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There were 68 breakdowns in 1989 in nuclear power plant
operation which are summarized in this report. 21% of the
failures were due to poorly made equipment, 21% were due
to defects in equipment, and 36% were due to personnel
mistakes. There were 15 breakdowns in the protective
equipment, one of which resulted in an emergency in the.

power unit. It is concluded that equipment failures
mainly occurred due to poor quality of repairs, poor
finishing of the parts, and defective construction.
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1
ANALYSIS OF THE BREAKDOWNS IN THE OPERATION Or AES WITH

I

VVER (Water moderated water-cooled) RELATED WITH SAFETY

SYSTEM EQUITHENT FAILURES

1. BREAKDOWN STATISTICS FOR ALL AES

In 1989 68 breakdowns :in AES operation were recorded for all

AES (in 1988 there were 33 breakdowns) which were related with

safety system (SB) equipment failures, including VVER-1000 5)-

breakdowns (75%), VVER-440 - B (~ 43t), RBHK (Graphite Hoderated

Channel Tube Reactor)7 (10.3%) and other types or reactors 2.-

Of all of these 5 breakdowns resulted in emergencios: 13 resulted

in an unplanned shutdown and unloading of the AES' power unit with

an overall production loss of 396.3 million kWh, including a

production loss of 247.09 million kWh for AES with VVER. The

total downtime of the power unito due to SB failures was 237.4 h

(see Tables 1, 2, 3, 4, 5). Tour of the cases of SB equipment

failure occurred during the development of breakdowns related with

failures of other AES equipment.

In 10 cases SB failures resulted in a breakdown in safe

operating conditions (NUBZ- breakdown in safe operating

conditions), which is 15% of the total breakdowns due to SB (YUK

Southern Ukrainian 1 NUBZ: BAL(Yuzhno-Ukrainskaya --

Balakova) - 1 NUBZ KhME (Khmel'nitskaya(Balakovskaya --

KhHel' nits)-
1 NUBZ: zap (Zaporo:hskaya-1 NUBZ: KLN (Kalininskaya - Kalinin) -

1 NUBZ: NVO (N. Vorone hskaya - N. Voroneth)Zaporoch) 1- -

1

2
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1 HUB:s LEN (LeningradskayaNUBZ: KUR (Kurskaya -Kursk) -
;

'

Leningrad) 2 NOBZ).--

There were 38 failures of the SB equipment found during

systematic inspections and tests o.f the SB. Of these 30 failures |
,

'
2

! occurred during the operation of the power units on power. These
t ,

cases of SB tailures did not lead to emergency states but are (

potentially dangerous from the standpoint of the AES safety and.

lead to repairing of the SD channels which reduces the degree of

reserve for a given systela. The remaining failures occurred in

constantly operating SB equipment: emergency power supply system,

' continuous supply unit (ABp), commercial (Op) water supply system
,

as well as that,used for the pneumatic cut-off equipment, the high

speed blocking cut-off channels (BZOK), the high speed reduction

unit for venting vapors to the atmosphere (BRU-A)when operating on

demand.

14 (21%) of the failures occured because of poorly made SB-

(pneumatic cut-off equipment, BZOK) and when the SB is operating

on demand (6 cases).

14 (21%) of the failures took place because of equipment-
,

defects in the constantly operating systems.

Breakdowns in the AES's operation because of SB failures

are distributed as follows according to offending groups :i-

- fault of AES personnel - 24 breakdowns or 36% of the total!

number of breakdowns

Os ROV (Rovenskaya-YuUK - 2 BAL - 1; KhME - 5;- KLN --

1; zap - 5: NVO - 1: MOL (Kol'skaya - Kol'skii)- 4; KURRovensk) -

i - 1; LEN - 1;-IGN (Ignalinskaya - Ignalin) - 1: BIL (Bilibinskaya

- Bilibinsk) - 2.

3
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Of theso 7 failures were due to faults of repair personnel.

- faults of the production plants - 18 breakdowns ~27%):
#- faults of the design and construction organizations 18-

breakdowns.

The remaining breakdowns occurred because of assemblers and

loaders.

The greatest number of breakdowns occured in AES with

VVER-1000 - 51 breakdowns. Of these 25 breakdowns occured on

newly installed power units (KhME - 1 12/31/87: BAL 2,3- - -

10/8/87 and 12/25/88: YuUM - 3 - 9.20/89 ZAP - 4,5 - 12/21/87 and

8/31/89. The significant number of breakdowns for new power units

is mainly explatned by:

lack of proper qualifications for the personnel at all

responsiblity levels such as operating, repairing, and

supervisory:

insufficient time of operating the equipments

errors in design.

The results of this, as shown by practice, is a long period

for " mastering" the power unit. This period is 2-3 years. This-

fact is aggravated by the use of newly created equipment and media

which have ns. been sufficiently developed by the construction-

units and mastered by the producers and users for AES with Ru pr.

320 (x-ray unit). For example ASU Tp (automatic control system

for tecnological processes), ABP, DG (diesel generator) ASD-5600

etc.

In addition to the foregoing information, data are given in

the chapter on the number of SB triggerings which occur because of

actual faulty signals,-including alarm systems for the emergency

i

4
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power supply for the 2nd group of responsibility (DG), Cases of

triggering of BRU-A, DZOK are treated separately and thespecific

significance of SB triggerings which lead to the power unitare

given (see Tables 6, 7),

2. BREAKDOWNS IN THE SAFETY SySTEH's OPERATION FOR AES WITH

VVER REACTORS.

2.1. Equipment railures for A Reason Which Is Independent of

the Initial Event and Which often Repeat Themselves.

.

The breakdowns with independent SB equipment failures are ,

given in Table 8. In all 9 independent failures have been

recorded 8 of which took place during the process of developing

the breakdown. The independent failures make up 15% of all of

the failures for the given p e r.d :d of time. Four of the

independent failures took place in the emergency electrical supply
*

system of which 2 were DG failures. Of the independent failures

i 55% were related with BZOK, BRU-A, IPK PG (steam generator)

failures.

To a greater extent the potentially-dangerous breakdowns for

| AES safety are the feilures which take place for general reasons.

All failures for general reasons occurred during testing (see

Table 9). As an example of a characteristic failure due to

general reasons we cite the events which occurred at NVO- 2, where

on 10/26/89 the discharge of the storage battery (AB) occurred

because of- the spontaneous- switching off of the

5
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rectifyir -charging unit due to the fact that the control switch

relay (REV) was out of order. This made it impossible to start up

the system for the emergency addition of boron automatically.
;

Therefore a breakdown occurred in the safe operating conditions -

inability of the safety system to operate for 20 min. This event*

was classified as an emergency states the fault was assigned to,

the supervisory personnel of RTTs-1 (unit-s 1 and 2) who clearly

did not define the offiefal instructions of responsibility and'

theinteraction withthe DShchU-1 (control panel) personnel and also

the lack of conscientousness on the part of the ETs personnel in

watching the central uignal panel.
'

Of all of the SB breakdowns for general reasons in the power

units of AES with VVER-1000, two groups of breakdowns can be

isolated which occur because of failures of the same equipment

(see Table 9). 3

In the first group we find breakdowns because of VE-6 type

L switch failuress the reason being the low mechanical reliability
'

of the switch's drive elements in one case and the hypothetical
.

electromagnetic interferences which arise in the switch control

circuits when SB mechat. isms start up in the other case. In all 10

failures or 17% of all recorded failures in AES with VVER.

i In the second group we find breakdowns due to failures of the '

control valve (RK) of the I68051-500-02 type which is used in the

commercial-(OP) water supply systems.and in other AES systems: the
i

reasons being structural defects in the unit for the rod-control
'

| unit attachment (7 failures or 12% of c11 the recorded values for

VVER).

Failures for these two reasons in 1988-89 occurred at the

6
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Khmel'nitskoi, Balakovskoi, Zapororhskoi AES and made up about 30%

of all of the failures in AES with VVER in 1989.

2.2. Breakdowns in AUS Operation Because of SB railures
i

Resulting in Shutdown and Unloading The AES's Power Units

In 1989 there were 10 breakdowns in AES operation which as
..

they developed resulted in unplanned shutdowns and 2 breakdowns
i

that resulted in the unloading of the power units as the result of

SD equipment failures. The total production loss van 247.0

million kWh, the downtime was 197 h. All of the bres'9 nuns are

classified as failures (see Tables 1, 3).

The failures which lead to shutdowns and ng are
,

distributed in the following way with respect to tho '. 6 s of SB

equipment

5 stoppages due to failures in the element- sne-

continuous supply unit (ABp) of the emergency oower supply sistem

4/989 and2/5/09: ROVof the let category: YuuK - 1 3 e--

11/23/89: K0h - 3 4/7/89' ZAP 10/11/89: loss of power5 --

production 50.03 million kWh.
.

3 cases are due to the unsanctioned closing of the-

5
pneumatic cut-off unit of the emergency locating system (SLA) in

the oil system GTsN (main circulation pump) which resulted in a

triggering of the pump protection against elevated oil pressure in

the GTsN system and also to a triggering of the unit protection

shutdown at BAL-1 9/20/89 and 2 unloadings BAL-3 7/12/89, KAL-1

1/5/89): loss of power production 31.28 million kWh

1 9/19/89 triggering ZA-1 from a false1 shutdown at KhME --

signal for a pressure increase under the hermetic casing (GO) of

more than 0.3 kgf/cm because the hermetic valve of the (SLA)

7

. - - - _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ __ - _ _ - - _ _ _ _ _ - - _ _ _ _ - ____.



