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Abstract 

The contribution of nuclear power generation to our company's grid system 
is becoming greater each year, which makes it necessary to operate nuclear 
power plants with load follow mode in the near future. 

We discuss the load follow mode being planned and fuel performance 
requirements thereof from the viewpoint of a utility company as well as our 
fuel integrity verification programs. 

1. Problems of Present Nuclear Fuels 

1.1 Operating Experience 
Since 1970 when Mihama Unit No. one went into operation, our company has 
built and operated a number of nuclear power plants and in the end of 
March 1979, Ohi Unit No. one of 1,200 MWe class started commercial opera-
tion bringing to date the total of operating plants to six. Ohi Unit No. 
two, twin type of Unit No. one is in the last phase of test operation and 
is scheduled to be in commercial operation this June. The outline of 
these 7 plants is shown in table 1. As it shows, they are all PWR of the 
Westinghouse type. For 500 MWe class PWR, the core is composed of 121 
fuels of 14x14 type and for 800 MWe class, the number of fuels is 157 of 
15x15 type. For 1.200 MWe class, 193 fuels of 17x17 are used and it is 
planned to use this type of fuel for the future plants. 

During the course of our 9 years plant operation, problems emerged from 
the fuels themselves are as follows: 
a. Hydriding of Zircaloy cladding due to moisture in pellets 
b. Fuel den8ification and collapse 
c. Fuel rod bowing 

The problems of densification of pellets, cladding collapse and hydriding 
of cladding due to moisture have already been reported in many published 
papers and dealt with as to their remedies. Hence, they will bring no 
serious troubles on fuels any more in future. As to fuel rod bowing, the 
friction force of the spacer grid seems to have large contribution to it 



and sometimes the problem is compounded by a certain factor which we feel 
is attributable to pellet-clad interaction. The frequency of bowing occur-
rence has been reduced remarkably through remedies such as exercising more 
rigid QA control on fuel fabrication and by reducing length of the span 
between grids. 
Table 2 shows our fuel operating experience as of March 1979 and the 
number of leakers found by sipping test during annual plant overhaul. In 
the earlier plants, most of leakers were caused by hydriding from exces-
sive moisture in pellet. Due to the restricted rate of change of power 
level now in practice and base load operation, there was a marked decline 
in the number of leakers. At new plants, Iodine-131 activity in a reactor 
coolant has been maintained in the range of 10 5 to 10 11 yCi/cc which 
means remarkably low values compared with the technical specification 
limit. 

1.2 Role of Nuclear Power Plant as Demanded by a Grid System 
Currently, a nuclear power plant is operated, as a general rule, as a 
base load. This is allowed because, for one thing, the ratio of nuclear 
power generation to the total in our grid system is comparably low, and 
for another, the experience of nuclear power plant operation is not 
enough. Adjustment of load to meet changes in demand in daytime, night-
time or weekends is made by hydro- or thermal-electric plants. As nuclear 
power plants of greater capacity go into operation, their share in the 
total power generation gets greater. Consequently, from the point of view 
of improving reliability of a grid system as a whole, following points 
become indispensable for the operational flexibility. Under these circum-
stances, the most concern with the fuels is the influence posed on the 
integrity of fuel rods by rapid power increase and power change rate, 
primarily caused by pellet clad interaction (PCX). 

1) Relaxation of Limit on Rate of Increase of Power Level 
Our PWR plants now in operation were designed to respond to the load 
changes, ±5%/min in the ramp-wise and ±10% in the step-wise. 
In order to reduce the pellet clad interaction, the rate of power 
increase at higher power is limited to around 0.5%/hr for initial 
start-up after core loading and also after a long period of low power 
operation. After a sufficient preconditioning is finished, the rate 
of power ascent ion is Increased to 3%/hr, which are clearly on the 
safe side well under the figures recommended by fuel manufacturers. 
The records of PWR fuel irradiated in base load operations show that 
fuel leakers were kept at very small numbers. 
But this operation compels us to spend about a week to reach full 
power before preconditioning. The loss of power generated at the 826 
MWe, 3-loop plant during start up is approximately 2.0xl07 KWH com-
pared with what we initially anticipated, which equivalently causes 
a loss of 120 million yen (US$570,000) in fuel cost as compared with 
that for thermal power generation. 
Our immediate goal is to verify the fuel integrity which enables us 
to reach full power in one or two days before preconditioning by power 
increase rate of 3%/hr. The goal of long term is to bring the plant 
response ability to 5%/min as designed or close to that level. 

