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Figure D.12: Simplified flow diagram of the UMAE.
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RELAP5 ZION NPP: Steady state achievement

A steady state calculation has been achieved by running a ’'null transient’ of 200 s. The application
of the procedures at block i’ led to a qualified nodalization at steady-state level. The related results
are shown in Table D.22 and in Figure D.13, where calculated values (taken at 200 s of calculation)
are compared with reference data from the specification. The analysis of data brings to the following
conclusions:

e The calculated values are stable, i.e. solutions are stable with an inherent drift j 1% / 100 s.

e A good agreement (indispensable condition to be confident in the capabilities of the adopted
nodalization to reproduce the phenomena expected for the selected transient) between calculated
and reference values (from the specification) of the pressure distribution along the loop has been
obtained, as shown in Table D.21 and in Figure D.13.

e The criteria for the nodalization qualification are fulfilled through the complete comparison
between the calculated values of the quantities in Table D.22 and the corresponding reference
data in the specification.

N° | Position along the loop Calculated value (MPa)
1 | Hot leg inlet HL IN 15,5005
2 | Hot leg outlet HL OUT 15,4810
3 | Steam generator inlet plenum SG IN 15,4704
4 | U-tube top UT Top 15,2976
5 | Steam generator outlet plenum SG OUT 15,2952
6 | Downstream SG outlet nozzle OUT SG NOZZLE 15,2308
7 | Bottom of loop seal LOOP SEAL 15,2415
8 | Pump inlet PUMP IN 15,2321
9 | Pump outlet PUMP OUT 15,7537

10 | Cold leg inlet CL IN 15,7366

11 | Cold leg outlet CL OUT 15,7547

12 | Lower plenum (0.2 m from bottom of vessel) LP 15,7906

13 | Bottom of active core BAF 15,7178

14 | Top of active core TAF 15,6208

Table D.21: UNIPI1 — Pressure distribution along the loop
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Figure D.13: UNIPI1 — Normalized pressure distribution versus loop length
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N° Quantity Unit ‘ Calc. data
Nodalization development
1 | Primary circuit volume (with pressurizer) 3 352,91
2 | Secondary circuit volume . 661,91
4 | Core heat transfer surface area m? 4847,84
5 | SG U-tubes heat transfer external surface area (without tube sheet) 19134,82
6 | Core heat transfer volume 3 18,16
7 | SG U-tubes heat transfer volume (without tube sheet) . 87,86
8 | Maximum of the axial power distribution for the average rod in average channel (zone 2) KW /m 26,94
9 | Maximum of the axial power distribution for the hot rod in hot fuel assembly (zone 5) 40,42
Steady State
1 | Primary circuit power balance 3250,00
2 | Secondary circuit power balance MW 3255,10
3 | Primary system hot leg pressure 15,50
4 | Pressurizer pressure MPa 15,48
5 | Steam generator 1 exit pressure 6,71
6 | Accumulator 1 pressure 4,14
7 | Intact HL 1 temperature (near vessel) 602,50
8 | Intact CL 1 temperature (near vessel) 571,20
9 | Reactor vessel downcomer temperature 571,15
10 | Broken loop HL temperature (near vessel) K 602,50
11 | Broken loop CL temperature (near vessel) 571,15
12 | Pressurizer temperature 617,29
13 | Rod surface temperature (hot rod in hot channel - middle position) 623,79
14 | Reactor coolant pump of loop 1 velocity rpm 1146,50
15 | Reactor pressure vessel pressure loss 254.14 / 109.62
16 | Core pressure loss kPa 159.2 / 96.95
17 | Primary system total loop pressure loss 521,67
18 | Steam generator 1 pressure loss 175,18
19 | Primary system total mass inventory (with pressurizer) ke 233656,00
20 | Steam generator 1 total mass inventory 37777,00
21 | Primary system total loop coolant mass flow 17386,00
22 | Steam generator 1 feedwater mass flow ke /s 439,23
23 | Core coolant mass flow 17145,90
24 | Core bypass mass flow (LP-UP) 217,26
25 | Pressurizer level (collapsed) 8,78
26 | Secondary side or downcomer level " 11,90

Table D.22: UNIPI1 — Nodalization and steady state data table
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D.12

Pressure distribution values for UNIPI-2 group are in Table D.23 and depicted in Figure D.14 Refer-

UNIPI-2, Ttaly

ence curve built by coordinators as participants agreed on the 5th meeting.

