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To comparativeiy evaiuate three methods for detecting internal
corrosion in steam condensate return pipes &5 to atcuracy, dependability
and relative lengths of time and operations involvea in making measure-
ments.

ABSTRACT

+

Three proprietary testers ware evaluated: the Raticnal District
Heating Association Corrosion Tester, the Bureau of Mines Condensate-
Corrosion Tester, and tke Crest Instrument Company Corrosometer probe.
4An KCEL tester was also evaluated,

In two laboratory and two field test series, the variation in the
test daca was relatively insignificant among thrze testers - the BuMines
tester, tbe Corroscmeter probe and the KCEL tester. The KDEA tester
showed a significant variation in the test data froe the other testerse.
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INT20DUCTION

Corrosion in stean condensate pipelines of steam-heating and stea=
power plants iz a2 constant problem throughout the Raval Shore Establish-
ment, M2intenance and repair costs have been estimated at $2,500,000
for the first six nonths of 1955 in continental United States instal-
lations of one of the defense agencies,” Early detection and prevention
of corrosion is therefore of the utmost importance.

Toe devices most commonly used at naval instelletion: for detecting
internal pipe corrosion are the National Distr!-t EHeating Association
(KDHA) Corrosion Tester and the Bureau of Mines (BuMines) Condensate-
Corrosion Tester. Although these testers are generally accepted as
reliable, they require a winimum of 30 days to show the 2iount of corro-
sion. Another davice, the Corroscmeter probe introduced several years
ago Uy Kational Aluminate Corporation, is advertised as reeding a mini-
@z ¢ time to determine the amount and rate of corrasion. BuDocks
therefore requested that RCEL undertake an evaluation and comparison of
these three methods for detecting corrosion in internal condensate te-
turn lines., 1In addition, s tester was fabricated by the Laboratory.

CORROSIOR TESTERS
BuMines Tester

The BuMines Condensate-Corrosion Tester was developed by the Indus-
trial Water Laboratory, Bureau of Mines, Department of the Interior, at
College Park, Marylan3., The tester consists of a2 3/4-inch-éiameter by
3~inch-long pipe nipple, which accozmodates six carefully weighed and
measured internal steel rings. The acount of corrosion is determined by
the loss in weight by corrosion of the rings. This composite nipple is
nounted between two conventionzl pipz couplirgs and two additionz2l pipe
nipples, forming a corrosion test unit as illustrzted in Pigure 1.

The Industrial Water Laboratory recommends installation of these
testers at a point somewhat removed from the steam boiler plant and
downstream from an active condensate trap which is draining a unit heater
or other condensing mit. 1In plants aaving a history of corrosion, tests
of from 60 to 30 days are racomsended, though longer test periads are
ccmon in plants having relatively few maintenance problems.
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At the corciusion of the test exposure period, the testers.are.res
turned to the Iadustrial Water Laboratory for evaluation. Tbe rings
are zemoved and cleaned by special processes, then reweighed to deters
mine weight ioss and given & critical exeminatian. As a result of ‘the. -
examination ard evaluation, the Industrial Water Laboratory is able :to-
determine the rate and amount of corrosion in the condensate return
line sampled. In addition to indicating the degree of corrosion, the -
tester shows a corrosion pattern by the pitting, channeling and worming,
thereby providing a guide to the causes of the corrosion.

KDBA Tester

The N¥DHA Corrosion Tester (obtained through the Dearborn Cheaicel
Cozpany, Chicago, I1linois) represents one or the originmai efforis itowaxd
development of a test irstrument to determine which stesm plants could
benefit by the chemical treatment of condensat- 1 Tnis tester utilizee
the same principle as the BuMines tester, but uses steel coils rather:
then rings, The unit consists of three helical coils ef wire mounted on,
but insulated from, a steel frame attached to a standard pipe plug, as
shown in Pigure 1. Wire coils for these testera are svailable in a
veriety of materials such as aluminum, brass, copper sn3 nickel, as well
as Bessemer steel which is ususlly vsed in zreen svndensate return-line
tests.

