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MICROBIOLOGICALLY INFLUENCED CORROSION IN THE
FERMILAB MAIN INJECTOR MAGNET LOW CONDUCTIVITY

WATER SYSTEM’
P. G. Hurfi, N. Kubantseva, M. P. May, FNAL, Batavia, IL

Abstract In mid-November of 1997, evidence of a severe

In mid-November of 1997, numerous pinhole leaks in tHP'Tosion problem in the Ml Magnet LCW System was
new 304L stainless stedieaderpiping of the Main observed. Leaks ithe new stainless stebkbadersystem

Injector Magnet Low ConductivityWater System (M| P€came apparent durisgart-up operations, some months
LCW) were discovered.Metallurgical and biological ~2fter hydrostatic pressutesting. Engineering consultants
analysis of the extensive corrosidamage inthe welded IMmmediatelydiagnosedhe problem as Microbiologically
areas of the piping revealed that microbiological Influenced Corrosion (MIC). This paper is an abbreviation

organisms played a key role in the corrosion process. T#le@ report whichdescribesthe repair efforts, identifies
resulting massive repair efforts included microbe SCMe of the causes of the MIC probleandmakes some

eradication (through chemical biocides), damage recommendations for prevention of MIC in the future [1].
assessment (through biological and metallurgical analysis) DETECTION & STABILIZATION

radiography,and internal remotevideo inspection), pipe , )
cleaning (through custondesignedmechanical cleaning 1€ first sector of the Ml Magnet LCW System vféisd

devices), weld repair (through weld overlay), and with chlorinatedwell water on May 29, 1997,f0_r.the
microbiological controlduring system start-up (throughPUrPoses of hydrostatic testing of thempletedpiping.
ultra-violet radiation and heat treatments). Multiple E@chremaining sector was then filled Bypushing” the
contributing factors leading to the corrosion problemd{€Stwaterfrom the first sector with new well water. In
were identified, including poor welding practiieadequate thiS manner the entire system wéed and pressure
technical specifications and inspection), impropérated (€Sted over a period of @onths. Betweenfills, the water
fill water, and insufficienwaterflow for extended periods Was allowed to remain static in the tested piping.
of time (severalmonths) prior to system use. Lessons When circulation pumpsvere started in November,
learned from these experienceswill be of extreme SE€veral pinhole-sizeteakswere discovered orthe weld
importance to the design of similar cooling systems in t#iNts of the LCW piping. Although the vast majority of
future. leaks were observed orwelds, several leaksvere also
found as far as one inch from thearestveld joint. In a
1 INTRODUCTION few days,the number of leaks multiplied to almo460.
The MI LCW System consists of @bove ground From visual inspections of th_e leaksd bacteriqtests
pumping stations distributed aroundthe MI  ring conQucted on/\{ater samples (high levels oaeroplcllow
supplying coolingwater tothe bus of all magnets in the_nutrlent bacterlaanq trace levels of sulfatereducing and
tunnel (650+ magnets). Only the stainless steslder iron-related bacteria werdfound), expert consultants
piping was affected by the corrosion problems. suggested the cause of the leaks was MIC.
All of the piping componentare 304L stainlesssteel 2.1 MIC Description

weldedwith 308L filler metal. The majority of piping is Microbiologically InfluencedCorrosion is a phenomenon

se'zamwelded'G -'|nch. nominal pipe sae;x;hedule 10pipe whereby corrosion of a surface is induced andéoelerated
with largerpiping in the pumping stations. The system

has approximately 5,400velded joints. Total water by the'presence ofmlcroblologpal organisms. .One
. : description of the MIC mechanism to failure is as
volume for the system is approximately 66,000 gallons. ) . o . .
: - follows: A thick biofilm (layer of live bacteria) develops
Eachpumping stationincludes a large heaixchanger

