
The ddditi i of the boration/dilution automatic control device should 
make it pc iible to obtain fully automatic control of the unit during 
load variations. 

Thu-? the performance level of NSSS and turbine become now quite 
the same. This operational flexibility now allows any real-time 
modification of the load programme for the nuclear stations, enabling 
the operation responsible people to achieve optimum management of 
the generation-transmission system. 
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1 I n t r o d u c t ion 

The necessity for baekfitting existing C U I equipment 
in nuclear power plants arises as a result c£ new li
censing requirements being imposed or through a need 
for improved performance as experience with operating 
plants becomes available. 

These changes arise either because additional process 
variables need to i>e monitored; improved sensors need 
to be installed (to increase safety or operating mar
gin); more directl> sense the processes; or to address 
concerns in signal conditioning, control algorithms, 
control system strategy, or safety system design. 

This paper discusses examples of backfitting experi
ences on existing plants and some being developed for 
future improvements. 

2 Example of Improving Plant Operating Margin for PWJt 
MUlheim-Karlich Plant 
Every Secondary side heat balance core power estimate 
utilises feedwater mass flow as a parameter. This is 
normally implemented through a complete analog meas
urement string which accepts a Venturi differential 
signal, along with pressure and temperature, and then 
through a function generator or calculating module 
produces a signal proportion to mass flow: 

* " CVenturi/<P < T' P> • \ f ^ • 



This requires a number of modules and is limited in 
accuracy to-2 %. Modifying the data acquisition meth
od so that the £ P, P and T signals are measured di
rectly, and the mass flow digitally determined, pro
vides a measurement more than twice as accurate. This 
method reduces the uncertainty in determining core 
power from a secondary side heat balance from 1,8 % to 
O.B % of full power. 
In Germany the primary side enthalpy difference is 
normally determined with thermocouples which sense 
absolute temperature. On the Mulheim-Ka'rlich plant a 
differential temperature measurement was backfitted 
utilizing RTDs with one differential temperature 
transmitter. With this new measurement the uncertainty 
in the primary side heat balance was reduced from? 5 % 
to 1,2 %. Figure 1 presents the resultant improvements 
accomplished with these two backfitting changes. 
An Example of a Backfitting Requirement in an UTR 
During construction of THTR 300 (a gas cooled graphite 
moderated high temperature reactor power plant in 
Germany) a mass flow measurement in the primary system 
was required in an IAEA Safety Guide DB quality. This 
meant the measurement had to be direct and the raeas-
uring channels had to be designed in a redundant way. 
The six helium coolant circulators had already been 
fabricated, but not yet installed, when it became 
necessary to design a flow measurement. The circula
tors and their motors are under helium atmosphere 
within the prestressed concrete reactor vessel (PCRV) 
with the nominal operating conditions 

coolant temperature T = 24S *C 
- pressure p = 40 bar 

the total design mass flow of one of the six 
circulators is q n » 8,2 kg/s = 29550 kg/h. the volume flow is q n = 165 574 m /h. 

The problem was to locate a position within the prim
ary system, where the whole mass flow passed and to 
install a retrofittable measurement technique. A posi
tion was found in the radiation shield plugs between 
the core and the circulators. Each of them has an in
ner ring-formed input channel and an output channel 
divided into six sectors along an outer ring. 
Pitot tubes could not be used because of unknown 
streaming and pollution by graphite. Therefore the six 
output channel sectors were modified to include clas
sical Venturi tubes with a characteristic of 
opening m = (d/n)^ = 0,595 to produce a ^ p of 
38 mbar at design flow (Figure 2). 

Because the circulators were not yet installed it was 
possible to calibrate the venturies with forced air 
f ow. In order to obtain a similar to operational 
Reynolds number, the calibration mass flow exceeded 
the mass flow in operation. In-place testing during 
later start-up testing confirmed that the measurement 
met the design goals. 
In this way in a rattier late state of plant construc
tion 6 x 2 x 3 Venturi tubes could be provided to 
satisfy all requirements, which were put to reactor 
safety system sensors: two measuring systems with 
three tubes at each circulator. 

