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1 Effect of pH on corrosion of copper. Water at desired pH was allowed to flow through 80
ft of new 0.75 in. copper tubing at rate of 0.5 gpm for 1 hour then stopped for 16 hours to

simutate overnight conditions.

mally beneficial, as shown in Fig.
1.1* Blending in a harder water that
lays down a protective film is
another successful approach. Sys-
tem design and the establishment of
threshold conditions must also be
considered.

Pitting attack

Almost all well waters can be
handled by copper satisfactorily,
but some aggressive well waters
cause pitting in cold water lines.
When such pitting occurs, it is asso-
ciated with water having a certain
specific composition. For example,
when the bicarbonate-to-sulfate
ratio is less than one, pitting is likely
to develop.'® Surface waters are not
involved in cold-water pitting, un-
less they have been blended withan
aggressive well water.'” Such wat-
ers, according to Powell and Lu-
ceyi®, form a protective mat of cu-
prous oxide on the copper surface.

While well water chemistry is the
major factor in the pitting corrosion
of copper, the severity of the attack
is also affected by the design of the
system, the cycle of operation, the
presence of suspended matter in the
water, and the orientation of the
tube or fitting in the system. The
cyclic operation in the typical home
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is more likely to result in attack than
the more continuous flow found in
commercial and industrial build-
ings.? Pitting is usually a cold water
phenomenon, and pitting cases in
hot water systems in the U.S. are
extremely rare. For example, only
three cases have been reported in
North America, and they are not
related to pitting by aggressive well
waters.

Examination of the interior of a
pitted copper tube reveals the pres-
ence of tubercles of corrosion prod-
uct, as shown in the top half of Fig.
2. The lower half illustrates the sur-
face condition after the removal of
scale and the tubercle. In general,
nodules associated with the pits re-
fiect the size of the underlying pit.
In horizontal service the pits are
usually concentrated along the bot-
tom surface. On a vertical tube,
where they are much less likely to
occur, pits are normally distributed
around the entire inside surface.
Corrosion products from a pit may
initiate additional attack down-
stream or below in the case of a
vertical tube.'®

Although the composition of the
well water is the prime factor, pit
initiation seems to be connected
with intermittent use, where the

system remains stagnant for many
hours (overnight, for example}. In-
stallations where there is a continu-
ous demand for water are less likely
to experience pitting.

The typical well water that pro-
motes pitting has a pH of approxi-
mately 7.5, but many waters that do
not promote pitting also have pH
values in this range. In a pitting wa-
ter, along with this pH, free carbon
dioxide is usually present in
amounts greater than about 5 ppm.
Oxygen, whose concentration is a
first order corrosion rate variable,
must also be present. It usually, but
not necessarily, enters the system
during water treatment.

In a recent investigation, a com-
puter was used to sort out the com-
positional variables of 120 aggres-
sive well waters known to have
been associated with cold-water pit-
ting. This analysis resulted in some
tentative conclusions. A pitting
water was found to be characterized
by a pH of tess than 7.8, more than
25 ppm of free carbon dioxide, more
than 17 ppm of sulfate, and a
sulfate-to-chloride ratio of about
3:1. One group of pitting waters had
a pH range between 7.1 and 7.6 and
more than 100 ppm of magnesium
sulfate. In addition, there is an ap-
parent increase in pitting when the
water also has one or more of the
following characteristics: less than
4.2 ppm potassium, more than 26
ppm silicate, less than 25 ppm ni-
trate. This computer program is
now being expanded to evaluate
well waters from more sources.

There is a very straightforward
solution to pitting problems: change
the character of the water. This can
be done by abandoning an aggres-
sive well, by blending in a nonpit-
ting water to dilute the effects of
the aggressive water, or by water
treatment. A treatment as simple as
aeration to release the excess free
carbon dioxide from the water can
be enough in some cases. Rambow
has described a severe case of pit-
ting in a housing development. 1% ®
Since large groups of homeowners
all experienced the problem, it was
evident that the water supply was
responsible. Scon after the pH was
raised by the addition of caustic
soda, a dramatic reduction in the
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TABLE 1. Copper Tube: Types, Standards, Applications, Tempers, Lengths

