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MICROBIOLOGICALLY INFLUENCED CORROSION
IN SPRINKLER SYSTEMS
INTRODUCTION

Microbiologically influenced corrosion (MIC) is a “high profile” industry concern affecting sprinkler
systems both in the U.S. and globally. There are two basic concerns with MIC affecting sprinkler
systems:

1. MIC can result in premature (and unplanned) system leakage costing a significant amount of
non-budgeted time and money to address as well as business interruption when leaks occur.
There have been cases where leaks have developed in under two years of service and, cost
millions of dollars from lost production or water damage.

2. Interior biological pipe growth associated with MIC can create a serious system impairment
hidden from regular visual inspections and testing but rendering a system ineffective in a fire.
Since microbial corrosion occurs on pipe interiors, there is no sign of system degradation
from exterior visual inspections until a first leak occurs (at which point significant damage has
likely already occurred). A system that visually appears “clean” on the exterior and is tested
per NFPA 25 requirements may still have rapidly developing obstructive corrosion occurring
on its interior.

Once problems with fire sprinkler systems are detected, the next steps can be difficult for various
reasons:

1. Conclusively determining MIC as a cause of system damage involves several variances.

2. The costs associated with detection and treatment can be very expensive and time-
consuming.

3. There are numerous treatment options available- some not being time-proven.

4. Many offering professional treatment advice are not qualified and/or are misinformed on
treatment options.

5. Unlike most fire protection systems issues, finding the best treatment approach when MIC is
involved is not simply or easily determined. Even after over 20 years of addressing this issue,
the fire protection community does not have a universally proven “best practice” for analysis
and mitigation. In fact, in many cases there is still conflicting advice with excessive associated
costs when issues arise.

What is MIC? MIC is a form of corrosion like common rusting. Simply put, rust, or the common
compound iron oxide (Fe203) is the result of electrons in the iron material such as pipe combining
with oxygen in the water or moist environment of a dry pipe system through a natural electrochemical
process. Any time iron steel, including typical metallic sprinkler pipe and fire pump water tanks, is
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combined with oxygen and water (or moisture), rusting will occur. This will eventually disintegrate the
steel entirely. However, under normal circumstances, this is a slow process. A thin uniform oxide
layer (i.e. rust) typically forms across the entire metallic surface and self-limits the electrochemical
process. Therefore, pipe, even rusty pipe, may still last and perform properly for over 50 years. With
MIC, as the name implies, the typical corrosion process is influenced (i.e. accelerated) by water
microbiology (i.e. water-borne bacteria). In cases where sprinkler water contains certain “MIC”
bacteria, the typical benign slow “rusting process” is accelerated to cause the serious issues
previously noted. Thus, by definition MIC is:

An electrochemical corrosion process within a fire sprinkler system which is concentrated and
accelerated by the activity of specific bacteria and results in premature system failure manifested
in the form of component destruction (leaks) and/or interior biological growth which can negatively
affect system performance.

When MIC is present, typical uniform corrosion associated with rust is concentrated to specific interior
pipe surface areas where tubercles or biofilm colonies form and result in exterior pinhole leaks. In
addition, the interior colony formations drastically change a pipe surface smoothness or “C factor”
which can affect water flow and fire control.

RESEARCH

Numerous task groups have been assembled in which industry cases studies were completed. AXA
XL Risk Consulting has representation in most of these. The first full industry-specific study was
completed in 1998 by the National Fire Sprinkler Association (NFSA)?!. In this study, a questionnaire
was distributed to all NFSA members through their trade magazine, Sprinkler Technotes. Results
indicated cases may be occurring nationwide. Cases were reported in California, New Mexico,
Nevada, Texas, Michigan, New Jersey, Florida, Indiana, lllinois, Washington, and New York. Certain
regions of Canada including Nova Scotia and Montreal also reported potential MIC related system
leaks. This was a relatively small-scale survey and the cases that were reported were not verified for
accuracy. Cases also were never followed-up for confirmation that the actual cause of these systems
failures was MIC. FM Global later examined approximately 155 cases reportedly involving failed
sprinkler system components between 1994- 2000 and determined “evidence of MIC” in
approximately 40% of these cases. AXA XL Risk Consulting has also had multiple confirmed
customer cases throughout the U.S. and in several countries including Mexico and Germany.

POSITION

While opinions on best treatment approaches still differ throughout the industry, there are several
general precautions that appear to be universally effective when properly completed on both new
system installations and those that are pre-existing and suspected of being infected.

New Sprinkler Systems

For new sprinkler system installations located in areas suspected of having microbial corrosion,
incorporate the following into initial system design and certification:

e Design sprinkler systems such that branch line drops, saddles, sprigs, and arm-overs to feed
and cross mains are connected off top pipe planes to minimize minimize biofilm, sludge, and
sediment from gravitating “down” into sprinkler line drops creating an increased potential for
orifice plugging.

e Design sprinkler systems with proper pipe pitching to avoid air pockets, which can accelerate
MIC as well as create oxygen cell corrosion.

e Avoid using thin and light wall pipe. Use only schedule 30 and 40 pipe. While thicker pipe will
not eliminate the problem, it will theoretically provide more time before MIC leakage occurs.
This is because more wall thickness provides more resistance to penetration.
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Disinfect system water supplies through chemical injection at the base of each riser for
municipal fed systems and/or at fire pump suction sources with an “approved” microbial
chemical injection system and chemical.

Design sprinkler systems with chemical injection systems and install the injection system
concurrently with the sprinkler system to insure readiness at the same time the sprinkler
system is completed. This will help avoid the risk that an initial system charging (or hydrostatic
test) is done with untreated (microbial infected) water.