Installation and exposure tésn Tecommendations oy the KDEA tester
are sizmflar to those of the Industrial Water Laboraiszy for their tester.
Test units are returned to the mapnufzcturer for evziuarion after the
expogure period. Cortzosion rate and magnitude are derermined by 2 com
parison with recorded original weights and by the application of a con-
atant determined for ths coil material. Prames are re-~usable and
ind? sidyal coils are available for local weighing and analysis by the

AT,
Cogrduomater Tester

The Crest CorrT3aszsziar and Corroscmeter probes, available through
the Crest Iostrumen?! Uizpuay, sSanta Fe Springs, California, utilizes
the principle tha* xzecels have & high electrical conductivwity., A
specisl prodpe {Fiyars 1) with a protected 2nd an unprotected element
of the desirz# <weial, i{s installed in the suspect pipeline, As corro-
sion of the =wprsvecied element occurs, the subsegquent greater electri-
cal resistarie inirce2ses the difference between the conductivity of the
proteeted 2na mprstected elements, This is determined through the use
of an electrical vesistznce bridge apparstus. Because the measurement
is a ratio of tte two resistances, it is independent of the current
used to energize the bridge as well as of temperature change. Thirty
probe materials are aveilable in three different forms. The more
sensitive forms are thin-walled tubes and wires., Strips are svailable
for long-time uze.
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Corrosicn loss 4s read directly from the dials of the electrical
bridge test instrument while the test probe is undergoing exposure in
the line. Successive readings should be plotted versus time, and
corrosion trends determined graphically. Figure 2 presents a graph of
the rate of corrosion during one of the test series, A straight-line
relationship exists, with a slight increase in corrosion loss with time,

RCEL Coupon Tester

In addition to the three proprietary testers evaluated, coupons
were cut from a section of s typicel condensate return-line pipe and
mounted in pipe plugs, as shown in Figure 1, for exposure in the varfous
test series. The degree of corrcsion was determined by the difference
in the original weights of the coupons and the weights when cleaned
aiter tests.

TBSTS FERFORMED

Two laboratory expocure test series and two field test series were
conducted with the four types of testers, Por identification purposes
the exposure series will be referred to as Laboratory-l and Laboratory-2,
Field-1 and Field-2.

T, the Taboratory-1 test series. one corrosion tester of each type
was installec in a plastic manifold in which a one-percent soluticn of
HCl in water *sas circulated by a smell pump. The testers were arranged
in series =zni were subjected successively to the corrodent. This test
series was not intended to simulate 2 steam condensate line but rather
to compare the testers with equal quantities of a known corrodent con-
tinuocusly passing each tester.

Tu the Laboratory-2 test series, one of each of the proprietary
testers was installed in each leg of the test manifold shown in Figure 3.
A 3/4-incl-dismeter by 3-inch-long pipe nipple was also installed in
order to ccapare the results of the corrosion testers with the actual
loss in a pipe section.

Prior to installation the nipple was cleaned and weighed, and at
the conclusion cf the test it was a2gain cleaned and weighed and the
corrosion loss was deterrsined as tne average loss over the interior
surface. In this test series, condensate was '"borrowed" from the NCEL
steam plant return-line system and pumped through the munifold at a
pressure of approximately 8 psi and a temperature of frcm 130 to 200
degrees Fahrenheit, Equal flow through each leg of the manifold was
accoaplisked by adjusting the threttle velves on the discharge side
end meesuring the flow volumetrically for a given period of tiwe. Each
leg of the manifold was equipped with & swing joint in che pipe fittings
discharging into the effluent collecting trough, as shcm in Pigure 3.
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Pigure 2, Corrosometer readings, Laboratory-2 test series.

Figure 3.

Test manifold used in Laboratory-2 test series,
A - BuMires Tester; B - NDHA Tester; C - Corrosometer
Probe; D - HCEL Coupon Tester.

+ s R e 4 < et s

Y R—

hst ot

PN s Cm ke




i
i
t
i
|
|
!
t
i
i
!

