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Glossary 

A 

aus ten i t i ze  

The treatment of steel wherein it is raised in temperature until all the 
iron has transformed into austenite. 

B 

base m e t a l  

In steel pressure vessels, the material composition forming the main 
vessel plate. 

bcl t l ine  

The horizontal plane through a fuel core and extending out to a pressure 
vessel wall having the highest neutron flux. 

C 
c a d m i u m  ratio 

The ratio of the number of neutrons of thermal and epithermal energies 
detected by a bare cobalt foil to the number of neutrons of epithermal 
energies detected by a cadmium-covered cobalt foil. Note that this 
yields a thermal neutron count for the >_0.414 eV level rather than the 
0.0253 eV level. 

Charpy V - n o t c h  spec imen 

A test specimen for measuring the amount of energy absorbed during 
fracture upon impact with a standard moving weight. The specimen is 
0.394 in. square by 2.165 in. long, having a 45-deg notch cut across one 
surface, the notch root being 0.001 in. radius; it is described by ASTM 
Standard Method for Notched Bar Impact Testing for Metallic Ma- 
terials (E 23-66). 

D 
dyn amic  tear test  

A test similar to the Charpy V-notch but incorporating the advantages 
of larger size (minimum used is 7 in. long by 15/~ in. wide by 5/~ in. 
thick), more realistic notch (pressed notch or brittle weld), and greater 
crack run below the notch. 
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E 

electroslag welding 

A weld joining process wherein two plates to be joined are set vertically 
about 3 in. apart. Heavy, water cooled shoes cover the gap between 
plates and act as dams to hold molten weld filler metal used to fuse the 
plates together. The shoes also conduct electric current to heat and 
melt the filler wire as it feeds into the molten pool. Fluxing agents float 
on top of the molten pool to prevent continuous oxidation. Because of the 
large grain size inherent to the cooled weld joint, electroslag weldlnents 
must be quenched and tempered after welding. 

epi thermal  neutrons  

Neutrons of energies greater than thermal and below those of fast 
neutrons. Also referred to as resonance neutrons because of the many 
resonance peaks observed for the interactions in these energy levels. 

F 

fast neutrons  

An arbitrary designation for neutrons of energies usually greater than 
0.1 MeV. More correctly, they are those above 0.1 MeV for which 
individual resonances are not resolved in "typical" nuclei. 

fission foil 

A flux monitor that will undergo fission in the neutron flux field under 
consideration; fission products such as 14~ and 137Cs are typical of the 
isotopes analyzed from the fission to yield flux values. 

fission spectrum 

A specific distribution of neutrons resulting from fission of 235U. This 
spectrum is a plot of neutron populations within discrete energy levels 
or bands. At present, forms of the fission spectrum have been developed 
by Watt, Frye, Cranberg et al, and Grundl; all of these forms disagree 
somewhat with the fission spectrum described by multiple foil activation 
techniques. 

flux moni tor  (foil)  

A material (usually a metal) that has been placed in a neutron flux 
field for activation that can subsequently be measured and translated 
into an accurate neutron flux value. (Synonyms: flux detectors, foils, 
flux wires, detectors, dosimeters). 
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f r a c t u r e  t o u g h n e s s  

Usually refers to Kzc or a measure of stress to denote inherent resistance 
to intensity for onset of unstable fracture under linear elastic-plane 
strain conditions. 

H 

h a l f - l i f e  

A specific length of time during which a specific radioisotope will decay 
to an activity level half that which existed at the start of the time period. 

h a r d  s p e c t r u m  

A neutron spectrum wherein the average energy of the neutrons is 
relatively high (fast). 

h e a t  a f f ec ted  z o n e  ( H A Z )  

A fusion region adjacent to the interface between weld metal and base 
metal of a weldment. (Its microstrueture may be altered by the high 
heat input of the welding process.) 

h e a t  t r e a t m e n t  

A series of operations involving heating and cooling at specified rates in 
order to develop specific mechanical properties and microstrueture in 
steels. 

L 
l o n g i t u d i n a l  

In rolled steel plate, the plate dimension parallel to the primary rolling 
direction. 

