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EPR, an explosive
technology

A reactor with reduced power output

The "Preliminary Safety Analysis Report [PSR]of the Flamanville 3 EPR" (public version 2006)ists the
characteristics of the reactor, and compares them to those of the "N4typée' reactors(the Choozand
Civaux power plants). However, an EDF report from 2004 [1] showsthatthe EPRelectricaloutputwould
initially be 180 MW less thatthe figure put forward in the Preliminary Safety Report.

Safety Analysis Report
Reactor parameters
EPR N4 Type EPR N4 Type
Thermal power (MWth) 4500 4250 4250/4500 4250
Electrical power (MWe) 1630 1475 1450/1550 1450
Efficiency (5%) 36 34.5 / /
Calculated efficiency (Pe/Pth) 36.2 34.7 34.1/34.4 34.1

The powerof the EPRreactorwill thereforebe equivalento thatof morerecentpowerplants(N4 type).
As for the unbelievable technological leap of a 1.5% efficiency increase, it all seems a bit of a
smokescreen. Given the same thermal power (Pth) and electric power (Pe), the two types of reactor can
only have the same efficiency, of the order of 34%.



Another document explainsthat " EPR is designed to operate with an increased output of 4,500 MWth [thermal
megawatts] in the medium term" [2] (24.10). There is hint of whatsiedium term " is. "Howeverthe figue
usedfor the accidentanalysispublishedin the Preliminary SafetyAnalysisReportEPRis 4250 MWth'
[1] (04.1).

An exorbitant energy

Is this power discrepancy important? Yes,becauset affectsthe productioncostof the reactor For the
sameconstructioncosts,a more powerful reactorwill producemore enegy, and at a lower cost per
megawatt hour (MWh).

C. Pierre Zaleski and Sophie Meritet of the Cente de gZopolitiquede I0Zngjie et des matisres
premieres (CGEMP the FrenchResearchCentrefor the Geopoliticsof Enegy and Raw Materials)
estimatedthe costof an EPR-MWhat ! 41 in 2004, basedon constructioncostsof ! 3 billion anda
poweroutputof 4,500MWth [3]. A MWh is now thoughtto costaround€55, becausef the extracosts
of construction,which have beencautiouslyestimatedat €4 billion [4]. And this may well increase,
becauseof building contingenciescontractor'slack of transparencyver real costsand is meantby
"medium term" for increasing output from 4.250 to 4.500 MWth...

The productioncostsof nuclearenegy makean interestingstudy The "baseload MWh is sold by EDF
ontoday'senegy marketat €35, with a productioncostbetweere33 and€34 for the currentPWR power
stations.

The EPRwill thereforeproduce"baseload enegy at a loss, evenif the "baseload MWh is slightly
overpriced,to suit EDF. Yet the costof a MWh at "peak" demandcan exceed€100 on the electricity
"Spot Market"[5].

But the EPR is designedto function in "load-following" and "frequency-power tuning" modes.It is
meantto achieverapid power changeshanksto its revolutionarycontrol mode: "IRP", or "Instant
Return to Power" (RIP in French).

In this case, EDF could probably be able to recoup its investment.

Serious accident

Probably...But we have uncovered an EDF technical report [6] which refers t&ihe FA43".

What doesthis jargon meanA3 is the abbreviationfor Flamanville 3 and EDG (OZjectiorde
grappeOis the acronymfor a " control rod cluster ejection” accident.The function of the rod clustersis
to drive and control the reactor'spower output. They act both as acceleratoand brake A controlrod
cluster gection accident is like having ajammed accelerator. At full speed....

Paragraph 15.2.4.e of thBréliminary Safety Analysis Report" describes EDG FA3".

"This accident causes a primary coolant leakage through the ruptured casing of the ejected control rod
cluster control drive mechanism" and "generates a very fast transient [...] with an ejection time of 0.1
second".

The control rod cluster ejection producesa "rapid positive reactivity transient followed by a power
excursion". Thankfully, "the negative Doppler feedback and "the automatic reactor shutdown(...)
initiated at the time of the peak power excursistop the processn theory.

But the reportalsomentionsthat the reactormay;, in the caseof low powercontrolrod clusterejection,
exceed prompt criticality'.

What doesthis obscureterm mean?lo get someidea, try doing an internet searchfor "prompt
criticality” and visit the site of the very pro-nuclearSociZtAraneaise dOZneie nuclZaie (the French
Nuclear Enegy Society).You will find a technicalreport of the ChernobylaccidentWithout a



control rod clusterejectionaccident,the reactorreached'prompt criticality and the power attaineda
hundeed times its nominal value in a few secdrjdg

"Howevey one mustnot forget that the accidentwhich occurred in Chernobylwasa promptcriticality
accident in a powereactor

AsthelPSN [the Frenchinstitutefor RadiologicalProtectionand Nuclear Safety]pointsout, criticality
accidentsare particularly dangepus becausevhenthe mediumis subcritical, the neutonic poweris
very low, and if the mediumbecomesupecritical for whateverreason,it can give rise to a neutionic
power excursion similar to an explosigg].

