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IRIS PRESSURIZER DESIGN

A.C. 0. Barroso?, B. D. BaptistaF°@, I. D. Arone®, L. A. Macado?, P. A. B. Sampaio®, M. Moraes®

WComissao Naciond de Energia Nuclear — CNEN, @ Instituto de pesquisas Energéticas e Nucleares |PEN/CNEN, ©
Centro de Desenvolvimento daTeaologia Nuclear CDTN/CNEN, “ Instituto de Engenharia Nuclear IEN/CNEN,
®NUCLEP- Nuclebras Equipamentos Pesados
Rua General Seveiano, 90— Rio de Janeiro, RJ, 22294900, Brazil
Tel:55-21-22959596 ,Fax: 55-21-2541-8897 ,Email : barroso@cnen.gov.br

Abstract — IRIS, the Internationd Reactor Innovative and &aure, is an Integrated Primary
System Reactor (IPSR) with innovative features that can med most of the requirements
considered in the Generation 1V Roadmap Sudy. The IPSR concepts are dharacterized by the
inclusion d the entire primary system within a single presaure vessl, including the steam
generators and presaurizer. One of the chall enges was the devdopment of itsinternal presaurizer,
which is located within the reactor vessl head, thus raising many interesting technical isaues.
This paper addresses tednical challenges associated with the internal presaurizer, describes
numerical tods and dsign calculations devdoped for these tasks, and pesents the adoped
solutions covering thermal-hydrauli c design andfabrication isaues.

I. INTRODUCTION

The future of nuclea energy depends on the
development of new readors concepts that can fulfill
requirements auch as those defined by the US Department
of Energy (DOE). These reguirements are being addresses
by the members of the Generation IV International Forum
(GIF), for the Future of Nuclea Energy [1], including
government organizations of the participant courtries..
IRIS is a red international cooperation effort to design a
reador system capable of meding most of these
requirements. Westinghouse started the conceptual design
of this new reador to answer a DOE solicitation for what
has later been cdled Generation IV nuclea energy
systems. An important goal set forth from the beginning
was to develop a commerciadly viable oncept for
developed and developing courtries with large or small
eledricd grids.

One of the most important fedures in the IRIS
concept is its “Safety by Design” approacdh, which takes
maximum advantage of the integral rea¢or coolant system
configuration to eliminate the posgbility of some
acddents, lesen the mnsequence of other acddent
scenarios and/or deaeases their probability of occurring.
To alow IRIS to adhieve its sfety by design goal while
still meding econamic reguirements,, spedfic comporents
had to be submitted to speda design analyses, which

required the development of new design todls and models.
One of these dallenges was the development of the
internal presaurizer, which is integrated into the reador
vesEl heal.

This paper discusses these technica challenges,
describes numericd tools used for analyses, and presents
design cdculations. Many design solutions on thermal-
hydrauli c design and fabrication issues are discussed.

II. IRISINTERNAL PRESSURIZER
CHARACTERISTICS

IRIS is being designed to take full advantage of the
integral reador configuration in order to improve safety,
reduce the site dvil works, while improving plant
availability. Fig. 1 shows the IRIS configuration: an
integrated primary system in a 6.78m outside diameter by
21.4m height vessl with eight helicd coil stean
generators, eight primary coodant pumps, an internal
presaurizer and internal shielding. The design o the
reator ves=®l and internals is discused in detail in
reference[2]. Reference[3] reports on the implementation
of the safety by design approadh in this innovative
concept.

Because the IRIS utilizes reador codlant pumps that
are locaed at a high elevatior-in the reador vessl for
forced circulation through the @re, and these pumps have
a spedfic NPSH requirement for proper operation IRIS



can na employ a simple self-presaurized system like the
Otto Hahn [4] or CAREM [5] readors. Initial studies have
demonstrated that the best choice in such case is a
presaurrizer solution like thase of a @mnventiona PWR: a
water-stean  system, with the vapor formation
acomplished by eledric heaers. A gas-suppated
presaurizer has the grea inconvenience of N2 absorption
by hot water, with the asociated problems of gas
dislution and acaimulation in the clder regions of the
system, and the reduction d the hea transfer effediveness
and even higher containment presaure due to gas evolution
during postulated reador depresaurization events.

