Material:

Nuke 301 Studv Problems, First Exam. 2009

Notes through Chapter 3 Section IV,
Lamarsh Chapter 1.
Lewis Chapters 1, 2, and 4

You must compute the rate at which neutrons are produced in a set of reactors. You also must
compute the rate at which neutrons are lost in the reactor. The only production mechanizms of
any cofsequence are

1) neuvtron-induced fizzion in the reactor fuel,

2) spontaneous fizssion n C£-252 (only 1n some of the problems).

The only losz mechanisms of any consequence are

1) absorption,

2) leakage.

Compute each of the production rates and alzo the absorption rate for the cases listed below.
Be very precise with yvour notation. Make szure somecne elze could easily follow your logic
and calcolations. Then answer the questions.

In parts (a)-(d) the cross sections you are given have been appropnately averaged, not only
over all nuclens velocities, but also over all neutron energies. This means that a  reaction-rate
density is one of these macroscopic cross sections times the total scalar flox — you don’t have
to worry about energy integrals in {a)-(d).

Shoebox-shaped homogeneous reactor:
—a2<x<all , B2<y<b? | w2<z<eid
operating in steady state. You are given

gy vz = ﬁ+r:n:|:|s{ ]cns{ﬂ]

Y =5om! X, =02eml Y= 0.06 el Vee= 2.5 n/fizzion

where
A=2E0nemi-s, C =1El0n'cm!-s

In thiz part you must also calculate the leakage rate. (INote that the reactor 13 operating in

steady state — this gives you encugh information to fisure out the leakage rate once you
calculate the other rates!)

You are given that the Cf252 13 distributed vniformly throughout the reactor, and that:
MNasp = C£252 density = 1E18 atoms/cm?,
Aras7 = decay constant for spontaneous fission = 0.01 year .
Vys2 = neptrons emitted per spontaneous fission of C£-252 = 3.8 n/fizssion



b)

d)

Another shoebox reactor, same dimensions and matenal properties as in part (a). The zame Ci-
232 15 distributed with the same density. This time, though, you are told that:

Mxy.z) =4,

for all x,y,z 1 the reactor, and there 13 no leakage at all. If the reactor 1s operating in steady
state. what 15 the value of the constant A7

A szphernical reactor, one meter in diameter, critical and operating in steady state. Matenal
properties are as in part (a), except that

Zr=009 cor !,
and there 1z no Cf. If the average scalar flux in the reactor is:
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then what 13 the rate per cm” at which nevtrons are leaking cut of the cuter surface (r=>50cm)?

A commercial pressurized-water reactor. The reactor has 193 fuel assemblies arranged 1n a
roughly circular pattern (1f you are locking down on it). Each fuel aszembly 1z 20 cm % 20 cm
# 300 cm.

A nuclear engineer divided each assembly mto 20 axial segments (each 15 em tall), and she did
some calculations that prodoced the following results:
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That iz, she has this volume-averaged flux, &y, stored away for =1,....193 and /=1, 20 She
alzo has very good estimates for the ﬂux—weigllhted average cross sections in each axial layver of
each azzembly:

1 : o
Fei=o— | ” dxdydz [ dEZ, (x Y, 2 EMH(X ¥, 2 E),
’ '[..I" { s
¥y Fthaxial eagion 0O
af &h assembly

along with the zame kind of average for the total and fizsion cross sections.

For this reactor, write down expressions, in terms of her estimates and known volumes, for the
produoction rate from fission and the loss rate from absorption (Ignore other production & loss
mechanizms )

A slab reactor, mnfinite in the v and z directions, thickness g 1n the x direction. For this reactor,
the production and loss rates are infinite, because the volume 13 infinite. Since that’s not very
mteresting, you should find expressions for the production & absorption rates per umit y-I
area. That 1z, consider a Ay X Az X @ chunk of the slab, compute the rates, and divide by ApA=.
Your expressions should contain the energy-dependent scalar flux (which 1z a function of
position and energy), the energy-dependent cross sections (which you can assume have been
averaged over nuclens motion and are constant spatially).
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Microscopic cross sechions depend fundamentally on a certain speed. What speed?
What 15 the physical interpretation of a macroscopic cross section?

What 15 the physical interpretation of the total scalar flux? If vou integrate the total scalar flux
over a volume and over a time interval, what 13 the phyzical mterpretation of the answer?

In general if you integrate the total scalar flux over a surface area, what iz the physical
significance of the answer?

What 1z the phyvsical interpretation of the net current densitv? If vou integrate the net current
denzity over a volume what 1z the phivsical significance of the anzwer?

What 15 the macroscopic total cross section, at a neutron speed of 2200 m/'s, in a mixture of 10
grams of He-4 and 10 grams of hydrogen? Data:

g =08 barns, o =38 bamns.

Azsume an 1deal gas at standard temperature and pressure.

In the middle of a large homogeneous reactor, the scalar flux 1z roughly independent of
position.  Suppose 1n such a reactor you know that the energy-dependent scalar flux is
approximately:

PEY=s !/ E forleV<E<1MeV, and §{E)=0 for E>1 MeV.

If the differential scattering cross section in thiz reactor 13

0, E:.>E,
F(E=EN={_ =
|Z,0/E;. E;<E,

then what 13 the rate (per cm? per 3) at which neutrons scatter from energies above 1 keV to
energies below 1 e\’ in a single scattering event?

In a thermal reactor, for every 100 neutrons emitted in fizsion, 12 escape while slowing down,
and 3 escape after slowing down to thermal energies. No neutrons are absorbed while slowing

down. The values of 17, and v in the fissile material are 2 and 2.5, respectrvely.
If the reactor 13 critical, what 15 the thermal vhilization?

What is the resonance-escape probability (2)7

What 15 the fast-fizsion facter (£)?

How would the answer to part (2) change if the resonance-eszcape probabhlity were 0.8 and the
fast-fission factor were 1.257

Define {1n words) the reproduction factor, uspally written as 1.
Define ({mathematically) 1] in terms of cross sections, assuming a homogeneous reactor.
What is the absolute minimum value of 1) that a breeder reactor could have?



