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5.

What data of thermal expansion of the mixed oxide do you recommend
as the best one?

We have data such as NUMEGC-2389-4, HW-75007,.Trans. Am. Nuc. Soc.
Nov. 1967, P. 458, ANS~100 p. 110 (1965, Detroit:meeting), Berggren

& Forsfyth's data in London Conference. . .

Please inform the recommended formula of E. P. gas release rate in
connection with pellet density.
Among data we have, the data in GEAP-4418 assumes 870 G as boundary
temperature and, the release rate is classified between higher tem-
perature and lower temperature region. While, the data shown in
KFK 700 looks very appropriate because the formulation takes the
mioro structural change of fuel during irradiation in consideration.

Please comment on above formula.

You mentioned in the previous meeting that the irradiation embrittle-
ment of Inconl-X was remarkable especially in Fast Flux Reactor.
What material do you use as the expansion spring of fuel pin for

Rapsodie?

You mentioned also that the pellet-clad gap should be designed
considering the irradiation swelling of the pellet.

¢ What pellet-clad gaps did you take for Rapsodie fuel pin?

° What swelling rate of the pellet did you take in designing the

gapa?

You recommended that the fuel pin should be designed by the following

thermal ratchet criteria:




10.

11,

a g = 0
T % = 9

T, I t : W e by g e R v

Which value did you take for %y, non-irradiated or irradiatgd?__r

If it is t;ue,.gs‘yqu“hayeﬂmentioned_thatnthe fuel pin clad. can not.-

endure the plastic flows in the end life of -the fuel pin.

What about raising the thermal siress so as to-allow.the plastic . ..

flow to be continued of the fuel pin clad in the begining of life?
o ‘ Do g v

You mentioned that you had done the rupture test of the fuel pin .

cladding of the RAPSODIE.

Was this short term tensile testing, burst testing by internal

pressure, or creep rupture-testing?

0f the hot spot factors, what sort of factors.do belong to.the

cummulative?

II  Mechanical design

PO C i P PR
i . TIPS - Al W

1. Cooling method of rotating plug: Please show us the detailed structure
of Rapsedie rotating plug. Especially. the cooling coils in the plug and

the temperature control method.. - S N .- ‘ -
2. Gontrol rod drive mechanism: Please explain us the detail of'; gontrel

rod drive mechanism. Especially the action of scrum, and the necessity of

the cover of mechanism which contain Ar gas.

3. The capacity of emergency cooling system: Please show us the reason

that your comment says the capacity may be about 1 %.

4. . Material surveillance tesi: To assure integrity of the vessel and

other structural materials, what kind of irradiation test have you been
doing in Rapsodie. S e T
5. Please show us the reason why do you remove the insulation between
reactor vessel and safety tank in Rapsodie,
i

6. Floor structure: ;

a) In Rapsodie, the structure of operating floor in the container

is a type of anti-sodium pool burning. Please explain us the neces-

sity, e.g. assumption of sodium ejection on the operation floor. ..

b) Please tell us your opinion what structure should be taken for




the floor of primary coolant equipment room.

c) Please show us your opinion for the structure of the floor of

1

non radicactive sodium equipment room.

7.  Thickness of reactor vessel wall: Please tell us if there are any
factors which should be considered to determine reactor vessel wall thick-
ness other than mechanical 1oad thermal stress and corrosion. You haq
experienced quite large thermal deformation of the vessel on Rapsodie.
Don't you think if the wall thickness and its heat capacity were larger,

this problem would be avoided?

8. Shipping cask for IHX and pump maintenance: In Rapsodie the ship-
ping cask for IHX and pump maintenance has no radiation shield wall.ﬁ
Our estimation on the JEFR, it recuires heavy wall thickness due to
deposited Na?2, Please show us your assumption for radietion shield

design and the reason that Rapsodie cask has no shield wall.

9. Electromagnetic pump and flow meter: What structure do you adopt
for primary sodium system E.M.P. and B. M. F. which connected to double

wall piping?

10.  Pump shaft seal: The shaft seal of JEFR mechanical pump ie oil
lubricated double mechanical seal. See Drawing FBDO 00005 A pump
manufacturer in Japan has experienced tbe mechanical seal damage by
Sodium Oxide entering the seal surface when Ar seal gas was stopped,

What is the difference between Rapsodie and JEFR?

What is the reason and why no damage was ceuued by Sodlum Oxide in Rapsodie

punp wmthout use of the Ar seal gas?

11, Pump hydrostatic bearing: Your comment says that the hydrostatic
bearing of JEFR mechanical pump is too long.M.We think the bearing was
designed for the allowable bearing load by a pump manufacturer.

What is the recommendable value of the allowable bearing load and of the
force which acts upon 1it?

12. Location of E. M. P;: Yeer commeet.eavs thet the e'm; pump'muet be
drainable. As ynur comment the location of e.m. pump must be 6 m or more
above the lowest sodlum level because the diameter of gtorage tank is 5
m or more. Ve think it is dlsadvantage for the pump N}P.S.H. and sodium

void.

13, Equipment decay tanks : Are there ecuipment decay tanks for IHX, pump
and control rod drive mechanism in Rapsodie, Please tell us kinds of decay

tanks and their structure you prepared for Rapsodie.

14, Please inform us the following design parameters of the safety rod
for Rapsodie reactor:

1) Thermal Conductivity of B4C pellet

2)  The gap between B,GC pellet and the imner surface of sheat.