2) Operation by Automatic Frequency Control (AFC) 
At present we are not operating our nuclear power plants in AFC mode, 
which, by detecting the frequencies of the grid system, regulates the 
power responding to the hour-to-hour demand. Our nuclear plants are 
being operated continuously with constant load without the AFC function. 
As the percentage of nuclear power generation becomes greater in a 
grid system, nuclear power plant is required to contribute to part of 
AFC to maintain the reliability of the grid system. When a nuclear 
power plant adopts AFC, it receives AFC signals from the grid system 
and change the power output within its capability. It then becomes 
necessary for us to analyze the plant dynamic characteristics for each 
input signal and to verify fuel integrity in relation to local power 
conditions such as rate of local power increase, local power increase, 
local power change frequency etc. 

3) Load Follow Operation 
The load follow operation is one of the capabilities required for 
nuclear power plant for the reasons inherent to the grid system which 
will be discussed in further detail in the next chapter. Load follow 
operation will be put into effect in the near future. 
From the point of view of fuel integrity, this operation must be dealt 
with differently from the relaxation of limit on rate of power 
increase or AFC operation in the following two points. 

a. While the relaxation of limit on rate of power increase is a pro-
blem before the preconditioning, the load follow operation will be 
conducted after the preconditioning, that is, after a determined 
period of rated power operation. 

b. While in AFC operation, level of power follows with the frequency 
variation of a grid system, the load follow operation at nuclear 
power plant will be carried out on a program, that is, as planned 
in advance. 

Necessity for Load Follow Operation 
There are 19 nuclear power plants operating in Japan at the end of March 
1979 with a total power output of 12,700 MWe. It is rather small, re-
presenting only 11% of the total national power generating capacity. 
However, there are 7 large plants under construction with a total output 
capacity of 6,700 MWe, each 1,000 MWe class plant. With this new capacity 
added, the share of nuclear power gets substantially bigger. The Japanese 
power system is divided into nine districts, each operated by a private 
company with several nuclear power plants constructed and operated by 
each company. 
Our grid system has such big cities as Osaka, Kyoto and Kobe within its 
district and as Table 3 shows it recorded a total capacity of 19,700 MWe 
in 1978. Nuclear power was responsible for 17% of the capacity or 3,300 
MWe. At the end of June 1979 when Ohi Unit No. one and two, each capable 
of 1,175 MWe, go into operation, the nuclear power's share in our grid 
system will increase to 26%. As shown in Table 3, the percentage will 
become to 27% in 1985. 



The problem of Japanese utilities is a drop in demand from daytime to mid-
night. It becomes serious especially in summer when consumption of power 
for air conditioning rises beyond expectation. Our company has been try-
ing to flatten the demand with hydro-power by the pumping-up. Our grid 
system at the moment has pumping-up facilities of 1,700 MWe. 

Fig. 1 is our estimation of daily load curve at summer time in 1985. The 
midnight load is about 40% of the daytime peak when the capacity of pump-
ing-up is not taken into account. It seems, therefore, that hydro- and 
nuclear-power alone may be able to fill the midnight demand even leaving 
a little surplus in generating capability. 
This will make it necessary for our nuclear power plants, possibly in 1985 
and afterwards, to go to load follow operation in order to improve the 
company's overall grid efficiency. 
With this prospect'Jin mind, it is our consideration to regulate power out-
put at our nuclear power plants, as shown in Fig. 2, by several scores of 
percert, for example, to operate our plant with the pattern of 12-3-6-3 
(100% - 50% rated power) for daily load curve. Aside from the pattern of 
12-3-6-3, it aiso necessary to study the more useful pattern such as 
14-1-8-1 ' (100% - 50% rated power) in future to respond to the needs of 
our system.. 