(also 304L) and a de-ionizing (D) and filtering circuit, AIC" & Susceptible metasurface.  The microorganisms
6 pumping stationgre connectethrough the tunnel via developcoloniesandform nodules (biomasses containing

the 6-inch headers. Omaimping statior(MI-60) includes m|crob|olog|c§I/corrOS|on by-products and deposits).
i . : . These formationscan trap ions and occludethe metal
a fill station and a 3,000-gallon reservoir tank. Tesign

operating pressure of the system is 150 psi surfaces directly beneathhem from oxygerdi§solveql in

’ the water. Thus thaodules can create localizgthysical
and chemical gradients #ite metalsurface which initiate
corrosion cells (such as differential aerationcell). The
electrochemical process dissolves metaneath the
biomass and a localized pit is formed [2].
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The MIC corrosion process is vepmilar to crevice out from tackweldsthat had not been consumed by the
corrosion. In crevice corrosion, corrosion is often initiatefinal weld pass. A majority ofwelds had abuild up of
by the creation of an oxygen or i@oncentration cell. corrosion byproducfandMIC nodules) in several places
Stagnantwater in a crevicecannot supply oxygen to on eachweld. Some of thenodules were crumbleahd/or
maintain a passivexide layer inthe crevice. As oxygen knockedoff by the passage othe camera device. The
is consumed irthe crevice bythe corrosion reaction, the worst damage was usually at the bottom of the pipe.
water in the crevice becomesdepleted ofoxygen while
oxygen is still available in thevater atthe mouth of the 3 RECOVERY EFFORTS
crevice. This creates a differential aeration aetielerating While the MIC situation was stabilizedgsearch and
the corrosion further. Corrosion rates for Mi&an be development explored recovepptions. Weld repair and
greaterthan that forcrevice corrosion because of the pipe-cleaning techniques were researched and compared.
smothering coverage of Fhe large biom.aflss. Al§o, .1 Weld Repair
byproducts of some bacteria growth are acidatelerating
the localized pitting even further. Somesase histories Repair techniquesonsidered rangeflom cutting out and
report through-wall pitting of stainless steel pipes in &placing bad welds to patching bad welds with
few months. One of theseported an effective corrosionepoxy/fiberglass wraps. Repair optiomere tested and

rate of 0.055 inch per month for a 308 stainless stelel compared incategoriessuch as longevity, serviceability,
[3]. ease ofapplication,and cost. Our comparisofed us to

e choose a combination of repair methods to applwefs

2.2 Stabilization and Damage Assessment in various locations and in various conditions.

After preliminary confirmation of MIC, biocides  The most widely used repair method was to remove the
(glutaraldehyde and quaternag/mmonium compounds) crown ofthe old, defective weld andhen overlay with a
were added to control the bacteria growth. $hstem was new weld (316L stainless steel filler material). lihis
drained and then dried using high-speed blower fans. manner, the existingveld metal wasre-fused and a new

Each accessiblereld in the entire system wasbeled. crown layer wasadded. Inaddition, the entireveld area
Damage assessment waerformedthrough two methods, was exposed tohigh temperature during welding which
radiographic examination and internal visual inspection. helped sterilize any remnant bacteria.

10% (208) of the accessible welds weadiographed. Of  Detailed technical specifications were written éach of
these, 61%showedflaws thatcould be associatedith the weld repairmethods. These specificatiorsd the
MIC (deeppitting or tunneling). Most of thevelds also results from metallurgical evaluations of the tespairs
showed flaws suggesting poor welding practice were reviewed positively by welding engineers and
(incomplete fusion/penetration, etc.) metallurgists. Inaddition, stringentproceduredor welder

Internal visual inspection of the piping wasqualification and quality control were implemented to
accomplished using custom designed and fabricated ensure consistent quality throughout the weld repairs.
remotelyoperated video camera devicghe mostuseful On March 2,1998, welders andpipe fittersarrived on
design utilized a radio controlled gimbal mount to aim thgte. The workers attendedmeetings tolearn the weld
camera in both yaw and pitch. Using this devimgerators repair techniquesnd review specifications. Field testing
were able to videotape all accessible welds in the systenof welderswas begun immediatelyand the first weld
repairs were made on March 3, 1998.

