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ABSTRACT: 

After an introduction into the KNK plant itself, their 
historical development and their present situation, the 
instrumentation of the global and local supervision of the 
KNK II-core as well as the main safety-related i and c-
systems will be described. Special emphasis is laid on the 
instrumentation of the reactor protection systems and the 
shut down systems. 

After that some practices are reported about instrumentation 
behavior and lessons learned from the operation and main
tenance of the above mentioned systems. 

At last follows a short description of the special '.nstrunen-
tat:on for che detection of failed fuel subassemblies and of 
the plant data processing system. 
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1. INTRODUCTION / SUMMARY PIJVNT REVIEW 

The Compact Sodium Cooled Nuclear Reactor KNK is the only 
Fast Breeder Research and Prototype Plant in operation in the 
Federal Republic of Germany since more than 12 years (See 
also IAEA Reference Data Series No. 3, facility ref. No. DE 
27). It is mainly used for the testing of fuel elements, 
components and different instrumentation devices in view of 
the design and construction of the SNR 300. The latter is 
ready for operation since several years, but the licensing is 
in an impasse due to diverging opinions between the Federal 
and State Government. So the fuelling o£ the reactor has not 
started. 

KNK was ordered in the beginning of the 60ies and is owned by 
the Nuclear Research Center Karlsruhe (KfK). It was designed 
and built by the German company Interatom (IA) between 1966 
and 1971 and is operated by Kernkraftwerk-Betriebsgesell-
schaft (KBG), a subsidiary company of the local utility 
Badenwerk, on the basis of a contract with KfK. 

KNK was originally designed as a prototype Nuclear Power 
Plant to produce superheated steam for electricity produc
tion. Thus the heat of the reactor is transmitted on a high 
temperature level (about 525°C) by respectively two primary 
and secondary sodium loops to the water-steam-circuit. The 
thermal output of the plant is 58 MW, the electrical output 
20 MW. 

According to the goal of the plant the first core was a 
moderated one (KNK I). Circonium hydride was used as modera
tor and U02 with 6.75% enrichment as fuel. Operation started 
in 1971 and was finished in 1974. 

Between the years 1974 and 1977 the reactor was converted 
into a fast breeder prototype (KNK II) by the original 
construction company IA and again by order of KfK. 

The first KNK II loading (KNK II/l) was designed for 400 
effective full power days (EFPD). It started operation in 
spring 1978 and reached this target in summer 1982. 

The second loading (KNK 11/2) was designed for 455 EFPD, 
operation started in summer 1983, the designed burn-up was 
reached towards the end of 1987. 

Due to the good irradiation behaviour of the fuel the life
time of the second core will be extended up to 720 EFPD. The 
license to do so was given by the authority on December 1988. 
The licensing procedure itself lasted 4 years. 

The long shut-down period of one year (1988), however, caused 
a torque increase of the driving mechanism of the control and 
shut-down rods. Consequently the authority has not allowed to 
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start the plant so far. 

During 1989 a cleaning procedure for the driving mechanism by 
wetting respectively immersion the driving mechanism into 
clean hot sodium (400°C) was developed in order to dissolve 
the oxidated sodium deposits. By this way a very useful and 
effective cleaning method was found. 

Now the plant is ready for start-up, but once again we are 
waiting for the agreement of our local authority, the State 
Government of Baden-WUrttemberg. There should be no more 
obstacles because in these days the Federal Reactor Safety 
Comittee was in favour of our measures taken to monitor the 
control resp. shut-down rod driving mechanism and to prevent 
future oxidation of deposited sodium aerosols (Fig. 1: KNK 
plant photograph). 

2. GLOBAL SAFETY RELATED REACTOR CORE INSTRUMENTATION 

The KNK IT Core is monitored as a whole by measuring the fol
lowing parameters: 

- neutron flux $ 
- primary sodium flow rate Fp 
- reactor vessel sodium level L 
- reactor vessel sodium inlet temperature 8i« 
- delayed neutron emitters fcca.i 
- primary vessel leakage Lv 
- common primary sodium inlet duct leakage hs.^ 

All parameters are measured redundant beginning with the 
sensor up to the signal processing within the reactor protec
tion system. Besides the twofold neutron flux start-up 
measurement all other meassurements are threefold redundant. 

The electrical supply-system is just as threefold redundant 
as the measuring systems. 

The KNK II Reactor is equipped with two redundant and diverse 
shut-down systems (5 respectively 3 shut-down rods) and, 
since the conversion from KNK I to KNK II, with two diverse 
protection systems. The first (older) system was built by the 
German company AEG, the second one by Hartmann and Braun 
(H+B). 

