flow. Thc
vibrations occurred only when the intcrface was positioncd near a
terraced portion of thc pipcline topography on the downstrcam side of
thc pass. This knowlcdge allowcd Alyeska Pipelinc to control the
vibrations by back-prcssuring the pipclinc to move the slacklinc-
packline interfacc wcll above thc tcrracc location.

I. OVERVIEW

This paper describcs a framcwork for fatiguc damagc calculations that
was applicd to a dented and ovallcd section of TAPS pipc buricd in
thc tcrraccd scction that was apparcntly triggcring thc pressure pulscs
bclow Thompson Pass. Thc main conccrn at this location was thag as
cach prcssure pulsc passcd, the ovallcd and dentcd pipe scction tendcd
to'rc-rounf itsclf, causing thc pipc wall to floc a srnall amount
Sincc thc pulscs occurred as oftcn as 20 timcs pcr minutc, thcrc was a
oonocrn for possiblc fatiguc damage to thc pipc.

Thc unique fcaturcs of this invcstigation includcd (a) thc usc of
pr€ssurc pulsc measurcmcnts at rcmotc gatp valves @GVs)
downstneam of the terracc locatioru (b) thc usc of pipclinc gcomctry

and corrosion data from smart pigs that are rcgularly run through the
pipelinc, (c) detailed finite clcmcnt modcls of the dented and ovalred
pipe including thc effect of soil restraint to cstimate the maximum
stress rangc duc to pressure changcs, (d) incorporation of historical
pipclinc opcration (flow) data to establish reasonablc histograms of
past and projcctcd futurc prcssure pulse activity, and (c) fatigue
damage calculations using design and dccision lcvel S-N curves. The
rcsults from this investigation were used to help Alyeska make
decisions about the intcgrity of the pipclinc. Thc samc method.can bc
applicd to pipelincs in gcncral, considering a variety of diffcrent strcss
raiscrs and considcring stress cycling duc to normal operation.

Thc scction of pipcline subjccted to prcssure pulscs extended
csscntially from the top of Thompson Pass to the top of Keystone
Canyon (a distancc of about ! miles). Most of this section of the
pipeline has a 48-inch diamcter and a 0.462-inch wall thickness.
Bascd on a revicw of the TAPS as-built data basc and smart pig data
for this section, most ar€as of thc pipcline bctween Thompson Pass
and Keystone Canyon wcrc clcarcd from a structural integrity point of
vicw. Howevcr, spccific pipelinc'anomalies'were identificd for morc
dctailcd invcstigation. In addition to dcntcd and ovallcd scctions of
pipc, the anomalics includcd fillet wcldcd slevcs that werc addcd to
thc pipclinc sincc constnrction Thc focus of this pap€r is an ovallcd
and dentod scction of pipc at Station ,m95}+40 whicb bccausc of is
location and gcomcty, was considcrcd thc governing location for
fatiguc analysis.

Rcccnt r€search on prcssure cycling of dented pipc (Alexander, et al.
1997a, Alexandcr, et d. 1997b, Fowler 1993, Fowler, et al. 1995,



Kcating & Hoffinaruu 1996, Kicfncr, ct d, t996, Maxcy, ct aL 1993)
documcnts thc porcntial for htiguc damagc in dcntcd pipc subjcct to
prcsurc cycling. Unfortunatcly, the dcnt rcscarctr did not appcar to
bc dircctty applicablc to thc situation at Thompson Pass This papcr
dcscribc thc ovcrall framcwork of thc fatiguc danugc calculations wc
usod to hclp Alycska Pipclinc makc dccisions about the intcgrity of
thc pipclina Kcy componcns of thc fatiguc calcrrlations arc discusscd
in thc following scctions

