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February 5, 1982

The Honorable Nunzio Palladino

Chairman

United States Nuclear Regulatory Commission

Washington, D.C. 20555

Dear Mr, Chairman:

As a follow-on to the February 4 briefing, I would

appreciate the Commissi

on's answers to the following

guestions in addition to the infogmation requested by

Mr, Markey.

1. What is the primary significance of the Ginna incident?

2. What was the leak rate through the break as a function

of time?

3. What triggered the steam generator tube rupture?

4. Had there been indications of leaking steam generator
tubes prior to the rupture on January 25?

5. What was the cause of the PORV's apparent failure to
c}qgg;/poes the apparent failure of the PORV to close cause
doubt about the adequacy of the industry's program to test

j uch valvas?

. What would the course of the incident haQe been had the

pressure vessel?

PORV block valve failed to close partially or fully
following failure of the PORV to close fully?

7. Did the procedure for responding to a steam generator
tube rupture contain instructions for actions to be taken in
response to development of a steam bubble in the reactor

B. Was there a need during the incident to take actions not
specified in the plant's written operating and emergency
procedures? Were the emergency procedures in place at Ginna :
consistent with Westinghouse guidelines as discussed in the
January 28 memcrandum from Mr. Speis to Dr. Mattson?

9. BEad a water level measuring device been available, would
it have assisted the operators in determining the size of

the steam bubble in the

pressure vessel and otherwise in
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10, what consideration has been given the potential for
radicactivity escaping PWRs via a path including breaks in
steam generator tubes and a stuck open safety valve,

11. Is it generally agreed that if a leak had developed in
both steam generators, the operators would have been able to
institute the "feed and bleed" process described in

Mr. Speis' January 28 memorandum, :

12. How many steam generator tube ruptures per year of the

" Ginna magnitude or greater do you expect?

13. WwWhat is the likelihood of several steam tube ruptures
occurring at one time? What is the maximum number of
simultaneous or near simultaneous steam generator tube
ruptures that are considered design basis accidents
following which the a can be brought to a safe shutdown
condition by following plant operating ang emergency
procedures?

14. Did WASH 1400 or more recent .risk assessments determine
the probability of occurrence of events in which one or more
steam generator tube failures are followed by various
combinations of PORV, block valve, and safety valve
failures?

15. How long did it take to reach cold shutdown? 1Is this a
period longer than desireable? What was the reason for the
period being longer than normal? What kinds of malfunctions
during the extended cooldown period might have led to a
significant release of radioactivity "to the environment?

16. Did any pait of . the reactor pressure vessel cool at a
rate in excess of that stipulated in the plant technical

specifications?

17. Was there a capability at Ginna to remotely vent the
reactor pressure vessel high points? Does the Commission
believe that conditions might develop in PWRs calling for
the use of remotely controlled valves for the purose of

venting steam? .

18. At any point during the Ginna event, did the steam
generator containing the ruptured tube control the primary
system pressure? Are operators at Ginna and other PWRSs
“trained with respect to actions to be taken when a steam

generator controls primary system pressure?

. Sincerely,

MUK
Chairman



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20558

MAR 19 1982

MEMORANDUM FOR: Thomas A. Ippolito, Chief
Operating Reactors Assessment Branch
Division of Licensing
Keith R. Wichman, Section Leader
Engineering Section
Operating Reactors Assessment Branch
Division of Licensing

SUBJECT: MEETING WITH WESTINGHOUSE ON STEAM GENERATORS

Attached is a summary of the subject meeting that was held on March 2,
1982 in Bethesda. Westinghouse presented their views with respect to
steam genarator tube degradation and steam generator tube rupture

accident management. A list of attendees is shown in Enclosure 1 to the
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Keith R. Wichman, Section Leader
Engineering Section

Operating Reactors Assessment Branch
Division of Licensing
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SUMMARY OF MEETING WITH WESTINGHOUSE REGARDING

STEAM GENERATORS HELD ON MARCH 2, 1982

A meeting was held with Westinghouse representatives on March 2, 1982,
in Bethesda, MD. The purpose of this meeting was to have Westinghouse
present their views with respect to steam generator tube degradation
and steam generator tube rupture (SGTR) accident management. A list
of attendees is shown in Enclosure 1.

Westinghouse presented the steam generator configurations of various
models with feed ring design and pre-heater design and identified the
major differences among the models, =specially with respect tc the
feedwater flow path. It was indicated that out of the five SGTR events
experienced by Westinghouse steam generators in the past seven years,
only two SGTR events are corrosion related. Two SGTR events are considered
preventable because one event was caused by the presence of a foreign
object and one was due to excess tube ovality in a tube fabricated by a
foreign supplier. The latest SGTR event is still under study. Westing-
house also indicated that with 708,000 steam generator tubes in service,
approximately 18,000 tubes (2.6%) were plugged and 45% of those plugged
tubes were in four plants.

Steam generator tube degradation was classified into two groups (large

leak and minor leak) based on the potential magnitude of primary cooiant
leakage. The types of tube degradation with the potential of causing a
large Teak are those at the U-bend apex area, those resulting from the
presence of foreign objects, and IGA/SCC above the tubesheet. Other

types of tube degradation resulting from denting; IGA attack in the tube
sheet crevices and in the rolled tube; pitting; thinning; wear at anti-
vibration bars (AVB) and the preheater baffle areas will in general,

result in small leaks. Westinghouse considers the types of tube degradation
with the potential of causing large leakage as mentioned above are control-
lable. Leakage from the U-bend apex can be prevented by plugging since
experience has shown that this type of degradation usually occurs only

in the tubes of first or second rows. Degradation due to the presence of
foreign objects can be prevented by stringent administrative control of
tools and materials used during secondary side maintenance and visual
examination aided by advanced optical equipment for areas not directly
accessable.

In addition, Westinghouse recommended the following methods to control
crevice and sludge pile corrosion, (1) reduce the operating temperature
for plants when such corrosion is evident, (2) sleeving, (3) reduce
containment inventory by sludge lancing, isothermal soaks or depressured
flushing.
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In addition, Westinghouse recommended the following methods to control
crevice and sludge pile corrosion, (1) reduce the operating temperature
for plants when such corrosion is evident, (2) sleeving, (3) reduce
containment inventory by sludge lancing, isothermal soaks or depressured
flushing.

A brief status summary, based on inspections of 5] operating Westinghouse
plants, was presented on the tube denting problem. It was indicated that
25 plants showed various degrees of denting activity; the rest did not
show any sign of denting. Among the 25 plants, 12 plants are considered
active, the other 13 plants are stabilized. Of the 12 active plants,
Westinghouse rated denting in three plants as extensive and the other
nine plants, minor.

Westinghouse recommended frequent moniioring of hydrogen content in the
primary water as a means to estimate the extent of ongoing tube denting
activities. This is based on the theory that the corrosion process
associated with denting generates substantial amount of hydrogen in
forming magnetite.

The gquidelines for SGTR emergency response (EGR), which are sponsored by
th: Westinghouse Owners Group were presented. The basis for SGTR EGR's
are operator intensive and include operating experience obtained from
SGTR events. The status and issues in SGTR ERG review pertaining to
pre-TMI guidelines (pre 3/28/79) and post-TMI guidelines were outlined.
Items, issues, and guidelines, developed or to be developed, in Phase 1
ERG (11/81) and Phase II ERG (6/82) were discussed. Westinghouse also
identified the areas to be emphasized in post Ginna Review of ERG which
are, (1) a continuing effort to develop optimum ERG's and (2) review of
ERG training methods.