3. Technical Considerations on Load Follow Operation 

3.1 Rate of Change of Local Power Level 
The following are points of observation obtained from load follow opera-
tions at PWR reactor core: 

a. Since reactivity control is possible by chafing boron concentration, 
control rods are inserted only in the upper section of the core. This 
keeps the change in local power by control rod movements relatively 
small. 

b. Since each control rod is composed of RCC cluster of spider shape 
which provides the core with semi-uniformity, change in local power 
by the control rod movement is kept at relatively low level. 

c. When operated under so-called "constant axial offset control (CAOC)" 
operation, that is, the reactor is operated in such a way as to bing 
axial power distribution of the core in transient state as closest as 
to that in steady state, xenon transient due to power change is kept 
at extremely low level. 

Fig. 3 shows boron concentration, control rod position, axial imbalance 
of neutron flux, etc. in a daily load follow operation of the 12-3-6-3 
(100% - 50% rated power) pattern under CAOC operation using the 17x17 
type fuels. As obvious from this Figure, movements of control rods are 
confined to the upper 30% of reactor core rendering the load follow 
possible under CAOC operation and in parallel makes it possible to 
compensate reactivity through a change in boron concentration by several 
scores ppm by the feed and bleed system or boron thermal regeneration 
system (BRRS). 

This reactivity compensation by changing boron concentration does not 
cause local power to rise abruptly because the change takes place uni-
formly. It is a very gradual change with a core average of 17.7%/hr, 
that is, in the order to 0.015 KW/FT-MIN for the core of 800 MWe class 
reactor using the 17x17 fuels. On the other hand, some calculations were 
performed on the fuel rods, showing most severe hoe channel factor on 
local heat flux (Fq) in the core in order to study the changes in local 
power due to control rod movements. The examples of calculation for axial 
power change are shown in Fig. 4. As the Figure indicates, the power 
increase at Fq peak point above the pre-conditioning level is about 1 
KW/FT and the power increase in a fuel rod adjacent to the control rod 
in question, induced by withdrawal of the control rod is calculated to 
be in the range of 2 - 3 KW/FT. As the power level of this part of core 
is rather small and as there are gaps between pellets and cladding in the 
upper part of core, it may be said that at Fq peak point in a rod influ-
ence of PCI on cladding is more severe than at a upper point where a 
control rod is inserted. 

From the above observation, we expect the power increment above the pre-
conditioning level in the 12-3-6-3 daily load follow operation using the 
17x17 fuels will be either 2 - 3 KW/FT at 6 - 7 KW/FT or 1.0 KW/FT at 
about 11 KW/FT. 

3.2 Fuel Integrity for Local Power Change 
As regard to local power increase due to control rod movements and 
cyclical load changes in daily load follow operation, it is necessary to 
take into account PCI and fatigue problems. Items to be considered are 
in Fig. 5. As the results of our study, it may be considered that the 
mechanical fatigues of fuel cladding due to local power increase, of top 
nozzle spring and spacer grid spring would not pose serious problems. 
PCI problems remain as our principal concern. Some of the points to be 
considered are as follows: 

a. Clad Creepdown and Pellet Densiflcation/Swelling 
Since PWR fuels are pre-pressurized with He gas, contact of cladding 
and pellets, due to combination of the creepdown of cladding and the 
swelling of pellet, occurs only in the middle half of the second cycle 
and after. This is preferable for PCI point of view. 

b. Pellet Deformation and Cracks 
A pellet deforms itself into "hourglassing" as linear power rate and 
burnup increase and cause PCI at end surface or center position of 
pellet. Chamfer and dish of pellet are helpful to reduce PCI. Cracks 
in pellet are also considered responsible for increase of PCI. Most 
desirable shape of pellet requires further study. 

