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1. INTRODUCTION 
 

CPPF (Channel Power Peaking Factor) is an estimate of 

the maximum nominal channel overpower expressed as 

a ratio, like ripple, from the reference channel power - 

1989 Time Average Model
1
. 

CPPF is used in detector calibration to establish the 

required detector readings at power. More specifically, 

CPPF is the middle of the allowable band (±2%) that 

the operators maintain the ROP(Regional Overpower 

Protection) detector readings. This is the only physical 

aspect relevant for ROP. The calculation is based on an 

off-line reactor fuelling simulation including the 

upcoming channels selected for refuelling. A POWER-

MAP calculation is made using an updated rippled 

fundamental, and flux mapping input provides the actual 

core variations i.e. actual zone level, not foreseen in the 

simulation. CPPF calculation is limited in the CPPF 

region. The design of the CPPF region for CANDU 6 

reactors was deliberate and it is reviewed periodically 

by the TAP (Time Average Performance) update 

procedure. It is recognized that refueling rippled using a 

reference channel power distribution from a time 

average RFSP simulation will result in much higher 

“apparent” ripples in the outer core than the inner core. 

This is off-set, however, by the still higher level of CPR 

(critical power ratio) in the outer core even for reactors 

with power/flow matched feeders. As such, the 

“effective” ripple for ROP is generally much lower. The 

criterion of dryout for a fuel channel is neither its 

channel power nor ripple but its CPR. In this study 

CPPF region will be re-evaluated and try to optimize for 

Wolsong-1 NPP.  

 

2. EVALUATION OF CPPF REGION 
 

2.1 Definition and Use of CPPF 

 

In equation (1), DC (Detector calibration) factor is very 

important to establish the required detector readings at 

power. DC includes calibration factors of physics and 

thermo-hydraulic condition.  

 

RPFFFDDRAD FCPHTTILTTCC ××××++= )(
  (1) 

 

where  

Dc is Detector Calibration Factor,  

RA is Ripple Allowance,  

(RA=CPPF+TAP Correction Factor + Pressure Tube 

Creep Penalty + Correction Factor by FPD + Correction 

Factor of Moderator Material),  

DTC is Temperature Correction Factor of Detector, 

DTILT is Correction Factor of Flux Tilt,  

FPHT is PHTS Parameter Correction Factor, 

FF is Correction Factor of Different Fuel Type, and 

RP is Reactor Power  

 

And equation to calculate the power limit is given by 

equation (2). 
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where ROPT is the Regional Overpower Trip Setpoint. 

As previous equations, CPPF value decides the power 

limit in general. CPPF is calculated as follows, equation 

(3),  
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 where subscript ‘O’ means the nominal or reference 

case, and m is a channel number.  

 

2.2 Evaluation of CPPF Region  

 

CPPF and CPR are calculated in the CPPF region only. 

The CPPF region was initially established using the 

whole set of design basis flux shapes
2
 and a 600 FPD 

refueling simulation to systematically include all fuel 

channels which could be CPR limiting and for which the 

provision of CPPF in detector calibration would be 

insufficient for coverage. This occurrence was tracked 

and shown for each flux shape in the old ROVER-F
3
 

outputs and with an accompanying map showing the 

offending fuel channels. It means that for a given flux 

shape, the most limiting channel may be outside the 

CPPF region, however, the relative reduction in CPR 

due to fuelling i.e. the limiting unrippled CPR in the 

inner core divided by the outer channel’s rippled CPR is 

less than CPPF. It means that if an outer fuel channel 

has an unrippled CPR which is larger than the limiting 

inner core unrippled CPR and CPPF is never below 

1.05. Then outer channel can sustain a ripple of at least 

1.05 times of inner and outer unrippled CPR ratio and 

still be covered by ROP. Nominal and abnormal CPR 

and is shown by Figure 1 and 2, respectively.  