Design fire alarm systems anticipating the need for extra contact points at each riser for
monitoring injection system liquid levels, on/off positions, and other system specific trouble or
tamper signals.

Upon sprinkler system completion, properly flush all piping per NFPA 13 requirements to
remove slag, shavings, and cutting oil residue with bacterial “clean” water and chlorine or a
similarly effective liquid sterilizing chemical.

After initial flushing, and within one month of initial filling, conduct MIC water testing on each
system. Water samples should be taken from system riser main drains and at a system remote
connection point. Similar testing should also be completed at the all fire pump reservoirs and
tanks if applicable. Positive results will require repeating the sterilization process.

Existing Sprinkler Systems

In existing sprinkler systems where MIC is suspected or detected, complete the following:

Visually inspect the interiors of each system per NFPA 25 requirements. If significant interior
growth is detected, a complete system boroscopic inspection should be completed to fully
determine affected pipe sections.

All affected pipe sections should be replaced with new pipe.

Following pipe replacement, the entire system should be flushed with a chlorine or similar
approved biocide chemical.

An approved chemical injection system should be installed or, a program of regular
inspections should be implemented.

Complete water supply microbial analysis on each system should be conducted semiannually
on each system. Water samples should be taken from system riser main drains and at a
system remote connection point. Similar testing should also be completed at the all fire pump
reservoirs and tanks if applicable. Positive results will require repeating the sterilization
process.

Quarterly visual system inspections of pipe fittings, joints and sprinkler head orifice seats for
possible early signs of leakage should be implemented.

Each time a system is drained for repair, an internal visual pipe inspection should be
completed to detect signs of tubercle growth or unusual (uneven) wall surface corrosion. Pipe
inspection dates should be logged and tracked for future reference.

Test the complete underground water main loop at a minimum of every 3 years.

Water Sample Test Kits

Water sample testing can be completed using one of several relatively inexpensive on-site “self test”
kits currently available. However, such kits require very specific sampling and incubation practices or
false results can easily occur. These should be avoided in favor of slightly more expensive laboratory
sample kits. With these, water samples taken on-site are sent to labs for analysis. There are multiple
laboratories throughout the US. Capable of giving conclusive evidence of MIC activity using visual
inspections coupled with water or pipe analysis. Test kits typically will come with all materials needed,
instructions, and prepaid return envelopes. When such test kits are utilized, several added precautions
should be implemented as follows.
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e Instructions say test kits must be returned within 72 hours but a more immediate return is
better. Since samples come with a prepaid “Second Day” UPS form, on the day of testing take
samples in the morning and send out immediately.

e Since return is critical, conduct tests on a Monday or Tuesday and mail immediately to insure
samples are received before Friday (and not delayed/held at a shipping depot over a

weekend).

e Asincubation is critical, keep samples at room temperature (i.e. not freezing or overly hot)

before shipment.

e When taking water samples, do not let water that touches hands splash into sample bottles
(i.e. keep samples as pure as possible as this could give a false-positive on the results).

o Before filling sample bottles, let was flow from source a minimum 30 seconds (instructions will
typically say only 5 seconds is required).

Also, when lab results are returned, these must be carefully reviewed. This is especially true the
laboratory utilized also sells treatment systems or chemicals. These results are only a partial indicator
potential further action is needed. Tests can only be used to help rule out or in corrosion issues as a
potential cause of system issues. Many systems have high colony counts in several “bacteria
categories” with no actual pipe damage or obstructions and, visa versa has been seen. Water quality
and sources, quality of installation, pipe temperature and environment, and, type of pipe are all
considerations. Visual pipe inspections are also a critical part of this analysis. A basic table from the
sample lab test result is seen in Table 1 and 2. Incubation bacterial counts and table color-coding
related to Table 1 is seen in Table 2, which was extracted from an actual lab report.

TABLE 1
Compilation of Testing Results Completed Returned from Lab

Date Rec'd Type of APB SRB IRB Slime HAB
Test Site at Lab Sample Results Results Results Results Results
Pump House 1, Riser — Control 3/29/12 Water Trace Trace Trace Trace
Main drain — System 4 3/29/12 Water 150 Trace Trace Trace
Riser — System 2 3/29/12 Water Trace Trace 500 7000
Riser — System 3 3/29/12 Water Trace Trace Trace Trace Trace
City hydrant 4/19/12 Water Trace Trace Trace Trace Trace
Water gauge suction side pump 4/4/12 Water Trace Trace 500 Trace Trace
Riser 33, inspectors test connection 4/4/12 Water Trace Trace _ Trace 7000
Rider main drain 4/4/12 Water Trace Trace 25 500 50000
Riser 6, inspectors test connection 4/4/12 Water _ Trace 500 12500 50000
Riser 12, inspectors test connection 4/4/12 Water Trace Trace _ Trace Trace
BFA off 10” city main 4/9/12 Water Trace Trace Trace Trace Trace
Riser 4 — Aux. drain 4/9/12 Water Trace Trace _ Trace 50000
Riser 18 — Column K20 4117112 Pipe IES Troce Trace 12500 7000
City drain 4/9/12 Water Trace Trace 500 50000
Riser 6 4/9/12 Water Trace Trace

TABLE 2
Bacteria Type and Range

Type of Bacteria Low Range Medium Range _
Acid Producing Bacteria (APB) <150 150 — 1500 >1500
Sulfate Reducing Bacteria (SRB) <200 200 - 1200 >1200
Iron Related Bacteria (IRB) <25 25 -500 >500
Slime Forming Bacteria (SLYM) <500 500 — 12500 >12500
Heterotrophic Bacteria (HAB) <7000 7000 — 50000 >50000
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As Table 2 shows, relating bacteria levels to potential pipe damage is part science, part experience,
and, in many cases, still part engineering judgment based on experience. For example:

1. The higher the numbers in Table A, the higher the potential for damage- in most cases.

2. HAB bacteria are not typically critical in MIC evaluation. This is a general water bacteria level
count only and could relate to poor chlorination but likely does not relate to pipe damage
potential.

