
Index

a
ABH method, see Homogenization
Absorption 23, 25
Absorption probability 122, 317
Actinides, see Transuranics
Adiabatic method, see Point kinetics
Acelerator transmutation of waste

reactor 275
Adjoint

eigenvalue 495
function 386, 504, 506, 512, 513, 516,

520, 524, 628, 631, 634
generalized adjoint function Γ 631
operator 495

Albedo
boundary condition 52–53
diffusion theory 53–56

Asymptotic period 148
measurement 155

Asymptotic shape 58

b
Bare reactors, see Diffusion theory
Barn 5
Bessel functions 710
Beta decay, see Radioactive decay
Bethe-Tait model 190
Bickley function 321–322
Binding energy 3–5
Blackness theory, see Homogenization
Breeding ratio, see Fuel composition
Boltzmann equation 435
Boundary and interface conditions

albedo, see Albedo

diffusion theory, see Diffusion theory
extrapolated, see Extrapolation

distance boundary condition
Mark, see Mark boundary conditions
Marshak, see Marshak boundary

conditions
transport theory, see Neutron

transport theory
Breit-Wigner resonance scattering cross

section 15, 19, 445
Buckling
geometric 58, 60, 145, 157, 166
material 59

Burnable poison 208, 249, 253

c
Cadmium ratio 71
Capture 13
Capture-to-fission ratio, α 33
Center-of-mass system 26
Central limit theorem 383
Chernobyl accident 298
Closing nuclear fuel cycle 242
Collision probabilities method
ABH method 537–541
collision probability 88–89, 323–327
collision probability annular

geometry 326–327
collision probability slab

geometry 324
collision probability two

dimensions 325–326
pin-cell model 544–549
reciprocity 323–324
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Collision probabilities method
(continued )

thermalization in heterogeneous
lattices 492–493

transmission probabilities 317
Compound nucleus 5

formation 13
Control rod

cross sections, effective diffusion
theory 72–74

follower 296
scram 249, 254, 287, 298, 299
windowshade model 74–76

Control theory
dynamic programming 659–661
Pontryagin’s maximum

principle 661–662
variational 662–665

Conversion/breeding ratios 219.
See also Fuel composition

Correlation methods 180–182
Coupling coefficients 84
Criticality

critical 37–38, 59
delayed critical 150–151
prompt critical 151–153
subcritical 37, 59, 150
supercritical 37, 59
superprompt-critical 151

Criticality condition
bare homogeneous reactor 57–62
Monte Carlo 380–390
power iteration 78–79, 135–136
reflected homogeneous reactor 65
reflected slab 63–64
rodded cylindrical reactor 75
two region, two-group reactor

130–132
Criticality minimum volume 61–62
Criticality safety, see Nuclear reactor

analysis
Cross sections

2200 m/s values 480, 696
absorption 68, 667
capture 13–14, 24, 199, 682
definition 5
elastic scattering 19–20, 24, 477

evaluated, seeEvaluatednucleardatafiles
fission 5–7, 23, 199, 648
for important nuclides 24
low-energy summary 23
macroscopic 25
spectrum-averaged 24–25, 62
total 23, 648
transport, see Transport cross section
units 5

Cross spectral density 181
Current

net current 45, 388
partial current 46, 48, 311

d
Delayed critical 150
Delayed neutrons

decay constants 144–145
holdback 623
kernel 153–155
neutron kinetics effects 38, 148
precursor 145
yield 141, 144

Densities, elements and reactor
materials 690

Depletion model 219
Detailed balance principle 109, 474, 478
Diffusion coefficient 45, 349

directional 408–409
multigroup 122, 409–410

Diffusion cooling 497
Diffusion length 48, 53, 56
Diffusion parameters 56
Diffusion theory

analytical solutions 48
applicability 47–48
bare homogeneous reactor 57
boundary and interface

conditions 46–47, 52, 92–93
currents, partial & net 43
derivation 43, 349
directional 408–409
geometric bucklings 60
kernels 50
lethargy-dependent 407–408
multigroup theory 127–136,

