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Generally in PWR, the boron concentration is controlled to preserve the core criticality. In
normal operations, it is important to maintain the boron concentration equally distributed
Inside the primary coolant. On the other hand, in an accidental condition, such as
SLB(steam line break), highly borated water is injected by the emergency core cooling
system(ECCS) to maintain the core subcritical. In case of SB-LOCA(small break loss of
coolant accident) reflux condensation phase, accumulation of the condensed water in the
crossover legs may generate deborated water slugs. When the system reaches to natural
circulation with the ECCS or the reactor coolant pumps restart, the deborated water slugs
in the crossover legs may flow towards the core, resulting in positive reactivity insertion.
Therefore, from a safety point of view, the simulation capability of the boron transport
phenomena Is important in the system thermal hydraulic codes. In this paper, the boron
transport models used in SPACE, and their application test results are presented.

Sleann |
w !

| - N

| ¢ Londensale

Mixing | %

-

clean waley

Boranted swater

Conceptual diagram of boron mixing induced by reflux condensation & restart of
circulation during SBLOCA (Okzan Emre QOzdemir, Multi-dimensional Boron Transport
Modelling in Subchannel Approach, doctoral dissertation, Penn State Univ, 2072)

Assumptions

- Boron concentration does not affect the properties of continuous liquid (liquid hereafter)
or dispersed liguid (droplet hereafter).

- Boron is transported by the droplet field as well as the liguid field

- Transport velocity of boron is the same as the liquid or the droplet velocity carring it

- Boron precipitation and dilution are based on boron solubility limit

Boron transport equation in the liquid field

a(galpla)l )
Ot

+V. (gEa,p,a),U,) =—&w,S, +EW,S
Boron transport equation in the droplet field
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Forward Euler scheme in time
Upwind(donor) scheme Iin space
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Typical advection equation

Truncation error induced by first order upwind scheme
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Newly implemented to reduce numerical diffusion

Time centered velocity in time
Godunov scheme with slope limiter in space
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Godunov scheme with slope limiter

The SPACE code has an advantage of three field representation of two-phase flow model,

which allows the liquid and droplet fields to transport boron with individual phasic ve
The first order upwind and the second order Godunov schemes are implemented to so

ocities.
ve the

liquid and droplet boron transport equations. A boron injection test in the vertical pipe is
performed to check the performance of both the boron transport numerical models. It is
concluded that the upwind scheme is stable but includes some numerical diffusion, and the
Godunov scheme with gradient limiter can be used to eliminate the numerical diffusion with

Improved model accuracy.

4* = face area

B, = boron precipitation from liquid or droplet
field

B® = boron solubility limit

D,, = numerical diffusion coefficient

rer = every face belonging to the current cell, P

S; = entrainment from liquid

S, = de-entrainment to liquid

U, = normal component of velocity vector at face

U, = face-normal velocity of each field

U, = velocity vector of each field

u = advection velocity

Ve = volume of the current cell, P

a, = volume fraction of each field

& = porosity

¢ = property carried by advection

I's = evaporation from liquid or droplet field

Iy = near wall evaporation from liquid or droplet

field

direction factor of face at a cell, P (1 for
outward face, -1 for imnward face)
phasic density of each field

boron concentration of each field

Subscripts

d = droplet

/ = liquid

n = face normal component of velocity vector
¢ = phase or field indicator

Superscripts

d

E

G

n
upperface, E
upstream

w

face property given by upwind (donor)
scheme

current face (edge) property

face property given by Godunov scheme
next time step

upper face (edge) property

upstream cell property

near wall region



