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SUMMARY

Most of the world’s nuclear plants are of the so-called water type. Said plants are ALL equip-
ped with steel pressure vessels so that the operability of ALL the nuclear plants is strictly re-
lated to the efficiency of such basic components!

It comes out from the above, in the opinion of the Author, that it is almost “prudent” to
try to develop and prepare alternative and possibly more economical and safe solutions.

This is precisely the purpose of the research that is the subject of this paper. This research
is carried out in the frame of an agreement between AB ATOMENERGI of Sweden and ENEL
(Ente Nazionale per I’Energia Elettrica) of Italy, for an exchange of information in the field of
PCPV for BWR, and takes as a reference the Scandinavian solution as far as the thermal in-
sulation system and the geometry are concerned, proposing new solutions for the prestressed
concrete structure (namely the Author’s concept of thin walls and a new concept of top lid).

The proposed top lid sealing system solution is in line with the one adopted for the con-
ventional steel pressure vessel enclosures; furthermore the prestressed concrete lid is restricted
to the prestressed concrete structure to form a continuous concrete structure, in line with the
PCPYV conventional solutions for gas reactors. )

The paper describes in detail the selected design philosophy that is slightly different from
the one defined by the Scandinavian project. In fact, as far as the design limits are concerned,
it refers mainly to the steel pressure vessel philosophy and, as to the concrete behaviour, to
the design philosophy proposed by the author for the PCPV “thin walled” structures for gas-
cooled power reactors.

Rheological, mathematical and physical models had been suitably devised in order to check
the reliability of the proposed assumption. This paper therefore, will also give a brief description
of said tools and the main results acquired at the time of the conference, and technical and
economical considerations made to support the interest of the research, showing the relevant
cut down of the costs.

The comparative reference steel pressure vessel belongs to Mark III ENEL VIand VIII BW
plant to which design and construction the author gives his contribution.
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1. INTRODUCTION

Historically speaking, the prestressed concrete pressure vessel (PCPV) concept was born
in the fifties in Europe, namely at Marcoule insweet France, the country of Freyssinet, the
father of prestressing. As a matter of fact, the application of the PCPV concept, must be con
sidered as an obligatory steptosolve the problemsraised by the second generationofthe Eu
ropean gas filieres asking for dimensions and pressures leading to the overcoming of the
technological limits allowed by the more conventional existing steel pressure vessels (SPV)

For the large units ''gas filiere', Highand Very High Temperature (HTR) and (VHTR)
and Gas Cooled Fast Reactors (GCFR) the PCPV concept is, at the present, the unique solu
tion; at least, it seems that no other concept could be technically feasible.

For the Light Water Filiere, appliedto more thanthe 90% of allthe nuclear power station
all over the world, the SPV is the absolute protagonist, but it doesn't representthe ''unique'
solution. Now, commercial reasons (good exploitation, costfor: research, development, de
sign, licensing practice, established codes, facilities for manufacturing, patents and a lot of o
ther reasons) seem to havefrozenthe SPV solution. An exception totheruleis represented
by the important and meritorious efforts (under fulldevelopment} ofthe Scandinavians, under
AB ATOMENERGI, for the application of the PCPV concept totheir 1000 MWe BWR; also ve
ry interesting is the original German research on the matter conducted by FRIED KRUPP.

Following informal contacts made during the 2nd SMIRT in Berlin, a cooperation between
AB ATOMENERGI! of Sweden and ENEL (State Electricity Generating Board of Italy) is now

operative for anexchange of informationinthe field of PCPV for BWR.
2. ENEL RESEARCH

The ENEL Research, object of this report, made referenceto the Scandinavian PCPV as
far as the basic inputdata, the geometry and the thermal insulation system are concerned,
while, as to the prestressed concrete structure, application is made of the Author' s ''thin
walls' concept and his new type of prestressed concretelid (PCL).

2,1, Research purposes and safety aspects

ENEL Research is based onthe intention of developing and suggesting for the Light Water
Reactor Pressure Vessel, an alternative prestressed concrete solution tothe SPV one, with
the aim of improving, as much as possible, the structural safety, and to cutdown the exces -
sive costs of such basic components.

At the present stage of development of the research, it was decidedto holdup the safety
problem, in the sensethat, both the PV concepts being intrinsically very safe, it was deemed
advisable to postpone this intricate analysisto a more advanced phase of the work,

Anassessment,from the bibliograpy of the present position on the relative safety merits
of steel and concrete PV leads to a sort of ''stalemate' position. Mr, I. CAVE in his ma

sterly paper ''the future prospects for the PCRPV" concludes his summary on ''safety re
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! ... Thus a comparisononthe safety of the two types of vesselmust be ba

as follows "'

view'
sed largely on a comparison of the effectivness of the inservice inspectionof each type.....

