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is often desirable to test different inhibitors in
2 field to determine their efficacy
a rrnﬁlﬂl approach for conducting field tests
on itor products. Topics include chemical
mum monitoring, establishing baseline

: ing results, and determining cost

. This article

ith many compet-

ing inhibitor prod-

ucts o the market

today,

tant o e oable to

1est dilferent |'|-:r|::|-|,|-

ucts under figld

conditions. This can be done easily amnd

effectively once monitoring probes ane

in place at appropriace locations in the
piping.

An earlier MIP article discusses moni-

[oring Il‘l‘]'llliqlll,‘\ anscl c_'n;:n,u'u;.n,."pru;:'l}f,'

irstallations. " This article recommends

it is i1lli:l|.rr-

manitoring locations and techniques
tor fichd testing of inhibdtor effective-
ness. Figure | shows a typical installe-
tion of a3 monitoring probe

Conducting Field Tests

SELECTING LINES
FOR TESTING

Many factors must be considered
when conducting a Geld test or perfor
mance demonstrtion of corrosion in-
hibitors, The line selected for testing
mist have process conditions, which
are representative of or slightly more
severe than field averages. On crude
ail production Unes, the water cuts
{percentage of water)d should be
roughly equivalent to those of the field
The Auid velocities and concentrations
of carbon dioxide (CO,)and hydrogen
suilficle {]II_":J shyoubcl also be 1,'1_|||i1.-.|r4;n1,
i field averages. Corrosion inhibitor
injection and corrosion r|'|11ni11;|r'|r|g in-
strumcntation must be installed such
that valid resultz can be obtained.

SINGLE TEST LINES

Figure 2 illustrates an ideal test pipe-
line—the produced fuids Now from
the producing wells o the gathering
center, where the oil, water, and s
are separated. Ideally, corrosion-moni-
toring systems should be installed at
both ends of the test line, The location
upstream of the chemical injection
point will confirm that there are no
changes in the corrosivity of the pro-
duced fluids during the westing. The
small portion of the pipeline, which is
upstream of the chemical treatments,
will need to be inspected perodically
to emsure that the system integrity is
madmiained, I is most eritical o install
mcnitaring at or near the end of the
pipcline because this documents that
the entire ling is receiving adequare
corrosion inhibitor reatments.

TESTING ON A TRUNK LINE—
ADDITIONAL INJECTION AND
MONITORING POINTS

Sometimes it is impossible o con
duct a corresion inhibivor test using a



simgle test line, Figure 3 illestrates ane
such gathering system wsed for testing
corrosion infdbitors. Three drill sites or
prosduCEion arcas wore fecding product
1MLy i Comumeon runk line. To conduct
the feld tests, corrosion inhibiter in-
jection points were established for
cach of the production arcas. Addition
allv, corrosion monitoring was estab-
lished at the end of exch line, before it
Thix
test arrangement waorkod well because
it wias representative of the entiee Geld.
Having chemdcal inpeetion at three dif-
ferent injection podnis required care-
ful coordination, panticulardy when
making changes 1o the chemical injec-
tion rtes during the feld test

entered the common trank line

ORTAINING BASELINE DDATA
BEFORE STARTING CHEMEPCAL
INHIBITHN

When comnducting corrosion inhibd.
tofr fleld tests, the baseline corrosion
rate must b estaldished before apply-
inge any corrasion inhibitor, This pro-
vidhes o Baasas Tor 1|1|:|:|:.I|I:.'i|1|.: the= rela-
tive efficiency of the chemical product
im imhikviting (reducingy corrosion

Mo corrosion prodes should be in
sialled imside the test line preor to the
siart o chemecal inkhibition. Afer cs
tablishing a uniform, baseline corpo-
sion rate (which wypically takes a few
daysy, the chemical injection can be-
gin, Comparing the commosion mte al
ter the indtiagion of inkdBitor treamens
1o thee Corrosion e before treatments
allovrs ane to caleulate the relvive cl-
ficiemcy of any corrosion inhibitor. The
efficicncy calcubations should b asso-
ciated with a specific treatment rate
(e, parts per million [ppm))