3. SLYM bacteria create biofilm (sludge) but this is not in itself a big issue in sprinkler systems as
it can typically be washed away with regular system flushing. An exception is if water solids
are high creating severe tuberculation which could create inorganic obstructive growth (or
tubercles). SLYM bacteria also assist in the growth of the other bacteria types that do cause
pipe destructions and obstructions of concern- through an anaerobic and aerobic interaction
that typically has to occur.

4. The main concern is typically the IRB, SRB, and APB bacterial counts. But, as shown, these
may fluctuate greatly between systems and, even system test points in a single system.

5. “Trace” indicates no significant growth occurred during incubation. This can results in a
guestion about sample contamination.

As mentioned, test kits are only a part of determining if MIC exists and potential action plans. Visual
confirmation alone of microbial corrosion also is not truly possible. However, several common
indications are typically seen in the majority of all cases. These are as follows:

e Pipe leaks occur as conical-shaped “pinholes” with a larger interior hole diameter. These can
appear anywhere in the pipe but are usually seen at pipe threads or interior weld seams. They
also appear to be more frequently seen at approximately the “11 o’clock” and “1 o’clock” points
on a pipe- the area where trapped air and water may mix the most.

e The interior pipe area where the pinhole leaks are occurring are typically covered with tubercle
growths and/or a orange or brown colored biofilm “sludge.” [See Photo on Page 2]

¢ Inlocations such as malls and high-rise buildings, more frequent MIC-related leaks occur in
the systems that are drained and refilled the most frequently.

Assessment and Treatment

The first step to addressing premature pipe failure is proper analysis of several critical variables.
Many factors specific to each case must be determined. This starts with confirmation of the type(s) of
bacteria involved. While detection and quantifying of bacteria is not difficult with current technology,
analysis of these results is somewhat more complex. It must always be remembered that not all
cases of premature system leaks or interior pipe build-up are the result of bacterial activity. Water
quality, workmanship, and poor materials can also be a cause. In many cases both microbial activity
and water quality play a part in the problem and thus, both must equally be addressed in treatment.
Sprinkler systems also have flow characteristics that are much different than more common industrial
process systems where MIC is typically treated, such as in cooling towers. The consultant chosen to
develop a treatment program must fully understand microbiology and the way in which sprinkler
systems are designed and maintained.

Today's treatment options are still varied and open to a wide range of interpretation. The chemicals
and injection systems chosen are primarily dependent on the consultant chosen. While several
systems currently installed appear to be effective, there does not appear to be a proven single “best
practice” or system arrangement. It is critical to note that with MIC the problem will not be resolved
with a single treatment or simply pipe replacement. A continuous chemical treatment and/or testing
program must become part of a sites routine preventive maintenance program.

Control systems currently available attempt to kill the related bacteria at the source through biocidal
chemical injection at the sprinkler riser or fire pump suction tank. This is completed to sterilize the
water before it flows deep into system piping where these chemicals may not continuously flow or
may degrade to ineffective levels.
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Treatment usually involves chemicals which are biocides, corrosion inhibitors and/or pH
stabilizers/adjusters. The chosen chemicals should be noncombustible and, as nontoxic as possible.
Testing of these chemicals should also be completed to insure they will not deteriorate pipe coupling
rubbers, sprinkler head orifice caps, or their associated orifice o-rings. Since most sprinkler systems
are installed directly over building occupant work spaces, the effects of interaction between these
chemicals and personnel must also be considered. The effects of water ground-discharge with
chemical additives from fire hydrant, main drain, and alarm testing is also a consideration. Finally, in
some municipalities, the addition of biocidal chemicals into sprinkler systems raises EPA regulatory
concerns. Ultimately, this may require additional system backflow prevention on water supply
sources. This requirement could then critically affect a sites water supply due to the added friction
loss check valves and valves can create. Conduct an additional fire sprinkler system hydraulic
analysis as part of the initial decision process on which treatment option to use whenever backflow
prevention is required.

All testing results and treatment proposals should be submitted to the servicing AXA XL Risk
Consulting office for review and comment.

For more information, refer to the article Microbiologically Influenced Corrosion In Fire Sprinkler
Systems? reprinted with permission from SFPE in Appendix A.
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By Bruce H. Clarke
IMTROOUCTION

umernus repars in the past

decade have described the

rapid development af pinhole-
sized ek and highly abstroctive
interior growih developments in sprin
kler system piping, Atings. and supply
tanks. Some coourmences have been
reported after less than one yesr of
system service ! [nomany of these cases,
the cause has been found 1o be micro-
bialogically influenced comrosian (MIC].

MIC in fire sprinkler systems has

groen from an obscure wopic of
regional discussions in the sady 18590k
D one now genemting widespread
carcern, speculation. and debsbe
throughout s=veral countries.
Unforunately the building cwner, fire
praiection enginesr, and contracior
faced with addressing this prablem sill
tenve relatively few universlly accept-
ed practices within our industry o el
erence [n fact, many calls for help are
still answered with theoretical treat-
ment salutions and, in some cases,
inarcuracies. And while most fre pro-
tection professiaonals have mow heard
of this problem, proper diagnosis and
remtment are still mot fully undersiood.