_ __ _ _ _. _ _. _ _ . _ . _ _ _ _ . _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _

!
i i

j

remained in the close) position during the planned testing of two

SD channels. The reason was a flaw in the algorithm for the'

'

p
supply control circuit and the rupture of the circuits in the#-

pramary monitors.The loss of powe. production was 18.54 million

j kWh.

; - 1 chutdown BAL-1 - 1/4/89 because of a false triggering of

the 2 channels for protecting SD channel 2 (hereafter 2SP because
,

of a defect in the cable insulation for supplying the

monitorswhich showed up when water from the fire quenching

apparatus (UAPT) fell on the 2SD. The UAPT was triggered because'

,

cable shaft 5 was closed and.the false triggering of the fire .

warning devices of the dip-1 type was due to poorreliability. The

loss in power production was 18.35 million kWh. .

: -2 shutdowns occurred as the result of BZOK failures
.

DAL-3 11/23/89 and KhHC-1 8/9/89. The loss of(protective SB) -

power production - 128.9 million kWh.

In 5 cases the power unit shutdownsoccurred because of the

voltage fluctuations or current cut-offs in the SUZ (control annd

protection system) control circuits and supply circuits of the

SA0Z (system for emergency cooling of the active zone) protective

monitorsbecause of unsteady operation and the switching off of the

ADp elements. The loss of power production because of the power
,

unit shutdown due to ABp f ailures is 50.03 million kWil or 20% of

.all of the production loss.

On 10/11/89 a shut down of the reactor unit took place at

zap-5 triggering emergency precautions (AZ-1) because of the

failure of channel 1 in the power supply system for group 1

security consumers which resulted in the false triggering of- the

. ,

o
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interruption precaution and placing BRU-A and SB in standby
4

conditions. The initial event was the switching off of the

; RTS-125 ABp-1500 invertor (RTS - registratsiya tekushchikh sobytti

(recorder of ongoing events)) due to a defect in the trigger

circuit. The switching off occurred with the spattering of

and its going out of phase.U 50% greater than Uinitialoutput

This caused surges in the magnetizing current in the feeders to

the consumers and the switching off of the automatic feeds (Ap)

to the monitor units that form the 3rd and 4th channels of

interruption protection of the SB's ist channel. A study of the

breakdown showed that the forming circuit for the interruption' -

protection of the SB's 2nd circuit did not conform to the

4

serial number)requirements of the OPD-82 p.p.(po poryadky -

2.9.2, 2.6.4, and 2.6.9. Palse triggerings associated with power

losses in the individual elements of the protective channels are

not excluded in the design of the circuits for SB protection .

The AP which supply the power supply units for the monitors

without taking into account the conditions bor switching off the
i

PTS were not properly selected. The category of the breakdown was

taken as a failure, shutdown of the AS (atomnaya stantsiya -

1

power plant) by signals in the automatic control system circuits,

| technological precautions, and interlocking without a shutdown of

|
i

the system's parameters and equipment.

The shutdown on 4/9/89 at ROV-3 by the action of AZ

emergency precaution) because of the(avariinaya zashchita -

6
disconnection of 2 channels of protection 2 PAK-2 because the AP

circuit controlling the- RTS during AVR (avtomaticheskii vvod

rezerva - automatic loading of reserve) was switched off during

9
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the disconnection of the section ST-1, which resulted in

conditions of unsynchronized operation of the PTS during which

time the thyristel in the THEP underwent breakdown. The switching

off of the automatic supply (AP)- in the PTS control circuit

occurred because of the improper selection of the automatic device

and because the directions of the designer on ensuring the

completeness of the testing during the tit.ie of PNR and in the

stage of providing power were not properly used.

Another shutdown also took place at ROV-3 on 11/23/89 when

the power unit was shut down by the action of AZ-1 because of an
.

increase in pressure in PG-4 (parogenerator - steam generator) of

more than 80 kgf/cm (with an open BRU-A). The reason the BRU-A

was triggered Ess the closing of BZOK-4 becau'se of the

disconnection of 2 protection channels in the SAOZ SB 3 The

disconnection of the 2 protection channels occurred during the

planned inspection of the SB 3 channel while disconnecting

sections of the VKh with the startup of DG-33 and the operation of

the gradual start up of the SB mechanisms. Simultaneously there

was an emergency switching off of the PTS for the ABP in channel 3

of the SB because of the false operation of RTS protection by the

disappearance of condenser pulses.

In 4/7/89 a shutdown took place at KOL-3 because the ABP of

SB channe? 2 was switched off due to the false operation of

current protection. Channel 2 of the SB was sent for repairs.

After the AP was switched on for the output relays for protection

of 2SB channel the false operation for protecting the SA0Z

occurred because of the interruption of the GPK which resulted in

the shutdown.

10
_ _ _ _ _ _ _ _ _..__ _ _
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And the shutdown at Yuuk-1 2/5/89 due to the action of A -1

as the result of the disconnection of the power supply control

circuit of the 800 (sistema upravleniya i sashchity - control and

protection system) due to the unsteady operation of ABP in SD 3

channel. The fact that the SU Power supply control circuit had I

been shut off by a worker was not found out because of the lack of

signals in the design, the switched off position of the automatic

c 9 ply (AP), and the disappearance of current on one or the inpute

of the 2pp-18 direct current panel.

In two cases the pneumatic shut off unit was closed because
,

of the formation of false signals in the control circuits which

resulted in the , unloading of the power units because of the

switching off of GTsN 2. The reasons for the appearance of the

false signals in the control circuits were:

7/12/89 BAL-3, internal damage of the BKL-uhs.N 6608;

1/5/09 KLN-1 damage to the control cable in the coil control

circuit.s. The reason was poor installation.

In one case, BAL-1 9/20/89 the closing of the pne un:a tic

cutoff unit in the oil system of the GTsN resulted in the
,

unloading of the power unit to 50% because of the abrasion of the

packing beneath of the piston of the reduction valve (perst firm,

PRG) which resulted in the lenking of the control air and a

reduction in the pressure above the piston. The breakdown

developed in a part of the shutdown of TG-1 because of the

increase in the level in pG-3 as the result of the disruption in

the operation of the algorithm for technological protection and

interlocking.

Defects in the algorithm for technological protection and

11
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intorlocking.

Breakdowns in the operations of AES which are related with .

l

l DZOK failures and which result in shutdowns of the power
1

| unitsoccurred 8/9/89 at KhME-1 and 11.23/89 at DAL-3:
4

"

in the former breakdown the closing of the BZOK-2 took place gf )

spontaneously because of the presence of a progressive flaw on the i

flange of the vapor releasing unit for the piston space,,

i

in the second - in the development of the breakdown because,

e

of a defect in the unit for the terminal closing switches (KVE
4

l kontsevykh vyklyuchatelei takrytAya - terminal closing switches)

BZOK-3 did not receive the signal that the GTsH-3 was switched off

'
which was the reason for the shutdown of the power unit due to the

fals6 triggering of the interruptive protection. The main reasoni

'

for the maladjustment of the KVZ is the presence of vibrations of

the steam ducts and DZOK in A-280. There is no information in the

AES on the permissible level of vibration for the BZOK unito.

'

Thetechnological interlocking of GTsH shutoffs ("one of one"

scheme) is of low reliability.
f

2.3. Failures in the Safety System. Reasons.-

2.3.1. Protective Safoty Systems

There have been 15 equipment breakdowns in the protective SB

(7 breakdowns in 1988), one of which resulted in an emergency
'

state of the power unit Nith the breakdown of safe operating

iconditions. In 3 cases the failures of the protective SB systems

resulted-in unplanned shutdowns of the-power units with a totale

production loss of 147.2 million kWh (see Tables 1, 2, 3, 4).

Of these breakdowns 9 are related with failures of the ,

pumping equipment (systems for the emergency supply of boron,

12

--- .



. -____ _ - - - _ - - - _ - _ - _ _ _ _ _ _ _ - - _ - - - - - - - - - .- -.

.o ..

emergency water level maintenance in the PC, emergency cooling).

Of these 5 btcakdowns occurred because the emergency pumping units

of the protective SB were not switched on duript testing of

sections of reliable supply (HPJ (nadexhnogo pitaniya reliable-

supply) because of poor operation vf VE-6 type switches. The

tenson is the low reliability and resource of the switch drive

because of structural defects in the mechanical units and parts:

shielding mechanism, drive wheel, connection spring (2 breakdowns) h
and also, predominantly, beca1se of reductions in the control

switch circuits because of electromagne+.ic interferences (3
)

breakdowns). See Table 7.
t

The producers develeped measures designed to avoid failures

in the mechanical parts. The meabareu propose a change in the

technology of producing the drive parts of the switch, in the

construction of the drive, and delivery to the ACS, for the p t. r t s

which fail most often.