STRAIGHT LENGTHS:
. Yf,-inch to 8-inch 201t 20 #
g:wiman\:%misrtﬁbm 10-inch 181 18R
Firs Protaction, "1 12-inch 121 121t
Green | ASTMB B8 | Solar, COILS:
FuelFuel Ol — o
HVAC, Yeingh to 1-inch Y
Snow Melting —
14+ inch ang 17/-inch — [
. — 401t
2-inch — B
, STRAIGHT LENGTHS:
Domestic Wate -
Service and Dis;rihuﬁnﬂ, Yrinch to 10-inch 204 204
Fire Protection, 12-inch 18 184
Solar, £olLS:
Blus | ASTMESS ﬂ“w'i“ém"u. e : oF
atural Gas, Liqui . gy s
HVAC, Y - _..
Snow Metting 1% inch and 1'/-inch = 200 ;
2-inch — oh
STRAIGHT LENGTHS:
Domestic Water
Service and Distribution,
Fire Protection,
Regd ASTMB 88 Solar, Y-inch to 12-Inch 201 WA
FuslFuel Gas,
HVAG,
Snow Melting
Drain, Waste, Vent, STRAIGHT LENBTHS:
Yollow | ASTMB306 | HVAC, 1¥/rinch fo 8-inch 201 WA
Air Gonditioning, “f‘!“”‘-‘"f“?"&' _
480 | Refrigeration, fe-inch tn 4Yrinch 201
Buue | ASTM Natural Gas, Liguified COns:
Petroloum (LP) 838, | 1neh to 1%4-inch - 50
STRAIGHT LENGTHS:
(KyGireen| )
(Otne | ASTMB 819 | Medical Gas t#elnch to B-nch 201t NA
STRAIGHT LENGTHS:
Ye-inch to 1'/einch 128 2t
Yeliow ASTM Natural Gas, Liquified 0% 201t
B 837 Petrolsum (LP) Gas, 1 COILS:
Yyeinch to Ye-inch - 50 ft
- 1001

* There are many other copper and copper alloy tubes and pipes available for specialized applications.

For information on these products, contact the Copper Development Association Inc.

* Individual manufacturers may have commercially avaitable fengths in addition to those shown in this tabie

s Tube made to other ASTM standards is also intended for plumbing applications, aithough ASTM B 88 Is by far the

most widely used. ASTM Standard Classification B 698 lists six plumbing tube standards including B 88.

+ Available as special order only.
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Copper for hot and cold
potable water systems

Domestic water systems must be reliable. This
depends on careful design and installation and on
close attention to the nature of the water source.

By ARTHUR COHEN, Manager,
Standards and Safety Engineering,
Copper Development Association Inc.,
New York, N Y.

A supply of potable water is an es-
sential requirement for the health
and comfort of the inhabitants of a
building. The performance of the
system that distributes this water
depends primarily on four things:

e The corrosiveness of the water
supply

¢ The corrosion resistance of the
tubing and fittings

e The design and workmanship
of the installation

® The standards of maintenance
and use after installation

The designer of a potable water
system must recognize the interplay
of these factors.! He must also
familiarize himself with various
building codes, materials specifica-
tions, and the capability of local
contractors.? In addition, he must
balance economic and related fac-
tors, such as the availability of
system components and delivery

schedules, with many other vari-
ables that he cannot control.

Corrosiveness of water supply

In a modern waterworks, the
chemist in charge not only pre-
scribes treatments to make the
water conform to health regula-
tions, such as to free it of pathogenic
organisms, but he must also make
arrangements for chemical treat-
ments designed to reduce the corro-
siveness of the water. Standards
and procedures are available to as-

sist him in this. For example, the )

Safe Drinking Water Act of 1974
(Public Law 93-523) directed the
Environmental Protection Agency
to establish interim primary drink-
ing water standards. Promulgated in
June, 1975, these standards were
implemented in December, 1976.
They replaced those contained in
the U.S. Department of Health,
Education, and Weifare's Public
Health Service Drinking Water
Standard (Public Health Service
Publication No. 956), which to a
lesser degree recommended levels
for both biological and mineral

Each water source must be checked

to see if treatment is necessary p s /.3 4 m})
4

constituents, National Secondary
Drinking Water Regulations are
being formulated.* and we can look
forward to more stringent limita-
tions on water constituents when
they are finally adopted.

