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NUCLIeAT power

characteristics

A power unit

¢~ )

the tollowing coudit

L) the reactor plant is sealed;
2) the reactor 1is subcritical and the control rode of the
system of all groups are in the extreme lower position, Th
content of the liquid absorber (boric acid) in the wuter ofi
primary circuit is determri-ed Ly the reactivity of the react:
core and 1s equal to the s.unding concentration for the
(two or three year) run of the reactor fuel (National 5t
262~82);

3) the average temperature of the heat transfer agent in the
primary circulation circuit and the metal of the eguipmnent
greater than 70C and pressure in the primary circuit s
greater than 15 kilogram torce per square centimeter;

4) the temperature ot the metal of the body of the turbine in the
area ot the steam admission pipes is no greater

assumed

andard 95

18

no

S than 80¢C,
A power unit is hot when its systems and equipment con
to the following conditions:

A Drief shutdown is a shutdown (disconnection) of a powe Y
plant due to errors Dy operators or the false or true operation
)f safety and interlock systems which does not cause damage to
the priimary equipment for the time needed to deterwmine the
of the shutdown and correct de iciencies (no more
d"t)'S ) .

causes

than threc

An emergency shutdown is a shutdown caused by the operation
Of the scram system Oor operational safety systems which wmake the

reactor hot or cold.

False operation of the scram or operational satety systems
ls operation due to malfunctions of the components of their

electrical circuits when the equipment and systems Of the power
unit are operating normally.

Startup of a unit is a combination of operations which makes
1t possible to connect the turbogenerator to the power grid and
then bring the load up to a specific level.

Power operation of a unit is its prolonged operation at
speciiic power level determined by the characteristics of its
equipment,

A

Shutdown of a unit is a condition where:
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2) the unit 1s switched t

fuﬁllhi 18 a combination
t

which mak the re

’ \
{u L P Ine
i :

Readiness for operation
".“\, when no addit i«
rhe 1!'.)]\]” Al S l("ix.ll‘_‘

its functional purpose,

startup range 18 a range of anticipated critical
contents of boric acid in the water ¢f the primary circulatior
ircult for a given nuclear steam generation plant condition
equal to | gram per vilogram and reckoned in the direction of
values higher than its nominal critical content.




INTROLUCTION
The rules were written in light of the requiremnents of:

l. general principles of ensuring the satety of uuclear
power plants in design, construction, and operation (Ceneral
Satety Principles 82).

4. nuclear safety ruleg {or nuclear power plants (Nuclear
Safety Rules 04-7, Moscow, Atomizdat, 1977, 2d edition).

3. operational rules for electric power plants and grids
(13th edition, Moscow, Energiya, 1977);

4. Rules for the design and sate operation ol the eguipment
of nuclear power plants and pilot and research reactors and
installations (Moscow, Energoizdat, 1984):

5. Radiation safety standards (Radiation Sarety Standard 76,
Moscow, Energoizdat, 1981);

6. Basic health rules for handling radicactive materials and
other sources of i1onizing radiations (Basi¢ Health Rules 72(80),
Moscow, Energoizdat, 198l);

7. Health rules for designing and operating nuclear power
plants (Health Rules for Nuclear Power Plants 79, Moscow,
Energoizdat, 1%&.‘-

8. National Standard 95 962~-82. The Heat Transfer Agent of
the Primary Circ.it of a VVER-1000 Nuclear Reactor. Quality
Requirements. Ways ©f Maintaining Quality;

9. 8.05-Pr-2298. Water and Chemical Condition Standards (or
the Secondary Loop of Nuclear Power Plants With Water Moderated
Water Cooled Power Reactors. Requirements for the Quality of the
Working Medium and Ways of Maintaining and Monitoring It,
National Standard 37-769-85;

10. Rules (Provisional) for Testing the Equipment of the
Safety Systems of Nuclear Power Plants with VVER-1000 Reactors
(Vv=320), Moscow, 1985;

ll. Rules (Provisional) for Testing the Equipment of the
Safety Systems of Nuclear Power Plants with VVER-1000 Reactors
(v=320), Moscow, 1985;

12, Materials of the Designs of the Power Units of Power
Plants with VVER-1000 Reactors, Including the Materials of
Nuclear Steam Generator Designs (V-320).

Administrative and technical personnel and the personnel of
the sections, departments, and services of nuclear power plants
are obligated to meet these requirements,

4



Changes to the rules must be submitted 10 writing aad then
approved by the organizations which Fook part in formulating the
Stynuard Rules (TVR-10U0=-1) and then approved by the Mauin
administracion for Water Cooled W *» Moderated Reactor Nuc'lear
Power Plants of the Ministry of Nuclear Power.

Pa—
~e

This document does pot councern design acuadents or danage
control, This information is provided by the Dawage Control
Manual.

The document does not concern specific rovtine operations,
which are the subject of the operations manuals for the systems

and egnipment of the power unit,

The provisions of the rules plac» emphasis on certaian
requirements of the operations manuals written by the designers
Ui the equiprment and nuclear sleam genera. rs and the
requirements of the general contractor. Ia writing operations
manuals one must take into account all the ‘equirements of the
operations manuals written by the designers of the eguipment and
systeuns and the manufacturers.

X1l operations on eyuipment and systems nust Le performed in
accordance with the requirements of operations manuals.

These rules were written on the basis of Standard Rules
TVR=.00U=1,
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e powelr Jynit.,

L«2+ The shift supervisor 1 responsible [«
imnedlate BUPEIVIBION ©I wwunneswaome hatCen the powel
eneral plant systems and for communications with

ntrollers of the controller services (the cent,al
ervice, regional electrical administration, or oot
mtrol aygency).

l.4. A list of equipment indicating the persons assigned to
maintain 1t should be approved by the director of the powel
plant, while a list of equipment indicating the persons
responsible for controlling it should be approved by the chief
engineer of the regional electrical administration,

1,5, NO watter what condition the unit is in, there should
be an operaior present at every work station of the unit's
control panel who 1s authorized to control the systems in
guestion.,

1.6, A list of hazardous operations and conditiong should he
put together and approved by the chief engineer of the plant.
Operations manuals should provide complete information on the
‘onauct of operertions and describe organizational procedures for
the safety of these operations,

L7, Operations not described in this document and hazardous
operations not included in the approved list and the startup of a
unit after its basic eqguipment has bLeen overhauled should
conducted on the basis of programs coordinated with the
scientific director, chief designer, and manufacturer of this
equipment and approved by the chief engineer of the plant,

De

1.8. The appropriate duty and operations manuals and
instructions should be used to deterwmine the functions and duties
nvolved in maintaining systems, equipment, and rooms and
the operational procedure and the schedule for monitoring
parameters in the coperation of individual systems and equipment
in the process of maintaining the unit's operation.

1.9, A list of systems and equipment where switchings mnust
be carried out according to special switching instructions which
indicate the seguence of operations and safety measuree and a
list of rooms and equipment which should be locked up should be
put together ané approved by the plant's chief engineer,
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1,40, 1f the alarm syste o yoes ottt . untoreseen
deviations o¢cur in the process of waking a planned change in the
condirion of the unit, operators should temporarily halt this
change (1f necessary returning the unit to norwal condition) and
determine and correct tihe cause of the deviations and continue
the operations they have beguun only afrer this has peon done,

Loll. Prior to Hrestartup opetator tests of basic sys! sus
and eguipment, the heads of thoe departments responsible lor
maintaining and repairing them should make entries in the
eppropriate log ("Power Unit Instructions) after the maintenance
aas been completed indicating that all maintenance has been
completed and the equipment aud svetems are ready for testing.

1,12, 1In recharging the rcactor tuel a fue! recharging
certificate should be written up and a cartogram of the fuel
charge and cartogram indicating the location of used fuel in the
zooling pond should be appended to the certilicate.

1,13, Section personnel should test the systems und
equipnent and make them ready for startup under the supervis.on
of section shift supervisors, The completion ot these operations
should be indicated by entries in the appropriate logs, including
the power unit's shift supervisor's operations log.

The unit shift supervisor is obliged to organize and conduct
a test Of the unit's gafety and interlock systems (& list of the
systems to be tested in the event of a shutdown lasting no more
tha 7 days is given in the appendix) and check tou see that the
gystem as a whole is functioning properly using the appropriate
personnel at his disposal. The results of the test should be
certified (using a certificate of acceptance of the unit's safety
sys* m f ~m the maintenance dopartmont? and recorded in the
"Safety System Test Log."

1.14., After system and eguipment tests and checks ! ive bLeen
completed, the unit shift supervisor must inform the plant's
chief engineer that the unit is ready for startup, and afterwards
the chief engineer should authorize the shift super ‘isor in
writing (by making an entry in the "Unit Instructions") to start
up the unit, indicating the maximum permissible reactor power
level,

1.15, The unit shift supervisor should inform the plant
shift supervisor that he has been authorized to start up the
reactor and give a written order (in tue operations logs of the
reactor and turbine sections).

'.16. If a unit has been shut down for a short period of
time and there was no damaged equipment or rebuilding involved, a
the unit may be brought up to full power after authorization in
«riting by the shift supetvisor of the plant with an entry (in



the appropriate form) in the unit shift super (s0tr's speraticus
1’.'9 »

1.17. 1f damage ‘o m_r.xipmmxt Or syst 2 Lomponents which ake
it impossible to start up a unit i discovered after a ghutdewn,
the unit may be started up again oniy upon reseipt of written
authmrization from the c¢hiuf engingor of the plant (10 the "Unit
Instructions”) after a comnianion appointed by hin has
investiygated the causes of the shutdown and after all detects and
damage have been repaired.

1.18, The plant shift supervicor is responsible for
authorizing any planned change in the power of the unit or a
planned shutdown but first amust receive the apptupriate
authorization from control agenciee (the central control agency
of the regional electrical administvation).

1.19. The operations involved in reducing the power
and shutting down the unit are pertormed by operators after they
rave received written asthorizatior frow the unit shift
supervisor,

1,20, 1f an zecident sicuation which threatens nuclear
safety should occur, the operator of the reactor is obliged to
shut down .he reactor on his own (switeh it to subcritical) if
further operation would threaten the safety of the unit and the
power plant as a whole.




2. PREPARING THE POWER UNIT FOR SIARTUP

Prior to startup, entries should be made 19 the Uni
lustructions to reflect the changes 1a the eyguipuent made
toliowing the established procedure anad should 1nclude
instructions for the operators on operational procedure on the
~ap18 2f these changes.

Qperational records at operator work stations should e
revised in accordance with these changes prior to startup,

2.1 The condition of normally operating systems and
eyuipment prior to startup.

2.1.1. The nuclear steam generator is cold.

2.1,2, The condition of the main electrical connections and plant
auxiliaries and auxiliary power supply systems and equipment
should meet the following requirements:

~ the eq ent for outputting power to the power grid (the
systems . . buses, outdoor distribution system, autotransformer)
should be energized:

= the unit transformers and main auxiliary power transformers
should be put under auxiliary load:;

= the © KV high voltage backup supply sections should be supplied
{rom the backup auxiliary transformers, and the circuit bLreakers
of the backup leads of these sections should be set for energency
backup activation;

- all the low voltage (0.4 KV) auxiliary power sections should be
supplied by the main leads. A backup transformer may be
jubstituted for no more than one main transformer (6/0.4 KV) in
each group of sections if authorized by the chief enginaer of the
plant; ‘

- reliable power should be provided for the unit control panels
trom the main and backup auxiliary power sections and powe: must
Le transmitted to the backup control panel and local control
panels of the unit,

- one must check alarm settings and circuits and the sound and
light alarms of the anit control panel and backup control panel
should be in good working order. One should check the backup
control panel to make sure that it can monitor #nd control the
equipment of the power unit properly.

2.1.4. The main and backup lighting in the rooms of the power
unit should be checked and turned on.

2.1.5, Intercom and telephone communications wich the rooms and
workplaces of the unit should be checked and be in good working
order.
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¢.1.6, The auxiliary steam supp'y of the unit shouin LDe iu

operation, One should mare sure tuat steanm can ¢ slivered [(Fon
18 sources (a conmon line connecting the unit to other units
and/or the startup-backup boiler) t¢ all loads in lthe required

amount with the appropriate charactevistics,

2.,1.7. The water supply system for noncritical loads (group C)
and the circulation water supply eystem should be operating
properly and should be able to deliver the nominal flow of water
to losds., The water temperature should be nominal.

The .nit's heat release system (cooling towers or conling
pond, spray pona) should oe in working order as indicated in the
design,

2.1.8., The high and low pressure nitrogen dispensing systen
should he ready for operation, The nitrogen receivers should
contain the proper amoun’ of nitrogen at the nominal operating
pressure., The quality of the nitrogen should mect the
roguirements of standards (State Standard 9293-74, gyrade 1).

2.1.9., The ventilation systems and cooling systems should oe
activated as called for by the design.

2.,1.10, The dosimetric monitoring system should be activated as
called tor by the design., 'The alarms ot this system should be
checked,

2.1.11, The special plumbing of the reactor section and the
swecial facility and the drainage system of the turbine sactio.s
should be serviceable. The sump water tank of the specia.
plumbing o{ the reactor section and drainace tanks and sunps of
the nmachine room should be prepared to take in drainage.

2.1.12, The automatic process control system of the unit
(including the reactor monitoring system, control computer
system, standardized set of hardware, and automatic control
system) should be fully activated.

2.1,13., The pulse lines of the instrumentation should be puryged,
The instruments should be tested and turned on The
characteristics of the power unit should be fully monitored,
measured, and recorded at the unit control panel, backup control
panel, and local control panels,

2.1.14, The valves and their countrol circuits should be checked:
valves which have undergone repairs (inspections) for electrical
or mechanical problems should be tested for leaks. Unit safety
valves should he adjusted and tested as called for by unit
inspection and testing scheldules. Safety valves which have '.een
repaired should be adjusted on a stand prior to installation or
tested 1n place.
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¢.1:15%, The equipment aud teims wi the specral Lagilaty's

o
special water treatuent units shoulu mee’ the folluwing
regquirements:
- the sump water treatuncut unit, tie holding tank water treatn-atr
duit, the steamn generator purge water trea ment wurt, and the
boric agid regeneration unit (Treatwent Units 3, 4, 9, aud u)
vhould be prepared for operation to the extent which will wake 1t
possible (o start up the reactoc, The filters oL thegse units

should be regenerated it necessary;

- at least hall of the control tanks of the special water
‘reatment units should be emptied and prepared to take in fluia;

« there should be a supply of appropriate reagents at the reagent
storage facility of the special facility sufficient to enable the
continuous operation ot the unit at nominal power for cue wonth,

2.1.,16. The necessary supply of distillate (at least 500 cubic
neters) should be prepared for the makeup tanks of the primary
circuit, The distillate system pumps should be prepared for
operation. Distillate guality should conform to standaras
(National Standard 95 962-82).

2.1.,17. The mixers for preparing a boric acid solution und the
system for delivering this solution to loads should be ready for
operation,

2.1.1%, A supply of boron containing water (at least 150 cubic
meters) should be prepared in every purified boric concentrate
tank. Water guality should conform to standards (National
Standar. 95 962-82).

2.1.19. Free space (at least 500 cubic meters) should be left in
the tanks for taking in the discharged watere of the primary
cirguit,

¢+1.20. The process circuit system should be in operation.
Process circuit water should pe delivered with a uominal flow to
all the loads of the reactor section, The level of distillate in
the respirator tank of t'ie system should be nominal as indicated
by a level gauge., Water guality should confoim to standards.
Water temperature should be in the nominal range.

2.1.21, The special gas treatment and gas blowof{ system should
be operating nominally.

2,1.22. The primery circuit organized leak system should be ready
for operation. .he gas blowers of the special gas treatment
system should be used to establish the nominal underporessure in
the organized leak tank. The level in tne tank should be minimal
for normal operation.
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2.1.23, The pressure compensation system «hould De ready tor
operation, The electric heaters of the prassure compeusator
sho'ld be serviceable.

The bubbling tank should be filled witn water to the nomina!
level (1700 millimeters). The integrity of its split wembrancs
should be checked, Water temperature should lie within the

established range (20 to 60C)., Water quality ghould contorm te
standards (8.05-Pr-2298). The level maintenance and bubbliag
tank Llowoff{ systems should be ready for operation., The water

level in the pressure couwpensator snould be 11600-11700
millimeters,

2.1.24. The reactor section oil supply system should be
serviceable. The emergency oil drain tauk and tank for draining
oil from the cases should be emptied and prepared to take on
dirty oil.

The necessary supply of oil should be prepared for every oil
tank for the makeup units., Every tank of the main circulation
circuit's oil supply system should be provided the required
supply of oil.

01l guality should conform to standards (State Standards
9972-74, State Standard 32-74, or Specifications 1084-80),

2.1.25. The makeup purge systew snould be ready for operation anu
all (three) makeup pumps should be ready.

The makeup deaerator of tne primary circuit should be filled
with boric water to the nominal level and the boron concentration
should be equal to boron concentration in the circuit,

The boron control deaerator should be emptied,

2.1,26. The sample preparation system should be ready for
operation., The primary circult water autcmatic radiation
monitoring system should be turned on. Samples should be taken
by hand in accordance with the estabiished schedule.

2.1.27. Special water treatment unit 2 should be ready for
operation, The newly rsgenerated filters of the unit should be
activated prior to warming up the nuclear steam generator.

2.,1.28. The reactor and primary circulation gircuit should be
ready for operation and should meet the followiny requirements:

- reactor fuel recharging operations should be completed, the
reactor core charge should be checked to see if it conforms to
the approved cartogram of the fuel charge, one should see that
informaticen on the neutron and physical characteristics of the
reactor are available, and this information should include, in
particular, tre results of calculations of the burnup reactivity

margin, the efficiency of the control rods of the control and

12
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safety system, and the levels of static aud dynanic Xe-i35 and
Em=149 poisoning.

« the reactor should Le wade suberitvical Ly filidng it with «
solution of boric acid with a concentration determined for the
assumed duration of the run of the fuel charge (12 grams per
Kilogram),

- al! the actuators of the control and safety systemn shouid be
linked to their contrgl rods., A dynamometer should be used to
check the connection of the rod of a control actuator to the
absorber element assembly, and one should check to see that the
connection is firm by moving the rod of the holder.

- all the low pressure piping of the auxiliary systems ol the
nuclear steam generator should be reliably disconnected by meens
of their cutoff valves from the high pressure piping, with the
exceptinn of the systems tor emergency gas removal from the
primary circuit, draining the lcops, and removing air {rom the
scparate circuits of the main circulation pump, the electric
actuators of valves in this position should be deenergized, and
the manual backups should be removed, The unit shift supervisor
is rerponsinle for checking the disconnection, The reliability
of disconnection shovld te checked every shift by means of the
alarms on the unit control panel and the condition of the control
cabinets, The cabinets which contain the automatic systews and
knife switches for taking power from the power and control
switches after the systems and switches have been put in a
position which deenergizes the electric actuators should be
locked and sealed.

- The equipment of the nuclear steam generator should be
assenbied and sealed, the reactor ghould be assembled and sealed,
water with a temperature of 20 to 60 degrees and a quality which
ueets standards (National Standard 95 962-82) which has bLeen
inspected for deaeration should be added to the primary
circulation circuit, and the boron content of the added water
should be no lower than that in the primary circulation circuit
and the pressure of the primary circuit should be no lower than §
kilograms per square centimeter.