409–410, 605–608
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nonmultiplying media solutions 48
numerical solution 76–82, 135
one-dimensional geometry 89,

348–350
optimum geometries 61
power peaking factors 71
reflected reactors 62, 133
two-region reactors 130–132

Dirac δ-function 705–707
Discrete ordinates methods

acceleration of convergence 371
cylindrical and spherical

geometries 354
diamond difference scheme 366,

368–371
equivalence with PL equations 96, 355
level-symmetric quadrature 373, 599
nodal 585–586
ordinates and quadratures,

multidimensional 372–375
ordinates and quadratures, PL and

D-PL 90, 363–366
ordinates and quadratures, SN 374
slab geometry 94, 362–363
spatial finite differencing and iteration,

SN method in 2D Cartesian
geometry 375–378

spatial finite differencing and iteration,
slab geometry 368

spatial mesh size limitations 367
sweeping mesh grid 367, 376

Doppler broadening 120–121. See also
Resonance and Reactivity

Dynamic programming 659–661

e
Eigenvalue separation 626, 674
Elastic scattering

average cosine of scattering angle 399
average logarithmicenergy loss 29, 437
cross sections 24, 477
energy–angle correlation 28, 397
kernel 396–398
kinematics 25–26, 395–396

Legendre moments of transfer function,
see Legendre moments of elastic
scattering transfer function

moderating ratio 29
potential 19
relation between CM and lab

scattering angles 27
resonance 19
transfer function 396, 398

Emergency core cooling 287,
290, 298

Energy release from fission 12
Error function 712
Escape probability 86
Eta (number of neutrons per absorption

in fuel) 33–34
Equivalence theory, see Homogenization
Escape probability, see Integral transport

theory; Interface current methods;
Resonance

Evaluated nuclear data files 25, 117
Even-parity transport theory, see

Neutron transport theory
Excitation energy for fission 5
Exoergic reactions 288
Exponential integral function 315, 317,

580
Extrapolation distance boundary

condition 47, 349

f
Fermi age, see Neutron slowing down
Fertile isotopes 198
Few group approximations 118
Fick’s law 45, 92, 349, 361, 408
Finite difference equations

diamond difference relation 366,
368, 376

diffusion equation, one-dimensional
slab 76

diffusion equation, two-dimensional
Cartesian 81

discrete ordinates, rectangle 367
discrete ordinates, slab 362
discrete ordinates, sphere 370
limitations on mesh spacing 358

Finite element methods
cubic Hermite approximation 593
finite-difference approximation 583
linear approximation 595
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First collision source, see Integral
transport theory

Fissile isotopes 5
Fission

cross sections 5, 199, 683
energy release 12
fast 35
neutron chain fission reaction, see

Neutron chain fission reaction
neutron yield 10
probability per neutron

absorbed 236
process 5
products 7–9, 197
products significant in accidents 286
spectrum 10, 11
spontaneous 5, 201, 202
threshold 5
yields 10

Flux, scalar 310
Flux tilts 623, 625, 668
Flux disadvantage factor, see Thermal

disadvantage factor
Fuel assemblies 67, 252, 254, 257–260,

262, 429, 493, 535, 543, 560,
567

Fuel burnup
composition changes 205
depletion model 219
energy extraction 235
fission products, see Fission products
in-core fuel management 210
reactivity changes, see Reactivity
transmutation-decay chains, see

Transmutation-decay chains
units 205

Fuel composition
discharged UO2, 207
equilibrium distribution in recycled

fuel 235
fertile-to-fissile conversion and

breeding 217
plutonium buildup 206
power distribution 209
reactor-grade uranium and

plutonium 232, 233
recycled LWR fuel 221

recycled plutonium physics
differences 208, 224

recycled uranium physics
differences 224

weapons-grade uranium and
plutonium 233

Fuel lumping 37
Fuel recycling, see Fuel composition
Fuel reprocessing 221
Fukushima accident 300

g
Gamma function 691
Gauss’ divergence theorem 704
Gauss–Seidel 81
Generalized perturbation theory, see