2. PRESSURE PULSE INTENSITY AT DENT

Thc fir* stcp in thc procas was to idarti$ thc location of thc critical
dcnt and to cstablish thc prcssurc pulsc intcnsity bascd on thc
mcasurcd pr€s$rc pulsc dnta Thc dcnt is locatcd at pipclinc milc
post 775.8 (Station 4095$40) whictr is locatcd dircctly in a bcnctr-
likc tcrracc location on thc south sidc of Thompson Pass. As
dcscriH in dctail in Baskurt (1998), thc pressrc pulscs wcrc
mcasured at rcmote gate valves (RGVs) l2l, l2lA� and t23, (at
Stations 41007+56, 4lll7+37, and 4140O+45). Thcsc locations arc
locatd roughly 5000, 16000 and 44000 fceq rcspcctively,
downstrcam of thc lowcr tcrracc location. Bascd on the mcasurcd
attcnuation of thc pressurc pulscs bctrvccn thcse locations,
octrapolation was uscd to cstimatc thc arnplitudc of the pulses at
locations othcr than RGV l2l. Bascd on thc data thc pncssurc
octrapolation factor betrvcen RGV l2l and thc critical dent . is
ctimatcd to bc about l.l3 (i.c., a t00 psi pulsc at RGV l2t scalcs up
to a I 13 psi pulse at thc dent location). More dctails rcgarding thc
attcnuation of pulses traveling downsbeam from Thompson Pass arc
prcscntcd in Baskurt (1998).

3. DENT GEOMETRY.

The no<t stcp was to dctcrmini thc gcomctry of thc critical dentcd and
ovallcd scction of pipc bascd on smart pig catiper data Alycska
rcgularly monitors TAPS using sophisticatcd smart pigq including thc
NOWSCO GEOPIG (NOWSCO, 1995) and thc VETCO dcformation
pig (VETCO, 1995). For the purposes of this study, thc most
important data is obtaincd from calipcrs that mcasurc the radiat
dcformation of the pipc wall cross section. Thc GEOPIG uscs rings
of sonar calipcn to mcasurc the cross scction while thc VETCO pig
uscs spring loadcd netal calipers in contact with thc pipc watl. A
rcvicw of thc VETCII and GEOPIG calipcr data highlightcd thc dcnt at
Station 40959+40 as the largest in thc arca' with a marcimum vcrtical
diameter reduction of about 1.9 inches. Reprcsentations of the dcnt
geomctry bascd on thc GEOPIG data are as shown in Figurc 3.1. Thc
figurc illustratcs that the majority of thc diameter reduction is duc to
thc ovality rathcr than the dent.

Onc kcy aspcct of thc investigaion was thc usc of pig data rccordcd at
thc dcot under diffcrent prcssur€ conditions During somc of thc
GEOPIG rus, thc backprcssure was intcotionally incrcascd, in ordcr
to providc tightline conditions at Thompson Pass. This prwcnts the
pig from'Acc falling- down thc stccp hillsidc, whictr has a maximum
pitclr of 50 dcgrocs. Onc conscqucncc of thc incrcascd backpressre is
that thc static pressure at thc critical dcnt location was approximarcly
450 psi whcn thc pig passcd. This is approximarcly 400 psi highcr
than thc cstimatcd 50 psi static prcssurc at this location during typical
opcrating conditions. As thc nerct step, thcreforc, wc studied data

from a numbcr of vETCo pig rum madc undcr slacklinc conditions in
grcat dctait and oomparcd thcrn to GEopIc runs made undcr tightline
conditions. This cffort indicatcd that thd vcrtical diamctcr "t *g,
(aD) bawccn slacklinc and dghtlinc oonditions appcars to bc on thc
ordcr of 023 inclrcs for a prcssrc ctrangc (Ap) of 390 psi.