Adding water to (filling) the primary circulation circuit is
prohibited when the reactor is cool if the weter temperature
differs by more than 30C from the temperature of the metal of the
body of the reactor, the primary circulation piping, the primary
circulation pump, or the steam generator;

-~ the bypass water treatment unit (treatment unit 1) of the
primary circuit should be ready for operation;

- the neutron flux of the reactor should be monitored by means of
the neutron flux monitoring eguipment in the source range. The

channels of the information system should be purged and filled
with nitrogen with a nominal pressure of 1.0 to 1.5 kilogram

13
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‘ ok 4 : | iystem tor 201toring leaks in the joints of the eyul
L the prima -y cCircuit should be operationai, and there st

J pressure in the space bLetween the gaskets of these joints;

- -~ the serviceability of the electrical portion

Of the rzactor's I
control system should be checked in accordance

witlhi operations
: manusal anc an entry should be made in the appropriate log

* indicating that the reactor is ready to be brought up to power
W and this entry should pe signed by the head of the thermal

' alltomatic control aud monitoring department,

‘he unit shift supervisor is responsible for neeting the

s
regquirements of this subsection. The results of check(s) 8
periormned on the insiructions of the unit shift supervisor should ]
be indicated in his operations log. g
. 2.1.29, All the primary circulation pumps should be ready for
Y peration, 1
- Process circuit cooling water and sealing water must e
Gelivered to the primary cir>ulation pumps not used in starting
[ up the unit,
o ¢+1.30, The primary circuit rooms (according to the approved
£ +18t) should be inspected to see that no persons or cembustible L

j and explosive objects are in them, After the end of the ‘

E inspection these rooms should be sealed and closed. The ﬂ

) interlocks for vpening (or closing) the main and emergency k‘

. pressurized locks should be activated, j

N The results of the inspection should be euntered in the E

g unlt duty superviscr's operations log and the inspection should 1

3 Le made by the unit duty supervisor. %

- |
2.1.31, The systems for monitoring the level in the steam ?
generator and monitoring the moisture content of the steam !ine
in back of the steam generator should be activated. The ;
operation of the level gauges of > steam generator should be ;
checked by comparing the readings of different leve) gauges., If |

. the readings of level gauges of the same kind differ by more than ‘

‘ 2l/ 30 millimeters on one steamn generator, then the KUP-1000 system :

should be used to check to see that the level measuring system is h

“ ol operating prcperly,
= i
4 |
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FEvery steam generator shoula be Jiiled with water through

the secondary circuit to a specific level (3700 willimeters).
water yuality should conforu to standaras (8.05«Pr<g298), ‘he
fiiiing of the steam generatours should be cowpleted prior to the

start ot leak tests of the primary circuit.,

The system for wonitoring leaks in (he jolnts of the steam
generators on the primary and secondary circuits should be
eperational, and there should be no pressure iu the space between

gasrets Oof these joints.

2.1.32, The operation and correctness of the settings of the
sateties and interlocks of the systeme and eguipment of the u .t
shoulu pe checked in accordance with the settings diagram.

The safeties and interlocks must be fully tested by
acting on the actuators and emergency backup activation devices
of the equipment with the backup activated prior to every startup
if the unit and ejuipment have been down for 7 days or more, 1If
actuation operationes cannot be tested due to the condition of a
unit (actuator), the safety system should be checked without
acting on the unit (actuator).

Systematic testing of the satety and interlock systems
and the emergency backup activator is the responsibilivy of the
personnel on duty in the reactor section, turbine section,
chemical section, thermal coutrol and measurement sectiri,, .ng
the electrical section under the supervision of the section shift
supervisor d pending on what equipment they are responsible or
and the results should be entered in the unit shift supervisour's
operations log.

¢.1.33. The salety systems of the power unit should be activateda,
The devices for act’vating the safety systems and the devices
included in the sat ty system (except for the recording devices)
should be closed and sealed.

2.1.34, The condition of other systems which do not directly
atfect the readiness of the unit for startup and the operation of
the unit is determined by the need to use them and operations
manuals.,
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2.2, The Condition of the Safety System Prior to Startup

2.2.1. The emergenc,; power supply system of the power unit should
ve tested and meet the following reguivroments:

- the 6 and 0.4 kilovolt sections for supplying the loads of the
first and second cateégories of reliability and the direct current
panel should be powered by the primary leads trom the avxiliary
powes transformer

- all the Jiesel generatore should ve ready for operation and
automatic startup should be checked. It should take them no
longer than 15 seconds to reach rated speed.

The automatic system for starting up and gradually
connecting the load of a diesel generator should Le ready for
operation,

The oil and fuel service tanks of the diesel generators
should be filled to the nominal level (each should contain 10
tons each). Each tank in the intermediate storage facility
should be given a supply of fuel in accordance with VSNTP-80
[Trans: VSNTP-80 is evidently some sort of regulation not listed
in the abbreviations given at the beginning of the document or
any available references) sufficient to ensure continuous
operaticn of the diesel generators for two days.

The guality of fuel and oil should meet manutacturer's
gtandards.

- the storage batteries and continuous power supply unit should
be operational.

2.2.2. The neutron flux monitoring equipment and electrical
egquipment of the control and safety system should be
systematically inspected.

-~ the reactor power regulation and limitation device and the
automatic power regulation device:

-~ the devices for controlling and monitoring the positions of the
control rods of the control and safety system and the devices for
supplying electrical power to the system;

- the devices for generating emergency safety and preventive
safety signals.

2.2.3. The active subsystem of the reactor core emergency cooling
system should be tested and ready for operation.

The boric acid soluticn emergency supply tank should be

filled with boron containing water with a temperature of 20 to 60
C and a level no less than nominal {3100 mm; 500 cubic meters).
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deéded, The systei for emer e ICY acdl i v Ni1gh nre
4Cid solution to the primary circulacion circuit should
alid operatioral. Each tank should contain the nominal

a concentrated boric acid solution (15 cubic meters) witl
enperature of 20 to 60C., Water guality should conform ¢
standards (National Standavd 95 462-82).
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2.2.5. The system for protecting the equipment of the primary
and seconde y ¢ircuits from overpressure should be operational,
The pulse gafety device of the pressure compeunsator of
vaive of the reactor core emergency cooling system, the pulse
safety device of the steam generator, and the fast acting
reducers for discharging steam into the atmosphere and into the
turbine condensers should be serviceable.

¢.2.6, The localizing (cutoff) valves and their pneumatic and
elegtric ‘tuators and control circuits should be tested and |
operating position. The air supply system for the preumatic
actuators should be operational. All three high pressure
Coupressor units should be serviceable.

The compressed air receivers should coutain an operation
supply of air with the nominal pressure and temperature.

2.2.7. The sprinkler system should be tested and ready tor
operation. Each reagent solut’ tank of the system should
contain no less than the amourn.. of boron containing water and
Chemical reagent stipulated by the design (6 cubic meters).

The quality of the solution of the tanks and in the
operation of the sprinkler system should conform to standards
(National Standard 95 962-82).

¢.2,8, The system for eweryency delivery of feed water to the
steam generators should be tested and operational,

Each tank of the system should contain no less than the
amount of desalinated water stipulated by the design, water
quality should conform to standards (8.05-Pr-2298). The level
each tank should be at least 5500 willimeters.

2.2.9. The fast acting cutoff valve should be serviceable.

2.2.10, The water supply system for critical users (group A)
should be operational and deliver the nominal flow to the users,

the safety

al
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The water .evel in the gtoup A water tank should be 420U
miilimeters (volume ot U cubic weters).

2.4.11. All three active channels of the emerygency cooling systeu
should Le ready for operation and one channel should be in
operation for the purpose of handling residual energy releases.

2.2.12, 'The conrtainnent vesse! should be tested for leals with
specific excess pressure characteristics (0.7 kilogram force per
square centineter) inside the vesscl. The test results should
conform to standards ("Standard Guidelines f[or the Operation of
the Accident Containment System of a Nuclear Power Plant with
VVER= 1000 Power Units). Leak tests should Le conducted once
every four yeare and after each abnormal leak in the scaling
circuit (cutting into the backup tunnels, and so forth),

Local tests of the cutoff valves on the systems for
maintaining underpressure and the special pluwmbing of the
containment vessel should be conducted prior to testing the
containment vessel for leaks.

The sealing circuit should be tested by evacuating it by
means of the exhaust ventilation system prior to each startup
after every shutdown involving repairs of components of the
sealing circuit, but at least once eve.y year.

2.2.,13. The tilt of the reactor section should be checked on a
regular basis (at least once every four years)., If the tilt is
greater than 1:10,000, the Chief Designer and General Designer
are respongible for deciding whether operation may continue.

24/

During operation there should be regular inspections of the
stress-strain state of the containment vessel, the prestress
system for the containment vessel, and the anchors, compound,
and reinforcing wire for the purpose of determining their
integrity and making sure that there is no corrnsion aud the
condition of the anticorrosion coating of the sealing lining (if
damage is present it should be corrected)., 1f deviations from
requirements are found as a result of these inspections the

General Designer is responsible for deciding whether operation
may continue.
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STARTING UP THI DV N1
“ 14 ] ¢ nit ) A
The power unit may be started uf ly & the pr
; inty L.i4 and 15 ar ptel i 1 ol
; 3¢lve. Warming up the Nuclea: Steam Generator
|
. 3.4v1.1, The purge~makeup system of the primary <circuit 1s ;
activated, Makeup water 1s delivered t the seals of thk rimary A

\ circulation pumps and to maintain the water level in the pressure -
ﬂ compensator using the standard procedure, *

; J.1.1.2, Nitrogen should be delivered to the pressure compensator i
: prior to starting the warmup of the primary circulation puup.
The water level in the pressure compensator should be at the [ .
upper limit (11600-11700 millineters) with the proper nitrogen i
pressure for warmup (approximately 20 to 25 kilogram force per G
square centimeter) in the gas blanket of the pressure cowmpensator, [ ol
Nitrogen quaiity should conform to standards (State Standard :
9293-74, grade 1), :

. 3.1.3.3. Hydraulic leak tests of the primary circulation circuit
3 and steam generator should be conducted in accordance with the
operations manual. Tests should be conducted every time a leak

CCurs 1n the eyuipment of the primary circulation ecircuit.,

L

"
i

e pressure indicated in the operations manual (250
kKilogram for.e per syuare centimeter) and a special procedure
should be used to conduct hydraulic strength tests of the primary
circulation circuit at least once every four years.

! d.1l.1.4, The minimum tewperature of the heat transfer agent ot
the primary carculation circuit in hydraulic strength and leak

“ tests should be no lower than (he temperatures indicated in the i
N operations manual depending on service time (see Table 2 of the }
N Appendix). f

In the process ot raising pressure in hydraulic tests at
any time in the operation period the temperature of the heat
transfer agent should not exceed the upper limit indicated in the
operations manual (120C).

‘ 3.1.1.5, The primary circulation circuit should be warumed up by
- running the primary circulation pump and the residual heat
3 release of the reactor core. The primary circulation pump should
be started up in accordance with the reguirements of point
34341125

3.1.1.6. The equipment of the primary circulation pump should pe
checked for leaks with the appropriate pressure levels above the

reactor core (35, 100, 160, and 200 kilogram force per square
centimeter). |



1£f a leak 18 discovered at any stage of the hydraulig
tests, repairing thisg leak requires cooling the nuclear stean
Jenerator to the teaperature indicated in the design and reducing
pressire in the ecircuit to atmospher ¢ pressure,

3.1.1.7, Pressure in the priwary circulation ¢circuilt should be
raised above the limit pressure of 35 kilogram turce per syuare

entimeter only attec the wetal of the reactor vessel and
egquipment of the nuclear steam generation plant nhas been wva ned
up tu the hydraulic testing temperature. The rate of

change....|[Trans: bottom line on py 25 of original i1llegible)

J.l.1.8, The joints ir the steam yenerators of the secondary
gircuit should be tes.ed for leaks atter the hydraulic tests ot
the primary circulation circuit, The temperatures of the metal
of the components of the st 1m geuerator (at least 70C) should
conform tu the operations manual, depending on operating time and
pressure in the secondary circuit (88 kilogram force per syuare
centimeter). Pressure in the primary circuit should not exceed 3
kilogram force per cyquare centimeter,

3,1.1.9, In hydraulic tests of the primary circulation circuit
and steam generators in the secondary circuit, pressure in the
primary circuit should vary over a range so that there is an
always an acceptable margin (10C) between the tewmperature of the
heat transfer agent and the saturation point at the actual
pressure in the primary circulation gircuit,

3,1.1,10, At the hydraulic testing temperature there should be a
trial activation of the mechanisms ot the emergency reactor core
cooling systew using a gradual start from the diesel generators
once the pressure in the primary circuit reaches 160 kilograms
per sgquare centimeter atter the hydraulic tests,

1f this activation is unsuccessful, the test should be
repeated after malfunctions ha' : been corrected.

3.1.1.11. Each hydroaccumulator tank of the passive subsysten of
the core emergency cooling system should be subjected to u test
involving pouring a bor.c acid solution int> the reactor on an
alternating basis once every four years with a pressure of 30 to
35 kilogram force per square centimeter in the primary circuit,

3.1.1.12. The primary circulation circuit should be activated and
operatea in the process of warming up the primary circuit with a
pressure of at least 20 kilogram force per square centimeter
above the reactor core and a water (emperature in the primary
circulation circuit no greater than 150C,

In startup, cooling, and power operation of the nuclear
steam generator, one should make sure that air is reliably

removed from the separate circuit of each primary circulation
pump and the circulation of water on this circuit.
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13 In warming p the nucleat team genera t it i |
chemical conditions of the primnary circuit should be adjusted
| h tne primary circulation pumps operating and with the water
tenwperature 1n the proper range. Nitrogen concentration sh
ve no higher than 20 milligrawms per kKilogram.

uld

Jolslil4g. The equipwent ot the nuclear steam generator should
warmed up no faster than 20C per hour.

ve

Jhe may warim up the metal of the pressure compensator
at a faster rate after a steam blanket has been generated

pressure compensator but ne laster than permitted [)‘,’ the
Jperations manual {30C per hour ).

i the

3.1.1.1%, One may reduce the water level in the steam generator
to the nowinal level after the water tcompe ..ure in the st
jenerator has risen to a level i1n the established

sain

ralye (100 to
140C) 1f there is boiling in the steam generator.

3.1.1.,16, Once the pressure above the reactor core has 1

stipulated level (more than 65 kilogram force per square
entimeter) the hydroaccumulator tanks of the cecre emergency
oling system should be connected tou the circuit.

eachad “

3.1.1.17, Prior to bringing the reactor up to uwominal power the
temperature monitoring system of the reactor should be checked,
This check should follow the instructions of the intrareactor

monitoring saystem operations manual.

3.1.1.18, The pulse safety devices of the pressure
should be tested in the process of warming up the nuclear st

compensator
-

steam
generation plant,

3.1.1.19. 1f the pressure level in each steam generator is at
stipulated level (10 kilogram torce per square centimeter), one
May bleed steam from these steam generators to heat the eguipment
and piping of the power unit if the nuclear steam yeneration
plant is warmed up at the proper rate and if the steam generators
are continuously replenished with feed water (from the
teed pump).

éa

wxiliary

The difference between the water temperature in a steam

generator and the temperature of the feed water should be no
greater than 120C,.
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Jslidls The reactor of the power inlit shouid Fowrougnt ]
the minimum controlled power level from a suberitical state atter

the reactor tuel has been recharged and after the reactor has
veen ehut down for more than three days in the presence of a
responsible representative of the Department Of Nuclear £a

and Reliability (duty physicist),

The senior reactor control engineer is responsible for
calculating the content of boric acid in the water of the primary
circulation circuit and the startup position of the control rods
of the control and safety system and enter the results in the
operations lo¢ after they have been checked by representatives of
the Department of Nuclear Safety and Reliability,

3.4.2,2. The reactor may be brought up to power from a
subcritical state after 1t has been shut down for less than three
days without a representative of the Departwent of Nuglear Satety
and Relilability present and the calculation results should be
checked by the reactor section shift supervisor,

L

«1.2,3. The reactor may be brought up to a critical level if the
tollowing conditions are wet:

- the requirements oOf section 2 and the preceaing points of this
Section are met;

- the nitrogen blanket of the pressure compensator is replaced
with a steam blanket;

- The water level in the pressure compensator is the nominal
level for a given temperature and automatic maintenance o. this
level;

- the steam passage of the safety valve of the pressure
compengator 18 no higher than the stipulated ° vel (250 kilograwms
per hour);

- all the hydroaccumulator tanks of the emergency core cooling
system have been connected to the reactor;

- the water temperature in the primary circulation circuit is no
lower than 230C;

- pressure above the reactor core is no lower than 70 kilogram
force per square centimeter:
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- Lthe source range, Interued la ¢ Tays, aud puwer TaAlige neull an
fiux wetering fonization chanmbers are o 10 working position:

- caloulations have bLeen made for the critical state 9oL the
reactor core in accordance with point J5.1.2.1;

- the actuat rs of the control and satety system control rods wav
Le woved 1if pressure above (he reactor core lies in the range
indicated by the control and salety systen operations aanua! (50
to 160 kilogram force per syuare centimeter);

- thie boric acid content in the water of the primary circuit is
no lower than a minimum level which will ensure a reactor
saberiticality of at least 0,02 after the control rods have been
raised,

3.1.2.4. Any time that a reactor is switched from a4 suberitical
state to power operation, the reactor section suift supervisor
nust be present at the unit control panel and supervise the
actions of the senior reactor coutiol engineer until a switch is
made to an automatic power maintenance mode,

3.1.2.5, A reactor may be brought up to c¢ritical and to the
miniaum controlled power level after written authorigation has
peen given by the uuit shift supervisor in the operaticns iog of
the senior reactor control engineer and the following procedure
should be tollowed:

- all the control rode of the control and safety system should ne
removed frowm the reactor core in order of ascending group
numbers, with the exception of the control rods useda to ensure
negative heat transfer agent temperature reactivity coefficients.
The groups that are removed should be raised in steps of 35
centimeters (Ly transmitting a control signal to the actuators of
the rods for 1B seconds) with an interval of one minute between
gteps with a stable controlled neutron flux level.

If in the process of raising the control rods any instrument
of any set of the neutron flux monitoring equipment indicates
that 1t has taken less than 60 seconds for neutron power to rise,
one should immediately stop raising the group and continue to
raise it only after it takes at least €0 seconds for neutron
power to rise.

It there is a violation of the logical sequence ot
transmission of motion to tlu control rod groups, bringing the
reactor to a critical level .8 prohibited.

A working group ot control rods should be raised to the
stipulated height of 140 centiwmeters if.....[Trans: bottom line
of page 28 illegible] 1If the reactivity coefficient is positive
at the beginning of a fuel cycle the startup position of a
working group or the group preceding 1t should be determined so

ae to ensure the required heat transfer temperature reactivity
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cosfificient (=0,0018/C) any the unit snould by started up

accordance with the "Supplenent” to thes2 r “es.

= the reactor should be biought to the minimui coutrolled power
level by means of reducing the concentration ot bori¢ acid in the
water of the primary circuit with a flow rate ot no more thau 10

tons per hour in the startup period., Samples should be (aken at
least once every 30 minutes for determining ana mouitoring the
bori¢ acid content in addition to continucus monttoriug., Aftel
the reactor has been brought up to the | ‘wun controlled power
level the linkage of the control rods should be checked. This
check should be made by lowering the control rads 35 to 70
centimeters from the upper position, Linkage is determined by
the change in reactivity or neutron flux.

3.1.2.6. 1t is prohibited to perform simultaneously any
combination of operations involved in rewoving the control rods
from the reactor core, lowering the content of bori¢ acid in the
water of the primary circuit, or changing the water temperature
in the primary circuit 8o as to lower its density in the startup
period,

3.1.2.7, During the time that tl ¢ reactor ia brought to critical
and to the minimum controlled power level it should take at least
60 seconds for reactor power to increase,

3.1.2.8, The following operations are prohibited while bringiny
the reactor to critical:

= any repairs on equipment or in control and safety system and
neutron flux monitoring equipment circuits;

- any operations which may lead to .an unplanned change in
tenperature in the primary circulation circuit;

= activation or deactivation of a priwmary circulation pump
(depending on the sign of the water temperature reactivity
coefficient);

- periodically replenish the steam generator Ly the primary
feeder in the startup period and until power is sutficient for
the unit's auxiliaries (10% of nominal);

- transfer boric acid from the primary circuit with a flow
greater than indicated by the rules (10 tons per hour) duriag the
startup period;

= sharply reduce pressure in a steam generator;

- rapidly raise a group of con‘rol rods:

- activate the filters of special water treatment unit No. 2
during startup:;
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« perforin any othe: operations which may lead to au unanticipated
change in tie reactivity of the reactor core,

3.1.2.9., The venior 1eactor coutrol vagineer i3 obliged to inforu
the reactor section shift supervisor that the minimum coutrilled
power level hai been reached and marke o eutry i4n his operatious
log.

