voirs. Initial pilot testing is encourag-
ing. More production experience is
necessary to prove the efficiency of
the system.
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Critical velocity examined for
effects of erosion-corrosion

Bruce Craig
Mettailurgical Consuitants Inc.
Denver

Recent interest in the accuracy of the
erosion-velocity equation presented in
APl RP14E has led to a review of the
factors that affect erosion in the oil
industry with the intent of better quan-
tifying these parameters.

The API equation is stated as:

C
o

where p = fluid density, pound per
cubic foot; C = 3 constant, typicaily
100 — 125; V. = maximum allowa-
ble velocity, feet per second.

This equation is specifically given
for calculating a limiting velocity for
erosion; however, it has often been
extended to calculation of a critical
velocity for erosion-corrosion.

In this case, critical velocity is the
velocity that would remove a corro-
sion inhibitor film from the pipe sur-
face or even prevent film from form-
ing. Critical velocity also can be that
velocity that would strip a protective
corrosion product film from the pipe
wall. It is this latter point that wiil be
addressed in this article.

Salama and Venkatesh' have dis-
cussed several approaches to critical
velocity, depending on well condi-
tions.

The first approach, and probably
the most satisfying from an intuitive
sense, is to use a fluid-mechanics
equation relating velocity to shear
stress at the pipe wall.

If the shear stress of the inhibitor or
the corrosion product is set equal to
the shear stress created by the fluid
being transported, then a critical ve-
locity should be obtained. In fact, the
result' is not realistic, based on field
experience.

The equation:2

v, = /&8
P

Ve =

where:

g = Gravitational constant 32.2
fpsisec

= Friction factor

7 = Shear strength of inhibitor or
corrosion product to pipe wall,
pounds per square foot.

Ve = Critical velocity, feet per sec-
ond
reduces to approximately:

100,000
v/p

when typical values for f (0.03) and x
(8,000 psi = 1,152,000 psf) are in-
serted. A value for f of 0.03 is more
consistent with a scale-roughened sur-
face than using f = 0.0015 for smooth
ipe.
P As evidenced by the large numera-
tor, very few conditions in gas and vil
wells would ever produce a critical
velocity under these circumstances,
Therefore, removal of a protective
corrosion product by shearing action
alone, apparently is not the primary
means of erosion-corrosion in tubu-
lars.

Salama and Venkatesh presented
another equation they attributed to P.
Griffith and E. Rabinowicx,? for ero-
sion due to liquid impingement:

Ve =

2Kvp3ve
U= Zo0gpics

U = Wear volume rate, cu ft/sec

v = Impacting fluid volume rate,
cu ft/sec

p = Fluid density, Ib/cu ft

V = Impact velocity, fps

P = Target material hardness, psf

€ = Critical strain to failure

g = Gravitational constant, 32.2
fps/sec

K = High speed erosion coeffi-
cient, ~ 10-°

By replacing v = AV where A is the
cross-sectional area of the pipe and
defining an erosion rate h = UJ/A the
equation becomes:
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v = "1364.5 g PP e h
- K p?

Rather than substitute values for €,
P and h for steel as Salama and
Venkatesh did, the limiting condition
for erosion-Corrosion in many cases is
tfh‘e presence of a corrosion product
iim.

Very little information is available
concerning the critical strain for fail-
ure of oxides, suifides, and carbonates
which are of interest in oil and gas
production.

However, for discussion purposes,
we may utilize data generated by Die-
gle and Vermilyea® for Fe;O, formed
under alkaline conditions at 190° F.
For an Fe;O, thickness of 107* cm,
they found a critical strain of 0.003.
The hardness of Fe O, is approxi-
mately 600 kg/sq mm.> ® Since h has
units of fps, the rate of corrosion
product film removal must be used
rather than thickness. Thus, the criti-
cal velocity is that which is equivalent
to or greater than film growth rate.

The film used here was grown in 91
hr so the rate is approximately 10™"'
fps. When these values are substituted
into the above equation, it reduces to
the form:

150
7/57

Although this is not exactly the
same form as RP14E, it does offer a
less conservative approximation of
critical velocity for erosion-corrosion
in wells. This author could not locate
critical strain data for other corrosion
products; however, assuming h and e,
remain essentially the same, and alter-
ing only hardness and composition of
various films:

Ve = 20 for FeCO; (P = 175 kg/sq mm)
7/93
and
95
Ve = for FeS (P = 200 kg/sq mm)
7
in

Thus it can be seen that critical
velocity in producing wells will be a
function of the composition of corro-
sion product formed on the pipe wall,
film thickness, and critical strain.

Generally, as film thickness in-
creases, critical strain increases;*
however, this behavior is true only for
relatively thin films. As the corrosion
product layer thickens, internal stress-
es can cause fracturing and premature
failure of the film itself. Thus, there is
probably some optimum film thick-
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ness and associated fracture strain for
resistance to erosion-corrosion dam-
age.

The assumption that film thickness
and critical strain for FeS and FeCOs;
are simiiar to Fe;O, is probably a poor
one; therefore, the equations ex-
pressed should not be applied. These
equations are presented only to show
the expected dependence of V. on
corrosion film hardness and composi-
tion.

However, the equation considering
Fe,O, is more valid since Fe;O,4 can
be expected to form in CO,-produc-
ing gas wells under certain condi-
tions.’ Therefore, to illustrate the dif-
ference between the equations devel-
oped here and RP14E, we consider a
gas condensate density of 48 Ib/cu ft
{(~ API gravity of 50).

By RP14E the critical velocity
would be 14 fps, whereas the method
presented here yields a critical veloci-
ty of 29 fps, certainly a significant
difference. Therefore, it can be seen
that corrosion product composition
may have a profound effect on ero-
sion-corrosion.

Although corrosion inhibitors do
not interact with bare metal, they do
absorb on a thin film of corrosion
product on the metai’s surface.? So it
would be expected that stability of the
inhibitor layer would also depend on
the erosion resistance of the corrosion
product layer.

This brief analysis does not take into
account any of the electrochemical
aspects of corrosion that may be sig-
nificant in determining the overall
erosion-corrosion behavior of a sys-
tem. It should be recognized as oniy a
first step in evaluating factors that are
important in determining critical ve-
locity for production of oil and gas

I

wells.

Since liquid impingement has been
assumed as a primary cause of ero-
sion, this approach is probably most
applicable to a wet gas environment.

Determining critical strain vs. film
thickness and growth rate for carbon-
ates and sulfides requires further study
to evaluate this approach, as well as
erosion testing to determine its accu-
racy.
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