Of the breakdowns 4 occurred because of tailures in the low

pressure pum91ng units in the system for the emergency supply of

boron, and the emergency supply to the PG and as a result:

2/4/89, ZAP-2 - the fiilure of . pump for the emergency

supply of boron due to structural defecto in the bearings of the

4 A2fil- 800 / 0 000VKhL4 and 4/13/89, zap-4 failure of the pump for-

the amergency suppi.y to the PG because of poor production of the

butt packing for the rump (electric pump unit of the

TsN-150-90-4KhLN TU 31-07-1507-82 :.N 4 type). In the other 2

breakdowns the failures happened because oi. repair personnel of

the AES: 3/5/89, ZAP-2: 7/9/89 BA1,-! - poor quality in carrying

out the repairs on the pump units for the emergency system for

13
,
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[!
supplying the PG, correspondingly emergency cooling.

I In all 9 cases the failures occurred during tests of the SB,

} including in one case, 7/9/89, BAL-1 it led to the emergency state

because of the breakdo9n in the conditions of safe operatien as a

result of being under r9sairs for more than 16 h.4

!

In the period being conridered there were 5 breakdowns with;

falures of the BZoK, BRU-A, including 2 failures of the BZOK which

led to shutdown of the power units (8/9/89, KhliC + 1 and 11/23/89,'

B AT -3 ) see Table 6. The main reassne for the failure of BRU-A,
i

|

I BZ0~' ale poor quality of repairs (8/9 89 KhtfE-1), steaming up of

the ,com, elevated vibrations of the PG's steam ducts (4/12/89- >

BAL4 ; 11/23/89 - BAL-3, 3/18/89 KLN-2).
,

ine breakdown which resulted in e shutdown of the powerunit

occurred on 1/4/89, BAL-1. The shutdowy c" curred because of the

false triggering of 2 protection channels 4D SD channel 2 (2SB)

besc"ne of a defect in the insulation io.- the power supply

callets the monitors for these precautions wh!:A showed up when

watar fM a the UAPT fire extinguisher fell onte 'A ' 2SB. The UAPT
^

was triquered because of the steaming of the cable stLft of the,

2SB and the ftlse triggering of the monitors cd the DIP-1 type

fira alarms was the result of the poor quality of mounting the

esbie fer 2SB,

WOMf( L USIONS : |

Thu equipmt t fa1Aures of the protective SB mainly occur

becaese o(')
i

1. Poor 4 tality of repairs: 7Ap-2 3/5/89, BAL-1, 7/9/89,
'

>

Spontaneous ' losing of BZOK-2 at KhmE-1 8/9/89 because of ~ a

L def ec t on the f h t ge of the unit in the BZOK framing, culprit -

|

!

14
.
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TsTsR -poor quality repa!r. The BZOK, BRU-A equipment (VES-6)

was used without regard t. operating requirements (steaming up of

individual parts of the electrical circuit, elevated vibration of

the steam ducts), (BAL-1, 12/3/89 and 11/23/89).

2. Poor finishing off of the units and parts of the 6 kV

switches of the VE-6 (VES-6) type. There was also a number of

failures of the VE-6 switches for unexplained reasons, primarily

the appearance of electromagnetic interferences in the switch

control circuits.

The defective construction of the bushing unit of the

electric motor in the low pret.sure pumping unit of the emergency

system for supplying boror (TsN150-110 type electric motor

4AZH1-800/6000 UKhL4)

2.3.2. Security Safety Systems

There were 34 breakdowns at AES (21 in 1988 including

RDES-14) (reservnaya dicel'elektrostantsiya -reserve diesel power
,

station) related with equipment failures in the security SB (OSB)

(obespechivayushchikh SB - security SB): system for emergency
.

electrical supply - 25 including the reserve diesel power station

17, uninterrupted supply unit -5 ; technical water supply(RDES) -

system OP - 9. i

In 5 cases the failures in the security SB (the case when the

Abp elements were switched off was discussed above) resulted in
9

unplanned shutdowns of the power units with a total production

loss of 50.0 million kWh or 20% of the production losses for AES

with VVER reactors because of SB defects, f

One failure occurred at HVO-2, 10/26/89 because the charging

unit (PU) (podzaryadnogo ustroistva) was switched off because of a

5
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defect in the relay for the switching on commana which made it

impossible to switch on the system for the emergency supply of

bsron for 20 minutes. This occurred because of a failure for

general reasons and is classified ao emergency conditions

(p.2.2.2.4 PNAZG-12-005-87 - failure of all SD channela). The

culprit was plant personnel, poor attention to the signaling panel

of the BShchU (blochnyi shchit upravleniya - block control panel)

2.3.2.1. Reserve Diesel Power Plant

There were 17 breakdowns in RDLS equipment resulting in 16

failures and i emergency state for the power unit which is 27% of

all of the SD, failures in AES with VVER (VVER-1000 - 12 failures,

5 DG failures).VVER-440 -

One case occurred in the operation of the RDES equipment upon

demand: 12/19/89 at ZAP-5 in the process of the development of the

breakdown the VA section was disconnected, the DG-1 automatically

| started up and the SB mechanisms were switched on but the DG's
!

revolutions were 750 rpm which corresponded to H: c 42 H: (nominal

frequency of revolution of the DG is 900 rpm, H: = 50 Hz, DG type.

|

ASD-5600, Diesel 78G) The reason was the fracture of the torsion

cylinder of the fuel supplying diesel pump, a part which was
|

produced with a technological deviation which did not provide for

a good quality assembling of the pump.

The remaining 15 breakdowns were exposed during trsting of

the SB. Events which are often repeated are failures which arise

because of the defects in the activation system of the generator

SBDG 6300-6HUZ (DG of the ASD-5600 type) This type of DG are

found in the power units of VVER-1000 and RBMK-1500.

In 1980 there were 3 breakdowns due to defects in the RNR-SP

16
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pressure regu3ators, blocks of rotating diodes. The failures

occurred on 1/17/89, ZAP-4; 2/24/89, ZAP-3: 12/20/89, KLN-1. In

the last case repair resulted in the destruction ef the operating

safety conditions of the power unit. An analogous case for the

failure of the activation system for this type of generator

occurred at KLN on 8/23/88 DG-3;

On 7/22/89 the DG-3 (GX-01) did not connect to the HP section

during testing of the SB because of the failure of the VES-6

switch (Rovensk high voltage apparctus plant RZVA). The reason

wat the defective construction of the switch. This BES-6 failure

again indicates the poor reliability of switches and the need for .

taking urgent measures to improve their quality.

In addition to 3 failures of DG because of defecte in the

generator's activating syster, the remaining failures of the DG

have th' same character.

Because of the fault of the producers there were 9 equipment

failures in RDES equipment:-

I case - the DG generator's switch (45D100 type) and thefo-

at KOL-3, 8/25/89intersectional switch were not turned on -

because of defects in producing the electrical units in the switch

control circuits; the guilty party was the Kharkov

electromechanical plant;

- 2 cases - 12/29/89 at ZAP-5, see above, and 12/13/89 at
,

ROV-3 - failure of DG-31 because of the destruction of the spring

productionin the high pressure fuel pump in the 13th cylinder -

defect;
.

1

| - 3 cases - because of production defects in the activation

system of the DG generator ASD-5600;

17
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10/28/89, ZAP-5, faulty logistics command unit-I case -

(BKL) (bloka logicheskikh komand) in the command control circuit

for switching on the DG in the 2nd series of the control system

and lack of contact in the BKL joint; reliable connections were

not provided in constructing the joints in the UKTS

unified group(unifitsirovannyi compleks tekhnicheskikh sredst -

of technical media) columns and no recommendations were given on

cleaning the joints:

defective switch (type AK5/6/89, ZAP-21 case ---

63-3HGUZ) in the ShsN-2 KUAS-5600 DG ASD-5600 because of
.

construction defects resulting in the need to repair the DG-1.

Failures caused by the producers occur as the result of

structural defects in the system elements, poor qual'ity production

and assembly, the absence of requirements in the operating

instructions on carrying out technical maintenance.

There were 7 breakdowns of the RDES due to AES personnel:

YuUK-1, KhME-2: ROV-1, KOL-3.

On 10/31/89 during systematic testing of SB channel 2 after

starting up the DG the HTZ was triggered. The reason was the

improper connection of the electrical circuits to the protection

for the reverse sequence.

On 12/13/89 a failure of the DG-21 occurred at ROV-2 during

testing as the result of the wear of the electric motor's

ec11ector brush, the speed regulator, AES presonnel ((TsTAM, ETs)

- the clear cut boundaries were not determined for separating the

plant's equipment in the DU DG system, there was no TO graph for

the DG's speed regulators.

On 10/23/89 at KOL-3 the DG 3 SB channels failed because of

18
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the AES personnel's failure to follow the technological

regulations in part of the testing sequence of the SB before
1

i

starting up the energy block after PPR. There was also an
i

unsatisfactory organiration of the supervisory AUS personnel

forcarrying out the checks of the protection and interlocking of

the power unit before start up and the requirements in the

instructions 3,4-03 22 TO-86 on the control of the RDES guidance |

systems were not carried out.

Thus failures due to AES personnel occur because of poor

organiration and operational control on behalf of the supervisory
.-

personnel a breakdown in operating documentation.