Pleld-l and FPield-2 test series utilized test manifolds as showm
in Pigure 4, £n which onc corrosion tester of each types was installed.
Three manifolds were prepared and installed in condensate lines of two
geparate steam systems at CBC, Port Hueneme, California., 7Iwo of the
nmanifolds were installed in the Thomas system, which is the largest at
CBC, Port Hueneme, In the past, this system has required very little
maintenance duc to condensate corrosion. One manifold was installed in
the fingl £ifty feet of the condensate return iine and therefore was
subjected to all the corrosive products of the entire condensate return
system. The sccond manifold was installed in the final fifty feet of
one of the subsystem branch lines and was subjected to aspproximately
one-£ifth of the system's total condensate return. Manifolds were bled
after installation to make certain that they were £illed, Design factors
indicated that equal flow could be expected in each leg of the manifold.
A pressure gage was installed in each leg to indicate full flow, and
total steam production and makeup requirements <ere recorded for the
test period, Results showed the two Thomas installations to have
approximately the same amount of corrosion; they are therefore combined
in the tabulation of results under "Thcmas 3oiler,”

The third manifold was {nstalled-in the condensate return line of
the Laboratory's steam system, Installation was similar to those in
the Thomes system., This system requires considerable mzintenance to
offset condensate corrosion damage. Despite extensive water ami conden-
sate treatment and close supervision of operating practices, this con-
densate return system is corroding at a high rate, as shown ‘n the test

results and confirmed by actusl maintenance requirements,

TEST RESULTS

Table I shows the nmumerical results of evaluction tests of the
testers used in this investigation; Pigure 5 i{s a graphic presentation,
The variation in the test data was relatively insigaificant among three
testers -~ the BuMines tester, the Corrosocmeter prcbe and the RCEL tester,
The NDEA tester showed a significant variation in the test data from the
other testers,

DISCUSSIOR

All testers except the Corrosometer require from 30 to 60 deys
exposure to arrive at a corrosion indication; the length of exposure
period 38 directly related to the corrosiveness of the condensate. A
period of 10 days to 2 weeks lapses while the BuMines and NDEA testers
are returned to the supplier for evaluation. This =valuation can be
done by the user, but is not recommended. The NCEL teste.s were eval-
uated at the Lz .oratory within a few days.
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About a weck after the adjustment period is the minimm time for
the Corrosomater to determine the degree of corrosion. It was found
desirable, when installing a new Corroscczeter probe, to allew 3 to 5
deys for the probe to become adjusted; thereafter, progressive corrosion
or the effect of inhibitors could readily be observed. This is illus-
trated in Pigure 2.

The fact that many Corroscceter probes can be installed and that
the amount of corrosion can be quickly determined without removing the
probes are distinct advantages. In addition, the Corroscmeter cezn
detect as little as a tenth of a microinch of corrosion. This would
pernit fine adjustments of chemical treatment to be used and a solution
to the corrosion problem to be determined in a2 matter of weeks rather

+than menchs.

The out-of-pocket cost of the testers is another factor to be com-
sidered along with tirme and dependability in the selection of a corro-
sion determfnation method., With the exception of the Corroscmeter, the
cost of testers is scall. The BuMines tester is furnished to US nawal
activities at no cost. This inclvdes evaluation of exposed testers and
a report of the findings 2nd recormmendations to the user. RDEA testers
are available from various suppliers, such as the Dearborn Chemical
Company, for $10.00 f£.o.b. the factory. 7The charge i{ncludes subsequent
evaluation and a report of the findings to the user. Costs for coupon
and pipe nipple specimens such as those prepared by RCEL are lass sig-
nificant since they can be fabricated by local station forces; however,
facilities required for evaluating these specimens may preclude the use
of this tester.

Tne Corroscmeter electrical resistance bridge and probes, on the
other hand, represents a large investment. The Crest Instrument Cox-
pany lists the current Model CX (similar to that used by the Laboratory
in this investigation) at §650.00. Probes cost fro= $590.00 to $250.00,
depending upon the material used and the physical requirements necessary
to withstand various pressures and temperatures. Probe elements are
available for replacing exposed elements at prices up to 75 percent of
the complete probe (£rom $30 to $85). This high cost could preclude the
use of Instruments of this type on an individual stationm basis; however,
it might be feasible for District Offices or Public Works Centers to
purchase such an instrument for vse on e rotational or need bgsis for
individual stations under their cognizance.