N 
n e u t r o n  cross  s e c t i o n  

That property of an element describing its relative probability for inter- 
action with an impinging neutron. It is measured in units of area, usually 
the barn, being equal to 10 -24 cm; for convenience, the cross section of 
an element nucleus is just the target area presented by that nucleus 
to an approaching neutron. The target area or cross section is measured 
as area on a plane normal to the motion of the neutron and can be 
considered, in a simple sense, as the area of projection of the actual 
nucleus on the plane. 

n e u t r o n  d o s i m e t r y  

The measurement of the neutrons present and in motion through a 
specific area in a unit of time. 
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neutron fluence 

The neutron flux integrated over the time period of irradiation. This 
term recently was referred to as the dose or exposure or simply nvt. 
The International Committee for Radiological Units (ICRU) has 
recommended that neutron fluence be used exclusively as a descriptor 
for these other terms. 

neutron flux 

The product of the neutron density (n/cm 3) and velocity (cm/s); this 
translates to n/cm ~. s. 

neutron spectrum 

The distribution of neutrons at a specific reactor location indicating the 
population existing at discrete energy levels or within bands of specified 
upper and lower energy limits. 

normalizing 

A strengthening operation in steel wherein the material is heated until 
all the iron has transformed into austenite, then removed from the 
furnace and cooled in air. 

notch ducti l i ty 

The ability of a material that contains a notch-type flaw to deform 
plastically prior to failure thus absorbing a large amount of the energy 
input. 

P 

primary rolling direction 

The dimension of a plate that has received the greatest amount of 
extension due to passes beneath the rolls. 

q 
quench 

Extremely rapid cooling of a steel plate which usually has just been 
removed from an austenitizing treatment furnace; it is effected by 
either spraying with water or total submergence in water. 

R 
rolling direction 

In the reduction of steel ingots into plate, the orientation of the steels 
with respect to its traverse beneath the rolls. 
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S 

shear 

A term indicative of ductility. Full shear energy absorption is the 
amount of energy absorbed by a notched bar impact specimen when 
the fracture is ductile, 

she l f  

For the upper shelf, the maximum energy that is absorbed by a notched 
bar impact specimen under test. 

shel l  

A cylindrical section of pressure vessel wall used in conjunction with 
one or more others when all welded together form a complete pressure 
vessel. 

soft  spec trum 

A neutron spectrum wherein the average energy of the neutrons is 
relatively low. 

stress relief 

A heating treatment following tempering and usually after significant 
mechanical working or welding. The steel is raised in temperature to a 
level below the tempering temperature for several hours to eliminate 
residual stresses. 

subarc welding 

A weld joining process wherein a mechanically driven electrode passes 
through a joint with the filler wire being fed into the arc which is under 
a constant blanket of flux agent. The fusing arc is thus "submerged" 
in flux. 

T 
temper  

A heating treatment following quenching or normalizing wherein the 
steel is raised in temperature to a level below the austenitizing temper- 
ature for several hours in order to impart ductility. Tempering has the 
effect of simultaneously lowering strength while increasing ductility; it 
also reduces residual stresses. 

the r mal  n e u t r o n s  

Neutrons of velocities such that they are in thermal equilibrium with 
their environment. At 20 C, thermal neutrons of 0.0253 eV have a 
velocity of 2200 m/s. Measurements for most experimental irradiation 
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studies using bare and cadmium-shielded cobalt yield values for 
"thermal" neutrons of energies _<0.41 eV. This is the highest energy 
level of neutrons that cadmium can effectively shield out. 

threshold foil  

A flux monitor that is activated only by neutrons equal to or greater 
than a certain energy level or threshold. Neutrons of energies below the 
threshold cannot interact to a significant degree. 

transverse 

In rolled steel plate, the plate dimension perpendicular to the primary 
rolling direction. 
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A 

Accelerated irradiation, 50-58, 145, 
158, 178, 192, 201, 204, 205 

Annealing, 61-64, 106, 200, 240 
Big Rock Point, 147 
PM-2A, 129 
SM-1A, 113-120 
Yankee, 170 

Army package power reactor, 105 
ASME code, 21, 26, 248 

B 

Base plate, 74-79, 248, 251 
Beltline flux/fluence 

Big Rock Point, 155, 156, 226-230 
Dresden, 185-188 
Elk River Reactor, 197 
Humboldt Bay, 204 
SM-1, 122 
SM-1A, 109, 114 
PM-2A, 125 
Table, 140-142 
Yankee, 167-170, 174, 230-233 

Brittle fracture, 24, 28, 33, 126 

C 

Charpy V-notch, 21-25, 27, 37, 50- 
52, 108, 121, 127, 145, 158, 
175, 179, 191, 201, 242, 252 