There was one midfireof the DG on 7/18/89 at KhME-1 due to

the fault of the AEP designers. The reason was that the DG was

not prepared for automatic start up under the DG's operating

conditions during systematic testing due to design defects in a

part of the DG's control system. From 7//89 to 7/18/89 2 SB

channels were in stand-by state but the possibility for automatic
.

start up was excluded which is a breakdown in safe operating

conditions according to the signals of the control SB. Two other

SB channels were operative.

/4The failure of one channel in the system for emergency power
,

!
supply for a time which exceeds that permitted by regulations

classifies it as an emergency state according to VNIIAES-

(Vsesoyurnyi Nauchno-Issledovatelskii Institute Atomnay

Elektricheskaya stantsiya - All Union Scientific Research Institue

for Nuclear Power Plants) and PNAEG-12-005-87, p. 2.2.2.3.

It should be pointed out that, as compared with 1988, not a

single case related with the failure of the butterfly valves in

19
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"the diesel's automatic control sy.atem was recorded at the RDES AES

with a DG of the ASD-5600 type which indicates the efficiency of

the measures adopted at the plants.

At the present time modernization of the system for supplying

the oil to the drive bushing of the large auxiliary mechanisms

(privoda krupnykh vspomogatel'nykh mekhani mov - drive of the

large auxiliary mechanisms)(PKVM) on the ASD-Sov0 is being carried

out at the plant which optimites the lubrication of the most

loaded bearings in the first seconds of start up of the DG.

2.3.2.2. Commercial Water Supply Systems

There were 8 breakdowns recorded in AES (in 1988 4) related-

with failures of system equipment and 1 failure of the system's

equipment occurred in the development of a breakdown due to other

equipment in the AES (YuUK-2, 9/1/89, failure of the commercial

water supply pump because of a breakdown in the power cable's

insulation.

There were 7 breakdowns, or 78% of all of the system
|

breakdowns, due to failures of the control valve

(reguliruyushchego klapana )(RK) of the I68051-500-02 type.

In 2 cases these failures resulted in disruption of the safe

operating conditions (p. 3.4.2. TRV-1000-1) ZAP-3, 12/6/89 and

zap-5, 11/9/89.- By comparison in 1988 2 cases of analogous

failures of RK of this type were recorded in the investigation

reports: 12/8/88, KhME-1 and 8/26/88, zap-2.

All cases of RK failures in 1989 took place at the Zaporoth

AES (see Table 1). The reasons - the spontaneous separation of

the rod from the control unit (plunger) because of the appearance

of hydrodynamic vibrational stresses at low flow rates of

20
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1000-1500 m/h. Six of the breakdowns were the result o f.

construction defects (A reliable structure was not provided for

the connections of the rod with the control unit. Earlier RK

failures of this-type took place in 1988 at KhME-1, 12/8/88, at

ZAP-1, 6/4/88 and 5/13/88.

The measures taken by the producers to improve the

reliability of the unit for attaching the rod to th ^1 unit

in 1988 did not give the desired results theref .- tne . .. must

take measures to improve the construction for thi -um or valve,

taking into account the actual operating conditions 4. cne AES.

On 4/28/89 during SB tests on the DG at KhME-1 the checkvalve

(OK) (obratnogo klapana) jammed on the QP31D01 pump's pressure- j;g
head: tae reasonswas not determined. An analogous failure took

place on-11/5/86 at BAL-1 with the QF21SO6 OK because of a shift

in-the valve's axes.

In power units with RBMK there were no recorded failures in

the commercial water supply systems.

Conclusions On Security SB:

1. Shut downs of the power units because of the unsteady
,

,
operation and switching off of ABP elements take place because of

|:

the false triggering of SB precautions during power losses in

individual protection channels, defects in the algorithm for

technological precautions and interlocking.

2. DG failures take place because of faulty construction

parts, poor quality production and assembly, the absence of

requirements in the instructions for the operation and technical

technicalmaintenance (TO) (technicheskomy obsluzhivaniyu -

maintenance); due to the fault of personnel - improper assembly of

L 21
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electrical circuits for protecting the generator, clear cut

boundaries were not given for separating the equipment in the ETs

and TsTAH plants in DG systems; violations of the requirements of !

technological standards in preparing the power unit for start up

after PpR, (preventive maintenance and repair) and, on the whole,

because of poor operating organi:ation of the supervisory

personnel in charge-at the ACS.

3. Failures in the commercial water supply system Op in 78%

of the cases occur as the result of construction defects in the

rod-control unit connection of the control valve (RK).

2.3.3. Locating Safety Systems.

IN AES with VVER 10 breakdowns were recorded (in 1908 1),-

related with system equipment failures.

Three because of the unsanctioned closing of the pneumatic

cut off unit in the GTsN's oil system and 1 false triggering of

precautions for the power unit because of a pressure increase

above the GO of more than 0.3 kgf/cm, which resulted in 2

shutdowns and 2 unloadings (because of the deviations of two GTsN)

with an overall production loss of 49.82 million kWH (9/20/89,

BAL-1; 9/19/89, KhME-1; 7/12/89, BAL-3; 1/5/89, KLN-1

respectively, see Table 1).

The closing of the pneumatic cut off units at BAL-3 on

7/12/89 and at KLN-1 on 1/5/89 occurred because of the appearance

of false signals because of internal defects in the logical

command blocks BKL-UH, plant N 6608 and in the control cable in

the coil control circuits.

The closing of the pneumatic shut off unit at BAL-1 on

9/20/89 resulted in the development of a shutdown of the powerunit

22
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because of the-increase in the level in the PG-3 as a result of

the breakdown in the operation of the algorithm for the

technological protection. The reason for triggering the pneumatic

shut off unit was the maladjustment because of the aging of the

packing material in the reducing valve in the coil's control i

system. Unsatisfactory carrying out the coil's TO.

One shut down at KhME-1 on 9/19/89 took place because of the

activation of AZ-1 (avariinaya :ashchita - emergency protection) |

|

by a false signal for a pressure increase of more than 0.3 kgf/cm

above the GO when the hermetic valve TL 42S02 for supplying the

air under the casing was closed during systematic testing. The
|

|

reasons for the' false operation of the protection was the defect

in the algorithm for the technological protection of the

obstruction.

Six breakdowns were related with failures of the pump units

in the' sprinkler system TO 11 (21, 31) D01, (3/17/89, KhME-1; /J 3

21189, ZAP-2; 8/7/89, ZAP-3; 1/14/89, ZAP-4; 4/1/89, ZAP-4;

5/20/89, "Ap-4) including 4 breakdowns which happened because the
'

pump units to the sections for reliable supply were not switched

I on because of breakdowns in the operation of VE-G type switches.

The reasons for the failure of the switches are the same as in the

breakdowns which are related with the pump units ~of the protective

SB and 2 breakdowns occurred as the result of the low operating

levels of the pumping equipment because of the defective

organization of-the operation. As an example we cite the failure

of the sprinkler pump on 8/7/89 at ZAP-3 during tests because of

the overheating of the 3rd bearing to 99 C. The failure was the

result of the lack of proper control of the oil level in the pump
1

|
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crank case; there are no marks on tha pump oil gauges for- the

minimum permissible level in the crankcase. Such failures may be

the reasons for the appearance of general failures. An analogous

failure of.the sprinkler system took place at ZAP-4 on 4/1/89. A

low operating level for the SB mechanisms.

Conclusions:

Equipment failures for the localizing SB occur mainly because

of:

1. False triggering of the pneumatic cut off unit in the

GTsN oil system in all 3 cases occurred becaue of the appearance

of false signals in the_ coil's control circuits because of: hidden

defects becadse of the use of elements'in the BKL which do not

correspond to the requirements of the operating conditions for the

UKTC, poor mounting of the contro) cable.

2. The poor organization of the operation, the lack of

requirements in the instructions in operating the pump units as to

the_ quality and level of the oil in the crank case for pumps of

the type TsNCA 700-140 (N13.35,00,00pS) 8/7/89, zap-3; 4/1/89,

- zap-4).

The < alusions about the sprinkler pump failuresbecause the

switches - r,he VE-6 type did not turn on are considered under the

subheadinr, ecautionary SB.

24
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3. BREAKDOWNS IN THE OPERATION OF THE SAFETY SYSTEM WITH RBHK

REACTORS

In 1989 7 breakdowns were recorded at AES with RBMK reactors

or 10% of all breakdowns due to failures of safety system (SB)

equipment. In comparison there were 5 in 1988. Moreover ?

breakdowns happened iri i power unit of the Bilibinsk AES which has

another type of reactor. Of all of the breakdowns 2 resulted in

emergency states and 7 in failures (Tables 1, 2) of the power unit

.

One breakdown which happened on 11/18/89 at SHO-1 resulted in.

an unplanned shutdown of the power unit with a production loss of

149.2 million kWh and a downtime of 150.0 h. The breakdown was

related with the appearance of cracks in the welded joint in the

Du200 duct-of the SPIR and SAOR junction at a distance of 8 m from

the branch into the SAOR collector. In operation of the SAOR the

defect in'the welded joint could lead to a disruption of the

conditions for emergency cooling. Reasons - the preliminary cross
.

tightening of the duct in the region of the welded joint, bending

of the duct because of insufficient heat compensation, and poor

quality of the weldings because of a breakdown in technology andi

poor control over the welded-seam.

