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Nuciear Energg

*\/ast Possibilities

eMuch worry about saicetg, Part19 based on experience
eFurther ideas for safer harvesting

eNeed to know the basics:

236(] _> Kr +143 Ba+ 3n+ 199Mev

Fission reaction: Need to understand the sgmbols and concepts.
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Nucleus

A nucleus consists of Z Protons and N neutrons.
Its mass is close to (but not exactlg) (A+Z) u.

Their nomenclature is as follows:

< A= Mass number
A, (59mbol> N < N= Neutron number
(;

Z= Atomic (or Proton) number

or sometimes simplg as

ot (ngbol)

In nature we also Find other

Example O]C abunclant OXHgCﬂ “iSOtOPCS” O‘F Oxﬂgen

éﬁ 08 or more swnplg éﬁo 1709
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A few important nucleii, and their isotopcs

Hyd’roge’n, %H Stable hg&rogen

Deuterium fH Stable hea\/g hgdrogen

Tritium H halflife = 12 years
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Helium
25iclhe
2, 5
a3 rbon Carbon dating
S 5600 yrs
258 (]
: i Both isotopes occur in
Uranium g
nature.
25,1
24, Py ]
- Both isotopes occur in
Plutonium tP
X 99+Pu nature.

S S
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Radius of a nucleus 10" m, i.e. a fermi
Strong interaction forces bind the

nucleons together, overcoming their
Coulomb repulsion bg an even stronger

SIEErACEIOR:

E)incling energy and mass defect.

The reason a nucleus is stable is due to the bincling energy. We can say:

Enucleus =L nucleons ~ EBincling
or

Ebinding: Enucleons"Enucleus

— Mcﬂe{:ed? Ebinding / CZ

i e ———— — — . T e—— PR m— = SRR e Y e — PR NSE
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| EBinding = (T'otal energy of Z protons and N neutrons) — (total energy of nucleus)

Am = (total mass nucleons) — (mass nucleus)

Eiaim lC O{: = N nitro cn HUCICUS:
P 7 b

Nuclear Mass - A electron mass= 15.9992 u
Mass of nucleii (7 Pt n)= (.112%56+15.9992)u
Mass defect = 112356 u

Bincling energy = 1.004 10% J

10 tons of this substance gives 98 QBTU !
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Raalioactivitg:
Nuclear reactions accompaniecl bg small Particles of various tgl:)es that emerge and Potentia”g

damage the surrounclings.

&~ rays lonized Helium atoms (A Fle) Stopl:)ecl e.g. bg human hand
B- rays e’ electrons : Pass through humans stoPPecl }39 thinnest concrete

Y- rays light (Photons) ; Stoppecl bg heavg concrete

Fission: Not clean, radioactive Proclucts formed.

Fusion: Clean, i.e. no radioactive Proclucts formed

Fission first demonstrated bg Hahn, Strassman, explainecl bg Frisch- Meitner ( ~1938)
Leads to either runaway growth (bombs) (Manhat’can Project...)

or can be Put into a steaclg state. (Power reactors) First shown bg R FERmRI Chicago 1942
First reactor 1957 (Shippingport, Pennsgl\/ania)

Currentlg nuclear reactors Produce 4 GW (about 17% of total)

France ~ /8% of total is nuclear reactors

i A == — e— PSS — = = -
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einige = many or a few

235U Linos o
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- 36Kr + einige n
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Fission: neutron Procluction energy release and growth.

it i e e g e s gil] 5 e

: 236 16 143

1 99 U_>36 Kr _|_56 Ba + 3n
3 +199 Mev

I

1; The extra energy comes about due to the mass defect.

Thus we Put in one neutron + a stable nucleus ancl end up

get“ting three neutrons.

i e g g g e g o= e

These can 2@ offina big way unless we control them.

Taming the nuclear reaction leacls to saFe reactors.

