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TECHNICAL EVALUAT ION

ELECTRICAL, INSTRUMENTATION, AND CONTRCL ASPECTS QOF THE
LOW TEMPERATURE OVERPRESSURE MITIGATING SYSTEM

OCONEE UNITS 1, 2, AND 3
(Docket Nos. 50-269, 50-270, and 50-287)

1. INTRODUCTION

. By letter dated August 11,‘1976],'the NRC requested Duke Power

Company (CPC) to evaluate the Oconee Units 1, 2, and 3 "overpressure pro-
~tection system designs to determine their»susceptioi1ity'to‘overpressurjza-
tion events," and their ability to mitigate the consequences of these ~
events. It'was also requested that operating procedures be examined and
administrative controls be impiemented to guard against initiating over-

- pressure events at temperatures below the N11 Ductility Transition Temper-

ature (hDTT)

By letter aated October 14, 19762, DPC submitted to the NRC a plant
specific analysis.” The NRC questioned portions“of this analysis in a letter
dated December 13, 15765, In responding, the DOPC, in a letter dated
April 1, 1°/7 , revised their analysis and answered the NRC quest1ons
~ This prompted design changes oocumented in Reference 5, 6, 7, and 8.

The e1ectrﬁea1, instrumentation, and control'system_aSpects of the
existinrg DPC low temperature overpressure mitigating system (OMS) and the
prcposed design changes have been reviewed in this report. : - Section 2
 describes the one event which OPC's analys1s indicates would result in an
overpressure_trans1ent. Section 3 describes the .Cconee Units 1, 2, and 3

'~ overpressure protection and DPC's proposed design change. ' cettion 4

N provides an eva]uat1on of the exvst1ng OMS and the proposed design change -
as they app1y to the staff. requ1rements Section 5 1wsts recommendat1ons as
they apply to Technical Spec1f1cat1ons, ehe existing OMS, and the proposed

,des1gn change Sect1on 6 1s a summary of thxs report



© 2. DESIGN BASIS EVENTS (DBE)

OPC has analyzed seven low temperature overpressure events to
determine whether they are applicable to Oconee Units 1, 2, and 34,

Based on the DPC analysis, erronecus actuation of the high pressure
injection (HPI) system, has been identified as the limiting mass addition
overpressure transient. Operation'of an HPI pump, which is capable of
delivering flow against full system operating pressure, is required
whenever a reactor coolant pump is in operation (provides RCS pump seal
water). Since the discharge of an HPI pump is isolated from the reaéior
coolant system by a single injection valve, a single errcr or equipment
failure could open ﬁhe injection valve and overpressurize the reacter
coolant system (RCS). [If failure of the single low setpoint power-operated
relief valve (PORV) is then assumed as the single failure following the
event, OPC's analysis shows that operator acticn would be required within
five minutes to maintain the RCS pressure below Appendix G limits.

3. OVERPRESSURE PROTECTION
3.1 Description

For each of the Oconee Units 1, 2, and 3, overpressure protectidn
consists of cperator action and the Overpressure Mitigating System (OMS).
The Decay Heat Removal (DHR) system can also provide some additional relief
»protectfcn from overpressure transients as it is not automatically isolated
from thé Reactor Coolant System (RCS). ‘

2.7.1 Operator Acticn
s
With & steam or nitrogen bubble in the pressurizer, the cperator has
about 4.4 minutes in which he can respond to an erroneous HPI. The
operator action necessary to prevent overpressurization is to determine the
cause of the transient and to deenergize or control the responsible
equipment before'the RCS pressure reaches the PORV setpoint.



3.1.2 OQverpressure MitigatingﬁSystem (OMS)

The OMS consists of a single, dual setpoint, ‘power- -operated relief
va1ve (PORV). The valve has a. h1ah overpressure setpoint of 2255 psig for
reactor operation and a Tow temperature overpressure setpoint of 550 p51g
- for reactor cooldown and heatup. A manually operated switch under
administrative control is prdvided to change the PORV setpoint. DPC does
not provide an enabling alarm to alert the operator to switch to the lower
setpoint when the RCS temperature and pressure are below 500 psig and
275°F, respectively.