4. FINITE ELEMENT MODEL OF DENT

Industry rcscarch on prcssurc cyclc tcsting of dcntod pipc is usually
focuscd on dcn6 that arc dccpcr (typicatly 5o/o to Zv/o of thc pipc
diamacr) than the dcots in this snrdy (thc maximum dcnt plus ovahty
.is about 4o/oof gipc diamctcr). Thc pressrc cyclcs arc also gcncrally
largcr (tlpicatly 500 to 1000 psi) than thosc in ofs srudy (muimum
2fi) psi). Thc numbcr of cyclcs in the apcrimcnts arc rowcr than
thosc anticipatcd for thc prcscot snrdy (most ocpcrimants arc stoppod
aftcr roughly 100,000 cyclcs). vcry linlc of the dcnt rescarctr has been
conductcd on pipc with TAPS D/t ratios (D=4S inchcg H.462
inchcs, D/Ft04) or with X65 pipc matcrials. Unfortunarcly, most of
thc cxpcrimcnts do not includc thc cffcct of radial soil resraint on the
bchavior of thc dcnt Soil rcstraint is known to have a significant
cffcct on thc bchavior of thc cross scction. somc of thc morc r@cnr
expcrimcnts on dented pipc havc attcmpted to addrcss thc issue of
restraint of the dcnt (Kcating, 1996). The rcsuls indicatc that with all
othcr factors bcing cqual, restraind dents havc a substantially longcr .
fatigue lifc than unrcstraincd dcnts.

Faccd with thcsc limitationq the projcct tcam deided to utilizc finite
clcment uralysis modcls of thc dcntcd rcgion to furthcr invcstigatc thc
intcgrity of thc pipc at this dent. Finite clement modcls of a pipc stub
containing the dented region wcre devcloped based on dctailed
GEOPIG sonar measurcmcnts of thc dent geometry. The FACTS
(SSD, l99l) program was uscd to conduct thc analyses. The dentcd
stub models are based on threcdimcnsional bhell clemcnts with eight
nodq four at thc inncr surfacc of the pipc and four at the outcr
surfacc of thc pipc, with ttrric degrcc of fircdom (DOFs) pcr node
This clcment which is applicablc to thin'and moderatcly thick shell
clemcntq allows for thickness variations and accounts for large
deformations. Morc daails rcgarding this elerncnt can bc found in
Kanoknukulchai (1978).Any point in the shcll is aszumed to bc in a
state of plurc strcss, considering in-plane normal stresscs and
mcmbranc shcar strcsscs. The clemcnt has the capability to include a
nonlincar matcrial model, howevcr, clastic material was asstrmcd for
thc purposcs of cstimating thc strcss range. An cxamplc mcsh for a
FACTS stub modcl is shown in Figurc 4.1.

In addition to thc shell elemcntq thc FACTS modcls included various
patterns of srnall spring clcmcnts distributcd around thc pipc
circumferencc to simulatcd thc effcct of cxternal soil rcstraint on thc
pipc scction Thcsc horizontally and verticalty oricntcd springs
conncctcd cach nodc on thc outsidc surfacc of thc stub mestr to fixcd
'ground" rcfcrcncc points sunounding thc pipc. Examplcs of
assumcd soil spring pattcrns arc illustratcd sdrcmatically in Figure
4.2.ln ordcr to obtain soil rcstraint assuurptions that wcrc consistcnt
with tbc $nart pig mcasurcd prcssrrrc and dianctcr ctrangcs (AP and
AD), thc apprcach that we uscd rvas to assumc phpically rcasonable
soil support pattcrns and vary thc soil spring stiffncss for diffcrent

. pattcrns to find thc stiftrcss for whictr thc calculatcd diamctcr changc
for a 390 psi prcssurc changc is about 0.23 inctrcs. Tlpically, wc



pcrform€d cnough analyscs to bound thc dcsircd diasracr ctrangc
fairly closcly, thcn intcrpolatcd to obain both thc soil stiffircss urd the
strcss rangc" If thc rcquircd soil stiffircss valuc is rcasonabtq wc
conclude that thc assumcd soil nrpport pancrn is a possiblc onc. If thc
rquircd soil stiftrcss is clcarly too high or too low, that pattcrn was
occludod from considcration.

