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A Description of New Methods

Revised Thermal Desien Procedure (RTDP)

scription of RTDFP Design Limit DNBR Calculation
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Description of Salety Analysis Limit DNBR Calculation

DLDNBR
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t Safety Analvsis Limut DNBR (SALDNBR) is deters
' rpin to the DLDNBR. The SALDNBR 15 calculated
DILDNBR
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2.2 Overtemperature Delta-T and Overpower Delta-1 Setpoints

The thermal overtemperatute and overpower protection systems of the Reactor Protection
Svstem (the overtemperature delta-T (OTAT) and asverpower delta-T (CPAT) trips) are de-
signed to provid. protection against the DNB design basis (OTAT) and the fuel centerline

temperature design basis (OPAT) for Condition | and 11 events

CECo will implement the Westinghouse methodology for caleviating the safety analysis set
points for the OTAT and OPAT trip functions of the Reactor Protection System. This meth.
odology 1s described in WOAP 87458 (Reference 6). This methodology has been previously
established by Westinghouse, so & detwled description of the Westinghouse methodology has

been omitted. The CECo application of the methodology will be identical to that described in
1

Reference 6, and is summarized 11 the following sections. The basis for the caleulationsi pro-

cedure that follows has been establishied in Relerence 6

2,21 Calcwlation of Core Thermal Limit Lines

In order to develop the OTAT and OPAT setpoint equations, a sei¢ of core thermal Iimit lines
must be generated. Core thermal linmut lines are part of the technical specifications as reactor
core thermal-hvdraulic safety limits which are used to calculate the OTAT and OPAT setpoints

he core thermal linut lines consist of three hines that are calculated as a function of core inlet
temperature vs. core power level at different system operating pressures.  These are the DNB
limit lines, the core exit boiling limit lines, and the core exit quality limit lines. These lines are

then converted into ¢ore AT vs lq‘-p space. A fourth line, the steam gencrator safety valve

opening ling, is also calculated as a furction of AT vs. 1 avg The following sections describe
P\IFC O
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¢ Cute 1 al limit lines and the overpower himit lines, which

8 vl h
\so included 18 the procedure [or

lavg coordinates The overall cals

Caleulation of Core Exit Boiling Limit Lines

solant saturauon temperature and saturation

¢ enLhaipy rise ross the reactor core can o¢ caicuiated

I'herelore the maximum iniet ¢

re average enthaip g6, Once

Y anus ihe €€

termuned. it may be used with the system pressure 1o aotan

s
3
o
=
<
.

temperature aiong with i
at the given svstem pressure and reacior power ievel
alculation, consideration must be made [or the fact that

4
and thereiore the reactor Covlinl Nass iow

' ' \ =t o
JMELric ¢ wll rate is constant,
Y " "
\ e 1re } 3 " y e L O intpg thp oor
¢ { ¢00:ant temperatyure 've [ollowing steps are taken to caicuiatle tae Core
u

Calcu.ate saturauon t

Calculate saturation

Calculate sensitivity

Calculate overall coetlicient

factors and input va

temperature at the given pressure (T
enthalpy from Tgge (Hgat)
factors for power, {low, pressure, and Ty .

Micient of variation (s'm), from the above calculated sensitivity

lues of individua! parameter coefTicienis of vanation, which are

(dentical 12 those used in the RTDP DLDNBR calculation

(5

Caleulate Hmax

i

which wiil be used t

Assume an mnitial in

(a,¢)
there Hmayx 18 the saturation enthalpy

¥ calculate the T, values for the various power ievels,

let temperature (Tip).
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Calculate the ¢coolut SPCCHlC Volume 1o the BIVEH pressure and core et emper-

8 Calculate the mass Now rate ( Mass flow rate = Volumetne flow rate | ¢oolant

specific volume)
9. Caleulate the enthalpy rise (Al = Power Mass flow rate)
l“ ( Jllku“u‘c '.,n‘(' 11.2‘;‘. A\‘H'ild”‘_\ { Ill?] - ||”hl\ e A'l‘

11, Caleulate a new Ty, based on Hyy,

12, If caleulated Ty, is close enough to the previous Ti, then stop the calculation,
otherwise go back to step 7 using the new calculated Tiq to repeat the calculation

Pypically, four different pressures (1778, 2000, 2250, and 2400 psia) with five different power

levels (40, 60, K0, 100, gnd 120% of nom.na! power) are used to define the core exit boiling

© i

2.2.1.2 Caleulation of DNB Limit Lines

L

DNB Limut hines are caleulated for a range of reactor operating conditions to ensure that the
DNB design basis s met. For @ given readtor power, system operating pressure, and ¢oolant

1
i

mass [low rate, there is a coolant mlet temperature above which the MDNBR reaches the safety
analyvsis hmit DNBR. These sets of inlet temperatures and power levels for a given operating
pressure form a locus of points which define the DNB limit lines.  Since these limits are de-
pendent upo:n the thermal-hydraulic conditions of the ¢ore and the ¢ritical heat flux correlation
they are caleulated using the VIPRE thermal-hydraulic code and the appropriate CHF corre-

laton. VIPRE has the capability of automatically iterating inlet temperature until a specified