The tables No. 1 through 9 in the appendix identify the 
different channel groups, their equipment, the trigger 
signals and levels, the trip signals and special features. 
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3. LOCAL SAFETY RELATED REACTOR CORE INSTRUMENTATION 

The KNK II fuel subassembly (S/A) arrangement consists of two 
zones (see Fig. 2): the inner zone with 7 test S/A (test 
zone), containing mixed uranium-plutonium oxide, surrounded 
by 24 driver S/A (driver zone), containing enriched uranium 
oxide. 

The coolant flow through each S/A is calibrated by a throttle 
nozzle in the lower grid plate according to the expected 
power distribution. 

The main coolant flow is automaticly controlled by the 
reactor power output in the range of 30 through 100% rated 
power. Thus the temperature difference along the fuel S/A in 
the mentioned range is constant. 

Each S/A as well of the test as of the driver zone is equip
ped with 3 mineral insulated thermocouples mounted above the 
coolant outlet within an open guide tube. Before reaching the 
TCs the coolant flow passes a mixer unit and an inverse 
trumpet-like tube (see Fig. 3). By this way the temperature 
difference between the three TCs is minimized and the TC 
response time is as fast as possible. The TC itself has an 
outer diameter of 1.5 mm and is 5 to 6 meters long. 

12 TCs respectively are connected with one reference junction 
of 50°C. 

The tables No. 10 through 12 in the appendix identify the 
different crossing details of TC circuits to form channel 
groups for the reactor protection system. 

4. COMBINED SAFETY RELATED REACTOR CORE INSTRUMENTATION 

Besides the global and the local safety related reactor core 
instrumentation there are two combined instrumentations, 
where the trip signals are derived from the ratio of two 
single measurements. 

More details of these instrumentations are given in tables 13 
and 14 in the appendix. 

5. PLANT PROTECTION SYSTEMS 

Reactor plants are usually protected against incidents and/or 
accidents by the following protection installations: 
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- the reactor protection instrumentation (system), usually 
threefold redundant, protects the reactor core and its as
sociated components against damage and the environment 
against hazards, 

- the main component protection instrumentation, usually not 
redundant, protects in general the main components like 
pumps, heat exchangers, steam generators, feed-water 
systems, turbine, turbine-generator etc. against damage, 
and 

- the plant process svstem protection instrumentation, 
usually twofold but out of two different measurements, 
protects not only the reactor process systems but also the 
environment against hazards. 

5.1 THE KNK II REACTOR PROTECTION SYSTEM AND ITS ACTIVE 
SAFETY FEATURES (SAFETY SYSTEM) 

The aim of the reactor protection system within the plant 
safety system is the initiation of all measures to keep the 
effects of an incident or accident within predetermined 
limits. Thus the main purpose is the prevention of the 
release of radioactive substances. These substances are 
normally kept back by 

- the cladding of the fuel pins 
- the primary envelope (primary sodium coolant and argon 
cover gas systems) 

- the containment building. 

In order to keep these barriers entire, the protection system 

- shuts and keeps down the nuclear reaction 
- maintains the post heat removal 
- initiates the closure of the containment building. 

As already mentioned the KNK II has two independant protec
tion systems. The first system controls the whole plant, the 
second system controls only the reactor area i.e. the reactor 
core and its associated systems (the second system was fitted 
back during the conversion of the KNK into a fast reactor). 

The logic of the first protection system is a dynamicly 
pulsed and self-checking solid-state system (AEG - logipuls). 
The logic of the second protection system is a quiescent 
current relay system with a superimposed automatic solid-
state checking system (H+B). Thus the two systems are redun
dant (because threefold) and diverse. 

The first shut-down system actuates 5 shim-saftey rods with a 
magnetic coupling device in the upper part of the rod (shut-
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down reactivity 17 $). 

The second shut-down system actuates 3 flexible (articular) 
safety rods with a coupling device in the lower part of the 
rod, i.e. under sodium. The release mechanism is mounted in 
the upper part of the rod (shut-down reactivity 6.1 $). 

The normal absorber material in both systems is boron carbide 
(B„C). 

The drop time of all shut-down rods is in the range of 700 ± 
100 ms. The separation of the coupling device and the coup
ling release of the second shut-down system allows the 
measurement of the release time. The measured values are in 
the range of 40 ± 10 ms. By this way the release mechanism is 
checked for proper operation. 

The trip signals of the global and local instrumentation to 
shut down the reactor are already discussed in the previous 
chapters (tables 1 through 14). 