Variational methods
Gaussian elimination 78
Green’s theorem 704
Group collapsing 116, 536, 618

h
Hazard index 226. See also Radioactive

waste
Heterogeneity, see Homogenization
High level waste repository

decay heat 241
isotopes 241

Homogenization
ABH method 541
blackness theory 541
collision probabilities pin-cell

model 549
conventional theory 552
cross sections, equivalent

homogeneous 68, 535, 536
diffusion theory 74
diffusion theory lattice functions F

and E 68
equivalence theory 554
flux discontinuity factor 553
flux reconstruction 577, 595
flux (thermal) disadvantage

factor 68, 538, 541. See also
Self-shielding

interface current pin-cell
method 548–549
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multiscale expansion
theory 556–560

pin-cell model 543, 544
resonance cross sections 429
spatial self-shielding, see Self-shielding
transport boundary conditions 539,

540
Wigner–Seitz cell 543–544

i
Importance function 144, 504–508.

See also Adjoint function
Infinite multiplication constant, k1, 37,

113
Inhour equation 147, 148
Integral Fast Reactor 301
Integral transport theory

absorption probability 317
anisotropic plane source 315–316
distributed volumetric scattering and

fission sources 320
escape probability 317–318
first-collision source 318
isotropic line source 320–321
isotropic plane source 313–315
isotropic point source 313
probability of traveling a distance t

from a line source 320–321
scattering and fission, inclusion

of 318–320
transmission probability 317.

See also Transmission probability
Interface current methods

boundary conditions 334–335
emergent currents 333–334, 336
escape probabilities in slab

geometry 333
escape probabilities in two-

dimensional geometries 342–343
escape probabilities rational

approximations 343
pin-cell model 535
reflection probability in slab

geometry 333
response matrix 335
transmission probabilities in slab

geometry 333

transmission probabilities in two-
dimensional geometries 339–342

Iteration methods
acceleration of convergence 371, 378
alternating direction implicit 645
forward elimination/backward

substitution (Gauss
elimination) 78

power, for criticality problems 78,
81, 372, 389–390

scattering, for discrete ordinates
equations 372, 585

successive over-relaxation 81, 648
successive relaxation (Gauss-

Seidel) 81, 135
sweeping over mesh points for

one-dimensional discrete
ordinates 369

sweeping over mesh points for
two-dimensional discrete
ordinates 376

j
J (ξ, β) resonance function 124

l
Lagrange multiplier 658
Laguerre polynomials 496
Laplace transforms 670
Laplacian representation 703
Legendre moments of elastic scattering

transfer function
anisotropic scattering in CM 399
definition 403
isotropic scattering in CM 398, 399

Legendre polynomials
associated Legendre functions 345,

709
definition and properties 344–345,

709
half-angle Legendre

polynomials 354–355
Lethargy 395
Loss of coolant accident, see Reactor

safety
Loss of flow accident, see Reactor safety
Lyapunov’s method for stability

analysis 653–656
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m
Macroscopic cross section 43
Mark boundary conditions, see Spherical

harmonics
Marshak boundary condition, see

Spherical harmonics
Mass defect 3
Matrix algebra 713
Maxwellian distribution 110, 111
Maxwellian energy distribution 18
Mean chord length 441
Mean free path 442, 443
Mesh spacing limit 82
Migration length 53–57
Minimum critical volume 61
Mixed oxide fuel 221, 237, 263, 267
Moderator properties 28
Moderating ratio, see Elastic scattering
Monte Carlo methods

absorption weighting 387
analog simulation of neutron

transport 381–383
correlated sampling 389, 390
criticality problems 389–390
cumulative probability distribution

functions 381
exponential transformation 386
flux and current estimates 387
forced collisions 386
importance sampling 385
probability distribution

functions 380–381
Russian roulette 387
splitting 387
statistical estimation 383–384
variance reduction 385–387