There are expenses assoclated with
any changye of chemical products, sich
s Cleaning the Chemical tanks [,
amdl imjection lincs (unless the old and
e products ane compatibley and
placing new chemical labels on the
tanks. As a consequence, a 0% lm-
proveement of the cost performance is
typically desired to offset the ancillary
ERPnses

Conrosaon probs conmsched o a rmobe data collector, The data ane bedng transfered to o hand-

hald daks r

FIGURE 2

T

Monitor
location

#An ideal best ine. Flow is from the producing wells bo the gathering center. There is only one
pipeling and cne chemical injection poart to simplify testing and rediste the number of vanables.

The most critical monibori

inl i ot the end of the pi

ling at the gathering center.

CHEMICAL INJECTION

THROUGH QUILLS AND NOZELES

The corrosion inkibition shoauld be
imiroaduced at the start af the pipeling,
ieally using an injecton quill. The
(ulll disperses the cormosion inhibitor
mikdstream in the plpeline. The con-
iz s that concentmibed cormosion or
scabe inhibitors by themselves can be
cormosive until |1-n:-|1-|'rlg. wilutec by the

prodduced fluids. Therefore, the inhib
fors are delivered in stainbess stee] con
tainers or plastic-coated stecl drums
Pipeline Gulurcs have aocurnod imane-
diarely downstream of op-al-the-line
weld-odets, which are used as chemi
cal injection ports. Such filures have
bheen attributed o general cormosion
atiack of the conceniraided |1:I'|H|'II|.'I‘
which attacked the pipe wall prior (o
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Ghemical Treatment

Chemical Chemical
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Idual eaereion inhibition graph. This illustraies & reduclion in coroscn rabes with increased

inhibitor treabessng

the prodoct being diluted by the -
duced Muids. Consogquently, the wse of
Quills, which dircct the prodoect inno
the process fuids, = strongly recom
mended. IF that is not possible, chemi-
cals should be injected at turbulen
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arcas, whone mixing is greatest

Chemdeal injection noeeles, which
Eenerate a fmne sproy, are most cifcient
for inhibibtng gas pipclines, These spee
cialty nogeles should be positioned
midsorcanm.

STEP INCHEASES IN THE
CHEMPCAL INHIBITOR
INJECTION RATES

Once the baseline, uninhibdred cor-
st rare s een estalblishaed, ihe oor-
rosion inhibitor injection should be
started ant a rate lower than that anceci-
pated for the pipeline. When the corros
sicd imhibaror application begins, a thin
inhibition film will be csablished. 1T the
indial applications are too great, a thick
fitm will quickly form: additional time
will e mecessary to allow the film o
thissipate before being able 1o measure
the mininum comcentration of coro
sion inhibitor necded o protect the
pipcline adeguately, The corrosion in
hdbsitar mist e given time to adsorh
ot the pipe walls and reach a seeady
state condlition. Adsorption usually akes
a few days and depends in part wpon
the lengeh and surface comditbon of the
pipeline and the quantity of debris—
typically sand=within the pipeline
Sandd willl consume a significant portion
al e corrosion inhibitor

Mext, the corrosion rate achicved
with the initial treaiment must be mea
sured and compared o the dleal or ac-
cepiable corrosion rate. (This is ovpi
cally o 2 mpy [0 51 pmyy ], depend-
ing on the particulbiar syvstem aned the
designed corrosion allowance.) If an
accepiable corrosion rate hax been ob-
tained, then the mindonum corrasion in-
hibition treatment level has been detar
muineel, IF, however, the desired corro-
saom me has nat been obbxined, ohen
the corrosion inhibltor injection rate
should be incrcased o the next raie
step—sch as from 24 1o 36 or 48 ppm
Again, time shoukd be allowed for the
inhibitor w develop a uniform protec.
tive film throagthout the pipeline befone
measuring the corrosion rates for each
incremental step. Figure 4 illustrates an
tbeal corprosion inhibitor feld ves:
Throwgh these incremental steps, the
murimum coreosion inkibdtion treat-
meents can be defined for cach pipeline,

The minimum condcentration of Cor-
rasion inhibitor needed o achicve a
coertain level of perdaormance (Cormosian



rate) can be used in cost-performance
analysis for competing products, Actual
treatments for any pipeline should be
slightly above the minimum treatments,
however, to provide a “buffer” for prio-
cess upsels or changes in the produc-
tion rates.