Besides these trip signals there exist still 4 trip signals 
initiated by the sodium level measurement within the two 
primary pumps. All these signals are 1 out of 1 due to lack 
in space. Two of the signals are derived from the continuous 
level measurement, the two other signals come from the 
discontinuous alarm signal: 

- sodium level within the primary pumps low 
(2 times 1 out of 1 per pump) 

Furthermore there exist 3 additional trip signals from the 
secondary sodium and the water-steam system. These trip 
signals are: 

- pressure in the expansion tanks of the two secondary 
systems low, 3 pressure measurements, 
trip signals (2 times 2 out of 3, trip level p £ 4.2 bar) 

- one of the four rupture disks in the two secondary loops 
broken (leakage detectors, 4 times 2 out of 3, trip levels 
L * 0) 

- steam pressure low and channel deviation high (3 pressure 
measurements, trip signal 2 out of 3, 
trip levels p < 60 bar and j| A p| t 4 bar) 

Besides the actuation of the shut-down rods the protection 
system initiates the following additional measures: 

- shut-down of the primary pumps by trip signals from the 
channel groups 4.2, 5, 8, and 9 (primary flow rate 
variation, reactor vessel sodium level, primary vessel 
leakage and sodium inlet duct leakage). 
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- shut-down of the faulty loop (closing of valves) by trip 
signals 

- from the channel group 4.2 (primary flow rate varia
tion) together with a signal "sodium within the primary 
cell" 

- from the channel group 5 (reactor vessel sodium level 
low) together with the same signal as before 

- from the channel group 5 (reactor vessel sodium level 
high) together with the signal "sodium level secondary 
expansion tank low" 

- closing of the containment building by a trip signal from 
the channel group 3.1 (neutron flux) 

- together with alarm signals from radioactivity mea
surement in the containment 

- tog«-Uier with the smoke monitoring system of the 
containment. 

5.2 THE KNK II MAIN COMPONENT PROTECTION INSTRUMENTATION 

As already mentioned the task of this instrumentation is to 
protect essential (and expensive) components against damage. 
This is usually done by monitoring the proper function of 
these components and their auxiliary systems i.e. lubrication 
of bearings, fluid levels in essential tanks, electrical data 
of the different supply systems etc. 

In this case KNK is equipped like similar plants. 

5.3 THE KNK II PLANT PROCESS SYSTEMS PROTECTION INSTRUMENTA
TION 

KNK is equipped with several measuring devices indicating 
system failures (i.e. sodium leakage) and coincident alarm 
signals which initiate protective actions. These actions are: 

- trip of the reactor 

- trip of primary and secondary pumps 

- activation of different valves to enclose the defective 
main component and to start the emergency core cooling by 
natural convection. 
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Tabel 15 in the appendix shows the initiating events for 
these functions in a matrix. 

6. SAFETY RELATED INSTRUMENTATION BEHAVIOR 

Within the past 10 years of KNK II operation - this are the 
years 1978 through 1987 - we recorded totally 54 "unwanted" 
scrams. 

The time distribution is shown in Fig. 4 in the appendix. 

Figure No. 4 reads as follows: 

15 out of 54 trip signals were caused by negative reactivity 
changes due to gas bubbles travelling through the core after 
some fuel-element and grid-plate modifications together with 
the conversion of KNK into a fast reactor (KNK II). The 
problems could be solved by changing the grid plate throttle 
device. Additionally the licensing authority could be con
vinced to bridge this scram signal because of the redundant 
individual and integral temperature instrumentation of the 
test S/As by the coolant outlet measurement. (In the KNK Il/l 
core the signal was bridged from 30.04.81 through 31.01.82 
and in the KNK II/2 core from 16.06.83 up today.) 

15 out of 54 trip signals were "true" signals, very often 
caused in the first years of operation together with experi
ments or by the operators together with the testing of the 
equipment. (In the first years operators usually are not so 
familiar with the plant and their response to operator 
induced changes.) 

Only 3 out of 54 trips were caused by mechanical failures of 
a turbine bearing resp. in the lubrication of a primary pump. 
The rest of 21 trip signals were caused by electrical and/or 
electronic equipment or component failures. 

The analysis of these 21 trips shows: 

- 9 trip signals were initiated by only 4 channel groups 
of the reactor protection system, mainly by the signal 
"channel deviation" and 

- 12 trip signals were initiated by single alarm signals 
of different systems or component protection instrumen
tation. 

The tables No. 16 through 18 in the appendix give more 
details of these trips. 

