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largg electric generating station is powered by a
pressurized-water nuclear reactor. The thermal power

produced in the reactor core is 3400 MW, and 1100 MW

Qf electricity is generated by the station. The fuel charge
18 8.60 X 10* kg of uranium, in the form of uranium ox-

1de, distributed among 5.70 X 10* fuel rods. The ura-
nium is enriched to 3.0% 2*U.

(a) What is the station’s efficiency?

wedimme® The efficiency for this power plant or any
other energy device is given by this: Efficiency is the ra-
t10 of the output power (rate at which useful energy is

provided) to the input power (rate at which energy
must be supplied).

Calculation: Here the efficiency (eff) is

useful output 1100 MW (electric)
energy input 3400 MW (thermal)

= (.32, or 32%. ' (Answer)

eff =

The efficiency—as for all power plants—is controlled
by the second law of thermodynamics. To run this plant,
energy at the rate of 3400 MW — 1100 MW, or 2300

RaNRr ot s Adissharaad ad tharmal efarow tortBe BNt

and (2) the nonfissioy
fourth that rate.

Calculations: The tc

(1 + 0.25)(1.06 x 1¢

We next need the ma
the molar mass for ur
that molar mass is for

tope. Instead, we shal
atom 1n atomic mass 1
Thus, the mass of eacl
kg). Then the rate at w

aM
—— = (1.33 X 10°
dt (

=519 X 10—

(d) At this rate of fue
fuel supply of U las

Calculation: At star
of 2%U is 3.0% of th
So, the time 7 requu
235U at the steady rate

(0 020NVR |




energy imput 5400 VIV (1hcrmal) e 3 s B
= (.32, or 32%. (Answer)

Calculation: A

The efficiency—as for all power plants—is controlled of “°U is 3.0%
by the second law of thermodynamics. 10 run this plant, S0, the time 7'
energy at the rate of 3400 MW — 1100 MW, or 2300 U at the stead

MW. must be discharged as thermal energy to the envi- (0.0:
ronment. P
(b) At what rate R do fission events occur in the reactor In practice, the
core? batches) before

e PRI T ¢) At what rate
KEY IDEAS (1) The fission events provide the mput E,f)energy by the

power P of 3400 MW (= 3.4 X 10° J/s). (2) From Eq. 43-6,

the energy Q released by each event is about 200 MeV. m——'
The
“ Calculation: For steady-state operation (P is constant), forms of energy
we find duces the input |
O sion capture of 1
R = L ( 2.4 X 10_ J/_S )(_________}_1_\_’[_?_}/_______) affect the rate at

0, 200 MeV/fission / \ 1.60 X 10" ]
= 1.06 X 107" fissions/s Calculation: Fr
write .

~ 1.1 X 10% fissions/s. (Answer)

(c) At what rate (in kilograms per day) is the *°U fuel



r""
-
13

PVYYTTVA 4 VA JTTUU IVAYY \_ J AN AU J/S). (4) "'TOI1nN Eq. 4.5'0,

the energy Q released by each event is about 200 MeV.

Calculation: For steady-state operation (P is constant),

we find
R:_If___:( 3.4 X 10° J/s )( lMeY___)
O 200 MeV/fission / \ 1.60 X 10 13 ]
= 1.06 X 107 fissions/s
~ 1.1 X 104 fissions/s. (Answer)

(c) At what rate (in kilograms per day) is the 25U fuel
disappearing? Assume conditions at start-up.

KEY IDEA

*>U disappears due to two processes: (1)
the fission process with the rate calculated in part (b)

kevioe [

forms of energ
duces the inpu
s10n capture of
affect the rate .

Calculation: |
write
dm
dt

We see that the
of one commoi
fuel consumpti



an by thive Etficiency s the rae

ate at which useful enerpy is

ower (rate at which enerpy

clency (efl) is

100 MW (electric)

MO0 MW (thermal)
(Answer)

power plants 18 controlled
odynamics, To run this plant,
MW - 1100 MW, or 2300

s thermal energy to the envi

M events occur in the reactor

o e ey — i e o R

n events provide the mmput
L 10° 1), (2) From Eq. 43-0,
ch event is about 200 MeV,

ate operation (£ 18 constant),

UL ) ( | MeV )

lﬁlhﬂﬂh 1 &0

1 AD Y 10O 14

PR AR RPN YYWR pramlay Wa nikly

; R RS mFT.EERE"STFT]TT B ERETwmrDT T R wiwF O BE ‘.J“;'t;.llll LR F LEAEAETNYW R RERARRETYETYF P REYBEREEFEEREYNTITSNSSRER O F W
Il"lN. “l(’ TSN U'L (.‘IIL‘I] )H‘ | nlom iN 215 (] ( ';()() 4 “) 25
k). Then the rate at which the U fuel disappears is

M

ar 193 X 10 atoms/s)(3.90 % 10°% kg/atom)

VA9 X 10 " kp/s =~ 4.5 kp/d. (Answer)

() At this rate of fuel consumption, how long would the
fuel supply of U last?

Calculation: At start-up, we know that the total mass
of “"U s 3.0% of the 8.60 x 10" kg of uranium oxide.
SO, the time 7" required to consume this total mass of

““U at the steady rate of 4.5 kg/d is

(() 030)(8.60 X l()‘ Kg)
- R 4 = 57 . 4 »
45 kg R 0d. (Answer)

In practice, the fuel rods must be replaced (usually in
batches) before their “*U content is entirely consumed.

(¢) At what rate 1s mass being converted to other forms
of energy by the fission of “*U in the reactor core?

The conversion of mass energy to other
forms of energy is linked only to the fissioning that pro-
duces the input power (3400 MW) and not to the nonfis-
ston capture of neutrons (although both these processes
affect the rate at which “*U is consumed).
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