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The commussioning test “Reactor Trip at Full Load”, which was performed at the nu-
clear power plant Philippsburg 2 (KKP 2), was recalculated with RELAPS/MOD2 The
comparison of the results with the commissioning test results shows very good
agreement between measurement and calculation Difficulties arised attempting to
adjust the RPV inlet temperature, which depends on the steam generator pressure,
to the initial test condition. 1t 1s assumed that the heat transfer correlations in
RELAPS/MOD?2 are not optimized for this problem The deviation of SG water level
during the transient between calculation and measurement is assumi 1 to be caused
by the separator model in RELAPS/MOD2.
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331 Reactor Coolant Pressure

For the reactor coolant pressure three measured values are available (Fig 3.1)

| - JEC20 P86 measuring range 0 - 180 bar
‘ (wide range)

- JEC20CP821 measuring range 100 - 180 bar
(narrow range)

- JSD50 FPA01 measuring range 0 - 180 bar
(ectual value)

For measurement of the first two values the same nozzle is used; it 1s located in Loop
20 upstream of the surge line. The small range value is about 1.0 bar higher than the

| wide range value (about 0.5 % of the measuring range of the wide range) in steady
stat~ s erauof us well as during the transient

The third value s a selected value (single channel) for the analog signal precessing

and control system. This value is always about 1.5 bar lower thai the wide range val-

ue due 1o a calibration effect in the analog signal processing. This value is not suit-
able for comparison with calculation.
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332 Pressurizer Water Level

Three measured values for the pressurizer (PRZ) water level are available (Fig 3 2)

< JEF10FLO0Y measuringrange 1.75-1145m
- JEF10CL87Y measuring range 1.75- 11.45m
- JTKDO F'S01 “actual value® measuring range 175-1145m

The measured value ITKOO FLS01 is the second highest signal value (2. Max) used in
the limitation system

The value JEF10 FLOO1 is always lower than the other values The deviation of about
0 2 m (about 2 % of the measuring range) is considered as allowable within the tol-
erance range

The measuring principle for the pressurizer water level is the measurement of the
differential pressure between the instrumentation nozzles at the levels 1.75 m and
11.45 m, respectively.

Siemens AG - Bereich Energieerzeugung (KWU)
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© Y v ster Cnolant Temperature (RPV Inlet)

woe o asured value of the reactor coolant temperature in the cold leg between re-

actor pressure vessel and reactor coolant pump is available on the “HP 1000 Ban¢”
for each loop (Fig 3 3)

- JEC10CT812 measuring range
- JEC20CT822 250 - 325°C

- JEC30CTB32 (narrow range)

- JECA0 CT842

At steady state operation the values of Loop 10 and Loop 40 are nearly the same
(=292 °C) the equivalent values of Loop 20 and Loop 30 are about 09K and 0 S K,
respectively, lower During the transient these values are always lower than the val
uesof Loop 10 and Loop 40

From the “Anlagenzustandsprotokoll” is to be seen, that the other measured value
(narrow range JEC20 CT732) of Loop 20 1s about 1 6 K higher, whereas in the other

three loops the two narrow range measured values have only an uncertainty range
of maximal 0.2 K.

Therefore the measured value JECZ0 CT822 should not be applied to comparison
with calculation

siemens AG - Bereich Energieerzeugung (KWU)
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335 Reactor Power

The “Corrected Thermal Reactor Power” signal is formed by the neutron flux (mea-
sured with the excore instrumentation) and the thermal reactor powe calculated by
means of the temperature rise Thus the signal of the neutron-flux is corre led to-
ward the thermal power with 10 %/min if the neutron-flux is lower than the thermal
power and the signa! of the neutron flux 1s corrected toward the thermal power
with 1 % /min if the neutron flux is greater than the thermal power

The following measured values of the “Corrected Thermal Power" are available on
the “HP 1000 Band

- JRE10 FX805

- JRF10 FX8B05 measuring range
- JRG10 FX805 0-125%

< JRH10 FX805

These values are applied to the reactor protection system
The signal (Fig. 3 6b)
- JTKOO FX105 measuring range 0 - 125 %

is the measured signal of the n-flux, but it is switched over from excore to incore in-
strumentation after reactor trip Thissignal is applied to the reactor imitation sys-
tem. It appears to be the best suited for comparison with calculated values

Siemens AG - Bereich Energieerzeugung (KWU)
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339 Steam Gene ator Water Leve!