The water purveyor may not fully
recognize his responsibility or the
economic advaniages of providing a
water suitably adjusted chemically
to reduce its corrosiveness.® In
some cases, he may face restraints
that can prevent him from provid-
ing optimum treatment. Thus,
corrosion-resistant materials obvi-
ously are required for good and long
performance of a water distribution
system. Piping, valves, fittings, and
other components must all be of
high quatity and free from defects.
Experience has shown that man-
ufactured components occasionally
are defective, although in a modern
factory, suitable quality control of
the products normally rejects defec-
tive material or components before
they can get to the marketplace. In
addition to selecting materials for a
plumbing system that are naturally
resistant to corrosion, it is also im-
portant to select materials that are

tSuperscript numerals indicate references at
the end of the article.



Potable water systems

available from a reliable source with
a history of good quality.

After the system designer has
evaluated the characteristics of his
local water supply and has selected
the most suitable materials possible
under the code, he must design the
system to conform to corrosion
principles and for safety, mechan-
ical strength and support, noise re-
duction, and accessibility for main-
tenance. If the water supply is cor-
rosive, or if excessive scaling can be
expected in the hot water part of the
system, additional water treatment
at the site may be required. The de-
signer must also specify the manner
of installation to ensure good work-
manship.

Once the potable water system is
installed, some maintenance may be
required. At least, the system
should be inspected at regular inter-
vals to establish that corrosion, de-
posits, or abuse have not affected its
integrity.

Characteristics of water

Potable waters are developed
from a variety of sources, including
lakes, rivers, streams, and wells.
Reservoirs are used to store water
where there is seasonal or annual
variation. Surface waters tend to be
saturated with air. Waters taken di-
rectly from wells may be low in
oxygen but may contain much
higher levels of carbon dioxide and
minerals than surface supplies. Un-
like surface waters, well waters are
vsually free of algae and organic
matter.

Waters are routinely treated for
biological purity, but in addition,
each water source has to be
examined to determine whether
some form of correction or treat-
ment is necessary to control its cor-
rosiveness, Often, all that is re-
quired is pH adjustment. The form
of corrective treatment may be to
control scaling or to reduce dissolu-
tion {corrosion).? Treatments with
other objectives must be evaluated
for the possible effect on the corro-
siveness of the water. For example,
excessive turbidity is objectionable
in drinking water, and potable water
must meet the new EPA limit of one
turbidity unit. Flocculation, the
treatment to clarify turbid water.

often uses a coagulant such as alum
to remove suspended matter. It has
been observed in a few cases that
soft, low pH waters treated with
alum cause localized pitting in hot
water systems. In one community
using glacial water for its supply,
pitting developed soon after alum
was introduced to precipitate glacial
rock fines. Prior to the addition of
the alum, the corrosion product in-
cluded some of the suspended rock
fines and completely protected the
copper in the system.

Suitable treatments are routine in
modern waterworks. Where the
water purveyor continuously con-
trols the character of the water fed
to the mains, he not only ensures

- optimum corrosion performance of

his own supply system but also
greatly reduces the customer-
retated water problems.

Smaller water purveyors in many

volved. First, the pH is calculated,
corresponding to calcium carbonate
saturation, pHs. Second, the satura-
tion index is found by caiculating
the difference between the actual
pH and the saturation pH:
Saturation index = pH - pHs
In many cases, there is not suf-
ficient information to indicate
whether a scale will form and
whether it will be dense, uniform, or
protective. Some waters may be
slightly supersaturated and may not
deposit a carbonate scale. Thus, it
may be necessary to increase the
pH to obtain water with the desired
protective characteristics. The flow
characteristics of the system tend to
influence both the amount of scale
that develops and the uniformity of
the deposit. In practice, it is ob-
served that the scale will start to
deposit at slightly supersaturated
conditions, depending on the pH.

Installations where there is continuous
demand for water are less likely to

experience pitting

cases do not provide corrective
treatments, either from lack of un-
derstanding of the need or from lack
of the proper facilities.

