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copper-nickel, corrosion monitor- 

ing with portable ultrasonic 
imaging system, 94 

line, hydrogen monitoring with hy- 
drogen probe, 231-234 

in nuclear reactors, automated ul- 
trasonic detection of inter- 
granular stress-corrosion 
cracking, 112 

seawater, corrosion monitoring 
with portable ultrasonic 
imaging system, 91, 93 

water 
cast iron and copper, corrosion 

rate by drinkable water, 358- 
373 

corrosion costs, 358 
Pipeline coatings (See Coal tar 

enamel; Fusion bonded ep- 
oxy; Polyethylene) 

Pipelines (See Pipe) 
Pitting 

acoustic emission during, 47 
corrosion 

eddy current technique for, 
124-136 

in utility boilers, 343-345 
failure of stainless steel tank, trou- 

bleshooting, 291-295 
potentials, sulfate-reducing bacte- 

ria and, 425-426 
rates in cooling towers, calcium 

phosphate effects, 307-313 
underwater 

focused transducer technique 
of thickness measurements, 
181-187 

traditional inspection methods, 
180 

Plastic strain effects 
hydrogen absorption, 228-229 
Kiscc and hydrogen content, 229- 

230 

Poisson's ratio, hydrogen-attacked 
steel, estimation by ultrasonic 
wave velocity ratio, 162-163 

Polarization 
curve and acoustic emission count 

rate, in 304 austenitic stain- 
less steel, fig., 49 

galvanostatic and potentiostatic, 
for sulfate-reducing bacteria 
detection, 423-425 

Polarization diagrams, in corrosion 
monitoring, 207 

Polarization resistance 
corrosion monitoring with, 205- 

207 
mild steel corrosion induced by 

sulfate-reducing bacteria, 
426-429 

Polyethylene pipeline coating, com- 
puter-controlled AC impe- 
dance measurements, 377- 
383 

Polymers, synthetic, 310-313 
Potentiodynamic polarization 

curves for stress-corrosion crack- 
ing in high,strength low-alloy 
line pipe steel, 390 

for pitting corrosion rates 
cooling water towers, 308-309 
oil fields, 258 
pulp and paper plants, 269, 

273 -278 
uniform and pitting corrosion 

rates in cooling towers, 307- 
313 

Potentiostatic polarization, AISI 
1020 steel in seawater con- 
taminated by sulfate-reduc- 
ing bacteria, fig., 426 

Power plants 
cycles, construction materials, ta- 

ble, 342 
true corrosion rate, on-linear mon- 

itoring, 314-337 
wall thinning in, 28 
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Pressure vessels, packing glands on, 
216 

Probes 
electrical resistance (See Electrical 

resistance probes) 
electrochemical (See Linear polar- 

ization resistance probes) 
hydrogen (See Hydrogen probe) 

R 

Radiography 
conventional, 6 
neutron (See Neutron, radiogra- 

phy) 
Radioisotopic techniques, for sul- 

fate-reducing bacteria detec- 
tion, 420-421 

Redundancy, in corrosion monitor- 
ing programs, 214-215 

Resistive thermal device, calibration 
field tests, 147 
laboratory, 143 

Rough surfaces, detectability by 
acoustic emission, 38 

S 

Scanning electron microscopy 
stress-corrosion cracking in high- 

strength low-alloy line pipe 
steel, 392-393 

sulfate-reducing bacteria detec- 
tion, 416 

Sensor for real-time crevice contami- 
nant detection, 138-154 

calibration of conductivity elec- 
trodes, 148 

calibration procedures, 147 
design and manufacture, 139-140 
field equipment development, 

144-147 
field evaluation, 144-151 

field installation, 149 
flowing steam tests, 143-144 
integrity tests, 148-149 
mechanical testing, 143 
probe evaluation and data analy- 

sis, 149-151 
resistive thermal device calibra- 

tion, 143, 147 
room temperature calibration, 

141-142 
steam environment calibration 

and testing, 142-143 
test bed for, 144 

Sensor placement, in acoustic emis- 
sion field applications, 40 

Sentinel holes (See Weep holes) 
Shear modulus, hydrogen-attacked 

steel, estimation by ultrasonic 
wave velocity ratio, 162 

Slow-strain rate technique, for 
stress-corrosion cracking of 
line pipe steel, 387, 389-390 

Sodium hydroxide, carbon steel cor- 
rosion in, 404-411 

Stainless steel 
304 

acoustic emission 
during corrosion, 48 
during corrosion fatigue, 61- 

62 
effects of environmental and 

mechanical conditions dur- 
ing corrosion fatigue, fig., 
64 

hydrogen-assisted growth de- 
tection by, 174-178 

monitoring, 36 
during polarization scan, 49 
during stress-corrosion crack- 

ing, 50-51, 65-67 
corrosion potential, table, 294 
pitting failure troubleshooting, 

291-295 
316, acoustic emission during 

stress-corrosion cracking, 65 
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410 (martensitic), hydrogen as- 
sisted growth detection by 
acoustic emission, 174-178 