! All of the breakdowns that happenec a power units with RBHK1

L in 1989 wereHof the same character except for 3 which were related
1.

with the false triggering of the SLA 10 system, 10/11/89 and'

12/21/89, LEN-4.

Distribution of the breakdowns with respect to the safety

systems:

25
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protective SB:

4 breakdowns --5/14/89, IGN-2; 11/18/89, SHO-1; 4/24/89, S/28/89,

BIL-1;

security SB:

2 breakdowns because of DG failure (1 during use 5/22/89, KUR-4;

and 1 during testing 5/11/89, IGN-2);

locating SB:

3 breakdowns SLA (11/10/89 and 12/21/89 LEN-4).

In 1989 there were:

2 independent SB equipment failures (5/22/89, KUR-4; failure of

the DG-1 bec.ause of improper adjustment of the relay in the DG's

control circuit; 5/14/89, IGN-2; failure of the catch in the SAOR

pump's recirculation line because of a defect in the flow

monitor)

2 failures for general reasons (5/14/89 IGN-2; catch failure ca

the SAOR pumps' pressure head because of the improper adjustment

of_the clutch limiting the moments of the catchs' electric drives;

10/10/89 LEN-4 because of the hermetic loss for the compressed air.,

-duct there was a loss in the efficiency in the emergency locating

units LEN-3,4).

On 5/14/89, IGN-2 6-of the 8 catches on the NSAOR pressure

head did not open during the . complex testing of the SAOR's

efficiency; 2 of the catches only opened partially (TN16S01,02,-

TN17S02, TN27S01, 02, TN26S02, TN17S01, TN26S01). This made it
1

impossible to feed water from the NSAOR to the MpTs loop. In

addition to these catches the TN53D01 catch in the NSAOR

. recirculation line did not close because of the absence of a ,jjf

signal from the flow monitor. The failures of the catches which

26
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connect the NSAOR to the K!! pts were due to the common reason of

the improper adjustment of the clutch for limiting the electric

drive's momentum. The RTs personnel did not carry out measures

mentioned previously which were developed on the basis of the

conclusions of the previous test of the SAOR p. 3.4 act N 1-13/459

from 10/29/88. An acalog0us event occurred on 7/17/88 at IGN-2.

The control values on ct.e NSAOR pressure head were in the closed

state during operation en po vi because of the disruption of the-

technological standards by s.;r ;., 5 personnel which meant that

water could not be supplied to the KHPTs during operation of the

pumps on demand (act N 2TCN-0-7/19/88). Because of this order of

repetition of the events it can be concluded that the

organizational state for the operation of SB at thJ IGN AES is

unsatisfactory, there is no control over carrying out the

requirements of the operating documents and of measures instituted

i on the basis of results of preceding tests of the SAOR, a low

level of worker's discipline.

Because of leaks in the armature and pulse tubes of the Kt! pts-

on 5/33/89 at KUR-2 there was a pressure increase in the
i

dense-stable boxes (PPB) (plotno-prochnykh boksakh) triggering an

| AZ-5. The high speed catches (BDZ) (bystrodeistvuyushchie

zadvichki) of the water tanks (GB).(gidroballonov) and PEN opened

up. The DG-1,2,3 started up. The DG-1 6.J not connect to the
!

| section for reliable supply (NP) (nade:hnogo pitaniya). The

reason for the failure of DE-1 on demand was predominantly the

improper adjustment of the time control relay for the start up

period (KZ-1) (kontrolya Zapuska) in the DG's control circuit

(type 12 ZV40/48 + S2445-12) which caused the switching off of thei

1
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activation for the generator and then for the diesel. Prior to

the occurrence of the breakdown one subsystem or SAOR NOAp-21,22

was under repair and KUR-4 was being operated under

non-designconditions. Removing one of the SAOR subsystems for

repairs for SB constructions according to principle 3 by 50% is a

gross breakdown in the safety conditions for operating the power

unit. The culprit was the AES personnel who allowed the improper

adjustment of the relay in the DG control circuits and also the

removal of the NOAP subsystem for repair without determining the

proper and necessary safety measures as well as the design and

construction units of the AEP and p/ya A-7291, A-1758 which did

not provide technical means for determining the flow in the PPB,

the lack of standards on the permissible flow in the PPB for the

operation of the power units on power.

On 5/11/89 at IGN-2 there was a shcrt circuit and the

triggering of a differential protection of the DG during tests of

the DG-10 because of a latent defect in mounting the circuit cable

which developed under operating conditions (water entering the
-

trough in the high water period and the lack of observation

capacity.

Three interruptions in the operation of LEN-3,4 occurred

because the emergency locating unit (BLA) (bloka lokalizatsii

avar11) was out of c- e" because of false triggerings of the start

up system of the BLA siphons:

11/10/89, because of defacts in the circuit which carries the air

under conditions of using an non-design pneumatic valves of the

A96347 type, Du 150. In this case the spontaneous opening of the

valve and the start up of the siphons takes place with a loss of

2S_ ___ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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pressure in the air conducting system because of the damage to the

air duct for supplying the tanks of the BLA or witha power-loss to

the electromagnets of the pneumatic distributors. The damage to

the air' duct for supplying the BLA tanks was due to the fault of

'

AES personnel who ignorsJ the requirements for safriy in caerying

out ground operations (side by side with the actual ducts) using
-

shrew-like techniques.

12/21/89 at LEN-4 because of the overfilling of - the water- seals /d
(0Z) (gidrozatvorov); the culprit - AUS personnel who allowed the

overfilling of-the GZ. There was no reduction in power or
.

shutdowns of the energy blocko. In all 3 cases the false

triggering of-the BLA system resulted in the non-design cperation

of the= power units during the time the DLA efficiency was restored

(10 h).- The first two breakdowns of the commission are classified ,,

assemergency states and the breakdown on 12/21/89 was clasrified

as a failure, citing the notice on the change in the Technological
.

standard verified by the HAEP SSSR. This notice was not cleared'

with' the Gospromatomnadzor SSSR, construction and design

Jorganizations'which is a breakdown in the requirements of -the-

-Technological standard on the operatio.n- of- power -units with

-RBHK-1000 reactors p. 3 and therefore the notice e'Ithorizing .the'

operation-of power units withvut SLA is-invalid and the ' breakdown

must be classified as an emergency state.
.

Two breakdowns occurred at BIL-1 during the PPR which were

classified as failures. On 4/24/89 during tests of- ASPOV there-
~

L was a jamming of the reverse valve in the 4th loop. The reason

-was the accumulation of corrosion production - the culprit AES

, personnel. On 5/28/89 during adjustment there was a jamming of
L

29
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the auxiliary valve IFK-IV, of the type V-573, DU 20, produced in

1978 and put to use in 1981, intermediate repairs - 1988, culprit

TsTsR personnel,-

iteasures For Improving Safety

from 1986 to 1989 VNII AES, along with the plants carried out

a series of studier on improving the reliability of DG-40 which

are installed in one line of the EUR snd Cher and in the LEN AES,

Produced and distributed to all interested organizations, the

technical solution which suggests improving the degree of

automation for the operation of diesel loop after shutdoun,

pumping the oil out of the diesel's crank case 'ind e r stand by

conditions and also a modernization of the SGD 16-69-6 generator

with the aim of lowering the thermal loads on the rotor when

operating at pouer during the summer.

CONCLUSIONS

Breakdowns in the operation of AES with RBt!K reactors due to

equipment failures basically occurred for the follou ng reasons:

nonfulfillment of the requirements of the operating documento

by the AEC personnel; poor worker discipline (5/14/89, IGN-2,

5/22/89, KUR-4);

poor quality of repairs (5/28/89, BIL-1);

breakdoun in the velding technology; lack of control on the

velded joint; poor installation of the control cable (1/18/89, /7
S!!O- 1, S/11/89, IGN-2);

insufficient development of the construction solutions for

the air supply systems - false triggering of the start up syctem

for the BLA siphons, 11/10/89, LEN-4 because of the use of a
I

.

30
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non-design valve A96374 and the common duct for supplying the BLA

tanks with compressed air for 3,4 energy blocks.

1

31

.



- - _ _ - _ - _ _ -

s' t.