The analysis of the different reactor trip signals allows the 
following statement: 
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- The availability of the KNK II reactor protection system 
is very high, the system itself caused no spurious 
scrams. 

- Trip signals were very often caused by failures of the 
power supply respectively the speed control unit of the 
sodium pumps (9 failures resp. 42% of electrical fai
lures) . 

- Some trip signals were initiated by component failures 
of not-redundant equipment or by electrical interference 
problems. 

Lessons learned are: 

- If possible use threefold redundant measurements for the 
initiation of reactor trip signals i.e. level control of 
pumps and tanks. 

- In case of equipment malfunction spend enough time for 
exact failure analysis and checking. (In many cases 
tables 16 and 17 show the same failure event repeated in 
a short time distance!) 

- In case of replacement of defective items by new ones 
carry out extensive tests on the new component i.e. 
external temperature cycling. 

7. THE INSTRUMENTATION TO DETECT FAILED FUEL S/As 

Fuel S/As with cladding failures normally start with a 
release of a fraction of fission gas into the coolant, and 
subsequent into the cover gas. There the fission gases xenon 
and krypton are monitored. After some time the cladding 
failure increases and solid fission products are released 
into the primary coolant. This can be detected by monitoring 
delayed neutron emitters. This is done at the KNK as already 
described together with channel group 7. 

The KNK has no further internal detection devices as descri
bed above. Thus the area of the failed S/A is defined by 
comparing the DN-signal levels of the two loops. By this way 
the core-half with the failed fuel S/A is defined. Later on 
the neutron flux of the reactor is tilted by withdrawing and 
insertion of single shim-rods with the reactor in operation 
with 15% rated power. During this procedure the DN-signal 
levels are observed. The magnitude of variation of the 
signals correlated with the temperature difference of the 
S/As in the neighbourhood of the moved shim-rod gives a "hit-
list" for the potential defective items. At last the poten
tial failed S/As are drawn into the fuel handling machine. 
There the gas flow and the pressure is lowered, the tempera-
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ture rises and the defective item emits fission gas which can 
be detected by a ̂ --spectrometer. Up to now 7 failed fuel 
S/As were detected with this ex-core hot dry sipping method 
and replaced. 

For the future the installation of an in-core hot wet sipping 
system was designed and built by INTERATOM in the framework 
of the R and D program of KfK and will be tested soon. 

8. DATA PROCESSING AT THE KNK II 

Together with the modification of KNK into a fast reactor 
(KNK II) a data processing system (AEG 60-50) was installed. 
It is a free programmable, on-line open-loop computer. 

In the control room are installed: 

- 1 control console 
- 2 record printers (plus 1 line printer and 1 record printer 
in the computer room) 

- 2 data displays (1 monitor for alphanumeric process 
l n-fm~m.a+* l r»n 1 v i r i o n H i c n l a w ^ information, 1 video display) 

The process computer has no safety-related function, it is 
only used for the information of personnel in the control 
room. 

The CPU has a 32 k core memory, the external data storage 
consists of 2 magnetic drums (512 k each) and 1 magnetic tape 
(800 bpi). 

The system generates 6 types of protocols: 

SSP Malfunction and control procedure protocol. 
It is activated anytime and records nearly everything 
which gives a binary signal. 

SAP Malfunction and signal sequence protocol. 
This program is activated by special signals or 
coincidences of these. 

STP Hourly record of selected operating data. 

MVP Program for the recording of the transient behavior 
of up to 15 analogous signals with 9 possible scan
ning modes from 1 sec to 20 min. 

MRP This program allows to ask for analogous operating 
signals in retrospective. It also can be used as a 
"post mortem" protocol. 

MVS This program brings up to 12 analogous signals to the 
screen with a scanning mode of 10 seconds each. 
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Further there are some special programs realised: 

DEPRO A program surveying the steam generator behavior 

BEPROR A program for surveying the temperature of core 
S/As. 

9. APPENDIX 

Figures 1 through 4 

Tables 1 through 18 
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TAB.IJ START-UP NEUTRON FLUX MEASUREMENT 

CHANNEL GROUP: 

neutron flux measurement *, start-up range 

EQUIPMENT: 

twofold 
2 BF3 counters, log. amplifiers, differential amplifiers 

TRIGGER SIGNALS: 

1 out of 2: neutron-flux level high 

TRIGGER LEVELSs 

50% of last decade (5 decades) 

TRIP SIGNALS: 

first shut-down system (1. SDS) 

SPECIAL FEATURES: 

