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Chernobyl: A Fallure In safe

Operations

mpilation of poor de
and unsafe operations caused
the most catastrophic power
system disaster in human
history.




Main Causes

 Inherent flawsin the: RBIVIK
fission reactor (USSR desi n)

 Multiple automatic protection
systems were disabled

 The equipment was operated

outside of multiple prescribed
operating limits



Training Concepts

» The ValueroffaSafety Culture”

» The Operator's decision making
authority.

« The integrity of any piece of
equipment Is directly related to its
operating limit.

e History, Causes, and Consequences
of the Chernobyl disaster.



The incident

* April' 26, 1966
» Chernobyl' Nuclear Power Station,
Ukraine |

o Catastrophic failur of Unit #4
Reactor



———

E // Map source A

O NasSE (updated daily)

= ® OpenderialMap
o

O OpenLayers

O Microsoft Virtual Earth
Q Microsoft VE (labels) gk S
Q Yahoo! Maps

. // Location A et

= Latitude: 50° 45' 34" N TR

Longitude: 31° 2' 55" E xﬁ?f
£ Permanent link n

/Y Reset to global view e . -

£ Wiew in Planetarium

/¢ search k

/{ Dptions k4 i 3 + s ".-_

i
gy A

1999-2009 Paul Neave Flash Earth Help // &bout Neave // (gs) Grid-Service by Media Temple




Ukraine

International boundary
Mational capital
Railroad

Road

lfl.ll} . 2?0 Kilometers

T T T 1
100 200 Miles

Lavnbert Conformnal Cavvic Projection, SP 47NG2ZN

25 ER

S

Knnotop

i

Sumy 4

\, 3
5o

" Kramators'k

"\

Dmprﬁ‘pe;rm-sk
N, H—-«-«*
i S Wy

l‘! IZ = Elnnetsj.. b

ikoy nl‘,f'/"{ rizhzhya X

"J-'L' = g '\_,LJJ &

t

i Melitopal’ 2

a — '-égrtlvans'k AT

Sea of

Crimean,

Perninsu a’ax.

Sevastopol' /

Black Slea

Boundary representation is
not necessarnily autharitative.




The Incident

operatln I rlrrlme eI'S

e Reactor Core became unstable
and led to an uncontrolled nuclear
chailn reaction.



Conditions Prior to Test

output dramatically.

* Protection schemes disabled to
prevent unit shut-down due to
unstable conditions.



e Control rods are removed from
the reactor beyond the
minimum safety requirements.

e Reactor output rises to 200
MW from 30 MW.



o AuxilianASysSiemsiaresdnsicale at low
POWELN OULPLL (J@JDW 6 0)0) J\/J\/\/)

o \Water flow to
manual control and emergency
cooling systems disabled.

e Xenon gas build-up inside Reactor
Core (due to low reactor output
levels).



Breaches in Protocol:

4) Too much Coolir er Pumped into the
Core on Manual Control

5) “Safety Test” procedure conducted
Improperly, at unstable reactor output levels.



Factors and flawed design

+ As the ratio of
Increases, the output of the reactor
Increases.

 Increased reactor output increases
the steam to water ratio.

e Can only occur when cooling system
IS Not operatina properlv.




Factors and flawed design

—The operatlng procdures
—The safety regulations, and
—The unit design specifications.



Factors and flawed design

* Chernobyl Reactor #4 dic ‘not have a
reactor containment system.
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Against the Law

2) Flawed control roc mechanisms
3) No reactor containment system



The “Safety” Test

e Test:

PUMPS untllt e diesel units take
over station service?



The “Safety” Test

1000 |\/|W ou c

* The flow of coolant water decreases
gradually as the inertia from the
turbines Is spent.



The “Safety” Test

* A Positive Void Situationi vegins tc
take place, as Steam in'the Reactor
Increases.

« Xenon and V the primary
controlling agents for the fission
reaction inside the core.

e Both begin to diminish as thermal
energy rises.



The “Safety” Test

control element remaining to inhibit
the nuclear reaction.

o At 1:23:40 AM, (36 seconds later) the
test was concluded.



The “Safety” Test

The Rapid frrwrﬁﬂ@/ J”fgme DOQW

Due to the .v» N control roc deS|gn,
coolant is displaced as the rods begin to
enter the reactor.