Chemical composition, 31, 49, 67, 
72, 74-89, 158, 253 

Effects of- 
copper, 6, 74-79, 80-89 
phosphorus, 6, 80-89 
sulfur, 83-89 

Reactor steel and welds- 
Big Rock Point, 144 
Dresden, 175 
Elk River reactor, 190 
Humboldt Bay, 201 
La Crosse, 75 
PM-2A, 107 
SM-1, 107 
SM-1A, 107 
Yankee, 157 

Computer code (see Neutron spec- 
trum) 

Cross rolling (see also Orientation), 
5O 

Cross sections, 210, 212-218, 221, 
222, 225-227, 237, 232, 234, 
253 

Damage, 223, 224 
Iron, 54Fe(n, p), 201, 211, 214, 

216, 221 
Dresden, 183, 185 
Libraries, 129, 169, 219 

D 

Damage model, 223-225 
Ductile-brittle transition tempera- 

ture (see Transition temper- 
ature) 

Detector (monitor) flux, 108, 109, 
145, 153, 183, 185, 192, 209- 
217, 249, 252 

Dose (flux) rate, 56-58 
Yankee, 165 

Drop-weight test, 23-26, 37 
Ductile fracture, 21, 33, 37-41 
Dynamic tear test, 37-45 
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E 

Embrittlement, 19-23, Chapter 2, 
139-142 

Neutron in- 
Big Rock Point, 145-158 
Dresden, 174-183, 188 
Elk River, 193-197, 200 
Humboldt Bay, 202, 204 
PM-2A, 124-134 
SM-1, 122-123 
SM-1A, 112-120 
Yankee, 159-170, 174 

Thermal, 183, 189, 246 
Through thickness, 128, 134, 170, 

172, 173, 179, 188 
Embrittlement trend, 52-55, 58, 59, 

66, 67, 70-72, 105 
Elevated temperature, 52, 53, 55, 

58, 59 
Reactors- 

Big Rock Point, 152, 155 
Dresden, 180, 182, 186-188 
Elk River, 196-200 
Humboldt Bay, 202, 205 
PM-2A, 128, 133, 242 
SM-1, 123, 241 
SM-1A, 110-114, 240 
Yankee, 53, 163, 169, 172, 173 

F 

PM-2A, 124, 127, 129, 130, 134 
SM-1A, 107, 112, 113, 117, 118, 

120 
Fracture analysis diagram, 26, 27 
Fracture mechanics, 31, 32, 33-37, 

131-134, 256 
PM-2A, 34, 35, 124-126, 131, 132 

H 

Heat affected zone, 31, 49, 74, 76, 
140, 141, 143, 145, 147-152, 
156, 158, 175, 179, 181-184, 
201-263, 204, 243-246, 248, 
250, 251, 253 

Heat treatment 
Reactors- 

Big Rock Point, 144 
Dresden, 175 
Elk River, 189-191 
Humboldt Bay, 201 
PM-2A, 107 
SM-1, 107, 121 
SM-1A, 107 
Yankee, 157 

Stress relief annealing, 248, 251, 
253 

Heavy section steel technology pro- 
gram, 30-33 

Hydrogen embrittlement, 65-67, 99 

Failures, 26, 27, 29, 33, 158, 240, 
241,244, 245 

Fatigue, 32, 35, 97 
Elk River, 198-200 
PM-2A, 98, 125 

Fission foil (see Detector) 
Fission spectrum (see Neutron spec- 

trum) 
Flaws, 23-25, 26, 29-30, 32-37, 43 

Artificial, 124-126 
Forging 

Elk River, 189-191 

Industry cooperative program, 30 
Industry funded program, 30 
Inspection, 29-33 
Izod specimens, 121 

L 

Longitudinal (see Orientation) 
Low energy tearing, 22, 23, 25, 51, 

52, 79, 80, 179 
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M 

Microstructure, 31, 49, 67, 71-74, 
79-82, 164, 165 

Monitor, flux (see Detector) 

N 

Nil ductility transition temperature 
(NDT), 22-27, 32-34, 39, 
42-44, 127, 128, 139, 140- 
143, 145, 172, 173, 179, 197 

Neutrons 
Thermal, 211, 214-217, 224 
Fast, 109, 183, 214 

Neutron dosimetry (flux monitor- 
ing), Chapter 5, 28, 120-122, 
124, 139, 143, 153, 154, 163, 
168, 172, 173, 183-188, 192, 
201,239, 249, 252 