TABLl; 1

BRLAKDOWNS IN AES OPERATION f/UE TO SB LOUIPMENT FAILURES AMD SB EQUIPMENT
FAILURES OCCURRING IN BREAKDOWNS Dl'E TO OTilER AES E^UIPMD4T

No. AES, Date of Record Production , EquipmentBlock breakdown, Lons. g gcausingState of category million time breakdown System p ,Block kWh
h (Failure) Equipment

1 2 3 4 5 6 7 8 9
__

.1 YutK-1 2/5/89 0 4.9 6.6 ABP, un- Constant Analogous break-on power
steady oper- down in ABPation during"I '"'' " PTS on 2/17/87nwitching Act N42

2 YuCK-2 9/1/89 0 -
- NTv0 - 2 "on power

insulatton
breako3 YuCK-2 10/31/89 0 - - DG - false Tecting Improper switchingon power

operation
on of the currentof MTZ
circuits to protect
reverse nequence -

3 4.9 6.6

4 BAL-1 1/4/89 0 18.35 13.5 Steaming up falseon power
of the cableTriggering
shalt room
f of 2SB
and statt of
UAPT 2SD

5 BAL-1 7/9/89 AS - - T022 D01, in- Testing
ppg crease in

temperature
p/sh N3

6 BAL-3 7/12/89 0 14.94 - Pneumatic False In oil systemon power
A rna t ure
control and Triggering of CTsN
protection

cArCU4C

7 BAL-1 9/20/89 0 7.08 1.25 Pneumatic False
" P *** Armature Triggering .-

control and during "

protection development
circuit

8 BAL-1 4/12/89 0 - - A failure Operatingon power
occurred
in KV on
during op-
eration of
BRU-A demand
TX80S05 be-
cause of
high level of

vibration
in PC-4
neenm duct

32
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TABLE 1

BREAKDOVHS; 1N AES OPERATION DUE 'TO SB _ EQUIPMENT FAILURES AND SB EQUIPMENT .-

FAILURES OCCURRING IN BREAKDOWNS DUE TO OTHER AES EQUIPHENT
Noi AES, Date of Record Production Down. E9uipmentBlock breakdown, Loss, causing State of

-State of category million time breakdown System RMs
Block- kVh .(Failure) Equipment-h

1 2- 3 4 5 6 7 8 9

9 BAL-] 11/23/89
0 72.27 56.9 Decause-of Operating- KVZ BZOK failure0" E"' I

defect in because of
KVZ B20K-3 on elevated vib-there was ration in duct
no signal demand and on BZOKto switch
off CTsN-3
resulting _
in triggering
false intti-
ruption pro-
tection

5 OT +
1 AS' 112,84 71.65

10. KhME-1 3/17/89 ~ 0 VES-6- -

on power Testing- -The main reason
TQ21D01 the switch diddid not not turn on was
switch on a breakdown in the

kinematic circuit
:11 KhME-1 4/28/89 O_ - - Jamming

onipower' ,,

of the OBK
in the pump
inVT system
(QF31D01)

12- KhME-1 6/8/89 0 -- - Start up AssemblingPPR failure for ,

DC-1 due to defectn
maladjustment
of pneumatic PNR:

head
13 KhME-1 =6/9/89- 0 .VES-6 of the "- -

PPR
TQ12D01 pump

~ did not ,
*. switch on

14. Khitt-1 7 /15 / 89 0 Start up- - "
PPR- failure of

DC-1 due
: to :eaks
| o f com-

. pressed air

through.in-
let nut

15 KhME-1 7/18/89 0 Start up "- -

failure
for DC,
defect in
control
system

16. KhME-1 9/19/89 0 18.54 15.9 False
,,

"
I on power .

l- triggering
'

of precaution
l

pressure ele-

vation above
housing of

33 U'3 k ''**8
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BREAKDOWNSINAESOPERATIONDUETOSDEQUIPMENTFAILURESAhDSDEQUIPMENT.
, ,

FAILURES OCCURRING.IN BREAF. DOWNS DUE TO OTNER AES EQUITHENT
.No . .AES. . Date of Record Production

Down E9"'I"'"IBlock breakdown, Loss. . causing State of
State of . category million time breakdown System Remarks
Block- kWh (Tailure) Equipmenth

1 2 3 4 5 6 7 8 9-

_ - _

17 KhME-1 8/9/89 0 56.62 52.0on power Spontaneous Talse
closing of triggering
BZOK -Plaw
in mounting
framework

'18 KhMI-1 9/1/89 of BZOK0
en power BZOK-5 did Oper- During develop-not close

due to inter-ating
locking as ment of break-
level in PG4 on downincreased demand

9 73.16 68.5

19 KLN-1 1/5/89 0 9.06 i

Spontaneous False-

on power closing of
pneumatic Triggering
cut-off
mounting in
OTsN-K3 oil
system in

control
circuits

20 .KLN-1 12/20/89 AS -

~ Failure of Te s t,in g
-

on power DC's acti-
vating
system

21 .KLN-2 1/18/89 0
BRU-A-Z did Oper-
not close
because feed ation
robot was on' '

= '? knocked out" demand
9.06

_,-

22 ROV-3 '4/9/89 0 15.43 17.0 Failure of Constanton power
ABP in SB3 Operation
due to mal-
adjustment
of power
thyristor

23. ROV-3 11/23/89 0 11.506 12.0 Failure of "on power
ABP SB3
due to false
operation

of PTS
protection

24 ROV-3 12/13/89 0 - - Failure Testing
of DG-31
due to de-
fect in34

. . _ - . _ . ._ _ . _ _ _ , , ._ _ .. . ,
_7 3 y n . ... . _ , _.. . _ . - . . . - _ , _ . . . , , - . _ _
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T/JLE 1

BREACOWNS 11: /IS OPERATION DUE TO SB EQUIPriENT FAILURES AND SB EQUIP 11ENT

TAILURES 00 CURRING IN BREAKDOWNS DUE TO OTHER AES EQUIPitENT

No. AES, Date of Record Production Do n Equipment 3 g
Block breakdown, Loss, causing

Remarks
State of category million time breakdown System
Block kWh (Tailure) Equipment

h

1 2 3 4 5 6 7 8 9

25 ROV-2 12/13/89 0 Failure of Testing- -

on power DC-21 due
to defect in
speed control

" '

4 26.93 29.0
~~

-

26 ZAP-2 1/10/89 0 Failure of Constant Use of non-design- - '

on power control valva joint pins and
in VF system operation nuts in repairs
spontaneous B/26/88
disconnection
of control
unit

27 ZAF-2 2/4/89 0 Failure of Testing- -

on power TQ23D01 due
to defect in
power notor
bushing

' '"28 ZAP-2 2/25/89 0 - - Failure of
on power TZ13D01 due

to defect Ln
VES-6 avitch

29 ZAP-2 2/11/89 0 - - Failure of "

on power TQ31D01 due
to defect in
VES-6 switch 2

30 ZAP-2 4/3/89 0 Failure of Ccnstant- -

on power control valve
in VF system Operation

31 ZAP-2 3/2/89 0 - - Failure of Testing
,on power TX30D01, oil

'

leak

32 ZAP-2 3/S/89 0 - - TX30D01 By-pass
on power failure, of

oil leak equipment

35
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BREAKDOWNS IN AES OPERATION DUE TO SD EQUIPMENT FAILURES AND SB EQUIPMENT

FAILURES OCCURRING IN BREAKDOWNS DUE TO OTHER AES EQUIPMENT

No. AES. Date of Record ~ Production Down L9"IE**""
Block- breakdown. Loss, causing State of

State of Sategory million time breakdown System Renarks
Block kWh (Ta11ure) Equipmenth

1 2 3 4 5 6 7 8 9
_

33 EAP-2 5/6/89 0 DC-1 sent Equipment
- -

on Power for. repair inspection
because of
failure of
AK 63-EMXCUZ
in ShSN-2
shaft of
KYAS-5600

- 34 ZAP-2 4/16/89 0 Failure of Testing- -

on power
TQ23D01 be-
cause VES-6
did not
switch on

35 ZAP-2' 2/24/89 0 - - Failute of "
on power

DC dae to
defect in
activating
sy' tem

36 EAP-2 3/13/99 0 Failure of- - "
on power

ASP's con-
trol system

37 LAP-3 8/7/89 0 Failure of- - "
,

TQ31D01 -
elevation

1

in temper-
ature of
3rd bushing

3B zap-3 12/6/89 0 -- - Failure of Constanton power
control Operation
valve in i-
VF 158
system

;. 39 Z 1/17/89 0 - -
! Failure of Testingon power
I- DG due to

defect in
activation
regulator

40 IAP-4 1/14/89 0
!

- - Failure of "
on power

TQ11D01 in
VES-6 switch's

| control system
. IAP-4 4/1/89 0( TQ21001 be-- - "

on power
cause of in-

| crease in
temperature

! of 3rd bushing
,

42 ' ZAP-4 4/13/89 0 - - Failure of "

on power TQ20001 -
leak in
seal

43 ZAP-4 4/28/89 0 - - Failure of "

on power TX30D01 due
to VES-6

36 defect
.-
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TABLE 1y ,, ;_

BREAKDOWNS IN AES OPERATION DUE TO SB EQU1FUENT FAILURES AND SD EQUIPMENT

FAILURES OCCURRINO IN BREAKDOWS DUE TO OTHER AES EQUIPMENT
,

No.: AES. . Date of Record -Production Down U9"AE" "E State of-Block breakdown, Lose, causing
emarks. State of category million time breakdown . System-

Block kWh (Failure) - Equipmenth
1 2 3 4 5 6 7 8 9

44- ZAP-4 4/29/89 0 Failure of Constant- -

PPR control Operation
valve in-
VF system

.45 ZAP-4 $/20/89 0 Failure of Testing- -

- on power TQ11D01-due
to inter-
ference in
VES-6 con-
trol cir-
cuits

46 2AP-4 7/22/89 0 - - DG CX-01 " -

'on power did not
connect to
section due
to VES-6
failure

47 ZAP-4 8/27/89- 0- -- - Failure of Constant Dynamic action
on power control Operation on RK

valve of
VF system
leak in
weld seam

48 ZAP-5- 10/11/89 0 15.8 15.75 - ABP failure "

on power due to in-
vertor defect

49 ZAP-5':10/28/89 0 - - Start up Testing BKL defect in
on power failure DC-3 control circuit

due to con- of DC switch
trol system on command

,

defect,

'

5 0 -- ZAP-5 11/9/89 0 - - Failure of Constant
on power control Operation

valve in
VF system-

51' ZAP-5 12/29/89 0 - - Independent Operation
shutdown failure of on demand

DG due to
break in
fuel pump

52 . ZAP-5 4.12.89 0 Failure.of- -
.

control
valve of
VF system

27 15.8 15.75
. . - -

37
.
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TABLE 1i i..