Westinghouse concluded that the steam generator tube degradation problem
is under control as demonstrated by the decrease in the number of tubes
required to be plugged in recent years. Westinghouse also emphasized
that out of the 18,000 plugged tubes which is 2.6% of the total tubes in
service, 45% are in four plants.

Since the information presented by Westinghouse was proprietary, Westing-
house agreed to ¢ocument the information pursuant to 10 CFR 2.790.

AL D ihhenn)

Keith R. Wichman
Operating Reactors Assessment Branch
Division of Licensing

Enclosure:
1. Attendance List
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ATTENDANCE LIST
MEETING WITH WESTINGHOUSE

MARCH 2, 1982
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L' UNITED STATES N
NUCLEAR REGULATORY COMMISSION
WASHINGTON, DS * -0558

OFFICE OF THE March 22, 1982
CHAIRMAN

The Honorable Morris K. Udall, Chairman
Committee on Interior and Insular Affairs
United States House of Representatives
Washingten, DC 20515 '

Dear Mr. Chairman:

This is in response to the questions posed in your February 5, 1982 Jetter
relative to the recent event at the R. E. Ginna Nuclear Power Plant. Our
responses to your questions are enclosed.

As a consequence of this event, I, too, have questions on the incident and
-, its generic implications and have, on January 29, 1982, requested the _
For " staff to establish a Task Force to review and evaluate the Ginna incident.
An incerim report from that effort is expected to be completed this month
and may provide detailed answers to some of your questions. The remainder
of your questions are addressed in the enclosure. ‘

: ' ; Sincerely,
. :;;);;7 x g%;g;i? : ! ! ~
Nmadino

Chairman

Enclosure:
Responses to Questions

cc: Rep. Manuel Lujan
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CQUESTION 1.  What is the primary significance of the Ginna incidemt? ~ - —
’ -
ANSWER

W o —
»? LA

The primary significance of this event is that it apparently occurred
without advance warning and challenged the ability of the plant and
operators to respond in a safe manner., It also points out the
inadequacies in the steam generator inspections; i.e., the licensees
do not inspect the secondary sides of steam generators, with the
exceptions of a few plants that have suffered extensive tube denting
and support plate cracking. The safety objective in such an event is
to prevent fuel damage and to allow only minimal releases of radio-
active materials to the environment, The tube failure, whether it be
the result of chemical or metallurgical reasons, or some type of
‘mechanical unloading mechanism, has not yet been determined. The
failure mode and the plant and operator responses will be addressed
in the NRC Task Force 45-day report.

~
N




OUESTION 2. What was the leak rate through .zhe break 2s a2 function of time?
ANSWER ' |

The attached graph (Figure 1) is our preliminary estimate of the leak rate as a
function of time, calculated from information provided by the licensee. . ]
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QUESTION 3. What triggered the steam tube rupture?
-ANSHER

The licensee is continuing his inspection of the steam cenerator to
determine the cause ¢f the failure. This inspection will include
removing sections of several tubes, including the ruptured tube, for
laboratory examination. '



QUESTION 4. HKad there been indications of leaking steam generator tubes
prior to'the rupture on January 257 '

ANSWER

A table of the history of steam generator tube inspectiocn and plugging
through May 1981, which includes leakage experience, is attached as Table 1.
Although preliminary information from the licensee stated that the failed
tube was not leaking immediately prior to the tube rupture, whether there
was any indication of such leakage will be addressed in our 45-day report.
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'‘QUESTION 5. What was the cause of the PORY's apparent failure to close?
. Does the apparent failure of the PORV to clese cause doubt

about the adequacy of the industry's program to test such
valves?

ANSWER

Ginna's power operated relief valve (PORV) uses pressurized "control” air
to remotely operate the valve. Control air is routed through solenoid
pilot valves which in turn pressurize one side of a flexible diaphram

in the PORV's valve operator and simultaneously vent the other. The
differential pressure across the diaphram causes it to flex and in turn
moves the valve's stem and disc. If shut, the valve is held shut by an
internal spring and air pressure. If open, the valve is held open by air
pressure alone, Based on information rovided at an NRC meeting with the
licensee on February 10, 1982, the fai?ure of the PORV to close resulted
from a failure of a solenoid valve in the control system of the PORV. The
failure was related to a mdification of the solenoid valve that was made
specifically for the Ginna PORV control system. . The function of the
failed solenoid valve is to open and relieve air pressure, thus permitting
the PORV to close when signaled to do so. At Ginna, the failed solenoid
valve is physically located within the pressurizer enclosure some distance
from the PORV and is not considered to be a part of the PORV itself.

The PWR utilities, in response to one of the Commission-approved NRC Action
Plan Items (i.e., Item I1I1.D.1, NUREG-0660), funded the Electric Power
Research Institute [EPRI) to conduct qualification testing of full-size
prototypical PORVs and safety valves. The testing of the PORV's in the
EPRI program was completed as of the end of August 1981. The PORVs were
tested for open and closure capability for a variety of fluid conditions,
proposed by the utilities and EPRI- as generically representative of the
types of fluids PORVs could be exposed to under transient or accident
conditions. -

The NRC staff reviewed and commented on the EPRI pro?ram as it was being

formulated. During this review, and during the deve opment of the Ac’ion
Plan requirement, the problems of including PORV control systems in the
program were specifically discussed. In addition to the enormous complexity
involved in including as many control systems in the test program as there
are PWR plants, it was also recognized that the PORV control system elements
are not directly furnished by the valve manufacturer with the valve. For
these reasons the PORV control system was not included in the generic PORV
test program. However, the lessons learned from the malfunction of the air-
operated control system for the PORYV will be factored into a current
evaluation which is assessing the need for improving air systems serving
components and systems important to safety. In addition, the potential for
accidents or transients being made more severe as a result of control system
failures or malfunctions is being addressed in Unresolved Safety Issue A-47,
"Safety Implications of Control Systems."




QUESTION 6. What would the course of the incident have been had the PORY
‘ block valve failed to close parzially or fully following failure
of the PORV to close fully? y

ANSWER

Had the block valve failed to close after the PORV stuck cpen, the additional
coolant loss from the primary system would have caused the primary system pres-
sure to continue to decrease below approximately 900 psi. As the pressure in the
reactor system decreased, the combined leak flow (through the valve and the
rupture) would decrease and safety injection flow would increase ¥nt11 the flows
were approximately egual. Analyses by Westinghouse in WCAP-9600 ! indicate
that the reator system pressure would stabilize at approximately 700 psi. The
pressure would then remain relatively constant until the operator took action -
to depressurize the plant with the intact steam generator. If the block valve
were only partially closed, the combined leak flow and safety injection flow. |
would =qualize at a pressure between 700 psi and the 1300 psi which was reached
at Ginna after the block valve was fully closed. Additional leakage out of

the reactor system through the broken tube in the isolated steam generator would
not occur for the case of the bjock valve stuck fully open since the primqn{'
system pressure would be less than the affected steam generator pressure, [f the
block valye were only partially closed, the reactor system might be pressurized
so that the leakage would be less than that which occurred with the block valye = - -
fully closed. : '

The effect on core coolant inventory of a combined PORV leak and steam generator
tube leak would be similar to a postulated break in the reactor coolant hot leg
with an equivalent break size of about 2 1/Z square inches. The consequences of
this event on core cog}ing would be bounded by the spectrum of small break analyses
performed for Ginna. These analyses demonstrate that the core is adequately

pgotected by the emergency core cooling system in the event of a small break
LOCA.