BF3 counters are withdrawn during start-up 
No withdrawal of control rods, if measuring signal < 10 cps 
The trigger signals are switched to "2 out of 2", if the high 
range channels are in proper operation (* £ 10% **•) 
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TAB.2: MEDIUM NEUTRON FLUX MEASUREMENT 

CHANNEL GROUP: 

neutron flux measurement *, medium range 

EQUIPMENT: 

threefold 
3 boron coated, ^-compensated ionization chambers, 
log. amplifiers, differential amplifiers 

TRIGGER SIGNALS: I 
2 out of 3 : 1) neutron flux level high 

2) reactor period short 

TRIGGER LEVELS: 

1) * > 20% *, 
2) T ilO s 

TRIP SIGNALS: 

first shut down system (1. SDS) 

SPECIAL FEATURES: 

The trigger signals are by-passed, if the high-range 
channels are in proper operation (* 2 10% *„) 
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TAB.3: HIGH NEUTRON FLUX MEASUREMENT 

CHANNEL GROUP: 

neutron flux measurement *, high range (power range) 

EQUIPMENT 

sixfold 
6 boron coated, uncompensated ionization 
chambers, linear amplifiers 
3 ionization chambers are combined to one channel group 
respectively 

TRIGGER SIGNALS: 

2 times 2 out of 3: neutron flux level high 
2 times: channel deviation in each channel group 

TRIGGER LEVELS: 

1) $ Z 112% $„ and |Aft«,h| > 20% *r 

2) * > 120% $n and | A * o h | > 6% * , 

TRIP SIGNALS: 

1) first shut down system (1. SDS) 
2) second shut down system (2. SDS) 

SPECIAL FEATURES: 

The channels of either channel groups are continuously 
checked on each other. In case of substantial deviation 
a trip signal is caused. 

All 6 channels are additionally equipped with reactivity 
meters which give only alarm signals (-5(£ resp. -7.3e5) 
but no trip signal. 
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TAB.4: PRIMARY SODIUM FLOW RATE MEASUREMENT 

CHANNEL GROUP: 

primary sodium flow rate measurement Fp 

EQUIPMENTS 

1 magnetic flow meter respectively in either primary loops 

electrodes, cabling, and electronic devices threefold 
electrical summation of the two measurement signals 
differential amplifiers 

TRIGGER SIGNALS: 

]2 out of 3: 1) flow rate low 
2) variation of flow rate high 

|2 times: channel deviation in each channel sub-group 

TRIGGER LEVELS: 

1) FP £ 20% and | ( A F P ) O H | | £ 10% F*. 

2) fdFp/dtj > 1 %/s 

TRIP SIGNALS: 

1) and 2): first shut down system (1. SDS) 
the smaller channel deviation (2: 4%) activates the 
second shut down system (2. SDS) 

SPECIAL FEATURES: 

The channels of the channel group are continuously 
checked on each other. In case of substantial deviation 
a trip signal for both shut-down systems is caused. 
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TAB.5: REACTOR VESSEL SODIUM LEVEL MEASUREMENT 

|CHANNEL GROUP: 

'reactor vessel sodium level measurement L 

EQUIPMENT: 

[threefold 
3 inductive sensors with continuous measurement and 
I two independant level signals each (twin coils) 

|TRIGGER SIGNALS: 

4 times 2 out of 3s 

TRIGGER LEVELS: 

1)2 times sodium level low 
2) 2 times sodium level high 

1) Lx 5 1177 mm 
L2 <, 1127 mm 

2) Li 2: 2110 mm 
L2 2. 2160 mm 

level indication during reactor operation (500°C sodium 
temperature) equals to 1900 ± 50 mm and during shut down 
(200°C sodium temperature) to 1450 mm 

TRIP SIGNALS: 

Lx initiates the first shut down system 
L2 initiates the second shut down system 

SPECIAL FEATURES: 

The trigger pulse La. comes from the independant level signal, 
the trigger pulse La comes from the continuous level measure
ment. 
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TAB.6: VESSEL SODIUM INLET TEMPERATURE MEASUREMENT 

CHANNEL GROUP: 

reactor vessel sodium inlet temperature 8 A 

EQUIPMENT: 

threefold 
3 thermocouples (TC) in each primary loop 
at the outlet of the intermediate heat exchangers 

|TRIGGER SIGNALS: 

2 times 2 out of 3: sodium temperature level high 

| TRIGGER LEVELS: 

9j.„ * 380°C and |A6i.n| & 70 K 

TRIP SIGNALS: 

first shut down system 

SPECIAL FEATURES: 

The channels of either channel groups are continuously 
checked on each other. In case of substantial deviation 
a trip signal is caused. 
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TAB.7s DELAYED NEUTRON MONITORING 