Sincethe wadant pumpsin the IRIS design have alow
developed head and they are pumping water that is at Thot
condtions, it is difficult to implement an effedive
presaurizer spray for normal presaure reduction. However,
the IRIS integral presarizer makes possble, withou any
additional cost, the design of a much larger presaurizer
system. As the surge flow - the presaure increase driver- is
propational to the power mismatch between reador and
stean generators, the maximum surge flow will be
propational to the nominal thermal power and the raw
presaure smocthing cgpability of the presaurizer will be
inversely propationa to the ratio reador power and the
presaurizer volume PO/Vp [6]. In the IRIS design, the
relation d presaurizer volume to rea¢or power can be 3.4
times greaer than a @nventional 2-loop Westinghouse
plant, 2.7times greaer than the AP600 advanced reador,
and more than 5 times greaer than in the AP1000. This
can provide emouwgh margin to avoid the need o a
presaurizer spray. The sketch of Fig. 2, which shows the
IRIS internal presaurizer dimensions, shows why the IRIS
presaurizer can be so large: it can occupy amost the entire
internal head space

As dhown in Fig. 2, the presarrizer saturated water is
separated from the reador circulating, sub-cooed water,
by an internal structure with an “inverted hat shape”. The
function d this dructure includes: (a) preventing the head
closure flange and its sds from being exposed to the
temperature difference between the reador and presaurizer
water, thus reducing thermal stresses and maintaining
seding tightness (b) it provides an effedive thermal
insulation to minimize hea transfer to maintain an
adequate saturated water layer within the presaurizer; (c) it
provides gructural suppat for the CRDM drive lines, core
instrumentation tubes, and heders; and (d) it provides the
communicaion flow paths between the reador and
presaurizer for the surge flows.

The dosure head, as a part of the presaure retaining
wall of the reador presaure vess, is designed as a Class1
vesel acaording to the ASME Code Sedion Ill. The
design data ae presented hereinafter.
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Figure 1 - IRIS: Integrated Primary Systems.

Design presaure: 17.2MPa;

Design temperature:; 353.4C;

Inside diameter: 6,21m;

Inside height: 4,57Hm;

Cladding material: Austenitic stainless s$ed;

Presaureretaining materia:  SA 508 TR3CL.2;
Minimum cladding thickness 6mm.

The low aloy forged sted SA 508 TR.3 CL.2 was
chosen dwe to its acceptable strength at temperatures
ranging from ambient to design values; high toughness
properties, throughou the thicknessof the required heavy
sedions;, troude free weldability for joint and clad
welding; and high stability against neutron induced
embrittlement. The plates of the divider/ thermal
insulation, forged nazzes, and instrumentation and guide



pipes are made of austenitic stainless $ed. Forged SA 540
CL.3 sted was the doice for closure studs, nus and
washers.

The hea is formed by three forged perts: the upper
dome, the intermediate sphericd ring, and the flange; and
are joined by afull penetration rarrow gap submerged arc
welding. The internal surfaceis covered by a 6mm thick
austenitic stainless ¢ed cladding to asaure the necessary
protedion against corrosion.

All penetrations of the dosure head are located onthe
upper dome. There ae 45 nazes for control rod dive
medanisms (CRDMs), 90 naZes for heding rods, and
48 instrumentation nazes. To acmmmodate this
requirement, the central region d the head forging, where
the holes are locaed, has a thickness of 250mm whereas
the external region is only 140mm thick, as shown in Fig.
2. All nozZles are made of austenitic stainless sed
forgings and Inconel 690 is used to weld them to the
internal side of the upper dome. The nozZes for the

CRDM_GUIDES

CRDMs and for the instrumentation tubes which extend
through the head region have internal pipe extensions that
go through the bottom plate.

The bottom of the presarizer is manufadured from
austenitic stainless $ed plates and is joint welded to the
upper part of the flange g/lindricd shell extension. The
thermal insulation is fixed on the upper surface of the
bottom plate. The pipe extensions of the nozzes that go
through the bottom plate ae full penetration welded. This
plate dso has 8 surge orifices that are the only possble
water passages from and to the g/lindricd portion o the
reador.

The outer portion d the battom plate (the brim of the
inverted top het) has a 560mm diameter manway, through
which it is possble to accessthe interior of the presaurizer
for inspedion. It is interesting to nde that the brim of the
inverted top het extends into the cap(the lower bottom
cylindricd space to provide suppat for the heaers
asauring proper positioning and preventing vibration.
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Figure 2 — IRIS Integral Presaurizer.

Transients which result in large and rapid presaurizer
in-surge were simulated and reported previously 7, § for
the purpose of anayzing the viability of the arrent
presaurizer design with no spray capability. Simplified

adiabatic models and also more redistic RELAP 5 mod 3.3
models were used and the results were more than
satisfadory to go aheal with present design solution. The
ability to cope with very large in-surge transients was



tested using some very demanding cases, e. g. full load
rgedion, with a 1s delayed shut down (after the
occurrence of the high presare signal) and a 4s delayed
aduation d the Passve Emergency Hea Removal System
(PEHRS) for decay hea removal. The presaure resporse in
all cases was kept within adequate limits and, even with no
credit for any power operated relief valves aduation, the
safety valve presaure set point was not readed.