430 (austenitic), hydrogen assisted 
growth detection by acoustic 
emission, 174-178 

half-value-layer for thermal neu- 
trons, 13 

Standards, for corrosion monitoring 
in industrial plants, 217 

Steam condensers, on-line corrosion 
measurements, 318-329 

Steam turbine crevice contaminants, 
sensor for real-time detection 
of, 138-154 

Steels 
414 high-strength low-alloy line 

pipe, stress-corrosion crack- 
ing, 386-402 

483 high-strength low-alloy line 
pipe, stress-corrosion crack- 
ing, 386-402 

817M40, acoustic emission during 
stress-corrosion cracking, 53 

897M39, acoustic emission during 
stress-corrosion cracking, 53 

A 53 pipe (See Pipe) 
AISI 1020, linear polarization 

measurements, 252-253 
AISI 4135, K~scc as function of hy- 

drogen content, measurement 
with hydrogen probe, 229- 
230 

AISI 4340, acoustic emission dur- 
ing hydrogen embrittlement, 
53-54 

carbon 
A515, corrosion potential and 

hydrogen content measure- 
ment with hydrogen probe, 
231 

corrosion in NaOH solution, 
LiOH effect, 404-411 

corrosion rate as function of cor- 
rosion potential, fig., 326 

corrosion rates in Kraft white 
liquors, 270-281 

hydrogen-attack evaluation, 
153-164 

Poisson's ratio, 162-163 
shear modulus, 162-163 
Young's modulus of, 162-163 

carbon/manganese, acoustic 
emission during corrosion fa- 
tigue, 60 

D6aC, acoustic emission 
during corrosion fatigue, 60 
during stress-corrosion crack- 

ing, 53 
hydrogen-damaged, detection, 

27-28 
low alloy, hydrogen-attack evalua- 

tion, 153-164 
mild 

acoustic emission during stress- 
corrosion cracking, 57 

hydrogen content measurement 
with hydrogen probe, 226- 
229 

nickel maraging (250 grade), 
acoustic emission during 
stress-corrosion cracking, 54 

plate in heavy water, corrosion 
monitoring with portable ul- 
trasonic imaging system, 94 

stainless (See Stainless steel) 
TTStE36, acoustic emission dur- 

ing corrosion fatigue, 61 
Steel structures, underwater, ultra- 

sonic corrosion monitoring 
technique, 179-189 

Stress, thermal, in acoustic emission 
monitoring, 40 

Stress-corrosion cracking 
304 stainless steel, acoustic emis- 

sion during, 50-51, 67 
316 stainless steel, acoustic emis- 

sion during, 65 
817M40 steel, acoustic emission 

during, 53 



512 NONDESTRUCTIVE TESTING AND ELECTROCHEMICAL METHODS 

Stress-corrosion cracking (cont.) 
897M39 steel, acoustic emission 

during, 53 
2024-T351 aluminum alloy 

acoustic emission monitoring, 
81-82 

and corrosion acoustic emission 
signals, differentiation, 82-87 

7075-T651 aluminum alloy 
effect of transducer and filter on 

acoustic emission results, ta- 
ble, 80 

velocity measurements, acoustic 
emission monitoring, 77-78 

acoustic emission 
low and high frequency signals 

during, fig., 84 
sources and energy levels drawn 

on amplitude distribution, 
fig., 66 

sources during, fig., 45 
active path, detectability by acous- 

tic emission, 35 
Admiralty metal, acoustic emis- 

sion during, 57 
AISI 4340 steel, acoustic emission 

during, 53 
aluminum and magnesium alloys, 

acoustic emission during, 57 
AI-Zn-Mg alloy, acoustic emis- 

sion during, 55 
amplitudes distribution function 

for, 36-37 
brass, acoustic emission during, 

57 
caused by crevice contaminants, 

sensor for real-time detection, 
138-154 

continuous-monitoring of acoustic 
emission, 67 

copper and copper alloys, acoustic 
emission during, 57 

current monitoring needs, 216 
D6aC steel, acoustic emission dur- 

ing, 53 

detection in industry, 84-87 
discontinuous, detectability by 

acoustic emission, 35 
frequency spectra for acoustic 

emission signals with broad- 
band pass transducer filters, 
fig., 85 

high-strength low-alloy line pipe 
steel, 386-402 

intergranular (See Intergranular 
stress-corrosion cracking) 

metals, acoustic emission during, 
47 

mild steels, acoustic emission dur- 
ing, 57 

nickel maraging steel (250 grade), 
acoustic emission during, 54 

process streams, device for, 210 
structural steel for blast furnace 

domes, acoustic emission dur- 
ing, 68 

uranium alloys, acoustic emission 
during, 57-58 

utility boilers, 343 
velocity, acoustic emission rate 

and, 76 
Sulfate-reducing bacteria-induced 

corrosion 
cathodic depolarization theory 

and, 460-461 
cellular components unique to, 

421-422 
corrosive metabolite theory of, 461 
counting, 414-416 
detection by impedance measure- 

ments, 419-420 
enumeration, 414-416 
galvanostatic methods, 423-425 
immunological detection, 418-419 
microcalorimetric detection, 420 
microscopic detection, 416-417 
open circuit potential measure- 