The position of the control rods of all the groups

the bLoric acid content in the water of *he primary cireuit and
the busic characteristics of this c.rouit nust be recorued i the
operations logs of the senior reactor control engineer and unit
shift supervisor.

3.1.3. Raising Reactor Power Above the Minimum Controllea Level

3.1.3.1, Raising reactor power above the minimum countrolled level
is prohibited If the conditions aud operations listed in this
section are not met and performed.

3.1.3.2, The serviceability of all automatic power cuntroller
channels should be checked once reactor power is in the unit's
auxiliary power range (10% of nominal). The check should be made
by moving the contrel rods up and down a specific distance
{within a 35 centimeter zone) by means of the individual control
system., The automatic power regulator should maintain a specific
power,

After the check is completed the control rods must be
returned to their nitial positions and the automatic power
regulator left in 1 automatic mode.

3.1.3.3, Reactor :ower should be raised to nominal automatically
in a way 80 that upon a reduction in the boric acid content in
*he priwary circuit the control rods of the working group are
always in a position which will optimize the energy releasc

tield and the effectiveness of the scram system and ensure
negative heat transfer agent temperature reactivity coefficients,
(The control region 140 to 300 centimeters in size tor the
working group should be maintained by adjusting the boric acid
concentration in the water of the primary circuit),

One may raise the power of the reactor by means of remote
control with the primary controllers of the power unit operating
automatically. The unit's automatic controllers should pe
activated in sccordance with the cperations manuals for
individual systems and equipment. Reactor power should be built
up in accordance with the restrictions listed in Table 1 of the
Appendix,

3.1.3.4. Once the reactor has reached the power level indicated
by *he cperations manual (10% of nominal), the neutron flux
monitoring eguipment should be calibrated on the basis of the
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monitor the tightness

jeneration plant I the pr
charactaearist\

the radiation safety foring eyquipment

entinuously check the fuel elewent cans for leaks on the

)f specific total gamma activity and neudtron flux density;

'

the 1s0tope composition ot the wedia of the primary and
secondary circuits should be perivdically checked Ly mheans ot
cadiochenmical analysis of sawnples in accordance with apecial
tules:

= one nust monitor discharges of radioactive gases into the
veantilation stack of the power unit, discharges of radioacti
wweleldes with ligquid wastes, and monitor the gpecifie
Of air 1n attended and unattended arcae of the reactor
the levels of which should not exceed esstablished
standards,

activity
section,

values and

3.1.3.6, Prior to starting up the turbine, the thermal
the reactor may bg increased (to 408 of nominal) with
Of steam through the fast acting reducer
1Nto the tuvbine condensers,

power ot
discharge

for discharying steam

1.1.3.7, The feed turbopump should he started up either by
providing auxiliary power to the unit from startup-becskup bLoiler
\cormon plant line) or at the maximum possible rractor power
which can be provided by two auxiliary feed pump The
regulator 1s used to start up the feed turbopuip .

load

3.1.3.8, The turboset may be connected to the grid, if

= the steam generator is wupplied by the feed turvopuip ;

- the electrical subsystem of the turbine regulation systom ia in
peration;

= steanm pressure in the primary circulation ¢ircuit is
nominal;

eqgual !t
- the total flow of fresh steam through the fast acting reducer
tor discharging steam into the turbine condensers is sutficient
lor the turbine to take on the .pecific load;

J.1.3.9, Continuous purging frow each steam generator with a flow

as high as 7.5 tons per hour and periodic purging with & standard
tlow ot 30 tous per hour through the steam generator's purge




FRRe L

vater treatment unit (speciul water (realaent unit No. §)
(8. 05-Pr=-2298) should be provided (o naintuin proper water
conditions in the stean generator.

When a steam generator is started up after cowming cut of
nothtalls the purging of this gererator should Yo at least 1S
tons per hour for a period of time alter startup whouse duratios
is vetermined by the results of chemical analyses and the guality
requirements indicated in 9,05«Pr-2294 must be met.
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3.2, Starting up a Hot Power Unit

3.2.1, 11 repairs have been nade on the systems and eguipmnent of
a power unit when it is shut down, after the completion o1 the
repairs the ystems and equipment should oo testod aud brought
into the ¢ *ition defined in section 2 ou the wvasls ol tue

following characteristics:
- the reactor 1s critical or is in auxiliary power operation;

all the primary circulation pumps planned for startup, at least
two, are operational;

« the pressure regulator of the primary circuit is operational
and pressure above the reactor core is 160 kilogram [orce per
syuare centimeter;

- the water temperature in the primary circuit is equal to or
greater than 260C;

- the water level in the pressure compensator is eqguivalent to
its level for a given average temperature of the water of the
primary circuit;

< the primary circuit's purging and wakeup system is operational;

=« the bypass water treatment unit of the primary circuit (special
water treatment unit No. 1) has been turued on?

- the fast cutoff valves ol all the steam generators are open,
and the level in each steam generator is nominal, and steam is
bled tor the auxiliaries of the power unit, If necessary excess
gteam should be dischargea into the turbine condensers by neaus
of the fast acting reducers for discharging steam into the
turbine condensers;

= the turbine plant 1s ready for operation, and the temperature
of the metal of the body of the turbine in the area of the stean
inlets of the high pressure cylinder is equal to or greater than
the level which defines a hot turbine. The rotor of the turbine
should be rotated by means of turning the shaft, The rotor
hydraulic lift system should be operational, The vacuum in the
turbine condensers should be no worse than the startup level
determined by the ouperations wanual,

- feed water should be delivered to the steam generator by means
of the auxiliary feed pump or feed turbopump. Feed pumps which
are not in operation should be ready for operation;

- auxiliary supplies for the power unit may be provided by stean
by means of delivering it by means of the auxiliary fast acting
reducer from the common plant line (startup-backup boiler or
other power units).
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4. POWER QPERATION OF A PUWER UNLT
4.1, General Reyguirements for tue Ope-o ou of a Power Unit

4.1.1., Power operation of the unit should i1nvolve the uge of the
unit's automatic process contreol system (including the control
computer system, the reactor monitoring system, and the wutouwatie
cuntrol system).

Power anay be maintained and changed by means ot rencte
control in accordance with the reguivements of the operations
manuals published by the designers ©f the nuzlear stean
generation plant and equipment of the uuit,

4.1.2, During power operation of the reactor the control rods of
the working group should bg in a coutrol zone which eliminates
the etfect of positive temperature reactivity ceoefticients and is
adequate to ensure the effectivencss of the scram systen,

When the control rods of the working group are movea to
the upper or lower boundary of a specific control range one must
alter the boric acid content in the water of the primary circuit
in order to enable the return of the control rods of this group
to the control zone.

The position of every coutrol rod with respect to any
other control rod of this group should not differ from that
indicated by the operations manual (70 millimeters),

4.1.3, Whenever a steam generator is in power operation the
temperature of the feed water at the inlet of the generator
should be no less than 164C,

4.1.4. The safety system should be checked and tested during the
cperation of the unit,

4.'.5, The steam generator may be operated for a limited period
ot time of no more than 72 houre if there is a leak in just one
of the gaskets, the first or second, in the flange joint of the
‘atch of the header of the primary circuit and then the hatch
must De resealed. The leak line should be open, and pressure in
the space between gaskets should be no ygreater than 20 kilogran
force per square centimeter,

If there is a leak in just the first gasket, pressure in
the space between gaskets may be raised to the working pressure
of the primary circuit., If there is a Jeak in just the second
gasket, pressure in this space may be raised to the working
pressure of the secondary circuit,

Operating the steam generator when both gaskets of the
hatch of the primary circuit are leaking is prohibited
(determined by the presence of pressure in the space between
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\qukﬁ". g and An 1ncrease 10 v - agt ivit Y ' i 1= team Juenelraton
purge water).

Pressure in the space Yetween Jasiets gbould be checked
ou & monthly basis and the resulis of the check shoula be entered

in the senior reactor control engineer's log.

d.1,6. A stoam generator may Le operated until the next scheduled
naintenance if only the inside gasket 10 the (lange joiut ol tae
hatch of the seconuary circuit 18 leaking it the following
reguilre@uents are met:

- the valves on the line for monitcring leaks in the space
between gaskets should be open and the line should be tight over
its entire length;

- pressure in the space between ga: kets should be equivalent to
actual pressure in the secondary c¢.rcuit, and pressure in the
space between gaskets should be chicked at least Hnce every shift
and the results should be entered in the senior reactor control
engineer's log.

A steain generator may be operated with both gaskets 1in
the flange joint ot the hatches of the secondary circuit leaking
for a period of no more than 72 hours after a leak has been
detected (the presence of pressure in the space between gaskets,
the presence of moisture in the moisture separator lines for
constant monitoring of gas activity in the box of the stean
generator)”as long as one mneets the reguirements of point 5.1.3.

A steam generator may be operated for nc more than two
days if the pH of the feed water is tco low. 1If it proves to be
impossible to bring the pH up to the proper level in twenty four
hours, the unit should be shut down,

4.1.7., During power operation of the unit all work on eguipment
and systems should be carried out in accordance with the
operations manuals of the designers of the equipment. If
malfunctioning safety channels are discovered the channel should
be repaired and the malfunction corrected. The channel should be
submitted for repairs in accordance with point 4.2,2.16, items 8
and 9.

4.1.8, During any kind of reactor operation the power level,
reactor core energy release coefficients, and primary circuit
characteristics should be maintained in accordance with the
requirements of the “"Table of Permissible Conditions" and
operations manuals.

4.1.9. In the process of operating the nuclear steam generator
plant one should record the number of loading cycles of the plant
and its components in norwal and abnormal operation and the
number of cycles of ewergency conditions, which are limited by
the design (see the "List ¢« Conditions Incorporated in the
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Depign of the Nuclear Stean Ceuerator Plant® an the appendix).,
The cycles should be recorded by the Department of Nucleur Safety
and Reliability and the information should be provided (f
necessury to interested parties according to the establishad
procedure.

The operation of a nuciear steam yeueratiou plant with
equipment whose life lLas expired (14 terma of cycles) is «tciotly
pr‘)hil)i' ekic

4.1.10. During powar operation Of a unit Qoperators are vegui
to:

- inspect aud service eguipment to the extent,..,|[Trane: botiomn
line of page 34 in the original iTlegivie]

- mgke sure that estimates of the reactor's thermal and neutrou
posv _r based on the readings of the instruments (displays) ol the

neutron flux monitoring equipwent and inwrareactor monitoring
systom agree;

= in the event of a planned change in reactor power change th~»
settings of the overpower safety system;

~ maintain operational supplies of the media and waterials which
anable the operation of the unit and make sure they are of the
requisite yuality and conform to subsections 2.1 and 2,2;

= work the actuatore of the control rods up and down every day.

The actuators should be worked up and down individually within a
single 35 centimeter zone,

3
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4.2, The Condition ot Power Unit Sys*ome and Egquipweat in Powel
Operation

4.2.1. The condition of power unit safety systems

4.2.1.1, All channels 2f eve: 'y nonoperating safety system of the
uni* should be kept operational, and in the process:

- the tast acting valves ou thie pipeliunes of the passive portion
of the reactor core eweryency cooling systewn should be open,
their electrical circuits should be wired, and the interlock to
close these valvas upon a reduction in the level of the
hydroaccumulator tanks otf the core emergency cooling eystem
ghould be operational

~ al)l three channels of the water supply system fur category
A loads should be cperational, and a nominal tlow of water should
pe maintained in sach channel;

- the condition «f the ewergency power supply system of the power
unit is determineti by the reguirenents of point 2.2.,1. All the
storage batteries »f the aystem should be trickle charged from
their rectifier devices.

4.2.1.,2. The neutron flux monitoring eguipment should oe fully
operational, along with the control rod group and individual
control system, the signal shapers for the nuclear stean
generator plant's scram system, the safety systews' control
devices, and power regulating and limiting device when the unit
is operating at more than 50% nowinal power.

4.2.1.3, The coi. '0ls which operate on the safety systems suould
be operational.

4.2.1.4, The process safeties and interlocks should be
operational, and the automatic control system, control computer
system, and reactor monitoring system should be in operation.

4.2.1.5, One channel of the safety system may be taken off liue
for repairs for no mote than two shifts if the other two chaunnels
are activated while the channel is under repair.,

4.2,1.6. Only one channel of the power control and regulating
system may be taken off line for repairs if reactor power is no
wore than 508 of nominal.

4.2.1.7, One pulse safety device of the pressure compensator uway
be taken off line for repairs, if reactor power is no more than
50% of nominal, for a period up to a scheduled reactor shutdown,

4.2.1.8, One tast acting reducer for discharging steam into the

i two of the same reducers may be taken off
IYKB 98r°?®3‘9’f‘f£°¥;agxof>pow‘% %u no greater g%%n the ?Jbul.
indicated in point 5,1.5. itenm 7.



for repairs only 1f 1t 18 on a privary
with an 1die primary ciracuiation pump,

.9, One stean venerator pulse safe

«2.1.10, Taking any of the channals of the

Dastilve J
> the core emergency cooling syste Or repailrs 18 prohibit

R A v‘!'A“‘.v

«2.1,11, The safety system, its 1ndividual components,

it

anu
8 devices shiould be periodically inspected for the purpose
determining 1f they are functioning properly and to see it they

neat the requirements of "Rules for Testing and Checking the
Satety Systems oOf Nuclear Power Plants with VVER-1000 Reactors."

The schedule for testing satety system channels hy
means of starting up the diesel generators should be deiermined
on the basis of the actual cendition of the eguipment, but these
tests should be conducted at least once a month (one channel
every ten days) under the condition that repairs have not been
made inside the safety system's channels in the aforementioned
period., If any repair work related to the functional
serviceability of the safety system has een done and every time
the power unit 1is started up, the safety system must be checked.

The inspection should iuclude:

l. A check of the c¢lectrical circuits and interlocks of
the scram system, the preventive safety system, and the core

emergency cooling system with respect to the signals used for a
gradual start,

4. When the mechanisms are activated by the diesc]
generator one must check:

2.1, the condition of the mechanisms and valver, which
should takr the positions indicated by the design:

2.3. the activation and operation of the inhitits used

to turn off the mechanisms and change the design condition of the
valves:

2.3. the serviceability of the alarm system;

<.4. one must make sure that the control computer
system knows and has recorded the fact that the safety system ha:
beer activated;

3. When the safety system is started up from the diesel
generators, the head valves of th: sprinkler pumps should be
closed. The valves should be inspected in accordance with the
aforementioned schedule and to the aforementioned ex:ent after
the appropriate safety system channels are tested,




4. The serviceability of the cutofi (countainoeat )
valves should be checked prior tu starting up the unuit,

5. A check of the cloaing of tne cutotr valves an the
purge line of the primary civcuit,,....[Transs bottam line of pg
36 of the original 1illegible]

4.2.1,12, Any malfunctions discovered in tests of the safety
system should be immediately corrected aind aftervards the safety
system should be retested,

4.2.1.13, The safety system should he tested under the overall
supervision of the unit sinift supervisor and under the immediate
supervigion of the shift supervisor of the department responsible
for the maintenance of this salety system only alter
authorization has been rereived from the power plant shitt
supervisor. The test results should be euntered in *he approved
operations records (in the logs of the shift superviscrs of the
appropriate departwents and in the "Safety System Test Log").

4.2.2. The condition of systems for normal operation

4.,2.2.1. The backup s ean lines (the auxiliary steam lines tfrom
the startup-backun bo.ler to the cutoff valve and from the
auxiliary tast ac'ins retucer to the moisture separator) should
always be warmed 1, and ready tfor operation,

4.2.2.2. All the systems of buses of the outde- listributicn
system and autotransforwers of the backup aw vy transformer
set should be live.

Overhead power lines should be live to the <atent
necessary tor outputting power from the plant to the power grid,
The automa ic safety devices should be operational.

The electrical auxiliaries of the unit should be powered
from the auxiliary transformers.

4,2.2.3. The automatic process coutrol system should be usad to
contrel the power plant. The automatic control system, control
computer system [Trans: here follow three abbreviations in the
parentheses which are not given in the list of abbreviations or
any other available reference], and tlie reactor wonitoring
system.

4.2.2.4. The automatic power regulator operating in cowbinution
with the electrical subsystem of the turbine regulation system
should be uged to maintain and change the powe: of the unit. The
operation of the automatic power regulator and electrical
subsystem of the turbine regulation system is automatically
coordinated.

Unit power may be maintained and changed by means of
remote control in accordance with the " quirements of the
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operations manuals of the designers ol 1@ fuclear ateéau
generation plant and the eyuipment nf the power unit,

4.2.2.5. At least two priwmary cirQulation pumps wust be employed
to circulate water in the primary circaat, Special watser
tr2atment unit 1 should e in operation,

'he purge-wakeup Bystem ©F the primary circuit should be
10 operation as indicated by the design. Under auy operuting
coanditions 1f makeup stops the operators shouid ineediately stop
the purging of the primary circuit,

4.2,2.6, The gas content in the water of the primary circuit
should be no higher tuan the permissible for current paramneters
as indicated in National Standard 95.962-82 when the primary
circulation pumps are in operation.

Water and ch-mical conditions in the primary ciccuit
slould be maintained i1n accordance with established standards
(National Standard 95.962-82).

4.2.2.7. The holding pond should be constantly purged as
indicated by the design. The hydrogen content in the gas blanket

of the holding pond shoul. not axceed the standard level (2% by
volume ).

4.2.2.8. The boric acid coutent in the makeup water should ne

equivalent to its current content in the water of the primary
circuit.,

4.2.2.9., The boron reygulating deaerator should e ready for
operation.

~...-+10., The followiny should be operational as indicated in tne
design:

i. the process water supply for category B users.
2. the process circuit system.
3. the sample taking system.

4.2.2.11. At least two steam genevators should be in operation,
Feed water quality indicators shouil Le maintained within
standard limits by mezns of constantly purging each steam
generator with a flow within a stipulated range (the purge f{low
is determined on the basis of chewmical analysis results) and
providing 100% purification of the turbine condensate by means of
the unit desalinator (w05-Pr-2298).

