Tufts OpenCourseWare
Lecture 24: Nuclear Reactors

© 2007 Tufts University

1. Nuclear reactors

Nuclear reactors

I. How reactors work
II. safety systems
III. Accidents

I. How reactors work

A. Controlled fission (core)

1. Prevent exponential growth (2%TIW2N) ipn 2350 (or
#2¥py) - enriched to only 3% or 4%

2. Sustain linear growth (no. fissions o= t)

a. use delayed n's from decays of daughters, etc. - t~10"
fzgc -0.5% of n's

b. get Tpgpe >1 for t-107%sec, bur overall 7 =1 =o have
longer gen.time {7 = ave no. n's per genscation:
fizsion, capture, =catter)

3. Abzorb some neutrons: control rods (C,Be,Pb,...B,Cd)
to keep m at 1 or below - also *'% absorbsz n's
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2. Nuclear reactors 2

Nuclear reactors 2

4. S5low down neutrons te thermal (Graphite, H,0,
D0y .w.) = moderator

8. Graphite — Fermi at U.of Chicago, Hanford,
Chernobyl

i. Water cooled
ii.Gas cooled (exptal)
b. H,0 - Light Water

i, Boiling Water Reactor - half Us
commercial -

Plymouth

ii. Pressurized Water Beactor - TMI, Rowe,
subz

c. 0,0 - heavy water reactor - CANDU - more
efficient

5. Keep U density below criticality: Fuel rods
with 3-4% enriched U (1 vr operating)
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3. Reactor core

Reactor core

Top View

Image not available due te copyright restrictions
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4, Boiling Water Reactor

Boiling Water Reactor
*  (One water loop - moderator
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5. Pressurized Water Reactor

Pressurized Water Reactor

« 2 water loop system - most radiation in containment vessel
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6. Nuclear reactors 3

Nuclear reactors 3
BE. Heat transfer:

Fizsion Energy — Heat (mostly KE of daughters in fuel rods)

-+ Steam (from coolant dirsctly or pressurized water coolant to
wWater]

— Mechanical Enetgy — Electrical Energy + Waste (heat; zpent
fuel, radionuclides)

1. Coolant to prevent core overheating, melting, igniting HaO,
Dy, liguid Na,He gas

2. Coolant or heat exchanger to remove heat energy
3. Steam production

4. Hot water nesds to be cooled down to recirculats
C. Electrical generators

conventional steam driven turbines - low efficiency

104 nuclear power plants in the United States (69 PWRs and 35
BWRs), which generate about 20% of electrical use,
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7. Safety systems

Safety systems

II. Safety requirements - containment and emergency
SCRAM sy=stem

A. Containment vessel to withstand high pressure,
heat and contain radionuclidez and contaminated
materials

1. TMI worked
2. Chernobyl failed
B, Emergency shutdown =system
1. Control rods deop
2. More coolant pours in
3. Core is gealed off
4. TMI and Chernobyl failed partially
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8. Accidents

Accidents
III. Accidents
&, Overheating due To
1. lopa of coolant
2. uncontrolled reaction= due to
a. failure of the moderacors
b. collapse of StIuCCures
i.due o Esopuctural damsge Trom cadliation
ii.due to meltdown
B. failure of emECQgency Syatem to Eeapond wich extra coolant, ashut off valves
€. "Bresch of concainment" vesssls
1. From =structursl wesaks=ping
2. from preEssures burldup
3. from explosiona

I, Belesse of contaminated materisl through failing shucoff valves, fraccured
plpes

« TOD alr
« to Bite
. 1mco ground

L B3

4. into water tahles
E, Raleasa of concaminantd wia Iallout
F. Hotification of affected areas and svacuation
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9. Historical accidents - TMI

Historical accidents - TMI

0 AEC Eagoert on fual rod dmeage tn Tecsi reactoc 'S8, & wall Bandlsd sccidant. Izcegularitiss im
Beepenatuis and asnunel ped pasivien mens mewioed and asked upsn swhen padisaskiviny in gemes sbeve dene
way sesm Ba be quiss high. fenbairedrs was ned breoached and "soxas® pesceduxe fer shubdewn precssded
succesziully. Twe fusl zeods were deosagsd lehoet].

B Ooc. Tl Erovizonmascal conmideracions raled pacsssunc to #lnancdal comsdzoesnc te build a new planec,
il Doc. 77 THE accidens - a FUR

Whar heppened To The Thees Mile Islarmd (THI} reactor fseo W.f.Lancustss [Bull.fe.dct. deme’M) and
R Bulfein, "Woclesc Chaloss®]

1. Peactor. bhad besn shat dovmn for msipcensnos and Cesting a few days befors fAsrd@'79. Tvo valwves for
surilisry fsschmter had bssn lsft skt and not recpensd when reactor was restacrted that
morning.