'DPC has stated in their letter of April 1, 1977%, that the PORV has
a steam (or nitrogen) relief capacity greater than the injection rate of
‘two HPI trains, and a liquid relief capacity equal to or greater than the
‘injection rate of one HPI train. ‘

3.1.3 Transient Indications and'A1arms

Alarms and 1nd1cat1ons which give direct 1nd1cat1on that a transwent
is in progress irclude, "three wide-range pressure transm1tters
- {0-2500 psig) used fecr actuat1on of the engineered safeguards’ Systems, a
pressure transmitter (0-600 psig) on the pressurizer ‘sample line that -
contrcls the power-operated relief vaive; twe pressurizer level 1nstruments a
ara associated hxgn and high-high level alarms; a letdown storage tank Tow
level alarm; makeup system flowrate 1nd1cat1on and makeup valve position-
indication.”® o ' o

DPC prov1des three acoust1c mon1tors, downstream of the PORV and each
of the two pressurizer safety valves, to provige direct 1nd1cat1on ¢f the
' pos1t1ons of each valve. A single alarm is actuated if any of_the three -
monitors detects f1ow.‘ The operator then checks the indicators for each .
valve to'determine which has lifted.. : .



3.1.4 Procegural Precautions

The staff position with regard to the inadvertent operation of compo-
nents capable of causing a low temperature overpressurization requires the
deenergizaticn and either lockout or alarming of unused equipment capable
of causing the overpressurization.

Procedural steps requiring the removal of equipment from operatibn,
e.g., the racking-out of pump and valve circuit breakers, require
initialling to indicate satisfactory completion of each step (Reference 4,
Attachment 1). Critical steps performed under acdministrative control’ are
included.

To prevent the erronecus action of an HPI train, ciréuit breakers for
the two normally-closed HPI motor-operated valves are racked-out with the
valves closed during planrt cooldown and prior to start-up of the OHR
system. This is accomp1ished by opening, racking out, and tagging the
valve circuit breakers at the motor control center. These circuit breakers
are not racked-in again until startup when RCS temperature is above
250°F.4 The operator has indication that power has bdeen removed as the
status iights in the control room will be of f. '

3.2 Prcposed HPI OMS Adcition

‘ With the initiz] RCS conditions at NDTT and a preéssure of 27% ps1g,
‘the analysis has determined the time reguired for a pressure transient to
reach 550 psig (required relief setting) after initiation varies between
4.4 and 46.6 minutes, depending on the transient scurce. Only a pressure
transient caused by the actuation of a HPI train will reach the vessel
cverpressure po1nt of 550 psig in less than ten minutes. Therefore, DPC
proposes an overpressure protection system design concept which provides
‘redundant means to prevent an overpressurization incident caused by HPI

system actuation.8
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This concept includes an alerting statalarm which activates upon
reeching an RCS temperature, curing normal cooldown, above the minimum
‘pressurization temperature. This alarms alerts the operator to activate
the overpressure protection system.' The -alarm monitors RCS temperature
from an indicator located in the control room. The overpressure protection
system‘is_activated'by}va]ving into service an additional pressure switeh
Tocated on the HPI system, sensing RCS preSSUre and operating an
electrical key1ock switch in the control room. Once the system is
act1vated and the RCS pressure exceeds the limiting value of approx1mate1y
500 psig, the pressure switch closes to energize a lack-out relay, which in
,'turn,.trips the breakers to the HPI pumps. When a heatup from cold o
shutdown commences, the oVerpressure protection system remains in operation
until a deactivate alarm is energized. Ouring normal operation (as
‘directedvby_station procecdures for'heatup); the‘operatcr will deactivete‘
the overpressure protection system,by valving cut of service the pressure
switch and repositioning'the keylock switch. ’

a. EVALUATION OF THE EXISTING AND PROPOSED OMS

- The OMS, present and proposed -as 1t is des1cned to respond to trans1-
ents,_1s evaluqted relat1ve to the staff requ1rements as fo11ows

1. Requirement

Operator Acticn - No credit can be taken for operator

action until ten minutes after the operator is aware,
through an alarm, that a pressure transient is in
progress. ' ’

- Evaluation

The existing dual setpoint PORV OMS, when in service,
will relieve all Tow temperature pressure transients.