3} The thickness of sheath.

4) Dimensions of BAC pellet and their precisions.

EX. Diameter and height




5. Intermidiate Heat Exchanger:

Your comment says the JEFR IHX is extremely larger than that of :

Rapsodie.

But overall heat transfer coefficient of JEFR I is 3890

Kcal/h;%.c and this valué may be larger than that of Rapsodle. o

What is the meaning of your comment?

16, On your cold trap:

e

Please tell us the following items on the cold trap of Rapsodie.:

1.
2.
3.
4.,

Na flow rate to the cold trap and how to deside it.

Na temperature distribution in the clod trap.

Na purity at inlet and outlet of the cold trap(02 density).

The relationship between Na temperature at the outlet of cold trap
and plugging temperature of the outlet plugging indicator.
Dimension (cross section and heignf of the mesh part)

Trap capacity (How much inpurity is intended to be captured?)

I11

lll

1)

Safety.analysis and hagzard evaluation

Blast resisting structure

nUep e S

As far- as we understand, you. d351gned Rapsodle based upon the test
esults. of the mock up test.with chemical exp1031ves. Thig is quite

the. same approach that we have intended to’persue for the JEFR, We
made the analysis for this problen‘n;imarily on the basiag of TNI'
simulation and also plamed to perform the mock up test as you al-
ready have done with chemical explosives. At the same time we tried
to check to what extent the TNT simulation may be valid in respect to
the physical phenomena in the case of .nuclear accident,

We made the'analysis with such an assumptions that the. initial. shoch
wave loads by TNT explosion is equivalent as a type of energy release,
to the high pressure, pulse of nuclear explosion, and the secondary
pressure due to the TNT gas bubble expansion is simulated by the
secondary sodium vapor bubble expansion as Hicks or Proctor pointed
out.

However, it should be noted that our analytical way is different
from Hicks method and the guantitative estimations of such as energy
pressure or so are also based on different philosophies. Consegquently,
we would hesitate to-take the higher pseudo-static pressure reésulting
from the single U0,-Na mixing!;atio 0.08, because the realistic model
seems to be so complicated.tnefnfhe UC, vapon would mix with Na with
various mlxlng ratio both spacewlice and timewise, so that the assump-
tion of the 31ngle nix;;é ;etlo w1th“eii the ﬁ0; r;malned in-the core
would give us too pesimistic value,

Gur estimate 2lkg/em® was obtained as an equilibrium pressure assum-
ing that 5% of the redisual thermal energy of UQ, vapor will be

transformed into an effective mechanical energy and be consumed in

-8 -
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3)

4)

R SREURNCREEY

vaporizing the liquid sodium untll the vapor occuples the cover gas
volume 6. 3 m7.
However, it is our 1mpress1on that we need more analytlcal or exper1~

mental data for us to assess this pressure with more reallty

=Anyway it gives us the some orders of Value whlch was obtalned by

Rl

NoL's equation for THT gas, bubble pressure adopted to the Ferm1 plug

jump analysis.

ﬁeragree with your eomnent of fhfee pheses in thelexploeion phenomenon
instead of two, our model tests have also shown that the plug would
receive the large impulsive dynamic loads due to the shock induced
water sprag and the water hammer due to the gas buhble expansion with
a rinal quasi-static low pressure which laete for several handreds of

-

mili-second.

K

WL deduced the value of 1mpulse From the streln energy of the plug

'R

constraint test bolts, and obtained a mean value 800kg msec/cm ex-
taporated to JEFR with 50 kg Pentolite axplosion.

It seems to be comparable to the value calibrated from your test date.

We aleo agree with your recommendatlon that the crochets anchor of
JEFR may be insufficient to absorbe the impulsive energy, we will

hange our design to use the anchor bolts.
Finally we have one question in your mock up test report, that is,
In what reason do you aesume the effective energy‘of nuclear explosion

be equivalent to 1/4 of the released energy of chemical explosives?

"The question about the method of the periodical leakage testing of

containment."

Normally, the containment of the light water power reactor is filled with air,
so the leakage ‘test {bub after shut- down reactor) can bs édrried out by pres-
surizing it.. © ¢ T R

As the Gas system in the fast reactor containment consists of air (about 1
ata), argon {about 1.01 ata} and nitrogen syitem (about’ 1.005 ata), therefor
the periodical leakage test must be performed by predsurized each gas system
separated or only pressurized air, i

It is possible that argon or nitrogen system gas will mix with air during the
test by only prescurized air, andl also the purification for argon Yoop is hot

S0 easy.

Then, at Rapsodic, how have you perfurmed its test and if the leak from argon

to alr existe, how do you measure and estimate the leakage quantity?
-
3. M"The question about the recritical accident."
Would you tell us the behavior of following items on shock wave. blast pres-
sure and quasi-static pressure which occur 4t recritical accident?
1) The effect of pipe diameter size Cob e
2) The effect of pipe length
3) The effect of pipe bend
4) Did you take account of shock wave, blast pressure, ete, at
recritical accident when you designed I.H.X. ?
If you took account of them, how did you calculate or evaluate the
above items?
L. The Question of periodical inspection method about the equipments of
primary system located in the nitrogen gas atomosphere.
Would you tell us the answer about the following items :
1) The period of the inspection.
2) The method for accessing.

a) Has the gas atomosphere be replaced with air?