Sincc wc did not know thc acnrat in-si0r support conditions, it was
naccssary to considcr a numbcr of rcasonablc pancrns, and to usc thc
pattcrn giving thc largcst str6s rangc for thc fatiguc lifc calculations.
For cach pancrn, thc kcy variablc is thc uplift rcil siftrcss In all
csscq thc bcaring and latcral sciffncsscs wcrc sssumed to bc multiplcs
of thc uplift siffircss. Bascd on initial shrdics, wc cstimatcd that a
rcasonablc valuc for thc uplift stiffncss is around 20 lMrn? pcr inch.
Wc considcr requircd valu:s largcr than about t0 lMn2 pcr inch or
smallcr than about 5 lMnz pcr inch to bc unrcasonablc. Casc D,
which was dctcrmincd to bc thc kcy pattcrn, is dcscribcd as follows:

Casc D: Uplift support ovcr cntirc top hatf of thc pipc; horizontat
support over the cntirc sidc of pipe with a stiffircss 32 timcs thc

. uplift stiftress; and bcaring support over the entirc bottom of
thc pipc with a stiffncss cqual to 50 timcs thc uplift stiffrress.

Each of thc assurncd soil support pattcrns included a vcry stiff
'fooprint" of springs ncar thc bonom of thc pipe scction ccntcrcd on
thc dcnt rcgion. This pattern was sclcctod bccausc thc cvidcncc
suggcstcd that the dcnt was caused by thc pipc bcaring down on a
"hard spot". Thc hard spot was thought to bc cithcr a rock or a picce
of timber cribbing that was lcft in thc trench under the pipe whcn it
was backfillcd during construction.

Thc analysis approach implemented involved an clastic analysis of the
dentcd stub modcl for a simulatcd intcrnal static prcssurc incrcasc of
100 psi. Since the gcometry of the pipc cross scction changcs as thc
prcssurc changcs, the analysis accounts for largc displaccmcnt cffects.
Thc kcy rcsult from each analysis was an cstimatc of thc clastic
circumfcrcntial and axial shess changes that occur on the inner and outer
surfaces of the pipc due to thc 100 psi prcssurc incrcase. This approach
avoidcd the difticulties associated with succcssivc triats of loading
modcls with an initially circular cross section into thc ovallcd and dcoted
cross scctioq which could in gencral r€quir€ that nonlincar material
bdravior bc considcrtd. Wc bclicvc that this is an appropriate and
prac{ical approach sincc the key result for fatiguc calctrlations is an
clastic shcss rangc. Evcn if some local yielding of thc pipc wall occurrcd
in ordcrto obtain the buricd dcnt geomctry, thc rcsponsc to the rclativcly
low amplitude pr€ssurc pulses will strakc{own to clastic bchavior. The
prcsurc induccd stress changes wcrc dccomposcd into a vector (S) of
longitudinal and circumfercntial mcrnbranc and bcnding components
for usc in thc fatigue damage modcl.

5. HISTORICAL FLOWRATE DATA

Thc pressurc pulse data rccordcd during thc Thompson Pass slacklinc
tcsts (Baskn4 1998) indicatcd thag undcr normal backpressure
conditions, thc pulscs only occurred whcn thc flor+rratc droppcd bclow
about 1.4 MMBPD. For almost thc cntirc timc pcriod bcnrecn 1980
and 1995, thc TAPS flowratc was abovc 1.4 MMBPD, urd thcrc werc
no rcports of prcssrrc pulses. Flow ratcs wcrc bclow 1.4 MMBPD

ftom startup through octobcr, 1929, and &cy havc atso becn bclow
this valuc in rcccnt ycars, as thc amount of oil flow has progressivcly
dcclincd. Thc longcst pcriods of rclativcly low flow occ,rrrrd prior to
r980.

using flow rales based on ocrapolation of ocisting flows into thc ncar
funrrc rnd rc-consnr'ctions of pre-1980 data, thc lcngtr of timc ttrat thc
pipclinc operaod d 8ny givar flow rate during any onc ycar pcriod was
computod

6. FLOWRATE.PUISE INTENSITY REI.ATIONSHIPS

In ordcr to conduct fatiguc damagc calculatiors at thc dcsrtcd and
ovalcd scction of pipc, a rclationship bawccn prcssurc pulsc intcnsity
and flow ratc is required for a rangc of flow ratcs covcring past ;nd
future opcrating conditions.