WIC DEFIMED

Coresion oocurs in many formes and
cn be defined from many scientific
viewpoints. Micmbiclagjcalhy influ-
enced conosion i one type. For the
fire protection discipline, it can specifi-
clly be defired =

An slectrocfemical conrosion rocess
et & concaibemted and accaleted
i the activity of specific hacteds with-
i afire sinkler pstem, witol msols
i e premmatre Gk of metalls
SYRET] OISR,

This definitican Fully capiures both
e and effert. But a mare detailed
review is required 1o Fully chify the
true rEtures of MIC and the comples-
tie= in addressing this problem.

Hesrochemical Corrosion Process
Metallic materals ran degrade and
fail from various causes including cor-

msian. [n gerenl, cormosion cn be
defined as the “wearing away of mate-
ral.” As in other forms of comrosion,
with MIC the “wesring awany™ or
removal af materal oocurs through a
series of aferrocfemical intemactions.
Thus both an “electrical” and a “chemi-
ml” companent are required for MIC.
The electrical compomnent accurs
through electron transfer? This is basi-

cally the removal af pipe wall material
one electron at a time. Blectrons are
stripped away froam pipe material
aioires through varous forms of oxidar
tion which are dependent on the bac-
teria imvolved. The chemiml compor
rent is the result of the bacteral mea-
balic process that oocurs. This creates
various organic ard mirerl adds
which chemically decompose memllic
surfaces from direct contact.” The sec-
ticn cn THE MIC PROCESS will

describe this in more detail.

Comeentrated and Aceeleransd

The MIC proces= is bath concemstrmt:
o and decsleraed in comparison o
typical comosion seen in sprinkler sys-
tems. All metallic systerres normally
begin o comode fram the instant
muoisture meets metal. This is called
gereral or uniform comosion.

With general cormsion, a thin layer
af coddation occurs relatively evenly
throughout the entire pipe wall sur-
Face This type of cormosion is typically
it tremied nor a sgnificant concern in
fire sprinkler systerts. This is becuse
it doe= not significantly changs a pipe's
intericr surface roughness fie, “C-Fac-
tor], and the mie of decay is natually
self-limiting. A bypical coresian mate in
sprinkler pipe is highly dependent an

Fre Protection Engineering
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water quality but is usuElhy regligible
at urder 1.0 milfyear. With MIC, this
melatively slow cormosion rate is abnor-
mally accelemted up o 10 milsfyear.
Put in perspective, schedule 40 pipe
e a wall thickness of approximately
20 mik

When microbiologically influsnced
cornEin oceurs, general comosion
alsa becames concentrated, ar local-
fzed, into high-activity pockets or osdls.
This causes pitting, which can drast -
lly change a previously smooth inbe
rior pipe wall surface and is asociat-
ed “C-Factar.”

Activity of Bpecific Bacteria

As defined. MIC is from the activin
of gpeclffe bacteria. Yarious bacieria
are present in all eccsysterrs, Spinkler
systerrs also narmally have many
kinds, but anly a relatively small mum-
ber hanve the pobential o cause @apid
systern destruction. Only o few soecific
bacteria COMCBAIIENE and D0CERERe the
geneml comrosion process. Thus a high
“geneml” baciera count is meaning-
kess. [t is impartant b undersand that
the barcteria associated with MIC da
not preduce a new carrosion process
but, as stated. smply concentmte ard

Obstructi

wth from MIC,

accelemie generml carrosion which is
already occuring,” Microhiclogy influ-
ences, nat induces, corrosion.

Hever are these “specific” bacteria
defined? MIC-related bacteria are p-
marily classified by canygen folemnce:
being, Aerofic oo aaseroffc. derolic
bacteria require conpgen b Aourish and
reprecduce. Anasrofc bacieria ane
those= that do not require cxygen @
Mourish and reproduce. And, while
most species only Aoursh with ares
atrmemsphere and fird the other oeic,
faculative bacteria can survive in both
aerobic and anaesrobic envimonments.
All three bypes play a rake in the rela
tively complex and mndam imterac-
liors that can ooour in microbiological-
by influenced commsion!

In defining bacteria further, classif-
tion is not absolute and can becomes
relatively canfusirg, The most com-
monly used method of categorizing
bacteria associated with MIC further i
oy m=tmbolizm. Thess labek are basi-
clly definitions of what each bacteria

type eats (or metmbalizes] and excretes
s a byproduct. As these teors imply.
where plants use photonmthesis {j.e.,
light] i develop energy, backera use
chemeosynthesis (i.e., eating/hreathing
v chemicals or minemb .

Hovecer, tme of these metabolic
tags are nat universlly replicated and
an be somewhat confusing. A single
bectera type may fall under more than
one metabolic definition. Same af the
cammanhy meferenced categones
include Sutfur Reducing Bacteria,
Metal- Redurcing Bacteria, Acid-
Prechucing Bacteria, Iron Depositing
Bacieria, Low-Nuirient Bactera, Iron-
Redated Bacteria, Ircre Reducing
Bacieria, [ron-Oxidizing Bacteria,
Sulfate-Oxidizing Bacteria, Slime
Forming Bacteria, Sulfate-Recducing
Bacteria, and lmn Bactera !

Firally, all bacteria can be classified
by thesit =ciemiific rmme under phylum,
class. order, family, genus, or species®
For example. one type of sulfae
reducing bacteria is anasrohic and
metabolizes sulphate b sulphide. The
sulfaie-reducing, bact=da group
includes the gener desulfovibria,
desulfabacter, and desulformaculum.?
All are of the phydum Thiopreuies,
which interestingly translates from
Gresle b “sulfur-breathers.”