In this study, rippled CPR calculation for four CPPF 

regions was performed and compared with the results 

for nominal and abnormal (liquid zone drain case) 
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condition. Four CPPF regions are shown in Figure 3 and 

Figure 4 shows region wise-CPPF history.  

 

3. EVALUATION RESULTS 
 

The ROP setpoints were evaluated by ROVER-F code 

using the same inputs but CPPF region only. Detector 

calibration and power limit calculation were also 

performed. As shown by Table 1, the wider CPPF 

region, the larger trip setpoint gains, but the less 

operating margins. For example, one can get the largest 

TSP gain in the CPPF region A covering all channels 

except FARE Zone, but he/she also has to take the 

largest loss in operational margin. More results for aged 

CANDU-6 core shown in Table 2. The result has a same 

tendency to TTR-289. The limiting detectors for case 

were generally located in the oval type of the CPPF 

region. 4H, 5G, 1H, 6G, 6H, 5J detectors of SDS#2 

have trip probability below 99%. 

 

4. CONCLUSION 
 

In this study, we have performed the trip setpoint for 

four different CPPF regions. It was evaluated that the 

larger CPPF region, the more TSP gains, but the less 

operational margin. For the aged core, the same trend 

was observed. The limiting detector for case was 

generally located in the oval type of the CPPF region. 

From the feasibility study it is concluded that simple 

regional widening is no effect on optimizing CPPF 

region. Therefore, to find a way for optimal CPPF 

region compromising TSP gain and operational margin, 

we are going to study channel-wise power effects on the 

detector locations.  
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Table 1. Results as Various CPPF Region(TTR-289) 

  
Avg. 

CPPF 

Difference 

of T. S.* 
Dc 

Power 

Limit 

CPPF Region 1.0619 - 1.0809 1.0900 

Region A 1.0668 0.0054 1.0859  1.0851  

Region B 1.0599 -0.0025 1.0789  1.0920  

Region C 1.0581 -0.0048 1.0776  1.0933  

Region D 1.0575 -0.0055 1.0765  1.0944  

* T.S. : Trip Setpoint 

 

Table 2. Results as Various CPPF Region(6585EFPD) 

  
Avg. 