Analyses indicae that in IRIS, in-surge transients
promote anonequili brium stratificaion in the presaurizer,
water in the entire liquid region is subcooled and steam
within the upper regionis siperheaed. When the transient
driving forces have vanished and surge flow has
substantially returned to its dealy state value, the
thermodynamic condtions in the IRIS presarizer are
further apart from the steady state ones than if there were
a spray system. The reason this occurs is that the very
effedive homogenizing adion d the spray — coding the
steam region and also promoting a massflow of saturated
water droplets into the liquid region — that reduces the
temperature difference between the two regions does not
occur. For this reason, the return to pue steady state
condtions is more sluggish than if a spray system was
present. How much slower to recvering the optimum
condtions of the saturate layer is a question that is going
to be aswered later, when studying possble passve spray
systems and with the use of higher fidelity models for the
presaurizer. However this snall unavoidable draw badk of
the aurrent IRIS design dces nat affed the capability of
the presaurizer to adequately cope, even when an ou-surge
operational transient happens after an in-surge transient.

Thus, it is clea so far that conventional presaurizer
spray cgoability is not necessary in the IRIS, howvever
spedal passve spray design concepts will be considered in
future dforts. A reseach projed will be conduwted to
investigate if such systems are in fad feasible for our
design and if they are capable of providing a wst effedive
means of providing even better resporse to operational
transients.

The presaurizer heders are designed to creae and
maintain the saturated water layer and to produce enough
stean to prevent a presare deaease during increases in
plant power. There ae 90 eledricd heaers providing a
total heaing power of 2430kW in the IRIS presaurizer.
They are grouped into three heaer banks: a propartional
bank with 45%W; a badkup bank with 810 kW; and a
seond kadkup bank with 1161kW. For the initial anayses
the heater bank control setpoints were not optimized, bu a
single set of reasonable cntrol parameters was chosen..
The aaysis results ow that the proposed heaer
configuration, with even the simple @ntroller setpoints,
provide excdlent resporse to adjust the presaire for any
expeded paowver level changes, with any reasonable power
level vs. temperature programs for the reador coolant.

CFD cdculations [9] were performed to get some
bound values for the dfedive thermal resistance of the
smplified “horeycomb” insulation, that we ae
considering. A 1-D model was developed to analyze the
hea losses from the presaurizer. Fig. 4 shows a picture of
the interfaceof the 1-D Model and Fig. 5 shows the results
for the product of the hea transfer areaby the global hea
transfer coefficient (UA). Therma loss results and
expressons from this model are fed into the dynamic
models of the presaurizer for the transient simulations. An
experimental setup was designed to provide measured
values of the hea loss for different kind o thermal
insulation devices under consideration.

IIl. OPERATIONAL TRANSIENTSAND
NUMERICAL TOOLS

This paper will only discuss the normal operationa
transients pedfied for IRIS:

a) step load changes of plus or minus 10% of full power;
b) ramp load increases and deaeasses of 20% at
5%/minute.

Although the thermal-hydraulic code dhoose for the
IRIS acddent and transient analysesisthe RELAP 5 MOD
3.3, the model prepared for acddent analyses does not
have the normal control setpoints needed for operational
transients analyses. A simplified and spedfic tod was
developed for this purpose. It was developed and
implemented wsing a set of inter-related MS Excd and
VBS maao programmed worksheds. Files genericdly
named as IRIS-n.Xls were organized to keegp control of
different presaurizer data and transient analyses. The most
recett file aeaed for this paper was labeled as IRIS-11.

PRESSURIZER - IRIS PROJECT

CRDM's

T2=[29] °cl]
h.=[1000]
Q0=14.70 [kW]

Qr,=9.56 [KW]
Thickness of Thermal Insulation Tamb=[40] [°C]
H1= [m] ‘ Tsat

[ Teat  liquid = Q4=1.23 [kW]
Qqr4=0.52 [kKW] H Q1=2.88 [kW]
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Thermal C: ivity of | y Thi of H b Q 57.75 [k
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Figure 4 — HETRANS PZ.exe Interface
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Figure 5— Product UA: Hea Lossfrom the Presaurizer to
the Reector Water.

IRIS-11 contains sveral MS Excd Worksheds and
Visual Basic Maaos linked to alow a quick review of the
presaurizer data and automaticdly run simplified analyses
of its behavior under different temperature/power
programs, reador and corntrol charaderistics, pressurizer
level programs and volumetric control system cgpadty.