The online encyclopediaWikipedia says:"prompt criticality is the regionin which nuclear weapons
operaté.

Could the EPR aso explode?
This question isjustifiable, in the light of the EDF documents.

Runaway reactor

In a feasibility study [9], EDF engineersidentified the "control rod cluster ejection accident" as a
"potential problem for EPR". It mentionsthe "critical number of fuel rods affected by boiling crisis"
being "significantly exceeded". Between 20 and 30%" of the fuel rods could then break in this case.

To summarisethereis a local runawayreactionin the reactor(powerexcursion)the fuel heatsup, the
water which was cooling it starts boiling (boiling crisis).

A physicistcould work out the balancesheetbetweerthe Dopplerfeedbackand the temperaturesffect
stabilisingthe supercriticalreactionwith the effects resultingfrom the phasechangeof the moderator
(water/steam)the lower levelsof boronin the steamandthe presencef a " heavy reflector" to limit the
rapid neutron leak rate.

Table 3 in the document9] presentghe resultsof the Areva simulations,showingthat the fuel could
reach a temperatureof 2779iC, with fusion occurring at 2800jC. Such impressive precision!
Intriguingly, althoughit containsuraniumoxide at a temperatureloseto 2800;C,the casingwould only
reach 1458;C. In addition, the temperature at which fuel fusion occurs decreases with irrachiadiuh.
40; C for EPR high "burn-up" fud.

Paragrapl6.1.6tells us that "since the difficulties experienced during control rod cluster ejection are
mainly due to the control system, and more precisely to the need to maintain the Instant Return to Power
capacity (...), the ultimate way to improve the outcome of the risk assessment is to modify it".

So the "RIP"modeis a problem. The solution would be to withdraw this rather constrainingcontrol
mechanismWould EDF sacrifice profit for safety? This "could only be considered at best as a temporary
measure, whilst finding a long-term acceptable solution".

Acceptableto whom?Chapter7 mentionsthe possibility of "replacingthe currentcriteria” with another
"analytical” method.This solutionwill needto "be documented by evidence showing that the current
criteria are respected under the existing exploitation constraints whilst the evidence is examined by the
ASN (the French Nuclear Safety Authority)". The NuclearSafetyAuthority, the nuclearwatchdogwhich
has repeatedlyhad to eatits own hat. Thereis evena mentionin the "Action Plan" of preparinga
"strategy for approaching the ASN"....

Notethat" Areva does not appear to encounter those problems in the course of the feasibility studies for
OL3 (...) The main reasons for this seem to be that the penalties have not been taken into account, a
more forgiving review methodology has been used, and there is a lack of evaluation of high burn up"



(Chapters). But "OL3" refersto the EPR being built in Finland, where Arevais beset with other problems:
four years behind schedule...

Problematic safety

Let'sgo backto the documenteferringto the "solutionsto the control rod clusterejectionproblem’ [2].
This technical report considersall available solutionsto the "problent and confirms that there is
"evidenceof seriousand generalisedexceedingof the safety criteria”, despitemodificationsto the
control modeAt least, this is clear

It alsostateg(para.5.3) thatfor the N4 type, the managemendf the " Alcadé' [10] fuel is suchthat"the
current safetycriteria for control rod cluster ejectionare followed without any safetymargin”. These
reactorsare thereforealreadyoperatingon a tight rope, becausée'without a safetymarmin" thereis no
room for calculation error

Major modification

At the endof 2007, Arevarevisedthe reactor'sdesign,planningto replacea numberof highly neutron-
absorbingcontrol rod clusters(known as"black control rod clusters) by lessabsorbingclusters("grey
control rod clusters), but without withdrawing the IRP control mode, the sourceof the problem The
document[11] explainsthat in somecases'the shutdownmargins will be small or insufficient, that
"someof the difficulties persist and"will remainpresentat high powerlevelsduring control rod cluster
ejectiont, despitehavingreplacedthe "black’ clusterswith "grey' ones.In Appendix1 (page24), the
"NCE' (ONombrede Crayonsen crise d'EbullitionO,number of rods affected by boiling crisis) at
nominal power stated is around 10%.

Such a changein the efficiency of a reactor'scontrol rod cluster may appearlike a major design
modification,which could invalidatethe safetyassessmerapprovedoy the ASN. This wassuggestedh
the following 2007 document (e 7): "the revised cluster configuration is an important design
modification subsequent to the PSAR [Preliminary Safety Analysis Reportlwhich led to the DAC
[Decree ofAuthorisation of Creationhnd the ASN may decide that the report is no longer applicable".

The small benefitsgainedduring control rod clusterejectionwith lessneutronabsorbinggrey rodsare
lost in case of steam generator tube rupture (SGIHR squares the circle.

An insoluble problem

Sowe haveseenthatthe"NCE' remainshigh despitevariousmodifications.The EDF reportmentioned
in [6] givesa comprehensivanalysisof the"EDG" problem.In 2009,the problemspersist,andothers
related to radioprotection are becoming apparent (28.2.1):

"Given the planned increase in EPR output to 4500 MWth, if the EDG simulation in the 4300 MWth
Safety Report are run with few or no allowances, the (physical) margin balance will automatically be
reduced at 4500.