CPPF 

Difference 

of T. S. 
Dc 

Power 

Limit 

CPPF Region 1.0619 - 1.0772 0.9219 

Region A 1.0668 0.0027 1.0859  0.9178 

Region B 1.0599 -0.0042 1.0789  0.9236 

Region C 1.0581 -0.0062 1.0776  0.9252  

Region D 1.0575 -0.0067 1.0765  0.9257  

 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

A 1.62 1.67 1.64 1.64 1.68 1.62 A

B 1.78 1.64 1.71 1.64 1.57 1.61 1.61 1.57 1.64 1.71 1.64 1.78 B

C 1.71 1.59 1.57 1.53 1.48 1.52 1.54 1.54 1.52 1.49 1.54 1.57 1.59 1.71 C

D 1.66 1.61 1.51 1.47 1.51 1.48 1.48 1.50 1.50 1.48 1.48 1.51 1.47 1.51 1.61 1.67 D

E 1.80 1.59 1.56 1.50 1.46 1.45 1.45 1.45 1.50 1.50 1.46 1.45 1.45 1.46 1.50 1.57 1.60 1.81 E

F 1.67 1.56 1.54 1.48 1.45 1.44 1.46 1.48 1.48 1.48 1.48 1.46 1.44 1.46 1.48 1.55 1.57 1.68 F

G 1.70 1.59 1.50 1.52 1.48 1.43 1.44 1.46 1.46 1.47 1.47 1.46 1.46 1.44 1.44 1.48 1.52 1.51 1.59 1.71 G

H 1.64 1.55 1.52 1.49 1.45 1.42 1.44 1.45 1.45 1.44 1.44 1.45 1.45 1.44 1.42 1.45 1.50 1.52 1.56 1.65 H

J 1.66 1.57 1.52 1.48 1.50 1.48 1.47 1.47 1.47 1.48 1.46 1.46 1.48 1.48 1.48 1.47 1.49 1.51 1.49 1.53 1.58 1.68 J

K 1.63 1.53 1.48 1.46 1.49 1.47 1.46 1.47 1.47 1.48 1.47 1.47 1.48 1.47 1.47 1.46 1.48 1.50 1.46 1.49 1.54 1.64 K

L 1.67 1.55 1.47 1.45 1.47 1.45 1.46 1.48 1.48 1.48 1.46 1.46 1.48 1.48 1.49 1.47 1.45 1.48 1.46 1.48 1.55 1.68 L

M 1.67 1.53 1.46 1.42 1.44 1.44 1.45 1.47 1.50 1.47 1.49 1.49 1.47 1.50 1.47 1.45 1.45 1.44 1.42 1.47 1.54 1.68 M

N 1.72 1.55 1.46 1.42 1.43 1.41 1.42 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.47 1.42 1.41 1.43 1.42 1.47 1.56 1.73 N

O 1.77 1.58 1.50 1.43 1.41 1.39 1.41 1.43 1.45 1.44 1.42 1.42 1.45 1.45 1.43 1.41 1.39 1.41 1.43 1.51 1.59 1.78 O

P 1.66 1.60 1.49 1.46 1.42 1.40 1.43 1.44 1.44 1.41 1.41 1.44 1.44 1.43 1.41 1.43 1.46 1.49 1.60 1.67 P

Q 1.70 1.61 1.58 1.56 1.47 1.42 1.43 1.45 1.46 1.43 1.43 1.46 1.45 1.43 1.43 1.47 1.57 1.58 1.62 1.71 Q

R 1.75 1.65 1.64 1.54 1.46 1.45 1.46 1.45 1.45 1.45 1.45 1.46 1.45 1.46 1.55 1.65 1.65 1.76 R

S 1.78 1.72 1.65 1.56 1.49 1.46 1.46 1.49 1.50 1.50 1.49 1.46 1.46 1.49 1.57 1.65 1.73 1.79 S

T 1.85 1.73 1.63 1.54 1.53 1.52 1.50 1.53 1.53 1.50 1.52 1.54 1.55 1.63 1.73 1.85 T

U 1.85 1.70 1.65 1.68 1.59 1.60 1.61 1.61 1.60 1.59 1.68 1.65 1.71 1.85 ~1.5 U

V 1.98 1.84 1.80 1.67 1.65 1.62 1.62 1.65 1.68 1.80 1.84 1.99 1.5~1.6 V

W 1.97 1.90 1.91 1.91 1.90 1.97 1.6~ W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22  
Figure 1. Nominal CPR Distribution of for Wolsong-1 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