Agreeing in principle with this line in fact (the steelandthe concrete solutions are so dif
ferent conceptually that a direct comparison is probably meaningless and certainly is diffe
rent from casetocase), attempt was made to improve the safety of the reference solution by
easing in each design choice the possibility for the inservice inspections.

Namely the prestressing system of the so called ''post tensioning'' - not grouted was
selected as well as: a BBR type anchorage system, thatis no wedge anchorages; the tendons
consist of anassembly of single wires, for easy application of a suitable anticorrosive protec
tion; prestressing steel of the stabilized type; cable ducts (gas type) actinglike a mild steel
reinforcement toimprove the ultimate limits of the structure.

For the circumferential prestressing, the ''posttensioning'' system was preferred to the
"wire winding'' method, because besides other considerations, (related tothelayout of the
Reactor Building and scheduling problems), in the opinion of the Author the choice of the "wire
winding" system asks for severe provisionsto preventapossible 'tendon whip effect' self
generated (per corrosionor other reasons) or generated by missiles or steams jets in the
dry-well, (This effect can be interactive).

The pattern of the circumferential tendons (post tensioning type), invented by the Au
thor, besides of improving the structural safety, allows the visual inspection ot the outer sur
face of the PCPV in operation,

Italian interpretation of PCPV differs from the Scandinavian and German ones not only for
the solution adopted for the circumferential prestressing system (post tensioning instead of
wire winding) but alsoforthe type of removablelid. The solution proposed for the 1lid tries
to remain in the field of accepted solutions and philosophies. (Fig. 1).

Namely, the prestressed concretelid PCLis fixed to the prestressed concrete ''glass''by
means of suitable high potency tendons (36 x 1300 t) with the aim to restore an overall
structural continuity. This follows the exsisting practice acquired for the gas reactor con
tinuous PV and improves the safety, reducinginadditionthe displacements of thetop of the
glass (cfr. H2/7). The high potency tendon belts replace the functionofthe SPV anchoring
bolts; the head sealing system isthe same adopted for the SPV, Metal (Inconel 718) 0 Rings
installed in the Lid.

The proposed solution gives, in the opinion of the Author, the advantage to mantain also for
the PCPYV the established practice and up to a certain extentthe rules. In particular, from the
safety point of view, both the solutions can experience (theoretically) the same conditions of

''1id floating", that is, incorporate a sort of structural self-safety valve,
3. COST CONSIDERATIONS

All roads lead to Rome, it is said in our country, now than is the PCPV way the cheap
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est one?
From a very rough first approach on a limited number of fundamental items,
the answer seems to be largely Igositive:
Steel Concrete
ITEMS P.V, P.V. COST
million dollars
Steel P, V. BWR/S 9. -
9 2.1 PCPV prestressed steel + concrete 2, -
2.2 Penetrations, cooling system, internals 4, -
1 - 2 delta cost 3
Reactor Building emboding S. P. V.,
3.1 Mark 3 70,000 mc 6.4
3.2 Steel primary containement 6.6
Reactor Building emboding PCPV
4 4.1 Building 35,000 mc 3.2
4.2 Prestressed concrete primary containement steel
lined 38
3 - 4 delta cost 6
22 13. - 9
SPV - PCPV 13
9

It must be clearly said that the figureslisted in table 1 should be considered very rough;
just as a preliminary basis for judging aboutthe economicalinterest of developing the research.

The problem of emboding a PCPV in a BW station, has not yet been studied by our team,
The schetch of fig, 2 is to be considered therefore as atentative approach; the seismic ef

fects, for instance, will probably lead to flatten the shape.
4, DESIGNING TOOLS

The true problem for the designer of a PCPV istodefinethelimits of acceptability of the
stress of state of the structure, once satisfactorily defined; these limits, in their turn, will
affect the cost.

The stress values, as accepted inthe existing codes and standards, impose the construc
tion of oversized structures, as evidenced by the built prototypes and as experienced in our mo
dels, In order to elapse from these limitations and better utilize the material resources, it

is therefore necessary to dispose of adequate designing tools able to fill the gap existing
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in the field of the information on the behaviour of the materials adopted for PCPV in the tri

axial stress state.

The first problem consists in selecting and defining reliable tools to be used easily, ra-
pidly and economically.

Our designing tools are the physical and the mathematical models of the structure, and
the rheological model of materials. More detailed information on these tools and on the ba
sic data coming from the first phase of our research is provided in the reports H 2/7  and
H 3/5 which are to be considered an extension of this report and which are also beenpresen
ted at the Conference.