Steam generator purge water should be delivered to the
filters of the purge water treatment unit (special water
treatment unit No. 5). One strand of unit No. 5 should be in

ogsratian. while the backup strand should be ready for operalion
a the filters of this strand should be regenerated,
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4.2.2.12. All the general exchange
vent.lation systems, air condit
abbreviation not indicated in theg
ference] should we operational,
t.2.2.13. T 2 turbogenerator should be in operation
power level. The high and low pressutre regeneration
he turvine plant should Le activated in
quirenents of coundition charts

1CQurddance with

The nuclear steam generation plant may be operated for
prolonged periods with the 1gh pressure heater shut off under
the condition that the temperature of the steam generator's feed
water 1s malntained no lower than a temperature (164C)

\ppropriate for th pcwer of the turboplant,

The operation of the feed turbopump should be
Approprilate tor the operation of the turbogenerator,

4.2.2.14, The condition of the other systems aund equipment for
normal power unit operation is determined by subsection 2.2 and
the appropriate equipment designer operations manuals,

4.2.2.15, All the backup equipment of the power unit should be

kept ready for opsaration,

4.2.2.16. The following systems and equipment for normal
Operation may be taken off line for repairs:

- any of the system of buses of the outdoor distribution
It the connections are switched to systems of buses sti)
operation;

system
in

- the switch of any overhead power line if the bypass civguit
vreaker 1s substituted for it:

- the switch....([Trans: last line of page 38 in original
lllegyible]

- the voltage transformer if the safety and measurement circuits
can be powered by a transforwer still in operation;

- the voltage coupling autotransformer if unit power is reduced
to 70% of nominal;

- one switch of any primary or backup lead in any 6 kilovelt high
voltage section is this section is powered from a backup or
primary switch respectively;

- one transformer of the 6/0.4 kilovolt sections in coubination
with the circuit breakers of the leads if power is provided to
the appropriate sections frow ''he backup transformers or via the
section c¢ircuit breakers;




- one channel of a safety consist ing ol ‘hree (four) 1 dependant
channels of one set which generate safety signals ou the basis of
the "2 out of 3" ("2 out of 4") prianciple, 1In the process prior
to taning it off line for rvepairs the scram system should be
switched to a condition appropriate {or the gperation of this
safety on the given channel;

One of the two sets of the scraw syvatean of rhe roactur wiiah
aqenerate safety giguals on the bagis ol the "2 oat ¢ 3"
orinciple may be taken off line for a limited amount of ti.~ (no
more than 24 hours). In the process the set taken off line ior
repairs should be switched to a "test" mode,

-~ the channels of safeties or interlocks f the primary syquipnent
designed on the basis of the "“"une out of one" principle _{ the
protected equipimeat is taken oft line for repairs;

- the electrical subsystem of the turbine regulation system if
the turbine is switc 1 to the hydraulic regulation systea. Any
change 1n power is proanibited when the hydraulic regalation
system is in operation, One wmay change power at pl.unned rates
vhen the automatic power re_ulator, fast agting r- sucer (or
discherging steam into the turbine condensers, « qerator
excitation booster, and the primary controllers oi the booster
are in operation;:

= measurement channels which do not take part in generating
satety and interlock signals wheun it is possible to monitor the
condition o1 the eguipment either directly or indirectly on the
pasis of the wonitoring channels still in operation;

= the computer hardwaie of the reactor wmonitoring system if the
intrareactor monitoring equipment is still operational and
reactor power is no higher than the stipulated level.

- when there is no temperature monitoring at the output of the
reactor core the reactor may be operated for no more than the
stipulated period and then reactor power must be reduced to the
minimum controlled level.

The tije that one set of intrareactor monitoring equipment nay be
taken off line tor repairs is limited (see the requirements of
point 3.3 of the Appendix):

~ the automatic power regulator if reactor power is no highor
than 90% of nominal;

- the information subsystem of the control computer system for no
nmore thau 1 hour if the ceondition of the power unit can be
reliably monitored by means of the display of the intr.reactor
monitoring system and neutron flux munitoring
equipment....[Trans: bottom line of page 39 in original missing)
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the conmputer subsysten
f hardware may e taiken
| operation are capable

1lly functional;

one makeup aggregate of € purge-maxe
reuit (i€ a defect is discovered):

-« one pump and one heat exchauger of the procesu
defect 1s discovered):

- on2 channel of the hydroygen combustion system and cone oas
Llower;

one channel of the special gas treatment sysiem;
one channel of the holding pond water cooling system;

one channel each of special water treatment units No., 2, No. 3,
N> 5, and No, 6;

- one fan each of the ventilation systems for maintaining the
necessary underpressure in the containment vessel, cooling the
rooms of the oil systems, the primary circulation pumps, cooling
the rooms of the makeup aggregates, cooling the tunnels in the
bottom and vessel "f the containment area, cooling the roons
the reactor control and safety system board, and the
nstrument and control and satety system panel rooms;

y f

-

one fan each of the air conditioning systems for tne . Yoms

the unit control panel, backup control. panel, and control
computer system,

of

4.2.2.17, 1f taking any systems, devices, or equipment for normal
operation off line for repairs meaus that the unit will operate
without a backup for the period of repair, this is permitted only
after written authorization has been received from the chief
angineer of the plant.

«+2.18. When the unit i3 in power operation one should check to
see that its systems and eyuipment can be operated from the
backup control panel on a monthly basis;

4.2.2.19, The possibility of controlling power unit equipment
from the backup control panel should be checked by weauns ot trial
activation (deactivation) of the equipment from the backup panel
after this eqguipment has beeun te.‘'ed from the unit control panel
in accordance with approved test schedules,

4.2.2.20, Prior to pe. orming operations on the backup control
panel one should also (1f enough time is available) check the
serviceability of the alarm system ani the power supply and

serviceabilitg,of the instrumentation, including the neutron flux
monitoring eqUipment oL the backup control panel.




All maltunctions should be ¢oriect

imnadiatel
are Jdiscoverea.,

4

2,21l. One should check the opcration of a neutron flus
torinyg equipment set Ly moving the L SKup
ietators Q:]‘_;/ upon ¢ ‘~ll)r Ol :1:.‘(‘In]

enyineel Of !“.‘: { t | 1' Hled nDrnarieer )

cuatrol panel
authorization fr

.

The results the tests described in 4.2.2.19-4

tered in the appropriate logs and other sta

It ig prohibit_ 1 to:

- peistorm the operations indicated in 4,2.2.19-4,.2.2.,2]

when the
unit 1s not operating stably:

the backup control panel room without permission from the
t shift supervisor;

- enter

- control power unit equipment from the backup control panel

duyring normal operatio. with the exception of when the backup
panel 1is tested,

4.2.2.24. 1t conditions which would norwally activate the core
emergency cooling system should arise and the automatic

mechanisms of the system fail to operate, the operator must
activate them manually.
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4.3. The Basic Characterigtics of a Jnit g Uperation

4.3.1. When the unit 18 in power operation procese
characteristics should lie within the runges stipulsted by tue
w<8iyn anu the operations manuals of the designers of lLhe
guipment and the systems, and the rable Ot permissible
¢onditions.

4.3.2. A nixed ammonia-potassium weter supply with boric acid
should be used in the primary circuit,

Primary circuit water guality should conform to
established standarde (National Staundard 95.962-82).

4.3.3, The content of boric acid in the primary circuit water
should be determined on the basis of the reactor's reactivity
nmavgin.

4.3.4. A permissible nydrogen content shoula oe cusured Ly
maintaining an eqguilivbrial concentration of amwonia in the
primary circuit whose guality weets directive requirenents (Stute
Standard 6221-75, grade A).

4.3,5. The guality of the boric acid used should couform to
directive requirements (State Standard 965675, "chemically
pure," or State Standard 18704-78, grade A).

4,3.6., In adding boric acid to the primary circuit or when the
chloride life of the filters has expired, a temporary (no wore
than 24 hours) increase in the chloride content of this water 1s
permissible (up to 0.15 milligrams per Kilogram).

The total duration of operation with such elevated chloride
contents should not exceed five days over the course of a year
(National Standard 95,962-32).

Under normal operating conditions it is prohibited to take
special water treatment unit No. 1 out of operation when the
pressure differential on the sorbent trap is no higher than 5
kilogram force per square centimeter, and 1f this pressure
differential is higher, one must take an appropriate strand of
the unit out of operation and shut ofi the primary circulation
pump of this stiand,

4.3.7, Hydrazine~hydrate in a quantity of 20 to 30 milligraws per
kilogram of solution should be added to all solutions added to
the primary circuit without preliminary deasration when the
reactor is in operation (National Standard 95.962-82).

4.3.8, The yuality of the fernd water at the inlet of a .tean
generator and the purge water of the steam generator and the
quality of turbine condensate (downstream of the unit
desalinator) should be no lower than standard levels

(ao 05'?:‘2298) .
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4,3.9, Deterioraticn of the qguality of
i purge water an irbiile condensate

rntroconductivity at tine aontett

if2
neav
rtroleum product: t a8 higu as H0¥

ce
three days) aZter a tdrbogenerator has
In addition a limited liacredse in the

standard levels 8 P rmissible for \

npounds in the teed water 1s per.alssible (3

4.3,10, For a limited period after a turbogenerat
connected to the grid (first two days), the content of
hydrazine hydrate in the feed water of the steam genera 3hiou ]
e no ower than 0.5 milligrams per kKilogram (8.05«-pPr-2294),

4.3.11l. The total flow rate of continuous and periodic purge
water should be no iower than 15 tons per hour for a limited
perioc (Jirst three days) after the turboyenerator has Leen
cor= crad ¢ ) the grid, 1In the process the flow of periodic purge
* ¢ tLor this steam generator should be no less than that
indicated by the design (7.5 tons per hour) and periodic purging
should be carried out for at least two hours per day
(8.05-Pr-2298).

4.3,12. Periodic purging of a steam generator may be carried out
only on an alternating basis, that is, the total flow of purge
water from a steam generator should be at least 4 high as the
flow of constant purging for three steam yeneratirs and periodic
purging for one steam generator.

4.3.13, If the chloride content in the purge water is too high
(8.05-Pr-2298), periodic purging time should be no longer than
required for normal cooling of the power unit (10 hours),

4.3.14, The total specific activity of radionucleides in primary
circuit water shcould be no bhigher than 10=1 curies per liter.

water ,
¢uries per liter or 3.7 times lU<

4.3.15. The specitic activity 8[ steam generator purge
should be no higher than 1.107
becquerels per liter.

4.3.16. The average daily permissible discharge of radioactive
gases....,[Trans: bottom line of py 42 in original missing)

4.3.17. Annual discharges of radionucleides into bodies of water
should conform to approved standarvds,

4.3.18, Annual discharges of radionicleides with liquid wasces
and the specific radicactivity of air in attended and
semiattended rooms and tne level of contamination of the surfaces

in them should not exceed the levels determined by their control
(working) levels.




The centrol (working) levels of the alorement 1oned
standards must De approved according to the establisheu procedure
and as a rule should not exceed permissible lovels.

4.3.19, When radicactive water 1s discharged {nto nousehold
industrial, and storm sewage, the specitic radioactivity i thy
discharges, including with respect to radionucieidr,, should not
exceed established standards.

LY
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4.4, Turning Off One Priw.iy Cirguistion Punp out of Three (Four)
Operating Punmps, ;
Connecting One Primary Cirwculation Punp to Two (Three) Operating
Pumps

4.4.1, Prior to turning off one priwary circulation pump, the
power of the unit should be reduced to a level nr yreater than
that appropriate for the puwps still tu operat ion,

4.4.2, Aftec turning off a pump, the power satety settings should
be changed to fit the reactor's n2w power level.

4.4.3. It is permissible to cut off the feed water and purge
water of the steam generator of a loop with an idle primary
circulation pump and cut off its steam if written authorization
is received from the chief engineer of the plant under the
condition that the valve of the fast acting reducer for
discharging steam into the atmosphere is switched to remote
control.

4.4.4. In connecting one prinary circulation pump to two or three
operating pumps:

- reactor power should be reduced to an appropriate level (20% to
30% respectively) trom nominal;

- the condition of the other systems and equipment should meet
the reguirements of subsection 4.2,

4.4.5. After a pump has been connected and the unit's paraweters
have been stabilized, reactor power may be increased to a level
appropriate to the new number of operating primary circulation
pumps, taking the requirements of point 4,1.1 into account, and
the settings of the safeties of the nuclear steam generation
plant should be changed to fit the new power level,

4.4.6, One may start and stop primary circulation pumps by means
of remote control when the controllers of the unit are operating
in an automatic mode.

4.5, Shutting Off (Connecting) the High Pressure Heater

4.5.1. Prior to shutting off a high pressure heater the automatic
power regulator must be switched to a consiant neutron power
ma intenance mode.

4.5.2. One should cut off the steam to . nigh pressure heater in
4 way such tnat the rate ot change of the temperature of the feed
water downstream of the heater will not exceed a permissible
level (55C per hour).

4.5.3. After a high pressure heater has been cut off, reactor

nower may be increased until the power unit recovers its initial
electrical .ocad but no higher than the authorizec level.
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connecting a high pressu

1its of point 4.9%.« with

.
A\ a Qonst 1 124t

e rate ol hange ol pressul
neaters when ne' re Coune
force per square centimneter
After steam und water have

< ) .

gsure heater and the parameters Ol the ndclear
ation plant have been stabililzed, tae powrr

necessary, raised to a permissible level,.

.6, Shutting Off a Feed Turbopump

4.6.1. Wnen shutting oft an operating feed turbopump, the power
cf the unit should be reduced to 50% ot nominal. After power has
stabilized at this level it may be raised to a power level
determined for each specific unit in the process of startup and
ad justment,

4.6.2. When a unit operatin at & power of 350 megawatts i1s shut
down, one teed turbopump sh.u4ld be switched to a recirculation
mode after tiking it off{ automatic control,
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5, DISRUPTIONS OF NORMAL OPERATING CONUITIONE LEADING (Q SHU" OW6H
OF THE PRIMARY EQUIPMENT Of THE UNIT OR A REDUCTION IN ITS DPOWER

5,1, Shutting Down the Reactor or Reducing its Power

5.1.1. The reactor should bHe tamedilately shut down by fthe
operators by pressing the switch oL any of the scram systen sets
on the unit control panel or backup control panel if:

1) any scram sigual has been generated aud a safety has not
operated (the unit should be switched to "hot"™ until the problea
is correvted);

2) two channels of all three neutron flux monitoring equipment
sets are not monitoring neutron pewer (the unit should ve
switched to hot until the problem is corrected);

3) two channels of all three neutron flux monitoring equipment
sets are uot monitoring power buildup time (the uuit should be
switched to hot until the problen is corrected):

4) tnhe monitors for pressure in the primary and secondary
circuits, water temperature at the outlet of the reac . core,
the water level in the pressure compensator, the water luvel in
the steam generator ot any loop with operating primary
circulation pumps, the pressure differential at any primary
circulation pump when the unit 18 operating with two operating
primary circulation pumps, and the pressure differential at the
reactor core are fully down (the reactor should be switched to
cold until the problem is corrected);

5) malfunctions in the control rod control circuits which keep
its scram system from operating are discovered (the reactor
should be switched to hot until the problem is corrected):

6) a control circuit malfunction causes a group of control rods
t> move uncontrollably up (the reactor should be switched to hot
until the problem is corrected):

7) two or more control rods drop unexpectedly in the reactor core
(the reactor should be switched to hot until the problem is
corrected) ;

8) a fire on the unit control panel, a fire in the roows, or an
emergency which poses a threat to the inteyrity of the primary
equipment and a threat to nuclear safety and plant safety (the
reactor _hould be switched to cold until the causes and effegts
are eliminated);

9) both feed turbopumps have gone off and cannot be reactivated
in a timely manner, or if the level in a steam general)r drops to
more than 350 mm below nominal, or if the makeup water for a

steam generator is not gettiug to it and cannot ve restored (the

a5



ictor should be swit
rected);

there 168 an abry
purge water ot

1tecned to cold un the problem

11) there is8 a leak in the primary or secondary
causes one of th characteristics of the at ..l’r:-lfil‘;l"‘ dnder
contalnment vessel to exceed the following levels: pres
kilogram force per sguare centimeter, absolute),
temperature....[Trans: bottom iline on page 45 in sriginal

missing |

1.2, Power should be reduced to the minimum controlled level Ly
the operators it:

\

l) preventive safety circuits are unserviceable, preventing the
transmission of safety signals and the operation of preventive
safeties (until the problem is corrected);

2) one control rod of the fifth, ninth, or tenth group cannot be
controlled and it is more than 100 centimeters above the bottom
of the reactor core or two or mnre contiol rods less than 100
centimeters above the bottom of the reactor oore
controlled (until problem corrected);

cannot be

3) monitoring of the position mere than oune coutrol rod has
been lost (until the malfunction is corrected);

4) one control rod less than 100 centimeters above the bLottom of
the core cannot be controlled and monitering of the position of

another control rod has been lost (until the malfunction is
corrected):

5) malfunctions which keep the operation of the cvontrol and

safety systen's preventive safety 1l and prevencive safety 2 are
discovered;

6) the unit desalinator has shut down and cannct be restored
normal operation withiu 10 hours when chloride and sodium
concentrations in steam generator purye water are three times
higher than permissible or within twenty four hours when the pH
level is too low in steam yenerator feed water.

to

5.1.3. Thz reactor should be shut down and the unit

itched to
cold if:

1) there is a lLeak in the primary circuit with a flow of more
than 0.2 tors per hour and the location of the leak cannot be

found or there is a leak with a flow of more than 2 tons per hour
whose location 18 known;
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2) total specific activity iu the wotec of the oSrimary
circulation gircuit 1is greater than 1.10°1 curies per liter oc
3.7 times 10¥ pecquerels per liter;

3) the specific activity of the puiye water of auy steam
jenerator has increased to the uppec limit (1.107% curies per
liter or 2.7 times 10¢ becquere's per liter), has contiaoued to
increase, and cannot be re.aced without wnatting down tha
reactor (Que may not use periudic purgiling o0 the steamn oneratoc
to correct deviations from purge water radioactivity standards);

4) two independent aonitoring channels indicate that discharges
of radicactive noble yases into the atmosphere are too high while
the operation ot the ventilation system and gas blower system has
remained the same (500 curies per hour);

5) the gas and aerosol activity of the gir in attended rcoms has
increased above peruwissible levels (107® curies per liter,

1976 Radiation 8S8afety Standards) and it ~annot be reduced without
shutting down the reactor;

6) more than one channel of any safety systen i3 malfunctioning,
there 1s a leak from any ewergency boron supply tank or from any
hydroaccumulator tank of the core emergency cooling system, or if
it is impossible to take a satety system off line for repairs
within the stipulated time (up to two shifts), or if the
requirements of section 2.2 with respect to......[Trans: bottom
line of page 46 in original missing) are violated,

7) more than one pulse safety device of the pressure compensator
18 malfunctioning;

8) all the pulse safety devices of one steamn generator are
malfunctioning;

9) more than two fast acting reducers for discharyging steaa into
the turbine condensers or more than one fast acting reducer for
discharging steam into the atmosphere are walfuuctioning:

L0) malfunctions are discovered in the procer circuit system
which prevent normal cooling of the loads;

i1l) requirements for the operation of the reactor and steam
generator in any loop of the primary circulation circuit when
there are leaks in the gaskets in the flange joints of the main
reactor joint and the primary and secondary circuit hatches of
the steam generator are not met;

12) the chloride coantent in steam generator purge water has goue
above 1.5 milligrams per kKilogram or has steadily exceeded 0.5
milligrams per Kilogram for ten hours. After the unit has been

shut down e causes should be corrected and the steam generator
nnoul be ETulhed with desalinated water. A stean geue?ator

should not be allowed to operate with an excessive chloride

47




nt 1in the purge water ol
per year:;
)t enough water is bLeiny ool the ¢

waters per hour)
Of the reactor shafr (18000 cubire mete

system actuators (27700 cui

(s pet
ire at the backup control panel;

15) the inforwation subsystem of the control computer goes dow.
and cannot be reactivated within five hours, The unit 1 < be
operated with no reduction in power for up to one hour .f the
information subsystem fails, but 1f 1t 18 not restore within an
hour dJnit power wmust be reduced to 70% of nowinal;

lo) more than one makeup pump set is malfunctioning,

5.1.4, The reactor should be shut down (the unit switched to hot
until the problem is corrected) and the Loron concentraticn
should pe stabilizged 1€f:

1) malfunctions which disrupt the proper sequence of motion for
jroups of control rods and leau to upward movement of certain
control rods apart from the entire group or to the siwultaneous
movement of a wore acceptable number (two groups) at any level in
the reactor core or other malfunctions which reguire shutdown of
the reactor in accordance with the operaticons manual for its
control and safety system are discovered;
) movement is not autowmatically transmitted between groups of
control rods in the proper sequence either when removing

them
trom the core or lowering thewm into the core

9.1.5. Reactor power should be reduced by operators to the levels
indicated below if:

1) one control rod of any group located less than 100 cent.metere

from the bottom of the reactor core cannot be controlled (90% of
nominal):

2) the position of one coutrol rod ot any group cannot be
monitored ($0% of nominal);
3) the automatic power regulator has goue off or malfun: tions
which keep it from....[Trans: bottom line of page 47 in original
missing)...are discovered;

4) the power ‘gulating and limiting device has gone off or
malfunctions are discovered which keep it [rov functioning
normally (uo higher than 50% of nominal);

5) one pilse safety device of the steam yenerator of any loop

with oper. ting primary circulation pumps is malfunctioned (the
loop must be shut oft);




) one 3-.".se 541{«_’!,’ levil 2 Of the pressu
malfunctioning (50% of nominal) (for
then unit mnust 2 Bwitghed tg

.

nie fast acting reducer tor dischargiogy into 1@ turbi
condensers (90%), two (50%), three or more ne fast ac
reducer for discharging steam into the atnos pra) (the
dnit should be switched to cold);

ting

POwe r

8} all pressure differcatial wonitors wn any operating primary
circulation pump are malfunctioning (75% of nominal when fout
pumps are in operation or 50% when three pumps are operating):

9) Ar operating primary civculation pump wal functions which
require ghutting it off are discovered (sce the table of
permissible conditious);

L0) tne basic monitored characteristics of the unit have exceeded
permissible deviations in normal oper»tion according to the table

of permissible conditions (until permissille parameters are
restored);

ll) reactor monitoring system malfunctions are discoverad
(monitoring temperature at the outlet of the reactor core or
nonitoriug energy release distribution) (50% of nominal for
three days, subsequently the unit must Le switched to hot)
point 3.3 of the Appendix):

up to
(see

9.1.6, In the event that atmospheric characteristics in the roons
(temperature, pressure, density, radioactivity, woisture content)
Keep varying and get close to the maximum permissible levels
indicated in the manufacturers' (suppliers') specifications and
operations manuals for the equipment, valves, instruments, and
other items installed in the rooms, the operators must

take steps
to stabilize these variable characteristics.