REESTABLISHING
BASELINE COMDITIONS

Bascline conditions should be rees
tablished before testing other products,
If the system returns to the same
bascline rate, then the reduction in cor
rosion rate achieved by the first prod-
uct can be attributed only to the perfor-
mance of that product rather than w2
change in production characteristics,
second, the time taken to retumm bo the
hascline corrosion rate is an indication
of film persistency. Although corresion
inhibitors are designed for continuous
injection, flm persistency is desirable
Lo ensure temporry protection to the
pipelines and facilivies during bricl in-
termuptions in the chemical injection.

FIELD} TESTING BEFORE
CONVERTING FACILITIES

Crude oil production is the wop pri-
oty for any producing facility; it is es
sential for the facility's revenue gencr-
tion, The cormmosion engineer should
therefore design field tests on produc
tiom lines, which represent field comdi-
tions but are not absolutely crucial for
field operations. The test plans should
require only minimal manpower from
production personnel, The ficld wesis
should include monitoring of the facili-
tics' performance —this is an attempt to
identify any process upsets directly re-
lated to the chemicals in the feld test.
The surfactant package in corrosion in-
hibitors can “scour” the pipelines and
canse the formation fines to be trans-
poried to the process vesscls, where
crude oil, water, and gas separation
problems could occur, Accordingly, it
is advisable to stage emulsion breakers
at the production facilities so that pro-
ciss upsers can be treated guickly.

The test procodure should starm with

specific plans for fushing the chemi-
cal injection pumps and quills if there
are any incompatibilities between any
incumbent product and the new test
prodect. Cne simple test consists of
miixing a small volume of the inoum-
bent product with a small volume of
the test product. (The ratos would
typically be 201, 11, and L2 If sedi-
ment or precipitate is observed, then
a solvent rinse/flush step is necessary,
Common Mushes use dicsel, water, or
mecthamol (CH OH).

COST PERFORMANCE
EVALUATIONS

Whenever a facility considers adopt-
ing a new corrosion inhibitor or any
other product, the most mponant re-
guirenient is that the product performs
as expected. The second most impor-
tant recuirement is that the prodect is
cost-eflective and reduces overall
costs—whether direct price or other
savings, such as a reduction in mainte
nance service costs, Using steps de-
scribed earlier in this article, one can
determine the minimum product con-
centration. Cost performance would
thien be determined based on the mini-
mum concentrtion and the cost of the
product adjusted for any savings,

The: cost should be based on gudaota-
tions, assuming bulk purchases of the
product, as opposed o laboratory orF
small vest volumes, Inoaddition, the
costs should include incidentals, such
as transportation and any container
rental fees, I the corrosion inhibitor
contains additional components that
reduce ather chemical consumption—
such as emulsion breakers—then that
cost saving should be factored into the
product’s cost structure. IF the prod-
uct yickds other savings that can be
quantificd—such as reduced mainte-
nance expensez—rthen the savings
should also be factored inoo the cost
perlommance,

Conclusions

Chemical testing of corrosion inhibi-
tors or other products should be con-

sidered a continuing process throwgh:
ot the lifetime of cach producing field
Water production rypically increascs,
particularly if waterflood is a part of the
secondary recovery efforts, System
corrosivity also changes as the reservoir
sours, Thus, the best corrosion inhibi
tor at the start of ficld life will not nec.
essarily be the product of cholee later
in field life.

Corrosion inhibitor technology i
contimlly advancing as new produocts
arc being developed throughout the
world, Some of these products may
prove o be more cost-effective than
cxistng products,

By viewing corrosion monitoring and
inhibitor iesting as o continuing process,
the integrity of crude oil and gas-gather
ing systems can be maintained. Such
MRATe N ce ensires continued prodec
tion and revenue gencration withou
Ccompromising the system integrity o
the envirammene,
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