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setpoint (OTDT). A reactor trip is initiated when two or mere loop DTs exceed *hair setpoint
Several terms such as, loop average temperature (T-Avg), pressurizer pressurs. and neutron
flux gistribytion «n the core (F-DELTA i), are factored into the OTDT trip setpoint calcyulation
‘Equation-1)

The setpoint 15 tyoically expressed by the following equation

OTOT,, = (K. - Ky (1 + Tau,s)/(1 + Tau.s) (Tavg - Tae' +

Ka(P - Pagy) - F(Deita-1)["[DELTA-T] (Equation-1)

whera.

Ky, Ky, Ks are gains,

Tau,s, Tau,s are the lead/lag tme constants on T-Avg,

Taet . 1s the reference T-Avg, typically nominal fuil power T-Avg

Pret 's the reference pressurizer pressure, typicaily nominal pressurizer prassurs
E F(Delta-i) - 18 the Delta-i penaity

DELTA-T © 18 tha full power DT

Tavg 15 the measured Average temperature

- - 18 the measurad Pressurizer pressura.

When consideritg implementation of the OTDT setpoint in the protection system, Equation-1 can
é be raduced and written in the voitage form as follows:
; Voror = Gg* [Bg - Gy+ Vi + Go * Vi - Veipenaan) (Equation-2)

wherg: |

Voror = OTDT setpoint in volits

Gg = gainon the QTDT summier
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B, = Dias on the OTDT summer
G = gain on the T-Avg module
G, * V, = voltage output of the T-Avg iead/lag module
G, = gain on the pressunzer module
Vs = voitas- aquivalent of the pressurizer pressure
VeiDena-r = voitage squivalent of the F(Delta-l) penaity

The setpoint caiculation in its simpie form is shown in Figure-1. As can be seen from the above
equations and from Figure-1, as the T-Avg increases, the OTDT,, decreases; as the pressurizer
pressure increases the OTDT,, increases and the Deita-i penalty al “avs decreases the setpoin:

DISCUSSION

't the gains and biases in Equation-< are not distributed properly some of the terms in Equation-2
could reach their maximum (saturate), before the OTDT setpoint reaches its tripped condition. As
an example, consider the typical case :vhere the inrut rangs of T-Avg is 530°F to 830°F This
corresponds to 0 to 10 voits for 7300, or 1 to S voits for 7100 or Foxboro equipment. If the piant
's operating at a reduced power level and is at the middie of its T-Avg range (580°F) and the gain
G, on the T-Avg module is 1.6 (i.e., greater than one), then for the 7300 equipment the output of
the T-Avg module in steady state will be 5 times 1.6 = 8.0 volts. If the powar level is then increased
and T-Avg increases to 595°F (65% of its range) the T-Avg maodule output at this new steady state
shouldbe 6.5 times 1.6 = 10.4 volts. However, due 1o the hardware limitation the output will reach
its maximum of 10 voits and its overail contribution to the setpoint will not change for any turther
temperature increasses.

This condition can be resolved by distributing the gains in the Equadon-2, i 8.. decrease the G and
correspondingly increase the gain G;. The bias B, gain G, and gain on /g pgna. aiS0 need to
De reduced accordingly.

Transient response situations must also be considered 1o assure proper operation ¢f the
nardware. Specifically, dunng a transient the amplification associated with the lead/lag
compensation unit, (used to anticipate the temperature response of the Reactor Coolant System)
could cause saturation preventing further OTDT setpoint decreases on additional temperature
(T-Avg) increases.
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To illustrate this saturation eMect, consider a temperature transient supernmposed on the in hai
steady state conditions (580°F) used in the previous example. Figure 2 gives the output of the
T-Avg module, with the lead/lag compensation, to a 2°F/sec temperature iIncreass (postulated rod
witharawal event) for a typical equipment set. 3 (G, = 0.8, LL = 28/4). Note that sven though
the lead/lag module gain is less than 1, the T-Avg module saturates after about | 3 seconds

(t, = Ssec). Atthis time the input T-Avg has only reached S08°F (580°F . 14 sec tmes 2°F sec),
which is only about 80% of its possible range.

Even though, the T-Avg moduie saturation during transients may be unavoidable, the gamns can
aiways be recistributed such that the OTDT setpoint reaches a minimum 0 ensure a irp, | 8 .
OTDT setpoint reaches the minimum of its range (0 volt, or 1 volt), befcre the T-Avg module
saturates (rater to Figure 3). A technique for achieving this is outlined in the following section.