In order to find out what testers were actually ino use in the field,
information was obtained from all District Public Rorks Officers. It
was found that the commercial testers evaluated were in use in the
Districts. In addition, several otbter testers were mention=c. These
were test specimens furnished by Ball Laboratories, Divisioa s Hogan
Chemicals and Controls, Inc.; Betz Laboratories; and Wright Chemical

Corporaticn.
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Besponse from the pistricts showed that the testexs have belped
jpdicate the degree and sometimes the cause of corrosion. Although
1ittle specific information abont maintenance costs due to corrcsion
was avalisble, most of the Districts agreed that there was 2 reduction
{n maintepance costs and troudle calls as a result of applying data
derived from testers. As few Districts hsve used more thar one tester,
no cosparison could be made as to which tester was best.

CONCLUSIORS

1. The BudMines tester, Corroscmeter or 1ocally fabricated and gvaiuated

nipple or coupon testers will give an adequate indication of the rzte and
magnitude of corrosion although fatilities required for evaluating spece

jmens may preciude the use of the latter type of tester.

2. Waere it is desired to monitor the effects of corrosicn inhibitica
treatment andfor to obsexve rasults of operational change. in less than
30 days, the Cozroscaeter type instrument i5 t. be preferred. Toe other
testers require 2 minimm of 30 days for a reliable aaswer.

3, An additional advantage of the BuMines tester is tbe fact that the

cause of corrosion can often be deternined by the type of cerrosion
such as pitting and chanpeling.

REPERERCE
1. A. A, Berk. “Use of Condensate-Corroeion Tester for the Suxvey

of Return-Line Deterioratiocn.” Corrcsion, Vol. 14, ¥o. 3 (¥axch 1338),
pp 141-154.
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Aremy, Woshingen 25, D, C.

Chiof of Ergineers, Deporicent of the Arrmy, Attn: Ensineering R & D Division, Washington 25, D. C.

Ceamending Dfficer, Enginsering R & D Leborstcrles, Atn: Technicsl intsliigence Bronch,
Fort Belvolr, Virginie

Commendir) Gensrcl, ¥right Air Development Center, Air Reseorch and Deselopment Commend,
Vright-Petterson Air Force Bose, Chio

Deputy Chief of Seaff, Davelopment, Diractor of Research cnd Developmem, Deportmem of the
Air Forea, Weshingtoa

Prasident, Marins Corps Equipuent Boc-d, Norine Corps Schiools, Quenti Lo, Virginio

Director, Netions! Burecu of Stondards, Depertment of C. amerce, Connacticut Avenue,
Washington, D. C.

Aroed Services Technicsl informotion Agency, Arilngton Hsil Station, Arlingten 12, Yirginio
Deputy Chisf of Stcff, Rosecrch ond Development Hazdguorters, U. S Usriae Corps
Heodquerrers, USAF, Dircctoccte of Civil Engineering, Attn: A-OCT-ES, Yeshington 25, D. C.

Comezander, Headsocrtees, Air Re h and Derelopment C 2, Anérews Air Force Bese,
Yashington 25, D. C.

Office of the Director, U. S. Cocst end Geodetic Survey, Woshington 25, D. C.

NCEL Senderd Distribution
Director of Detense Resesrch end Engineering, Dagcrinant o1 Defense, Washington 25, D. C.

Diracter, Division of Plens end Policies, Hetdguarters, U. S. Nexine Corps, ¥eshingtoa 25, D. C.
Director, Bexresu of Recleretion, Weshingrea 25, D. C.

Cozmanding Oficer, U. S. Nevel Construction Bettalica Center, Attn: Technicsl Division,
Cods 141, Forr Husneme, Colifornio

Co=manding Offices, U. S. Nevel Censtruction Bettelion Center, Attn:  Meterie] Department,
Cods 142, Port Huenems, Califomic

Commmanding Officet (Pcient Depn.), Office of Novol Resecrch Beonch Office, 1030 E. Gesen Strant,
Pesodens, Colifecnin