From a corrosion performance
standpoint, one important charac-
teristic of a potable water is a factor
known as its calcium carbonate sat-
uration index. If the index is a posi-
tive number, the water will have
a tendency to precipitate calcium
carbonate, whereas a negative in-
dex corresponds to a water that
is likely to be corrosive. W. F.
Langelier developed a procedure
for calculating the calcium carbon-
ate saturation index of a water.®
Several components are needed for
the calculation:

® Total alkalinity (methyl orange)
& Calcium hardness

¢ Total dissolved solids

¢ pH

¢ Temperature

For potable waters, a close ap-

proximation of the index can bé ob-
tained by the use of charts, a special

_slide rule, or a simple formula and
tabulated data.” Two steps are in-

A high positive number for the
index indicates that heavy deposits
can be expected. These can lead to
increased frictional resistance,
clogging of valves and controls, and
decreased heat transfer rates in
water heaters. :

The corrosion reaction may also
influence the degree of calcium car-
bonate deposition. For a borderline
water, the pH increase at a local
cathode may be sufficient to cause
calcium carbonate to precipitate.®

Realistically, the Langelier index
is not a reliable indicator of whether
or not copper alloys will be subject
to corrosion. In fact, distilled or
deionized water is corrosive on the
Langelier index, but years of expe-
rience have clearly shown that
the corrosion performance of such
water is excellent. All a negative
index means is that the metal in the
distribution system must rely on it-
self for protection against corro-
sion.

Obviously, other factors come
into play. Analyses of many waters
high in dissolved carbon dioxide do
show acceptable Langelier indexes,



but pitting corrosion takes place
nevertheless. In addition, water
that has undesirable properties at
room temperature (i.e., an unac-
ceptable Langelier index) will often
become innocuous when heated.

Excessive carbon dioxide is often
found in soft well waters, particu-
larly in parts of New England. It
may be reduced by vigorous aera-
tion of the water. If the treated
water has a pH much below 8.0,
some adjustment with an alkali
may be desirable. This is particu-
larly true for a very soft water,
where the addition of a quantity of
lime to provide a slightly positive
calcium carbonate saturation index
will result in a noncorrosive and
often better tasting water. If a hard
water, such as is produced in a lime-
stone formation, is to be softened to
improve its quality, the pH nor-
mally will have to be adjusted fol-
lowing treatment. The need for pH
adjustment depends on the method
used to soften the water. As before,
the object is to bring the water
into the slightly scaling range of
the Langelier index. This is also
achieved in many cases by bypass-
ing some of the water with a propor-
tioning valve and blending it with
the softened water. Some adjust-
ment of the valve may be needed, as
corrosion of scaling experience is
gained in the potable water system.

Even when the designer of a sys-
tem is assured that the water supply
has been treated to reduce corro-
sion to a minimum, he must con-
sider changes that may occur be-
tween the water plant and the distri-
bution system. On-site chemical
analyses for oxygen, carbon
dioxide, and pH shouild be made and
compared with the treatment
_ plant’s analysis. The passage of po-
table waters through steel, cast
iron, asbestos cement, or cement-
lined steel mains can alter the
chemistry of the supply.

Some waters, such as those with
excessive amounts of chloride or
sulfate, can be corrosive to piping
systems in spite of treatment. There
is no inexpensive water treatment to
eliminate or reduce chloride and
suifate contents,

Obrecht and Meyers have charac-
terized potable waters into 15

Table 1 — Potable water categorization is applicable to all metals for scaling
but only to ircn, steel (not stainiess) and galvanized steel for corrosiveness.

Calcium Suifate Silica

Dissolved Character

Category (Ca), ppm (SO}, ppm (SiD2), ppm oxygen, ppm

1A — As found 0-15
- 1B 0-18 0-25 0-15
1C — 0-60 >15
24 — >Ca but 0-15°
not <25
2B 18-35 0-25 - 0-15
2¢ 18-35 <(a >15
20 18-35 <Ca As found
3A 35-75 <1%Ca 0-15
3B 35-7% >1%Ca 0-15
3c 35-75 <1%Ca >15
3D 35-75 As found As found
3E 35-75 >1%Ca =30
but <3Ca
4A =75 <2Ca 0-30
4B >75 >2Ca 0-30
4C >75 <3Ca =30

1-10 Extreme corrosion hot and cold.

g-1 Moderate corrosion het and cold.
Extreme corrosion with COz > 8ppm.