CHANNEL GROUPx 

delayed neutron monitoring $<a„i 

EQUIPMENT: 

2 times threefold for each loop 
12 lead shielded He-3-counters (2 counters in parallel for 
each channel) mounted at the hot leg of the two loops within 
a polyathylene bloc, 
6 amplifiers, discriminators and log. ratemeters 

TRIGGER SIGNALS: 

2 times 2 out of 3: count rate high 

ITRIGGER LEVELS: 

|*«*-i £ 2000 cps and J/iS.a.iJ i 800 cps 

STRIP SIGNALS: 

[first shut down system 

SPECIAL FEATURES: 

The channels of either channel groups are continuously 
checked on each other. In case of substantial deviation 
a 3 min delayed trip signal is caused. 

The trip levels correspond with about 80 - 90 cm2 effective 
free fuel surface exposed to sodium. 

The travelling time from the core up to the detectors is 
less than 30 s under normal operation conditions. 
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TAB.8: PRIMARY VESSEL LEAKAGE 

CHANNEL GROUPr 

primary vessel leakage detection I»v 
. 

EQUIPMENT: 

threefold 
3 leak detectors (electrical conductivity of sodium) 
mounted in the lowest part of the safety vessel, in 
which the primary vessel is installed (double-walled-vessel) 

TRIGGER SIGNALS: 

2 out of 3: sodium in the saftey vessel 

TRIGGER LEVELS: 

Lv + 0 

TRIP SIGNALS: 

first shut-down system 

SPECIAL FEATURES: 

The cabling is terminated by a resistance to check 
discontinuity. 
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TAB.9: INLET DUCT LEAKAGE 

|CHANNEL GROUP: 

common primary sodium inlet duct leakage 
detection Lid 

EQUIPMENT: 

threefold 

13 inductive leak detectors (twin coils) mounted in the lowest part of the double walled tube 

TRIGGER SIGNALS: 

2 out of 3: sodium in the system 

TRIGGER LEVELS: 

Lidi + 0 

TRIP SIGNALS: 

first shut-down system 

SPECIAL FEATURES: 

continuous functional test by measuring the transfer factor 
of the twin coils 

L 
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TAB. 10: S/A SODIUM OUTLET TEMPERATURE 

CHANNEL GROUP: 

individual S/A sodium outlet temperature 
measurement 6A Ŝ JV 

10 

EQUIPMENT: 

threefold 
3 TCs above each S/A of the test and the driver zone, 
reference junction, amplifiers 

TRIGGER SIGNALS: 

2 out of 3» coolant outlet temperature high (all S/A) 

TRIGGER LEVELS: 
9*. S/A 2: 6A„ + fA. ZS$ + Si. (sliding) 

ou-b -1 ™ 6i.„] +8* 

Two mean values of the difference temperatures ^8 as well 
of the test zone (7 S/A) as of the driver zone 
(12 selected S/A) are used to form the trigger levels. 

The power distribution coefficient f* is calculated accor
ding to the neutron flux distribution and the sodium flow 
calibration for each S/A. It may be corrected at 40%, 80% 
and 100% power operation due to the measured values. 

The actuating distance Si. is set to 30 K for normal S/A. It 
may be adjusted to experimental S/A if necessary. 

TRIP SIGNALS: 

first shut-down system 

SPECIAL FEATURES: 

The trigger levels 9A S/JV follow the variation of the coolant 
inlet temperature ein and the mean value of the temperature 
difference of the coolant betwaen inlet and outlet of the two 
groups "test S/A" and "selected driver S/A" respectively. Thus| 
the trigger levels follow power variations (sliding trigger 
levels). 
In the power range from 30% through 100% the temperature dif
ference along the S/A is maintained nearly constant by auto
matic control of the main coolant flow according to the 
power output of the reactor. 
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TAB.11: TEST S/A SODIUM OUTLET TEMPERATURE 

CHANNEL GROUP: 

individual sodium outlet temperature measurement \ 11 
of the S/As of the test zone 9«..e s/A 

EQUIPMENT: 

threefold 
3 TCs above each S/A of the test zone (identical TCs to 
No.10), reference junction, amplifiers 

TRIGGER SIGNALS: 

2 out of 3s coolant outlet temperature high (test S/A only) 
channel deviation in each channel group 

TRIGGER LEVELS: 

6i t,»t SAA 2 8i <-*!= + 30 K (fixed) and [ A9i| * 28 K 

6i o»io = coolant outlet temperature of S/A* calculated for 
100% rated power of the reactor 

TRIP SIGNALS: 

firt shut-down system 

SPECIAL FEATURES: 

The trigger level stays constant if the power output is 
changed (fixed trigger levels). 
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TAB.12: INTEGRAL TPST ZONE SODIUM OUTLET TEMPERATURE 

CHANNEL GROUP: 

integral sodium outlet temperature measurement of I 12 
the test zone 9t..t and its variation dG-t.̂ /̂dt 

EQUIPMENT: 

threefold 
3 TCs above each S/A of the test zone (identical TCs to 
No. 10), reference junction, amplifiers, differential 
amplifiers. The three TCs are selected from different 
S/As and combined to one channel group. 