4 An Example of PWR Possibility for Future Backfittinq -
Saturation Temperature Detector (STU>) 
With the experience gained from the TMI-2 accident it 
became clear it was necessary to better monitor the 
thermodynamic state of the primary system coolant in a 
PWR. 
Although inadequate core cooling exists only when the 
core is actually (partially) uncovered, a risk arises 
if there is no longer a saturation margin and the 
reactor coolant enters into a two-phase condition with 
natural circulation interrupted. 
Since then many measurement concepts have been propos
ed to measure the appropriate system parameters such 
as approach to saturation (subcooling margin). Al
though instrumentation has already been backfitted 
into operating plants, or the design for plants under 
construction, this state of the art instrumentation is 
indirect and inaccurate in such a way that operators 
must ambiguously infer existing system conditio.is. 
In response to this a new saturation temperature de
tector has been developed with an accuracy and sensi
tivity to unambiguously indicate to the operator if he 
is approaching a condition of a risk of inadequate 
core cooling. 
The saturation temperature of a PWR to date is not 
directly measured but determined from a pressure meas
urement. Inaccuracies in the pressure measurement, 
along with the comparison to an existing primary tem
perature measurement, can introduce errors in deter
mining margin to saturation of up to 8 K under normal 
conditions, and of 10 K up to 30 K under accident con
ditions (see Figure 3). 



The saturation temperature detector (STD) described in 
[1] and [2] provides a means to directly measure the 
saturation temperature of a system, independent of its 
thermodynamic state, and determine margin to satura
tion with a measurement uncertainty of less than a few 
degrees. 
Inside a small pressure vessel (Figure 4), which is 
connected to the reactor coolant via a pressure sens
ing line, the medium (primary system water) is heated 
to near saturation by means of heater in order that 
the vessel remains full but within the margin to sat
uration measurable by a Steam Water Interface Detector 
[1. 3] (SWIO). The heater power is controlled to main
tain an equilibrium between heat input and heat losses 
while maintaining the system (STD) slightly subcooled. 
The SWIO used for this purpose distinguishes (the me
dium at its location) between steam, subcooled water, 
and saturated water. In addition the SWIO directly 
measures the subcooling margin (within the STD) when 
less than 5 K subcooled. The temperature which is 
measured in the water volume of this pressure vessel 
(by means of a resistance temperature detector) is, 
after correction with the SWID signal, the saturation 
temperature (T i a t) of the reactor coolant at the coiresponding pressure (P). 
To control the STD to maintain a full and nearly sat
urated system under steady state, the SWID detector is 
installed at a certain distance above the heater. As 
shown in figure 4 heating energy is controlled in such 
a way that it just compensates for the heat loss 
through thermal radiation off the surface of the pres
sure vessel. If the STD is overly subcooled, full 
heater power is provided until a saturation margin of 
only a few K exists. With this condition the heater 
energy is automatically reduced to the necessary equi
librium level. In this operating mode the heater power 
is dependent upon pressure and margin to saturation. 
With stationary reactor coolant pressure and with the 
heater energized the water level will remain full. If 
the pressure in the primary system drops significally 
the water level decreases as the water flashes due to 
the enthalpy change and evaporation due to heat input 
from the walls. 

In the event of rapid pressure transients (or anytime 
a steam/water mixture is detected) the heater is turn
ed off, and the pressure vessel radiates off heat and 
becomes cooler. The steam bubble then becomes smaller, 
the pressure drops, cold coolant from the pressure 
line is admitted and the water level rises. As soon as 
the steam/water detector indicates subcooling. the 

heater is again turned on. The detector is designed so 
that for all design transients the water level remains 
above the SWID, and the indicated temperature auer 
correction through the SWID signal tor the few degrees 
subcooling, will be the exact system saturation tempe
rature . 
Through analyses and bench testing the STD design has 
been optimized for 

SWID setpoints along with heater power and con
trol logic 
geometry to optimize phase seperation during fast 
pressure decreasing transients 
water inventory to metal mass ratio 
water inventory to SWID elevation 
insulation thickness 
measurement of saturation temperature. 