Multigroup theory 127
collision probabilities for

thermalization 493
cross-section definition 116–118,

440
cross-section preparation 117
diffusion theory 409–410, 605–608
few group constants 118, 407
few group solutions, infinite

medium 118
mathematical properties 114

one-and-one-half-group diffusion
theory 129

perturbation diffusion
theory 168–169, 501

pin-cell collision probabilities
model 549

resonance cross sections, see Resonance
two-group diffusion theory 128, 130,

133, 134
Multiple barriers, radionuclide

release 285
Multiplication constant, keff 37, 38, 61,

129, 136

n
Neutron balance schematic 36
Neutron chain fission reaction

criticality 37
delayed neutron effect on 39
effect of fuel lumping 37–38
effective multiplication constant 37
neutron balance in a thermal

reactor 34
process 33
prompt neutron dynamics 38–39
resonance escape 38, 122. See also

Resonance
source multiplication 39
utilization 34

Neutron diffraction 23
Neutron diffusion and migration

lengths 53
Neutron emission 19
Neutron energy distribution

fission energy range analytical
solution 101

multigroup calculation 112
resonances 123
slowing-down range analytical

solutions 101
spectra inUO2 andMOX fuel cells 222
spectra typical forLMFBRandLWR 40
thermal range analytical solutions 108

Neutron fission chain reaction 34
Neutron lifetime 39, 263, 275, 626, 648
Neutron scalar flux 44
Neutron slowing down
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average cosine of scattering
angle 382, 383, 396

average lethargy increase 399
B1 theory 400
consistent P1 approximation 416
continuous slowing down

theory 411
diffusion theory 127, 407
discrete ordinates 423
elastic scattering kernel 396
Fermi age 107
hydrogen 103
isotropic CM scattering 398
Legendre moments, see Legendre

moments of elastic scattering
transfer function

P1 theory 527
Pl continuous slowing 411, 419
slowing down density, see Neutron

slowing down density
weak absorption 106
without absorption 106

Neutron slowing down density
age approximation 416
anisotropic scattering 411–412
definition 109, 411
extended age approximation 417
Grueling–Goertzel

approximation 416
hydrogen 415
scattering resonances 421
Selengut-Goertzel approximation 416
weak absorption 106

Neutron sources
accelerator-spallation 275
tokamak D–T fusion 275

Neutron temperature 110
Neutron thermalization

collision probability methods for
heterogeneous lattices 492

differential scattering cross
section 423, 469

effective neutron temperature 110
energy eigenfunctions of scattering

operator 494
free-hydrogen model 477
Gaussian representation 475
heavy gas model 483, 492

incoherent approximation 475
intermediate scattering function 474
measurement of scattering

functions 473–474
moments expansion 486
monatomic Maxwellian gas 483, 495
multigroup calculation 490
numerical solution 486
pair distribution function 473
pulsed neutron 494
Radkowsky model 471
scattering function 469
spatial eigenfunction expansion 494
thermalization parameters for

carbon 489
Wigner–Wilkins model 480

Neutron transport equation
Boltzmann 89
integral 86

Neutron transport theory
anisotropic plane source 315
boundary conditions 309
collision probabilities, see Collision

probabilities methods
current 85–86, 310
discrete ordinates, see Discrete

ordinates methods
escape probabilities 317
equation 307
even-parity 379, 524
first collision source 318
integral, see Integral transport theory
interface current, see Interface current

methods
isotropic point source 313
Monte Carlo, see Monte Carlo

methods
partial current 311
scalar flux 310
spherical harmonics, see Spherical

harmonics methods
streaming operator in various

geometries 309, 310
transmission and absorption

probabilities 317
Neutron wavelength 20, 430
Nodal methods 83

conventional methods 567
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Nodal methods (continued )
double-Pn expansion 582
formalism 574, 616
gross coupling 568
polynomial expansion 571, 572
transverse integrated diffusion theory

methods 570
transverse integrated transport theory

models 577, 579
transverse integrated discrete

ordinates methods 570
transverse leakage 570, 571, 575, 579
variational discrete ordinates

methods 595
Noise analysis 182
Nonleakage probability 34, 61, 165
Nu (number of neutrons per fission) 37
Nuclear Data Files 25
Nuclear reactor analysis

core operating data 280
criticality and flux distribution 277
criticality safety 280
fuel cycle 278
homogenized cross sections. See also