. However, 1t is not single fa11ure free. The proposed.r'
OMS would meet this requirement if installed. '



The only gvent which would require operator action in-
less than ten minutes is an HPI transient. The proposed
OMS design would automatically mitigate an HPI

transient in less than ten_minutes'by_tripping the HPI
pumps. Operator action would not be required for this
event.

~ Requirement

Seismic and IEEE 279 Criteria - Ideally, the system

should meet Seismic Category I and IEEE 279 criteria.
The basic.objective is that the system should not be
vulnerable to a common failure that would both initiate
a pressure transient and disab]e the gverpressure miti-
gation system,

The original intent of the NRC staff was that at least
two independent automatic low pressure protection chan- .
neis should make up the GMS. Each channel should
include separate sensors, aiarms, power trains, and
relief valves. Each channel should have complete eiec-
trical and physical indepencence from each other to
prevent common mode failures.' The OMS should be oper-

~able upon loss of offsite power. In acdition, each OMS

channel should not be susceptable to seismic events
that could cause a transient and fail the channel at
the same time.

Evaluaticn

The existing Oconee OMS does not comply with the

IEEE 279 or Seismic criteria. [PC has not provided
information to evaluate this requirement for their
proposed OMS.



'3.. Reqhirement

Single Failure - The System must be designed to relieve
the pressure transient given a single failure in addi-
tion to the failure that initiated the pressure
transient. ' |

Evaluation

The Oconee OMS does not comply with the single failure

‘_Criteria in that there is only one RCS low temperature
bverpressuke protection channel, i.e., there is nc
channel reduncancy.

4. Reguirement
Testability - The system shall include pfovisionsvfor
‘testing on a schedule consistent with the frequency
that the system is relied upon for pressure protection.
Evaluatiocn }4
The single existing PORV system is designed to allow
testing of the system prior to its use. ~CPC has not
descrited the testability ¢f the proposed oMS design.

5.  RECCMMENDAT IONS

5.1 Technic31 Specifitations

It is the staff pcsxt1cn that: aom1n1strat1ve controls shal] appear in
the Techn1ca1 Spec1f1cat1cns as Limiting Conditions for 0perat1on when
adm1n1strat1ve contro1s are used to limit overpreSSur1zat1on scenarios.
Therefore it is. recommended that the licensee be reqp1red to submit Tech-
S nical: Spec1f1cat1on changes fcr Gconee Un1ts 1, 2, and 3 consistent with
the fo1low1ng ' ' o '



Any operaticn or failure of the PORV.to cperate to
relieve pressure transients must be reported to the NRC.

The existing OMS and alarms must be operéb1e'(in opera-
tion) when the RCS temperature is below 275%F. If

the OMS design is installed and in operation, then the
system and its related alarms must be operable when the
RCS temperature is below-the minimum pressurization
temperature. If these conditions are not met, the
primary system must be depressurized and vented to the
atmosphere within eight hours.

"The two HPI motor-operated valves must be closed and

the supplying circuit breakers cpen, locked out, and
tagged when the temperature is below 275°F and the
reactor coolant is not vented to the atmosphere.