A 1.70 1.77 1.76 1.76 1.78 1.70 A

B 1.88 1.72 1.78 1.71 1.65 1.71 1.71 1.65 1.71 1.78 1.71 1.86 B

C 1.82 1.69 1.64 1.60 1.54 1.59 1.62 1.62 1.59 1.55 1.60 1.64 1.67 1.80 C

D 1.74 1.71 1.61 1.54 1.56 1.53 1.53 1.56 1.56 1.54 1.54 1.57 1.54 1.60 1.71 1.76 D

E 1.83 1.64 1.65 1.58 1.52 1.49 1.49 1.50 1.56 1.56 1.51 1.51 1.51 1.54 1.60 1.68 1.69 1.90 E

F 1.67 1.58 1.59 1.54 1.49 1.48 1.50 1.52 1.54 1.54 1.54 1.52 1.51 1.53 1.58 1.65 1.65 1.76 F

G 1.66 1.56 1.50 1.52 1.49 1.45 1.46 1.49 1.51 1.54 1.54 1.53 1.52 1.50 1.50 1.56 1.60 1.58 1.66 1.78 G

H 1.58 1.51 1.48 1.47 1.43 1.42 1.44 1.47 1.50 1.53 1.54 1.52 1.51 1.50 1.48 1.51 1.56 1.59 1.62 1.71 H

J 1.57 1.50 1.46 1.43 1.46 1.45 1.45 1.47 1.49 1.52 1.54 1.55 1.55 1.54 1.54 1.53 1.55 1.58 1.55 1.59 1.64 1.74 J

K 1.53 1.44 1.41 1.39 1.44 1.43 1.43 1.45 1.47 1.50 1.53 1.55 1.54 1.53 1.54 1.53 1.55 1.57 1.53 1.55 1.60 1.70 K

L 1.55 1.45 1.38 1.38 1.41 1.40 1.42 1.45 1.46 1.49 1.49 1.51 1.53 1.54 1.55 1.54 1.54 1.57 1.54 1.55 1.62 1.74 L

M 1.55 1.42 1.37 1.33 1.38 1.38 1.40 1.42 1.47 1.46 1.50 1.52 1.51 1.55 1.53 1.53 1.57 1.57 1.52 1.54 1.61 1.75 M

N 1.57 1.43 1.34 1.33 1.35 1.35 1.35 1.41 1.41 1.45 1.46 1.48 1.50 1.50 1.53 1.51 1.54 1.57 1.52 1.55 1.63 1.80 N

O 1.62 1.43 1.37 1.30 1.31 1.29 1.32 1.35 1.40 1.42 1.43 1.45 1.48 1.48 1.49 1.48 1.50 1.53 1.52 1.58 1.65 1.84 O

P 1.50 1.42 1.34 1.29 1.29 1.28 1.34 1.37 1.42 1.44 1.46 1.47 1.47 1.46 1.46 1.49 1.53 1.56 1.67 1.73 P

Q 1.50 1.43 1.37 1.37 1.29 1.29 1.32 1.37 1.42 1.45 1.47 1.48 1.46 1.45 1.45 1.51 1.61 1.63 1.66 1.76 Q

R 1.52 1.44 1.40 1.35 1.30 1.33 1.37 1.40 1.44 1.46 1.45 1.46 1.45 1.47 1.56 1.66 1.68 1.79 R

S 1.56 1.47 1.43 1.35 1.34 1.33 1.36 1.41 1.45 1.47 1.46 1.44 1.44 1.48 1.56 1.65 1.74 1.80 S

T 1.61 1.48 1.44 1.37 1.40 1.40 1.41 1.45 1.47 1.46 1.48 1.50 1.52 1.61 1.72 1.84 T

U 1.63 1.49 1.48 1.52 1.47 1.49 1.52 1.53 1.54 1.54 1.64 1.61 1.67 1.82 ~1.5 U

V 1.77 1.64 1.64 1.53 1.53 1.51 1.53 1.57 1.61 1.74 1.79 1.94 1.5~1.6 V

W 1.81 1.75 1.78 1.79 1.80 1.88 1.6~ W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22  
Figure 2. Case039 CPR Distribution of for Wolsong-1 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

A 1 2 3 4 5 6 A

B 7 8 9 10 11 12 13 14 15 16 17 18 B

C 19 20 21 22 23 24 25 26 27 28 29 30 31 32 C

D 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 D

E 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 Region D E

F 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 F

G 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 G

H 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 H

J 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 J

K 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 K

L 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 L

M 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 M

N 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 N

O 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 O

P 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 P

Q 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 Q

R 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 R

S 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 S

T 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 T

U 349 350 351 352 353 354 355 356 357 358 359 360 361 362 U

V 363 364 365 366 367 368 369 370 371 372 373 374 V

W 375 376 377 378 379 380 W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
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Region C

Fare Zone

 
Figure 3. Regions for Evaluation of Rippled CPR 
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Figure 4. CPPFs by Region 
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