Homogenization
safety, see reactor safety
transient 279

Nuclear reactors
advanced 269
advanced gas-cooled reactor

AGR 259
boiling water reactor BWR 249, 300
characteristics of power reactors 266
classification by coolant 41
classification by neutron

spectrum 40
experimental breeding reactor 2,

EBR-II 260
high-temperature gas-cooled reactor

HTGR 259
integral fast reactor IFR 262, 301
light water breeder reactor LWBR 266
liquid-metal fast breeder reactor

LMFBR 265
MAGNOX 259
molten salt breeder reactor MSBR 266
pebble bed reactor 266
pressure tube graphite-moderated

reactor RBMK 255, 266

pressure tube heavy water reactor
CANDU 255

pressurized water reactor PWR
(AP-600, PIUS) 251, 301

representative parameters 266
Nuclear reactors, advanced

advanced boiling water reactor
(ABWR) 267

advanced liquid metal reactor
(ALMR) 262

advanced pressure tube reactor 269
advanced pressurized water reactor

(APWR, EPR, AP-600, AP-1000,
APR-1400) 267

gas-cooled fast reactor (GFR) 271
generation-IV reactors (GEN-IV) 271
integral fast reactor (IFR) 264, 301
lead-cooled fast reactor (LFR) 272
liquid metal fast reactors 260
modular high-temperature gas-cooled

reactor (GT-MHR) 269
molten salt reactor (MSR) 273
pebble bed modular reactor

(PBMR) 269, 270
pressurized water reactors 247
sodium-cooled fast reactor (SFR) 273
sub-critical ADS and Fusion-Fission

reactors 274
super-critical water reactor (SCWR) 273
very high temperature reactor

(VHTR) 273
SUPER PHENIX Na-cooled fast

breeder reactor 265
Nuclear stability 4
Nuclides 3
Number of fission neutrons, η 33
Number of Nuclear Power Reactors

operating world-wide 247

o
ODE solution 610
Optical path length 313, 323
Orthogonality conditions

associated Legendre functions 345
half-range Legendre polynomials 354
Legendre polynomials 344
reactor eigenfunctions

(λ-modes) 672
spherical harmonics 344
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p
passive safety 300
passive safety demonstration EBR-II 301
Perturbation theory

adjoint function, see Adjoint
boundary 503, 505, 507
generalized, see Variational methods
multigroup diffusion theory 168, 501
reactivity worth 169, 213, 215, 216,

244, 388, 501, 504, 505
samarium reactivity worth 211
xenon reactivity worth 216

Photoneutrons 144
Physical constants 695
Plutonium

buildup 205
composition in spent UO2 fuel 207
composition–reactor-grade 232
composition–weapons-grade 232
concentrations in recycled PWR

fuel 221
physics differences between weapons-

and reactor-grade 232
recycle physics effects 222

Point kinetics
adiabatic method 630
approximate solutions for fast

excursions 187
approximate solutions with

feedback 185
approximate solutions without

feedback 186
derivation of equations 612–613
equations 145
quasistatic method 630
transfer functions, see Transfer

functions
Poison

burnable, see Burnable poison
control rods, see Control rods
fission products, see Fuel burnup
samarium, see Samarium
soluble, see soluble poison
xenon, see xenon

Pontryagin’s maximum principle 661
Power autocorrelation function 182
Power coefficients 175, 178

Power distribution
fuel burnup 210
peaking 71
thermal hydraulics 281
xenon spatial oscillations, see Xenon

spatial oscillations
Power iteration, see Iteration methods
Power peaking, see Power distribution
Prompt jump 150, 152
Prompt jump approximation 151, 152,