As dcscribcd in Baskurt (1998), the relationship bctrrcen pulsc
prcssurc and frcqucncy of occutrcocc can bc rcprcscntcd using a
lognormal statistical distribution. A pulsc intcnsity histogram was
dcvcloped bascd on a combination of 8 individual cvcnts rccorded at
RGv l2l. Thc prcssurcs wcre scalcd by an cxtrapolation factor to
obtain thc pulsc histogram at station 40959+40. This distribution is
completcly dcfined by a mean pulsc prcssurc and a standard dcviation
from thc mcan. Thc distribution has a lower bound. of zcro an4 in
thcory, no uppcr bound. Two kcy valucs that can bc calculatcd for this
distribution arc (l) thc mcan prcssurc and (2) a'97.7Yo confidcncc'
pulsc pressure. No morc than2.3Yo of thc prcssure valucs will cxcecd
this'confidcncc" prcssurc. For cach cvent rccorded the log-normal
distribution was computed and plos of thc mean and 97.7%
confidence pulse prcssurcs as a function of flow rate wcrc dcveloped
at Station 40959+40.

As shown in Figurc 6.1, two rclationships betwccn flow rate and pulsc
intensity wcrc considered.

(l) Relationshrp /. This relationship is bascd on thc conscrvative
nssumption that the pulsc intensity is thc same for all flow rates
ranging from zcro to 1.4 MMBPD.

(2) Relationship 2. This rclationship assumed smallcr pulse intensitics
at the cnds of the rangc. For flow rates between zcro and 0.3
MMBPD, and bctween 1.2 and t.4 MMBPD, wc assumed uniform
steps to rrduced (e.g.,213 or lR) pulsc intensities.

Figurc 6.1 comparcs thc assumcd prcssurcs with thc measurcd
pressunes as a function of flowratg using the mean and 97-7Vo
confidcnce pnessures at Station 40959+40. This figure indicatcs that
thc assumcd rclationship bctwecn flow ratc and prcszure pulsc
intcnsity is conservative for esscntially all flow rat6.

7. DAMAGE CALCUIANONS

Using thc rclationstrips dcscribcd in thc prcvious sections, thc fatiguc
damagc calctlation stcps arc as follows.

(t) As dcscribcd in Scction 2, identig thc tocation of thc dcnt, and
cstablish thc prcssure pulsc octrapolation factor rcquircd to scalc
thc prcssures rworded at RGV t2l to thc denL



(2) Dacrminc thc gcomctry of thc dcnt (as dccribcd in scction 3).
As dccribcd in scction 4, construct finirc clcnrcnt models of thc
dcntcd rcgion" for various soil rcstraint assumptions. usc static
finitc clcmcnt analysis, calculatc the maximum sbcss rangc for a
100 psi intcrnal prwsurc incrcasc.

(3) choosc s rangc of flow mtcs and for thc flow rarc at thc middlc
of this rangg obtain a rclativc pulsc intcosity valuc as illustratcd
in Figurc 6.2.

(4) using thc relativc pulsc intcnsity valug and using statisticat
distribution of prcssurc pulscs, proccss thc probability dcnsity
function to obtain a histogram of pulsc prqsurc vcr:su:r numbcr of
occurrcnm pcr hour for thc ctroscn flow rata Thc numbcr of
oocurcrtces can bc scalod to any othcr timc pcrio4 for cxamplc
onc ycar. Wc rcfcr to cach prcssurc rangc in thc hisogram as a
'bin'. For cach bin wc havc a pulsc prcssur€ (at drc midpoint of
thc bin) and a numbcr of pulsa pcr hour. Thc width of cach bin
is 5 psi pulsc prcssurc.