The measurement of the SG water level is based on the measuring of the differential
pressure between the measuring nozzles There are twe measuring ranges

narrow range upper nozzie 1568m
lower nozzle 802m

wide range. upper nozzle 1568m
lower nozzle 431m

From the differential pressure the water level is calculated, however, no correction
of the pressure and temperature dependent density is made The calibration point is
not at full load conditions but at a pressure of about 43 bar Thus the real water lev
el at full load operation is higher than the measured value

Besides, this measuring principle assumes static pressure between the nozzles The
pressure drop in the downcomer due to the circulation flow rated about four times
the feedwater rate (at full load) effects a measured level lower than the real level
Nocessarily, the wide range value is lower than i narrow range vaiue, because the
influence of the pressure drop in the downcomer is essentially greater than in the
narrow range.

One measurement from each cteam generator 1s available for the wigde range and
the narrow range, respectively.

- JEA10 FL901 narrow range

- JEA20 FL901 measuring range
- JEA3Q FL90 802 1568m

- JEA4D FLOON

respectively

- JEA10 CL851 wide range

- JEA20 CL85SY measuring range
- JEA30 CL8S 431-1568m

- JEA4D CLBSY

Siemens AG - Bereich Energieerzeugung (KWU)
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the pressure in the "turbine” (time dependent volume) 15 1in such an order of mag-
nitude (about 40 bar) that nu coitical flow conditions are reached

The BRANCH component, which simulates the main steam header, 1s connected
with two time dependent volume (TMDPVOL) components representing the mamn
heat sink (condenser) and the heat sink tor the steam supphed feedwater heat
ing, respectively The junction between condenser and header 15 a servo valve
(SRVVLV] component representing the six main steam Bypass valves, the other
junction from the headei s a ime dependent junction (TMDPIUN) component
with the time dependent flow rate of the steam extraction

During steady state calculation the main steam Bypass valve s closed Test calcu
lations revealed that in regard to time step, consideration of the steam extracuon
in the nodalisation 1s recommendable

The 6 main steam Bypass valves are condensed 1o one servo valve (SRVV!I V) com
ponent This servy valve s controlled by a proportional-integral controiter. Th,
the shghtly different behaviour of the six valves cannot be simuiated Asspecified
one valve ope s earher than the other five valves due to different calibration
This fact has a great impact in th e event ¢f small control deviations as in this case

Semens AG - Berewh Energieerzesgung (KWU)
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The flow rate in the $G dowr:zomer relative to the full load

feedwater flow rate (circulation rate) should be in the order 50
of 4 2, but with the best-estimated pressure drop coetficients

ascertained in the process of 5G design a value of about 5.0

results from the steady-state calculation

The steam generator water level (narrow range) was adjusted 1213 m
to 12.13 m, somewaht lower than the measured value JEA20

FLO01. This results in a wide tange level of 12 0 m and a col- 120 m
lapsed level of nearly 126 m 126 m

It was necessary to start with a lower qua'ity in the upper
zone of the downcomer than expected from the steady state
results 10 adjust the desired water level Test runs performed
to adjust the water level with a time-dependent feedwater
flow rate controlled by the water level produced no accept-
able results.

5 2 Results of the Transient Calculation

| Starting from the steady-state results, the transient run was performed It was as-
sumed that the reactor trip occurs 15 s after beginning of the run The transient run
was terminated when a real time of 330 s was reached Furthermore it was assumed
that the trip was not triggered by the protection system but manually

In the following discussion generally the measured values of the plantioop 20 are
compared with the values of the "Single Loop” cbtained by computation Some-
times, however, i 1s necessary to compare with measured values of Loop 10 or Loop
40 as discussed in Chapter 3

Siemens AG - Bereich Energieerzeugung (KWU)
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521 Description of the Dynamic Behaviour of the Plant after Reactor Tr.p
(Comparison of Calculation with Experiment)

From the reactor trip signal (input daca) ail absorber elements of the trip syster fail
into the core Therefare the reactor power is reduced very rapidely to the decay
power With the trip signal the measured value cf the ractor power JTK00 FX105 re
presents the fission power alona (s Chap 3.3.5) This fact 1s taken into consideration
by talculating the CNTRLVAR 855 for adequate comparison with measurement. As
to be seen from Fig. 4 1 good agreement between measurement and calculation is
obtained

The steam generator power follows the decrease of the reactor power somewhat
delayed due to the stored heat in the primary system

