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Abstract 

Different benchmarks for reactors with quadratic fuel assemblies were calculated with 
the code DYN3DlR. In this report comparisons with the results of the reference solu- 
tions are carried out. The results of DYN3DlR and the reference calculation for the ei- 
genvalue bff and the power distribution are shown for the steady-state 3-dimensional 
IAEA-Benchmark. The results of NEACRP-Benchmarks on control rod ejections in a 
standard PWR were compared with the reference solutions published by the NEA Data 
Bank. For assessing the accuracy of DYN3DlR results in comparison to other codes 
the deviations to the reference solutions are considered. Detailed comparisons with the 
published reference solutions of the NEA-NSC Benchmarks on uncontrolled withdraw- 
al of control rods are made. The influence of the axial nodalization is also investigated. 
All in all, a good agreement of the DYN3DlR results with the reference solutions can 
be Seen for the considered benchmark problems. 

Kurzfassung 

Verschiedene Benchmarks für Reaktoren mit quadratischen Brennelementen wurden 
mit dem Code DYN3DlR berechnet. In diesem Bericht erfolgen Vergleiche mit den 
Ergebnissen der Referenzlösungen. Die Ergebnisse von DYN3DlR und der Referenz- 
rechnung für Eigenwert und Leistungsverteilung des stationären 3-dimensionalen 
IAEA-Benchmarks werden dargestellt. Die Ergebnisse der NEACRP-Benchmarks für 
die Auswürfe von Steuerstäben in einem typischen DWR werden mit den von der NEA 
Data Bank veröffentlichten Referenzlösungen verglichen. Zur Einschätzung der 
Genauigkeit der DYN3DlR Resultate im Vergleich zu anderen Rechenprogrammen 
werden die Abweichungen zu den Referenzlösungen betrachtet. Detaillierte Ver- 
gleiche mit den Referenzlösungen erfolgen für die NEA-NSC Benchmarks zum unkon- 
trollierten Ausfahren von Steuerstäben. Dabei wird der Einflul3 der axialen 
Nodalisierung untersucht. Insgesamt wird eine gute Übereinstimmung der DYN3D/R 
Resultate mit den Referenzlösungen für die betrachteten Benchmarkprobleme fest- 
gestellt. 
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1 lntroduction 

The code DYN3DlM2 has been developed for steady state and transient analysis of re- 
actor cores with rectangular fuel assemblies [I]. The code was veriiied with the help of 
benchmark solutions and code comparisons. The neutron kinetic part was validated by 
the kinetic experiments at the zero power reactor LR-0. Now the code is in use in sev- 
eral institutions for safety analyses of WER-type reactors. The validation of the code 
was completed by comparisons of calculational results with measured data from vari- 
ous steady-state and transient experiments. 

Recently, DYN3D has been extended by a neutronic part for the solution of the 2-group 
neutron diffusion equation by a nodal method for the Cartesian geometry (version 
DYN3DlR [2] ). The verification of this code version was performed by solution of dif- 
ferent international benchmark tasks. The verification of DYN3DlR with the help of the 
3-dimensional IAEA benchmark is described in chapter 2. The results of the code for 
the NEACRP rod ejection benchmarks in comparison to the refence solution and other 
codes is presented in chapter 3. In chapter 4, the comparisons of DYN3DlR results with 
the reference solutions for the NEA-NSC benchmarks on withdrawal of control rods at 
hot zero power of a standard PWR are shown. 



2 Three-Dimensional IAEA Benchmark 

Calculations for the well known steady-state 3D IAEA Benchmark contained in the 
'ANL Benchmark Problem Book" [3] were carried out with the code DYN3DlR. The 
IAEA Benchmark describes a PWR with typical Cross sections for the fuel assemblies 
and partly inserted control rods. Eigenvalue and assembly powers compared with the 
reference values [3] are shown in Fig. 2.1. The maximum deviation of assembly powers 
is 1.4 % in assembiy no. 35 at the boundary to the reflector. 