If just one characteristic should reach the limit,
unit must be switched to cold.

the




HANDLING ACCIDENMTS

eneral Measures and P codures

In the event that an ewergency should arise
the operators of the unit headed by the power
roare obliged to take all possil
10N .

Operators must monitor anad support the operation
scram (preventive satety) system, sartety systems, and
devices, and the operation of the interlocks designed to coutrol
the hazardous afteraffects of nuclear steam yeneration plant
equipment failures.

6.1.2, The plant shift supetvisor is obligated to inform the
director of the plant, the chief engineer, and the deputy chief
engineer of any emergency situation,

H.1.3. In the event of disruptions in nurmal operation, the
operators of a unit headed by the plant shift supervisor are
obliged *to:

1) quickly and correctly determine the reasons for the disruption
of normal operation on the basis of the readings of displays,
instruwents, and alarws, on the basis of recordings of variations
of characteristizs on the control computer system's printers and
printouts, and also on the basis of wmessages; frow operators at
NOrK stations;

2) make sure that the safeties and interlocks of the power unit's
systems and equipment are operating correctly. In the event that
certain safeties and interlocks fail to operate they are

obligated to switch to others either Ly remote coutrol or
wanual lv;

J) use intercom and online cummunications to announce disrup-ions
in normal operation to all operators at the unit and inform the
chief engineer, deputy chief enyineer, and telephone operator ou
the basis of a list approved by the plant director,

4) set up continuous monitoring of the radiation situation in the
attended rooms of the power plant and monitoring of the discharge
of radioactive 1sotcpes into the environment.

6.1.4, Intervention in the operation of automatic coutrols,

safeties, and interlocks is prohibited, except in the case of
mal functions,
6.1.5. In the process of handling disruptions of normal operation

at a power unit the operators headed by the power plant shift
supervisor are obliged to:

1) preveant any uncontrollable rise in the reactor's power ;
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2) provide reliable cooling for the reactor core;

3) avo.d any uncalled-for shutoff of operating primary
circulation pumps or feed turbopumps (auxiliary teed puups):

4) wake sure that the unit's deaer~tor-feeder units ars operating
reliably:

viteesees [TRANS: PAGE 50 MISSING FROM THE ORIGINAL)

6 1.13. In the event of a preak in a steam line operators must
arcange for the delivery of boron to the primary circuit freu the
high pressure pumps and boron sprinkler pumps.

6.2. Accelerated cooling of the nucleur steam generation plant,

6.2.1. The nuclear steam generation plant may be subjected to
accelerated cooling at a rate of no wore than that indicated by
the design (60C per hour) after an emergency shutdown of the
reactor by the scram system or operators pressing the scram
switch in the event that leaks from the »rimary circuit can be
compensated for, including leaks of water from the prinary
cirguit into the secondary circuit,

Accelerated cooling must be carried out wicth the primary
circulation pumps operating,
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7. SHUTTING DOWN THE POWER UNILY

7.i., The power unit should be shut down using the electrical
portion of the turbine regulation system and the automatic
control system with the automatic power regulator operating in u

secondary circuit pressure waintenance wode,

7.2. Every purified boron concentrate tank should gontain 4 total
irreducible water supply of 150 cubic meters with a boric acid
concentration of 40 grams per kilogran.

The condition of the boron containing solution tanks should
conform to design requirements (free space ot at least 400 cubic
meters),

7.3, The power of the unit should be reduced by means of changing
the turbogenerator power setting on the turbogenerator regulation
electrical subsystem panel ir a way such that:

- the rate of reduction of reactor power is no greater than the
stipulated rate of 3% of nominal per minute;

- the water level in the pressure compensator is kept equal to
corresponding reactor power levels;

-~ steam pressure in the steam generator is within stipulated
limits (60 to 64 kilogram force per syuare centimeter):

It is permitted to reduce the power of the un’t by means ot
rewnote control of the turbine synchronizer to alter its power
setting.

7.4. The containment vessel may be unsealea in the process of a
planned shutdown of the power unit after pressure in the primary
circuit has been reduced to the pror.v level (no more than 5
kilogram force per square centimeter).

7.5. The turbine should be shut down in accordance with the
regquirements of its operations manual.

7.6, 1f the power unit is to be kept hot after it is shut down,
reactor power should be reduced to the level of auxiliary power
or minimum controlled power.

7.7. When a reactor is shut down for scheduled maintenance and
fuel recharging, the nuclear steam generation plant should be
switched to cold and the reactor should be made subcritical by
means of increasing the content of boric acid in the water of the
primary circuit to a level no lower than that established for the
given reactor fuel charge (12 grams per kilogrea).

7.8. Once the reactor has reached a certain subcritical .evel,
one may leave no less than two primary circulation puips in
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peration, and afterwards one iaust

+ W
Ve

way tO the bottom of the reactol
9. ATter the reactor has Deen snut
levices of *the steam geunerators suoul

pe tested prior to cooling Of the nucleat
7.10, 1t is prohibited to start cooling the
yeneration plant if the content of boric ac
primary circulation ¢ircuit is less than that
1 subcritical level nf 0,05 with the control rods lowere
acid concentration 1n the priwary cilrgouit of at least 12
per Kilogram).

required

7.11. The nuclear steam yeneration plant should be cooled
temperature level indicated by the design once the stean
jenerators are filled with water on the secondary circuit to a
specific level of 3750 + 3850 mm and the pressure compensator
filled to a level of 11700 millimeters. Oue should follow the
nuclear steam generation plant's designers' wmanual in tilling the
steam generators with water.

16

7.12. In cooliing the nuclear steam generation plant one should
also make sure that the primary circuit steam yenerator headers
and reactor roof are cooled.

The rate of cooling of the nuclear
exc

steam generation plant
should nor eed 30C per hour.

For every steam generator Dody and the body of the
compensator the difference between the eamperature of the
and the lower part of the body should >t exceed 50C.

pressure
metal

The difference Detween the temp ature of
and the temperature of the water in a .teamn
exceed 120C.

the feod water
generator should not

When the primary circuit is cooled and its tewperature hLas
reached 200C, flow through special water treatment unit No. 1 on
each strand should be reduced to 20 tons per hour (in order to
avoid the entrainment of corrosion products) and at the same time
the tlow of purge water through the primary circuit should be
increased to the maximum permissible level (60 tons per hour).
7.23. 1f the pressure compensatcr does not have a nitrogen
blanket, the primary circulation circuit should be cooled so that
the temperature of the water in it is always areater *han the

temperature of the water in the steam generators under the roof
of the reactor.

7.14. The emergency cooling pumps should be counected to the
primary circuit after pressure in the primary circuit has been
reduced to 20 kilogram force per sguare centimeter and the
gooling circuit should be warmed up so that the difference
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petween the temperature of the water in the primary circuit and
cooling circuit is no greater than 30C.

It i1s recommended that the cooling ecivguit be connected to
the primnary circuit once its rate of cooling by the systems of
the secondary circuit reaches 1lUC per hour, but onc nay connect
the cooling circuit ance the covling rate of the . rmary circuit
reach s 07 per hour.

On the basis of the operatiug conditions of rtiz prisary
circulation pumps, once the pressure i1n the prinary cirouit
reaches 20 kilograw force per square centimeter, nitrogen under
pressure of 20 kilogram force per sqguare centimeter should be
connected to the pressure compensator for the purpose of
malntaining constant pressure in the primary circuit,

7.16, In the process of cooling the nuclear steam generation
plant, one must;

L) disconnect the hydroaccumulator tanks ot the gore emnergency
cooling system from the reactor if pressure in the primary
circuit is no greater than 70 kilogram force per square
centinmeter;

2) shut down primary circulation pumps which are still in
operation once the temperature of the water,...[Trans: bottom
line of page 53 wissing);

3) monitor th concentration of dissolved gas in the heat
transfer agent of the primary circuit when a nitrogen blanket is
used, This concentration should be no yreater than 20 milligrams
per Kilogram;

4) switch the delivery of feed water to the steam generators from
the feed turbopumps to rhe auxiliary feed pump once the flow of
feed water has decreased to 300 tons per hour.

7.17. After all the primary circulation pumps have been shut off,
further cooling of the reactor should meet the following
reguiremnents:

1) the pressure compensator should be cooled by delivering water
from the makeup system of the primary circuit;

2) pressure in the hydroaccumulator tanks of the core emergency
cooling system snould be reduced to 35 kilogram force per square
centimeter;

Not reducing the pressure in the hydroaccumulator tanks is
permissible if the fast acting valves are closed, their
electrical circuite are disconnected, and the valves themselves
are locked;
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3) during the operation of the enet Y @00ling syst

N the prinary circulation circuit snould not exceed
levels.

7,18, In the process of cooling the unuclear st
plant, the pressure ditferential on the maleup
primary circuit should be minimized Ly means oi.,

1) activating special water treatwent unit No. L for bypay
puritfication of the heat transfer aygent witin the valves on its
pilping tully open;

2) waximizing the output of the makeup-purge system of the
primary circuit while maintaining the necessary level in the
pressure compensator,

7.12. By the time the temperature of the water in the primary
circulation circuit reaches the limits indicated by the design
(cold power unit, 60 to 70C), tie condition of the systems and

equipnent of the power unit should meet the following
regquirements:

L) the reactor should be plugged by all the control rods, and the
enric acid concentration in primary circuit water should b no

lower than the level indicated for the fuel charge in question
(12 grams per kilograw);

the subcriticality of the reactor should be monitored by the

5
&
Source range subsystem of the reactor monitoring system;

3) at least two emergency power supply channels of the second
reliability category should be ready for operation;

4) at least one emergency cooling channel should be in operat ion
and at least one channel should be ready for operation;:
5) the process water supply channels for critical users (group A)

corresponding to the serviceable ewergency cooling channels
should be in operation;

6) the condition of the valves should meet the raguirements of

the operations manuals for the systems and equipment of the power
anait,

7.20. Tne water level in the steam generators may be reduced .

nominal after the primary and secondary circuits have reen cooled
to 60 to 70C,

7.21. The guality of water in the primary circuit must be
maintained in the process of cooling the nuclear steam generation

plant by adding the necessary reagents on the intake sides of the
makeup pumps.




/.22. The primary circulation

4 . “Milo '
cecharging the reactor fuel after the following

veern mects

re circuits from the actuators of the control and safet,
devices for
upensating the cold junctions of the temperature woult

/Al.‘

stem, the neutron measurcmnent channels, and the
o :

s@ll dasconnected; and the removable parts of the insul
1t3 and air ducts tor cooiing the actuators ot the
fety system and the electrical wiring and ailr unit

reaCtor have veen rewngved;

5

) water temper ture in the primary circulaticn circuit does uot
exceea 70C and pressure in the primary circuit has been reduced
to atinospheric pressure;

3) water in the primary circulation circuit has been drained to a
level lower than the main joint of the rcactor (200 to 300 mm
below, 2400 to 2500 mm as determina2d by the level gauge cf

the
pressure compensator;

a i

4) the boric acid content in the water of the primary circuit 1is
no lower than the level stipulated for a given reactor fuel
charge;

S) the water in the priwary circuit has been chanyged three times
and the water level in the primary circuit has been agitated
three times for the purpose of removing inert radioactive gases
from the primary circulation circuit through the air units.

7.23. When unsealing the primary circulation circuit for the
purpose of making repairs on the equipment of the primary
circuit, in addition to meeting the tequirements of 7.22 one must
alseo circulate primary circuit water in the follgwing way: "cold"
strand of the loop of the primary carculation circuit - emergency
cooling pump - "hot" strand of the loop of the primary
circulation circuit, and water should be drained from the
cirgulation circuit to a level no lower than
"cold" inlets of the reactor.

primary
the axis of the

7.24, It is prohibited to unseal the nuclear steaw generation
plant without first removing rac cactive gases fron the priwmary
circulation pump several times or when the yas ’'real ment vstem

or holding pond ventilation systems are malfunction:ing. ( 49,
¢l)




8. RECHARGING THE REACTOR FUEL

... Prior to beginaning the recharging process, the tollowiny
conditions must be met:

1) the requirements of point 7.19 and poiat 7,22 have Leen net:
2) all the documents used in the recharging process have been
prepared;

1) the materials handling equipment outside tue contaiument
vessael and inside the containment vessel has been adjusted and
crecnad outy

4) the sample-taking subsystem, equipment, and control panels for
detecting fuel element can leaks outside the containment vessel
oad the piping and panels for detecting fuel element can leaks
inside the containment vessel should be certified using the
defective assembly leak detection system and prepared tor
operation;

5) steps have been taken to prevent distillate from accidentally
getting into the primary circulation circuit and charging pond
(holding pond):

5) the reactor has been disasseabled i1mmediately prior to
rechargying,

Prior to removing the top module of the reactor, the
connecting rods of the control rod actuators should be
disconnected from the control rods. The shielding tube assembly
should not be removed unless this step has been taken,

The unit shift supervisor is personally responsible for
making sure that the cuntrol rods and connecting rods have been
disconnected and that the counnecting rods are in the transport
nosition and must make an entry indicating this in his operations
log:

7) tne radiation situation in the rooms of the reactor section
must Le continuously monitored;

8) the system for filling (emptying) the recha.ying pond must be
prepared and certified for operation;

9) at least two recharging pond cooling channels should be realy
for operation, while one may be under repair;

10) reliable communications should be establ 'shed bLetween the
unit control panel operators and operator of the charging
machine, the operator of tne fuel elewent can leak detection
system, and the dosimetry service;

8.2. In disassembling the reactor for recharging and in
assembling it after recharging, the water level in the primary
circulation circuit should not fall lower than 400 millimeters
below the main joint marker. Any further drop should be
prevented,

8.3. Recharging the reactor fuel is prohibited if:

1) the reguirements of point 8.1 have not becn met;
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2) all new fuel elements have not underygoune acceptance tests 1u
accordance with supply requirements;

3) less than 72 hours has elapsed siluce the reactor was gt down,
Water tempelrature at the outlet orf the reactor core 18 higher
than 70C;

4) the subcriticality of the reactour hlas not been monitored by
means of reactor monitoring eguipment on at least two chaunels,
one of which is equippnrd with vound alarms;

5) the boric acid content in the water of the priwmary vivrcuit is
less than the required level tor a j4iven reactor fuel charge (12
grams per kilogram):

6) steps have not been taken to abrtract heat from the reactor
core by circulating heat transfer ayent through the cooling
circuit;

7) the water level in the recharging pond and reactor shaft is
less than 15.5 meters, boric acid concentration does not meet the
requirements for fuel recharging (at least 12 grams per kilogram).
Water quality should meet the requirements of National Standard
95.962~-82;

8) operations involved in the addition and removal of heat
transfer agent from the reactor's cooling system have not been
completed, with the exception of treatment operations;

8.4, All operations involved in preparing the reactor for
recharging ana recharging itself should be conducted in
accordance with the requirements ot reactor fuel recharging
guidelines;

8.5, In the recharging process the content of boric¢c acid in the
wateo Of ““e primary circuit and recharging pond (holding pond)
should be 1intained at a level no lower than 12 grams per
kKileo2ram and should be checked twice per shift;

5.6, The valves for draining water frow the shielding tube
assenbly 1nspection shaft and reactor internal equipment
inspection shaft should be closed and locked;

8.7. The temperature and water level ia the reactor and
compartments of the holding pond (recharging pond) should be
monitored during the recharging process.

wWorking with a TV camera is not recommended if the
temperature of the heat transfer agent is higher than 60C.

If the temperature rises above 70C, recharging operations
should be halted.

8.8. The condition of the ventilation systems for the rooms of
the priwmary circuits should meet the requirements of appropriate
operations manuals.

8.9. During the recharging process sceps should be taken to
prevent extraneous objects from getting into the reactor;

58



58/

8,10, During the recharging process the radiation situation at
the level of the reactor room in the area of the recharging pond
should be continuously monitored;

8.11. Oue-~time and experimental recharging operations not
governed by appropriate guidelines should be conducted on the
pasis of special programs coordinated and approved accearding to
the established procodure,

8.12, Aesembly of the reactor is permitted atter documents which
indicate that all recharyging operations have be2n completed and
that the reactor eguipment and its components ani systemns have
been inspected have been written up according to the established
procedure;

8.13. After reactor fuel has been charged, car'oyrams of the fuel
charge in the reactor and a cartogram of the location of used
fuel in the racks of the holding nond shoulu be drawn up
according to the established proce-dure,

8.14, In transporting the shatt of the recharger to the pond and

from the reactor internal equipment pond personnel may not remain
in the steam generator and primary circulation pump boxes.
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9. SPECIAL TrRSYS

9.1. Physical and thermohydraulic lests on a power unit aust Le
conducted on the basis Oof proyrams coordinated wcocording to the
established procedur? aud approved by the chief e.gineoc ot the
plant, .

9.2, The programs should indicate anticipated changes in
reactivity and outline satety wmeasures and damaye control
provedures.,

9.3. The chiet cngineer or a person appointed by him are
responsible for the general direction of test programs.

The unit shift supervisor is responsible for the immediate
supervision of testing with the technical assistance of the staff
and developer of the program,

When experimenting with major variations in reactivity, the
test tearn should include a supervising physicist.

9.4. Deviations frowm the requirewents of these rules should be
indicated in the program and always include proof of safety and
the program itself must be coordinated with the scientific
director, the chief designer, and inspectorates,.