The STD is an excellent candidate for future b.ickfit
ting because 

the simplicity of design makes it less expensive 
than existing margin-to-saturation systems 
it can easily be installed (similar to a pressure 
transmitter) 
the improved accuracy provides a measurement 
which can be used as thet 

Basis for shutting off or starting RC pumps 
or regulating HP injection flow 
Safety system initiations based upon loss of 
subcooling margin 
Basis for determining secondary side satur
ation temperature (from superheated steam 
pressure) for comparison to primary tempera
ture to distinguish ovurcooling and over
heating transients. 

5 An Example of Expanded Applications for Incore 
Instrumentation 

5.1 State of the Art 

A probable area for backfitting in the future involves 
a more extended use of incore detectors for protec
tion, control, and monitoring. Fixed self-powered in
core detector systems have been developed which, with 
the large data base [3] now available, can be utilized, 
through software or hardware backfitting, to improve 
plant operating margins. 



Self-powered neutron detectors (SPNDs) that have 
rhodium (Rh) emitters are used in uany pressurized 
water reactors as power shape monitor:.. 

The SPND signal is normalized to reactor power by com
parison to a calculated thermal reactor power using 
indirect measurements and heat balance methods. A typ
ical reactor has SPNDs positioned throughout the core 
to measure such quantities as quadrant power tilt, 
axial power imbalance, and the total distribution of 
power within the core. 

The signal-to-flux proportionality factor changes with 
increasing exposure, because the sensitivities of the 
SPNOs to neutrons decrease with exposure. After cor
rection for background, the signal from a Rh detector 
is further corrected for this sensitivity depletion 
and the Rh detector signals are then proportional to 
local neutron flux densities at the emitter locations. 

The neutron sensitivity o'f a Kh detector operation as 
part of an incore monitoring system in a PWR is con-
tinously corrected for depletion by a plant on-line 
computer. The correction is based upon empirical data 
that defines sensitivity as a function of elelctric 
charge released from the detector (which is a function 
of integrated neutron exposure to the detector). The 
accuracy of the correction is directly related to the 
accuracy of the empirical data (once normalized). Ex
isting depletion data on B + W detectors permit using 
the Rh detectors for over 7 years [4]. 

Reactor Power Verification 

The large data base (over 350 detectors in a B + W 
plant) and years of experience enable an excellent 
corelation of the corrected Rh-SPtJD signal to core 
power and therefore extended applications. 

Several B + H plants have been backfitted with plant 
computer software changes to use the SPWD incore cal
culated core power as an independent means of long 
term thermal reactor power verification. A generic 
problem in many plants is long term degradation of the 
feedwater flow Venturi. resulting in a false high 
estimate of core power through heat balance methods 
(from 1 to 5 %, see Figure 5 ) . Utilization of the in
dependent SPND method can prevent this resultant re
duction in maximum allowable power operation. 

I 

5.3 Power Limit Control System 

To date protection and control system measurements 
have utilized only promt responding out-of-core detec
tors. 

A B fc W design being built by BBR in Germany uses SPNU 
incore detectors in a Power Limit Control System which 
was backfitted into the design of the MUlheim-Karlich 
plant. The system was designed after a licensing re
quirement to improve plant safety by spactially moni
toring the core power density distribution to effect 
local protection through a power reduction whan local 
flux profile setpoints (ECCS and DNBR initial condi
tion limits for kw/m and power peaking) are exceeded. 

Using the incore detectors greatly reduces the observ
ability limitation and allows monitoring axial power 
distribution limits and DNBR power peaking limits more 
directly. At 17 different radially spaced fuel assemb
ly locations (center and four per quadrant), and 
7 different axially separated core elevations, the 
local power, axial offset, and azimuthal imbalance 
limits are monitored by SPNOs with a unique setpoint 
for each monitoring location. Calibration data for the 
detectors are provided from the on-line computer. 
Along with reactor power from the out-of-core detec
tors, and the primary system pressure, temperature «nd 
flow, the appropriate location setpoints and margin 
are determined through the following algorithm! 