BREAKDOWNS IN AES OPERATION DUE TO SB EQUIPMENT FAILURES AND SB EQUIPMENT
|

FAILURES OCCURRING IN BREAKDOWNS DUE TO OTHER AES EQUIPMENT

No. AES, Date of Record Production E9"IP**"EDo w S'a;e ofBlock breakdown, Loss, causing
State of category million time breakdown Syst%n **** "
Block kWh (Failure) Equ;pmenth

I 1 2 3 4 5 6 7 8 9

53 HVO-2 10/26/89 AS - - Failure of Constant
I VPU, dis- Operationl on power

charge AB
inability

to start
emergency
system to

add boron

54 HVO-2 8/10/89 0 - - Independent "

on power
failure of

ODC-4 due to
defect in
frequency

*

control

~

1 OT + 1 AS

55 KOL-3 4/7/89 0 2.4 5.4 Disconnec- "

on power tion of AFB
2SB oue to
false oper-
ation of
protection

currents

56 KOL-3 8/25/69 0 - - Failure of Testing Defects in switch
on power DG because solenoid circuit

generator

and section
switch did
not turn on
for general
reasons AP
ShchPT *.

57 KOL-3 10/23/89 0 - - DG 3SB failure "
on power due to im-

proper pos-
ition for
start up
relay

58 KOL-4 3/16/89 0 - - Failure of "

DG due to
defect in
air starting
system

59 KOL-4 7/25/89 0 - - " "

5 2.4 5.4

38

_ _ - - _ _ _ _ _ _ _ _ - - - _ - _ _ - . -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~



. . _ . - - . - . - - .- -. . -._

TABLE 1
e

* "." ' BRE/COVHS IU AES OPERATIOll DUt TO SD COU1PMENT PA1 LURES AND SD EQUIPHENT-

TAILURES OCCURRIllC IN BRE/.KDOWHS DUE TO OTitER AES CQUITHENT

No. AES, Date of- Record Production 9"1E*'"'Down- State ofBlock breakdown, Loss, causing
" * ' " " ' "State of category million time bronkdown System

Block kWh (Failure) Equipment
h

1 2 3 4- 5 6 7 8 9

60. KUR-4 5/22/89 0 Independent operation- -

on power DC-1 failure on
due to a denabd
defect in
control
system

1

61 LEN-4 10/10/89 AS - - False False
on power triggering triggering

| of SLA due of the
to design system
errors

; 62 LEN-4 10/11/89 AS " "- -

on power
|_ :63 LEN-4 12/21/89- 0 "~ "- -

| on power

! 1 OT + 2 AS

I 64 Sh3-1 11/18/989 0 149.2 150.0 Flow in Constant Poor quality
on power SPIR-SAOR Operation of welding

duct during assembly
_

I 149.2 150.0
l.

65 IGN-2 5/11/89 0 DC Failure Testing- -

on power Action of
DTZ-
grounding

,

(hidden
' cable

defect| ,
,

' 66 IGN-2 5/14/89 0 Failure of "-- - .

PPR cladding on
delivery
conduit of
NSAOR

| 2-

67 BIL-1 4/24/89 0 "Jamming of- -

PPR ASPOV's OBK
vyntem

68 BIL-1 $/28/89 0 "Jamming of- -

PPR IFK valve

2

:

Total. 68 396-3 346.9 3g.

-- . ~_,
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TAELE 2
,

SB BREAMDOWHS IN 1989 BY AES BY QUARTERS

No. Name f r B1 ek 1 Block 2 Block 3 Block 4 Block 5 Total
AES 1988 Oun ter Quarter Quarter Quarter Quarter Ne

1 II III IV I II III IV I II III IV I II III IV I II III IVhreakdowns
.o _. -

AES With VVER Reactors1 Balakov 3 1 1 2
1 12 Zaporoch 7 6 3 2 1 12 5 2 1 4 r/

6

3 Kalinin 1 1 1 1 1
4 Khmel' nits 5 1- 3 5 3

5 Yu.Ukrainel 1 1 1
9

6 N.Voronezh 3 3
1

1 27 Ravensk 2 1 1 28 Kol'skii 6. 4
I 1 11 1 5

Total for 28 ~ ~

VVER 59

-.h__,
,

ES With RBSG; And Other Types of Reactors
! 9 Kur'sk 1

1 110 Cherncbyl 1
| 11 1.cningrad -

3 312 Smolensk * 1
113 Ignalinsk 3

2
14 beloyarsk 0

| -15 Bilibinsk 2
-

>

~

i . Total for. 5
| RBFG; 9

--

Total 33
68

|
.

&

t

,

i
~

4: 0

.
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TABLE 3

ENERGY P.740 DUCTION LOSSES AND TYPES OF BREAKDOWNS IN THE I

l
. OPERATION OF SB FOR 1989 I.-

j,

No. AES Name Production Prcouction Emertency
Loss Loss Total Domtime-Block 1988 Shutdotm/ mil kWh Failures

Shutdowns Unleading h. State
.--

- - .
_

AES Vtth VVER Reactors

11.-- Balakov' -3/97.9 1/14.94 4/112.8 71.65 1 5

~

;2 -Zaporozh 1/12/9 1/15.8 1/15.S 15.75 273- .Kalinin. 1/9.06 1/9.06 1 2:4 . Khmel' nits 1/6.44 2/75.16. 2/75.16 68.50 9
5-- Yu. Ukraine- 1/4.9 1/4.9 6.60 26- L-? Voronezh

.
. . 1 17- Rovensk. 2/35.83 2/26.93 2/26.93 29 0 4@- -Ko'1'skii 2/9.11 1/2.4 1/2.4 3.4 f

I Ea1 for 6/64.20 J.0/223.1 2/24.0 12/247,0fT96.9 T 56
-I

3'VER
P- ___

-

AES Witii RBm' Reactors

2 ~Rursk 2 /65. f-6 -
1.0-- Chernobyl

C1.- Smolensk 1/149.2 1/149.2 150.0 12 't.cningrad-
2 2

3.;Ignalinsk'
24:LBeloyarsk

5 Bilibinsk
2

otal for -,1/65.96- 1/149.2 -1/149.2 150.0 2 7

~

-

- -

L
.

"otal 7/130.14 11/372.3 2/24.0 13/396.29 346.9 5 63

1

~|

.

9-

1

e

a

9

d

41 ~
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TABLE 4

HL'U.9FA GT un BREAKDOWNS BY AES_ , . .

AYp WG .-

. Safety System
'

Pincoctive - -

Locating Total-

Emergency Power Water Supply,

4 System System! b Control Matt,. 5 Elec Control Moch.6Elec Mechanical and Mechanical
'

Circuit Equipment Circuit Equipment and Elec-El m ical
inc. RDEC inc. RDEC Eq ut p.nent trical Equip-

ment,

A2S With VVfR f.cactors

Balakov I I
2 '6' tapo rczh 5 3/2 5/4 7 5 27

*

Kalinin 1-

1/1-

1 3
-

Khmel'skii 2 1 2/2 1/1 1 2 9: Ukraine 1/1 1/0 1
- -

3:N.Voronezh -

2/0- - -
-

2Revensk.
-

2/1 2/1
- -

-
4(Block 3) 1/0 2/1Kol'skii 2/2 3/2

- --
-

- 5

Total for 7 5 10/8 15/9 9 10 '57
'

'

yVLR 3
'

_~

AES With REM}' and Other Types of Reactors,

Kursk 1/1+ - - - Ihernobyl -
- - - -

- -eningr.1 - - - -

3 3
-

r:alensk 1- - - -

1
-

gnalinsk 1 ' t' '.
-

eloyarsk 2
- -

- - - - - - -

h!lihinsk 2 - -
-

- - -

2--

Totalt for 1 3 1/1 1/1 0 3 9BMX<

otal for 8 11 11/9 16/10 9 -13 68>S

!

..

v

l

|
|

<

I

l :

!^

l

:

__ ._, _ _ .3 _ _ _
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;_ TABLE 5
!- DISTRIhUTION OF SB BREAKDOWNS BY TYPES 9F POWER E'N

-

Type of _

SAFETT SYSTEftS

AE'I
1 SecurityProtection
,

_ Emergency Power Supply
i Water Supply System "E "E
A *# I "** Total

Circuits Elec. Control circuits
Mech. & Elec. Mechanical and Electrical Mech & Elec.i

9" N Equipment
Including RDEC Including RDEC Equipment Equipment

, . . .