Within a Fire Sprinkler System

The specific souree of MIC is con-
sciously ocmitied from the: captioned
definition. Bacteria is only indicated o
e weitfdia the fire sprfnkler stem,
Typically. a sprinkler systern's water
supply is incomectly comsid-
ered @ be the anly
| source for bacteria,

Although there currently
o are no conclusive relation
al siudies in the fire pro-
tection irdustry, thers are
groving, bediefs this &= not the
only source af bacteral infec-
ticn. Begides all swater sounces,
bacteria capable of causing MIC ane
patentially present in all =cil, air, and
cuiting oil= Thus the marmfzciune,
shipping, stomage, and Aushing of sys-
tem materiaks should be addressed in
all MIC imestigations.

Werer 2001

Fire Protection Enginesering 15
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e !
Above Top: Interior pitting and
roughness created by MIC.
Bottom: Exterior pinhole.

168

MIC does not anly ooour in water-
filledd systems. Dy pipe systems are
alsa susceptible.! In fct, evidenoe
shovws that dry systems may be mone
susceptible i damage than fully wet
systems due o the homidified atmes-
phere that is crested after a fingt trip
test. This ccild ereate the right atmoos
pheric mokture content for some bac-
ierial types o thrive.

Premamre Failure

The ulimate efect aof MIC is the
peema e Faifore of metllic’ compa-
nens, This failure mn @ke two-foms.
Fimt is the failore of a system o hold
water fi.e., leakage recquiring compo-
rent replacement) . This & most often
seen in the development of the pire
hole-sized leaks often referenced as a
primary MIC infection indicator. This i
alsa typically the only concem in
many treatment imvestigakions.

Serond, and more concerning, is the
failure of a systern 1o achieve ils
desigred purpose: that of fire comtrol.
Bevernl smysterres with MIC have been
found wdth sprinkler drops completely
plugged with the debris genemted as a
byproduct af the MIC process [mlled
hicafilm or hioshdge]. Sprinkler system
feed mains have also been found with
up o B chstruction from biclogical
gromth ® This could present an obvious
Iydraulic concem as many sprinkler
systems oday will not provide fire on-
trol with just a 15%- 200 Aow reducticn
due o design.

What is considers=d _premetre? With
regard b system function, at any

tirme a system is "in service” and
fails to operate @
designesd, it has

Above: Interior biofilm buildup
with clearly seen comosion cell
tubercle shall.

Left: Interior bicfilm growth and exterior pinhaole
leak - at approximate two o'clock point on pipe wall.

experienced Tpremsture filore.” [Fa
systerm is operational and: properh
migitmined, it is AW expecied o
wcirk ag interided! This is the fouanda-
ticm for the poblic's st we boild
upan in selling the value of sprinklers.
Unfortunately, like the recent Omega
sprinkler which wes recalled “after it
did not perform @ expected in SE0y
instance, the offerts of MIC could con-
oeivably be the next large public nela-
tiors. problem our ind sty will have
10 acld ress.

What constitites premature with
Tegard o the integrity of specific sys-
IE=m companents must alsa be dis-
cumsed. Long-term waranties are not
typical with system components, but
with proper maintenance, a sprinkler
systern is typically expected 0 last for
a mirmimum of X050 years befone
A e s are reuined.

Memllic System Components

Thes word COTERENS and not sim-
ply “pipe’ is used @ the captioned
paint-offitire. While pipe is the typi-
cally seen fihre paint, there ane
increasing repoarts that sprinkler arifice
s, cortrol vahees, fttings, and sip-
ply tanks are also being damagesd.
Only metalic components ane succept-
ahle o MIC, while plstic matetials
are rat direcily susceptible.
Plastic componenis are, howe-
ever, subject o bacterial
R clebris blockage fom

™ upstream bacteral activi-
ty in metallic compo-
nents. The erm metal-

stesl. With the sacep-
tion of a posibly veny
select few stee] alloys,
virtually 2 metllic
maierals currently in use
texdany are susceptible o
hinlagical comosion.

THE MIC FROCESS

The cornmion process can be very
camplex with many variable intermac-
tiors at a celular level betaeen aero-
bic, anasmbic, and facul@tive ackeia,
However, severl steps in the process
are somewhat universal; ** 34
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1. Bacteria enter the systern, attach o
melallic components, and begin o
Tapidhy colonize amd repodhuce.

2. Aerobic calonies metabolize nut-
ents from the water and/or the

metal surfaces they are attached o,
ard submequently excrete a palymer
film byproduct that bands iogether
‘o form crustace ous nodules. called
wbencles.

1. Tubercles and asodated bicfilms
cresle micreenvironments onthe
metallic material suface [under the
tubencles) .

4. The urderdeposit area fie, under
the tuberncles] hecomes coygen-
depeted {i.e, anaenabic and ancod-
i) in relaton o the surmunding
systern water or air fwhich remains
aerobic and cathodic).

b, Underdeposit ansembic bacteria
metabolize pipe wall matedals and
sxcrete an acidic byproduct.
Relative acidity and alkalinity levels
within the tubercl: shells are
reduced o an approximate 24 qH,
which chemimlly atmacks the metal-
lic component surface,

The described comosion process cn
continue irdefinitely umtil the aerohic
arel anaerobic bacteria in the system
are killed. The wbemcles created from
calonizmtion must also be broken
doawn o destroy the undendeposit
micreenvironment. This is because
even without bacteri in the under-
deposit of a cormosion cell, the process
can still comirme indefinit=ly as the
oarnsion chain in it final phaeres is
o longer melimnt an thedr activity.

CURRENT TREATKMENT
REFERENCES

Currenily, the fire protection industry
b o very limited amount of usable
references supparted by scientific dam.
Howeser, several allied groups can
prvide escellent infonmation an daa
from other industries.