ments, 422-423 
pitting potentials, 425-426 
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polarization resistance measure- 
ments, 426-429 

potentiostatic polarization meth- 
ods, 423-425 

radioisotope techniques for, 420- 
421 

sulfide determination, 421 
Sulfide ion, detection for bacterial 

sulfate reduction, 421 

T 

Television-type detection systems, 14 
Thermodynamics, occluded cell cor- 

rosion, 474-478 
Thickness (See also Thinning) 

computer-assisted data acquisi- 
tion system, 20-22 

computer-assisted measurement 
system, 22-27 

data acquisition subsystem, 23- 
24 

data processing subsystem, 24- 
27 

hydrogen damage in boiler tub- 
ing, 27-28 

conventional examination meth- 
ods, shortcomings, 28-29 

conventional ultrasonic measure- 
ments of, 17-18 

printer for measurement of, 19-20 
ultrasonic measurements 

corrosion monitoring with, 204- 
205 

data analysis, 214 
underwater, focused transducer 

technique for, 181-187 
Thinning 

detectability by acoustic emission, 
38 

wall, measurement of, 28-29 
Titanium alloys, acoustic emission 

monitoring, 36 

Titanium-aluminum-vanadium al- 
loy, acoustic emission during 
corrosion fatigue, 60-62 

Titanium-zirconium alloys, acoustic 
emission during stress-corro- 
sion cracking, 58-60 

Tomography, Ultra Image III image 
formation and, 100 

Tracer studies, oil wellhead, corro- 
sion inhibitor program, 253- 
255, 261-263 

Turbine rotors 
boremag system, 103-105 
boresonic data acquisition system, 

105-110 
mechanics, 108-110 
ultrasonic evaluation, 107-108 

U 

Ultra Image III (See Ultrasonics, 
portable imaging system) 

Ultrasonics 
advanced systems, 19-27 

data acquisition subsystem, 23- 
24 

data processing subsystem, 24- 
27 

thickness data acquisition sys- 
tem, 20-22 

thickness measurement system, 
22-23 

thickness printer, 19-20 
automated data acquisition and 

evaluation system 
boremag system, 103-105 
boresonic mechanics, 108-110 
boresonic system, 105-108 
implementation, 107-108 
inspection system methodology, 

table, 105 
automated technique for inter- 

granular stress-corrosion 
cracking detection, 112 
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Ultrasonics (cont.) 
conventional, 17-18, 28-29 
with focused transducer, for un- 

derwater corrosion of steel 
structures, 179-189 

system operation, 184-187 
technique for thickness mea- 

surements, 181-184 
tests in harbor environment, 187 

imaging, and physical imaging, 
comparison, table, 122 

portable imaging system 
accuracy of image, 100 
in airplane fuselage, 92, 94 
analyzing power of, 93 
applications for, 91-93 
corrosion/erosion in seawater 

pipeline, 93 
corrosion in airplane fuselage, 

92, 94 
corrosion in seawater pipeline, 

91-92 
C-scan comparison with, 99-100 
description and calibration, 90- 

91 
equipment and calibration, 90- 

91 
erosion inside choke valve, 94 
for large areas, 92-93 
in seawater pipeline, 91-93 
steel plate in heavy water pro- 

cessing plant, 94 
tomographic image formation, 

100 
welded region of copper nickel 

pipe, 94 
pulse-echo methods, 6 
resonance methods, 6 
thickness measurements, corro- 

sion monitoring with, 204- 
205 

wave velocity ratio method for hy- 
drogen attack in steels, 153- 
164 

Uranium alloys, acoustic emission 
during stress-corrosion crack- 
ing, 57-58 

V 

Voltammogram, cyclic, carbon steel 
corrosion in NaOH solutions, 
406-409 

Voltmeters, high-impedance, in cor- 
rosion troubleshooting, 302 

W 

Water 
analysis frequency for utility boil- 

ers, table, 354 
chemistry in power plants, 319- 

333 
chemistry monitoring in utility 

boilers, 349-355 
drinkable, effect on corrosion rate 

of cast iron and copper pipe, 
358-373 

halv-value-layer for thermal neu- 
tron radiographic beam, 9 

penetration of anticorrosion coat- 
ings, 374-385 

pipe (See under Pipe) 
Wave velocity 

ratio method for hydrogen-at- 
tacked steels, 153-164 

shear and longitudinal, in hydro- 
gen-attacked steel, fig., 157 

Weep holes, in corrosion monitoring, 
210 

Weld 
corrosion, troubleshooting tech- 

niques, 295-302 
inspection, automated ultrasonic 

technique for, 112 
materials, corrosion potentials, ta- 

ble, 297 



INDEX 515 

Wheel tests, inhibitor performance, 
263 

Wiring systems, corrosion monitor- 
ing systems and, 215-216 

X-Z 

X-rays and slow neutrons, attenua- 
tion characteristics, fig., 7 

Young's modulus 
changes in, detection of hydrogen- 

assisted crack growth by, 
165-178 

hydrogen-attacked steel, estima- 
tion by ultrasonic wave 

velocity ratio, 162 
Zirconium-aluminum alloys (See 

Aluminum-zirconium alloys) 