c. Chemical Actions of Fission Products (F.P.) 
Since PWR fuels are pre-pressurized with He-gas, relative contents of 
Cs, I, etc. are considered small in the plenum gas. However, their 
effects on chemical bonding usually formed as ternary compounds among 
F.P., Zirconium and Uranium and on stress corrosion cracking (SCC) of 
Zirconium need further study. 



d. Relocation of Pellets 
PCI caused by pellet chipping or by relocation sometimes gives local 
and/or asymmetric effects. It is an important factor to be consider-
ed. 

e. F.P. Release 
Chemical attack, by certain nuclides such as cesium, iodine and others 
in F.P. has been pointed out to have important effect on PCI. It is 
necessary, therefore, to investigate the behavior of F.P. release as 
affected by cycle of load change. 

It is essential to ensure through further study of the above factors 
related to PCI that a sufficient margin is given during the life of PWR 
fuel, ordinarily for 3 cycles, to minimize leak due to PCI. It is also 
necessary to reduce leak probability through analysis of PCI mechanism. 

A number of raup tests have been conducted in test reactors throughout the 
world for overall verification and evaluation of factors which are related 
to PCT. Although there are not so many ramp test data on PWR fuel, if the 
ramp test data'of CANDU type and BWR type fuels may be counted In for 
evaluation, the local power Increment and attained local power level as 
observed in CAOC operation mentioned before are considered to be less 
than their critical values which have been obtained from the above ramp 
test data. This suggests that It is possible, at least theoretically, to 
conduct the load follow operation mentioned here on the present fuel 
specifications. 

Verification Test Program up to Load Follpw Operation 
Since there la a difference between the test data from test reactor and 
actual power increase In commercial power reactor in the following points, 
a verification test at power plant is necessary. 

a. Differnece in effective length of fuels 
b. Effect of cycle of load change 
c. Effect of fuel handling 
d. Effect of acceleration factors such as the initial gap width and 

pre-pressurization level of He gas, etc. 
We have a following test plan to verify fuel integrity so that we may be 
able to conduct the operation possibly in 1985 in the pattern of 12-3-6-3 

(100Z - 50% rated power). The general schedule is shown in Fig. 6. 

1) Ramp Test by Test Reactor 
We are presently in the process of preparing for a base irradiation 
to be conducted prior to a ramp test in R-2 reactor of Studsvik, 
Sweden. The ramp test will be carried out as our joint research 
program with Mitsubishi and two other utilities. Six fuel rods will 
be used in the ramp test and the base irradiation will soon begin in 
the R-2 Reactor so that the test may be completed in the early part 
of 1981. 
A ramp test with instrumentation is going on at Halden by the Japan 
Atomic Energy Research Institute as a national project and an over-
ramp test is being carried out as part of the international project 
which is to be completed in 1979. The data from these tests will be 
referred to in our verification program as soon as they are published. 

2) Verification Test in Actual Power Reactor 4 
If no serious problems emerge in the ramp test using test reactors, 
we will then go on to ensure fuel integrity in a RCC withdrawal test 
in a power reactor. We are considering using for this test a method 
usually referred to as "power ramp demonstration." In this method, 
a control rod is inserted into a fuel assembly which is scheduled to 
be discharged at the end of the cycle and is left in the position for 
a certain period of time and withdrawn in a quick motion to verify 
fuel integrity against sudden rise in power by monitoring fission 
product concentrations and also by examination of fuel leakers by 
sipping test after the discharge. 
If no problem arises in this power ramp demonstration which will be 
conducted in a power reactor, we will go ahead to verification of the 
long term load cycle test as well as verification of performance 
response and controllability of the plant as a whole, that is, a 
cycling test of actual daily load follow operation. 

3) R & D for Fuel Characteristics in Test Reactor 
In parallel to the verification test on load follow with the fuels of 
current specifications, R & D work will be carried out as to the 
followlngs: 

(1) Finding out the failure limitation of the present design 
regarding power change 

(2) Clarification of PCI (SCC) mechanism of fuel 
(3) Improvement of fuel to mitigate PCI before preconditioning 
A remodelling of facilities is under way on JMTR in our country so as 
to enable it to perform ramp test. As soon as the JMTR becomes 
available for ramp test on PWR condition, we will carry out such a 
ramp test collaborating with fuel manufacturers. 