N° | Position along the loop Calculated value (MPa)
1 | Hot leg inlet HL IN 15,537703
2 Hot leg outlet HL OUT 15,519224
3 | Stem generator inlet plenum SG IN 15,476744
4 U-tube top UT Top 15,32925
5 | Steam generator outlet plenum SG OUT 15,315611
6 | Downstream SG outlet nozzle OUT SG NOZZLE 15,270176
7 | Bottom of loop seal LOOP SEAL 15,289702
8 | Pump inlet PUMP IN 15,270621
9 | Pump outlet PUMP OUT 15,788698
10 | Cold leg inlet CL IN —

11 | Cold leg outlet CL OUT 15,791321
12 | Lower plenum (0.2 m from bottom of vessel) | LP 15,810917
13 | Bottom of active core BAF 15,763505
14 | Top of active core TAF 15,674151

Table D.23: UNIPI-2 — Pressure distribution along the loop
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Figure D.14: UNIPI-2 — Normalized pressure distribution versus loop length
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Ne° Unit | DATA
Nodalization development

1 Primary circuit volume (with pressurizer, WITHOUT accumulators) - volume of the pipes m> 352,8
2 Secondary circuit volume - volume of the pipes (only 1 SG) m> 166,9
4 Core heat transfer surface area m?> 4843,97
5 | SG U-tubes heat transfer external surface area (without tube sheet) (external surface 1 SG) m? 5039,10
6 | Core heat transfer volume (volume surrounding active core) m> 2,79
7 | SG U-tubes heat transfer volume (without tube sheet) m? 24,13
8 Maximum of the axial power distribution for the average rod in average channel (zone 2) kW /m 27,64
9 | Maximum of the axial power distribution for the hot rod in hot fuel assembly (zone 5) kW/m | 41,45
Steady State
1 Core power MW 3252
2 Heat transfer in the steam generators (4 loops) MW 3270
3 Primary system hot leg pressure MPa 15,54
4 Pressurizer pressure (top volume) MPa 15,44
5 Steam generator 1 exit pressure MPa 6,82
6 Accumulator 1 pressure MPa 4,14
7 | Intact HL 1 temperature (near vessel) K 599,0
8 | Intact CL 1 temperature (near vessel) K 567,4
9 Reactor vessel downcomer temperature K 567,4
10 | Broken loop HL temperature (near vessel) K 599,0
11 | Broken loop CL temperature (near vessel) K 567,4
12 | Pressurizer temperature (lower volume) K 618,1
13 | Rod surface temperature (hot rod in hot channel , 1.6 - 1.8 m) K 635,0
14 | Upper header temperature K 568,0
15 | Reactor coolant pump of loop 1 velocity rpm 1146,5
16 | Reactor pressure vessel pressure loss (from CL-1 outlet to HL - 0.1m -from the vessel) kPa 235,000
17 | Core pressure loss (average channel h1=0.025m and h2=4.04m from active core bottom) kPa 91,000
18 | Primary system total loop pressure loss (MCP outlet - MCP inlet) kPa 504,000
19 | Steam generator 1 pressure loss (primary side from HL outlet to loop seal inlet, loop 1) kPa 254,000
20 | Primary system total mass inventory (with pressurizer, without accumulators) kg 234283
21 | Steam generator 1 total mass inventory kg 49615
22 | Primary system total loop coolant mass flow kg/s 17344
23 | Steam generator 1 feedwater mass flow kg/s 440
24 | Core coolant mass flow kg/s 17252
25 | Core bypass mass flow (LP-UP) kg/s 221
26 | Pressurizer level (collapsed) m 8,77
27 | Secondary side downcomer level m 12,20

Table D.24: UNIPI-2 — Nodalization and steady state data table
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D.13 UPC, Spain

Pressure distribution values for UPC group are in Table D.25 and depicted in Figure D.15 Reference

curve built by coordinators as participants agreed on the 5th meeting.