Under those conditions, there are few advantages in opting for low provisions to maximise physical
margins, resulting in constraints on the operations, huge amounts of calculations during recharging and
degradation of safety margin in case of further modifications.

The only reason for modifying this perspective would be a concern that the calculations of radioactive
discharges could not be accommodated by the equipment classification (because of modifications to the
installations). |ndeed, EPR equipment is only classified for 1% of broken rods.

But if the EPR discharge simulations assume, as it is currently the case, that rods affected by boiling
crisis during EDG are broken, it is then ovious that this figure should be minimised. Howeverit mustbe



notedthat it is absolutelyimpossiblefor an EDG simulationto producea NCE lower than 1%, asthe
EPR NCE foecast lies between 6 and 9%

Ruptureof thefirst two barriers

During "control rod cluster ejectioh the 'number of ods affected by boiling crisisind assumed broken
will be well over 1%, the maximum value for which "EPR equipmentis classified, in radiological
terms.So if more than 1% of rods ardedted by boiling crisis, exposed equipment may fail...

In this type of accident,the control rod cluster ejection causesa breach,throughwhich the primary
coolantcircuit at boiling crisis becomesdepressuriseih the containmentSo the secondcontainment
barrieris broken.And evenif the "powerexcursiofi is stoppedwithin a few secondshy the "Reactor
AutomaticShutdowh, the waterin the primary coolantcircuit at 155barwill continueto be vaporised
(300;C) into the containmen(1 bar). This steamis extremelyradioactivebecausef the "brokenrods".
Broken rods imply rupture of the first containmentbarriet the fuel cladding,which is only 0.57mm
thick.

The releaseof mechanicalkenegy during the fuel-waterinteractionis not evenmentioned,yet it may
well causesomedisruptionin this overheatedart of the reactor For example the deformationof the
fuel assembly which will preventthe safety clustersfrom dropping to stop the power excursion.
Assuming the automatic shutdown is triggered...

Anillusory third barrier

Public healthwould thenonly be protectedby the third barrier the containmentijtself not entirely leak-
proof. And some componentssuch as the containmentisolation valves for example,are not safety
classifiedfor seriousaccidents.In addition, "access to reactor building during power operation” is
assumed' access to the reactor building during power operation (in the period seven days before shut-

down and three days after restart) is an essential condition to ensure a unit shut-down period of 16 days"

[12]. If this were the case, the third and last barrier would be really vulnerable!

Thereactor doesnot shut down in case of accident

But, cometo think aboutit, will the"Automatic Reactor Shutdown" (OArret Automatiquelu RZacteurO,
AAR) function during control rod cluster ejection?Report[6] addresseshis questionin Chapter9,
"EDG transient withouAAR':

"We also highlight a problemlinked with the EDG simulations,which are EDG eventswhich are too
smallto trigger the AAR(...). These cases are not included in the Safety Report and their examination
does not come under the current scope of the EPR analyses with AREVA (Contract C). There is no
existing methodology to solve this specific problem".

"It seems presently that no measures have been put in place, and the design basis for EPR safety
measures appears very narrow (...)".

This includes"EPR control rod clusters drop times too high, particularly in case of earthquake [1]
(4.1.2) with a éluster speed in EPR half that of the rest of other designs" [9] (6.1.6).

"In the specific case of EDG and its occurrences without AAR, evidence will be necessary to avoid any
gaps in the safety assessment".

But notethatthe recommendatioffior the " careful preparation of the evidence showing the design basis
for protection in an internal document not shared with the ASN" remains discreef6]

The "evidence" will haveto berock solid becausein relationto the " safety requirements" of the" control
rod cluster mechanism”, the following canbe foundin Chapter3.6 of the" Preliminary Safety Report of



the Flamanville 3 EPR". "the drop of each control rod cluster must be guaranteed in all accident
situations”. "In case of EDG", it may be that no control rod cluster dro@s!they may become stuck half-
way down.

Accderator jammed at full speed and brakes out of order: Chernanville 3...

As a matterof comparisonthe EDG simulationfor the N4 type showsthatthe clusterejectionlasts0.1
secondand the power excursionpeaks0.2 seconddater. The drop is initiated only 0.6 s after a "high
neutron flux - high threshold" has been detected.

Concluson

TheArevaEPRIs areactorwhich canbe economicallyiable only with glaring safetyshortcutslt does
not meetthe standardof the Safety Reporton control rod cluster ejection (EDG) in caseof serious
accident(AAR); the equipmentis not classifiedfor accidentsinvolving more than 1% of brokenfuel

rods. Yet the core catcher is meant to collect 100% of the core melt...

Despitea lack of transparencyn the major modificationsto the control mechanismEDF will betaking
enormousrisks to try and recoupits investmentat any cost. Without ORIPOEPR could run at a loss.
With ORIPO, EPR could cost us our lives. ORIPO = ORest in PeaceO ?
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