The decreasc of the reactor power also causes a decrease of the temperature rise
{see Chapter 3 3 4) because the reactor coolant pumps are still in operation. This de-
crease is ir. nood agreement with the measured value of Lcoo 10 (Fig 4.2). In the ¢’
culation the gradient is somewhat steeper than in the m~asurement, which may be
due to a slight damping of the measured value. The meacured value of Loop 20 is
not suitable for comparison

The coolant temperature at SG outiet (primary side) and with this also the tempera-
ture at RPV inlet approach the saturation temperature associated to the pressure in
the steam generator. The deviation of the stcady-state valuas between measure-
méent and calculation is due to the heat transfer correlations implemented in RELAPS
which are obviously not optimal for this problem

As mentioned in Chapter 3.3 3 the measured value of Loop 20 is always lower than
the corresponding ones of Loop 10 and Loop 40 Therefore the calculated results are
compared with the measured values of Loop 10

Apart from the different initial values the calculation is in good agreement with the
measured value JEC10CT812 (Fig 4.3)

Due to the decrease of the reactor power and the temperature rise, respectively, the
RPV outlet temperature decreases, too. The sum of RPV inlet temperature and tem

Siemens AG - Bereich Energieerzeugung (KWU)
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7 Summary and Conclusions

The comparison of the results of RELAPS/MOD?2 calculations with the commissioning

test results shows very good agreement between measurement and calculation in
general.

The only significant deviation between calcula®  and measured values is the RPV
iniet temperature coming from heat transfer correlations in RELAPS/MOD2 not opti-
mized for this problem Furthermore, for a short neriod a deviation exists between
the calculated and measured value of the SG water level about 15 s after beginning
of the transint, which 5 assumed to be due to the separator model in the G model

In general, a critical review of the measured values s needed before comparing
them with calculated results. A deviation of calculated values from measured data s
not necessarily resulting from a bad calculation or not optimize. modelling, but per
haps due to a faulty measurement or the measurement is affected by instrumenta-
tional short-comings and charactenistics, resp. (for instance a damping of the mea-

surement) or the measured value is only at the upper o. lower limit of the allowed
uncertainty range.

Siemens AG - Bereich Energieerzeugung (K\WU)
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8 Comparison with Recalculations with another Transient Code (JLOOP)
8.1 Brief Description of NLOOP

The multiple-loop computer code NLOOP 1s employed to investigate the dynamic
behaviour of PWR power plants in the event of in-service upsets and acadents in
the field of transient analysis the NLOOP code is the standard design and analysis
tool of SIEMENS-KWU i the German licensing procedure The range of application
can be seen from Table 8.1

The code contains models for major components of the primary and secondary side,
for important ausiliary systems and for the essential control, limitation, protection
and interlock logic.

The range of components and systems normally considered for transient analysis of
a KWU PWR plant is presented in Table 8 2.

The fluid in the primary coolant system is treated as he 1ogeneous Temperature
non-equilibrium s allovzed in the pressurizer, steam generators, feedwater tank and
in the reactor pressure vessel head The one-dimensional censervation equation of
mass and energy are integrated by an explicit numerical method. Node/flow path
networks are used to model the flow rates in the primary coclant loops aid in the
main steam and feedwater systems.

Adaptation to different plants is by modification of the input data and replacement
of some modules, especially in the field of instrumentation and control system

In the following, the main characteristics of the NLOOP code are listed:

- Point kinetics model

- Average coolant channel

- All kinds of reactivity effects can be simulated including recriticality after shut
down

- reactor coolant loop, incl. piping, RCP, SG, RPV, reactor pressure vesse! head

- pressurizer

- heat transfer in G

- natural circulation mode

- backflow in loops

Siemens AG - Bereich Enernieerzeugung (KWLU)
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- piping system on the secondary side (feedwater. main steam) incl valves
- feedwater supply system

- turbine/bypass

« allimportant 1 & C

- relevant auxihiary systems including valves and controls

- reactor protection system

- safety systems

Two main restrictions to be mentioned are

1

The coolent within the primary coolant aircurt is treated as homogeneout There-
fore, LOCA acaidents for which phase separation effects are determining factors
should not be caiculated by NLOOP