2. VWhen rastarted fesduster puomp failsd ko work in Pesding steaw turbine, lesring primary coolant
going through an insuflficiam hast sink apd keeping voo how while suriliery feedwaras failed ve
Come OT

3. Coclat getr Paperheated and pressare builds wpoin Poth curkbips end cors setting off rorsa
=yeten (about b peconds afcer startupl .

4. Magh pressure coolant i wenced cut irko cortainment vessel and out-valve stickr, lssmng core
uncovearad, Eo heat up.

5. Paluased eoolatt builds up on the fiser and 4§ pusped oub 2o susilisry vacks, vhich are
ovrerflowing. Cormaminated waner vents chrough wentilacoes TO outside.

6. Bmergency Core Cooling Symem (ECCS) cuens o bun operators lecerprer che Incresasing sater Lewel
in CONTAITMETE STIUCTUES AF sign That chere i1s too much ooolant ik core.

7. Opsrstors tarn doom ECCS and tumn off many alarmm systesr, not knooing chey hed lops 0F Coolant
Aecident {LOCA) , whils they pondsr for =2 hourp. The cors is wnoovsred, uchsknownst Eo Ehe
CPREREBEE.

8. Remadring coolant cescts with 2irconiom fusl cladding to produce H Bubble. H bubble and sabar
vapor have sulficient pressura to bleck eemey of ertea coolamt.

AT 3 hours radioectivicy in contalbmenc wessel causes alarkr leading ©O eBEYQENCY HOGicE.

10.By & hours HEC and some operators realizs core iF uncoversd.

11.By 7 hours reactor i under comcrol bat ower flowing vacer carks copcinae co Telears
Tadioactivity itto EEEiTONE,

12 A malbdews hed oocubsed b Ehs poocadd.
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10. TMI diagram

TMI diagram
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11. Chernobyl

Chernobyl

BRUSSE1AN
FEDERATION

Sonere; hbp ey e com a
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12. Reactor on fire

Reactor on fire

SRS2008 12
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13. Chernobyl reactor

Chernobyl reactor

Formms” g e oA Bl el iy
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14. Chernobyl

Chernobyl

The Chernobyl disascer. RHEE reactor has graphice moderacor and HyO coolanti+ B
mh=sorber).

1.Apr.25,1086 operatora prepare to tesat reactor ECCE components by lowering
power and torning off ECCS. Power goes from 3200 BW dosm ©o 30 HE.

2,135 ¥= build=s up. This isotope normally sbsorbs neutrons o transmute inco
other species, but with such low lewvels of neutrons being produced now, =
Tpolsons" che resctor.

J.Iln=stesd of vaitiog for the # howr half-life, operator=s remove contcol cods
B0 CEBCATE CefCEOr. Continning ceat, chey Eurn on WALEE pumps.

4.20 minutes into reatoring power, coolant pumping ie reduced, causing danger
fignala.

5.To concinue CeSTC, OPECACOCS Vent Steam Itom turbine to lowar load on
reactor. Lower water level in core couses scteam and LOCA.

§.Lower warer level increasss Tission rate and reactor Tukns away [S500 Cimes
maximum in § =econds) .

F.Rapid production of steam blows off concrete lid.

B.Mocovered fusl rods resct with water to produce H,

9.8 ignices and graphice DUrnd CArTYing core macarial alolc.

10.Reactiona continue and malbdown OCours,

11,401 gaseous material escepes and 3% of solids. Contamination throwgh fallout
i3 continencal .

12.Ten= to hundreds= of thousand= extra cancer desths, [Sti1l]l inconolu=ive 20
wear later.]

13.Cleanup and contsinment continue, with continuing =tructural damags.

Recent acticlea: NY Tiwea on NY area immigrants from Checnobyl arcea - 4-fold
incTease in thyrold cancer in NYC actcributed to exposed lmwigrants [~20 year
=incubatlon”]

HY Times on 200 year anniversary 0426720006 fSee op od also Willism Seeet
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15. Abandoned village of Prapiyat

Abandoned village of Prapiyat

1] '-. [ -
The deserted ci I:II'Pr%-'L Chemobyl maclear poweer plant in the background. [knime.
096070104 DEC 1995

CHERNOBYL UKRAINE D

& Greenpeace/S hirley
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16. Chernobyl radiation effects

Chernobyl radiation effects
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17. Lecture 24: Nuclear Reactors: Slide 17
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