The low temperature overpressure protecticn system and
alarm (dual setpoing PCRV), and the HPI OMS and alarms
must be tested on a periodic basis consistent w{th the
need for its use. A system functicnal test and a set-
point verification test shall be performed prior to
enabiing the overpressure protection system during -
cooldown and startup. The system shall be calibrated,
and the PORV and HPI OMS operation tested at refueling
intervals. The HPI valve will be allowed to be cycled
only if (a) all HPI pumps are cut of service, or vessel
temperature-is above the minimdm value for which the
vesse] can be fully pressurized, or (b) the reactor
vessel head is removed. '

When the reactor vessel temperature is below the minimum
value for which the vessel can be fully pressurized,
the PORV may be removed from service for a maximum cf



- two hours only if (a)'chargingApumps are out of service

and all HPI injection_va1ves'ére closed'énd'power
removed, or (b) the vessel head is removed.

5.2 Existing OMS

With regard to recommendations concerning the existing OMS, the
licensee should: | ' ' |

1.

testing

Submit Technical Specifications to comply with the
requirements listed in Section 5.1 o

Provide an OMS enabling alarm to comply with the staff
pcsition stated in the NRC letters.of November 10,

 19775,-and'FebruanyVZ,_19787,  ’:'

Identify, in the Technical Specifications, the enabling :
temperature and PGRV setpcints ‘

Propose Technical Specifitat{qhs_related,to system

Provide a method to continuously record RCS pressure
and temperature to ensure that a permanent record is-

'available for all 1ow temperature-pressure events -

Install pressure’aIans to give the operator direct

indication that a low temperature-pressure transient is
"~ in progress and that the RCS pressure’has exceeded
550 psig -

Examine the maintenance and'testing'restrictions to
- -assure compatibility with preseht/prpposedATethnica1
L Specif{cationétregarding the Cperabi1ity'and perioaic
_'tésting of ECC and emefgen@y beration system.®



5.3 Prcposed OMS

It is recommended that the following be required of the licensee:

1. All alarmms, instrumentation, control circuits, and
power required by the operator to detect and mitigate
KP1 overpressure transients should be electrically and
physically separated from the PORV system (i.e., meet
IEEE 279 criteria) |

2. Assure that the new equipment is sﬁEFmic qualified.
6. SUMMARY

The NRC letter of August 11, 1976, regarding reactor vessel overpres-
surization, requested the Ouke Power Company to evaluate their low temper-
ature overpressure mitigating systems for Oéonee Units 1, 2, and 3 to
. determine their susceptibility to overpressure events,

The evaluation that DPC provided indicated that there was one event, a
transient caused by the inadvertent operaticn of the high pressure injection
system, that would require operator acticn in less than the ten minutes
allowed by the staff requirement to prevent overpressurization. On - _
March 10, 1678, DPC provided detaiis of a proposed HPI overpressure protec-
tion system in adcition to an existing PCRV dual setpoint system that wou 1d
trip the HPI pumps in case of an overpressurization event without operator
action.

The existing and proposed system satisfactorily meets the staff .
requirements regarding operator action for an HPI transient, but the
existing OMS does not meet the staff requirements with regard tc the
cseismic and single fai1ure-requirements. 0PC has not provided informaticn
regarcing seismic, IEEE 279 criteria, and testability of the proposed
system,

10
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Although the Oconee Units 1, 2, and 3 do not comply with the original
staff requirements, there are other factors which should be cdnsidered.
The staff requirements for an OMS was originated'for plants that are oper-
ated with the RCS in a water-solid condition during cooldown and startup.
With a water-solid condition,'é transient can cause an overpressurization
of the vessel within seconds of initiation. This step transient makes it
impossible fbr an operator to detect a transient and act in time to prevent
overpressurization. The B&W-designed plant never operates with a water-
sdlid'conditidn. A steam or nitroéen bubble is maintained in the reactor
pressurizer at all times, which does not ailow step transients to occur.
Instead, transients occur as a ramp function with the HPI trans1ent redching
the overpressurization point 4.4 minutes or more after injtiation and all
others requiring over ten minutes. This delay allows the cperator time to
detect the transient and take action to prevent the RCS pressure from
reaching the PORV relief point. There has been only one low temperature
overpressurization at the B&W-designed plants. ' |
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