The first Workshed (Main Analyses) contains sveral
conveniently labeled input and ouput cdls. Most are used
only to store nomina values. This workshed is the main
entrancefor atransient analysis. The outputs are generated
from formulas dored in this and several other auxiliary
worksheds.

There ae worksheds reserved to present time
evolution graphica outputs guch as: @ Reador and SG
power; b) Reador temperatures; c) Thermal expansion; d)
Presarre; €) Water level; and, f) Heaers' power; formulas
used to cdculate the transient resporse; the Temperature
Program; Level Program; reador data; a sketch of the
presaurizer defining its main variables presented in the
eighth Workshed -PRZ Data- in which the presarizer
volume is cdculated; two more worksheds reserved for
the data used for water properties cdculations; and, the
steam generators data.

Fig. 6 represents the volumes considered in the reador
simplified thermal modeling that was couded with a two-
volume saturation-line model for the presaurizer.

The mass energy and volume ejuations were written
and pogrammed to analyze ramp transients. The 10%
Step Load transients were simulated as fast ramps from
90% to full power and from full power to 90% just by
inputing rates such as 3000%/minute. The ramp load
increases and deaeases at 5%/minute were simulated from
80% to full power and viceversa.

The ramps are gplied to the thermal power at the
semndary side of the steam generators and the control ads
on the reador power (reacor kinetics was not modeled in
this initial phase). A simplified saturation-line model was
used to acourt for the mass exchange between the liquid

and steam regions of the presaurizer. The presaire, level
and reador power control strategies used will be described
later.

Two power level operation programs were considered:
a) constant Thot temperature (Fig. 7); and, B dliding
average temperature (Fig. 8). Both programs are
identicd full power thermal condtions.

Two presaurizer level programs were considered: a) a
constant level set point at 1.65m, managed by a simple
controller; and b a @nstant mass program, bu any kind
of program can be inputed.

Different values of the manipulated variable were
tested. The following were the two extreme situations
considered in the analysis: @) no ret flow from or to the
volumetric oontrol  system (VCS), represented by
maximum VCS flow set to zero; and b a maximum net
VCSflow of 2.0kg/s. Of coursethe O net flow case cannat
work properly with the nstant level program of the
presaurizer.

The propational heaer banks are operated by a Pl
controller and the two backup heaer banks are atuated by
an onoff with hysteresis controller type. On-off banks are
not necessry in nama operating transients. The Pl
controller programmed is ill ustrated in the diagram of Fig.
9. It becane agparent that for this IRIS presarizer
arrangement, the hea losses vary , depending on the hot
leg and presarrizer liquid region temperatures, and the
presarizer presaure resporse can be substantialy
modified hy the heaer control parameters.

TMDC

Figure 6 — Reador Mode.
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For the simplified model implemented as IRIS-11.Xs
and represented in Fig. 6, the reador power in the energy
equation is assumed to be diredly applied to the whole
mass of the cre material and the hea transfer to the
sendary system is a boundry condtion in the steam
generator energy equation. The equationsin IRIS-11 are:

dTye

=Q, - -T D
gt Qr = UA) e (Twe —Te)

M, C.

dT, — .
Mc Cpcﬁ:(UA)Mc (TMC _Tc)+mec (TDC _Tc) (2)

dTye _

Mg Cu = (UA): (Tug _-ITR) ®

dT. .
M CPr = (UA)r (T = Te) + M Cpg (Tc = Te) (4)

Mse o &5 = = Qi = (U)o (T =T (5)
M s CPsc % = (UA) e (Tuse = Tea) + MCpgg (Tx ~Tee)  ©)
Mioe Cuu 122 = = U)o (T = Toc) (7
Mo Choc ddfjc = (UAoc (Tuoe ~Toc) + M Che (Te = Toe) (&)

The boundary condtion is the stean generator power,
programmed as a single ramp. The reador power is
controlled by a two-channel controller: Power + Mean
Temperature channels. The mass flow rate is assumed to
be mnstant and the presaure is uniform in ead reador
volume.

The solution d the &ove euations is used to
cdculate the fluid expansion a contradion that feals a
simplified two-volume saturationline model of the
pressurizer to oltain the system presaure. This model
considers the solution o energy, mass and volume
conservation equations and also considers the hea loss
from the presaurizer (assumed constant for now).