MDNBR is reached. This capability is utilized in the CLCo application

Page 8
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he slopes and constants for four crent OTAT protection himit equations are deters

ts (ALB.C, and D) by constructing

witnad (v sha f i nssactini o
HNCG 1r9m LHE 10Ul IhiCrseetin §

® A line parallel to AC which intercepts B;
® A line parallel to AC whicl. intercepts D
® A line parallel to BD which intercepts A; and
® A line parallel to B which intercepts C,

I'he constants Ky, K3, and K3 for each of these equations are determined by solving three

of the equations simultancously

1. Lach equation is tested at various pressures to ensure that ail the core thermal himits are
protected. Lguations which do not proteet all of the core thermal limits are discarded

4. The final equation s selected bused on optimizing operating margin (this is usually ac-
complished by maxinuzing Ky)

2.2.2.2 OP-Dclta-T Equation

I'he overpower AT protection linut equation as shown in Section 2.2.2 15 determined based on
the intersection points of the overpower himt, plotted as u function of 1 avg for [Ixed pressures,
and the DNB core limits at ¢orresponding pressures.  The intersection points are lower on the
DNB hnes as pressure increases. When caleulating the OPAT limits, in consideration of this
slight pressure dependence, o ssmplified first step 18 to remove any pressure dependence from the
OPAT linut equation. This s accomplished by delining a line which passes through the over-

power « DNB core limut intersections at the highs and low-pressure trips, or by delining a con-

AT which corresponds to the AT computed at the overpower - DNB core limit intersection

at the high-pressure tnp

Either method would prevent the overpower limit from being exceeded for all combinations of

ressure and temperature oWeNer, 10 ma ) atng margin, a comoinauon oi the 0
pressure and temperature. However, to maximize operating margin, a combination of the tw

P‘lg'\‘ )
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Calculation of the f(Delta<]) Function for the OT-Delta-T Equation
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Figure 1. Core Thermal Limit Lines Calculational Flow
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. Core Exit Boiling Limits
POWER Inlet Temperature (OF)
LEVEL
(%) 1775 psia | 2000 psia | 2250 psia | 2400 psia
. 40.0 $95.17 613.04 631 .53 642 .08
60.0 583.06 601.36 620.40 61,35
70.0 576 .99 £95.47 614.76 625.87
80.0 $70.91 589 .56 609.08 620.35
' 90.0 564 .83 583 .64 603.36 614 .78
100.0 558.75 577.70 $97.62 609.18
120.0 546 .59 565.81 586.08 597 .88
' Tabie 4. Core Exit Boiling Limit Lines Calculation Results
' DNE Limits
POWER Inlet Temperature (OF)
LEVEL -
. (%) 1775 PSIA 2000 PSIA 2250 PSIA 26400 PSI-
£0.0 $96.27 607 .65 622 .44 632.00
. 106.0 564,85 £79.24 595 .57 605.34
120.0| 526.29 542.22 558 .88 568,83
l Table 8. DNB Limit Lines Calculation Results
l Core Exit Quality Limits
POWER Inlet Temperature (CF)
LEVEL
' (%) 1775 psaia 2000 psia 2250 psia 2400 psia
40.0 619.0 635.0 652 .0 662.0
60.0 619.0 635.0 652.0 662.0
80.0 619.0 635.0 652.0 661.0
l 100.0 619.0 634 .0 643.0 648.0
' Table 6. Core Exit Quality Limits
' Page 32
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Figure 2. NDNBR Response for Sample Cases
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4.0 Conclusions

\s¢ stated in the Introduction, the purpose of this report is to document the changes in the
methods described in the origing! CECo transient topical report to incorporate the RTDP for
DNB limiting transients and the inclusion of the calculations for the OTAT and OPAT pro-
[he calculational basis for these methods has been previously established by

tection setpoints

Westinghouse. This report presents the CECo application of these methods
} i P

For the RTDP, the calcuiational procedure for determining a Design Limit DNBR and a Safety

Analysis Limit DNBR was desenbed, and a sample caleulation was presented. As a cheek of

e

the Safetr Analysis Linut, Locked Rotor and Loss of Flow transients were analyzed to demon-

strate that margin to the Salety Analvsis Limit DNBR is maintained

For the OTAT and OPAT setpoint caleulations, the caleulational procedure for determining the

setpoint equations was presented, and sumple caiculations were performed to determine the

SN

constants for the setpoint equations. 11 these caleulations were to be applied to an actual plant
analvsis, the setpoint constants generated would have to verified to show that the setpoints stll

13

provide DNB margin.  This is normally accomplished by analyzing the RCCA Withdrawal at

Power and Loss of Load transients with the new setpoint constants. This verification will be

performed when finalized OTAT and OPAT setpoints are generated for the stations

Also, plant values {or the constants Ky and Kg would have to be calculated based on appro-
| f

priate allowances for plant instrumentation uncertainties and measurement €rrors,
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