SUMMARY 

(1) It will become necessary for our nuclear power plants, possibly in 1985 
and afterwards, to go to load follow operation with an eye to improve 
our company's overall grid efficiency. 

(2) Our present effort is directed to enable daily load follow operation with 
a pattern of 12-3-6-3 (100% - 50% rated power). 

(3) Our load follow program Is deployed on a bases of recognition that 
integrity of PWR fuels presently designed will be maintained even under 
load follow operating condition without major design modification. 
This assumption is based on ramp test data from test reactors and actual, 
though limited, experiences at several power reactors. 

(4) Moreover, for the purpose of final proof and confirmation, such verifica-
tion test as power ramp demonstration and load cycle test are being 
contemplated in our power reactor before starting operation of our 
commercial nuclear power plant with load follow mode. 
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Table 1 Abstruct of KEFCO' s nuclear power plants 

Bleotrloal 
Output 
(We) 

Reactor 

Type 

Start 

or Operation 

Cumulative 
Out put* 
(xio* nil ) 

Puel Specification 
Name Bleotrloal 

Output 
(We) 

Reactor 

Type 

Start 

or Operation 

Cumulative 
Out put* 
(xio* nil ) 

Ho. of 
ARseiitoly 

Puel Bod 
Typo 

Linear Heat 
Bating (a/PT) 

MI HAMA »III t 8 4 0 PWR 1970.11 6.4 0 9 1 2 1 14X14 4. 6 4 

2 6 0 0 a 1972. 7 1 6.8 9 8 ë a 6. 4 6 

8 8 2 6 a 1976.12 1 1.8 8 6 1 6 7 16X16 6. 1 6 

TAKAHAUA 0NIT 1 8 2« # 1974.11 1 4.8 0 1 a ! » 

2 a » 1976.11 1 6.7 4 0 a # a 

OBI DKIÏ 1 117 6 a 1*79. 8 1.6 6 6 1 9 6 17X17 6. 4 4 

2 a a (1 979 . 6) 6 1 1 a ' • 

TAKAHAUA ÜH IT S 8 7 0 a (1 988 ) — 1 6 7 a 6. 2 8 

4 » a (1984 ) - a a a 

• As of Da0ember 1978 

Table 2 Fuel Operating Experience 

Fuel Assembly Bumup 

(As of March 1979) 

Buroup ( I M / t ) Ko.of Aaa'y 

0 - 1 1 0 0 0 • t o 

1 2.0 0 0 - 2 0.0 0 0 4 ( 6 

2 0.0 0 0 - 2 1.0 0 0 I 7 T 

! 8,0 0 0 - » «.0 0 0 1 t 1 

Fuel Integrity (Results of Leak Test) 

(As of Sept. 1978) 

Pual Type 
Mo. of Puel Aao'y 

Pual Type 
Spent Puol In-Roaetor Leaked Puel 

1 4 x 1 4 2 0 8 2 4 2 1 4 

l i x l i 2 t I 4 7 1 2 

1 7 X 1 7 4 2 8 6 > 

Tota l 1, 0 9 2 4 2 6 1 2 

Table 8 Capacity share of Nuclear Power 

in the KEPCty s Grid System 

•aro». 1 I T 8 1 2 2 S ( Planned ) 

Hydro U I ) n l i l i » 

Pumping up Hydro 1. « 7 2 1 1 1 1 

Oi l F i red 
Stoaa I 1. « 6 « U l i 1 

Ruoloar 1. 2 1 2 M i l 

Tota l l l î l l 2 I. 4 6 2 

R u o l e a r / T o t a l 1 «. 2 • 2 7. 4 * 
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Fig6 Fuel Integrity Verification Program 

Category Meahaulem Phenomenon Fuel Inspection 

PCI related 1) Clad creepdown/Pellet Swelling 
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