(5) convcrt thc pressurc histograrn to a stress range histogranl using
thc analysis rcsutts from Stcp (2). For cxamplg if thc pulsc
prcssurc for a given bin is E0 p.si" thc strcss rangc is thc
calculatcd 100 psi strcss rangc from Stcp (2) multiplied by
80/t00. This calculation issumes that thc strcss rangc is
proportional to prcssure. This was confirmcd by analysis for
prcsurcs in thc range 50 to 150 psi.

(6) using thc pipclinc flowratc data describcd in scction 5, considcr
cach ycar of pipclinc opcration. Choosc a onc ycar timc pcriod
and estimate the numbcr of days that the pipclinc opcratcd at thc
flow rate choscn in Step (3). Conved thc shcss rangc histogram
to this number of days. Thc histograni now givcs stress rangc (S)
versus number of cyclcs (N) for thc choscn flow rate and ycar.

(7) Using a S-N fatiguc curvc, calcularc thc cumulativc damagc for
thc choscn flow rate and ycar. The details of the multi-axial
fatiguc calculations arc summarizcd in Stevick (1998). Thc
cumulative damagc for any bin in thc histogram from Step (6) is
thc number of shcss cycles in the bin dividcd by thc numbcr of
cycles to crack initiation givcn by thc s-N curvc. The cumulativc
damagc for the chosen flow rate and ycar is the sum of the
damagc valucs ovcr all bins.

(8) Rcpeat from Step (6) for cach year of opcration. This can includc
projcctions for futurc years.

(9) Repcat from Stcp (3) for a diffcrcnt flow rangg ultimately
covcring all flow ratcs for all years ofpipclinc opcration.

(10) Sum the cumulative damage valucs for cach ycar of operation.
(l l) Sum thc cumulative damages for all ycars of opcration up to any

given year, to obain the cumulativc damagc at thc end of that
yezr.

The stcps describcd above wcre applied to invcstigatc ttrb effect of the
slacklinc induccd pulscs on the dcnted and ovallcd pipc at Thompson
Pass. Howcvcr, thc gcncral analysis franrcwork is valid for analysis of
thc fatiguc capacity of othcr anomalics (suctr as dcns) in othcr
pipclincs sbject to opcrational cyclcs.

8. OBSERVANONS AND CONCLUSIONS

Thc calculsted s$css rangcs vary with thc assumcd soil zupport
conditions. Sincc we did not know the actuat in-situ support

conditions, it was ncccssary to considcr a numbcr of rcasonablc
patterns, and to usc-thc pattol giving thc targest sbess rangc for thc
fatiguc lifc calculations. our'b6t cstimatc' soil support cascs arc.
rcfcrrcd to as c;ascs Dl and D2" wc bclicvc ttrat casc tjz is dcfinitcly
conscrvativc, and that Casc Dt is probably conscnrativc.

calculatod fatiguc damagc dso dcpcnds on (a) thc rctationship
bctwccn flow ratc and pulsc intcosity, and O) on whcttrcr a -daign;
lcvcl or 'dccision" level s-N curvc (scc stcvick, l99g for mirc
dctails) is usd. wc first considcrcd a dcsign levcl s-N curvq to draw
conclusions on whcthcr or not thc pipc satisfics thc tlpc of dcsign
critcria that might bc usd for ncw pipcrine doisF. wc thcn
considcrcd a dccision lcvcl S-N curvg to draw conclGons on what
short tcrm mcasurg nccdcd to b€ takcn to cnsurc thc struchrrat
intcgrity of thc pipc. wc ctrosc u{rat wc bclicvcd to bc thc most
rcasonablc sct of r6ula for dccision making.

Table 8.1 prcsents thc calculatcd cumulativc damagc through thc cnd
of 1996 without flow managcmcnt and without any backprcsurc
modifications, for two s-N curve typcs, two cstimatcd rclationships
bctween flow ratc and pulsc intcnsity, two assumptions for thc rclativc
pulsc intcnsity for ycars bcforc 1980, and zupport cascs Dl and D2.
In each case thc calculatcd cumulativc dam4gc is shown through thc
end of 1996, and bcsidc it, in parcnthescs, thc perccntage of this
damage incurrcd through thc cnd of 1979. Thc following obscrvations
can bc madc.