TRIGGER SIGNALS: 

2 out of 3: 
1) coolant outlet temperature high 

channel deviation within the channel group high 

2 times 2 out of 3: 
2) variation of coolant outlet temperature high 

TRIGGER LEVELS: 

1) e t — t £ eS/-jv ..i.et + 36 K (fixed for 100% rated power) 

and 1Z\9 SA nalect > 40 K 

2a) \d et«,»t/dt| > 3 K/min if |Ae«—«| > 30 K 

2b) |d 8*..*/dt| > 2 K/min if |£e««.«| > 20 K 

JThe trigger signals 2a) and 2b) are selected from 2 times 
3 different S/As. 

TRIP SIGNALS: 

1) and 2a): second shut-down system 
2b): first shut-down system 

SPECIAL FEATURES: 

To eliminate scrams caused by fast but in magnitude small 
changes of the outlet temperature the trigger signals to 
the first resp. second shut-down system are blocked for a 
small variation of magnitudes. 
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TAB. 13: RATIO OF NEUTRON FLUX AND PRIMARY 
SODIUM FLOW RATE 

CHANNEL GROUP: 

ratio high range neutron flux measurment vs 
sodium flow rate measurement i/~Ev 

EQUIPMENT: 

2 times threefold 
ratio of measurements according to table 3 and table 4 

TRIGGER SIGNALS: 

2 times 2 out of 3: ratio disturbed 

TRIGGER LEVELS: 

1) $/FE, i 1.12 
2) */Fp i 1.20 

TRIP SIGNALS: 

1) first shut-down system 
2) second shut-down system 

SPECIAL FEATURES: 

The primary flow rate measurement controls the trip signal 
of the neutron flux measurement. 
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TAB.14x RATIO OF PRIMARY AND SECONDARY FLOH RATE 

ICHANNEL GROUP: 

ratio of primary flow rate measurement vs, 
secondary flow rate measurement Fp/F. 

14 

EQUIPMENT: 

threefold 
1 magnetic flow meter in either primary loops (see tab.4) 
and in either secondary loops 
electrical summation of the signals respectively 

TRIGGER SIGNALS: 

2 out of 3: ratio disturbed 

TRIGGER LEVELS: 

lFp/F.1 £ 10% (F* - 1,1 . F.) 

TRIP SIGNALS: 

first shut-down system 

[SPECIAL FEATURES: 

The normal flow rate in the primary circuit is 10% higher 
than in the secondary circuit. 
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TAB. lb: MATRIX OF COINCIDBNT KNK II ALARM SIGNALS 
TO INITIATE PROTECTIVE ACTIONS 

1 ALARM SIGNALS 

VARIATION OF 
j PRIMARY FLOW 
RATE HIGH 

SODIUM LEVEL 
REACTOR VESSEL 
LOW 

SODIUM LEVEL 
SECONDARY 
EXPANSION 
TANK LOW 

SODIUM IN 
PRIMARY 
CELL 

X 

X 

SODIUM LEVEL 
REACTOR 
VESSEL HIGH 

X 1 X 

t 
PRESSORS IN I 
SBCONDART 
SODIUM X 
SYSTEM LOW 

SMOKE ALARM 
STEAM GENERA
TOR BUILDING 

X 

z 
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TAB. 16: TRTP STGNAT.S TNITTATRIl BY THE REACTOR PROTECTION 
SXSTEM. VVV. TO EXTERNAL COMPONENT FAILURES 

1 
DATE OF 
EVENT 

21/06/78 

26/05/81 
02/06/81 

28/07/81 
07/08/81 
24/03/86 
25/04/86 

06/11/84 
15/11/84 

INITIATING CHANNEL INITIATION 
CHANNEL GROUP CAUSED BY 

channel deviation 
8 o u t test S/A 

defect of two TCs of 
different S/As within one 
channel group 

channel deviation | electrical interference 
* delayed neutrons 1 signals on one channel group! 

