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Abstract

Three basic safety issues in the selection of the redan design for a pool type liquid
metal fast breeder reactor plant are examined. The f irst area examined i s the effect of the
redan selection on the integrity of the primary system pressure boundary in normal and offset
conditions. The second area is on the consequence of the hypothetical core disruptive acci-
dent. The third area Is on the consequence of the lost of heat sink accident. Some general
discussion and numerical results are presented which may help in the selection of an optimum
redan design. ;

1. Introduction i

The major components in the primary coolant circuit of a pool-type liquid metal reactor
(LMR) plant ire submerged in a very large pool of sodium which is contained in a very large
reactor vessel (typically 22 m in diameter for a 1000 HWe plant). Located at the center is
the reactor core. The pumps and the intermediate heat exchangers (IHX) are located in the
annulus between the reactor core and the reactor vessel. Hot reactor core outlet sodium is
cooled in the IHX before being dumped into the cold pool of the reactor. The sodium i s
pumped from the cold pool back into the reactor core. A flow divider, usually known as the
redan, separates the hot and the cold pools of sodium.

Two basic types of redan design have been proposed. One, a vertical redan is cylindri-
cal in shape and is generally located above the reactor core. The second, horizontal redan,
i s annular (or conical) 1n shape and is located to the side of the reactor core. Several
variations of the basic shapes are also possible. For instance, in a small vertical redan
design, the pumps and the IHX's are In the annulus between the redan and the reactor vessel
whereas in a large vertical redan design, the pumps and the IHX's can be located inside the
redan. In selecting the proper redan option for a plant, all design issues must be consid-
ered. Among them, safety is a very important one.

In this paper, we examine the safety issues in the three areas. First, the effects of
redan selection on the integrity of the primary system pressure boundary in normal and offset
conditions are examined. The redan design affects the heat transfer characteristics of the
primary system. As a result, the temperature distribution of the pressure boundary i s
affected. The temperature and stresses in the components determine the fatigue and creep
l i fe of the components. These effects become more significant as the temperature r i ses . The
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redan options are discussed.

The second area' studied 1s the effect of redan selection on the consequences of the

hypothetical core disruptive accident (HCDA). Two dimensional models are developed for the

KCDA events by usfng the ALICE-II code. Numerical results obtained from these models are

presented. The effects on the sodium impact loading on the deck and the in tank components

are discussed.

The third area examined 1s the effect of redan selection on the response in the loss of

heat sink (LOHS) accident. The hot and cold sodium ratio greatly affects the temperature

response of the primary system which. In turn, affects the integrity of the primary system

containment and other cr i t ical components. The temperature history and the creep damage of

the primary system are examined for various redan selections to show their impact on the

safety of the system.

:. Basic Reactor Layout

The plane view and the elevation view of a basic pool type reactor layout are shown In

igs. 1 and 2, respectively. The redan in this design is a large vertical redan encompassing

iart of the Intermediate heat exchangers. The primary pumps are located in the cold pool in

the annulus between the redan and the reactor vessel. In a small redan design, the redan may

>e just a cylindrical shell extending upward from the core barrel. In a horizontal redan

lesign, the vertical portion of the redan shown in Fig. 2 is removed while the horizontal

iart extends out to the reactor vessel.

3. Effects on the Integrity of the Pressure Boundary

The primary concern in this case is on the integrity of the reactor vessel during normal

and upset conditions. Although the reactor cover is exposed to greater heat load in a hori-

zontal redan design, this heat load can be reduced by thermal insulation under the cover.

Therefore, we can assume that the reactor cover was not significantly affected by the

redan selection. In assessing the integrity of the reactor vessel, two important parameters,

i . e . , stress due to dead load and creep damage are considered.

Although the stress in the reactor vessel due to dead load is design specific, a reason-

able estimate is given as follows. The total load on the reactor vessel, including weigiit of

the sodium, the reactor core and the reactor internals, is about 5.5 x 106 (12 x 106 Its).

The dead load is lower for the reference design where is reactor core is suspended from a

seperate shell. For a vessel 21.3 m (70 f t ) in diameter and 2.54 cm (1 in.) in thickness,

the axial membrane stress is 31.7 MPa (4.6 ps i ) . At this stress value, there is no appre-

ciable long term creep damage for temperatures up to 537.8 *C (1000 *F) .