No assernbl 
DYN~DIR L = 1 .02906) 
Reference = 1 .02903) 
Dev. (%) 

Fig. 2.1: Normalized assembly powers of DYN3DlR for the 3D IAEA Benchmark 
compared with the reference solution 



3 Results of NEACRP Benchmarks on Control Rod 
Ejections 

Assessing the different codes developed for transient analysis of reactor cores mathe- 
matical benchmarks were defined [4]. The PWR problems were calculated for testing 
the results of DYN3D/R by comparison with the published reference solutions 151. The 
problems Al, A2, BI, B2, C1 and C2 consist in rod ejections of central or peripheral 
rods at hot zero power (HZP) and full power (FP). Fig. 3.1 shows the map of the reactor. 

Short characterization of the 6 cases: 

Al: Ejection of the central rod at HZP (assembly 11 1 in Fig. 3.1) 
A2: Ejection of the central rod at FP (assembly 11 1 in Fig. 3.1) 

BI: Ejection of a peripheral rod in octant geometry at HZP (assemblies 20, 
105,115 and 202 in Fig. 3.1) 

82: Ejection of a peripheral rod in octant geometry at FP (assemblies 20, 
105,115 and 202 in Fig. 3.1) 

Cl: Ejection of one peripheral rod at HZP (assembly 115 in Fig. 3.1) 
C2: Ejection of one peripheral rod at FP (assembly 11 5 in Fig. 3.1) 

The reactor core consists of 157 fuel elements and reflector elements with a side length 
of 21.606 cm (see fig. 3.1). The core including the axial reflector is divided into 18 layers 
of different height given in the specifications of the problems [4]. The 16 core layers 
height values were given by 7.7, 1 1.5, 15.0, 30.0, (1 0 layers) 12.8 (2 layers) and 8 cm 
(from bottom to top). The bottom and top reflectors are described by layers of 30 Cm. 
The radial mesh is given by one node per assembly in each axial layer. The most codes 
used this specified mesh, but some calculations were perforrned with finer meshes. 
The nominal power of the reactor is 2775 MW. The ejection time of rods a is 0.1 s in all 
cases. 

The figures 3.2 - 3.9 show the results for nuclear power, core averaged Doppler tem- 
perature and the core centerline temperature obtained with DYN3DlR and compared 
with the reference solution. The reference solution was generated by the PANTHER 
code using 4 nodes per assembly in radial direction. Some comparisons are shown in 
the tables 3.1 - 3.9 . There are the reference values and the deviations of different 
codes from reference values. The comparisons show a good agreement of the 
DYN3DIR results with the reference solution. DYN3DlR deviations are less than the 
deviations from the reference solutions obtained by the most other codes. However, 
the deviations in maximum fuel centerline temperatures of DYN3DlR from the refer- 
ence values are higher than they should be expected according the small deviations in 
reactor power. This can be caused by the special nodal method for the solution of ther- 
mal conductions equation used in DYNSDIR which ensures high accuracy even with a 
few radial nodes in fuel. The fuei centerline temperature ic extrapoiated from the tem- 
perature of the inner node in DYN3D. In some codes the temperature value for the in- 
ner node is probably interpreted as fuel centerline temperature. 



Fig. 3. I : Map of the standard PWR 
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Case A l :  Ejection of the Central Rod at HZP 
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Fig. 3.3: Comparison of the DYN3D/R resuits for core averaged Doppiertemperature 
and fuel centerline ternperature with the xsSerence solutions 



Case A2: Ejection of the Central Rod at FP 

Fig. 3.4: Comparison of the DYN3DlR results for fission power with the reference 
lution 
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Fig. 3.5: Comparison of the DYN3DlR resuRs for core averaged Doppler temperature 

and fuel centerline temperature with the reference solutions 



Case BI: Ejection of the Peripheral Rod in Octant Geometry at HZP 
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Fig. 3.6: Comparison of the DYN3DIR results forfission power with the reference so- 
lution 
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Fig. 3.7: Comparison of the DYN3DIR resutts for core avetaged Doppler temperature 
and fuel centerline temperature wiih the reference solutions 



Case 82: Ejection of the Peripheral Rod in Octant Geometry at FP 
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Fig. 3.8: Comparison of the DYN3DlR resuits for fission power wkh tha referencs 
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Fig. 3.9: Comparison of the DYN3DlR resuits for core averaged Doppler temperature 
and fuel centerline temperature with the reference solutions 