1-5 Slight corrosien celd, considerable
hot. Aggressiveness reduced and
rhaps not troublesome due to

igh naturat Si0z.

1-10  Cansiderable corresion hot, mod-
erate coid. May be slightly scale
forming very hot.

1-10  Moderate to slight corrosion hot
and cold, May be scale forming hot.

1-8 Corrosion unlikely. May be scale
forming hot.

01 Corrosion unlikely. May be scale
forming hot.

110 Moderate corrosion hot, slight
cold. Considerable scale formation hot.

110 Considerable corrosion hot, slight
cold. Considerable scale formation hot.

1-10 Considerable scale formation.
Slight corrosion hot.

01 Considerabie scale formation. Cor-
rosion unlikely.

t-10  Corrosion unlikely hot and cold.
Excessive scale formation.

1-10 Excessive scale formation. Corro-
sion unlikely to stight coid, slightto
moderate hot.

1-10  Excessive scale formation. Gal-
vanic corrosion considerable hot
and cold.

1-10  Excessive scale formation. Corro-
sion unlikely.

*With Si0z over 15 ppm, corrosion may be reduced in proportion to Si0z content.

Notes: Presence of chiorides in concentrations greater than 100 ppm, with high Sulfates, renders awater
more corrosive than indicated by categery above. Presence of carbon dioxide in concentrations
axceeding 5 ppm accelerates corrosion processes where category groups indicate corrosion. in
concentrations exceeding 20 ppm, it may cause an indicated noncorrosive water to be corrosive.

Terms: Extreme or excessive — where effects necessitate immediate corrective action.
Considerable — where corrective action is dasirable.
Moderate — where corrective action is questionable and depends on economy effected.
Slight — where effect is too slight to warrant corrective action.
Unlikely — where effects are possible but not probable.

groups.? Each of the classifications,
shown in Table 1, is based mainly on
the corrosiveness of the water to
iron piping in hot and cold water
service. The authors have limited
their analysis to four compositional
variables, namely, calcium, sulfate,
silica, and dissolved oxygen. They
fully recognize, however, that other
variables, such as chlorides, could

also influence these classifications.

Copper is resistant to most of the
corrosive waters listed in the table.
To judge whether a problem exists
with copper, additional information
is required. For example, category
1A describes a very soft water with
dissolved oxygen present. If exces-
sive dissolved carbon dioxide is
present, green staining may de-



Potable water systems

velop. Well waters high in calcium
bicarbonate and with excessive dis-
solved carbon dioxide (in excess of
5 ppm) may promote cold water pit-
ting of copper, particularly if the
sulfate content is also high, as in
category 3B.

Fortunately, most water utilities
adjust the water supply to control or
eliminate its corrosive effect on the
iron piping in a distribution system.
When pH is raised to give the water
a slightly positive calcium carbon-
ate saturation index, corrosion
problems with copper are unlikely.

Where a water supply is not com-
pletely amenable to correction by
chemical adjustment, such as water
high in sulfate or chloride, the use of
a corrosion inhibitor should be con-
sidered. Beneficial results have
been achieved by additions of sili-
cate, polyphosphate, and zinc
polyphosphate, all of which, how-
ever, are subject to regulation by
the health authorities, ¥ 8- 10, 1

Distribution system materials

Many materials have been em-
ployed to convey potable water.
Among the oldest are copper and
lead. The ancient Egyptians used a
crudely made copper pipe rolled
from a sheet. Some potable waters
in ancient Rome were distributed in

Table 2 — ASTM specifications for copper
plumbking tube and pipe.

Seamless Welded
Copper B42 B447
B&8
B302
B306
Copper alloy B43 B586
B135 B587
B585

availability, and code and labor re-
quirements, as well as the resis-
tance to deterioration and corro-
sion.'? A major objective in the
selection process is to find a mate-
rial low in installed cost, high in re-
sistance to corrosion and deteriora-
tion, and readily maintained in ser-
vice, with a proven performance
record.

Characteristics of copper

Copper is the dominant material
used in potable water systems to-
day. Its combination of corrosion
resistance in hot and cold systems,
its ease of installation, and its un-
inflammable, nontoxic properties
make it a leading choice.