- 10 -




b) How long time is it necessary to make cool after shut. down"‘ A—D 2 H1 1 Eﬁ'ﬁ%—' ;(:Rs'af.: 69 _2[_0 b 5 9) VC’C - A‘[ﬁij.-'\
HELRDD

S e) Is it possmhle to remove the jacket on the prlmary system hy
Tomagv

the remote handling?

Is it screwed down or welded? .Supplement t6.the New

d) Should the sodium cooiant in ‘the inspection line be done by Additional Questions to CEA

pass or drained? (Instrumentations and Blectrical Systems)-

3) The method of inspection, (specially the detection method of each 1. Calibration methods of both pexrmanent and elctromagnet type flowmeters

" failure equipment when some of them fails.) in French Fast Reactor:

ex. pump failure, etc. (1) TWere any calibratlons taken place before and/or after 1t'.

o ' installation? And then, what methodu were they?
5., The question about the method of leak test at the external jacket of

double tube and vessel. (2) Are there any sensitivity change in permanent magnet type -

1) Has the leak test be performed periodlcally? flowmeter during a long period of operation under the condition

2) Is the leak test above to do during operation? | of high temperature and high radiation in the primary Na-coolant

3} Would you tell us the method of test or check about 1t? system

| If so, by what method are the flowmeters calibrated?

2. Detailed explanations of battery load of Rapsodie:

(1) What main loads or equipments are connected to each battery of 24,

48, 127 and 260 volts?

- 12 -




A—3 ABRCCBAGICELESS

I. Regarding a coil of an auxiliary coeling system in the reactor vessel.

1. We are going to &esign a cooling coil as an au:dlie.ry cooling system

accordlng to a comment from France.

In our design, temperature difference between NaK in the coil and

primary sodium becomed approximately 150 °C to 180°C, and results in
thermal stresses 15 the wall. of the coll.

Do you have any experiences of designs or fabrications of cooling
coils which have large temperature diffarences such ag the above

‘. A

mentioned temperature di fference?

2. If the ectivated Nak in the coil is cooled by air, do you think

there is any problem from the point of safety?

-~ 13 -
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Sty

Regarding a rotating plug and core ﬁbper mechanism. SR

R . SRS g, IR e
S . LA - a2t ﬁ_,{g*u Lok e

1.  Could you tell us the feed and drain device of liquified seal metal of
Rapsodie?

. ‘ irrek
R+ We believe that research and development as for the device of liquid

metal seal was done in France
Could you tell us the following pqints?
ar Rough idea of the dGV1ce for R & D.
b. Items declded by the above R& D and results
,( We guess the following° were tested;
1) mlxnng rate of Bn and Sn, 2) heater capacity,
o 7

3) moderate temperature of 1iquifled metal temp. When melted

L) gas quantity of leakage through sealing part under the melting
condition of metal, etc.).

TSUINRTE

¥ o )
L . i R TPEE IR

- . . - .'l_ B '\}
3. In Rapsodie we hear that you stopped using a sweeper. Do you have any
P e Dy

detecting device of floating fuel elements if such a case pccurred?

4., Under the normal operating condition we understand that Ar gas leakage
through the sealing part of rotating plug is zero in actual
However you must have chosen the allowable 1eakage rate of gas in

design.

could you tell us how you decided the allowable or possible leakage

rate?

5. Regarding positioning of control rods to the corresponded core matrix,
do you have any special device in addition to control of the angle of

the rotating plug when the control rode are inserted in case of Rapsodie ?

- 1h -




Questions on conments ‘from Frances ERTRNPE I S S

1. - Referends comment : 4.1.1 - (2} AR R b
Gould you tell us how large "the unknown deviations" are @etually in

Rapsodie ?

e

That is,
(1) Actual deviations of the top of subassemhly

(2) Actual thermal deviations on the transfer machine

2. Roference comment : 4.1.1 = (3)
Your comment says "large gaps are necessary for moving pieces, worklng
in Sodium“ : ) |
Could you tell us how large gaps are moderate between a hold down shaft

and a gshaft of gripper mechanism, and grvpper shaft and sensing shaft ?

3. Reference comment : A 1. 6

Could you tell us the fOllOWlngS ?

(a) Prices of periscope of Rapsodie made by Clavs, and T.V. which you
have experlenced

(b) Allowable nvt of the ahove periscope

4 Reference comment : 4.2.1 X

According to 4.2.1 Rapsodie seeﬁs to be that pip_holes or small cracks

in the fuel pin sheath are not examined at site when such failure occurred

T T

during transportation. Is this understanding correct ?

5. Reforence comment : 4.2.2

How many new fuels are contained in one container which is mentioned in

4.,2.2 %

-15 -

6. Reference comment :
B

Your comment says "For each operation, one people is conducting the

operation, and another-is.controlling it",:.

P B
 Gould you tell us.why you did not choose one person's operation and

3
L1

control system ? . - e
.’f‘
7. What criteria did you take in Rapsodie ahout the locations of valves in

the container? A

- We in JEFR design gathered all the walves in container in two special valve

rooms to make it possible to handle manually or repair easily when in trouble.

But it makes pipings in the contalner very complex.

R s RPN

- 16 -



Regarding the primary loop.
1. Vo need oil dampers in addition to spring hangerayfogﬁthe_support of
primary piping of sodium sccording to the seismic caleulation on JEFR.
We have following problems which are associated with the oll dampers.