The staff preliminarily concludes, based on the discussions above, that the
effect of the block valve failing to close or leaking during the event at Ginna
would have been a decrease in coolant loss through the steam generator tube
and an increase in coolant loss through the PORV. Since coolant less through
the PORY is confined within the. containment building and coolant loss through
the broken tube may be released through the secondary system safety valves,
off-site doses would probably have been lessened had the block ‘valve stuck

open at Ginna. Small break LOCA analyses for Ginna indicate that the core
would be adequately cooled had the block valve failed to close. However, the
dual break situation would have been more complex for the operators to diagnose
and would have introduced the added difficulty of more water and radioactivity"
being released inside containment. : '

Y Report on Small Break Aéc1dents for Westinghouse NSS Systeh, WCAP-9600,
. Westinghouse Electric Corporation, June 1979. ’

¢/ Letter from LeBoeuf, Lamb, Leiby & MacRae, Attorneys for Rochester Gas
and Electric Corporation, to L. Muntzing, U, S. AEC, transmitting small
break LOCA analyses for Ginna, September 6, 1974



QUESTION 7, Did the procedure for responding to 2 steam generator tube
rupture contain instructions for actions to be taken in response
to development of a steén bubble in the reactor pressure vessel?

ANSWER

Based on preliminary information fro: the licensee, we understand that the
Westinghouse Guidelines were used (Revision 1, April 1980) for developing
plant-specific procedures and did not contain specific instruction for reiponding
to a steam bubble in the reactor pressure vessel head area; therefore, they were
‘not included in the Ginna procedures. However, bzsed on special training and
their knowledge of the TMI event, the operators were able to recognize the
existence of the steam bubble through observation of the rapid increase in
pressurizer level and reactor vessel head temperatures in conjunction with
reactor coolant system pressure which indicated saturated steam conditions
existed in the head area. Furthermore, readings from the core exit and vessel
upper head thermocouples in conjunction with the primary system pressure
confirmed that the steam bubble was confined to the head apea.

A full review of the Ginna procedures is being conducted, and the results will
be included in the 45-day report.



.

QUESTION 8. Was there a need during the incident to take actions not specified
. in the plant's written operatir: and emergency procedures? Were
. the emergency procedures in pla.e at Ginna consistent with
Westinghouse guidelines as discussed in the January 28, memorandum
from Mr. Speis to Dr. Mattson?

ANSWER

Plant operator response to the event, including the use of procedures, is being
reviewed and the results will be included in the 45-day report. The emergency
procedures in place at Ginna were based on the Westinghouse Guidelines Revision I
dated April 1980.

The discussion of the event in the subject January 28, 1982 Speis memorandum
concerned proposed Westinghouse guidelines dated September 1981 which are currently
under review by the NRC staff. Further discussion is provided in enclosure 8-l
(SECY 82-58) dated February 10, 1982).



QUESTION 9., Had a water level measuring device been available, would it
have assisted the operators in determining the size of the
steam bubble in the pressure vessel and otherwise in bringing
the plant to a stable condition?

ANSWER

There are several types of water level indication systems being considered by
industry and the NRC staff with respect to assisting the operator in making
determinations of inadequate core cooling. Some of these systems include
level indication in the reactor vessel head region. Had such a measuring
device been installed, it likely would have been an aid to the operator. The
operators, however, did use the available instrumentation (pressurizer level,
reactor coolant system pressure, and vessel upper head thermocouples) in making
determinations of the existence of the steam bubble in the reactor vessel head.
Furthermore, the core exit thermocouple readings in conjunction with the
reactor coolant pressure confirmed that the steam bubble was confined to the

* reactor vessel head area and took actions accordingly.



QUESTION 10. What consideration has been given the potential for radioactivity
escaping PWRs via a path including breaks in steam generator tubes
and a stuck open safety valve?

ANSWER

Steam generator tube rupture accidents are one of the class of design basis ac-
cidents considered by applicants and staff in each review of PWR license applica-
tions. The staff's Standard Review Plan, NUREG-0800, describes the criteria and
. procedures used at Section 15.6.3, "Radiological Consequences of Steam Generator
Tube Failure (PWR)". :

The analysis focuses on the potential release of radioactive noble gases and
radioiodine both pre-existing in the reactor primary and secondary coolant, and
generated concurrently with the accident. The former case uses the maximum activity
levels permitted by the plant's proposed Technical Specifications. The latter case
postulates activity released from the fuel as a result of the accident, including
the potential for fuel failures.

The steam generator tube failure is assumed to be a double ended rurcure of a
single tube for purposes of calculating the rate of transfer of primary coolant
to the secondary side of the affected steam generator. Flashing of the primary
coolant is assumed to occur in this process with subsequent atomization and trans-
fer of activity to the steam phase. Radioactivity entering the steam generator
from the primary system is assumed to leave the steam generator, become airborne
immediately, and be transported directly to the atmosphere via leakage paths not
mechanistically specified. Such leakage could be through a stuck open safety
valve, an open atmospheric dump valve, or through the condenser vent system.

" For FSAR safety analyses, such releases are assumed to occur during the first

30 minutes of the event, after which credit for operator action is allowed to

terminate releases.

Exclusion area boundary and low population zone boundary doses are calculated and
compared with the thyroid and whole body dose guideline values cited in 10 CFR
Part 100. Conservative values of site specific atmospheric dispersion character-
istics are used in these calculations.

The system response to the event postulated in this question is not covered by the
Standard Review Plan. However, it is being considered in the preparation of new
emergency procedure guidelines per TMI Action Plan item 1.C. 1.



QUESTION 11, 1s it generally agread that if a leak had developed in both steam
generators, the operatcrs would have been able to institute the

“feed and bleed" process described in Mr. Speis' January 28 memo-
randum?

ANSWER

Had a leak developed in the second ("A") steam generator at Ginna, the need to
institute the "feed and bleed" process to assure continued core cooling would
have depended upon the leak size and total leak rate of primary coolant out of
the primary system. It is uncertain whether the operators would have been able
to institute “feed and bleed" for reasons described below.

The primary concern associated with two leaking generators is that in order to

use the steam generators to cool down the primary system to the residual heat
removal (RHR) system entry level, the primary system pressure would have to

remain slightly higher than the pressure in both faulted generator secondaries
during cooldown. This would result in continued leakage of primary coolant to

the secondary system. Primary coolant would have to be replaced by the high
pressure injection (HPI) system which pumps water from the refueling water

storage tank (RWST) into the primary system. Thus, there is an amount of leakage
that eventually affects the ability to cool the plant to RHR entry conditions
prior to depleting the RWST. This behavior is different than other small loss-of-
coolant accidents in the primary system. In those accidents leaking water will
accumulate in the cortainment sumps. Once the RWST level drops to a preset value,
the pump suction is switched from the RWST to the sump and sump water is recirculated
through the core. Decay heat is ultimately removed by the containment heat removal
system. ;

For larger tube leaks in both steam generators, which might deplete the RWST in-
ventory prior to RHR entry conditions being reached, the operators would be expected-
to open all PORVs, essentually the same effect as causing a small break LOCA inside
containment. This would rapidly depressurize the primary system (as well as remove
decay heat) to below the faulted steam generator secondary pressures. In parallel
with this action the operators would isolate both steam generators. Primary coolant
makeup would be accomplished with the HFI pumps.