Case C1 : Ejection of the Peripheral Rod at HZP 
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Fig. 3.10: Comparison of the DYN3DlR results for fission power with the reference so- 
lution 
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Fig. 3.1 1 : Comparison of the DYN3D/R results for core averaged Doppler temperature 
and fuel centerline temperature with the reference solutions 



Case C2: Ejection of the Peripheral Rod at FP 
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Fig. 3.12: Comparison of the DYN3DlR results for fission power with the reference so- 
lution 
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Fig. 3.13: Comparison of the DYN3DIR resuits for core averaged Doppler temperature 
and fuel ~~tnterline temperature with the reference solutions 



Table 3.1: PWR CORE TRANSIENT BENCHMARKS 
Reference Value of Critical Boron Concentration and Deviations (%) 

I Case I Al I I B1 I B2 I C1 
I I I 

Reference (ppm) 567.70 11 60.60 1254.60 1 189.40 1 135.30 
OKAPl(s) -1.215 0.974 -0.375 0.572 -0.484 
OKAPl(a) -1.215 0.974 -0.375 0.572 -0.484 

BOREASKRAB 23.71 -0,250 0.486 - 0.681 1.964 

I I I I I I 

CESAR 1 3.576 1 -2.292 1 0.988 1 - 2.22 1 1.295 

Table 3.2: PWR CORE TRANSIENT BENCHMARKS 
Steady State Solution: Reference Value of Nodal Power Peaking FacIor 
and Deviations (%) 



Table 3.3: PWR CORE TRANSIENT BENCHMARKS 
Reference Value of Reactivity Release and Deviations (%) 

Table 3.4: PWR CORE TRANSIENT BENCHMARKS 
Time of Power Maximum (Reference) and Deviations (%) 

Case A l  A2 B 1 B2 
Reference (s) 0.560 0.100 0.520 0.120 

OKAP I (a) 3.571 -7.692 
BOREASfrRAB 12.500 11 0.000 -5.769 241.667 

CESAR 37.500 0.000 1 7.308 -1 6.667 

11 ARROTTA 
I I I 

I I I I 
I 

PANTHER 16.071 0.000 0.000 0.000 
DYN3DR 11.340 0.000 -0.960 -12.500 

i 



Table 3.5: PWR CORE TRANSIENT BENCHMARKS 
Reference of Power Maximum (% of PI2775 MW) and Deviations (94) 

Table 3.6: LWR CORE TRANSIENT BENCHMARKS 
PWR: Reference of Final Power (% of PI2775 MW) and Deviations (%) 

I Case I Al I A2 I B2 1 Cl i C2 11 



Table 3.7: PWR CORE TRANSIENT BENCHMARKS 
Reference of Final Core Averaged Doppler Temperature and Deviatiolns 
in (%) 

11 PANTHER 
I I I I I 

I -0.123 I -0.072 1 0.372 1 -0.018 1 0.348 

Table 3.8: LWR CORE TRANSIENT BENCHMARK 
Reference of Maximum Fuel Centerline Temperature and Deviations 
("% 



Table 3.9: LWR CORE TRANSIENT BENCHMARKS 
Reference of Final Coolant Outlet Temperature and Deviations (%) 

I Case I Al I A2 I B1 I B2 I C l  I C2 11 



4 Calculations of the NEA-NSC Benchmarks on 
Uncontrolled Withdrawal of Control Rods 

Transients consisting of uncontrolled withdrawal of control rods at HZP were defined 
for the reference PWR considered in the previous benchmarks [4,5]. Fig. 4.1 shows 
the core map with the different fuel types and the locations of assemblies with control 
rods. The positions of the control rod banks A, B, C, D and the shut down bank S are 
shown. Different banks are withdrawn from different initial positions in the considered 
problems. It is assumed that the control rods withdraw with the velocity of 72 steps/min. 
The control rods are moved from bottom to top of core in 228 steps. The rods begin to 
drop 0.6 s after the fission power has reached 35% of nominal power (2775 MW). The 
rods move down with the constant velocity of 228 steps in 2.2 s. The moderator inlet 
conditions as flow, pressure, temperature and boron concentration are constant during 
the transient. The initial power is 1 0-l3 of nominal power. Neutron physical constants 
and thermophysical properties of fuel and clad were prescribed. Own correlations of 
the heat transfer from cladding to coolant and of the water properties have to be used. 