(l) wc bclicvc that thc'uniform" relationship bcnvccn flow ratc and
pulse intensity is too conservative, and that thc ..steppcd',
relationship is more reasonable.

(2) we belicvc that soil support case D2 is too conservative, and that
Case Dl is more reasonablg but probably also conservative.

(3) considering factors such as viscosity, volatility and opcrating
temperaturc, we bclicve it is reasonable to assumc that the pulses
werc rclativcly lcss intcnsc in thc ycars prior to 1980 than for thc
same flow ratcs in 1996.

(4) using thc "dcsign" level S-N curvg cumulative damage ratios
cxceeding 1.0 are calculated only for the cases with the most
conservative rqsumptions.

(5) For thc same pulsc intensity prior to l9g0 as in 1996, a
conservativc cstimatc of the cumulative fatigue damage at the end
of 1996, using thc dcsign S-N curvc, is 1.18, with 9l% of thc
dam4gc occuning prior to 1980. For this valuc of accumurated
damage, thcrc is a vcry small probability that a crack has initiated
at the criticat dent location.

(6) For a reduction in pulsc intcnsity to 9{f/o prior to 1980 (with thc
same pulsc frcqucncy of occurrcncc), thc calculated damagc at thc
end of 1996 using the design S-N curvc rpduces from l.18 to 0.5?,
with 82% of thc damagc occuning before t9E0. For a rcduction to
8flq the calculatd damagc reduccs to 0.1E, with 38% occuning
bcforc 1980.

(7) For thc'dccision" lcvcl S-N orrvg thc calculatcd damagc valucs
are onc fifth to onc sixth of thc valucs for the'design'curvc. Thc
calculatcd danragc is no morc tttan 0.21 for any rcasonablc cas6.

Our'best cstimate case'was bascd on a steppod rclationship bctrrecn
flow ratc and pulsc intcnsity (Rclationship 2), soil support Casc Dl,
and a 109/o rcduction in rclativc pulsc intcnsity for ycars prior to 19E0.



For thcsc assumptions, thc cumulativc fatiguc damagc at ftc cnd of
t996 for thc dcsign lcvcl s-N curvc is 0.5?. This mcans that u thc cnd
of 1996, thc pipc at thc critical dcnt satisfics thc typc of dcsign critcria
that might bc usod for thc dcsign of a ncw pipclinc. Thc rcsuls at thc
cnd of 1996 wcrc the most important sincc this was thc approximatc
timc whcn bac,kprwurc modifications wcnc instaflcd at valdcz to
climinatc thc pr€ssurc pulscs at Thompson pass. Additional
calculations wcrc pcrformod to increasc thc cumulativc damagc
bcyond that calqrlatcd at thc cnd of 1996 to considcr normal pcriod
opcrational strutdown-startup prsurc cycling with the backprcssurc
qystcm instsllcd. Thc analysis suggcstcd that with thc prcssurc pulscs
stoppc4 thc prpc has an cffcctivc rcmaining dcsign rifc of about 63
ycars at this location.

If thc pulscs werc allowcd to continue without flow managcmcnt and
without uy backpncssurc modifications, thc corrcsponding "bcst

cstimarc" of cumulativc fatiguc damagc at thc cnd of l99z for thc
dcsigr lcvcl s-N curvc was 0.79. similarly, using thc 'bcst cstimate'
assumptiong thc cumulativc fatiguc damagc at thc cnd of 1998 for thc
dcsr8rr lcvcl S-N curvc was 1.52. using the same sct of rssumptions
with a'docision" levcl s-N curvq thc concsponding cumurative
damagcs at the cnd of 1997 and 1998 arc 0.13 and 0.26, respcctively.
Thcsc valucs are onc fifth to onc sixth of thc valucs for thc *design"

curvc.

wc put fonvard the following conclusions at thc comprction of thc
projcct in January 1997.