60/ APPENDIX

STANDARD INDICATORS
WHICH CHARACTERIZE THE SAFE OPERATION
OF A POWER UNIT CONSISTING OF
A STANDARD NUCLEAR STEAM GENERATION PLANT (V-=320)
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&1/ 1. GENEKAL FRINCIPLES
1.1, Standard indicators which characterize the safe operation of

A power unit may be revised on the basis ol operational
cuperience and technologicul advance..
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2. LIMITS OF SAFE OPERATION OF THE REACTOR
2.1, Linits of Safe Operation of the Reuctor Core
2.1.1. In all kinds of norwal operation the thermal power of the
reactor should not exceed 102% of nominal (alliowing for dyrumic
arror). Power determination errvor should not exceed 2%.
The nominal thermal capacity oi the reactor is 000

negawatts,

2.1.2. The thermal power oI the reactor, the average heating of a
heat transfer agent in the reactor, heating in the fuel assembly,
the temperature at the outlet of the fuel assembly, temperature
at the inlet of the reactor, reactor core energy release
unevenness coefficients, and pressure in the primary and
secondary circuits should not exceed the limits indicated in the
table of permissible nuclear steam generation plant operating
conditions in stawle operation on four, three, or two loops.

2.2. Permissible Rates of Change of Reactor Power

The rates of change of reactor power should not exceed the
values given in Table 1i.

Table 1
Planned 1ncrezse After prolonged Load builldup
(decrease) operation for

more than 12
days at a reduced
power level
100% 100% T 100%

Gradual
iocrease by
1% per min 0.08% per min 10y nominal
(onco every
80% holding for 90% 50% 3 hours)
3 hours

1% per min 0.17% per min Gradual
increase by
20% nowminal
(once every

3 hours)
45% 50%

3% per nin

0% 0%

63



3, LIMITS AND CONDITIONS FOR THE SAFE OPERATION OF
SAFETY=-CRITICAL EYSTEMS

3.1, Primary Circulation Circuit
3.1.1. Operating components:
a) primary circulation punps

- at least two primary circulation pumps should pe in operation
when bringing the reactor to the miniwmum controlled pover level;

- turning on two @r more primary circulation pumps at the same
time is prohibited:

b) the reactor main joint

- the power unit should be switched to cold when pressure appears
in the main joint leak monitoring system. The chief engineer of
the plant is responsible for determining the time of the swit<oh

C) pressure compensator

- prior to bringing the reactor to the minimum controlled level a
steam blanket free of nitrogen impurities should be generated in
the pressure compensator and the level in the compensator should
be no less than 4500 millimeters and pressure should be at least
70 kilogram torce per square centimeter;

- when the nuclear steam generation plant is operating at nominal
power (3000 megawatts, thermal), the level in the compeusator
should be 8770 millimeters;

d) the pulse safety devices of the pressure coumpensator

- all three devices should be serviceable prior to bringing the
reactor to the minimum controllled level;

- in a shut-down reactor when the primary circuit is sealed and
the top assembly is mounted on the vessel, at least one pulse
safety device should be serviceable (except when hydraulic tests
of the primary circuit are underway):

- when one pulse safety Jevice is unservicable the power of the
nuclear steam generation plant should be reduced to 50% of
nominal;

- when two or more pulse safety devices are unserviceable (or one
device for 24 hours), the unit must be switched to cold;

e) prior to bringing the reactor to the minimum controlled level,
all instruments, alarms, controllers, and safeties and interlocks
O+ the equipment of the primary circulation circuit must be fully

serviceable.
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3.1.2, Pressure in the primary circulation circuit

Pressure in the cirvcuit shiouid not exceed the following
limits: 160 kgf/cm? in power operation, 180 kgf/cu“ under
transient conditions, 280 kgt/em? in hydraulic leak tests ot the
primary circuit, and 2% kgi/cm2 in hydraulic streugth tests of
the primary <ircuit,

3,1.3. Warming and cooling of the primary circulation circuit:

a) the rate of change of the temperature of the heat transfer
agent should no: exceed 1l0C per hour in heating or 15C per hour
in cooling (in ‘he process the temperature of the heat transfer
agent in the "hot" strands of the loops is critical);

b) in heating and cooling the primary circuit the teuperoture of
the heat transfer agent in the pressure compensator should be

20 to 70C higher than that in the "hot" strands of the
circulation loops;

¢) the primary circuit may be cooled when the boric acid
concentration in the heat transfer agnt of tre primary circuit
is at least 12 grams pe. kilogram (a reductica in the average
temperature of the heat transfer agent brlov 260C should Le
considered the beginning of cooling);

d) when the primary circuit is heated and cooled the difference
in the temperatures of the "hot" and "cold" strands of the loops
should not exceed 55C;

e) the rate of changg of pressure in the primary circuit should
not exceed 10 kgf/cm® per wminute during heatiny and cooling:

£) in the heating and cooling of the primary circuit there should
be at least a 15C margin between the actual temperature and the
boiling point of the heat transter agent at the outlet of the
tuel assembly:;

g) pressure in the primary circu‘- may be raised to 35 kgf/cm?
when the temperature of the out > of the reactor vessel is at
least 15C.

Raising the pressure .n the primary circuit to more than 35
kgf/cm? is prohibited if the temperature of the heat transfer
agent of the primary circuit and dead-end areas is less than 85C
at the initial period of operation, and cubsequently as indicated
by Table 2, The temperature of the outside (surface) of the
pressure compensator should be greater than 802,
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Table 2

< -

. . ————  ————— e —— v

Time since the 1 “ 5 L2 Lo 2V 249 2d 30

beginning of

operation, yrs e & U PRI b § o R

Teuperature, “C* B85 86 97 103 i0a 112 iit5 118 120
¥irom the point ot view ot fhe

pressure coumpensator's brittle strength

— R —

3.14, The activity of the heat transfer agent of the primary
circult:

a) the limit ot volume activity of the heat (ransfer agent of the
prinary circuit during power operation of the wuclear stean
generation plant is determined on the basis of an overall volume
radionucleide activity of no more than 0.1 curies per liter (3.7
times 10° becquerels per liter):

b) once the overall volume activity of the heat transfer agent in
terms of iodine 131~135 radionucleides reaches a level of 1.5
times 10"¢ curies per liter (5.5 times 108 becquerels per liter),
the power unit should be switched to cold and the fuel element
cans of all the tuel assemblies should be tested for leaks.

Note: the activaity in guestion as detfined ai the mean arithuetic
value of three nr wore samples takeu over tie course of several
hours.,

3.1.5. Primary circuit heat transfer agent gqiality standards.

If primary circuit hea* transfer agent guality standards
(National Standard 95.962-82) are violated i1 the course of power
operation of the reactor, operators must take steps to restore
acceptable concentrations, If such steps prove to be
inetfective, then ir total chloride and fluoride concentrations
are higher than 0.1 mg/kg then after 24 hours, the power unit

nould be switched to cold (after 48 hours i{ there are
violations with respect to other indicators).

The unit should be operated for no more than five days a
year with the aforementioned violations.

3.2. The Reactor Control and Satety System

a) prior to bringing the reactor to the minimum contrclled power
level the following items should be fully serviceable:

- the group and individual cortrol system for the control rods:

- the control rod position monitoring systen;
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- the reactor's scram system (including the reactor power
regulation and limitation device);

- the automatic reactor peower regulator;
- the neutron flux monitoring equipnent:

- the power supply for the control and safely system's electr cal
equipnent

b) during power operation deviaticns from the conditions
indicated in item a reguired to make it possible to repair .
defective channel of the scram system or neutron flux menitoriug
equipment ave permissible. In the process unh emergency signal on
any of the other two channels still in oprration should lead to
the operi.tion of an appropriate safety;

¢) if t'ie automatic power regulator has become unserviceable,
reacto. power should be reduced to 10% of nominal;

3,2.%.. Scram signal traasmission time. Control rod reset time.

a) the time between the appearance of a scram signal and the
movement of a control rod should not exceed 0.3 seconds (with the
exception of time-delay safeties);

b) when the characteristics of the primary circuit are norual
(pressure, heat transf~r agent temperature, flow through the
reactor), it should take each control rod no more than 4 seconus
to descend to the bottom of the reactor core; if this is not the
case, the actuators of the control rods should be inspected;

3.2.3. The serviceability of control rods and position
indicators:

a) if there are malfunctions in control rod control circuitry
which could lead to disruption of the designed sequence of
movement of the control rod groups, reactor power should be
reduced to the minimum contrciled level until the malfunctions
are corrected:

b) if it proves impossible to monitor the position of one control
rod the thermal power of the nuclear steam gene*ation plant must
be reduced to 90% of permissible.

¢) in the event that one control rod gets stuck @t a height of
less than 100 centimeters from the bottom of the reactor core,
the thermal power of the nuclear steam generatio) plant should be
reduced to 90% of permissible.

In the event that one control rod gets stuck a- a height
of more than 100 centimeters or two or more get stucrk at a level
less than 100 centimeters from the bottom of the rwactor core,
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reactor nower wust be reduced to the wminimun control led level
intil the malfunctions are correcten:

Notas Sticking is defined as a situation where a control rod will
not move down on command from the countrol switgh or 4 scram
iystem signal.

In the event that two or more control rods in a gooup ur2 at
levels more than 35 centimeters apart, the therwal power of the
plait should be reduced to 90% of nominal until the problem is
corrected,

3.3. The Reactor Monitoring System

/) prior to bringing the reactor to the minimum controlled power
level and in power operation, the reactor monitoring system wmust
be fully serviceable (both when it operates in comoination with
the intrareactor monitcring system and independently);

L) in combined operation with a computer when the reactor is in
power opearation at least 75% of the temperature sensors at the
outlet of the core assemblies out of a total of 95 and nc less
than two thirds of the neutron measurement channels ou* of a
total of 64 should be serviceable* (*Neutron measurerent channels
should be considered unserviceable if they contain just one pair
i adjacent unserviceable direct charge sensors o. any three
unserviceahble direct charge sensors). The measycement processing
systew should output a complete three-dimensional cartogram ot
the disctribution of energy release in the reactor core. The
reliapbility of measurements and data processing should be chec.ed
by means of comparing them with the results of neutron physical
calculations of energy release distribution for appropriate
reactor core conditions:

When the Hindu Kush intrareactor moni:oring system is operating
independently, the thermal power of ''he reactor plant should be
reduced by 3%, and 90% of the thermccouples and instruments
should be serviceable. The nonserv .ceable sensors should e
evenly distributed over the reactor core;

¢) if condition (b) is not met, the thermal power of tne reactor
should be reduced to 50% of nominal under the condition that the
characteristics of the nuclear steam generation plant lie withir
the ranges called for by the "Table of Permissible Conditions."

If the serviceability of the reactor monitoring system has
not been restored in the course of 72 hours (as a minimum, in
accordance with condition b), the unit should be switched to hot.

d) if the intrareactor monitoring system should fail (under the
condition that the power range readings of the neutron flux
monitoring equipment and positions of the control rods confirnm

that energr release in the reactor core is symmetric), the power
of the nuclear steam generation plant should be reduced to 75% of
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nominal within 10 minutes. (If the fairlure cocurred 1n the
process of raising the prwer of the plaut, "hen any subscguent
rise 1n plant power shzuld be halted.) If rue serviceubility of
the intrareactor monitoring system has uot been restored, then in
one hour one must reduce the power 0f the nuclear steam
generation plant to 50% of nominal, and in three hours, if the
iarviceabllity of the system has not been rastored, one should
switch the unit to hot., 1f, in the event that the intrareactor
woris buy in system fails, the distribution of energy release in
the reactor core (as determined by the inforwmatioun suvsystem
(and) neutron flux monitoring equipment) is unbalanced, the
thermal power of the nuclear steam generation plant should ve
reduced to 50% of nominal; if serviceability has not been
restored within one hour thermal power should be reduced to 30%
of nominal, and if serviceability has not been restored within
three hours the unit should Le switched to hot. The coefficients
tor calculating the energy rezlease field should be chanyed every
14 days to enable the intrareactor monitoring system to operate
in an indepondent mode. At least ounce per shift one must get
printouts of the signals from the temperature sensors at the
nutlet of the fuel assemblies and direct charge sensors and then
analyze their serviceability and the reliability of their
readings.
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3.4. Reactor Core E ergency Coolinyg Systems
3.4.1. The reactor core passive cooling systew,

a) prior to bringing the reactor to the minimum controlled level
the core passive cooling system should be fully serviceanle:

- all four hydroaccumulatn" tanks should be filled with water
whose quality meets the requirements ot National Standard
95,962-82 to 4 level of 6500 + 100 willimeters (tuere should be
at least 50 cubic meters of water in each tank), working nitrogen
pressure should be 55-60 kgf/cm2 and the operating temperature
should be 20-60C.

- the check valves on the piping connecting the hydroaccumulator
tanks to the reactor should pe serviceable;

- the fast acting valves on the piping connecting the
hydroaccumulator tanks to the reactor should be serviceable and
open:

- the valves on the line for adjusting the level in the
hydroaccumulator tanks, on the drainage lines, on the nitrogen
delivery line, and on the check valve bypass should be
sarviceable and closed;

- both safety valves on every hydroaccumulator tank should be
serviceable;

- the instrumentation, alarms, and interlocks of the core passive
cooling system should be serviceable;

3.4.2. The core emerqgency cooling system,

Prior to and in the process of warming up the unit and
during power operation and cooling one should make sure that:

- the level of a boron solution with a strength of at least 12
grams per kilog:am in the pit tank is 5300 millimeters (no less
than 500 cubic meters);:

- the level of a boron solution with a strength of at least 40
g/kg in the supply tanks at the intake of the PT 6-160 pump is
3100 millimeters (15 cubic meters):

- the level of condensate in the emergency desalinated water
supply tanks at the intake of the PE 150-80 pump is 5500
millimeters (volume of at least 450 cubic meters);

-~ the flow of process water through the....[Trans: the
abbreviation ("t.o.") is not included in the lis of
abbreviations accompanying the article and its meaning cannot be
readily deciphered from the available references) of the core
emergency cooling system should be 3000 tons per hour.
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1a the event that parameters should deviate froa the
aforementioned values in one salety sys tem channel, one should
otivate two [Trans: bottow line of page 68 in ariginal
1llegible] until the problem 18 Correctaed,

In the eveut that it is impossivle to restore the proper
paraueter values within the time indicated or il there ave
deviations on wore than one channel, the unit should be switched
to cold.

The boron=10 isotope content of the boric acid should be at
least 19.0% of the total boron isotope content.

1.5, Sealed Rooms Designed to Withstand Pressure (Containment
\'essel)

a) prior to bringing the reactor to the minimum controlled level
and during power operation the integrity of the containment
vessel should be ensured:

-~ the transport opening should ve closed and sealed;

- all the uoors of the locks for tue access of personuel into the
containment vessel should be closed and sealed;

- all the sealed tunnels should be serviceable;

- leakage from the conta.nment vessel over the entire range of
abnormal pressures shovid not exceed 1% of the voluwe of air

inside the containment vessel (at a pressure of 4 kgf/cm?) per
days

- the underpressure in the containment vessel should be in “he
range to 15 + 20 mm H20.

b) in the eveut of major leaks in the containment vessel the unit
should be switched to cold, One indication of a major leak is

pressure higher than 15 mm H20 when the TL22 ventilation systenm
is serviceable,

3.6. Steam Generators and Their Purging System
3.6.1. The radiocactivity of steam and purge water.

If the gotal volume activity of purge wT8er reaches a
level of 1.10"° curies per liter (1.31 - 2.107 curies per liter
in terms of iodine), the power unit should be switched to cold.

Once the readings of total volume activity of live stean

or steam at the outlet of the primary ejectors have stabilized,
one should get analyses of the activity of the water of all the

steam generators within 30 minutes and if this activity 1s geater
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than 1,102 curies per liter (1.3l to 2.10°40 curies per liter .n
terme of iodine), the power unit should be switched to cold,

3.6.2. Testing the joints fur leaks.

4) steam generators must be taken out of operation for no more
than 72 hours if only one gasket (first or second) in tue flange
joint of the primary circuit header hatch is leaking. The power
uiit should be switched to cold, aud the hatch should ba
resealed....|(Trans: portion of text on the bottoam of pige 69 and
top ot 70 in original missingl...The unit should be switched to
cold, and the hatch should Le resealed.

b) stean generators should be taken cut of service for no more
than 72 hours if both gaskets in the flange joint of the
secondary circuit hatch are leaking.

Note: The emergency signal limit (output to the unit
control panel) for the primary circuit header hatch leak
monitoring system is 20 kgf/cmz, whxlg that for the same
secondary circuit system is 20 kgf/cm

3.6.3, Temperature and pressure in steam generators

a) the rate of heating and cooling of a steam generator should
not exceed 20C per hour and 30C per hour respectively;

L) in power operation, the temperature of a stean gene' r's
teed water should be within the 164 to 220C range
1. 164 + 2C when the high pressure heaters are ahut off.

¢) the water temperature when cooled and emptied steam generators
are filled on the primary and secondary circuits should differ by
no more than 60C from the temperature of the steam generator's
netal,

In replenishing a nonoperational heated steam generator on
the secondary circuit the difference between the temperature of
the makeup water and temperature of primary circuit water should
not exceed 120C.

d) pressure should not exceed-

250 kgf/em? in hydraulic strength tests of the primary circuit;:
110 kgf/cm2 in hydraulio strength tests of the secondary cirguit;

The temperature of the heat transfer agent of the primary
circuit in hydraulic tests is indicated in Table 2.

The temperature of the sides of the components of the
secondary circuits of steam generators should be no greater than
70C in hydraulic tests.

Notes: 1. 164 + 2C when the high pressure heaters are shut off.
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2. When the nuclear powar plant has Leen deenergized and
the water feeder haz malfunctioned, water with a
tenperature of 5 to 200 may be delivered to the stean
generators on a separate line over the entire course ot
the cooling period.

3. In emergency situations, when feed watotv with a
tewperature of less thaa GOC 1s delivered to a
steam generator, activation of the steam gencrator
must bLe preceded by an inspaction of the feed water
emergency delivary lines.

3.7. The Primary Circuit L'mergency Gas Removal System

a) prior to bringing the reactur up to the minimum controlled
level the emergency gas removal lines (rom the air units and both
headers of every steam genvrator and the line for ewmergency
release of pressure 01 the pressure compensator to the bubbling
tank should be serviceable;

b) one of three simultaneous.y activated valves on each line nay
be taken off line for repairs in reactor power operation., One
may take all the valves on the emergency gas removal lines on no
more than two steam generators off line for repairs i1f all the
other lines are serviceable. The valves should not be taken off
line for repairs for more than twenty four hours, but if this is
necessary the reuctor should be reduced to the minimum coutrolled
power level or cooled down if the valves have to be inspected;

¢) in cooling, as indicated by the operations wanual of the chief
designer of the steam generators, heat transfer agent should be
removed through the air units of the primary circuit of the stean
generator for the purpose of levelling out the vertical
distribution of temperatures over the steam generator headers.
There should be a flow of one cubic meter per hour from each
steam generator.,

3.8. The Primairy Circulation Circuit Drainage System

a) prior to bringing the reactor to minimum controlled power, all
four primary circuit drainage lines and the orgau ~"ed leak heat
exchanger must be serviceable.

b) in power operation of the reactor no more than two primary
circuit drainage lines may be taken out of service for repairs,
and if they have not been repaired within this period the reactor
should be reduced to the minimum controlled level or cooled if
the valves or organized leak heat exchanger must be repaired.
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4. LIMIT CONDITIONS FOR PUEL RECHARGING

4) fuel recharyging may beyin once the ftoliowitg conditrong ars
met i

- the reactor has been suveritical for at least 72 hours:

- the average temperature ot the heat transfer agent ol the
primary circuit is no more than 70C;

- the holding and charging ponds have been filled with water to a
level of 15.5 meters:

- the holding pond cooling system (cooling pumps, pump for
delivering holding pond water for treatwment) is serviceable;

- at least one process strand of special water treatment unit No,
4 is serviceable (auionite filters are in boron form);

- the boron solution emergency supply tank is filled with water
with an H3BO3 concentration of at least 12 grams per kilogram (at
least 500 cubic meters of water in the tank);

- the recharging machine and overhead cranes are serviceal le;

- a!l six channels of the recharging neutron flux monitoring
system and monitoring instruments mounted on the recharging
machine are serviceable;

- three source range channels of one set of neutron flux
monitoring equipment, the reactor runaway sound alarm, and the
recharging neutron flux monitoring equipment installed on the
unit control panel are serviceable;

- steps have been taken to prevent accidental delivery of water
with an H3BO3 concentratic.n of less than 12 grams per kilograw to
the primary circuit and nolding pond;:

- the fuel element can leak detection system is serviceable;

- at least two emergency cooling systems and the appropriate
systems of safety valves of the control and safety system and
process water systems for critical users are servicable;

- auxiliary power for the unit is supp:.ied by the backup
transformer and at least two diesel generators are serviceable
(in addition to the circuitry for gradual startup in a cooling
mode and the corresponding loads):

- the TLO4, TL21l, and TL4l ventilation systems are serviceable;

- the radiatiun situation in the central roor is cortinuously
monitzrad;
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- communications between the unit control paunel and recharying
machine panel are serviceable;

u) in the fuel recharging process, periodic checks (twice per
shift) of boric acid concentration should be made and include
traking samples from the reactor vessel, 1f boric acid
concentration should fall below 12 g/kg in the reactor vessel,
fuel rechargang operations should be halted until the causes of
the problem are discovered and the proper coucentration 1
restored (no less than 12 g/kg d3003),

In the fuel recharging process periodic checks (at leas®
once per shift) should be made of the steps taken to prevent the
ingress of water with a boric acid concentration of less than 12
g/kg into the primary circuit and holding pond.

