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CANDU Emergency Shutdown Systems

Two systems: SDS-1, SDS-2
Physically, logically, functionally separate
Each fully capable

Each must meet requirement of ¢.999 (99.9%) availability
(demonstrated by testing)

When both systems are called upon, probability of “no
shutdown” = 107 * 167 =10
- incredible
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CANDU Emergency Shutdown Systems -

Two systems: SDS-1, SDS-2
Physically, logically, functionally separate

Each fully capable

Each must meet requirement of 0.999 (99.9%) availability
(demonstrated by testing) ' '

When both systems are calied upon, probability of “no
shutdown” = 107 * 107 =10
- incredible
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Equation for ROP-Detector Setpoint

Let us use the follcwing labels:

j for in-core detectors =1, ...]
m for fuel channels [m=1,...,380 for CANDU 6]
k for design-basis perturbations to the flux shape [k =1, ...(hundreds)]

The basic ROP protection requirement is to protect against any perturbation k.
That is, each logic (safety) channel must trip before the power in any fuel channel reaches
the critical channel power for that channel. [While the minimum requirement is that two
out of three logic channels must trip, we normally increasc the requirement to all logic
channels, for conservatism.]

Now, if
$o(j) = flux at detector j in reference (nominal) flux shape at 100% full power (FP)
$i(j) = flux at detector j in flux shape k at FP

D, = the detector’s nominai calibration at FP

Fopr (k) = Min

m

CCP(m, k)
CP(m, k)
= minimum critical power ratio for flux shape k

= minimum value of ratio of critical channel power (CCP) to actual channel |
power (CP) over all fuel channels

then, for detector j to protect against a loss of regulation in perturbed flux shape k.
the trip setpoint 7.5P; would have to be

ISF; = Do(j)%rcm (%)

However, since there arc many detectors in the core, not every detector need
protect every flux shape.

All that is necessary is to define detector locations, trip setpoints (TSP) and
channelizations such that for every design basis case there is at least one detector j in each
safety channel which satisfies

(k
ISP, < Do(j)%lrcm (k)
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SHAPE EQUATION

(v

(—M+F)ql(r t)+——Z?L C, (7, )((1)) A(t)

M is the leakage, absorption, and scattering operator

Fp is the prompt-production operator

B(7,t) is the total delayed fraction at position (7,t)
PRECURSOR SPATIAL EQUATION

f(r )

0

—C L(Ft)=D, FyL s A(t)w F,6)—-A,C (Fst)

C, (F,t) = space-time concentration of group-g delayed-

neutron precursor



Small (ard different) time steps for amglitude
calzutation and for themmalhydraulics calculation

=0 L) ta
= i {H— Hi-= . -
l\ le o]
l At I
start of transient Macro time step for updating flux
steady-state and adjoint
caleulation

Figure 6.7 Scheme of Macro and Micro Time Intervals in CERBERUS
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