As a point kinetics model for the fission power i1s used, the core power distribu-
tion preset by input data remains unchanged during the calculation Conse:
auently, any reactor power distribution control and imitation system actions a‘e
not considered.
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Normal Load ramps/Load steps
Operation o
Operation Upset Turbine trip/Load rejection/Reactor scram/Failure
Operz..on of reactor coolant pumps/Malfunction of auxih-
ary systems
Reactiviy Start-up faultRod insertion/Rod drop/Rod with
Disturbance |drawal/Rod ejection/Boron dilution
Disturbaiice | Inadvertent opening of bypass station/Turbine
of Heat trip without rod drop or with bypass slation un
Remgval available/Loos of auxiliary power supply/Inadver
Disturbances teit closing of main steam isolation valves/Mal-
and Accidents function of teedwater supply
Loss of Sec Inadvertent opening of MS safety or relief valves/
ondary Side | MS .ne break/Feedwater line break
Coolant
Loss of Prim- | Steam generator tube rupture/inadvertent open-
ary Coolant  |ing of pressurizer valves
TLA‘«TWS Loss of heat sink/Loss of heat sink and auxihary
power supply/Max increase it MS flow/Max re-
specials duction in ‘eedwater supply/Max reduction in re-
actor coolant flow/Max. reactivity insertion/inad-
vertent opening of primary safety valve/Max sub-
cooling caused by feedwater supply
Table8 1  Applcation of NLOOP
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Thermohydraula Systeas instrumeatanon and Control
Primary Secondary Control l Lmitation Protection imeriocking
Loniant treut BS hne system Coclant temp Beactor power Reactor s ram  jof a8t pmgiated
BPY with core : ator Coolant pressure | Rod movement Sateqgurad ST COmpo
coolant bnes - bypass stauon Pressurizer water  §Rod msertion nents
- cooiant pumps nwolation valves evel Coolant inventary
pressurnizer rehiefrnatery vaives turtnre . pressturetemp
relaet tank Feedwater system generator grad
Volume tontrot icondenser) feedmater
system fesdwater tank
Eatra borating teedheaten 3
system PuUmMps. vaivey
JChercal feeding | Emorgency feedwater
System
Fmergency core ,
conhing system
Steam generator
Table 82  Scope of Semslation m NLOOP
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: 82 Comparison of Analysis Results between NLOOP and RELAPS on the |
Basis of a Reactor Trip Transient |

Within the terms of reference of
“Code Assessment Agreement” |

between the United States Nuclear Regulatory Commission (USNRC) and the Federal
Minister of Research and Technology (BMFT) of the Feceral Republic of Germany, a
post-t¢ & . vleulation was performed at SIEMENS-KWU using the computer code

RELAPS/MOD2
for the test
“Re..o1or Trip at Full Load (D-100-301)"

performed during commussioning of the Philippsburg 2 nuclear power plant A post-
test calculation was also performed for the same test using the SIEMENS-KWU devel-
oped code

NLOOP

The results obtained from use of #ach of these codes were compared with the results
ot the commissioning tests.

The results of this comparison can be summarized as follows

The two computer codes NLOOP and RELAPS yield almost identical results, which
match up very well with the results of actual testing

in RELAPS, the main steam pressure rises somewhat more steeply than in NLOOP,
and thus matches up very well with the pressure measurements during the test
(pressure rise from about 66 bar to 80 bar in 6sin RELAPS and in 85.in NLOOP)

The initial value for the RPV inlet temperature in RELAPS shows a distinct discrepan:
cy from the test reading, it was not possible to match the RELAPS result with the test
result under the terms o the steady-state computation This discrepancy likewise in-
fluences the initial values of the RPV outlet temperature and the average coolant

temperature. Thisin turn affects the transient history of the coolant pressure, which

Siemens AG - Bereich Energieerzeugung (KWU)
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shows good agreement with the test results only by comparison, sinc e the error due
to the high value for the average coolant temperature is compensated by the fact
that the coolant flow extraction by the pressurizer level control system is not mod-
elled by RELAPS/MOQD2 input

The RELAPS/MOD2 comzutation shows for steam generator water level a minimum
follc. ed by a pronounced maximum which was .ot observed either during the
commussioning test of in the NLOOP calculation This maximum appeass unrealistic
Both programs agree well on the minimum in the long-term history, both computa-
tions diverge from the actual test results, aithough RELAFS remain (los>f to the re-
sults measured.

Tosum up, it can be concluded that both codes are equally suitable for post test cal-
culation of this transient, as can be seen from the figures % 1 - 5 4 (transient history
of coolant pressure, RPV inlet temperature, MS pressure, SG water level)

e ———t—— —— e aea e
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