(a) Shielding around the oil dampers to prevent the radiation damage
of oil

(b) Maintenance or exchangs of oil

Gould you tell us your opinion if you have any experience on the above

matter ?

2. The location of purification system of primary sodiwn is out of the
container on our present conceptual design. Now we are going to put it
in the container in accordance with France comment.

Could you tell us following if it is in the container ?
{a) Necessity of double wall of the piping of the purification
gystem

(b) Location of sodiumsampling system of Rapsodie

Please tell us shielding, accessibility and manipulator for

sampling system of Rapsodie.

-17 -

IT. Additional Questions to the Instrumentation
NSNS ".{'«_" E A U

Calibration of Permanéht:" " ="

or Blectromagnetic Flowmeters :

TR R BT T N N 7 K
In the previous discussion o
Small
meeting, you explained that Large [ Flow Meter
_ . _Flow Met A
the large flowmeter was i gtgr‘l
calibrated in such fashion =~ =~ ?’ . *
s s By-pass
as shown in the figure at the Main 7 Ne Flow-

. _ Na Flow- line
right} that is, a ‘By-pass Na Idhey - e .

flow-line which isequipped with an already well calibratsd small ‘flow meter
is incorporated along the main Na flow-line. By adjusting the two valves
in mainand by-pasé lifes, the large fiéw netef eouipped fétthe maih flow-
lineis calfibrated based Up the small flow mbter., = = f
N LA RN B ,
Question 1. Does Rapscdie have this hy-pass Na flow.line along the main
Na flow-line so that the calibratiéh of “largde W flow motet can be cali-
brated at the Rapsodie site, ‘orF is this Na flow-Toop Incorporated with

a by-pass line not the Rapsodié’s‘but other Ma loops ?

Question 2. ‘How much large flow meter could be calibrated by this
method ? What is the maximum ratio of main Na flow rate to by-pass
Na flow rate ? Considering the error or accuracy involved in the
small flow meter reading the ratio or multiplication tc extend for
calibration of large flow meter by this method may be limited to some

certain extent.

18t



IiT.

2.

3.

SRt
5

Additional questions on “the prototype reactor

Feden

o el s

Vhat is the present status of Phenix Project? ~..i @~ i oimi.

[ LR
. 3.
[

What are the research and developments you have done (or going to do)
in developping tank fypa reactor?

1

P . [
crerge ' R . Ay

Of loop type reactor and tank type reactor, which would Jou think is
more likely to be employed in the commercial FBR?

P

" ) . - . ~
BRI SR . . v

-t

Wﬁaﬁ kind of research and development have you been doing on’fuel

handling systems of Phenix.reactor? ' . . !

On the following items related to the tank typé reacter design, what

are the specific prohlems yow have encountered so far and measures

you have taken for them?
1, seals of the vessel top coven; - S

2. neutron shield within the vessel.-

3. handling mechanisms of cables and wires above rotating plug

- 19 -
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B : CONFIRMATION OF PENDING PROBLEMS ON THE
I T G A

TECHNICAL SERVICES FOR THE JEFR DESIGN

U

X B .
34 [ .:{"-“. S H :_,

March 31, 1969

s vy '(n‘;'__er] iy WL
As you have already promised during the third meeting at
' NPT A ',
the PNC, we confirm that the CEA shall send by air mail to the
PNC the answers of the following items not later than the end of

April 1969 ;

H o
L N '
A

1. The curve df‘j%dmbeing used in France,

"2 The Bwelling rate-wf the fusl pellet,

3. The treatment of "the hot spot factor for the gap
conductance,

L. The capacity, mumber of unit and the function of batteries
on Rapsodie,

5, The specification and cost of periscope and TV with the

-~ aendition at 250 °C,

Signed on behalf of the PNC

Signed on behalf of the CEA

- 20 -
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¢ : FINAL REPORT FROM CEA ON THE TECHNICAL

SERVICES FOR THE JEFR DESIGN
FIATHE G FFUR

SHEVEL U

March 31, 1969

. Wo ask you to send for us by the written from the additional
explanations concerning-the fqllow%ﬁgutwo itemgﬁon the ginal report
ffom GEA, as soon as possible ;. | o

1. The items which you have not written your énséers for
our questions én the final report,
2. The items which we could not understand your answers

"being written on thé final report,

The contenhts in details are enclosed here.

" 'PNG répresentative,

- 21 -

I. The items which you have not written your answers for our questions

)

on the final report

1. Decay heat curve
Q. "We have recéived your F.P, decay heat eurve for your design
which were based on ‘the thewmal fissien; : &+ = Heo
Would you suggest us again the basis'that this ecurve is

sufficiently conservative for fast resctor? -

2. Core and reactor design ol

Q. What non destructive testing methods- except .dye -penetrant

S testing are available and applied for.bellows of bellows sealed

valyes® i e il S Tk

3. Hanling head

Q. Please show us the accuracy of the ocutlet temperature of the
subasgénbly affected by the surrounding sodiumitempérature.