Coppers are classified according
to their chemical composition. The
phosphorus content may vary from
zero to 0.04 percent. The corrosion
resistance of all grades of copper to

There is a straightforward solution to
pitting problems: change the water's character

lead pipe. At an early stage in
American history, wooden mains
were made from hollowed logs. At
the turn of the century, black iron
and wrought iron pipes were being
used. Galvanized steel was recog-
nized as an improvement a decade
or so later. In the last 30 years, cop-
per has dominated the market for
potable water systems, though plas-
tic pipe has entered the market in
recent years, largely replacing gal-
vanized steel. The greater portion of
plastic pipe and fittings are in cold
water service, though some grades
are now being recommended for hot
water distribution.

The selection of a material for a
potable water system must include
evaluation of the economics, safety,

potable water is essentially simi-
lar. Table 2 lists the numerous spec-
ifications for copper and copper al-
loys that can be used in water ser-
vice. (It will simplify matters when
these are consolidated, as has been
proposed by the Copper Develop-
ment Association through the Cop-
per Committee of the American So-
ciety for Testing Materials.) Today,
water tube is available in both seam-
less and welded forms and in both
copper and copper alloys, and all
these products are essentially inter-
changeable.

Service experience in general dic-
tates that copper plumbing tube will
tend to outlast the building in which
it is installed. Over the years that
copper systems have been in ser-

vice, a considerable amount of ex-
perience has accumulated: since
1950, about 10 billion pounds of
copper tube has gone into U.S.
plumbing systems, nearly 4 million
miles.t?® Copper has shown excel-
lent corrosion resistance in all areas
of the country. As with all materi-
als, copper can be attacked by some
highly aggressive waters, and prob-
lems arise occasionally with certain
well waters, with very soft waters
high in carbon dioxide, and in sys-
tems where the water flow velocity
in excess of about 5 fps causes ero-
sion, especially in forced-circula-
tion hot water systems.

Green water staining

A soft water is one with very little
mineral content, less than 25 ppm.
Sometimes, such waters also have a
relatively high carbon dioxide con-
tent. Such waters are found, among
other places, in parts of New Jersey
and in New England, and they are
mainly surface waters derived from
quartz formations. Because of the
high carbon dioxide content, the
water is slightly acidic. These wat-
ers cause negligible general attack,
and the useful life of the system is
not significantly affected.!* Water
velocity also has a role, since a wa-
ter’s chemistry may not be suffi-
cient to cause problems at a fower
velocity but may become a problem
at a higher velocity. Temperature is
also a factor in hot water systems.

Soft waters with 15 ppm or more
of carbon dioxide, under stagnant
conditions, will pick up traces of
copper. If enough copper is picked
up to affect taste, the operation of
the line for a brief time after a stag-
nant period will restore the normal
taste of the potable water.

When an aggressive soft water
containing dissolved copper is per-
mitted to leak from a dripping faucet
onto a porcelain fixture, unsightly
green stains can form. While these
are readily removed by a mild scour-
ing cleanser, their presence is a
source of annoyance. The green
staining problem is readily elimi-
nated by proper water treatment.

Successful treatments have in-
cluded aeration, which reduces the
carbon dioxide responsible for the
low pH. Elevation of the pH to neu-
tralize the carbon dioxide is nor-
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mally beneficial, as shown in Fig.
1.5 Blending in a harder water that
lays down a protective film is
another successful approach. Sys-
tem design and the establishment of
threshold conditions must also be
considered.

Pitting attack

Almost all well waters can be
handled by copper satisfactorily,
but some aggressive well waters
cause pitting in cold water lines.
When such pitting occurs, it is asso-
ciated with water having a certain
specific composition. For example,
when the bicarbonate-to-sulfate
ratio is less than one, pitting is likely
to develop.*® Surface waters are not
involved in cold-water pitting, un-
less they have been blended with an
aggressive well water.'” Such wat-
ers, according to Powell and Lu-
cey'®, form a protective mat of cu-
prous oxide on the copper surface.

While well water chemistry is the
major factor in the pitting corrosion
of copper, the severity of the attack
is also affected by the design of the
system, the cycle of operation, the
presence of suspended matter in the
water, and the orientation of the
tube or fitting in the system. The
cyclic operation in the typical home

is more likely to result in attack than
the more continuous flow found in
commercial and industrial build-
ings.! Pitting is usually a cold water
phenomenon, and pitting cases in
hot water systems in the U.S. are
extremely rare. For example, only
three cases have been reported in
North America, and they are not
related to pitting by aggressive well
waters.