1-

1 VVER-440 -
-

I 3/2 5/2 -
- B

f VVER-1000 7 8 7/5 10/7 9 IG SI |
RBMK-1000 - 1 1/1,

i A
-

-

3 5Wi RBMK-1500 1 -
- 1/1 -

2-

;
'

EGP - 2 -
,

-

- 2
.i

; Total 8 11 11/8 26/IJ 9 13 66
e j

|

!
!

!

|
i
)
i

!

!

!

i

,
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TABLE 6
i

TRIGGERING (Ti!E OPERATION) 0F Ti!E SB BY QUARTERS
'

AES WITH VVER REACTORS

Tritrerines, (operation) No. SB Triggerings
SB 1/f* Including DG BRU-A BZOK

1

I II III IV I II III IV I II III IV I 17 III IV per Power Block

Balakov i 1/1 1/0 1 1 3
2 ng = 20 trig /b1',ck

1 2 13 1/42/11/0 1/0 2 1 1 1 2 1 1
Zaporoth 3 0/1

4 0/1
an * = 0.6 trig / block

. 1/1 1 1 1
SU

ralinsk 1 1/0
1

2 -1

Khmel' nits 1 0/1 1/0 1 1 1 2
n*B* = 1.0 tr g/ blockS

Yush,

Ukraine 2 0/10/1 1 n g 0.6 trig / block3
Novo- 4 0/1 0/1 1
Voronezh 5 0/1 1 g3 = 0.6 trig / blockn

Rovensk 3 0/1 0/1
n = 0.33 trig / blockgg.

Kol'skii 3 0/11/0 1 n = 0.25 trig / block

; *1/f - Fa.'.se/ Actual SB triggerings
** n g Numet of actual SB triggerings/ block / yearg

|

!-

t

I

._ 44
.-. .._ - . , , . . - . _ _ - . --- .-._, -.
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TABLE 73

TRIGGERIN0 (THE OPER.TTION) or THE SB BY QUARTERS

AES WITH RBHl; REACTOR 8

AES Block Triggerings (Operation) ._

SB 1/f DG GPl*
1 II III IV I II III IV I II III If

Kursk 4 blocks 0/1 1 1 n = 0.25 trig /gg
_ block
Chernobyl

Leningrad 3/0
4 blocks

Smolensk 0/1 12 blocks n = 0.25 trig /
SB

blod

Ignalinsk 0/1
5 blocks 1 n = 0.25 trig /

SB block
. = . - . ._

*l/f - inise/ actual Sb triggerings

** nSB - number of actual SB triggerings/ block / year

.

.

45
, . - , . . . .. - . - . . . . . - - ,
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INDEPtHDtHT SD EQUIPlfENT PAILURts

!. No AES, Unit Brief Description of Event
Date

-

1 MAL - 2 The BRU-A-Z did not open up in the standby
1/18/89 state because of loss of power in the

, control circuit,
a

2 BAL - 1 During operation of the BRU-A (TKh80505)
4/12/t) the casing of the terminal suitches (kV)

of the valve drive cracked. As a result
there was a " knock out" of the robot for
disconnecting the BRU-A drive. The reason -
high vibration level of the steam duct
from PG-4 An analogous breakdown oc-
curred or ./16 /89. In addition the
TKh60505 wou put into the closed state,,

3 BAL - 3 Because of a 00fect in the steam supply
11/23/09 valve in the BZ0E-2 framework and the

subsequent turn out of the valve's elec-
tric motor beca'ase of steaming, the BZOM-2
shut down for several minutes resulting in
premature switching off of the GTsH-2. In
addition the rt- was a failure of B00K-3 be-
cause of a defe t in the terminal switch,
As a result of thit the signal was not
given for switching off of the GTsN-3
which was the reason for the breakdown -
triggering interrhotive protection of SB 1
and the shut doun of the power unit-.

4 Kh!!E - 1 Failure of B 0K-4 (fKaSOS06), which did
9/1/89 not close by interlocking as the PG-4

level increased due te a defect in the
framework cladding.

j 5 YuUK - 2 Because of ths false operation of
9/1/89 protection during uwit.ching off GTsN-4 the

i NTVO-2 was disconnected -a break in theI insulation of the bolt cable connection to
L the electric motor because of overvoltage.

6 ZAP 5 In- the -development of the breakdown the-

12/29/89 DG's failed to start up due to the failure-

of the fuel supply pump,

|

46
I
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TABLE 6 (cont)
L * . . '.

7. NVO - 4 In developing the breakdown the 0D0-4
8/10/89 failed because of the drift in the fre-

quency adjustment of the monitor for the
frequency regulator.

8 KOL - 3 The ABP of 2SB was disconnected because of'-

4/7/89 the false operation of the current protec-
tion, triggering the precautions SA0Z 2SB,
start up of DG 30V and 30X. The IPX cover

.,

'

of PG-1 was not closed.
9 KOL - 3 While the power units are on power it be-

8/25/89 came necessary to repair one of the three
independent commercial water supply

,

systems. In tecting 2 other SB channels
the DG did not st0rt up; the generator and
section switches failed because of the
failure of their centrol circuits. 2 SD
channels failed (for commercial water andemergency power). A breakdown in safe op-
erating conditions.

TOTAL 9 Independent failures including 8
FOR VVER failures in carrying out equipment

functions.

,
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00 EQUIPl!ENT PAILURES FOR A COHllON REASON AND REPETITIVE TAILURES
''

No. AES, Unit Brief Description of the Event
,

Date
1. Failures for general reasons

1.1 NVO - 2 Because of the spontaneous switching
10/26/89 off of the VU (failure of the switch

control relay) there was an extensive
discharge of the storage battery which
was the reason the system for the emer-
gency addition of boron (5 pumps) could
not be started up. Culprit-AES personnel

1.2 KOL - 2 In testing the SB there s.as a failure in
8/25/89 the DG's section and generator switches

due to a defect in the switch control
ci re'ai t s (supply robot for ShchPT),
culprit - E!!Z (electromagnetic plant),

| Khar'kov.

2. REPEATING PAILURCS
2.1 Failures of the I68051-500-02 control valve

2.1.1. ZAP - 2 Spontaneous separation of the rod from
1/10/89 the regulating unit, 8/26/88 because of

a construction defect in the unit for
attaching these parts (TsKBA) and the
subsequent poor repair work on the valve
by the TsTsR personnel who did not ob-
serve the requirements of the factory
design (the designed pin was not re-
placed) combined with the high mineral
content of the water

2.1.2. ZAP - 2 Spontaneous detachment of the rod from
4/3/B9 the regulating unit.

2,1.3. ZAP - 3 "

12/6/89

2.1.4. ZAP - 4 See Paragraph 2.1.2
4/29/89

2.1.5. CAP - 4
8/27/89 "

2.1.6. ZAP - 5 "

4/12/89
2.1.7. ZAP - 5 "

11/9/89
TOTAL 7 RK failures or ~12% of SB failures in

AES with VVER
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2.2 Pump and DG failures for the SB during, ,.
,

tests duo to fciluro of VE-6 typo
switches

2.2.1. ZAP - 2 The TQ31001 did not connect to the
2/11/89 section of the sprinkler pump because of

the failure of the VES-6 switch. Reason
predominantly the appearance of electro-
magnetic interferences in the control
circuits of the switches.

2.2.2. ZAP - 2 The pump for the emergency supply of
2/25/89 boron TQ13D01 did not turn on. Reason -

talure of the VES-6 because of a defect
in the mechanical part of the catch, de-
struction of the floor covering in the
KRO-6, absence of TsZ requirements for
the floor covering.

2.2.3. ZAP - 2 The pump for the emergency feed of the
3/12/89 PG, TKh30D01, did not turn on primarily

because of the appearance of breakdowns,
the board assumes the appearance of
electrmagnetic interferences in the BKL
circuits.

2.2.4. ZAP - 2 Failure of pump for emergency supply of
4/16/89 boron to turn on, TQ23dO1.

Probable reasons - defect in the plug
connection of the secondary circuits,
the circuit connecting the switch with
relay cut off case and failure of th',

elements of the kinematic drive circuit.
Culprit - RZVA

2.2.5. ZAP - 4 Failure of the TQ11D01 sprinkler pump.
1/14/89 Hain reason ' interferences in the-

VE-6 switch control circuits (see 2.2.1)
2.2.6. ZAP - 4 Start up failure of pump, TKh30D01,

4/28/89

2.2.7. ZAP - 4 TQ11D01 did not switch on (see 2.2.1)
5/20/89

,

!
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2.2.8. ZAP - 4 The DG-3 did not connect to the section

7/22/89 because of a construction defect in the
switch drive.

2.2 9. KhME - 1 Failure of pump TQ21001. Possible
3/17/89 reason - breakdown in mechanical part

of the switch.

2.2.10 KhME - 1 The emergency cooling pump T012D01 did
6/9/89 not turn on due to the failure of the

VES-6 switch. Rensen not established.
TOTAL 10 Lailures of VE-6 type switches in-

cluding 6 failures in which reason was
determined and 1 in which it was not.

.
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