4. Gore upper structure
Q. Please explain us the counterplans for.the vibtration caused

17y the coolant flow on: your-experiénce. . .~ . o
e s i omn B ivoitdne wgow Boo

5. Cofe support plate 3% f@-% woui L, oran sazecs D
Q. As we have adopted the constant-inlet-temperature control
system, the fluctuation of inlet temperature will be small.
Therefore the effect of temperature of bottom suppart plate is
1ittle worth consideration, We have doubt about the calculation of
temperature coefficient using perturbation method in spite of the
fact that Rapsodie's temperature coefficient ig large. Would
you explain the caleulation method in detail?
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Upper plug

) Q.  Shield Material Popweg

C—3 Canned graphite and canned boron-graphite are to be used
as the shield in a rotating plug of JEFR. | -

Ve understand that some ga°es “are forned by heat and miclear
T :‘,r:{‘_ b .

radiation in the above materials.
| " Ve would like to know whether the Volume of the formed gases

1s considerably large and Special caution is paid to the can structure

for releasing gases or not.

2 we would like to know your opinion regarding formed gas

volume by neutron radiation at rather 1ow temperature such as a range

between 150 C and 50 c.

Q. Packing

What kind of material is ueed as packing material in the rotat-
Ty {
ing plug for Rapsodie?

BT

Q. Freezed Seal

%10
We would 11ke to know the following natters for ‘Rapsodie plant
and your opinions based on the experience of Rapsodie.
.

CD Freezed metal (We hear.Bi-Sn eutectic alloy is used in

i

Rapsodis)
(@  Leakage of gas through "Freezed Seal" when melted.
(3 Temperature range of melted freeszed seal under the operation

of the rotating plug and the max. allowable tenperature of
melted freezed seal.

() Use and thickness of smlcon 0il on the surface of freezed
metal to prevent oxidation.

(®) Necessity of the exchange of freezed metal and method of the
exchange if that is the case,

; o

GV)_”QgML‘ Type of the ;connector for thermocouple,

4D

7. Gontrol and safety rod drive mechani sm and dash pot

(i)

(i

ﬁﬁe have a plan o use Canon Plug for C.A thermocouple)
R fete .--_'!
._) l Lo
Q. System of power supply and signal take-out to and from double

rotating shield plugs.

We are.designing to hand down the cables from cable towere,for
power supply to'the,equipnents.on tne rotatingﬁplngs‘and,§or the
taking~-out of control and measurement cables. . o

But it needs to use high cable towers for_getting‘fqll flexi-
bility of large bundles of cables. ‘

.. And the Cable towers hang Just over the rotating plugs. It

.. makes very difficult the access and maintenance of fuel handling

equipments.,

Please giveius some comments on these subject.
by oL -

PRTIHE
T

Q. Relative motion between control rod and vessel
As you have pointed out, this will probably occur during

reactor power up. But, for nstance, if power was increased with

PR r‘..n . : .l'_, r‘
2 constant period 1t would be automatlcally compensated by control
b T WS s T S i § f el v o i 4
I:I?ds. .k - . . ' .,,..r;

But tne relative motion would be gzero during rated full power
operation and it would take pretty long time for ves sel to expand
and contract in the case of accident. Therefore, tnere is no
necessity, We_tnink; to consider the relative motlon to transient
analysis during rated power operation.

What do you think of it?

[

Q.  The upper guide tube is sealed by a metal "O" ring'(type

....2]4‘.. o



316 steinless steel or Inconel X) or alminium sheet packing at
the lower surface of the bolted flange of the control rod drive
mechanism housing (fig. 1).

Please give us your comments.

Coh e W

(i Q. It is concelvahle that sodiun vapor dep051ts in the annular

cavity hetween upper gulde tube and inside sur?ace of the hole of

hold down plate. We are afraid that the gulde tube might he stucked

and become difficult to w1thdraw for maintenance because of sodium
L
deposition. o
Does any consideration have to be taken to prevent the guide

tube from stucking, for example, heating or argon gas blowing?

av Q. The outer extension shaft is sealed by graphite or alminiume
bronze grand packing and its stroke is 900 mm.
A 1

The flow rate or argon sealant gas is 160 cc/min.

Is there any problem for such design? (fig. 2)

8. Tuel loading and unloading machine

(i) Q. What kind of counter-measures do you have for the sodium

ey

adhering to the fuel to drop into the fuel transfer mechanism in

your experiences?
(n  q. On cooling a fuel during its transfer |

Please give us your comments for the JEIR design.

9. Transfer rotor

Q. . It would be better to avoid the use of guide roller at the
bottom of the rotor, as they cannot be removed,

See general comments.
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10. Gr%Pper

el

W

Laeytrs

el D o kandl TG reegrrarings Taad

odniho ot o

TJ%}%ﬁ Wh aze taking account of the follcwlng cperation signalg at

e “._

Jesst for the dealgn of fyel exchanger and the chavge dischorge

b

machine. .

oofv oan s e o,

11,

(1)

qp

ar -

Qi)

gripper arrived
jaws engaged
gripper loaded

e 00O

- gripper -oriented (only .for fuel exchanger gripper)
. Please give us your comments .
ancet ogahpernn 2 Mo ey g
Cooling aystem . |1 .. vade -0
Q. Operation of sodium circuits
+ .+The JEFR .will have &wo main primary ccoling loops. It is
planned that only one loop will he operated dﬁfihé're;ctcr shut-
down to remove decay heat. Chote lecd var oo
r - Ee-dt all right-to operate only one-loop-from the view. point
of sodium characteristics, or does it cause trouble? -
S T T c ) e
Q. Was the primary sodium system cleened‘by acid or other clean=
ing agent? I am concerned of the residual chemicals or remaining
water in the crB¥ite of ¢avitiiss AN thei¥ydtonWhak is the genéral
" Pritice of cleahiing after fiefd Weldity of tHd $oditm loops in
France? : o e Peamgie e :
S . o)

Q. On primary sodlum purificatlon eystem in ycur consultation

P L . } BN 3T " .ln ‘.