Neutron fluence (see also Beltline 
flux/fluence), 49-55, 124, 
139-145, 155, 156, 167-169, 
180-188, 194-197, 204, 249 

Neutron flux (see also Beltline 
fiux/fluence), 56-58, 109, 
155, 172, 173, 249, 252 

Neutron spectrum, Chapter 5, 53, 
105, 109, 133, 153-156, 167- 
170, 183 

Calculations, 109, 125, 133, 167, 
168, 217, 232, 241 

Computer codes, 125, 167, 168, 
217, 232, 241 

Fission spectrum, 133, 134, 154, 
217, 232 

Graphic representations, 220-223 
Big Rock Point, 153, 154 
SM-1A, 110, 113, 219, 220 
PM-2A, 128 
Yankee, 167, 168 
Watt fission, 153, 167, 214, 215, 

219, 220 
Nozzle cutout, 189 

0 

Orientation, 21, 50, 51,204 
of specimens and V-notch, 21, 50, 

124, 146-151, 175, 202, 204, 
242, 243, 246, 248, 252 

Primary rolling direction, 21 

P 

Pressure vessel, pressure vessel steel, 
140-142 

Big Rock Point, 144, 145 
Dresden, 175 
Elk River, 189-191 
Humboldt Bay, 201 
PM-2A, 107, 122, 123 
SM-1, 107, 241 
SM-1A, 107, 112, 113, 117, 240 
Yankee, 157, 158 

Pressure vessel research committee, 
29, 30 

R 

Reference steel, 51, 251 
ASTM A212-B, 57, 189-191 
ASTM A302-B, 51, 52, 54, 58, 59, 

63, 70, 73, 78, 139-143, 160- 
174, 245 

General Electric, 140, 141, 204, 
242, 243 

Rolling direction (see Orientation), 
50 

S 

Saturation, embrittlement, 52, 54, 
194 

Sensitivity, embrittlement, 49, 55, 
67-69, 70-89, 99, 106, 120, 
155-158, 163-165 

Shear energy absorption, 21-25, 37- 
39, 50-52, 74-77, 182, 183, 
202 

Shelf (see Shear energy absorption) 
Shell course, 175, 200, 201,248, 251 
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Shift (see NDT Increase and Tran- 
sition temperature increase) 

Spectrum (see Neutron spectrum) 
Stresses, 23, 25-27, 31, 32, 34-37, 

124-127, 131-134 
Experimental irradiation, 65 

Stress corrosion cracking, 35, 36, 125 
Surveillance capsules, 143, 249, 250, 

252, 255 
Big Rock Point, 145, 146 
Dresden, 175, 176 
Elk River, 191, 192 
Humboldt Bay, 201 
SM-1A, 108, 115, 240 
Yankee, 158, 159, 244, 245 

Surveillance programs, 19, 20, 105, 
106, 139-145, 239 

Reactors- 
Big Rock Point, 145, 242 
Dresden, 175, 246 
Elk River, 189, 246 
Humboldt Bay, 200, 247 
PM-2A, 123, 241 
SM-1, 120, 241 
SM-1A, 107, 239 
Yankee, 158, 243 

Guidelines, 254-258 
Recommendations, 139, 247-253 

T 

Temperature, irradiation, 49, 57-61, 
99, 106, 156, 165, 166, 174, 
194, 197, 249, 250, 252, 253 

Temperature monitor, 143, 145, 174, 
201, 244, 246, 250, 252, 253 

Tensile properties, 56, 57, 90-96, 
127-131, 183, 197, 203, 252, 
253, 255 

Thermal control, 179, 183, 201, 246, 
249, 253 

Thickness effects, 42-45 
Transition temperature (see Tran- 

sition temperature increase) 
Curve (illustrative), 21, 22, 50, 51 

Transition temperature increase (see 
also Embrittlement trend), 
21, 22, 50, 51 

Service limit projection, 139-145 
Big Rock Point, 153-156 
Dresden, 183, 187, 188 
Elk River Reactor, 196, 197 
Humboldt Bay, 204, 205 
PM-2A, 125, 128, 129 
SM-1, 122, 123 
SM-1A, 113, 114, 119 
Yankee, 167-170 

Transverse (see Orientation) 

W 

Weld metal, 29, 74, 77-80, 88-91, 
145-149, 152, 155, 156, 175, 
179, 181, 182, 184, 188, 201- 
203, 246, 248, 250, 251, 253 

Submerged arc, 78, 248 
Electroslag, 78, 79, 248 
Field weld, 192 