N° | Position along the loop Calculated value (MPa)
1 | Hot leg inlet HL IN 15.53
2 | Hot leg outlet HL OUT 15.51
3 | Steam generator inlet plenum SG IN 15.51
4 | U-tube top UT Top 15.33
5 | Steam generator outlet plenum SG OUT 15.34
6 | Downstream SG outlet nozzle OUT SG NOZZLE 15.28
7 | Bottom of loop seal LOOP SEAL 15.29
8 | Pump inlet PUMP IN 15.28
9 | Pump outlet PUMP OUT 15.79

10 | Cold leg inlet CL IN 15.80

11 | Cold leg outlet CL OUT 15.79

12 | Lower plenum (0.2 m from bottom of vessel) LP 15.83

13 | Bottom of active core BAF 15.75

14 | Top of active core TAF 15.66

Table D.25: UPC — Pressure distribution along the loop
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Figure D.15: UPC — Normalized pressure distribution versus loop length
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N° Unit DATA
Nodalization development

1 Primary circuit volume (with pressurizer, WITHOUT accumulators) - volume of the pipes m> 352,7
2 Secondary circuit volume - volume of the pipes m> 664,7
4 Core heat transfer surface area m? 4847,60
5 SG U-tubes heat transfer external surface area (without tube sheet) m? 19134,82
6 | Core heat transfer volume (volume surrounding active core) m> 20,23
7 | SG U-tubes heat transfer volume (without tube sheet) m? 87,86
8 Maximum of the axial power distribution for the average rod in average channel (zone 2) kW /m 26,94
9 | Maximum of the axial power distribution for the hot rod in hot fuel assembly (zone 5) kW /m 40,42
Steady State

1 Core power MW 3250
2 | Heat transfer in the steam generators (4 loops) MW 3255
3 Primary system hot leg pressure MPa 15,5
4 Pressurizer pressure (top volume) MPa 15,5
5 Steam generator 1 exit pressure MPa 6,7

6 Accumulator 1 pressure MPa 4.1

7 | Intact HL 1 temperature (near vessel) K 601

8 | Intact CL 1 temperature (near vessel) K 570

9 Reactor vessel downcomer temperature K 570
10 | Broken loop HL temperature (near vessel) K 601
11 | Broken loop CL temperature (near vessel) K 570
12 | Pressurizer temperature (lower volume) K 608
13 | Rod surface temperature (hot rod in hot channel , 1.6 - 1.8 m) K 614
14 | Upper header temperature K 570
15 | Reactor coolant pump of loop 1 velocity rpm 1146,5
16 | Reactor pressure vessel pressure loss kPa 259
17 | Core pressure loss kPa 164
18 | Primary system total loop pressure loss kPa 511
19 | Steam generator 1 pressure loss kPa 167
20 | Primary system total mass inventory (with pressurizer, without accumulators) kg 235276
21 | Steam generator 1 total mass inventory kg 43969
22 | Primary system total loop coolant mass flow kg/s 17437,8
23 | Steam generator 1 feedwater mass flow kg /s 439,2
24 | Core coolant mass flow kg/s 17197.6
25 | Core bypass mass flow (LP-UP) kg/s 240,2
26 | Pressurizer level (collapsed) m 8,8
27 | Secondary side downcomer level m 12,2

Table D.26: UPC — Nodalization and steady state data table
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