Liquid clrop model of Bohr

1...-"..\,_1 i ¥ el T ik

v
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55 U+n—gy U

O ZdbU —> Kfr —|—14‘5 Ba + 3n
+199 Mev

Chain reaction:

- 2K Q Q““Ba

O
O

— _— = = — - - -
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Examples of Radioactive clecag

1570882 157 Bag1 + 08~ +7v T% = 30yrs

2 P Lma 1ot es T% = 24, 000yrs

Cobalt raclioisotopes in medicine

Cobalt-60 (Co-60 or 60C0o) is a radioactive metal that is used in radiotherapg. It Produces two gamma rays with
enes-‘gies of 1.17 MeV and 1.35 MeV. Cobalt-60 has a radicactive half-life of 9,27 years. This decrease in activitg recluires
Perioclic replacement of the sources used in racliotherapg and is one reason whg cobalt machines have been largelg

replaced 139 linear accelerators in modern radiation therapg.

: Most elements have isotol:)es that deca9 or remain stable.

. To find them on earth need either longer life time than age of earth, or be formed bg clecag of Iong lived iso’co[:)es, or be

continuouslg ProclucecL

. €.g
' HC Life time B0 years. This is Proclucecl bg collisions with cosmic rays in the atmosPhere.

P - = T S P s = = = 1 - = = - o - - —
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A>0 imPlies clecag

N NBIE= NN, A<O implies growth FRvE 2 constant
A=0 implies steaclg state 5 A
Here N(&) is the number of somethings (neutrons/dollars...) and
AN is the change in N duringa time Period AL
A =0 1 2 3 4 5 6 7
O 100 100 100 100 {28 S]] 8® 100
0.1 100 90 8| e 65.6 59.05 5% 478
0.1 100 10 121 %% 146 .4 161 (77 195
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Half life: N(t) o N(O) (_)t*

hﬂaﬁ*xobkmt*57geas.

700 ¢

600

500 |
200 | 400*
180 | I
160 300
i 200 |
120 | B
100 100 ;
2 z

S A e

Thursday, May 26, 2011



Chain reaction

Moderators
Control Rods

Controlled

Process

Abundance Issues:

Composition and concePt of a reactor

Enrico Fermi was the clesigner of the first reactor

Most nuclear reactors use a chain reaction to induce a controlled rate of nuclear fission 1n fissile
material, releasing both energy and free neutrons.

A reactor consists of an assembly of nuclear fuel (a reactor core), usually surrounded by a
neutron moderator such as regular water, heavy water, graphite, or zirconium hydride, and fitted
with mechanisms such as control rods that control the rate of the reaction.

Nuclear reactor physics is the branch of science that deals with the study and application of chain
reaction to induce controlled rate of fission for energy in reactors.

Natura”9 occurring Uranium ( as an Oxide) is 99.7% of 28U
(that doesnot un&ergo fission), and onlg 3% of 25U,
(which does unclergo fission.)

Enrichment is all about creating enoug}n bulk of 2504 bg centrhcugal separation.

For weapons grade material need 90% of 2°UI.

However for reactors need much less concentration,just 5% of 25U is enough.

We PI"OClUCC MOLrE.as we gO along~ breeder reactors.
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Reactor Issues:

Chain reaction: neutrons + (J Procluces more neutrons

Controlled Chain reaction is a Reactor and is desirable for energy purposes

ggb U —>§g Kr _I_%gd Ba + 3n Some decays do not Producc neutrons but gjve
_|_ 199 M@U Photons I.E. gamma rays instead.

. Afew crucial facts are imPortant to assimilate here:

. Slow neutrons have a greater chance of Fissioning 254, The Probabilitg of Fissioning 1s 1000 times larger for
neutrons with energy .025 eV (300K) than with 1 Mev. Therefore the imPortance of “thermal neutrons”.
2. The emitted neutrons are very Fast, with energy of O(Mev) and these need to be slowed clown, in order to create
: next generations of fission.
§ 5. Slowing down haPPens with the help of “moderators”. Moderators are material such as heavg water or graphite
where the fast neutrons rattle around to get thermalized.