From the complex recycling of the information provided by each of these tools, it is pos
sible to obtain the calibration of each of them and, consequently, the check on the reliability
of the design.

Both the mathematical and the physical models become essential and complementary de
sign means: the first to cover the structaral design phase (geometries) and the linear beha
viours; the second, with the help of the first one (supplying a global information of the ela
stic phase) to cover the ultimate states, that is, all the non-linear (short time) behaviours

up to the collapse,
5 DESIGN PHILOSOPHY

Our design philosophy is based on the data coming from the SPV BWR/8 specification
and design, and on the Author ''thin walls' design philosophy concept developed for the HTR
reactors (gas filiere).

One of the significant aspects of ENEL research lies in the application to the PCPV for
Light Water Reactors of the ''thin walls' concept leading to halve the structural dead load
with respect to the Scandinavian and German solutions, with all the consequent self-evident
constructional and economical benefits (with special care for the sites excited by high mo
tions).

From the examination of the SPV documents we draw the following SPV characteristic 1i
mits:

- the safety relief valve upper pressure limit is 88, 87 atm (in some limited areas we can
reach highest values of pressure)

- the specified tightness upper limit of the sealing system is 88 atm

- at the pressure level corresponding to the hidraulic test 88 x 1,25 = 110 atm the pres-
sure vessel head is yet in ''floating conditions' and the leak tightness is kept by the 0

ring system by overpulling the anchoring bolts.

Moreover, from elementary calculations, we found thatthe steel vesselbarrel reaches
its yield limits at a pressure of about 170 atm while, the anchor bolts, are able to whit{stand pres-

sures, well over 200 atm,
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From the above, it comes that, from the SPV design accepted performances (philosophy),
we can assume that:

- because ofthe presence of the safety relief valve system, the maximum pressure Ilevel
that can be experienced in a PV for BWR is assumed to be 88 atm;

- inthe SPV the ''floating of the head' condition is experiencedfor pressures of the order
of 100 atm;

-~ the weaker main SPV component is probably the barrel

On this basis and taking into account the geometrical and technological limits resulting
from the thinning of the structure, our design has beenbased onthe general assumption sum
marized in fig, 3.

From the fig. 3 clearly appears the basic choice of our design philosophy establishing to
have a ''fully compressed concrete structure' at the pressure limit of opening of the safe
ty relief valve system, that is at 85 atm.

Because of this choice, we expect, on the basis of our experience, a ''quasi elastic be
haviour' of the structure of the ''glass' for a range, 0 to 140 atm, largely covering  all
the possible incideéntal conditions including the self-safety valve limit that we have fixed at
114 atm by sizing the specially devised system of springs located in the 1{d (fig. 4).

The ''quasi elastic behaviour'' of the "glass'' will therefore include also the incredible
condition of ''floating head and tightness loosing' (114 atm) at which the structure will act.
like a self-safety-valve,

From our experience we canexpectthat the "glass'' will be in the condition to reach
pressure of the order of 180 atm still being able to safely ''reverse' elastically in the
operating range 0 to 70 atm.

The failureofthe ''glass', because of the collapse of the weaken circumferential cable
system, is envisaged for pressure well over the 200 atm (-~ 240 atm), that is, at about 3
times the operating pressure. This 1limit is well over the corresponding SPV yield barrel
limit.

The prestressing system is sized to support a triangular diagram of pressure acrossthe
concrete walls 0 to 85 atm to withstand the incidental condition of liner leakages, taking in
to account also the contribution given by the mild steel cable ducts. (Under this respect the
""thin" solution is obviously advantaged).

As shown in fig. 3, the cable system ultimate resistance is duly scaled (the weakest is
the circumferential system).

The PC Lid is designed to be the safest element of the PCPV assembly.
6. CONCLUSIONS

Our research work is just in its initial phase, nevertheless the data coming from the

mathematical and physical model and reported in the paper H 2/7 and H 3/§ pretty confirm
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our expectations,

Evidence to this confirmation is given in fig. 5 in which is plotted the deformative beha
viour of the ''continuous physical BWR model' that practically superimposes the patternex
perienced for the thin solution of the gas reactor models, giving thus additional credit to the
concept.

It is worth mentioning that for the near future plants, for which very high values of speci
fic power are envisaged, and for the plants to be sited in regions presenting insoluble pro-

blems of transportation of the SPV parts, the PCPV is the unique solution.
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Fig. 1: PCPYV for 1000 MW e BWR Power station - ENEL solution.
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ENEL PCPV

AB Atomenergi PCPV
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Reactor Building for BWR - PCPV and SPV solution
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Fig. 5: Comparison between gas and light water model behaviour.








