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Outiines

IIIPEILaNCE! Of
ucatlon/tralnlng for NPL.

J D el history: The TMI lesson
Eor the US Nuclear Industry.

= Act|V|t|es of the NPI.

-*' Activities important for a Greek
~  Nuclear Power Industry.

e People needed and their
gualifications.

® Educational programs needed.




Afgrancient, Greekesaying™

SYAEI OE AVBpWNWVY Kal
GVEUI TOUTWV OUOEV. EOTI
VEVEGDAI TWV OEOVTWV




lensiated;

AOIIENEEUS PEOPIE and nothing
e be done without them
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Iertrilieold saying

SWAEINOE YPHUAT®V Kdil dVEU
JOUTV OUOEV £0Ti YeveaBal
IOVAGEOVTIWV.

(AR 100BEVNC)




iensiatea,

AOIIEMEEUS Money and notning
Gl berdone without them.

SN(DEMOSthenes)




Of Courses

SO PEOPIE and meney are
IEEGEd,

SElenly people will be

paIScussed here




Declarations

SRVVApIESEntation andmodels
diselissed are based on the US
Nticlear Power Industry and
Ll US educational/training

i _u-m:r

= Howe ver, I am not advocating
= [hat Greece must duplicate
trnat system. There /s more
lr1an one ways to achieve the
goal of a successtul NPI




Importance ofi ™ o
Elcationtand training

VEDUIId WEll=designed
:“chines.
SPEOplE operate them.

BNliFthe operator is not well
E=lrained, mistakes are inevitable

=%iThe machine will fail




N
IESTMIesson

Kl 1979
WA the TMI nuclear plant,
erators misinterpreted
struments readings

= £ore lost its water cooling
j-_*"'cover

®.Core melted
8 Reactor destroyed




-
Wy did the accidentis
' happen?

AUAVES Not 2 fiaulty reactor
WESIgN.

SN{Was poor training of the
PEOPIE running the plant that

& Caused the accident




S nuclear Industys o
23 ed the'question:

2 YWileje should We do about it?

3




Better tralning

ABELLEN tiiaining, of course

o rJ\ st pigl step was the creation
o the Institute of Nuclear
PBWer Operations (INPO)

_L;INPO set education/training

== Standards which the industry
~ agreed to follow.

e [t also set performance
objectives.

® Goal? Operational excellence




Wit 1S the result?>

BEING OLhEr accident or even
SE _rlous INCIAENt occurred since
r I

2y The annual capacity factors
= mcreased from ~70% to more

,_iETThan 90% today.
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dpacity iactor

PRIENErgy generated over a time
periodl/{Max. design energy
et could have been produced
OVer the same period}
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liicrease of Capacity s
fector: fromi /0 tor90%

EVAIOLNTS torgENErating
Zuaitional electricity equivalent
e tat produced by 20 plants
Jiita 1000 MWe size.




ACtIVities, of thedN P

RMinmg/milingfof Uranium
y ( sroeduct is U;0;, yellow cake)

e @onversion/enrichment (the
roduct Is UF, enriched to 4-
=3 J5°/o in 2>°U)

-*-""JI.'P'
=

| -*'3 Fuel fabrication (UF; is first
~ transformed into UO, which
then is pressed into pellets)

® 4, Reactor operation/energy
generation.




Activities, cont:

S, adloactlve Waste storage
er @disposal.

9 Radiation protection (Health
hyS|cs activities) of the
BWorkers and the public.

;:1' 7. Regulatory activities
~ #.8. Architect/engineering




Stenario,for Greece ™

mIn. attention to U |_11ining

y eUt of conversion; and
rlchment

o uy fabricated fuel from an
= £stabl|shed reliable fuel
| *"'manufacturer

®.Sign an agreement to send
back the spent (irradiated) fuel
to the fabricator




SNGrfuel.ownersiip

S

o [p a SENSE.

J :eece will never really: own
wieNitiel. Paying for the fuel will
fOE like being charged a fee for
Bihie Use of that fuel to generate
* “"“'Electrluty and return it to its
ewner upon discharge from

the reactor core.

p—




ACLIVILIES TO pays o
attention to:

S RECCION OPEration

PRadioactive waste storage
Rardisposal (W)
26: Radiation protection

. Regulatory activities
= ®'8. Architect/engineering




Regulations

SRRWIlIT RO dISCUSS regulatory
EHViLies

"WiEtambros Lois will do that

NBter today
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AYChitect/engineerng™

AV EYIMPOrtant activity; it
soncerns the design of the
oLElgE:

SNrassume that the plant vendor

s=ill'be: responsible for this
= activity.
= s Greece must have a small

— group that will be the liaison

with the plant designer.