4. Need control rods to absorb neutrons that are Procluced, to Prcvent a reactor from blowing up.
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1A moclerator IS a tan|< o1c some material that scatters neutrons

without absorbing them. Good candidates are water, gral:)hite,
heavg water.

Z.Control rocls are insertecl @ soak up neutrons ancl to stop the

processes. Control rod materials are good neutron absorbers-— Neutron
Boron coml:)ouncl work well o—
255(/] ° ; :
¢
IS OEOF

Control Rods
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What about the neutrons that do not slow down? And the 97% of 28U17
Breeder processes.
n _|_238 U _>239 U
U =2 Np+ B~ 40 Tie=24min, — Pu+ " +7 Ty, = 2.3days.
9Py is stable with regarcl to radioactive decag. However, it is Fissionablejust like

254, and hence it leads to secondarg fission as it builds up in the core. This is called breeder technologg, since

f:he initial reactor is breec!ing fuel for the next gen.
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Criticality:

Need a certain amount of 22U to sustain a chain reaction.

A SR
ZdbU —> KT +%§3 Ba + 3n
+199 Mev

In breeder tech reactors we also get into
n _|_258 U _>259 U

SRRl s < Ry B T

n +329 Pu — fission products + energy

Different uses weapons or reactors have different requirements of enrichment and criticalitg.

- - = —_— = = —— — e —_— = 5 - -
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: Boiling water reactor

‘ BWR

*: versus
Pressurized Water Reactor
-: PWR (submarines)

In PWR’s water is Pressurizecl to prevent it from boiling. Water gets superho‘c and outside the reactor, it

3 heats up and boils unPressurized water. Pipes needed to carry this high pressure water around.
Boiling water reactor

\\

Containment Structure X ]

Efficiency 34%
Power 1220 MW

342 tons /year
UO,

[ ' ol = Condenser

I e e g Y e T e R o e O . = . BT — R —— | ——
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Containment Structure

Pressurizer Steam
N  Generator

enriched Uranium fuel.

e T e e e e R el B o e T e e T i ] e T

Pressurized Water Reactor

e —

;. | | ]\‘ Generator -__-’/ >
AN ) ' '
5 =R TR ——
: Control o|lp: urone :
? Rods I
] = :
Raveg) \
: Reactor
4 Vessel
._ Condenser
. [
i
; Submarines: Can provide power for more that |5 years without refueling due to

e e
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A few interesting facts:

|. Uranium oxide is sintered into pellets and placed in Zirconium alloys to give
fuel rods.

2. A fuel rod remains in a reactor for appxly 3 years
3. Every year a third of the fuel rods are removed and replaced.

4.Nuclear waste problem is:how to deal with spent fuel rods, also
proliferation issues crop up.

Direct fission

Uranium as fuel: Availability / costs aspect.

| . Available 3x10%Tons U3Og

2.To produce | GW.yr need | Ton 23°U or 200 Tons mined U3Og
3. Total capacity in USA 97 GW.yr ..Available for 155 years

Breeder tech

Plutonium as fuel:

|. 4200 years

2.Lower grade Uranium is also useful therefore more....

3.Win-Win from this view point. Liquid sodium leaks.+ proliferation issues
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Costs of electricity from nuclear power versus other fuels

Type of fuel $ per MWH Market share

1 2009

. l\liuclear 5] 20.3%

| ower

Coal 37 44 9%

Gas turbine 35 23.4%
combo

Solar cells 202

Solar Thermal |58
Wind 55
| Hydro | 48 g6 7%
: electric

g i

Waste disposal. Big issue at present. Perhaps creative solutions exist such as deep space or
dumping into the burning sun

e T

- m— i
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Chernobyl:

Poor design: Read details in RK. Operator errors + design errors. No containment room
since they wanted to extract Pu from a RUNNING reactor!!

Need negative feedback design: Europe & US designs seem fine with this.