SOL'JTION

The unconservative impact on 1he OTDT setpoint calculation causeu Dy steady stale or trransient
saturation of the T-Avg lead/lag module can be avoid=y as foliows:

1 Set the yain on the T-Avg lead/lag module 10 be less than unity. This will keep tha
T-Avg moduile from saturating over ths entire input range of T-Avg in steady stats

2. Evaluate Equation-2 to determine the Bias (B,) and OTDT summer gain (G,) such that
the summer output rea: -~ a minimum to ensure a trip condition (output equal to Q v,
or 1v)before or asthe vg iead/lag module output reaches saturation (output a¢. Jal
1010 v, or Sv) This is done with the pressure and Delta-! inputs to the Summaer awting,
to the maximum extent, to keep the setpoint above the trip value.

The second step is illustrated in the following example using the 7300 equipment voltage
ranges (0 to 10 v).

imitial conditions (referenced to Equation-2):
a) The output of the OTDT Summer is at the minimum, Voror <0
B)  Thereis no Delta-! panaity, Veipgna = 0 v
¢)  The Ty, leadlag module reaches saturation, G, + V, = 10 v

d) Gg- V,is evaluated at the maximum pressure (usually 2500 psic)
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To lllustrate this saturation effect, consider a temperature transient superimposed on the nitial
steady state conditions (580°F) used in the previous example. Figure 2 gives the output of the
T-Avg moaule, with the lsad/lag compensation, to a 2°F/sec temperature increase (postulated od
withdrawal event) for a typical equipment setup (G, = 0.8, LL « 28/4). Note that aven though
the |ead/iag module gain is less than 1, the T-Avg module saturates after aoout 1 3 seconds

(t; = Ssey). Atthis ime the input T-Avg has only reached 608°F (S80°F « 4 sec imes 2°F sec),
wr.ich is only about 80% of its possible range.

Even though, the T-Avg module saturation during transients may be unavoidabie. the gains can
always be redistributed such that the OTDT setpoint reaches a minimum to ensure a trp, ' 8.,
OTDT setpoint reaches the mimimum of its range (0 voit, or 1 voit), before the T-Avg moduie
saturates {refer 10 Figure 3). A technique for act.ieving this is sutlined in the following section

SOLUTION

The unconservative impact on the OTDT setpoint calculation caused Dy steady stats or transient
saturation of the T-Avg lead/lag module can be avoided as follows:

1. Set the gain on the T-Avg lead/lag moduie to be less than unity. This will keep the
T-Avg module from saturating over the entire input rangs of T-Avg in steady stats

2. Evaluate Equation-2 to determine the Bias (B,) and OTDT summer gain | G,) such that
the suimmsr output reaches a minimum to ensure a trip condition (output equal 1o 0 v,
or 1 v) before or as the T-Avg lead/lag module output reaches saturation (output squal
t2 10v, or Sv). This is done with the pressure and Delta- inputs to the Summer acting,
to the maximum extent, to keep the satpoint above the trip value.

The second step is illustratad in the following example using the 7300 equipment voltage
ranges (0 to 10 v).

Initial conaitions (referunced to Equation-2):
a)  The output of the OTDT Surmmer is at the minimum, Vorpt < 0
b) There is no Deita-! penalty, Veipgna.y = 0 v
¢) The Taug leadflag module reaches saturation, G« V, = 10 v

d) Gg+V,is evaluated at the maximum pressure (usually 2500 psig)
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Solving Equation-2 under these conditions will give a value of G,
Gy*[Bs-10+G,+10)¢0 . (Equation-3)
or,
G2 [Gg* B+ (Gg+Gy) 10]/ 10 (Equation-4)

The value of products G, + B, G * G, and G; + G, can be determined by comparing Equation-2
to Equation-1 reduced to voitage farm, using nlant specific parameter ranges and equipment type
(7300 n this example). Once G, s calculated, the bias B, and the gains G, and Go and Fpga)

need 1o be calculated based on Equation-2 and the products G + B, G, » Gy and G+ G,

RECOMMENDATIONS

Scaling of the OTDT channel shoula be examined to confirm that saturation of the T-Avg lead/lag
modulu will not occur in the steady state and that the charninel gains are distributed such that,
during transient conditions, saturation of this module would occur only after the channel has
developed a trip setpoint.

Proper operation of the steady state is assured if the gain of the T-Avg lead/lag module is less than
unity.

Equation-2 can b~ used to verity the proper functionality of the OTDT channel uncer transient
conditions. Vo -pr 1S calculated using the plant specific vaiues for the terms, Gs, By, and G+ V,
lunder maximum pressure condition) and assuming the maximum value at the output of the T-Avg
'sac/lag module (10 v or 5 v) and the 1 imum value (Ovor1tv)of v;(o,m,_ If the value of
Voror' is equal to or less tr.ar: the minimum of the equipment (0 v for ~3G0, or 1 v for 7100 or
Foxboro) then the OTDT scaling is done property. If the value of *Voror” does not meet this
criteria, then the gain Gy and bias By must be adjusted as outlined in the solution section. Once
G, is calnulated, the gains G,, G, and Foena( need to be calculated based on Equation-2.
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