This displacement creates a full-scale
Positive Void Reaction.



RBMK 1000

(Dlagrammatic)




The “Safety” Test

clion INcreasea ti

(0) IO OOO VIVA/ elm

nike” warped the
control rod channels, halting the
Insertion of the control rods.

* The fission reaction was no longer
controllable.



A Chronology of Disaster, Chernobyl

April 25, 1986
Thermal  12m _4AM __BAM 12N __4PM_ 8PM _12M_
Fower . Mormal Operating Level
SEGUMW:..“E!_rl‘l.l?lll.llllll:llllll.lll.l.lll..lllllllllll.l

LT

2400 MW |

1600 MW |
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: DANGER LEVEL, 600-700 MW
o ' :

"It was like airplane pilots experimenting with the
engines in flight!” Soviet scientist Legasov.




The Explosion:

SINENIIST EXplosion
pIEW containment lid
Pl the reactor core.

e - — s|nrush of Oxygen
' |ed to Combustion of
Core materials.

*This second
explosion, and
resulting fire, spread
massive amounts of
radioactive
materials.






Emergency response and control

» The reactorfirerhumeafor 1C
days. |

* The first attempt -tiguish the
fire was to pump water Into It.

o \Water was pumped into the core

for 10 hours before they realized
that it would not be adequate.



RUSSIaN
Military
IHelicopters
made passes
over the
reactor for 9
days following
the Initial
explosions,
dumping dry
materials into
the reactor,

_ trying to

. . extinguish the
blaze.




Emergency response and control

e The dry materaisfusea:

)

FOFO(J—H:‘LJWOH AISOIEN TOr TISSIor

‘from oxygen.

 The blaze was eventually extinguished by
Injecting liquid nitrogen into the core of the
reactor on the 10" day.
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The Liguidators

» The peopleresponading to s
emergency and tne roeliowing
containment efforts were know as
“The Liguidators. '

e Over 600,000 people were involved In

the emergency response, clean-up,
and containment efforts.
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Workers and Soldiers were gathered from all over Russia, Ukraine, and Belarus
to respond to the disaster at Chernobyl. Many of them died, and more still suffer
from the effects of Radiation Poisoning.



le Sarcophagus

concrete.
» Took approximately: v
months to construct.

« Keeps the radioactive
Materials contained fron
the environment (weather).
* |s not completely sealed
e Temporary Structure, built
to last for 20 — 30 years.
 Built 22 years ago and Is
currently in a state of decay.
*Repairs are made as
needed.







The NEW SAFE Confinement (NSC)

bem
ontain :

e This project Is a collaborative effort from

the international community to prevent
further radioactive contamination from this

site.



11 ROLL STRUCTURE INTO PLACE OM CONCRETE TRACKS

Diagram of NSC construction
process and placement.

11 SEAL OFF REACTOR AND PFOATION OF ADJACENT BUILDING



Cause and Effect

* The Chemoebyl R
fallure was caus

» Neglect for pr
procedaures,

« The removal of automatic rrcr'" schemes, and
 inherent design flaws in a nuclear device.
* This was the only catastrophic nuclear
accident that has occurred.

 The consequences of this accident exceed
those of any other single accident in
human history biologically, socially, and
economically.






Consequences

In a large portion of Europe.
Geographical inhabitability.

Ecological devastation on a massive
scale.

Radioactive pollution from this incident will
be evident for the next 125,000 years.
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Consequences

o Crippled the econemies; efithe surrounding
regions, Whichiwererprmarily hased on
agriculture and livestock.

e The remaining 3 units were taken offline
and construction halted on 2 other units.
This amplified the energy crisis that
already plagued the region.

* Negative social and political effects on the
production of nuclear power.






Lessons

e The 'nzegmr/ 0)j rrw ODVWF 3/5 =1 "” cl

e The Chernoy disastel vv"_ have been
prevented If the engineered protection
schemes had not been disabled.

o Operating outside the bounds of
prescribed operating limits and procedures
IS not safe.



Lessons

 The qlnorrwjr OpEeraters didinoet have the
authority to take reliable actions to ensure
the safety and security o'£ eir equipment.

* Now, the operator has the decision making
authority and responsiblility to take
whatever actions are necessary to ensure
the reliablility of the system they are
responsible for.



Lessons

be priority # 1, regarc
opposition.

ess of any
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