.with PNC representatives on December 12th at Gadarache, you suge-

soavs oyl '

gested the purified scdium should not be returned to the over flow
tank. Please let us know the reason why it ehculd not be returned
to the over- flow tank?

- 26 -



A S vip q. Thermocouple wells for double walled equipment.
v Q. Intermsdlate heat exchangers for EBR~II Enrico Fermi and '
e e by C AT Did you use double walled wells for thermocou les in doubls
Rapsoﬁle have no baffles or tube support plates It 13 against the : )
cpnde b ey Lol walled equlpment 1n Rapsodle plant?
TEMA standard I thlnk thlS ig to minimize the shell 31de presure

drop. Are heat exchangers without tube supports safe from the view

A WY R T oy N
boint of tube vibration? & Q. Tnstallation or layout of EMP and EMF in tHe Sodium piping
PatLo : e S . .
vy el ! o High operating temperatures of the sodium system cause large

) q. Bearing of Main Pump Cr e .thsrmal expansions and stresses in the piping, EMP ‘and EMF are the

s)- Concerning materials for a bsaring Shaft and ‘4 bearing liner. weakest components in the system, but they are heavy because of

Fr. Inoue's #2 report said "colmonoy is used fbr a primary their electrical structure such as coils.

pump and sterite for a secondary pump", We consider these are Therefore how to install and support “them are big problems

surface materials of the bearing shaft, Thsn,'sﬁaélmsterial is in the fast reactor plant.

used for the bearing linep? P What is your practice in setting and supporting EMP and EMF

b) Ve llke to know é diaﬁster and an axial iénégﬁ-sf'ths bearing. to avoid large thermal stresses on them?
¢) Are there any grooving on the liner surface? If so, please "

show us their shapes. (x) Q. Sealing method and materials for electrical leads of double

d) "Gap 400" 1is a radius or a dimmeter? And this value is same both | walled EMP and EMF

in the Prlmary and the secondary pum£s? P e Safety features require double walled EMP's and EMF's for
i tal T . : . L P i
o) Please tell us the detail compositions op the matsrial gtandard reactor services. If the inner wall fails, hot sodium, 500 C for

Nos. of colmonoy and sterite. example, will be in contact with the conduits or electrical leads.

SRS o 1 Let us know the constructien and the sealings materials for

(vi) Q.  Equipment in argon gas with sodium vapor " - D the penetrations of elestrisal:leads'chfough the double &5113-
Please let us know tares 6 bs taken or special provisions to | | T
be made for the equipment in argon gas with sodium vapor. xD Q. Multiple EMF'S for reactor protéction systen
co 4Sp;sss arL lls;ted in the contalnment vessel Therefore, it
WD Q.  The reactor vessel and the, main primary, .sodimm piping of the is very difficult to install multiple elsctromagnstic flow meber
... JEFR are designed to he pre-heated, by hos.nitrogsp‘gas. While other heads ;ﬂfévﬁiﬁszline sithin the containment vessel, Did you install

equipment and piping containingqsqdiummwill.ba;prs-heated by elect- multiple EMF heads in a pipe line for redﬁﬁdahcy in reactor pro-
rical resigtance heaters. : o _ tection system? How did you handle this if you did rot use multiple

Would you give us your comment on the reliahility and the heads oL P

economic comparison of the two preheating methods?
- 28 -
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(X@ Q. Saddle type EMF for high temperature servzces.

XD Q. Vhat type of pressure guages are uged for the primary circuit
and also for reactor vessel, if any?
12, OControl
(i) Q.  We would like to get the following detailed information on

v n“.'

. The c01ls of saddle type EMF's are exposed to hlgh temperature

atmosphere.

(:) Do you cool the coils by forced circulation of gas, or,

i

' (:) Do you keep the coils cold hy setting heat 1nsulat10n between

- it
{

the pipes and coils, or
) Do you have any special hlgh tamperature resistant coils?
@ How do you insulate the heat and what is the 1nsu1ation
materials when ® is applicahle?

C) What type of electrical insulating materlals do yuu use when
C) is applicable?

A

Rapsodle

a) operating procedure

b) reactor control system and interlooks

¢) detailed drawings of control room panels

d) control characteristics of cooling blowers

e) plant control?syétem, specially, of cééiant'ﬁeﬁperatufe and.flow,
inoluding automatic control system

f) computor syétem and its function in plant conﬁrol‘
(specially safety function of camputor)

g) coolant flow after reactor seram

h) set back actions, if any.

- 29 ~

(i) Q.  Operation method of the coolant system

Do you operate the primary and secondary: coplant. at full flow
when you approach tg eriticality? -

B T S
Sy

. Vould you explain the control method.of air coolant flow
-, Felating to the: operation sequence of, cooling system during reactor

power up?

cr [ . - /.
(TP A LT e, N IO SR AT ST e .