Examination of the interior of a
pitted copper tube reveals the pres-
ence of tubercles of corrosion prod-
uct, as shown in the top half of Fig.
2. The lower half illustrates the sur-
face condition after the removal of
scale and the tubercle. In general,
nodules associated with the pits re-
flect the size of the underlying pit.
In horizontal service the pits are
usually concentrated along the bot-
tom surface. On a vertical tube,
where they are much less likely to
occur, pits are normally distributed
around the entire inside surface.
Corrosion products from a pit may
initiate additional attack down-
stream or below in the case of a
vertical tube.!®

Although the composition of the
well water is the prime factor, pit
initiation seems to be connected
with intermittent use, where the

system remains stagnant for many
hours (overnight, for example). In-
stallations where there is a continu-
ous demand for water are less likely
to experience pitting.

The typical well water that pro-
motes pitting has a pH of approxi-
mately 7.5, but many waters that do
not promote pitting also have pH
values in this range. In a pitting wa-
ter, along with this pH, free carbon
dioxide is usually present in
amounts greater than about 5 ppm.
Oxygen, whose concentration is a
first order corrosion rate variable,
must also be present. It usually, but
not necessarily, enters the system
during water treatment.

In a recent investigation, a com-
puter was used to sort out the com-
positional variables of 120 aggres-
sive well waters known to have
been associated with cold-water pit-
ting. This analysis resulted in some
tentative conclusions. A pitting
water was found to be characterized
by a pH of less than 7.8, more than
25 ppm of free carbon dioxide, more
than 17 ppm of sulfate, and a
sulfate-to-chloride ratio of about
3:1. One group of pitting waters had
a pH range between 7.1 and 7.6 and
more than 100 ppm of magnesium
sulfate. In addition, there is an ap-
parent increase in pitting when the
water also has one or more of the
following characteristics: less than
4.2 ppm potassium, more than 26
ppm silicate, less than 25 ppm ni-
trate. This computer program is
now being expanded to evaluate
well waters from more sources.

There is a very straightforward
solution to pitting probiems: change
the character of the water. This can
be done by abandoning an aggres-
sive well, by blending in a nonpit-
ting water to dilute the effects of
the aggressive water, or by water
treatment. A treatment as simple as
aeration to release the excess free
carbon dioxide from the water can
be enough in some cases, Rambow
has described a severe case of pit-
ting in a housing development. - ®
Since large groups of homeowners
all experienced the problem, it was
evident that the water supply was
responsible. Soon after the pH was
raised by the addition of caustic
soda, a dramatic reduction in the
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2 Typical interior surface of copper water tube that has failed due to pitting corrosion.

Upper half shows tubercle or mount whose size reflects size of underlying pit.

ttom half

reveals tube surface after chemical cleaning to remove tubercie and scale.

number of new pitting failures oc-
curred, reducing almost 1o zero.

Von Franque has studied the
water analyses associated with cold
and hot water pitting.*' German ex-
perience differs somewhat from that
in this country, in that about one-
third of the pitting, in those rare n-
stances when it does occur in Ger-
many. is in hot water systems. Rela-
tively soft waters, below pH of 6.5.
with 10 to 50 ppm of carbon dioxide,
and low in chlonide, sulfate. and ni-
trate ions. were found to cause this
type of pitting. Cold-water pitting in
the U.S. was found on copper ex-
posed to moderately hard bicarbon-
ate waters with a pH ranging from
7.0 1o B.O.

Erosion

Some contractors on occasion in-
stall water tube that is undersized
for the demands of the system. This
leads to an excessively high velocity
and tends to result in a noisy system
with water hammer and turbulence.
Under these conditions, copper
may eventually fail by erosion cor-
rosion (impingement). Adhenng to
the recommended practices in the
CDA’'s Copper Tube Handbook®*
and Tube Size Calculator® will pre-
vent this problem.