The reactor vessel 1s subjected to axial chermal stresses at the sodium free surface

level with either the vertical redan design or the horizontal redan design. For the horizon-

tal redan design, there is additional thermal stress In the reactor vessel at the hot

pool/cold pool junction. There is also a small radial thermal gradient across the reactor

vessel wall in both designs. Although the thermal sresses usually can be reduced by thermal

baffling to within the design l imit the reactor vessel in the horizontal redan design is i n -

evitably hotter and Is subjected to larger thermal stresses. This situation remains during

both normal-and—upset-condttloos,—Hence»-the__reactor. vessel_Jn_the_J]orizontal redan design
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subjected to greater~creep Damages. Therefore."It 1s better 1n terms of pressure boundary
Integrity to keep the redan small so that the reactor vessel 1s In contact with the cold pool
sodium.

4. Effects on the Consequences of HCDA

The HCOA analysis and deck loading were obtained with the ALICE-II code (Arbitrary
Lagrangian ^Implicit-Explicit £ontinuous-fluid £ulerian Code - second version) [1 -3] .

The ALICE-II model of the reference reactor configuration Is shown in Fig. 3. The
essential features modeled include the reactor core, the sodlun coolant, radia1 shielding,
redan, UIS, reactor vessel wall, core-support structure, and the reactor cover. The upper
Internal structure (UIS) in this reference case is modeled as rigid cylindrical obstacles
with a single annular flow channel of cross-sectional area equivalent to the actual perfo-
rated plate. The vertical annular opening extends through the entire length of the UIS. The
redan is modeled as an internal conical and cylindrical shell. A sodium free surface i s
maintained to model slug impact from vertically accelerated sodium impinging on the reactor
cover. The force on the cover is determined as impact occurs. The reactor cover, consisting
Of a deck structure with a rotating plug assembly is modeled simply as a single piece, rigid
ody, capable of vertical motion, and secured by holddown bolts. The core support structure
s modeled as a deformable structure hanged by four core-support-structure beans directly

connected to the primary vessel. The reactor core consists of a core-gas bubble with a spe-
cific equation-of-state in the form of a pressure-vo1ur,ie relationship.

Two calculations were performed with ALICE-II, using the radial position of the redan as
a parameter. The f irst one is for the case of a vertical, small radius (406.40 cm) redan
extended upward from the shield barrel. The second one corresponds to the case of a vertical
large radius (693.42 cm) redan composed of a horizontal part, a conical part and a cylindri-
cal part as shown in Fig. 3.

In both cases the ALICE-II results indicate that the energetics of the accident are
almost contained within the redan, or hot pool region. The energy source in the core-gas
bubble accelerates the sodium inside the UIS as well as the sodium between the UIS and redan.
The presence of the UIS in separating the sodium flow results in a slug which is no longer
coherent.

The redan selection affects significantly the peak value of cover loading. In general,
the cover force is larger for a redan with a larger radius since the area of sodium impact on
the deck is larger. This can be quantitatively seen from Figs. 4 and 5, which show the
impact-loading histories for the cases of a small vertical redan and a large vertical redan,
respectively. Note that the force histories show many spikes during slug impact. As
described above, this i s due to the non-coherent, uneven free-surface motion resulting from
the presence of the UIS. It should be mentioned here that the peak force for the case of the
small vertical ved?,n i s 700 MN, compared to 1883 UN for the case of the large vertical redan.

Effects of the Response 1n LOHS Accident

In a loss of heat sink {LOHS) accident, the reactor system slowly heat up by the decay
Heat of the reactor after shutdown. It i s Important in this case to estimate the sodium
temperature history and to estimate the time available for corrective action. Two scoping
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qfFciiTaffons~Sere perfof mea"7~T:he ~Tfrsf~6rie considers~'the~tHemaT" na"sses~of~the~hbt'"pool

sodium, the cold pool sodium and the steel fn the primary system. The second one Includes,

In addition to the above, the sodium 1n the ex-vessel storage tanks (EVST) and the sodium 1n

the IHX's. These systems a l l have a different In i t i a l temperature but I t Is assumed that

they a l l equilibrate and heat up uniformly. The decay power Is assumed to be a function of

tine given by

At-B (I)1

where PQ Is the full power thermal energy generation rate, t 1s the time since shutdown, p Is
the decay power at time t, A is a constant 0.1802 and 8 is a constant 0.32. The results of
the scoping calculation are shown in Figs. 6 and 7.

The primary limitation on the time available for corrective action is the dead weight
stresses causing creep rupture of critical components at high temperatures. The present

1m1t for the reference design is the dead weight stress of 82.7 MPa (12 Ksi) in the core
support structure. The time for creep rupture with a stress of 82.7 MPa (12 Ksi) and 760 *C
1400 *F) is approximately 10 hours. The stress in the reactor vessel is less than that in
the core support structure. The deck 1s at a much lower temperature and thus not a problem.

ngineering judgment indicates that the stress in the core support structure can be reduced
iy creep of CSS and the engagement of a back up support system. Therefore the time available
or corrective action is greater than 24 hours.