Fig. 4.1 : Configuration of the core with positions of control rods and the axial division 
of fuel assembly number 11. 

in the folowing comparisons of the DYN3lR results with the reference solution are 
shown. The reference solution was generated by Nuclear Electric with the help of the 
PANTHER code. A finer mesh of 3x3 nodes per assembly and 48 axial layers were 
used. The time steps has been reduced until the convergence of the results [7,8]. 



The three problems A, B and D are considered: 

Case A: bank D withdrawal 
other banks A, B, C, S are fully withdrawn until scram. 

Case B: bank B and C withdrawal 
bank A and D remains fully inserted 
other bank S is fully withdrawn until scram. 

Case D: peripheral banks A and B withdrawal 
bank C and D remains fully inserted 
other bank S is fully withdrawn until scram. 

The case C is different from B only by a constant heat transfer coefficient between clad- 
ding and water of 30000 w/(m2~).  The results are not considered here, because the 
reference results showed only small differences to case B . 

As in the benchmarks of chapter 3 the calculations with DYN3DlR for the comparisons 
with the reference solutions were performed with one node per assembly and the 16 
axial layers in the core given by layer thickness of 7.7, 1 1 .5,15.0,30.0, (1 0 layers) 12.8 
(2 layers) and 8 cm (from bottom to top). The bottom and top reflectors are described 
by layers of 30 Cm. 

The comparisons of DYN3D/R results with the reference solution were performed for 

- State state results: 

critical boron concentration 
radially averaged axial power distribution 
axially averaged radial power distribution 
radial power distribution at axial layer 
number 6 
radial power distribution at axial layer 
number 13 
envelope axial power distribution Fq(z) 

- Transient core averaged results: 

fission power relative to nominal 
coolant heating 
coolant outlet temperature 
fuel Doppler temperature 

(result B I )  
(result B2) 
(result 83) 

(result 84) 

(result 85)  
(result 86) 

(resutt 61) 
(result C2) 
(result C3) 
(result C4) 

- Transient hot pellet results (DYN3DIR: results of the hottest node): 

fission power to nominal 
coolant heating 

(resuit 01) 
(result 02) 



coolant temperature at the outlet of 
the hat channel (result D3) 
heat exchange coefficient between 
cladding and moderator (result D4) 
fuel enthalpy (result D5) 
fuel centerline temperature (result D6) 
cladding outer surface temperature (result 07) 

- Snapshots at time of power maximum: 

fission power (result EI) 
radially averaged axial power distribution (result E2) 
axially averaged radial power distribution (result E3) 
radial power distribution at axial layer 
number 6 (result E4) 
radial power distribution at axial layer 
number 13 (result E5) 
envelope axial power distribution Fq(z) (result E6) 

The fuel centerline temperature is calculated in DYN3DlR by an extrapolation of the av- 
erage temperature of the inner node of the fuel pin to the inner boundary. It can explain 
the small deviations to the reference solution. The fuel enthalpy were calculated by us- 
ing the single enthalpies of the radial nodes of the fuel pin. 

Special calculations for investigating the influence of the number of the core layers car- 
ried out with the total number of 20 axial layers are described in chapter 4.2.5 and chap- 
ter 4.3.5. 



4.1 Case A - Withdrawal of Bank D 

4.1 .I Initial Steady State 

The critical boron concentration of case A calculated by DYN3D is 1267.38 ppm. The 
deviation to the reference value of 1262.71 ppm is 4.67 ppm (result BI). 