13, Safety system . i,

Q. . Would you please explain. the start up and normal: operational

settings of alarm and scram level on Rapsodie's safety system?

Lo : S LE D ey b gy,

14. Shield design

Q. You have chosen rare-earth graphite as the shielding material
instead of borated graphite. et
Would you please tell us availabléffeﬁé;ts‘in.which we would
... Jnow material description and fabrication method? .. .
15. EMF System
Q. In -our design, core fuel assemblies can be resolved and be
tested to use these ones in core once again,, .Principal; peason why
this phylosophy is taken is to test integrity of fuel assemblies
~under irradiation as -well as fug%wp;nqulgn:ﬁgpsgdie, what kind of
tests were performed for_checking;integriﬁynoﬂmyuur.assembly design?
From the results of your tests, how much is the minimum mmber of
the fuel pins which have to represent a fuel assembly (consistingof
about 90 pins/(SIA))? What kind -of irradiation.tests and @f post-
irradiation tests can represent integrity of an assembly with the
minimum number of fuel pins?
Kindly show us your opinions about our-questions above

mentioned,

-.30 -



16, Vaste disposal system
Q. Viould you please explain the following item.
a) How do you estimate the radioactive nucleide and theirAquantim

" ties (volume & Curies or weight) on gases» 1iqu1d- & solid radicactive

-

waste,

b) How do you treate (waste) radioactive contaminated.sodium,
specially sodium in Cold trap? )

c) How do you estimate the radioactivity of primary sodium and.
cover gas under the normal operation condition and also under the

‘operation condition with some number of fuel pin failure?

17. Containment and building

)y Q. Would you please show us how %o determine the Ventilation
rate of the reactor huilding? B |

' We wonder if the leak rate of Ar cover gas is zero, and how

to detect the leak rate is zero?

any Q.

Is thermal insulati~n attached sround the seal part of the

equipment hateh door?

Gan  q.

Design condition of the reactor containment is reouired,

Applied code or regulations, if any.

av) q. What kind of vacuum breaker should be uged?

Especially how about the following items?

1, Reset after actuation.

2. Which is introduced through the vacuum breaker, air or

nitrogen.

- 31 -

18,

Safety analysis
i) Q. Bowing ei‘fect

Would you explain the reasons why bow1ng cauge decrease of

.._,..,

power coefficient w1th burn wp?

=

Wy Q. Is it unnecessary to install the emergency cooling evstem?

Are the two loops necessary if inktalled?
For Rapsodié, a nitrogen 1dop,'normally used to prefiéat the
vesgsel, allows to evacuate a part of the power. when'tne}ﬁrimary
looos afé”eht oquervice."'We‘did not doutlE"tnie'loop, but there
are‘two nitrogen blowers.‘{The‘two primary loops are necessary,
even'eith'an emergency:cooliné, in order to prevent a rery'faet stop
'sﬁét as\a'primary pump jamming, for éxample; as a matter of fact, in
the case of only ons primary loop, the janming of a' prirary pump
could give a very fast stop of nearly all tne‘prinary flow.
C o . ,
Ui g. " Fuel rupture temperature
Would you explain the reasons hcw you have estimated '800°C for
the clad rupture point? . IR
You have not con31dered we think the hot channel factor in

the tran31ent calculation Do you mean that the “800 vl is applied

to norminal clad temperature of the hottest channel?

‘,
1. r ~n * w
ok B AT r

oy
‘-
[
T
!
t

av) Q.- " Would youttell us'ehet’kind of accidents on control rod failures

are analysed?

r

And also we would like to know your plan of development on

.

the back-up systen for BAC'rod control system.

V) Q. In yeur consultations with PNC Representatives on the reactor
safety on December 2nd at Cadarache, you stated that the eJccted

- 32 -
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sodium the ruptured reactor vessel could be contained within the

safety vessel should the core melt-down aé&idéntTeécnrr in ﬁapeédie.
May we hete'your answers on the fbllowiné'qnesttons? :

(:) By what method was the’eﬁérg& abse}ptien‘meenanisn caiculated

for the explosion energy of the Rapsodie core especially the mecha-

nism which absorbad the energy towards the bottom of the reactor

vessel? .

® By what means has the intergrity of the bafety vessel been

proven for the explosion energy of'tne'Rapsodie'eore? Has it been

" done by an anaiyticai method or an eXperimental methed?

Please show us the method, especially the method which was

‘used to prove the 1ntegrity of the bottom of the safety vessel and

the concrete gtrueture.

NOBR suppose that the reactor vessel is supported by the radial

keys or ‘sifmilar structure to the horizontal motien caused By the
seismic force. If such a2 mechanism is provided will not the safety

vessel be impaired by such a rigid structure when the core melt-down

" accident becurs?

) Did your design and install dede&'heat Pemoval ‘system to be
used after the accideht? T e

'.B&ﬂnnat means will the heat be remeéed? Pleade let us know
the capacity, coolant and the location whers the Syeteh“is'installed
in the block-pile.

Q. Would you please explain how to estimate the effect of pin
rupture relating to design of fuel?

Q. How do you estimate the disturbance on Cooling system by

the introduction of large gas bubbles into core?

- 33 =

NS

(xD

(xid

Xiid

:'."coollng plpe at the recritlcal accident?