At Ginna, a two-loop 1300 MWth Plant, there are two PORVs manufactured by Copes-
Vulcan with a relief capacity of 179,000 1b/hr. steam. Although neither the staff
nor the licensee has performed any detailed calculations, scoping estimates indi-
cate that the Ginna plant can remove decay heat by the "feed and bleed" process.
It should be pointed out that in order to establish "feed and bleed,” the
operator must first establish PORV operability. In the case of Ginna, this
involves reestablishing the air supply to the PORV which was initially isolated
on low pressure safety injection actuation.



"ANSWER 11 (CONTINUED)

At Ginna, there are procedures in place which instruct the operator on how :
to reset the safety injection signal in order to enable reestablishing the
air supply necessary for PORV operability. This procedure was, in fact,
used in reestablishing instrument air which allowed the initial operation
of the PORV at Ginna during the tube rupture event.

" Additionally, there is a backup nitrogen system which is manually controlled
from the control room which can be used to actuate the PORVs in the absence
of normal instrument air.

It is noted that failures in both steam generators are not required in the,
design basis for PWRs. Furthermore, existing emergency procedures, such as
those at Ginna at the time of the tube rupture accident, do not provide the
operators with explicit guidance on how to cooldown the plant with ruptures

in multiple steam generators. However, as a result of the TMI accident, the
staff's TMI Action Plan item I.C.1 requires the industry to upgrade emergency
operating guidelines and procedures to cover multiple failure events. One of
the specific events cited in NUREG-0737 is tube failures in multiple steam
generators. Significant resources to the upgrading of guidelines and proce-
dures have been allocated by both the industry and the staff. We anticipate
approving the new emergency procedure guidelines by the end of FY 82. If this
goal is met, upgraded procedures should be implemented at all operating plants
by FY 83. :



)

QUESTION 12. How many steam generator tube ruptures per year of the
Ginna magnitude or greater do you expect?

ANSWER

There have been four steam generator tube failures of this type (greater than
50 gpm) at pressurized water reactors in the U. S. to date. The facility, date
of the event and estimated leakage rate is as follows:

Plant Date Gallons/Minute (Maximum)

02/26/75 125

Point Beach Unit 1

Surry Unit 2 07/15/76 80
prairie Island Unit 1 10/02/79 390
Ginna 01/28/82 700

The above data indicates that for all 48 PWRs licensed to operate in the U. S.
(as of February 1), about one tube failure has been occurring every two years
since 1975. The leakage rate from the Ginna failure is approximately the maximum
possible for 2 single tube failure; therefore, leakage much in excess of this

amount is not expected.

The technical resolution of Unresolved Safety Issue A-3,4,5, "Steam Generator

Tube Failure," is in its final stages of development and includes consideration of
recommendations for improvements in inservice inspection, steam generatc~ secondary
water chemistry monitoring and turbine condenser inspection. These improvements
when completed should lessen the overall problem of tube corrosion. However,

these changes, when implemented, are not expected to eliminate totally the

possibility of future tube failures.



QUESTION 13. What is the likelihood of several steam tube ruptures occurring
at one time? What is the maximum number of simultaneous or near
simultaneous steam generator tube ruptures that are considered
design basis accidents following which the reactor can be brought
to a safe shutdown condition by following plant operating and
emergency procedures?

ARSWER

-Experience to date indicates that multiple tube failures is a low probability
event. .

As was discussed in our response to question 10, the steam generator tube
rupture that is postulated to establish the design basis for the plant is the
equivalent of a double-ended rupture of a single tube. For design base purposes,
thic is considered to encompass a spectrum of smaller leaks in either single

or multiple tubes.

It is our belief that plants can most likely accommodate a larger number of

" tube failures, 1/ without exceeding the capacity of the ECC systems and-without

leading to core damage. Consequential radiological releases would also be
calculated to increase. However, the radiological source would still be .
due to the induced primary coolant activity and not from fission products
released due to gross fuel failures resulting from the event.

In addition to the tube rupture used for establishing the plant design basis,
emergency operator quidelines and procedures presently being upgraded as 2
_result of the TMI-2 accident will address methods for managing ruptures in
multiple tubes and multiple generators. (See response to Question 11 last
paragraph).

1/ We interpret the second part of the question to mean tube ruptures alone,
not to be concurrent with or as a consequence of design base accidents
(either primary system loss of coolant accident or main Steam line break).
The tolerable number of tube ruptures concurrent with or as a consequence
of design basis accidents is rather small, dependent on the plant thermal
hydraulic design and the design basis accident in question. However, we
expect the tolerable number of tube ruptures would most probably be “much
larger for more likely accidents or transients.

’




QUESTION 14, Did WASH-1400 or more recent risk assessments determine the

probability of occurrence of events in which one or more
steam generator tube failure(s) are followed by various
combinations of PORV, block valve and safety valve failures?

ANSWER

Steam generator tube rupture alone has been considered in PRA's as one of
several types of small-break accidents to which pressurized water reactors may
be subject. Multiple tube ruptures and ruptures in more than one steam
generator have not been considered in PRA's nor have combinations of other

- component failures such as those identified in the question been considered.
We are now taking a wore careful look at these scenarios.

~
N



QUESTION 15. How long did it take to reach cold shutdown? 1Is this 2

period longer than desirable? What was the reasons for the
period being longer than no--21?7 What kinds of malfunctions
during the extended cooldowr period might have led to 2 signi-
ficant release of radioactivity to the environment?

ANSWER

The plant was in cold shutdown the day following the vent (6:53 p.m.). The time
from reactor trip to cold shutdown was 33 hours 25 minutes.

~The period from reactor trip to cold shutdown was no longer than desirable. In

fact, there was no urgent need to reach cold shutdown conditions, especially after
the steam generator tube leak had been terminated (equalizing primary pressure with
the faulted steam generator) and the plant was in a stable shutdown condition. This
stable safe shutdown was reached about two and half hours after the reactor trip.

In general, it is expected that cooldown with a ruptured tube in one steam
generator would be significantly slower than 2 normal cooldown. This slower
cooldown is because the reactor coolant system pressure is to be equalized to
the pressure in the ruptured steam generator to minimize or terminate reactor
coolant leak flow through the rupture. Since the direct release of steam from
the ruptured steam generator js to be minimized (the steam would contain radio-
active products from the primary system), depressurizing the faulted steam
generator must be by other less direct means. In Ginna, the steam generator. with
the ruptured tubc was drained to the reactor coolant system through the ruptured
tube. Additional cooling and depressurization was provided by cold auxiliary
feedwater which replaced part of the drained water. The-length of time for the
cooldown was primarily governed by the management's desire to go slowly and
cautiously. The time to reach cold shutdown was consistent with the plant!s

. condition and, therefore, no longer than desirable.

1f there had been no steam release from the ruptured steam generator in the early
stage of the event, it js reasonable to expect the cooldown period would have .
_been longer. For a large initial steam space in the ruptured steam generator,

a limiting factor for steam generator draining is need to keep the steam
generator tubes covered. Should the steam come in direct contact with the tubes,
rapid condensation would occur resulting in a rapid depressurization of the
ruptured steam generator secondary side and re-initiation of reactor coolant
leakage back through the ruptured tube..