186
Prompt neutron generation time 152,

153
Prompt neutron lifetime 39
Pulsed neutron measurement 157
PUREX separation technology 239
PWR typical composition and cross

sections 62, 140
Pyrometallurgical separation

technology 239

q
Quasi-static method, see Point kinetics

r
Radiative capture 12
Radioactive decay 8, 19, 39, 143, 198,

209, 211, 213, 217, 226, 241, 287, 647
Radioactive waste

cancer dose per Curie in spent
fuel 229

hazard potential 226
radioactivity of LWR and LMFBR

spent fuel 227
radiotoxic inventory decay of spent

fuel 238, 239
risk factor 226
toxicity factor 229, 230

Radiological assessment 290
Reactivity

autocorrelation function 181
control rod worth, see control rod
definition 147, 602–603
feedback 160
fuel burnup penalty 205
measurement of 148, 155
penalty 208
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Reactivity (continued )
perturbation estimate, see

Perturbation theory
samarium worth 211
spectral density 181
temperature defect 167
variational estimate, see Variational

methods
xenon worth 216, 217

Reactivity coefficients
delay time constants 178
Doppler 160, 163, 167, 170
expansion 164, 170
fuel bowing 171
fuel motion 170
nonleakage 166
power 171
representative values 166, 171
sodium void 169, 175
temperature 161, 170
thermal utilization 165

Reactivity control
BWRs 249, 252
CANDUs 253–256, 266
gas-cooled reactors 269
LMFBRs 262
PWRs 247, 249
RBMKs 255, 266

Reactor accidents
anticipated transients without

scram 289
Chernobyl 298
energy sources 287
event tree logic diagram
exoergic reactions 288
Fukushima 300
loss of coolant 288, 290, 297
loss of flow 288
loss of heat sink 289, 296
predicted frequency of fatality 294
reactivity insertion 289, 298
Three Mile Island 294

Reactor noise, see Noise analysis
Reactor safety

accidents, see Reactor accidents
analysis, see Reactor safety analysis
defense in depth 287
multiple barriers 285

passive 300
passive safety demonstration 301
radionuclides of concern 285, 290
risks 289–290

Reactor safety analysis
event tree 290
fault tree 290
probabilistic risk assessment 289–290
radiological assessment 290

Reactor startup analysis 680
Reflected reactors, see Diffusion theory
Reflector savings 65
Resonance

Adler–Adler approximation 460
Breit–Wigner, multilevel formula 458
Breit–Wigner, single-level

formula 15, 445, 458
cross sections 6, 117, 419
Dancoff correction 443
Doppler broadening 120, 162
equivalence relations 436
escape probability 36, 122
escape probability, closely packed

lattices 442
escape probability, isolated fuel

element 439
heterogeneous fuel–moderator

cell 438
heterogeneous resonance escape

probability 438
homogenized resonance cross

section 438
infinite dilution resonance integral 436
integral 122, 434
intermediate resonance

approximation 438, 439
J(ξ, β) function 124
multiband theory 450–452
multigroup cross sections 117, 446,

449, 450
narrow resonance

approximation 123, 433
overlap of different species 447
pole representation 461
Porter–Thomas distribution 444
practical width 122
R-matrix representation 456
rational approximation 433
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reciprocity 432
Reich–Moore formalism 458, 460
Sauer rational approximation 344,

442
self-overlap effects 447
self-shielding 103, 429, 436
statistical resonance parameters 435
strength function 445
unresolved resonances 444
wide resonance approximation 124,

434
Response matrix 335
Rod drop measurement 155
Rod oscillator measurement 157, 180
Rossi-α measurement 158

s
Samarium 211
Sauer rational approximation 344, 442
Self-shielding

resonance 103, 429, 436
spatial 65, 168, 438

Separation of variables 57, 59, 75
Six-factor formula, 129
Soluble poison 204, 208, 247, 253
Source jerk measurement 156
Space-dependent nuclear reactor

kinetics
delayed flux tilts 623
direct time-Integration, see Time

integration methods
dynamic programming 659
linear analysis 655
Lyapunov’s method for nonlinear

stability analysis 653, 655
modal eigenfunction expansion 624
Pontryagin’s maximum

principle 661
stochastic, see Stochastic kinetics
variational control theory 657
xenon spatial oscillations, see Xenon

spatial oscillations
Spatial self-shielding 65
Spent nuclear fuel 236
Spherical harmonics methods