The Natiamal Association of Comosion
Engineers [NACE) hes mamy published
studies ard overviews about MIC detec-
tion and restment. The Amerdcan
Society for Testing and Materials [ASTH)
offers several publications an proper
bacierial testing practices.

The American Water Works
Association offers standards descri bing
the proper mamgement af the some-
what hazardous chemicals bypically
used in imjection devices attached o
sprinkler systems for microbial oonteal:
Depending an how a facliy's water is
supplied, this may be a very imporsnt
referernce 1o maintain compliance with
the mationally mandated Safe Water
Drinking Act. The BIX s=ries of mibli-
cations specdfically address disffection
chermicals (=uch as hypechlodtes com-
monly used in treatment), and the
BHN series of documents specifically
addreszes smle and cormsion control
chemicals (much as the phosphates
cammanhy used in trestment] .

The Mational Fire Protection
Association (NFPA] fire codes also
ackdress MIC. But these references are
still very limibed. The most impacting
1o cur industry thus far wes a s=ction
added o the 1800 edition of AR 13
Stendard o the fnstafEntion of
Sorinkler Sysiems. Section 8-1.5 cover
ing water supphy trestrment stabes:

dn ares with waler supplies known
o feave contrfnsted b micrabfolagical-
Ky infleenced comrosion (MIC) of spein-
Kler system padng, wanber sopynfes sfal
te tested and appopriately ireatad
peior to fifling or tesifng of metalic pip-
g sysiems.

While this has generated a flood of
reeded curiosity, it does littk o
ackdress the resulting questions about
proper reatment. Fimt, thers is no
explaration as o what is considerned
an area Kroum o feave comtrteted o
miferalrologicalfv fnffeenced como-
son.” Data indicates cat this far an
canfirmed cases have been widely
inconsistent. vanying within city blocks
ard even within building complexes
fedd off commean loops. If one case is
found in a given municipal area. is the
entire commumnity served by the same
water supply now cormidersd a o
Jogical aotiity area®

1t abo requires that building cwners
ke Fully Famniliar with the sources of
their fire protection waier, This can be
very difficult as mamy municpalities
switch between and blend multiple
sources =such as canaks, varous wells,
rivers, lakes, and resermirs. 1t ako

does not address: the fct. theat oormami-
Tation can come fom sources other
than the water supphy. as already dis-
clmsed.

Firmlly, this secticn indicates that
sprinkler systens Tl e tested g
appropately treated prior to §lling. ©
The “who,” “how,” and “when™ ans
still in debate by theme addresing this
imue. Wi is truly qualified o make
the determination of #ea a failare is
the result of MIC and if a biocidal
remtment, progam - will prevent all
fubtire failures? And frow is a sysem
best tested [iie., meost accurately and
oot -effertively) o confirm MIC?
Almost arything requiring laborabory
work can be overtested... at a price.
These are questions whers answers
are still evalving.

Frotection Systems, 1898 Sdition,
Section 10 and Appendix 10 discuss
MIC treatroent and detection in some
detmil. AFF 25 also provides ather
inspection regquirements that can be
usefil. Thess include:

Section T-3.4.1 smiing ~..5sem pip-
Fng and fitings sfal be inspecied
eearterdy for exiernal condifors feg.,
muEsing or damaged gl or comiings,
st o corrosion, "

Bection T-3.6 stmating 7. e diamend
afility of the water sepply shall be
ermred by regedar irspection and
meaimtenance, wiela Sunisfed by a
merfipal soenme, on-sie siorage
tanks, a3 fre peemp, o private wnda-
grocernd pining systems. ™

TREATKEMNT

The aralysis required o propedy
select a course of action 1o address
MIC i= typically cautside of the scope
af work that most sprinkler contractors
and enginesrs ares competent o dinect-
by premvicle Thus, until ireatment meth
cds berome universally proven and
standardized, the most critical siep in
praper mitigation. begins with the
selection af a qualified comosion oo
ol carsuliant.

With the wrong choice a building
owner coukd sperd a large armount of

Wi 2001
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money on & problem that will likehe
recur. And a pooc freafrment choice
could actually accelerate the cormsion
rabe ard affected anea beyond that
experienced before reatment.

The company chosen o detemmine
treatment must fave a detmiled knowl-

edge mot ooly of micrmobial cormosicn
cantrl but alsa of meallurgy and
sprinkler system dyramics. Fire spein-
Kler systerrs: have flow chamacteristics
arel concems that are much diferent
from mest common industrial process
systers where MIC & typically
ackdres sed.

Memt other inchmiries deal with MIC
in systems conmining fluids that ane
either always siatic or alwanys Aowing,
And unlike sprinkler systems, dyramic
systerms have fAow mates that are reh-
tivedy corsEnt making prescribed
chemical doss mies coms@nt. A con-
stant flow mbe does nat cocor ingErn-
kler systerrs. Mariahle differences ane
seen with system dains ard nefills,
nspertors iesting, and main drain
temtx The dose mite for each of thess
flerws rst be considered o ersure
the chemical imection rate is always
effective. Most other inchmirial systems
alsa have multiple points wherne bioci-
dal chemicals can be injectsd.
Sprinkler systern water can realistically
only be treated at sysiem dsers, back
florw apparates, or sucton Enkes

Firally, as previously stied. it is
critical to urderstand that prematune
systern failure can be a function of
borth bacterial infection and a water
quality that is incompatible with com-
panents. [n fact, in the majarity of pre-
matune system f@ilure cores waber
chexnisiry is likely o alsa be a major
factor, A high bacterial count does not
always indicate MIC will cerur, and
carversely, a low bacteral count does
not discount that MIC has oocured in
the past in a given system and will not
oocur in the near future.