During most of the extended cooldown period at Ginna, the ruptured steam generator
was isolated and its pressure was significantly lower than the safety valve set
pressure. All other steam valves from the steam generator were secured. The
reactor coolant system was controlled similar to a normal cooldown, except for
measures (increased letdown, boration) to accommodate the leak flow to the primary
system coming from the secondary side.

As indicated in the response to Question 10, potential releases of radioactivity
to the environs during the short term or lung term most directly relate to -
additional malfunctions -in the faulted steam generator. Such leakage could be
through a stuck open safety or relief valve flow path or through the condenser
vent system. For Final Safety Analysis Report radiological safety analyses, such
releases are assumed during the first 30 minutes of the event, after which credit
for operator correction is allowed.



' OUESTION 16. Did any part of th. reactor pressure vessel cool at a rate
in excess of that stipulated in the plant technical specifications?

ANSWER

Analysis of information to determine specific cooldown rates is being conducted
and will provided in the 45-day interim report.

’



2 to remotely vent the reactor
0-s the Comission believe that
PWRs calling for the use of remotely

gg§§TION 17. Was there 2 capability at Ginn
. pressure vessel high pcints?
conditions might develop in
controlled valves for the purpose of venting steam?

ANSWER

existed at Ginna but was not declared operational

since staff review is not complete. The reactor vessel head vent system,
including associated hardware and control system, has been installed at Ginna.
Before the staff authorizes use of the installed vents, we will review not only
the design but also the associated procedures which are to specify when to vent
and when not to vent. Procedural guidelines for venting is an integral part of
our review of transients and accidents. We expect to complete procedural'revieus
in FY-1982, and finish designs for all PWRs in FY-1983.

(i.e., Westinghouse and Combustion
quired to be located on the vessel

The physical capability

In PWRs with inverted U-tube steam generators
Engineering reactors), high point vents are re
head. This requirement was added for the purpose of providing a vent path for
non-condensible gases that could accumulate in the primary system under degraded
core cooling conditions. Although these vents could be used to vent steam which
might accurulate in the vessel upper head after saturation conditions are reached
in parts of the vessel, it is not expected they would be used for this purpose,
nor is it recommended that they be used to vent steam. Steam in the upper head

of Westinghouse and Combustion Engineering reactors dees not pose a direct threat
to continued core cooling. If the steam bubble were to expand to the hot leg out-
lets, it would most likely condense as it came into contact with subcooled water
exiting the core. 1f, for any reason,

the water exiting the core was saturated,
the steam would enter the hot .leg pipes and travel to the steam generators, where
it would be condensed. _ B

na; the method preferred for removing steam which

For events such as the one at Gin
estart a reactor coolant pump.

accumulates in the upper head of the vessel is to r
The pump will force subcooled water into the upper head region and condense the
cteam bubble. The operators at Ginna demonstrated tne capability to do this

following the formation of a steam bubble in the upper head.

In PWRs with once-through steam generators (0TsGs) (1.e., B&M reactors), a steam
1 has the potential to temporarily interrupt

bubble in the upper head of the vesse

natural circulation if it expands and is able to enter the hot leg outlets without
condensing. Pursuant to item 11.B.1 of the TMI Action Plan these plants will
eventually have high point vents installed on the top of the hot leg inverted
U-bends. In addition, some utilities with B&W reactors will install vents on .

the top of the vessel head.

Analyses by B&W have indicated that interruption of natural circulation is a
temporary phenomenon. The analyses show that system repressurization following
i i11 ultimately produce thermal-hydraulic

the interruption of natural circulation wi
tore natural circulation. The staff is

conditions in the primary system which res aff |
still reviewing the capability of the B&W analysis methods to proper1y predict

the relevant thermal-hydraulic phenomena.




ANSWER 17 (CONTINUED)

B&W has recently recommended use of the hot leg high point vents to vent steam.
which may accumulate during the recovery phase of a small break loss-of-ccolant
accident (SBLOCA). During the accident phase of & SBLOCA, B& has recommended
the “bumping" of the reactor coolant pumps to sweep any steam trapped in the hot
leg high points into the steam generator.

The use of the high point vents to vent steam in B&KW reactors, as well as the
acceptability of the B&W calculational models to properly predict the thermal-
hydraulic behavior of the primary sytem under two-phase conditions, is under
active staff review. At this point in the review, it is our preliminary con-
clusion that the use of the vents in B&W reactors to remove steam which accumu-
lates at primary system high points may be the preferred method of steam removal
if a reactor coolant pump cannot be restarted and run continuously.

N
N



QUESTION 18. At any point during the Ginna event, did the steam generator
. containing the ruptured tube c ,ntrol the primary system pressure?
. Are operators at Ginna and otrer PWRs trained with respect to
actions to be taken when a steam generator controls primary
system pressure?

ANSWER

In order to prevent further contamination and to aid in cooling down the
faulted steam generator, a feed and bleed operation was used. This operation
consisted of providing feedwater to the faulted steam generator in order to
maintain level within a desired band; a steam bubble in the steam genzcrator

" was maintained during this period. As 2 result of primary system pressure
control by the operators through the use of the normal charging/letdown -
systems and by controlling the cooldown rate through the "A" steam generator,
primary system pressure was decreased in a controlled manner. Pressurizer
level was maintained and primary system pressure was controlled by the pres- -
surizer. However, during this period the plant was controlled in such a
manner as to result in an inflow of water from the "B" steam generator to the
primary system through the ruptured tube.

This area, specifically during the early part of the transient, is being reviewed
further and the results will be included in the 45-day report.

The operators at PWRs are trained to maintain control over both primary and’
secondary system pressure following a steam generator tube rupture. The goal
is to minimize flow between the two systems by maintaining the two systems
within 50 psi of one another. :
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February 10, 1982 ., q%..-i.d$ SECY-82-58 . ‘\\\\-
. s : ‘
POLICY ISSUE N
(Information) .
fgg; The Commissioners
' From: © Willfam J. Dircks, Executive Director for Operations
Subject: . ' MEDIA ATTENTION 70 A PRELIMINARY EVALUATION OF OPERATOR
_ . ACTIONS DURING THE GINKA EVENT
Purpose: To inform the Commission.of'the preliminary evaluation.
Discussion: On January 28, 1982, th}ee days after the steam generator -
: or, the Reactor Systems

tube rupture event at the Ginna react
Branch in the Office of Nuclear Reactor Regulation completed

a preliminary evaluation of the event. The purpese of the
_ evaluation was to compare operator actfon and plant . S
- - response 2t Ginna to the recently proposed Westinghouse |
emergency procedure guidelines for steam generator tube
rupture events. A copy of the resulting staff memorandum
is attached. Some of the results of the preliminary .
evaluation were briefly noted by NRR (Roger Mattson at
_ the Commission briefing on January 28, 1982. A copy of
the memerandum was 21so provided to Region 1 staff at that

) briefing.

A story on this memorandum appeared in the February 8, 1982
New York Times (also attachedg There are two erroneous
impressions Jjeft by the Times article. First, {t fails

|

: 3 |

to note that in the memorandum the operator actions were
|

|

|

|

compared to new, not existing, emergency procedure guide-
1ines for Westinghouse reactors. The new guidelines

-are currently under review by the Reactor Systems Branch.
They were not being used by the Ginna operators and they
will 1ikely be changed significantly before being eventually

zpproved and jmplemented at operating ;lants.