200 
z-position (cm) 

Fig. 4.1 .I : Radially averaged axial power distribution (result 82) 



Fig. 4.1.2: Axially averaged radial power distribution (result B3) 

Fig. 4.1 -3: Radial power distribution at axial layer nurnber 6 (result B4) 



Fig. 4.1.4: Radial power distribution at axial layer number 13 (result B5) 

Fig. 4.1 -5: Envelope axial power distribution Fq(z) (re~ult 86) 



4.1.2 Transient Core Averaged Resuits 

Fig. 4.1.6: Fission power of hot pellet to nominal average value (result Cl) 

The next figure shows the results of codes taking part at the benchmark calculations. 
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Timt (s) 

- Reference - B-Tee (Okapi) 1D - D-GrsRag.(Puabox) - D.Kwu (Panbox) - F-Edf (Coccinelle) - OB-N.E. (Panther) - I-Enel (PuandryEn) - NL-Ecn (Panther) 

-X- RC-lner (ArollaSD) 

-X- USA-Slud.(Simulale) 

Fig. 4.1.7: Fission power to nominal value (result Cl) for different codes [8]. 
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Fig. 4.1.8: Coolant heating to nominal value (result C2) 



Time (s) 

Fig. 4.1 . I  0: Fuel Doppler temperature (result C4) 

The Doppler temperatures of other codes for the benchmark are shown below. 
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Fig. 4.1 .I 1: Fuel Doppler temperature (result C4) for different codes [8]. 



4.1.3 Transient Hot Pellet Results 

4.1.12: Fission power to nominal average value (result D1) 

- Reference 

- - - DYN3DJR 
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Fig. 4.1.14: Coolant temperature at the outlet of hot channel (result D3) 
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Fig. 4.1.15: Heat exchange coefficient between cladding and coolant of the hot pellet 
[result 54) 



Time (s) 

Fig. 4.1 . I  6: Fuel enthalpy of the hot pellet (result D5) 
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Fig. 4.1.17: Fuel temperature at hot pellet centerline fresult D6) 



Fig . 4.1 .I  8: Cladding outer surface temperature at the hot pellet (result D7) 



4.1.4 Snapshots at Time of Power Maximum 

The power maximum calculated by DYN3DlR is at the time t„, = 81.6 s. The value of 
fission power relativ to the nominal power is 0.3552. The deviation to the reference val- 
ue of 0.3556 is - 0.0004 (result EI). 

100 200 300 
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Fig. 4.1.20: Radially averaged axial power distribution (result E2) 

Fig. 4.1.21 : Axially averaged radial power distribution (result E3) 



Fig. 4.1.22 

Fig. 4.1.23: Radial power distribution at axial layer number 13 (result E5) 
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Fig. 4.1.24: Envelope axial power distribution Fq(z) (result E6) 



4.2 Case B - Withdrawal of Bank B and C 

4.2.1 Initial Steady State 

The critical boron concentration of case B calculated by DYN3D is 796.18 ppm. The 
deviation to the reference value of 793.58 ppm is 0.32% (result BI). 

100 200 300 400 
z-position (cm) 

4.2.1 : Radially averaged axial power distribution (result B2) 



Fig. 4.2.2: Axially averaged radial power distribution (result 83) 
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i~~~ 

Fig. 4.2.3: Radial power distributlon at axial layer number 6 (result 84) 



Fig. 4.2.4: Radial power distribution at axial layer number 13 (result B5) 
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Fig, 4.2.5: Envelope axial power distribution Fq(z) (result 86) 



The next figure shows the envelopes of the different codes published in [8]. 
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Fig. 4.2.6: Envelope axial power distribution Fq(z) (result B6) for the codes taking 
part in the benchmark calculations [8]. 

Transient Core Averaged Results 
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Fig. 4.2.7: Fission power to nominal value (result Ci) 
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Fig. 4.2.8: Fission power to nominal value (result Cl) for the codes taking part in the 
benchmark calculations [8]. 
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Fig. 4.2,9: Coolant heating to nominal value (result C2) 
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Fig. 4.2.10: Coolant outlet temperature (result C3) 
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Fig. 4.2.1 1: Fuel Doppler temperature (result C4) 



4.2.3 Transient Hot Pellet Results 
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Fig. 4.2.12: Fission power of hot pellet to nominal average value (result D I )  
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Fig. 4.2.1 3: Cooiant heating of hot pellet to nominal average value (result D2) 
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Fig. 4.2.1 4: Coolant temperature at the outlet of the hot channel (result D3) 

Fig. 4.2.15: Heat exchange coefficient between cladding and coolant of the hot pellet 
(result D4) 