In principle, if the hot pool to cold pool >-atio is increased as in the horizontal redan
design, the time for corrective action decreases and vice versa. The change in the heat
capacity for the whole system, however, is only a few percent. Therefore, it should be con-
sidered but it's not a dominant factor.

6. Conclusion

In conclusion, it is found that the small vertical redan design has more advantages in
the area of safety. It enhances the integrity of the primary system pressure boundary,
generates less impact load on the reactor cover during HCDA accident and has more time avail-
able for corrective action after a LOHS accident. However, other design issues should also
be considered for the overall redan selection. A larger redan may have more advantages in
other areas such as thermal hydraulic performance or ease of fabrication which may override
the safety advantages.

7. Acknowledgments

This work was sponsored by the U.S. Department of Energy and was conducted in the
Engineering Mechanics Program of the Reactor Analysis and Safety Division of Argonne National
Laboratory. :

References ;

[1] HANG, C. Y., ZEUCH, W. R., "A Multi-Dimensional Arbi t rary Lagrangian Eulerian Method for
Dynamic Fluid-Structure In terac t ion , " in Fluid-Transients and Fluid/Structure In te r -
ac t ion , 1982 ASME Special Publication PVP-64, Book. No. H00221, pp, 289-316 (June,
1982). ,

Instructions fur typing

1. The first lino of each page should begin on ihe san c level ;is the letter A printed in blue inside ihe
frame.

I I . T.v: typescript must under no circumstances extend outside the blue frame.
I I I . New ribbons should preferably be used to obtain a light but deep-black impression.



Y. C. Pan -5-
Frame for offset prim (format 16 x 24 cm)

TI73"

W0rG7TrrTrr~ZEDCH, W. R., "Recent De"veTol«iients~o"f~the~AFbTtrary Lagrangian-Eulefiari
Containment Code ALICE-II," Trans. 7th I n t l . Conf. on Structural Mechanics in Reactor
Technology, paper £ 4 / 8 , Chicago, IL (August, 1983).

[ 3 ] HANG, C. Y., KU, J. L. , ZEUCH, W. R., "Analysis of Complex Vessel Experiments Using the !

Hybrid Lagrangian-Eulerian Containment Code ALICE-II," in Advances in Fluid-Structure
Interaction-1984, 1984 ASHE Special Publication PVP-78, Book No. H0029Z, pp. 163-184
(June, 1984).

Institutions for typing

I. The first line of each page should begin on the same level as the letter A printed in blue inside the

frame.
II. The typescript must under no cia-umstanccs extend outside the blue frame.

III. New ribbons should preferably he used to oblain a light but deep-black impression.



Y. C. Pan E 1/3

FIGURE CAPTIONS

Fig. 1 . Reactor assembly - plane view

Fig. 2. Reactor assembly - elevation view

Fig. 3. ALICE-II model of the reference reactor configuration with a large
ver t ica l redan

Fig . 4. Time history of reactor cover force due to HCDA loading for the small
ver t ica l redan case

Fig . 5. Time history of reactor cover force due to HCDA loading for the large
ver t ica l redan case

Fig . 6. Mixed mean sodium temperature as a function of time for various sizes
of dump heat exchangers and start-up times accounting for the thermal
mass of steel and sodium in the reactor vessel for times to 50 hr.

Fig. 7. Mixed mean sodium temperature as a function of time for various sizes
of dump heat exchangers and start-up times accounting for the thermal
mass of steel and sodium in the reactor vessel and the thermal mass
of the sodium in the EV5T and the IHX's for times to 50 hr.







REACTOR COVER-

UPPER INTERNAL
STRUCTURE

RADIAL SHIELD

CORE-GAS
BUBBLE

CORE-SUPPORT
STRUCTURE

693.42 cm

h-406.40 cm

CORE-SUPPORT-
STRUCTURE BEAM

REACTOR VESSEL

CORE BARREL

SHIELD BARREL



O
DC
O

suuu

1600

1200

800

400

1

—

—

i

1 1 i

—

—

1
-

jJUL ! t
30 60 90

TIME, ms
120 150



2000

1600

Ixl

O

1200

800

400

30

i

60 90

TIME, ms

120 150



8.

ora:
5H

Thermal
Mass Only

10 MW HX
at shutdown

o
8- 20 30

TIME, hr



8.
ID

S.

10 MW HX
at 36 hr'

Thermal mass only

10 MW HX
ac shutdown

10 20 30

TIME, hr
40 50