2kes the memorandum 2ppear 1o

Second, the Times articlem |
the Ginna operators
|

) conflict with other statements by NRC that

Contact:
R. Mattson, HRR
49-27373
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The Commissioners

Attachments:

-2-

performed well, The memorandum seys "it is premature

to judge whether (2) the operator actions were correct,
incorrect, or could stand improvement, and (b) whether
the (new) emergency guidelines are correct or not.*

The memorandum was speaking for the Reactor Safety staff
in the Division of Systems Integration of NRR wifch,

at that time, had not received a copy of the actusl Ginne2
procedures or a written chronology of the events of
January 25. Obviously it was premature then for that
staff to make 2 judgment on the correctness of operator
actions. They offered none. Neither did they contradict
the Regional Administrator's statements that were based
on first-hand access to the necessary information. By
failing to make this distinction, the Times article
implies a divisfon of opinion between the Reactor Safety

ctaff of the bivision of Systems Integration and Regionzl

Administrator when, in fact, none exists.

YN

William J. Dircks
Executive Director for Operaticas

1. 1/28/82 Staff Memo
2. 2/8/82 Times Article



UNITED STATES

NUCLEAR REGULATORY COMMISSION STy
WASHMINGTON. D. €. 20550 a_};.;;';:- :
Jan 28 8% |
KEMORANDUM FOR: Roger Mattson, Director, Division of Systems Integration
FROM: Themis P. Speis, Assistant Director for Reactor Safety, DSI

SUBJECT: -  PRELIMINARY EVALUATION OF OPERATOR ACTIONS FOR GINNA SE&
TUBE RUPTURE EVENT .

Based on the chronological listing of the Ginna events you provided us on 1/26/82,
which we understand was provided by R. Starostecki of Region I, 1 have asked Jukka
Laaksonen and Brian Sheron to comparé the operator actions and plant response to

the Westinghouse Emergency Operator Guidelines for Steam Generator Tube Rupture
Events. This comparison is provided in Enclosure 1. These gufdelines are called
EOI-0 and EOI-3. We used the jatest version presently under review by the staff

as part of TMI Action Plan I‘em 1.C.1. However, the technical guidance is generally
the same as the earlier versions the st ff reviewed and approved for the pilot .. ..
monitoring program for NTOLS. However, we do not know if the emergency procedures -
in place at Ginna at the time of the accident were cerived from or were consistent .
with these guidelines. ! . :

Our preliminary conclusion is that the operator acted properly in using the PORY

to depressurize the RCS to the pressure of the faulted steam generator. SI termina-
tion was also accomplished consistent with the guidelines, although it may have

"been delayed longer than necessary and resulted in a brief discharge of the "B"
(faulted) generator to the atmosphere, The fact that the PORY stuck open complicated
the scenario by producing a rapid depressurization which 1ed to flashing of the upp
head fluid. We also note that the SI pump was restarted at 11:15 a.m., which re-
sulted in a second 1ifting of the "B® generator safety valves. The reason for this

action is unclear.

One observation we drew from this action is that operators appear to be very hesi-

tant to terminate KPI when they are allowed to, or even are supposed to. We point -
this out since, for the pressurized thermal shock issue, the industry has tried to ~
convince us that operators wouTd always terminate HPI before the primary system was-

unacceptably repressurized.

Another observation is that the operators tripped the RCPs according to present
instructions, and restarted the A Loop RCP when allowed. A discussion on the RCF

trip criteria is provided in Enclosure 2.

‘A number of other preliminary observations were made of the Ginna event which, I
believe, warrant further investigation. .These are:

- CONTACT:- -J. Laaksonen, x29400
* 8. Sheron, x27626
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i ROP-EF lattson = = . : J&“ ZB ‘gs’

Stratification of the faulted steam generator - The faulted steam generator

was Deing Cooled ang depressurized by the primary system., There was some’

evidence, based on thermal-hydraulic conditions of the system, that signifi-
cant stratification of the secondary coolant in the faulted generator occurred.
This resulted in the water in close proximity to the tubes cooling down, but
leaving a layer of hot water "insulating" the steam in the steam dome from the
cold water. Thus, depressurization of the faulted generator seemed to proceed
slower than expected. It is not yet clear what safety significance is 2s-
sociated with this phenomenor, y ‘

Additional coolant system failures

a) Leak in “A" Loop SE

17 2 leak also developed in the "A" Yoop steam generator, then primary
coolant would continue to leak to the secondary, unless both SGs were
jsolated. Decay heat removal would then need to be accomplished by

nfeed and bleed". (HPI for coolant addition; PORV for coolant discharge).
(Westinghouse, in their latest guidelines, recommends cooldown using the
steam generator with the lowest level and probably the smallest leakagé.)

b) Stuck-open secondary cide safety/relief valve

‘A stuck-open secondary side safety/relief valve in the faulted generator
would produce 2 direct path for primary coolant to enter the atmosphere.
Moreover ,- the present emergency procedures probably do not address this
scenario. The primary coolant would have to be made up with HPI vater.

1f the leak was not stopped, or additional cooling water supplies wer2

not made available, then eventually all of the HPI water from the refuel-
ing water storage tank would be exhausted and a net 1oss of primary coolant
would occur. Without corrective action, core uncovery would eventually .

occur.

Loss of steam-jet air’'ejectors

The loss of the steam jet air ejectors due to low "A"-loop SG pressure (< 150
psi) produced 2 loss-of-condenser vacuum and required decay heat removal by
steaming to the atmosphere. Reasons why the A loop pressure was dropped so
low, the reasons why the air ejectors were lost, and the significnnce'of~this
in the course of the accident will have to be addressea.

I believe. it is presature to judge whether (a) the operator actions were correct,
incorrect, or could stand imprevement, and (b) whether the-emergency guidelines
are correct or not: This is because -they are designed to cover a multitude of
_scenaries; in which the Ginna accident was just one. :



‘' Roger Haftson . -3- Jﬁ" Fs il

' -

RSB has been addressing a similar scenario in response to an AZ0D concern. RS
will continue to investigate the above areas of concern, as well 2s any others
brought to our attention, and recommend action as appropriate.

= l\t&;al.rE=t<::;+;;;m::"’

Themis P. Speis, Assistant Director
‘for Reactor Safety,
Division of Systems Integration

Enclosures:
As stated

’

cc: H. Denton
E. Case
D. Eisenhut
- S. Hanauer
R. Vollmer
H. Thompson
C. Michelson
6. Lainas
G. Holahan
. Ippolite
ACRS (1)
L. Rubenstein
K. Houston
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EVENT/OPERATOR ACTION '

B ———

$¢tube rupture in SG B, (indicated by

-charging pump high speed, 5G high level,

steam/feedwater mismatch, air ejector
radiation :

NEMARKS - :‘Ih'ese. renﬁrks are. based on thc generic ¥
Emergancy Operator Guidelines for Steam Generptor
. Tube Runture Events prq;gntly under staff review,

B -y

‘-.teactor.Trip on laow pressure, SI signal on

oW pressure, containment isolation result-
.ing in,1oss of instrument air and normal
charging flow and RCP seal flow

Reactor Tripping on low pressure and fast depress
{zation indicate a severe rupture; Westinghouse r
for a double-ended one tube rupture do not show
as large depressurization,

9:29

Pressurizer level off-scala low, RC pressure
decreased to 1200 psi

RCP trip criteria are met, the operator should tr
the pumps manually o .