The Fukushima Daiichi nuclear disaster is a series of fires, equipment failures and releases of radioactive materials at
the Fukushima I Nuclear Power Plant, following the 9.0 magnitude Tohoku earthquake and tsunami on 11 March 2011.
The plant comprises six separate boiling water reactors maintained by the Tokyo Electric Power Company (TEPCO).

At the time of the quake, reactor 4 had been de-fueled while 5 and 6 were in cold shutdown for planned maintenance. The
remaining reactors shut down automatically after the earthquake, with emergency generators starting up to run the control
electronics and water pumps needed to cool reactors. The plant was protected by a seawall designed to withstand a 5.7 m
(19 ft) tsunami but not the 14 m (46 ft) maximum wave which arrived 41-60 minutes after the earthquake. The entire plant

- was flooded, including low-lying generators and electrical switchgear in reactor basements and external pumps for supplying

- cooling seawater. The connection to the electrical grid was broken. All power for cooling was lost and reactors started to
overheat, owing to natural decay of the fission products created before shutdown. The flooding and earthquake damage
hindered external assistance.

Evidence soon arose of partial core meltdown in reactors 1, 2, and 3; hydrogen explosions destroyed the upper cladding of
the buildings housing reactors 1, 3, and 4; an explosion damaged the containment inside reactor 2; multiple fires broke out at
. reactor 4. Despite being initially shutdown, reactors 5 and 6 began to overheat. Fuel rods stored in pools in each reactor
_ building began to overheat as water levels in the pools dropped. Fears of radiation leaks led to a 20 km (12 mi) radius
evacuation around the plant while workers suffered radiation exposure and were temporarily evacuated at various times. One
~ generator at unit 6 was restarted on 17 March allowing some cooling at units 5 and 6 which were least damaged. Grid power
was restored to parts of the plant on 20 March, but machinery for reactors 1 through 4, damaged by floods, fires and
“explosions, remained inoperable. Flooding with radioactive water continues to prevent access to basement areas where
repairs.are-needed.-However, on.5 May,-workers were able to enter reactor-buildings for-the first-time-since the accident.

Thursday, May 26, 2011


http://en.wikipedia.org/wiki/Nuclear_and_radiation_accidents#Equipment_failure
http://en.wikipedia.org/wiki/Nuclear_and_radiation_accidents#Equipment_failure
http://en.wikipedia.org/wiki/Nuclear_and_radiation_accidents#Radiation_accidents
http://en.wikipedia.org/wiki/Nuclear_and_radiation_accidents#Radiation_accidents
http://en.wikipedia.org/wiki/Fukushima_I_Nuclear_Power_Plant
http://en.wikipedia.org/wiki/Fukushima_I_Nuclear_Power_Plant
http://en.wikipedia.org/wiki/Moment_magnitude_scale
http://en.wikipedia.org/wiki/Moment_magnitude_scale
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami
http://en.wikipedia.org/wiki/Boiling_water_reactor
http://en.wikipedia.org/wiki/Boiling_water_reactor
http://en.wikipedia.org/wiki/Tokyo_Electric_Power_Company
http://en.wikipedia.org/wiki/Tokyo_Electric_Power_Company
http://en.wikipedia.org/wiki/Shutdown
http://en.wikipedia.org/wiki/Shutdown
http://en.wikipedia.org/wiki/Seawall
http://en.wikipedia.org/wiki/Seawall
http://en.wikipedia.org/wiki/Decay_heat#Power_reactors_in_shutdown
http://en.wikipedia.org/wiki/Decay_heat#Power_reactors_in_shutdown
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Fission_product
http://en.wikipedia.org/wiki/Fission_product
http://en.wikipedia.org/wiki/Nuclear_meltdown
http://en.wikipedia.org/wiki/Nuclear_meltdown
http://en.wikipedia.org/wiki/Spent_nuclear_fuel
http://en.wikipedia.org/wiki/Spent_nuclear_fuel