007G

Vid Result of Rapsodle s analysls

Would you tell us the follow1ngs?
a)”‘ﬁeabtivity insertion rate
b) " Total releadtd enerey
¢} Effective destructive energy
d) Calculation method of effectzve destructive energy

a) Galculation method converlng effective destructive energy to

~" the equivalent amount of TNT.

Q. How do you estimate the behav1or ‘of shock wave through the

v.\;l,ﬂ. s

That is, the effects by the bends, gize (dlameter) and length of

pipes.

Q. Is it necessary to consider the shocks from the outside
(for example, the airplane accidents, etc.) on the container

design?' Of‘are any means taken to pnetent them?

Q. : What are your back data for estimating the containment pres-

sure build up at a major sodium fire? Is any experimental work

“Performed?

Q. Would you show us the following items on sodium-fire accident?
1. Sodium-Air reaction rate of pool burning

2. Preventive measures

Q. We adopted the aerosol model for the Pu hazards analysis as
proposed in SEFCR and NMA-2., What are the official opinions of CEA

for this assumption?

- 3 -



XY Q.

xv)

(xvi)

Qwid

TRty BRI s (R IO L

on e . R *

. . ' cman 1
1 . AN . Bl
L . .

To show us the matters which are uséful and:are different on
the plutonium hagzerd protection between for the reactor establish-

ments, and for the reprocessing estahiishments'from your experiences

in France. ' WIEA e

Q. Tnsertion of foreigd bodies into core region
Considoring the core arrangement, it is very difficult to

agsume ‘that foreign bodies will be inserted into core regions Would

you explain what kind. of materials have you expected in Rapsodie?

Woald you explain you preventive measures and detection method on

the channel blockage accident?

'Q.° TFiseion products relezsco rate

Would you tell us. the release rate of each fission. product

from fuel pellet to plemm?
And if you have classified, in your hazard analysis, all fission

products into rare gas, halogen gas, volatile solid and other solid,

would you tell us the each release rate and its reasons?
Q. Would you tell us your view on safety eriteria of your Phenix?

A
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II. The items which we could not understand &6ur aﬁéﬁérs béiﬁg ﬁritten on

the final report.:.

. . o e e e S rarar o e e
el . i . [ -‘Y:L RS P AL
. PR

1, Gooling system.n -, -

1~1 Flow diagram

You sald that all the circuit of -JEFR seem to-betoo~compli-
cated, then, kindly show us associated flow diagrams (especially,

argon gas system) of your Rapsodie for example.
L .- . RIS T
. L ewinon

1-2 Charge and drain systéﬁm

A R I

<oy DDoOUt the ansyer (3) (4) in page 190vof the CEA"final report,

please show us activity data due to corrosion products*Which you

have used,

2. Instrumentation and control

2=1 Source

Referring to the sentence, in pagﬁlﬁé,l“With ggkwiﬁhoyy external
source, an important probleﬁ ig the poséible error on the estimated
neutron flux before-the first criticality ", in what way and how
should we pay attention to this problem ? -if ¥

2;§J§gtgcti6h by delgféd neutroném- T
 lesoapeften o s T IO -

o i It is said that -"Graphite ‘is ot thé/bést moderator and it could
be suitable to usé ancther material if there are ho special difficulte
ies with temperature --- ",

e T
Then what material do you recommend to our JEFR ?

- 36 -



1 }’f‘ .

2-3 Answer to question 17 (p.324)

Answer to question (17) seems to he unsatisfactcry to us.
'MI means ‘Tineral insuiatlon, %éﬁélly made of magh851a or alumina.

‘-r--r{, 1

We want to know your experience and comment for u51ng T cable to

FER nuclear and process ingtrumentations.

2=/ Answer to question 19 {p.324) S

- ' Rapgotiis, vin

3.

. Answer. to,the. question, (19) seems to be unsatisfactory.
Ips@gpmgpﬁs within the safety vessel are.such-as thermocouples,
and strain guages.for reagtoy vessel, - v .0 o e
There instruments and associated cables are highly irradiated,
therefore they camnot be replaced to new one after a ldong périod
of operation.

(o

e want to know your experience and comment on this matter at

Lol 1
TSR

Safety analysis

.o

3-1 Evaluation of reference accident for JEFR (p.69)

3-2

" We want to conflm 'the'a's‘suinﬁtib’:{ on {vhi'cri you ot the
reactivity indértion rate 230 8/sseond "+ Do you assume that the
sodiunis lost frén thé core instantaneously, the 100 % power still
contimies (neglecting the reactivity'loss dire’' to sodium void), and

molten fuel concentrate in the upper and lower part in the hemi-

spherical shape and gather by gravity ?
Loss of pumping power (p.251, 7°)

In case of primary pump jamming, do you assume that the pump
blade stops ingtantanecusly, and calculate the transient flow ?

- 37 -

“7

Could you show the transient flow curve and the delay time to

unlatch the sontrel Rodg e 0 T e Lowr

3~3 Cold sodium accident

You assurme the air flow increase from 11 to 220 %.

How"dfd you dssume the 320 ¢ ?

- 38 -
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T8 p: Formal Agreement for the Check Caleulations

wgihoz Blod  O-i

L B I o T N Lt fe B N S B G

e,

arch 26, 1960

We are pleased to send you our agreement to your letter dated
March 25 on the check caleculations concerning nuclear characterise
tics and dynamic analysis of JEIR.

Would you mind starting these calculations by the input data

which we have sent to you.
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