9:33

Operator trips RCP's

Correct action, delayed 4 minutes

9:40

Operator closes main steam isolgtion valve

at the faulted SG B

The event has been diagnosed and the faulted SG b
veen identified from increasing level and pressur
and the first corrective action is as told in the
guidelines. It Is unclear if the auxiliary RV to
faulted SG s stopped and if all isolation valves
‘he_steam lines are closed.

ggspressure 1200 psi{ RC average temperature
*F

weactor ‘coolant temperature {indicates that fast
cooling in compliance with the guidel ines s in
progress. : .

Good SG A at 540 psi, level 76%, steam
dumped to the condenser, natural circulation
in loop A, faulted SG B at 826 psi, level

89: . l

~

" The status of SG A and the loop A 1s as told in

guidelines. The initial cooldown of the RCS is al
completed. At this stage the operator should st.
depressurizing the RCS to the 5G D pressure to s

the tube leakage. Decause the RCIy are “f ‘hc
should be used, llowever, PORV 1s not ava able
because of isolated instrument air system, Faul
SG pressure is surprisingly low and indicates 1o

proper isolation.

Operatorrvseis SI, pumps still on, instrument
alr re-established

At this stage, the operator is able to depressuH
the RCS, but he does not do that. Thus, the lez
continues and SI 1s needed to keep the RCS inven




Charging pumps rQSt“Tt!d; Rcs"?“319 p?{g;t

SG 8 level 100% narrow range, 400 inches

+ REMARKS' ™ ™

Mestart of charging pumps pefore stopping tha Ly

leak {s not in compliance with the guldelines an
leak increases because the charging pumps Increa

RCS pressure. SG B filling up Is a consequence
‘fallure to depressurize the RCS. e

Operator opens‘the PORV manually

-

The action 1s taken somewhat too late

Operator opens the PORY manually for a second

If the PORY is opened on time theye is no reace
multiple PORV operation.

PORV block valve shut,RCS pressure 800 psi,
pressurizer level of7scale high.

Correct action to shut block valve. Drop in i
pressure to 800 psi flashes hot liquid to steam
RPV upper head, pushing water into pressurizer

S1 pumps increase the pressure to 1300 psi

After having c’osed PORV the operator is instruc
see 1f the cystem repressurizes. 1f pressure &
creases 200 psi, then the SI can be turned off,
to stuck open PORV, the ability of Lthe operalor
follow this guidance is questionable.

Nequate subcooling

Atmosperic TeTTer valve om SG6

Precaution against opening

Tpy head = 525°F (p sat=AS0 psi)

Not clear if upper head bubble condensed out.
Temperature supports existence of bubble

Safety valve of the SG B blows,operator
secures the SI to reset the SI

Safety valve blowing is a direct result of secu
the SI about 30 minutes too late

B s ~ e VeNIJUPEIATC
{08
Yo pressurizer jeval 10%,
wide range - |
10:07
10:08
: ' time, PORV sticks open
~10:09
10:10
b T'1nc6re = 458°F
A B_isolated manually
10:30
10:40 -
10:42 RCS at 800 psi
~
. b o o
10:50

There is obviously almostno steam bubble in the
ssurizer and the pressure decreases drastically »
some water is drained from the system. Pressure

stabilizes to a value vhere the water in the uj
head starts to flash. It is unclearhow primar)
is lost because the faulted 5G B should be at al
safety valve set pressure (above 1000 psi).

RC pump seal return relief valve 11ft and dis~
charge to the PRT

Reason for relief valve opening unclear, possii

- related to the containment isolation




DR TR v

RIR initiated, RCS at 280 psi, 330°F

1i: " EVENT/OPERATOR ACTION REWATKS . ‘
A 3 ¥ » Pﬂ‘.v dq\,l
10:57 PRT rupture disc blows, total loss PRT overpressure results from combined .
‘ of coolant ~ 8000 gal seal return relief valve operation ‘
1 c : —
1n:15 SI punip”§tarted, SG B safety valve Reason for SI start unknown, Si re-initialion
- Tifts at 1035 psi (set pressure criteria are not met (loss of sub-cooling,
1005 psi) pressurizer level<20%); when did the sarely
=T - reset? [ ]
1‘?‘5 T co1d on operable loop was higher than core Reason unknown
‘ exit TC's -
1:22 RPV head at 525°F, 97°F subcooling, pressure 1035 psi : ] $
11:29 RCP in loop A restarted, core exit and The guidelines tell to start at least one RCY
upper head thermocouples equalize at after the initial plant stabilization and Si
450°F termination, restart may be delayed becaure o
: . problems with seal injection
12:00 Pressurizer level 80%
. 12:05 Normal Tetdown established Normal letdown/charging is told to be establ
' ' - as ;he next step after SI termfnation
12:30 Slow cooldown started, RCS at 923 psi s
. ] L8 !
6:40 Level in SG B re-established, SG cooled SG B depressurization i{s obviously no proble
by adding cold auxiliary. feedwater because there 1s not much steam left
. 1 -
7:05
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. fhere are 2 number of questions that can be raised by the pump'trﬁp issue.
The RCP trip criterion for W plants is that the operators should trip 2l
RCPs if SI has actuated and the primary system pressure has dropped be 1ow
a specified value. This value (or rather the method By which this va1ue is
obtained) was worked out and mutually agreed upon between W and the staff
durxng the BAD Task Force after the accident at TMI. Essentially, the value

‘ js the set pressure of the secondary safety valve plus adders to account

_ for pressure drops back to the pressure gauge in the controT room, Typica1'

.'_Va1ues are expected to be between 1350 and 1450 psi. - A more detailed dis-
cussion of this pressure setpujnt derivation is provided in Section 7.2.2 of
NUREG-0623 (Attachment 1). ' | ¢
It is noted that the charging flow at Ginna is jsolated on an ECCS signal. §ince ~
seal injection flow to the RCPs is from the charging flow, it too is 1osta
during an ECCS signal. Thus the pumps would be required to be trirped

following the ECCS signal, régardIess of the puhp trip criteria.

" For any steam generator tube rupture which depressurizes the primary system

to be10w the RCP trip pressure, there would be a need for the operator to use
the PORV to aid depressur1zatuon. sxnce fhe primary system pressure will

- stab1llze s11ghty above the faulted steam generator secondary pressure. For
a smaller leak, the RCPS would not be tripped immediately, -and the sprays would
remain available to aid in the depressur ation. For CE and B&N plants, the
RCP trip criterionis on low pressure S1 actuation (around 1600-1750 psi) Thus
earlier RCP trip would be expected for: both these plants. Both CE and BaW were )

asked informally.to adapt the ¥ low pressure criterion, but both dec]xned

Section 6 0 of NUREG- 0623 reconmended that the 1ndustry deve1op RCP tr1p cr\terIa

which minimized RCP trip for non- LOCA trans1ents (see Attachmont 2) and also

recommanded that procedures  and training be initiated for handTung-non -LOCA events

which proquee ECCS actuation and pump trip; including instructions for:




"2) tripping RCPs;

») monitoring and initiating natural circulation;
¢) pressure control without pressurizer spray;

d) HPI termination;

e) RCP restart cr%teria.

Attachmen. 3 provides section 7.2.s'of NUREG-0623.

The reasons for requiring RCP trip are as follows:

For certain small breaks in the primary system, continuing RCP operation
will “pump" water out of the break, and prodg;e a greater coolant '

inveniony loss than if the pumps were tripped.

e For any small break in the primary system, including steam generator tube

rupture, the cooTant wi1i-become two-phase and could evolve to 2.
significant void fraction. W2 arevnqt‘awa%e of any RCP's that have been
designed to operate for extended periods of time in 2 high]y.voided system.
Continued operation in 2 high1y vowded system could result in excessive

vibration and possible seal fau1ure. or worse.