Analysis

In systerrs suspected af already
being infected, the fimst siep is o have
all posible water supply sources
(tank. ity mairs ponds, dvers, ehc.)
ared the inerior of each system tested
for bacterial levels and activity. While

this detection is not difficult with cur-
ment technology, amalysis of these
results is somewhat compless And, =
previously stated, in determining: tresat-
ment, bacteral detection is worthless
without Bctoring in water gualiby.

The Bboratmory 1med for analysis
should be capable of giving concheie
detmils of water supply mineral and
chemical levels, pipe wall deposit
oompesitions, and type-specific bacter-
ial counts, Multiple tests e used in
these analyses from simple hacterial
incubation with visual inspection 1o
sulfur print ar ONA testing, Obwvicusly,
ot all tests are required noc anee nec-
esmarily neaded. Current preferred
arelyzsis methods min the spectrum,
depending on the carmultant chosen.
Costs for such testing can also vary
widehy.

In new systems, if MIC-canming bac-
teria CodT be present, all sounces
should be tested. Ttis critical that sus-
ceptibility be determined fefive amy
systerrs ane filled ar besied in amy way.
This is because if water tests are posi-
tivex, & chemical injection sysiem must
be imsmlled and used immediately after
campletion - inchxding in yd rostatic
testing and predimirary fills.

Cince a system is filled with inferted
waler, treatment can become exponen-
tially more complex as any future
treatment from a chemical injection
systern must now be efective in
remote and stagnate system legs In
bacteria-positive areas, several addi-
ticoral water quality ests should be
campleted throughaut the first year af
sErvioe b ermsure con@miration has
mot oocurmed from any other sounces.

Mirigation in Affected Systems

When MIC iz confirmed in opera-
tioral systems, the building owner &
first faced with a fundamental ques-
tion. Can the system be slvaged (ie.
cleared) ar does it lenve o be
replaced? Courrently, this decision s not
supparied by documenisd best prac-
tices in our industry.

Wha is gualified o determine i a
systern can be deared or mst be
replaced? Pipe cleaning is typically an
opticn when carosion [j.e., piting) i
not mceskve, However, SYoesshve is a

melative term. To: ansever this question;
the resulting after-desining qualityof
the pipe st b comsidered -~ bath
T fubures langevity and sysiem
Iydrautics. The resulting fictiomal los
from: numeraus pits after cleanitg
oould affect system’ performance. This,
of coume, is typically oulside of the
scope-af-work of most cormosion con-
tral corsulants. Wha is acwally guali-
fied is currently inberpreted in mamye
ways. When repacement mabedals are
chomen that are different than those of
the ariginal systemn, this also must be
accounter] for in hydraolics analysis aof
the post-treated syshern.

Chemieal Injection

Cimces system components have been
clesmed or replaced and sterilized, a
chermical injection system must be
installed to presvent recurmence. Shoce
installed, this sy=stem will be required
to be opemtional continuously. As
with any other mechanical systern, this
will require comtimuous systeem preven:
tive mainterance.

When such a system is chosen, the
appicable AH[ should be consulbed.
In addition o fricticnal loss concerns
mentioned from changes in pipe sur-
T roughness, ncresmed back flow
prevention handware may be required.
This could mean a 10 psi [0.7 bar) ar
more pressune drop o sprinkler sys-
trms in addition o that created by pit-
ting if clesming is chosen. In new sys-
iem design. added alarm systern con-
tacts must ales be planned o momnitor
injection systeyn chemical levels, oper-
atiarel s@Etus, and trouble sigrals.
Many pre-enginesred sysiems availahle
ioday have readily available contct
paints for these signals. As with detec-
tion, the perceived “best choice”
depends on the person choosing and
i= highly variable.

Several commercially available
chemnical injection systems have been
specifically designed far instllation on
fire proiecticn sysiems. Some simply
use existing hardware ard chemicals
modified fram MIC treatment in other
utilities, such == coaling towers. MNone
of the systerms curmently available are
beliemveed] 1o be UL-listed ar FM-

approwved specfically for use 2= a
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sprinkler system romponents. And
while most appear o be effective
when propedy imstalled and main-
taired, reliability and effectiveress
leve not besn tme-proven when com-
pared with most industrial sysbem
benchrmrdes, Past references should

alwanys be imvestigated. with any
chaoice.

Mot injection systems currenily
availahle are designed o work with
specific chemicak, These sslected
chernicals and dose rates are critical.
Same bacteri can develop chemical
Tesistance over tine if doses are not
stromg enough and. bacteria are not
quickly killed, A srmall number of MIC-
melatex] bacteria [such as the genera
Bacilhe and Clostridiom) alse have the
ahility 1o comvert D-a spome state when
they encounier achvers: conditions
which are nat lethal* ! Spores ane
impervious o chemical penetation
arcd thus can then survive biocidal
treatments indefimitely. And while sub-
sequent trestroents ey then slow o
stop their activity, they will remppear
when!if treatments are stopped and
resume cokmization. With a weak
chemical attack. bacteria may also be-
come resiant o the chemicals chosen,

As with most ather parts of the
ireatment system, the choice of chemi-
@l depends on the consulant. Thess
genemlly inclode penetrants and
bindispersants o break up the tuber-
cles which protect undemdeposit
oalonies, a biodde o kill the bacieria
in the colanies. and a comosion
inhibitor o protect of the interior sys-
tem surface.