As weld repairs progresseidspection of the work was
performed andresults recorded in aweld database.
Techniciangrained byFermilab’sWeld Shop, performed
visual examinations ofach weld and weldepair within
one day after they were made. Inaddition, suspectvelds
werevisually examinedinternally using the remotédeo
devices. As sectors opiping were completed, 5%
radiography and 100% pneumatic bubble testsere
performed to ensure quality.

3.2 Pipe Cleaning

\ Although theaddition of biocidesand draining/drying of
the pipes presumabligaltedthe MIC processgcomplete

) . . . ] mitigation required the removal of the entire MIC habitat.
Figure 1: Typical corrosion site on Ml LCW pipe Weld'Deposits in the pipe, in the form of nodulesd tubercles,
The internal visual inspectiomevealedthat almost Weretenaciouslyadhered tathe pipe wallsand could not

every weld inthe piping exhibited signs of advanced be removed by watesirculation alone. These deposits,
corrosion. Mostwelds had orange colored streaks flaringbesides harboring bacteria, could have been sitefsittoe
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infestations. Thus, removal of as much M#eposit as encouraged localizecbrrosionand played a largeaole in
possible wasconsideredhecessary to leave a passivatethe susceptibility of the welds to MIC attack.
stainless steel surface that would resist future corrosion. Both direct causes stem from one root cause, the lack of

Initially consultantssuggestedusing a 20% nitric and awareness of MIC dangerBhe original pipingdesigners,
4% hydroflouricacid combination to remove the depositsabricators,and operatorswere unaware othe problems
and heat tint completelyTreatment using such laarsh that MIC can cause inpiping systems. Specifying
etchant in large volumes created safety and heattherns corrosion resistant materiaénd final water qualitywill
along with schedule and cost concerns. Therefore, not ensure corrosion prevention or abatement. Start-up,
mechanical cleaning methodsere developedusing lay-up, and maintenance operationsnust also be
custom devices that were inexpensive and effective. addressed.

These devices all utilizespinning sets o&brasivepads Preventative measures which help a piping system
(silicon carbide) driven by air motors. Onedevice resist MIC can be employed. These include chemical
consisted of aspinning abrasive diskand anair motor treatment, heat treatment, ultra-violet radiation, de-
mounted on spring-loaded wheels. This device was ionization and filtering, and maintaining fluid velocity [4].
designed to be pulled through the pipesibuff the entire  In the case ofthe MI LCW System, we initiallyheat
pipe innersurfaceincluding welds. A more sophisticatedtreated oumpiping system to 138legrees F in aattempt
devicedesign utilized a digitaltideo camera taallow the to sterilize the system. Thenew wateradded to the
operator to locate the cleaning pads on the dirty welds. system wassterilized using commercially available UV

Thesedeviceseliminated all discoloration, botlfrom disinfectionunits. De-ionization and filtering was begun
heattint andMIC deposits, on the pipe innesurface. In immediately after filling to maintain ultra-pure water.
order to ensure that our techniques were adequate to prd&oteduralconstraints were implemented limiting low
against future corrosion, a microbiologisand a flow conditions to a maximum of 5 daysinally,
metallurgist reviewed the mechanical cleaning method ambnitoring of the system isachieved using custom
approved of its use. designedMIC coupons which act as aearly warning

After completing repairs, the piping was filled sector bgystem of future MIC attack.
sector with filtered and UV treatedwater and then Our experiences havehown that corrosionespecially
hydrostatic pressure tested (225-psi). Presgesting MIC, should beaddresseckarly in the design process.
found severaleaks (17 out of about 400@eld repairs). Besidesobvious issues such as material selection and
These leaks were repaired and re-tested successfully.  waterquality, the water systemdesignershould consider
compatibility with heat treatmerandbiocides during the
design process. Welding technical specifications should
describe acceptable welding practice in depdils fully
explain mandatoryinspectionrequirementsStart-up and
lay-up guidelinesand/or procedureshould be written and
enforced with corrosion problems in mind.
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Figure 2: Mechanically cleaned SS pipe weld.
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