Erosion attack occurs at loca-
tions where turbulence develops in

the system. This turbulence inter-
feres with normal protective film
formation.®* When a high velocity
stream suddenly changes direction
Or Cross section, as at tube ends ina
joint, impingement can be observed
directly downstream. A burr or an
improperly prepared tube end can
cause local turbulence that results
in impingement attack. Fig. 3 shows
typical erosion corrosion. Restrict-

pH adjustment depends
on the method used
to soften the water

ing the velocity to a maximum of 4
to 5 fps will usually prevent this at-
tack.®®

Impingement attack is readily
identified from the characteristic
appearance of the damaged surface.
A typical surface has deep horse-
shoe pits with the open ends facing
downstream. The artack is typically
most severe just downstream of a
joint or obstruction in the system. In
some cases, the attack progresses
downstream, because as the pitted
areas develop, they in turn promote
increased turbulence. Sometimes
the attack is so severe that the entire
surface 1s rough, and the character-

istic horseshoe pits are not clearly
evident. In cases where the veloc-
ity conditions are less severe
downstream from the zone of se-
vere urbulence, laminar or stream-
line flow may return, so that this
section of the tube will not show lo-
calized attack.

Hot water recirculation systems
sometimes fail in service because of
erosion. Out of a total of 36 failures,
Mauson has classified ten as ero-
sion. The excessive velocity in the
recirculation systems results, in the
typical case, from the use of an
oversized pump. Since the cold
water part of the system is not being
recirculated, it only rarely sees the
excessive velocities encountered in
the hot water part. This may be the
reason for the general impression
that erosion failures are more preva-
lent in hot water systems. '% **
Softened waters also generally
exhibit greater sensitivity to erosion
than hard waters.

There are several choices for cor-
rective action to eliminate the prob-
lem of erosion. All are based on re-
ducing the velocity or eliminating
the excessive turbulence at connec-
tions and fittings.* Options include a
bypass around the pump to reduce
its effective output, a smaller ca-
pacity pump, a throttling valve
downstream of the pump to restrict
flow, and a larger tube in that part of
the system affected. In addition to
reducing flow, it is good practice to
control domestic hot water to a
maximum of 140 F. Lane has
suggested a maximum of 3 fps at 180
F.? In a high velocity situation, a
significant reduction in corrosion
can be obtained by substituting
Copper Alloy No. C70600 (90:10
Copper-Nickel) for the copper.!!

Elevated temperature

Increasing the temperature of a
potable water will affect its corro-
sive effect on copper and other met-
als. In a nonscaling water, several
factors contribute to the tendency
for increased attack. In spite of its
decreased solubility with tempera-
ture, oxygen will be kept in solution
by the higher pressure. Carbon
dioxide, which has a much greater
solubility, also tends to remain in
solution. As the temperature in-
creases, the diffusion rate of oxygen



3 Typical impingement corrosion characterized by sroded interior surface. Such arpsion

is caused by excessive water velocities compounded by sudden ¢

in direction of

fliow. Unreamed tube ends leave burrs that promote increased turbulence.

to cathodic areas is raised. This is
accompanied by a reduction in vis-
cosity, allowing greater penetration
of deposits by the water, and by a
concurrent increase in conductiv-
ity, permitting higher corrosion cur-
rents between cathodes and anodes
on the surface.

More typically, in potable waters
that are scale forming, the increase
in temperature tends to promote a
higher degree of protective scale
formation.

Summary

To provide dependable potable
water systems for commercial, in-
dustrial, or residential buildings, the
designer must consider a number of
variables. A major factor is the qual-
ity of the potable water delivered to
the site. It is essential to establish
that the water has had adequate
chemical treatment to eliminate its
corrosiveness. Equally important
are the materials of construction,
which should be both corrosion re-
sistant in water service and have
suitable properties to meet design,
installation, and building code re-
quirements. In addition, the overall
economy of the installation, the
amortization of the initial cost, and
the annual maintenance expense
require careful evaluation. Prob-
lems may arise if the installation
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does not follow good design prac-
tices. Undersized components can
lead to excessive turbulence, result-
ing in a noisy system that is likely to
develop erosion corrosion.

In the actual installation, it is es-
sential to provide proper supervi-
sion to assure good workmanship.
Key points in the system, such as
drain valves and main connections,
should be accessible to allow for
regular inspection and preventive
maintenance. 1l
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