M
eactor operatlon =
“ AEEAS

-l.l"

IREZCLO OPENALOrS
0 F'Engineers
3. 'Health physicists
B Technicians
:—3‘3 Security people

» 6. Administrative personnel
~®(non-technical)




Dical employment s

AUmMBEers

gl
-

EREIReers 150-200
eratlons 150-200
REGiation protection 50-70

uallty assurance/quality control
QC and QA) 30-40

= Malntenance 200
;i".i Security 100-140
=T Administrative 60-80

e [otal (round #'s) 700-900
® (for US plants)




PREQCIOL OPEAGNS

S

SAOEIAUONS
BISETIOr reactor operators

J E ey plant employs at least 6
8Grews of operators:

:3 Crews for the 3-8 hour shift

-"

;.-*b 1 crew in training
- 8 | crew on leave
® | crew on reserve




Y
aining off Reac;or -
Opeérators

ry AlUclear plant has a
Mulater oni site in which one
|ft Off operators Is always on
alnlng

Bicing the simulators, the
: &= @perators are exposed to every
= conceivable scenario of created
risk.
¢ Appropriate response Is
learned




N
Qualifications o™ o
reactor eperators

Ay ear coIIege degree is NOT
Eeguiied.

0l the shift supervisor must
daVe an engineering degree,

mrobably a NE degree.




Enginecrsss

PRINEY ar€ responsible for the
Sciie operation of the plant

SRIIiEY solve or resolve technical

Ni5sUes

Bwihey collect and interpret data

= relative to the power

=~ production and fuel burnup.

~® They prepare the fuel reload
reguirements. Questions that
must be answered:




ENERNEELS;, COMtm

o Wineleggatylefigehigls
Tr/chmem‘ of the new. fuel?

WIOWITIGNYy assemblies are
eea’ed 2

= ;A Ay crianges required, based

;-_ =05 the experience from the
—  previous cycle?

e WWhat is the effect of any
changes introauced by the fue/
manufacturer?




ECINEErs,, Conts

PRIEY forim! therliaison  with the fuel
iienufiacturer.
SMIliEy arel responsible for the timely
gnd safie refueling of the plant.

| hey are responsible for plant
; J.-L;;mamtenance

=% They are responsible for
additions/changes/repairs of the
physical plant.

® They form the liaison with the
regulatory agency.




Eelicational qualificaliGnsis
& and specialties

EGINEErs naverearned at least
2=year degree from an
Engineering College

o @ccredited by ABET)

| Jn addition to NE’s, a NPP
;-‘; | employs many ME’s, EE’s,
~ some CE's.




The Nuclear = oo
ERgineering Currculum

J thematics, Chemistry,
HY/SICS.

B tlid fiew and heat transfer

1| Materials

.,.;Rad|at|on detection and
== measurement.

- ® Radiation protection/shielding
® Reactor physics
® Reactor design




LaberatemHess®

SWANILICIEAr rEactor laboratory IS
dEsiable but not necessary.

SWAradiation measurements lab
} NECESSary.

A Huid flow measurements lab
Qi"-"' 15 highly desirable.

~ ' A materials lab is highly
desirable.




Iealth, PAYSIGISES

-

AIIIEY dli€IFESPONnSIbIE for
NENItoring the radiation levels
SVERyWhEre inside and outside
'r 1€ plant.

BSIHP’S must have a 4-year
fiz tollege degree.
~ & They take courses in physics,
~ chemistry, biology, and
mathematics including

statistics.




pEgth Physicistsp(Eont.)™

"RIMEY MUSt Understand the
BPEration of dosimetry
Astiuments and be able to
interpret the results of

S measurements correctly.

-.-.. - -'::-__'.- —
—

= {ihey must implement and
= obey the ALARA principle.




ALARA «

IEXEXPOSUIE to iadiation must

.bw
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Ay

= % Reasonably

- 8. Achievable




ALARA «

PNIAISTOL ENOUgNI torstay” Under:
sHENMaximum allowed
Egulatory exposure limits.

JEVEry (reasonable) effort must

e made to minimize the
-~ exposure.




ffect.of ALARA™

SEmarily as a result of ALARA,
bE exposure to radiation
Workers has been cut to 2 of
What it was in the 70's.

ssEexposure is well below the

== regulatory limit of 50 mSv/year

= (5 rem); actual exposure in
PWR’'s today is ~ 2 mSv ( 200

mrem)}




Tlechnicianse™

SNVESEECHRICIans Nave a_2-_year
sOlIEgEe education beyond High
S5eiePl and appropriate training

Jilthe tasks they are assigned
&[0 perform

e




Radioactive waster o
4 (ERYA .

EVETY dCUVILy that utilizes
BIZing| radiation produces
BIRVA

EXamples of LLW:

B contaminated clothes, tools,

e T

== 0ils, old sources etc

s Tn general, LLW is stored at
the plant for a period of time
and then is shipped to a LLW
disposal site.




SUmmaRy/ass

SMARSUIcCESSTUl nuclear industry.
ielies on Well educated and
bidIEd personnel.

SNclear industry personnel

B must have a sound science and

B engineering foundation.

e

=~ & Must also be instilled and

~ understand their responsibility
for the safe operation of the
plant.