Unlike meat ather industrial systems
rembed for microbiokgically influenced
carmmin, severl chemical inberactions
must be considered. First, sprinkler
systers are typically located directhy
over people. Chemicals used must
then=fare ke nonioxic in contemplation
of accidental discharge. Serond. sys-
iem designs bypically place water dis-
charge [such == from inspectoc's best
paris) inio foliage or biclogically sermsi-
tive drmins. Most municipal weste
waler treatment planis (o which ypi-
cal dmins ultirmb=ly Aow) reguine boc-
terial activity to derompase waste. Too

large a quantity of biocides in munici-
pal dramins could be a problem.

In canclusion. a complete oudeiby
meview with the highest posible bioci-
dal chemical conceniration must be
completed, As much as possible, these
chemicals should be nonoombosible
colodess, odoarless, ared Aonboadc.
Thes= must ako be nondetedomating o
rubbers and palymemns such as those
usexd an pipe couplings amd sprinkler
orrings. Chemical storage should also
be reviewed, @ several cumently wmed
can degrade mpidhy with heat amd may
create ratively ioxic vaparns.

Same of the mome common chemi-
cals currently in use specifically for
microbil control in sprinkler systens
include guaterrary ammanium com-
poureds, organo-sulfur compounds,
bromines. carbamates, isothiazmlone.
phesphates, and chlornes. Sodiom sili-
cate is effectively 1tmed in bulk quanti-
tie= by several mumic palities as an
inhibitce but this =hould be avoided
for individual systems due o the
patential sprinkler hesd plugging over-
deming can cause.

FUTURE ACTIVITY

The: Mational Fire Sprinkler
Asmsoriation formed an "MIC Tk
Group” in 18906 1o address thess -
ciater] Emues. Their wors continues.
ared they cumrently have the only
knenwwn [ntermet-arcessible Veb site for
reporting suspected MIC comes. The
Natinnal Association af Comresion
Erginesms (NACE] recently formed a
task group specifically o investigate
MIC fire sprinkler systems - a problem
they have been addresing for years in
other industries. And NFPA receniy
formed an "MIC Task Group” as an
extermiaon of the SFF 13 New
Technology Task Group. This group is
working i develop a report contmin-
ing specific recommendations far the
prevention and treatment of MIC. 1tis
planned far inclusion in the next edi-
ticon ef AR 1S

Studies by mamy universities, gov-
emment, ard privabe indusiry groups
will also continue b ressach micrmo-
bial cantral in other industries as they

ey for the pest several decades: This
should contmie m provide improved
treatment ophions in our indostny.
Same currently being imestigated
indude {7 sty steam sterlization and
g fumigation as pos ble al terrabves
o chemical cleaning and sterilization.
Chher studies are looking at using
enginesred bacteria o contml corm-
siorcausing bachenia through varions
interactives mears And stodies inks the
development of bacterial-resistant
materials such as chemiclly impoeg-
mated steed or plastic- coated pipes alo
hold promis= This may include work
with biostat comtings. These ame films,
paints, and coatings that do not kil
orgamsres but simply inhibit theic
growth or attachrm=nt o metallic oom-
e,

Browe H. (larke is with lndsiris!
Risk Trssierers.
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GLOSSARY

Acid Producing Bacteria (APB’s): These can be both aerobic or anaerobic bacteria producing organic
acids which feed SRB growth in colonies.

Aerobic: Bacteria requiring/using oxygen for respiratory activities and metabolization- activity
significantly decreases as oxygen content is lowered.

Anaerobic: Bacteria that do not require oxygen to metabolize- oxygen is toxic.
Autotrophic: Self-sufficient, not requiring outside food sources.

Bacteria: Single celled microscopic organism.

Biocide: Material which is toxic to bacteria.

Biofilm: slime-like matrix composed of a consortium of microorganisms created by bacteria excretions
and serving as a protective film layering.

Boifouling: System contamination with biofilms caused by biological activity.

Colony Forming Unit (cfu): One of several used bacteria quantifying unit measuring cells per colonies
when grown on agar media. These can be converted to predict populations as either cfu/ml for
liquids, or cfu/m? for surfaces.

Extracellular polymeric substances (EPS): Polymer protective coating of cells which bind water and
chemicals for storage and protection. Material which allows bacteria to “stick” to sprinkler pipe walls.

Facultative anaerobes: Able to function using oxygen when available but primary anaerobic. Also
known as aerotolerant.

In situ: “in side” pipe treatment- allows most systems to remain “in place” during treatment.

Low Nutrient Bacteria (LNB’s):These are primarily aerobic and thrive in areas with low food supplies,
such as potable water reservoirs and stagnant fire pump suction tanks.

Microbe: Microscopic organism.

Sulfur Reducing Bacteria (SRB’s): Typically anaerobic bacteria which “breathe” sulfates as we
breath oxygen’s.” These bacteria “inhale” the oxidized forms of sulfur, sulfate, sulfite, etc., and then
reduce these by adding hydrogen atoms collected from food sources. Thus they produce sulfides by
reducing sulfates and sulfate is their “oxidizing agent.”

Each genera of sulfate reducers act differently. Some with hydrogenase enzymes are capable of
consuming hydrogen. Sulfide is found in iron, copper, nickel, zinc and lead.

Sulfur Oxidizing Bacteria’s (SOB’s): Typically aerobic bacteria which oxidize sulfite and sulfides to
H2S0Oa.

Iron Related Bacteria (IRB’s): These are primarily aerobic and precipitate iron compounds- forming
nodules by accumulating iron.

Iron Oxidizing bacteria (IOB’s): These oxidize iron from a ferrous state to a ferris state or, manganous
to manganic ions.

Tubercles: Raised/protruding incrustations formed on interior pipe walls by microbial activity and
cellular EPS.
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