- - - DYN3DlR 
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Fig. 4.2.16: Fuel enthalpy of the hot pellet (result D5) 
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Fig. 4.2.1 7: Fuel temperature at the hot pellet centerline (result D6) 
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Fig. 4.2.1 8: Cladding outer surface temperature at the hot pellet (result D7) 



4.2.4 Snapshots at Time of Power Maximum 

The power maximum calculated by DYN3DIR is at the time tm, = 34.827 s. The value 
of fission power relativ to the nominal power is 1.2255. The deviation to the reference 
value 1 .M80 is - 0.1225 (result EI). 
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Fig. 4.2.1 9: Radially averaged axial power distribution (result E2) 

Flg. 4.220: Axially averaged radial power distribution (result E3) 



Fig. 4.2.21 : Radial power distribution at axial layer number 6 (result E4) 

Fig. 4.2.22: Radial power distribution at axial layer number 13 (result E5) 
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Fig. 4.2.23: Envelope axial power distribution Fq(z) (result E6) 
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Fig. 4.2.24: Envelope axial power distribution Fq(z) (result E6) for the results of codes 
taking part in the benchmark calculations [B]. 



4.2.5 Calculation with Different Axial Nodalization 

If we look at fig. 4.2.7 we see a shift of power peak calculated by DYN3DlR in compar- 
ison to the peak of reference solution. If we look to the comparisons in fig. 4.2.8 such 
a shift exists also in other results. The power peak occurs at the time when the reactor 
becomes supercritical. Therefore the localisation of power peak at the time axis is very 
sensitive to the reactivity gain. Small differences of reactivity during the withdrawal of 
control rods are caused by the axial nodalization and the different methods used to 
overcome the cusping effects. The effect has been investigated by performing 
DYN3DlR calculations with 20 axial nodes. In that case, the 18 core layers are given 
by thickness of 7.7,11.5, 15.0 (5 layers), 30.0, (8 layers) 12.8 (2 layers) and 8 cm (from 
bottom to top). The bottom and top reflectors are described by layers of 30 cm thick- 
ness. The finer mesh of 15 cm instead of 30 cm is used at the axial positions of with- 
drawn control rods where the reactor becomes supercritical. 

The influence of the different meshes is demonstrated in fig. 4.2.25 where we See the 
curves of the fission power for the reference and the results of the two different 
DYN3DlR calculations. The power peak of the calculation with 20 axial nodes is close 
to the reference. It is valid for the other results also. Fig. 4.2.26 shows the comparisons 
for the hot pellet fule enthalpy. The radial power distributions at the moment of power 
maximum are also influenced. We See on fig 4.2.27 - 4.2.29 better agreement with ref- 
erence solutions than in fig. 4.2.20 - 4.2.22 which show radial power distributions in the 
moment of power maximum. 
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Fig. 4.2.25: Fission power to nominal value (resuit Cl), Comparison of different 
DYN3D/R calculations with reference 



Fig. 4.2.26: Fuel enthalpy of the hot pellet (result D5). Comparison of the different 
DY N3/R calculations 
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Fig. 4.2.27: Axially averaged radial power distribution (result E3). Comparison of 
DYN3D/R calculation using 20 axial nodes with the reference values. 
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Fig. 4.2.28: Radial power distribution at axial layer number 6 (result E4). Comparison 
of DYN3DlR calculation using 20 axial nodes with the reference values 

Fig. 4.2.29: Radial power distribution at axial layer number 13 (resuR ES). Compari- 
son of DYN3DJR calculation using 20 axial nodes with the reference val- 
ues. 



4.3 Case D - Withdrawal of Bank A and B 

4.3.1 Initial Steady State 

The critical boron concentration of case D calculated by DYN3D is 796.1 1 ppm. The 
deviation to the reference value of 793.58 ppm is 2.53 ppm (result BI). 
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Fig. 4.3.1 : Radially averaged axial power distribution (result B2) 
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Fig. 4.3.3: Radial power distribution at axial layer number 6 (result 84) 
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Fig. 4.3.4: Radial power distribution at axial layer number 13 (result B5) 
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Fig. 4.3.5: Envelope axial power distribution Fq(z) (result B6) 