IV. TRANSIENT ANALYSES RESULTS

The 10% negative step load transient was analyzed
with ore set of control parameters and following the
constant Thot temperature program of Fg. 7 and
considering a constant water level program. Fig. 10 shows
the stean generator (Qss) and the core thermal power (Qg)
evolution olserved in the minus 10% step load. With the
control parameters used, besides a fast and stable power
resporse & the beginning of the transient, minor power
instabilities can be observed at the end d simulation dwe
temperature dead band effeds. Fig. 11 shows the
temperature results and Fig. 12 the presaure resporse,
which show a fast, stable anvergence to the programmed
temperature and pesaure withou any overshoa. The
results for the 10% paositive step load are presented in
Figures 13to 15.
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w W W
N W W
g o o

Temperature (°C)

NN W
© © O
o o O

w W w w

o B BN

g o o o
L

,,,,,,,,,,,,,,,,,,,,,,,,,

o

‘—Tc TR—TSG—TDC‘

200 400 600 800 1000

Figure 11 — Step Load of —10%: Temperature.

Pressure (MPa)

15.56000

15.55000 -
15.54000 -
15.53000 -
1552000 { - - - -
15.51000 -
15.50000 -

15.49000 -

15.48000 t t t t
0 200 400 600 800 1000

‘—Saturation Process ‘
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Figure 14— Step Load of +10%: Temperature.
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Figure 15— Step Load of +10%: Presaure.

The presaure results for both transients sow the
excdlent pressure smoaothing cagpability of the presaurizer.
In the cae of the positive step load, Fig. 15ill ustrates the
slower return to naminal presaure (15.513MPa) that is a
conseguence of the esence of a spraying system. This is
an incentive to study methods to incorporate passve
spraying. It isimportant to nae that, even for the step load
transients, the saturation model for the presarizer can
give good results because of the high IRIS inertia, which
propitiates a slow temperature resporse; and becaise of
the large presaurizer size, for which the -10% step load
generates a water mass variation below 5% of the
presarizer water mass and less than 2% variation in the
steam volume.

Similar results for the ramp load incresses and
deaeases of 20% at 5%/minute ae shown Figures 16 to
21.
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Figure 17— Negative ramp load: Temperature.
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Figure 18 — Negative ramp load: Presaure.
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V. CONCLUSIONS

IPSR concepts are charaderized by the inclusion o
the entire primary system within a single presaure vess,
including the stean generators and pesarizer. The
development of an internal preswurizer raises many
interesting technicd iswues, like the maintenance of the
saturated water layer and the pressure oontrol uncer
different operational transients.

This paper identified most of the technicd chall enges
of this development and presented results that demonstrate
that the IRIS presarizer system, athough extremely
simple, is able to ded with the main namal operating
transients, even considering that the mntrol parameters
were not optimized.

Although extremely simplified, the numericd toodls
described provided a quick way to make design analysis,
which are not simple to be performed with complex codes
like RELAP 5. This kind d numericd tod cen be
considered a very good method to evaluate and establish
workable design solutions during the initial phase of
design.



NOMENCLATURE

Cr : spedfic heda cgpadty of the mre materials,

Cpc : mean spedfic hea cgpadty of the wre water,

Cu : spedfic hea cgpadty of the stainless sed,

Cpr : mean spedfic hea capadty of the riser water,

Cpss : mean spedfic hea cgpadty of the steam generators
water,

Cpoc : mean spedfic hea capadty of the downcomer
water,

M : codant massflow rate,

Mk : core materials mass

Mc : core water mass

Mwr : riser materials mass

Mg : riser water mass

Muss : Steam generators materials mass
Mgs : stean generators water mass
Mwmpc : downcomer materials mass
Mpc : downcomer water mass

Qr : total power generated in the reador core,
Qs : the hed transfer to the secondary water,

Twc : core materials mean temperature,

T, - core water mean temperature,

Tpc : downcomer outlet water temperature,
Tc : core outlet water temperature:
Te = %(Tc + TR)
Twur : riser materials mean temperature,
T, - the riser water mean temperature,

Tr: riser outlet water temperature:

Tr = %(TR + Tse)
Tuss : Steam generators materials mean temperature,
Ty - the steam generators water mean temperature,

Tss : SG'soutlet water temperature:

Tse = %(TSG + TDC)
Twpc : downcomer materials mean temperature,
Toc - downcomer water mean temperature,

Tpc : downcomer outlet water temperature:
TDC = %(TDC + TC)

(UA)mc : the product of the global core hea transfer
coefficient with the hed transfer areg

(UA)r : product of the global riser hea transfer coefficient
with the hed transfer areg

(UA)s : the product of the global steam generators hed
transfer coefficient with the hed transfer area

(UA)pc : product of the global downcomer hea transfer
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