Setpointsi 

SP (J. L) -

Wherei 

SP (J. L) 
LHR 
MHR 
DLISP (J, L) 

Ma rg i n < 

M (J, L) » 

^ • DLISP (J, L) 

Setpoint for LDBS string J at level L 
Limiting heat rate determined from 
(0, P, f, P) 
Measured heat rate from calibrated SPNDs 
Segment power for LDBS string J level L 
(•]"- 0) 



Where: 
M (J, I.) Margin tor LOUii string J, Level L 

DUSP' (J. L) Segment power tor LOBS string J, Level L. 
<r= T) 

Prompt Detectors and Incore Detector Protection System 

The rhodium detector described in the two applications 
above is classified by its response time as a "delayed" 
SPtlO. The current is generated through a (n. fl~) in
teraction within the emitter. The 0" decay process is 
statistical, occuring following neutron capture over a 
period of time characterized by the half-life of the 
rhodium element. 
There are two Q~ decay modes in Rh. The half-life of 
92 t of the decay is 42 sec. and the half-life of the 
remainder is 4.36 min [5]. The effective half-life of 
ca. 60 seconds results in a response time in the range 
of a minute (dependent also upon signal level and magni
tude of the power change). 
A "prompt" responding incore detector system is being 
developed [6] for backfitting into control and protec
tion systems to improve operating margin through reduced 
observability uncertainty. A prompt-responding detector 
assembly has been developed and is being tested for re
trofit into an incore detector system which can be used 
in place of the remotely located out-of-core detectors. 
Prompt-responding detectors are physically similar to 
delayed-responding detectors: only the emitter material 
is different and the neutron (and gamma) interaction 
mechanisms differ from the beta decay process. When a 
neutron is captured in a prompt emitter, neutron-cap
ture gamma rays are released. These gamma rays undergo 
Compton scatterings and photoelectric captures within 
the emitter, producing energetic Compton electrons and 
photoelectrons. Some of these electrons escape the 
emitter, reach the detector sheath, and produce cur
rent. There is no time delay in the emission process. 

As a general rule, prompt detectors cannot stand alone 
as in-core sensors as they must be calibrated on-line 
periodically to remain useful as accurate monitors of 
local core power. 
A combination of pronpt- and delayed-responding SPHDs, 
paired together in an assembly of detectors, exhibits 
the desirable features needed both to measure local 
core power accurately and to serve in an in-core reac
tor protection system. 

By backfitting a system utilizing the direct prompt-
delayed incore monitoring of core power, instead of 
monitoring indirectly with out-of-core neutron detec
tors, operating marging power peaking penalties 
(through estimations and observability limitations) 
can be greatly reduced (see Figure 6). 

Backfitting the prompt systom for monitoring alone 
allows mors margin for control rod positioning with 
increased manuverability and a larger operating win
dow. An eventual backfitting into a protection system 
allows an increased effected power level, facilitated 
load following, faster return to power, a.id will les
sen the potential risk of de-rating (see Figures 7a 
and 7b). 
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Fig. 2i Backfitted differential pressure measurement 
(Venturi tube) in the radiation shield plug 
of a helium coolant circulation in a tITR. 
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QUESTION OF AUTOMATION OF PERIODICAL SLOW 
PROCESS IN NUCLEAR POWER STATIONS 

S. BERTA 
F.roterv, 
Hungary 

In Hungary one QAQ MW PR'.1/ u n i t Is In s e r v i c e and the 
second one i s under couiniss ionins . Two u n i t s have one 
background coaplex. Fur the r tv/o P»R u n i t s are beings made 
and of course another background complex. In the PWJJ 
technology these background t e c h n o l o g i c a l processes ensure 
the safe and contaminat ion f ree o p e r a t i o n . They task t o 
prevent the escape of noxious, chemical or r a d i o a c t i v e 
by -p roduc t s . 

'fhe main t echno log ica l p a r t s of the background complex: 
- Fuel c e l l r e s t i n g 
- tfour different water filtering systecw 
- Hydrogen contact burners 
- Tv/o Qaa filtering systems 
- fluid wastage and contaminated resin handling 

—Prepare of chemical solutions 

The aim of this article is to study the possibilities 
of autouation of the background complex. 
1. Characteristic features of processes in background technology 

- Slow chemical procedures 
- Periodical operation 
- The connection among; main technolosical processes 
are exactly determined 

- Characteristic topological structures: - line 
- branch 
- loop 

- The process i t s e l f or i t s elements are d u p l i c a t e d , 
in soue case u i t l t l p l l c a t e d . 