4.3.2 Transient Core Averaged Results 

Fig. 4.3.6: Fission power to nominal value (result Cl)  
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Fig. 4.3.7: Coofant heating to nominal value (result 62) 
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Fig. 4.3.8: Coolant outlet temperature (result C3) 
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Fig. 4 - 3 3  Fuef Doppler temperature (result C4) 



1 4.3.3 Transient Hot Pellet Results 
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Fig. 4.3.1 0: Fission power of hot pellet to nominal average value (result D1) 
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Fig. 4.3.1 1 : Coolant heating of hot pellet to nominal average vatue (result D2) 
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Fig. 4.3.12: Coolant temperature at the outlet of the hot channel (result D3) 
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Fig. 4.3.13: Heat exchange coefficient between cladding and coolant of the hot pellet 
(result D4) 



Fig. 4.3.14: Fuel enthalpy of the hot pellet (result D5) 
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Fig. 4.3.1 5: Fuel temperature at the hot pellet centerline (result D6) 
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Fig. 4.3.1 6: Cladding outer surface temperature at the hot pellet (result D7) 



4.2.4 Snapshots at Time of Power Maximum 

The power maximum calculated by DYN3DlR is at the time tma, = 40.06 s. The vlaue 
of fission power relativ to the nominal power is 1.0608 (result EI). The deviation to the 
reference value 0.9685 is 0.0923. 

Fig. 4.3.17: Radially averaged axial power distribution (result E2) 

Assembly no. (DYN3DlR) 
Reference 
DYN3DlR 
Dev. (%) 

Fig. 4.3.1 8: Axially averaged radial power distribution (reisult E3) 



Fig. 4.3.1 9: Radial power distribution at axial layer number 6 (result E4) 
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Fig. 4.320: Radial power distribution at axial layer number 13 (result E5) 
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Fig. 4.3.21: Envelope axial power distribution Fq(z) (result E6) 



4.3.5 Calculation with Different Axial Nodalization 

Like fig. 4.2.7 of case B we See at fig. 4-36 a similar shift of power peak calculated by 
DYN3DlR in comparison to the peak of reference. In case D also a DYN3D/R calcula- 
tions with 20 axial nodes was caaried out. The Same axial layers as in chapter 4.2.5 
were used, because the situation of case D is similar to case B. 

Fig. 4.3.22 shows the curves of the fission power for the reference and the results of 
the two different DYN3DlR calculations. The position of power peak of the calculation 
with 20 axial nodes is close to the reference. The situation is similar for the other re- 
sults being demonstrated by some exampies. Fig. 4.3.23 shows the comparisons for 
the hot pellet fuel enthalpy. It can be Seen that the curve obtained with 20 axial layers 
is nearly identical with the reference. We See on A better agreement with reference 
solutions can be observed in fig 4.3.24 - 4.3.26 than in fig. 4.3.18 - 4.3.20 which show 
the radial power distributions in the moment of power maximum. 
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Fig. 4.3.22: Fission power to nominal value (resuit Cl). Comparison of different 
DYN3D/R calculations with the reference. 



Fig. 4.3.23: Fuel enthalpy of the hot pellet (resuit D5). Comparison of different 
DYN3DlR calculations with the reference. 
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Fig. 4.3.24: Axial averaged radial power distribution (resuB E3). Comparison of 
DYN3DlR cakulation using 20 axial nodes with tbe referencs values. 
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Fig. 4.3.25: Radial power distribution at axial layer number 6 (res~lt E4). Comparison 
of DYN3DlR calculation using 20 axial nodes with the reference values. 

Fig. 4.3.26: Radial power distribution at axial layer number 13 (resuit E4). Compari- 
son of DYN3DIR calculation using 20 axial nodes with the reference val- 
@es. 



Conclusions 

The 3D core model DYN3D/R, a version of DYN3D for Cartesian geometry, was veri- 
fied with the help of benchmark problems. Concerning the transient benchmarks on 
control rod ejections and withdrawal of control rods the considered problems are the 
only ones which have been available so far for PWR's. The neutron physical data and 
the thermophysical properties of fuel and clad were given in the definitions of the 
benchmarks. Small adaptations were made in DYN3D/R to implement these formulas. 
The heat transfer from cladding to water and the properties of water were not given and 
own correlations have to be used. Considering the investigated benchmark problems 
the DYN3DlR solutions by using the standard mesh show a good agreement with the 
reference results. 