associated Legendre functions, see
Legendre polynomials

boundary and interface conditions, PL
theory 91, 350

boundary and interface conditions,
D-PL theory 350, 355

diffusion equations in one-
dimensional geometry 354

diffusion theory, from P1 theory 348
diffusion theory, in multidimensional

geometries 362
double-PL theory 355
extrapolated boundary

condition 334
half angle Legendre polynomials, see

Legendre polynomials
Legendre polynomials, see Legendre

polynomials
Mark boundary conditions 348
Marshak boundary conditions 347,

348, 354, 410
multidimensional geometry 357
PL equations in slab geometry 90,

362
PL equations in spherical and

cylindrical geometries 351
simplified PL theory 350
spherical harmonic functions 344,

704
Stability

criteria 176, 178
feedback delay 178
instability conditions for two-

temperature model 178
linear analysis 655
Lyapunov method 653
threshold power level 174
transfer function analysis 171
xenon spatial oscillations, see Xenon

spatial oscillations
Stochastic kinetics

correlation functions 685
forward stochastic model 680
means, variances, and

covariances 684
reactor startup analysis 690
transition probability 680
transition probability generating

function 680, 681, 683
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Synthesis methods
formalism 616, 628
multichannel 614
single-channel 608
spectral 616

t
Temperature defect, see Reactivity
Thermal disadvantage factor 65, 68, 70,

165, 537
Thermal-hydraulics

interaction with reactor physics 281
reactor safety 285
reactor stability 171

Thermal utilization 34, 38, 70, 71, 98,
165, 537

Thorium fuel cycle 197, 200
Three Mile Island accident 294
Time eigenvalues 58
Time integration methods

alternating direction implicit 645
explicit forward-difference 635, 639
implicit backward-difference 636, 642
implicit GAKIN 642
implicit θ 640
implicit time-integrated 640
Runge–Kutta, generalized 649
stiffness confinement 648
symmetric successive

overrelaxation 648
Transfer functions

measurement 179–184
phase angle 157, 158
with feedback 172, 184
zero-power 153–155, 158, 172

Transmission probability 86, 88, 317,
333, 339, 341 See also Integral
transport theory and Interface
current methods

Transmutation–decay chains
cross sections and decay data 201
fission products 203
fuel 198

Transmutation of spent nuclear fuel 236
Transport boundary condition 73, 539,

540, 542
Transport cross section 68–70, 92, 349,

413, 616

Transuranics
cancer dose per Curie in spent

fuel 229
equilibrium distribution in

continuously recycled fuel 235
probability of fission per

neutron 236
risk factor in spent fuel 226
transmutation 236

Transverse leakage 570, 575, 576
TRISO fuel particles 269, 271

u
Unit conversion 695
Uranium

composition natural 233
composition reactor-grade 232
composition weapons-grade 232
fuel cycle 242
physics effects of recycle 208, 221
resource utilization 234

v
Variational methods

collision probability theory 537
construction of variational

functionals 519
control theory 657–659
diffusion theory 590
discontinuous trial functions 587,

607, 610, 611, 617
dynamic reactivity 629
even-parity transport theory 524
flux correction factor 510
functional 587
functional admitting discontinuous

trial functions 587, 607, 610,
611, 617

heterogeneity reactivity 521
interface and boundary terms 523
intermediate resonance integral

519
multigroup diffusion theory 605
P1 equations 587
Rayleigh quotient 518, 522
reaction rate ratios 512
reaction rates 515
reactivity worth 516, 519
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Ritz procedure 525
Roussopolos functional 517
Schwinger functional 517, 520
static reactivity 628, 631
stationarity 516
synthesis 564. See also Synthesis
transport equation 596
trial functions 517, 518, 520,

522–524, 533, 587, 589–593, 595,
596, 604–607, 609, 611

w
Weapons grade plutonium and uranium,

see Fuel composition
Wigner rational approximation 344

Wigner–Seitz approximation, see
Homogenization

x
Xenon 211, 213, 651
Xenon spatial oscillations

λ-mode stability analysis 676
linear stability analysis 669
μ-mode stability analysis 676
nonlinear stability criterion

676
variational control 677

z
ZEBRA composition 515
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