(l) For reasonable assumptions about thc amount of soil restraint and
thc pulse intensities, the cumulative fatiguc damagc for the design
lcvcl S-N curvc was no more than 0.6. This is bascd on the
stcppcd rclationship bctwccn flow ratc and pulsc intensity, soil
support case Dl, and a l0olo reduction in rclative pulse intcnsity
for ycars prior to 1980. For this casc thc calculatcd damagc was
0.57. This mcans that at thc cnd of 1996, thc pipc at rhc critical
dcnt satisfied thc type of design criteria that might bc uscd for the
dcsign of a new pipeline.

(2) In ordcr to get a cumulativc fatigue damage valuc larger than 1.0
for thc'decision" S-N curvq it was neccssary to make cxtremely
oonscrvativc assumptions (a uniform rclationship bctwcen flow
ratc and pulse intcnsity, soil support Casc D2, and no rcduction in
pulsc intcnsity for ycanl prior to 1980). This mcans that thcrc was
no nccd to consider immediate excavation and rcpair of thc pipc.

(3) For a cumulative fatiguc dapagc of 0.6, the static strength of the
pipe is cssentially unimpaired. This means that if the prcssure
pulses werc stopped in the near future as planncd, thc pipc at the
critical dent location was essentially undamaged for futurc
opcrating conditions.

A toctrnicd pccr rcvicw by thc Joint Pipclinc Officc, a joint
fcdcnVstate oversight €6cy, confrrmcd thc analysis pcrformcd by
Alycska and supportcd Alycska's conclusions.

9. FOLLOW UP FIELD INVESTIGATION

Although thc pipe was dccmcd to bc stablc and safc from the intcgrity ,
analysir Alycska clectcd to pcrform an inspcction of thc ovaled and

dcntod arca at pipclinc milcpost 726 to-vcrify thc fatiguc anatysis and
to confinq by tcsring somc of thc kcy assumptions made in thc
computcr modcl about pipc support and gcomctry. Thc sitc was

in July t997. Thc cxcavation also a[owcd invcstigation of
thc causc of dcnt and allowcd Alycska to makc rcpain if ncccssary.

Lcak daccdon and cnvimnmcntal monitoring cquipmcnt wcns
installcd at thc area of oonocrn in Novcmbcr 1996 and continucd to
opcratc until thc pipc occavation commcnccd. No indications of a
hydrocarbon rclcasc wcrc daccrcd cxccpt for abnormal rcadings
rccordcd in Novcnrbcr 1996, which rcsultcd in a contingcncy responsc
and sbscqucnt dacrmination that thc clsvztod rcadings wcrc a falsc
alann No cvidcncc of an old spilt or lcak was dacctod during thc
qcavation in July 1997.

Thc pipc was found to bc resting on bcdrock in trro arcas. This
apparcntly was thc causc of thc dcns. Thc rock was removcd by hand
and jackhammcr to providc at lcast 18 inctrcs of clcarancc for pipe
inspcction and rc-application of cpoxy coating for corrosion
protcction.

static prcssurc in thc linc at thc dig sitc was increased from
approximatcly t50 psi to approximatcly 450 psi during thc cxcavation
to minimizc vibrations and to facilitarc rc-rounding of the ovalcd and
dcntod aneas. The prpc is ratcd to bc opcratcd at 901 psi. over thc
@ursc of thc occavatiorl thc pipc almost completcly rebounded to a
circular cross scction.

The pipe was examined by wet fluorcsccnt magnetic particle rnethods
that could revcal microcracks on thc outsidc surfacc of thc pipc and
also by nondestnrctivc ultrasonic methods that cxaminc thc intcrior of
the pipc wall for crack features. No evidencc of fatigue damage or
cracking was found, confirming the main conclusions of our analyses.
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Figure 4.1a Thompson Pass lnitial Dent Geometry (DRxS)

4 6
Relative Station (feet)

Figure 4.1b rhompson Pass Dent Geometry with 100 psi pressure (DRxs)
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4 6
Relative Station (feet)
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Figure 6.1(a) FIow Rate vs. Pressure Pulse Range (R) at Dent
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