change of flow-rate 

|dF/dt| 

change of S/A 
outlet temperature 
|de/dt| 

failure in the electronic 
control unit of a primary 
pump (speed control), 
2 x potentiometer defects, 
than 2 x transistor defect 
of an inductive unit which 
was used to replace the 
potentiometer 

failure in the automatic 
power control of the plant 
(water steam-circuit) 
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TAB.17: TRIP SIGNALS INITIATED BY SINGLE 
COMPONENT OR EQUIPMENT FAILURES 

DATE OF 
EVENT 

25/08/79 

10/01/80 1) 
09/02/80 2) 

TRIP SIGNALS INITIATED BY A SINGLE EVENT OR 
COMPONENT MALFUNCTION 

fuse blown in primary pump supply, 
shut-down of primary pump 

interruption in the excitation circuit of a 
rotating dc/ac converter, power interruption 
of one channel: 
1) trip signal of the neutron flux start up 

channel (1 out of 2) 
2) coincident trip signals: level low expansion 

tank and smoke alarm containment 

24/03/81 component failure in the sodium level measurement 
104/05/84 1 of a primary pump (1 out of 1)1, shut-down of 

primary pump 

27/10/81 failure of one BF3-counter-tube of the start-up 
neutron flux measurement (1 out of 2) 

08/07/83 1 failure in the electronic control unit of a 
08/07/83 primary pump, fuse blown, pump shut-down 
19/09/84 (see also 25/08/79 and table No. 16, 4 times 
12/10/84 1 similar event) 

31/10/83 3 short circuit of a relay within the 
2 out of 3 unit 

121/08/86 failure in the level measurement of the feed 
water tank, feed water pump shut-down, trip 
by hand 
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T A B . 1 8 : LIST OF TRIP SIGNALS CAUSED BY "TRUE EVENTS' 

DATB OF 
EVENT 

INITIATING EVENT 

01/04/79 4 > < * . l a y a d n a u t i e o n . high: 1. fuel S/A failure 

15/01/80 sodium level reactor vessel high 
(experiment with sodium level change) 

23/03/80 variation of outlet temperature S/A high 
(gas bubbles?) 

18/04/80 pressure expansion tank secondary sodium 
system low 

19/08/80 

05/05/81 
25/05/81 
24/11/81 

< f c * . J-a^ad n«\a-fe2ron . high: 2. fuel S/A failure 

variation of outlet temperature S/A high 
(gas bubbles ?) 

20/12/81 1 primary sodium flow-rate low, variation high 
man-induced failure during emergency diesel 
6upply testing 

26/06/83 $ power range high: measuring range 
not adapted during start up of reactor 

25/10/83 I power interruption of 110 kV line 

03/04/84 i channel deviation integral temperature 
measurement test S/A 
man-induced failure during testing 

12/04/84 steam pressure turbine low 
man-induced failure during start-up 

10/10/85 

29/04/87 

variation of temperature outlet S/A high 
instability of automatic power control 
in low power range 

P d a X a y e d n f t u t r o m high: 7. fuel S/A failure 
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10**x2 

— TC guide lube - 3TCs - ) ,5mm* 

TC installation detail | Scale 1> 1) 

trumpet - like tube 

mixer unit 

Scale 1:3.3) 

Pig.3 ; Uppec pent ol KN I * 6/A WI IR fb insleliatien faf 

Coolant outlet temperature measurement 
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number 
of trips 

10 _ 

m 

7 8 

^ 

m 

79 

W-

w m 

80 

reactor 
status : 

scram by 
reason 
of: 

• reactor 
zero power 

reactor 
power >10% 

^ 

8 2 

negative 
reactivity change 
(bridged since 1981) 

mechanical 
equipment 
failure 

electrical 
equipment 
failure 

n II n 
85 87 year 

Fig.4 : Number of unwanted reactor scrams 1978 - 1987 
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W. O. Steiger, Kernkraftwerk-Betriebsgesellschaft mbH 
D-7514 Eggenstein-Leopoldshafen 2, Federal Republic of Germany 

(west) 

prim, pump DN detector 2 

IHXT5I l o o p 2 

IHX loop 1 

-e— 
prim, pump DN detector 1 

(east) 

Configuration Apr. 89 

") 

• 

test fuel elements 

unmoderated driver 
elements 

moderated driver 
elements 

control-safety rods 
(1. system) 

safety rods (2. system) 

breeder subassemblies 
(radial blanket) 

reflector subassemblies 
(stainless steel/ZrHx) 

reflector subassemblies 
(stainless steel) 

KNKII core design 