The average temgerature of the heat transfer agent of the
prinary circuit should not exceed 70C at the outlet of the
reactor during recharging.

c) one may take one process strand of the holding pond cooling
system out of service for repairs for a period 11 which water

temperature in the pond will not exceed 70C if the last strand
should becoma unserviceable (inciuding when the nuclear steam

generation plant is in power operation);

d) if two adjacent reactor monitoring channels are found to be
unserviceable, fue! recharging operations should be nalted and

may be continued only after full serviceability has been
restored.
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5, MAXIMUM PERMISSIBLE DISCHARGES OF RADIOACTIVE SUBSTANCES INTO
THE ENVIRONMENT

#) in all kinds of nuclear steam generation plant operation the
discharge ol radioactive substances from the ventilition stacks
of the reactor sectione of two units and the special facility
should not exceed the following levels:

- inert radioactive gases =~ 500 curies per day * 100U wegawatts
(electrical)

- 113l - 0,01 curies per day * 1000 megawatts
(electrical)
- aerosols: (DZhN)* - 0.015 curies per day 1000 megawatts
(electrical)

(KZhN)* - 0.2 curies per day 1000 megawatts

(electrical)

*[Trans: abbreviations not explained in document or any other
available reference]

1f the aforementioned limits are exceeded the unit should be
switched to cold,

Note: A one-time (daily) discharge of vadioactive substances five
times greater than the average daily permissible discharge
is permissible under the condition that the total discharge
in one guarter Jdoes not exceed acceptable levels.

b) in all kinds of nuclear steam generation plant operation the
monthly discharge from the ventilation stacks of the reactor
sections of two generation units and the special facility should
not exceed the following levels in terms of:

- stront um=90 - 1.5 millicuries per mwonth * 1000 MW (elec)
- strontium-89 - 15 millicuries per month 1000 MW (/:lec)
- cesium=137 - 15 millicuries per mouth 1000 MW (elec)
- cobalt-60~- - 15 millicuries per month 1000 MW (elec)
- manganese-54 - 15 millicuries per month 1000 MW (elec)
= chromium=51 - 15 millicuries per month 100C MW (elec)

Note: In exceptional cases the average monthly discharg. may
be exceeded by a factor of five if the annual discharge
limit is not exceeded.
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0. ORGANIZATIONAL MEASURES

€.1. The Procedure to be Followed in the Evenc that Limits are
Cxoevded and Sate Operating Conditions are Violated

The State Nuclear Power Supervisory hgeoncy, the Chief
Designer, the Scientific Director, and the General ULesigner nust
be lmmediately notitied of all in¢ideuts where limits are
esceedad and safe opaerating conditiors are violated, and the
power of the nuclear stean generation plant must be appropriately
changed (to operation at lower power, to reactor shutdown, or to
shutdown and cooling).

The way in which the nuclear power plant is to be operated
in the future must be determined on the Lasis of the resvits of
an analysis of the incidents with the authorization of the State
Nuclear Power Supervisory Agency.
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OF PLRMISSIBLE

7. TABLE
NUCLEAR PLANT POWER UNI'T NOMIWAL POWER QOPERATING
CONDITIONS

Paraneters

Number Of Operating Primary Circulation PUmps
-t 3 2
____9Opposite adjucent

l, max
permissible
thermnal power
on the
primary and
secondary
circuits, &,
MW (on the
basis ot
intrareactor
monitoring
sGystem
readings)

2., max
permissible
heating of

the heat
transfer agent
on the basis

of measuvements
Of temperature
in the loops, C
(intrareactor
monitoring syst
readings)

3. max
permnissible
heating of the
heat transfer
agent at the
fuel assemblies
ot the reactor
core, C (on the
basis of
intrareactor
monitor system
readings)

4. max perm
temp at the
outlet of the

10042 0742 5042 4u+32
3000+60 2010+60 150U+60 1200460

30 27 24 *

31 29 32 .

319 310 313 .

fuel assemblies,

C (intrareactor

monitoring system
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readings)

5. scram system 107,90 7.0 60. UV 50.0
operate setting,
t of N, nou.,

6. power 102.0 69.0 52.0 42.0
reg and lim

device operate

setting,

% of N,. nom,

" Ultinately determined on the basis
of scheduled preventive naintenance
results

7. Maximum permissible coefficient of unevenness of energy
release over the volume of the reactor core (on the basis
of intrareactor monitoring system readings)

Mode No. of ener release sensor
1 e 3 “ u? T AR

1 a8 e s IE R Ba @Y L o8 iRy

2 1.90 I [ JRESE IR - {2 SR WG, B SEl ey 7 B G958 T Baeatien 5% b |

Mode l: independent intrareactor wmonitoring system operation

Mode Z2: combined operation of the system and Khortitsa
___software

Note: The waximum permissivle values indicated 1n polats 2-4
are valid for a power yrid freguency of 50 Hz.

At frequencies of f: permissible heating for points 2
and 331 Lt * 0 Bt uen X 30/
permissible temps for points 4
t = 288 + At,.; X 50/f

l. The parameters of the reactor plant in nominal power operation
should be maintained within the following ranges:

- heat transfer agent temperature at the inlet of the reactor (in
any cold strands of the loops): no more than 288C;

- heat transfer_agent pressure above the reactor core:
160 +2 kgf/em?;

- steam pressure in the steam generators: (€} +2) kgt/cmé

In the event that any of the above thermohydraulic parameters are
exceeded, the thermal power of the reactor should be reduced to a
level at which reactor plant parameters do not exceed the levels

indicated in the table.

2. The margin until the scram system operates on the basis of

neutron power excess signals in the power range on any neutron
flux monitoring equiipment channel should not exceed 7% when the
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rlant is operating on four looups or i0% when the plant is
operating on three and two loops of the nominal level used for
tne operation of the neutroa [lux wonitoring eqguipaent:

3, No matter how many primary circulation pumps are in cperation,
the distribution of the enery relcase field over the reactor
core should not exceed the lin ts indicated in point 7 of this
table.
in the event that the coefficient of uneveuness K, is

esceeded, reactor power should be reduced in accordance with the
formula: 200 Kﬁpn

: .hd

Np=N 2T x /Y

where: Np'™7 ig permissible thermai power (see point 1 of this
table), If Ky exceeds 2.5 in any properly functioning sensor,
the thermal power of the reactor should be reduced to 50% of the
current permissible level.

One may "suppress" xenon oscillations in the reactor core in
accordanc2 with the algorithm given in Appendix 8. The

Hindu Kush intrareactor monitoring system may operate in mode 1
(independent operation) for no more than 1 hour at the nominal

power level, in accordance with the reactor plant operations
manual,

4. The reactor may not be operated for prolonged periods (more
than one to one and a half hours) when the working groun of
control rods occuplies a position below 708.

5. The safeties and interlocks should be tested and activated in
accordance with the "List of Safeties and Interlocks..."

6. Operation at nominal power is perwmitted when all the
tegulators indicated in the design are operational.

7. This table may be revised ou the basis of startup results w.th
the approval of the Kurchatov Institute of Atomic Energy and the
Gidropress Special Design Otfice.

8. Existing nuclear steam generation plants way be operated in
accordance with the requirements of a "Table of Permissible
Conditions" written for the design of a nuclear power plant and
coordinated with the Gidropress Special Desiygn Office, Institute

of Atomic Energy, and National Nuclear Power Plant 0porat1on
Research Institute.



8, An Algorithm for Controlling Energy Release 1n a VVER-1000
Reactor Core (Suppressing Xenon Oscillations)

B.1. The steady state of a VVER-1000 reactor core in power
operation is characterized by the tollowing conditions:

d,1.1. The thermal power of the reactor is maintained by the
power regulator with an accurvacy of +28¥N (0 |

TOK. 101,
/ N rens <Nrens, /
2.1.2., The working group of control rods is maintained within the
adjustment range of movement (Hgp = 70-90% from the bottom of

the reactor core (by varying boric acid concentration in the heat
transfer agent),

8.1.3, Measured energy release unevenness coefficients (measured
Ly means of a standard intrareactor monitoring system) do not
exceed the levels indicated in the "Table of Permissible

Conditions:"
/xa£3:1= K&iu./f

where i is the number of the point on the vertical axis of the
re&ctt)r core (i = l. 2"004 7):

and j is the number of the fuel assembly of the reactor core (j =
1' 2;---0' 163)0

8.1.4., The axial offset measured by means of a standard
intrareactor monitoring system should be in the -0.02 to 0.15
range.

8.2. Conditions for the occurrence of xenon oscillations wmay
include:

8,2.1. Shedding the load of the power unit (emerygency or planned)
involving movement of the working group of control rods below the
adjustment range for more than one to one and a halt hours.

8.2.2. Untoreseen movement of a working group of control rods
from the adjustment range (lower than 70% from the bottom of the
reactor core) for more than one to one and a half hours.

8.3. 1If in operation at a steady power level the measured current
values of the volume coefficients of unevenness of energy release
reach (exceed) permissible levels, the following actions must be
taken.

8.3.1. If volume coefficients of energy relqige unevenness in the
bottom of the reactor core (KTEKy; 5 37 K77, 5 3) or axial

offset becomes greater than 0.15 in an individual control mode
one must lower the control rod with the partial absorber length
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to the bottom of the reactor coure and renove 1t from the reactor
caor~ once the axial offset reaches 0.2,

Reactivity must be compensated upon movement of a control
rod of partial absorber length by moving the working group of
nontrol rods within the aajustuent range and/or vy varying boric

.1d e¢ouncentration.

The time that a control rod ot partial absorber length
stays in the bottom position may vary trom 1.0 to 1.5 to 10 to 12
hours.,

8.3.2. In the event that volume coefticients of energy release
upevenness in the top part of the reactor core are (K'“"Vs g 7 7
(v6 6, 7) one should lower the working group of control rods to a
positxon 50% from the bottom of the core or until axial offset
reaches 0.05 to 0,08 and vqQlume coefficieuts of energy release
unevenness K™"ys 6,7 € Ky, ,7. In the event that axial offset
increases to 0,15 the worang group of control rods must be
returned to the adjustment range, Reactivity ghould Dbe
compensated upon wovement of a working group of control rods by
varying the boric acid concentration.

The time that the control rods of a working group stay at
a position of 50% from the bottom of the core may vary from 1.0
to 1.5 to 10 to 12 hours, Lowering a working group of control
rods lower than 50% from the bottom of the core at the nominal
power level is prohibited,

Once the permissible time has elapsed (12 hours) reactor
power and the position of the control rods should be brought into
conformity with the graph of optimal control rod positions by
varying the concentration of boric acid in the heat transfer
cases,

8.3.3. One may not allow the permissible volume coefficients of
energy release unevenness indicated in the Table of Permissible
Conditions to be exceeded in any kind of reactor operation.

In the event that current values K 7Y%, 4 exceed permissible
values K””"v'i, the thermal power of the reactor should oe

reduced in accordance with the formula: _ Kn%p'
v,

TeK. _ pyIOM.
N enz= NreniX = -";{-Tbv&(':-s'.—

where blﬁ%& is permissible thermal power as indicated in
the Table of Permissible Conditions:

K?Ff is the permissible volume coefficient of erergy release
unévenness in the reactor core for a permissible reactor thermal
power in the corresponding ith cross section;

“ake
x

‘

and K is the maximum Ky in the ith cross section.
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The position of the working grouap of conteoi rods and
thermal power of the reactor should conform to the aeouulrol rod
sptimal positian group.

5.4, 1n emergency or planned reductions in the power level of the
unit to a thermal power of N 10, i 358 M ong should
take steps to generate a vertical encryy relaase field in tne
reactor core which would muke it iupossible to exceed permissible
volume coefficients of eneryy releass uneveuness K77y § when
the power of the unit is subseguently raised. Fouv this purpose
one should:

@.4.1. Compensate for xenon=135 poisoning of the reactor core Ly
removing the groups of control rods moved in reducing the power
of the unit (the working and preceding group of the standard
sequence) until the working group reaches the adjustment range of
70 to 9U% from the bottom of the reactor core for no more than
1.5 to 2.0 hours. Control rod groups should be removed in the
standard sequence. Once the time indicated above has elapsed
reactor power and the position of the countrol rods should be
brought into confarmity with the graph of the optiwal position of
the control rods of the working group by varying the
concentration of boric acid in the heat transfer agent.

¥.4,2, If in operation at a reduced power level the axial offset
should exceed 0,15, one must lower the control rods with partial
absorber lengths to the extreme lower position in an individual
control mode.

In the event that the power level is unchanged, reactivity
should be compensated by moving the working group of control rods
and varying the boric acid concentration after this group of rods
has been returned to the adjustment range. Control rods with
partial absorber lengths should be removed either once the
maxinum of fset reach2s 0,02 or in the process of raising the
power level of the unit, thus compensating for the effect of
reactivity.

After the control rods of partial ansorber length have
been removed, further compensation f reactivity should involve
moving the working group of control rods and varying the boric
acid concentration after this group has been returned to the
adjustment range.

8.4.3. If in the process of raising the power of the unit or
afterwards in operation at the nowminal steady level the measured
current values of volume energy release unevenness coefficients
should reach permissible levels, one should follow the
reconmendations of points 8.3.1. and 8.3.2. and if necessary
8.3.3.

8.5. In emergency or planned reductions in the power level ot the
unit to a thermal power level N.Q;J < 35% N ;ﬁl, i the use of

control rods to affect the energy release field in the reactor
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core for the purpose nf generating a favorable field.....!Traus:
neaning very unclear|

If in the process of subseyuently raising the power ot the
reactor the weasured eneryy release unevenness coefficients
(K™% 4 should get close to imperwuissible levels, then oue
should fgllow the recommendations of points 8.3.1. or point
85.,3,2., and if necessary point 3.3.3.



9., The Safeties and Interlogcks Wnicn Must B¢ Testlew Priur to

Gtarting Up a Power Unit After a shutdown 0f No Moare t, an Sevoen
‘ays o l

l.fno scram and precentive systyns of the control ana safety
ﬁ,h.ﬁm (scram systau and preventive systenm)
2. The safeties Of the core emerygency

3, JAFOL '
4. YARO4 /7 1 + 111 units/ '
5. YBRO1
6. YEPOA
7, YBS14, 16
8, yT802
10, ¥2501, YB$03

11, ViR

13, yIri2 -

14, YIF13

15, YiP14

16, IPRO2

17, 0801 /02,03/

18, TQs04 /08,08/

19, TKS01 //02,03/

20, TRAU3

21, TASIC

22, TXS28

23, TXs21

24, TXS19

25, TXS16

26, TXS17

27, TAS18

23, TX§22
0. TAS24

30, TXS20

31, TAESE .

32, TXR37

cooling systen

33, TiBR
34, TLX?
/1 # 111 units/ 38. UTSO“ ¢
36, UTS11
37, YyTsie



10. List of Conditions lucorporated in the Design of a Wuaclear
Stoam Generation Plant. Number of Cycles over a Life of 3U Yearw
(“The V=320 Reactor Plant, Specifications 3%0,00,00,00.000,
i979)

L. Norma)l Operating Conditions

1.1, Filling the eguipment with working medium
and wealing the eguipment

tor the reactor 100
- for the other eyuipment 60

1.2, Saparate hydraulic testing on the primary
and secondary circuirss

- for leaks 100
- for streugth 30

1.3, Scheduled warmup frown a cold state at a
rate of 20C/hr 230

1.4, Changing power:

- bringing the reactor from hot to
nominal power:
at a rate ot 3% Nyopm Per min to a
a level of 40 to 45% of nominal,
at a rate of 1% Ny, , per min to
L00% nominal (reactor must be Kept
at 75 to 857 nominal for at least
three hours. 90

- reducing reactor power from nominal
to the hot level at a rate of no more
than 3% Npop pPer minute 90

- building up ithe load from the current
power level:
when the current level is no more than
50% nominal, the load may be gradually
increased by 20%;
when the current level is greater than
508 nominal the load may be gradually
increased by 10% and the reactor must
be kept at a steady level for at least
three hours prior to raising it to the
next level 10

1.5, steady operation: power fluctuations
of #2% nominal due to the operation
of the regulation system unlimited

1.6, operation at the auxiliary power level
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1.13'

1.14.

1.16,

1.17.

1.18,

1.19,

1020.