Concerning the withdrawal of control rods it was shown that the small deviations to the 
reference solution, as the time shift of power maximum, can be reduced by choosing a 
finer mesh in space. If the standard axial mesh is used and the lower end of control 
rods is moved through a node, the applied method for damping the cusping effects in- 
fluences the time behaviour of reactivtty. Especially, if the reactivity is near to prompt 
critical small differences of reactivity have an impact on the time of the power incrsase. 
The power peak determined by the reactivii insertion and the negative Doppler effect 
can be influenced also. A finer axial mesh reduces the differences of the reactivii gain. 

Considering the presented results of comparisons it can be stated that DYN3DlR is ca- 
pable of analyzing reactivity transients in a PWR with quadratic fuel assemblies. 

References 

U. GRUNDMANN, U. ROHDE, "DYN3DfM2 a Code for Caiculation of Reactiviiy 
Transients in Cores with Hexagonal Geometry", 
Rep. FZR 114, Research Center Rossendorf (1 993), Reprint of Rep. ZfK 690, 
Central Institute for Nuclear Research (1 989) 

U. GRUNDMANN, "The Code DYN3DR for Steady-State and Transient Anaiyses 
of Light Water reactor Cores with Cartesian Geornetry", Rep, FZR 114, Research 
Center Rossendorf (1 995) 

"Argonne Code Center: Benchmark Problem Book", Rep. ANL-7416, Suppl. 2, 
Argonne National Laboratory, (1 977) 

H. FINNEMANN, A. GALAT1; "NEACRP 3-D LWR Core Transient Benchmark"' 
Reprt NEAGRP-L-335, Rome, 19Q2 

)-I. FfNNEMANM, H. BAUER, A. GAMTI, R. MA 
Transient &nchrnarks", 
Repoa NEEIJNSC/DBC(93) 25, OECD NEA, 1993 



6. R. FRAlKlN and H. FINNEMANN, "NEA-NSC 3-Dl1-D PWR Core Transient 
Benchmark Uncontrolled Withdrawal of Control Rods at Zero Power", Rep. NEA, 
NSC/(93) 9, Paris, (1 993) 

7. E. SARTORI, NEA Document "ZZ-3DLWRCT - 2 NEA l398lO3", Paris (1 997) 

8. R. FRAIKIN,"Review of a NEA-NSC Benchmark on Uncontrolled Withdrawal of 
Control Rods at Zero Power", Prmeedings of the lnt. Conf. on the Physics of Re- 
actors PHYSOR96, pp. J-99 - J-1 08, Mito, Japan (1 996). 


	Seite 1 
	Seite 2 
	Seite 3 
	Seite 4 
	Seite 5 
	Seite 6 
	Seite 7 
	Seite 8 
	Seite 9 
	Seite 10 
	Seite 11 
	Seite 12 
	Seite 13 
	Seite 14 
	Seite 15 
	Seite 16 
	Seite 17 
	Seite 18 
	Seite 19 
	Seite 20 
	Seite 21 
	Seite 22 
	Seite 23 
	Seite 24 
	Seite 25 
	Seite 26 
	Seite 27 
	Seite 28 
	Seite 29 
	Seite 30 
	Seite 31 
	Seite 32 
	Seite 33 
	Seite 34 
	Seite 35 
	Seite 36 
	Seite 37 
	Seite 38 
	Seite 39 
	Seite 40 
	Seite 41 
	Seite 42 
	Seite 43 
	Seite 44 
	Seite 45 
	Seite 46 
	Seite 47 
	Seite 48 
	Seite 49 
	Seite 50 
	Seite 51 
	Seite 52 
	Seite 53 
	Seite 54 
	Seite 55 
	Seite 56 
	Seite 57 
	Seite 58 
	Seite 59 
	Seite 60 
	Seite 61 
	Seite 62 
	Seite 63 
	Seite 64 
	Seite 65 
	Seite 66 
	Seite 67 
	Seite 68 
	Seite 69 