2, Violatic .s of Normal Operating Conditions

2.1, deenergization of the primary circulation
pumps (all possible combinations)

2.2,

(up to 108 Ny thernal) wi'h natural
heat transfer agent circulation

false operation of the scram systum
planned shutdown of tne primary
circulation pump

activation of & primary circulation
pump of a loop which has not veen
in operation

shutaown of high pressure heaters
and subsequent reactivation

closure of the cutoft valves of
one of two operating turbines

testing of the safety valves of the
pregsure compensator

testing of the safety valves of the
steam generator

testing of the passive subsystem
of the core emergency cooling systenm

planned cooling to a cold level at a
rate of 30C per hour

emptying and unsealing of eguipment:
-~ reactor
= Other equipment

replenishment and purging ol the heat
transfer agent in the primary and
secondary circuits, organized leaks

delivery of nitrogen to the eguipment
and removal ot gas blowotf

cooling the equipment with air, process

water, and process circuit water

fuel and intrareactor eguipment handling

operations

closure of the cutoff valves:
- of the last operating turbine of a unit

87

30
150

200
{(pec punp)

230

(per pump)
300

200

by the rules
by the rules
50

70

100
60

30
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with two turbines
- the turbines oi a woncvlochk

2.3. conplete deencryization of the nuclear
power plant ana delivery of 5-40C feed
vater

2.4, cutofl of the delivery of feed water to the
Steam gencrators

o
<

uncontrolled rewnoval ot a control rod group
from the reactor core

2.6, reduction in the bori¢ acid concentration in

the heat transfer agent due to disruptions in

the boron regulation systen

2.7, stean generator leakage: rupture of a heat
exchanger tube

2.8, (alse injection into the pressure
compensator from a standard makeup unit with
a water temperature of 6V te 70C

Note: Afterwards the pressure coupensator
should be inspected,

2.9, sudden transition to replenishment of the

primary circuit with a water temperature of
6L=70C

2.10, accidental deviations of frequency in the

grid:

- from 50.5 to 51 hertz (up to 10 seconds
but no more than 60 seconds per year)

- from 49 to 48 hertz (up to 5 minutes but
no more than 20 minutes per year)

- from 48 to 47 hertz (up to 1 minute but
no more than 20 winutes per year)

- from 47 to 46 hertz (up to 10 seconds)

2.11. operation accompanied by disruption of
heat abstraction from the containment
vessel

2.12, accelerated cooling at a rate of 60C/hr

3. Emergency Situations

3.1, minor leaks: rupture of a DulOOmm pipeline
on the primary circuit

3.2. major leaks: rupture of a DulOOmm ?1p011n0
on the primary circuit, including

100
LU0

Lo

30

30

30

30

10

30

10
20
15

30
30

15

he DuB50mm 1



3.3, pressure cr Jpensator safety valve lew s !
(per valve)

3.4, steam generator safety valve leaks
(por valve)

3.5, leaks in the valves of the Jdevices lor
discharging steam from the sLeam
yenerators i
(per devicge)

3.6, ejection of a control rod in the event

of rupture of the cap of an «c*uator 5
3.7, instantaneous jamming of a primary
circulation pump 1 per pump
3.8, rupture of a steam generator steam
line 1 per
steam
generator
3.9, rupture of a steam generator feed
water line 1 per
steam
generator
3,10, rupture of the live steam header 1
3,11, fuel handling accidents -

Comments: 1. Persons examining this list should also
take seismic stability reguirements,

2. The nuclear steam gencration plant must
be examined after ewergency situations,

3. 1f frequency as indicated in point 2,10,
drops below 49 hertz the reactor may
be operated at a lower level




GRAPH OF THE OPTIMAL POSITION OF A GROUP OF CONTROL RODS AS A
FUNCTION OF REACTOR POWER

N reactor

%
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86/ SUPPLEMENT TO THE RULES FOR STARTING UP AND BRINGING A VVER-.700
REACTOR WITH A TWO-YEAR FUEL CHARGE UP TO FULL POWER (WITH A
POSITIVE REACTIVITY COEFFICIENT IN TERMS OF HEAT TRANSFER AGENT

TEMPERATURE AT THE BECINNING OF A RUN)
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1, GENERAL PRINCIFLES

1.1, This supp'lement to the rules was written in accordonce with

"Deec sion Conevrning the Prevention of Positive fleat Trausler
Temperature Reavtivity Coerlicients and cthe Procedure [or
Start.ng Up and Operating New aud Existing Power Units with

VVER~1)00 Reactors Using a Two-Year Fuel Charge," approved by tne
fivst (eputies of organizations of the Miulatry ol Nucisar Power
f the Soviet Union and,..[Trans: meaning of last aobtreviation in
original unclear)

1.2, This supplement to the rules applies to reactor plants with
61 control rods and is a supplenment to "Operational Rules for
Power Units with VVER-1000 Reactors " which define the condit ons
and procedure for starting up and oringing to power a VVER-1000
resctor with a two year fuel charge when there is a positive
prinary circuit heat transfer acent temperature reactivity
coefficient and a negative privary circuit heat transfer agent
density reactivity coefficient in the initial period of fuel
charge coperation,

1.3, This supplement will go into effect as indicated by the
chief engineer of the nuclear power plant prior to the beginniug
of startup operations on a reactor., The necessary changes
(auditions) to the operations manuals should also be made
according to the established procedure prior to the beginning of
startup operations.

1.4, This supplement will no longer be in eftect once the chief
engineer of the power plant so indicates after enough fuel has
veen burned to make temperature reactivity coefficients negative
(density reactivity coefficients positive) for the critical
states of a reactor without power and not poisoned by xenon=135
with a nheat trausfer agent temperature of 260 to 280C and the
control rods of the tenth group lowered 20 to 40%.

1.5, While this supplement is in effect, the required (by safety
considsrations) reactivity coefficients are maintained Ly the

control rods of the 8th, %th, and 10th groups lowered into the
reactor core.

The control rods of the Bth and 9th groups should be (wwwyod
as the power level increases, as xenon-135 poisoning increases,
and fuel burns without an excessive boric acid concentration in
the primary circuit,

In switching to the 9th and then the 10th group of control
rods, operators should check to see that motion is transmitted
properly to the control rods of the 9th and 10th groups and that
the control rodu of these g-oups are linked in an individual
control mode.

1.6. The procedure for starting up and bringing a VVER=1000
reactor with its first fuel charye to power is defined by a



pnysical Startup Program which must take the requirements ol this
supplement into consideration,

1.7. This supplement defines the requircuents for the condition
of nuclear steam generation plant systems, the combina* fon and
sequence of operations, and for the executira of records not
described in the operational rules aud reguired to ensure nuclear
satety in the startup and operation of a nuclear power plaat and
restrictions on the configuration of current fuel charyes.

1.8, A certificate should be written up on the bas's of the
results of a reactor star.up carried out in accordaice with thig
supplement and copies shou.d be sent to the Kurchatoy lustitute
of Atomic Energy, the Gidrop:-ess Special Design Office and (he
"Energiya" National Nuclear Powsr Tlant Operation Reseaih
Institute,

2. THE CONFIGURATION OF CURRENT FUEL CHARGES

The configuration ot ~urr«nt fuel charyes, in the event that
the design configuration is ~o' employed, should ensure a
negative temperature reactivity coefficient of less than
~0.001%/degree when the control rods of the 10th group and some
of the control rods of the 8th group are lowered into ‘he core.

3, THE CONDITION OF EQUIPMENT AND SYSTEMS PRIOR TO REACTOR
STARTUP

The following tecanical and organizational measures should
be taken in preparing for reactor startup during the effective
period of this supplement:

3.1. DPI position sensors should be installed on the actuators of
the control rods of the filth, eighth, ninth, and tenth groups
used 1n startup operations for regulating power and the
distribution of energy release in the reactor core, and if these
sengors are not available DD-2 sensors should be used,

3.2, One should make it impossible to control the coutrol rods of
the 9th and 10th groups by Kkeeping them in the initial (bottom)
position by means of the holding "catches" of the actuators (with
position monitoring):

- the MI module (breaking the 9th group control circuits) should
b¢ removed in the 13PKU-3 UFK and 14PKU-1,2,3,4 panels;

- the Ml module (breaking the 10th group control circuits) should
be removed in the 15PKU-1,2,3,4 UFK and 16PKU-1,2 UFK panels.

3.3, The 13PKU-3,4 UFK, 15PKU-1,2,3,4 UFK, and 16PKU-1,2 panels
and the points of installation of the MI modules should be
sealed, and notices should be posted on the panels prohibiting

4 nstaliation of th? wodules., Work on the aforementioned
paﬁo 8 18 prohibited without special prograns:
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3.4, The access of personnel to the rooms of the control and
gsafety system panel should be restricted...{Trans: last line of
page 58 missingl...of the chief engineer of the nuclear power or
his deputies for operations transmitted by the uanit shift
supervisor and approved by a representative (chief) of the
inspection team of the State Nuclear Power luspectorate at the
nuclear power plant.

rppropriate entries couceruinyg the nperationg should bLe made
in the operations logs., 1lu walking inspections of the equipuent,
the control and safety system inspector [Trans: {irst
abbreviation in this sentence unclear) of the thermal control and
neasurement department should check the voltage ou the
instruments of the BRP and BSV power units every two hours and
make appropriate eantiies in the operations log.

The operators of the reactot section should systematically
monitor the positions of the control rods of the 9th and 10th
groups on appropriate fragments and use the readings of the
neutron flux monitoring eguipment to monitor the symmetry of the
neutron field (misalignments in the neutron field may indicate
that the control 1ods have moved).

3.5, The necessary information on the startup and operating
conditions of the nuclear steam generation plant governad by this
document hould be entered in the reactor tuei charge neutron and
physical characteiri1stics DOOK.

3.6. The primery circuit of the nuclear steam generation plant
should be heated to a temperature of at least 260C (or 150
deyrees if three primary circulation pumps are in operation,
while the boric acid concentration should be no less than 12
grams per kilogram (when the charge beging to operate).

4. REACTOR STARTUP PROCEDURE

4.1. The reactor should be started up under the direction . f the
chief engineer of the nuclear power plant or his deputy for
operations (in physical startups under the direction ot the
scientific director of startups) only when a representative of a
State Nuclear Power Inspection Agency inspection team is present
at the unit control panel.

4.2, Groups 1-7 of the control rods of the control and safety
system should be extracted in turn, in 35 centimeter steps
(transmit*ing control signals to the control rod actuators for 18
seconds) with a one minute delay between steps when there is the
proper concentration ot boric acid in the primary circuit., The
gth group of control rods should be raised in the sawe order to a
level of 20-40%.

4.3. The boric acid concentration in the primary circuit should
be reduced and the reactor should be Lrought up to the minimum
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cuntrolled level by replenisiuiug 1t with pure condencats with o
flow rate of no more than:

- 40 tons per hour when the voric acid consentration is higher
than 11 grams per kilogramn;

20 touns per hour when the borig¢ acid concentration is less than
Il grame per kilogram (outside the startup range of boric acid
concentrations)

- 10 tons per hour in the startup range of boric acid
concentrations.,

The startup range of boric acid concentrations is 1 gram per
kilogram, and the lower limit of the startup range is equal to
the anticipated critical concentration of boric acid in the
primary circuit heat transfer agent,

4.4. At the beginning of the startup range of boric acid
concentrations the concentrations of boric acid in the primur¥
circuit, the pressure compensator, the makeup deaerator, and in
the organized leak tanks,.

4.5, At the minimum controlled level after replenishuent of the
primary circuit has been completed and boric acid concentrations
in the reactor, pressure compensator, and makeup deaerator, one
must record the startup condition of the reactor and delermine
the sign and magnitude of the temperature reactivity coefficient
using a procedure approved by the chief designer and scientific
director of the project.

4.6, After the temperature reactivity coelficient (close to zero)
has been experimentally determined when the reactor '3 in its
startup condition, one must determine more accurately the
permissible boric acid concentration in the heat transfer agent
corresponding to a zero temperature reactivity coefficient and
write down instructions for the operators to maintain the boric
acid concentration in the primary c¢ircuit at a level ao lower
than permissible. :

4.7, When the temperature reactivity coefficient is greater than
zero and the 8th group of control rods is in the 20% position,
the reactor should be plugged and the control rods should be
lowered and the boric acid concentration should be put at 12
grams per kilogram, Further actions in starting up the unit
should be indicated in writing by a special decision,

. BERINGING THE REACTOR UP TO POWER
5.1, Depending on the results of measurements according to point

4.5, of this supplement, reactor power should be raised above the
minimum controlled level by:
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- removing groups of ccntrol rods from the reactor core (1f the
experimentally determined teuperature reactivity coefficient is
less than 0,001% per dogree;

- borie¢ acid should ve removed from the primary circeuit by
periodically delivering pure condensate on the makeup line with a
flow of up to 10 touns per hour (if the experimentally deterinined
temperature reactivity coetticient is less than 0,001 perceat per
degree), for the purpose of reducing the boric acid concentration
in the primary circuit to a level appropriate f[or temperature
reactivity coefficients of less than 0.001% per degree.
Subsequently power should Le raised by removing groups of cont.ol
rods.

5,2, In the process of raising reactor power, raising the
concentration of boric acid in the primary circuit above the
permissible level is prohibited.

5.3, After the 8th group of control rods has been raised to the
80% level and when boric acid concentration in the prinmary
circuit is lower than the permissible level, upon receipt of
written instructions from the chief engineer of the plant or his
deputy for operations the MI modul s siwuld be installed in the
13PKU=3,4 UFK and 14PKU~1,2,3,4 UF. panels (the breaks in the
control circuits of the 9th group of control rods should be
eliminated), reactor power should be raised to 50%(40%) of
nominal by successively removing the 8th and 9th groups of
control rods,

5.4, Power should be raised to 70%(75%) of nominal (in 5 to 6%
‘acrements) over the course of 15 to 20 hours accompanied by
compensation for the power effect and xenon-135 poisoning by
successive removal of the 8th group of control rods from the core
(no nigher than 80%) followed by, if necessary, the removal of
boric acid from the primary circuit,

5.5, The breaks in the control circuits of the 10th group of
control rods may be eliminated after the reactor has Leen raised
to a level 70% (75% in power startup of a reactor with its first
tuel charge and if it has Leen experimentally confirmed that the
temperature reactivity coefficient is equal to or less than
~0.001% per d:-~rev) of nominal.

5.6, Taking the therma® relaxations of the fuel in the fuel
elements into account, pover should be raised from 70% (75% for
power startup of a reactor with its first fuel charge) to 100% of
nominal accompanied by compensation for reactivity effects by
removing the 9th and 10th groups of control rods to the standard
position and removing boric acid from the primary circuit until
the reactor core reaches a steady stat~,

6. STARTING UP AND BRINGING THE REACTOR TO POWER AFTER A SHUTDOWN
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6.1. 1u the event of a shutdown or operation of the scran systea,
one should take steps to stabilize Lhe Loric ueil conceulration
it a level 1 gram per kilogram higher than the last startup
concentration with the 8th group ot coutrol rods in the 20 to 40%
position, In preparing ‘he reactor tor startup sfter a prolonged
ghutdown lasting more than 12 hours, the ianitial condition of the
wiring of the control and safety system devices should be
castavsl in accordance with point 3,2, of this supplement, In
the event of a shutdown of lesser duration one may avoid
disassembling the control circuits of the 9th group of control
rods if a negative temperature reactivity coefficient of less
than =0,001% per degree for startup boric acid coucentrations can
be provided by lowering only the 9th and 10th group ot control
rods.

6.2, The reactor should be started up in accordance with points
4.2, and 4.3, of this supplement with an initial boric acid
conceutration in the primary circuit determined by reactor
shutdown conditions in accordance with operational rules.

6.3, When power is raised and the reactor is operating under
conditions of unstable xenon-135 poisoning, the required control
rod pesitions (see point 7,2, of this supple.ent) should be
maintained by varying the boric acid concentration in the primary
cireuit but changing it no higher than the permissible leovel.

7. SAFETY MEASURES
7.1, In the process of starting up the reactor and bringing it to

power the neutron power level settings of the scram system should
contorm to the following values:

- prior to going to the minimum controlled level - 5(5)%;

- to 50(40)% of nominal - 55(45)%

- to 70(75)% of nominal - 75(80)%

- to (90)% of nominal - (95)%

- to 100% of nominal - 104(104)%

The numbers in parentheses indicate the power levels and
corresponding scram system settings tor physical and power
startup of a reactor with its first fuel charge.

7.2, When the 9th and 10th control rod groups are fully lowered
into the reactor core, reactor power should not exceed 80% of
nominal and when the 10th control rod group is fully lowered it
should not exceed 90% of nominal with energy release unevenness
coefficients in the reactor core less than the maxiwmum
permissible for the specific power levels.

7.3, The concentration of boric acid in the heat transfer agent
of the primary circuit should be systematically monitored and
maintained within permissible limits in the process of raising

the reactor to power and in power operation:
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7.3.1. On the basis ot the readiuygs of t e NAR-E conceatration
neters and the results of chemical analyses (twice per shift),

7.2.2. On the basis of the pouitions ol the gontrol reds and the
symoetry of the distribution o[ energy rolease in the reactor
Cur«.,

7.4. The symmetry of the distributicu of energy release and the
heating of the heat transfer agent Q. the reactor core u.d the
contornity of these parameters to the Table i Permissible
Conditions should be systematically monitored on the basis of
data provided by the intrareactor wonitoring systen with reactor
power higher than 35% of nominal.

7.9, In a transition to control of the 10th group of control
rodas, any LD-2 sensors installed on the 8th jioup of control rodas
should pe replaced with DPL type sensors,

Note: When physical calculations used to justify ca tograms
of current fuel charges indicate the possibi'ity of
ensuring a negative temperature reactivity coefficient
of less than -U,.001% per degree when the 10 h and 9th group
of control rods are lowered 20 to 40%, one nust revise
this supplement in light of the specific paysical
calculations with the approval of the Energiya
National Nuclear Power Plant Operation Research Institute
and the representative (head) of the inspection team of

the State Nuclear Power Inspection Agency at the power
plant,
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¢, DEMONSTRATION OF THE POSSIBILITY OF REMOVING THE 107TH GROUP OF
CONTROL RODS IN THE PROCESS OF GRINGING A VVER-1000U REACTOR UP T0O
POWER AND OPERATING 1IT

The experience of starting up the first unit of the
Balakovskiy Nuclear Power Plant after the first recharge in
meeting the reguireuents of this supplewent (with a positive
temperature reactivity coetficient at the beginning of the run)
indicated that the steps taken to ensure neyative reactivity
corflicients were effective, Measurements revealed that the
temperature reactivity coefficient at the minimun coutrolled
level with a heat transfer agent temperature ot 274C in an
unpoisoned state with a boric acid concentration in the heat
transfer agent of 8.7 grams per kilogram with the 8Bth group of
gontrol rods raised to a height of 30% and the 9th and 10th
groups lowered was -0,004% per degree.

However startup and operational experience has indicated
that tailure to remove the grcup ot control rods in the process
of building up power and xenon=135 poisoning leads to an increase
in the maximum energy release unevenness coefficients and heating
on the fuel assemblies and operation of the reactor core under
design conditions and is redundant from the point of view of
ensuring a negative temperature reactivity coefficient, because
when the reactor is brought to power from a het unpoisoned state
and boric acid concentration is below the permissible level (with
a negative temperature reactivity coefficient), the following
changes take place in the reactivity budget:

No. Reactivity effect Change, §
Increasing power to Jﬁﬁ‘ of
nominal and heating to 302C «1.7
2. Xenon=135 poisoning -3.5
3. Removing the 8th, 9th, and
10th control rod groups +2,0

Thus, in order to compensate for a total negative
contribution to the reactivity budget of approximately 3%, an
additional 2.1 g/kg of boric acid will have to be removed. 1n
view of the fact that the margin between boric acid concentration
and the waximum permissible at nomninal power [(Trans: meaning of
following clause unclear| is approximately 2 grams per kilogram
(in terms of reactivity, and the reactivity cowmpensation margin
of the 10th group of control rods (when the 10th group is in the
70-¢0% position) is 0.2 to 0.1%, then if boron is intentionally
or accidentally remcved and its concentration is higher than
permissible, the power of the reactor may drop and could go as
low as the shutdown level,

Thus, the current concentration of boric acid, which
determines the sign and magnitude of the temperature reactivity
coefticient in the process of bringing the reactor up to power,

will change only negatively and will not exceed the maximum
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permissible boric acid coucentration under practically all
conditions.

In the event that the scram systein operutes, additional
poisoning will occur in the first two houre due to the
accunulation of xenon-135, The level of this poisoning will
depend on initial power and way get as high as 2% (for an initial
power of 100%).

In any case, the amount of stable xenon-l135 poisoning, which
is equal to 3.5% (see the table), is 1.5% greater than the
overall efficiency of th> 8th, 9th, and l0th control rod groups,
which guarantees that the maximum permissible concentration of
boric acid will not be exceeded in the process of going to power
operation after the scran system has operated. Xenon poisoning
will reach its initial stable level for the nominal power level
only 25 hours after the scram system has operated,

95/ Thus, the above indicates that the "Decision Concerning the
Prevention of Positive Temperature Reactivity Coefficients and
the Procedure for Starting Up and Operating New and Existing
Nuclear Steam Generation Plants with VVER-1000 Reactors Using a
Two-Year Fuel Charge" which was proposed by the Gidropress
Special Design Office, Kurchatov Institute of Atomic Energy, and
the National Nuclear Power Plant Operation Research Center and
which calls for removing the 10th group of control rods (point
2.%) is well-founded and siould be implemented,

[Trans: This section is followed by a form indicating that
pertinent individuals have acknowledged fawmiliarization with the
operational rules for unit No. 3 of thhe Rovno Power Plant, a list
of chanyes and additions to the operational rules for unit No,3
indicating the points or paragraphs in question and justification
and acknowledgement of the change, and a review sheet for the
aforement ioned operational rules indicating changes and

additions respectively, all of which indicate paragraphs, pages,

and dates and the persons acknowledging the changes and additions
respectively)
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