During the initial phase of many transients and accidents,'the'symptoms
may resemble those of 2 cmall break or a steam generator tube rupture.
Early RCP,tnip with restart instruction is considered the most prudent

course of action.

Anaf}éis models which predict system performance with a small break and

the RCP 3 operat1ona1 still have large uncertalnt1es when the system void

fractwons are high. Thus we do not have a high confidence that pump failure,

during high void cond1t1ons does not lead to unacceptab]e core uncovery.
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Shorti-Te-» Fesuirements J ‘ ol o
ine 101 :2..~p cescribe ihe short-lerd recuirements for pump trip for e2ch
of the reactor vendors.

Control Ffoom Ocerators

1€ Bulle<ins 75-05C and 78-06C (item 1.B) require that two licensed
operators be in the control room at all times (three for a dual control
room) and that one of the two operators be designated to trip the reactor
coolant pumps should the facility undergo a transient which results in a
safety injection actuation signal due to low primary system pressure. The
designated operator may perform any normal or routine control room duties
at 2]) oiher times. The licensee should confirm that an cperator is
designatec to perform this action on each shift.

| ol
wibh s Sl

"
N
N

wWestinohousa-Desicned Plants X
For the zo-ri-<arm, the staff has adopted the following position for
manual pump trip requirements on westinghouse-designed plants. i

Staff Position on Pump Trip for Westinohouse Plants
We require that the reactor coolant pumps be tripped at a system pressure
determined in the following manner: . ;

(1) Secorcdary System Pressure - Based on the number and size of the
secondary system safety valves, the secondary pressure will be
estzablished by determining the pressure setpoint for that valve in
which the calculated steam relief is less than 60 percent of the
valve's relief rating. If the calculated relief is greater than
60 percent of the rated capacity, then the next highest pressure
setpoint should be used. ‘ .

(2) Primary to Secondary Pressure Difference - To account for the pressure
gradient needed for heat removal, pressure drop between the steam
generator and safety valves, uncertainty of the safety valve setpoint,
pressure drop from steam generator to measurement location, etc., the
primary pressure for RCP trip should be the secondary pressure 2s
established by (1), above, plus 100 psi if the calculated adjustments
are 100 psi or less. If the adjustment are determined to be greater

than 100 psi, the larger value should be used. ‘

(3) Instrument inaccuracies appropriate to that time in the 1oss-9f-coolant
accident should be addad to the primary pressure established in (2);
above. The resulting pressure is the indicated pressure at which the

operator should trip the RCPs.

Combustion Fnoineering-Desioned Plants

Cormbustion Engineering has recommended that reactor coolant pump trip be

manually initiated by the operator on receipt of .reactor trip and safety

jnjection actuation signals. Combustion Engineering i§ also evaluating

the capability of their plants to accomodate a pump trip on reacter trip
2nd 2 lower system pressure by 2 method similar to that established for

Westinghouse as specified in Section 7.2.2, above.

¢ on reactor trip and SI actuation

The staff will accept the pump trip base C : ct
ecsure is approximztely 1330 to

c- the shori-term, since SI actustion pr

LI -
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.. ' LC2x 220 result in 2 grezter cace nveiriory less fro= the syitiT <han
if ine pumps were trippec.

(2) The ebility to correctly represent the thermal-hydraulic behavior in
key components within the primary system during a small break LOCA
with the reactor coolant pumps running is questionable. Moreover, it
is unclear at this time which models clearly result in conservative,
bounding calculations: This is substantiated by the variety of
different models used to represent the various primary system cempcnents
in vendor analyses and the differences in the limiting small break

. analyses. It is our conclusion that this uncertainty in thermal-

' hvdraulic modeling presently precludes the use of these models for
guantitative determination of smal) break system behavior with the
coolant pumps running. In particular, we cannot accept their use to
substantiate allowable modes of pump operation during small brezk

T LOCAs. - ’

= (3) It is our conclusion that for the pumps running case, insufficient

ol integral system experimental data presently exists to substantiate
the quantiative results of the analysis codes. Moreover, we do not
believe any proposed testing can be performed on a schedule compatibl
with that necessary for short-term resolution, which includes the

. addition of equipment necessary to assure automatic tripping of the
coolant pumps for smal) break LOCAs. = : o .

X (4) From items (2) and (3), above, we find that tripping all of the
reactor coolant pumps during small break LOCAs is required at this
time, and that this pump trip should be automatically initiated from
equipment.that is safety-grade.to the extent possible. : -

(5) The impact of an early pump trip on non-LOCA transients is not predicted
to lead to unacceptable consequences. However, tripping the reactor
coolant pumps for non-LOCA transients can aggravate the consequences

of these transients and extend the time required to bring the plant

into controlled shutdewn condition. For BAW plants, tripping of the
reactor coolant pumps ouring severe overcooling events increases the
potential for interruption of natural circulation due to stezm forma-

tion in the coolant loops. - _
Tharefore, we conclude that thghqzige[jg_and requirements for reactor
Coolant pump trip to be established from item (4), avgve, should
minimize, to the extent practicable, the probability of initiating a
reactor coolant pump trip for non-LOCA transients.

(6) The staff recognizes the potential desirability of running the reactor
coolant pumps to provide forced circulation during small break LOCAs
and we encourage the continued exploration by the industry of.means
by which this could be accomplished. For example, an increase in HPI
capacity or two-pump pperation as proposed by Combustion Engineering_ 4
are a-step in this direction. , A -

(7) We will require verification of small break models with the pumps -
running 2gainst zppropriate integral systems experimantal tests. In
particular, we will require that the PWR vendors 2nd fuel suppliers
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Eabeock 2nd Wilcex-Tesiznes Plants

EaDcock & WYlcox 18 2!s2> recoz=:ndin
be_ranually initizted on zutomzlic a
injection system. In 2ddition, Babc

are exzaining the sidility ol 2 s

Ltk 4
-

o 83 zzizstien sressufes of about

15038, 12 15 excecied thiat tLhe pressure
will 221) roprowimztely in the ringe of

ure Jor beth Cf and BaW plants.

g that for the short term, pump trip
ctuztion cn low pressure of the safety
ock & ¥ilcex &nd their plant owners
hori-ierm ménruzl trip reguirement

based on subzooling rzther than automatic S1 zctuziion on low pressure

only. The staff zgrees in principle
must wait until the cdetails of such
- and evaluzteC.

The staff finds the uresent shorti-te
avtoratic S]1 actuation on Jow pressu

with this &zproach, but final approval
2 metho¢ hzve teen formally submitted

ra recuirement for manual trip on
re accepteble. ELW SI actuation

setpoints are between 1500 psig and 1€50 psig and are considered consistent

with the setpoints at which the pump
and Combustion Engineering.plants.

W w——
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s would be tripped for both Westinghouse

O e TP IT— .vw‘w

Trainino Cuidelines and Emergency Procedures

1E Bulletins 76-05C and /5-06C (item

s 3 ang 4) reguested the Westinghouse,

" Combustion Engineering, and Eabcock & Wilcox plant licensees to:

(1)

Develop new guidelines for LOCA and non-LDCA events based on LOCA - "

analyses and RCP trip requirements, and .

Revise emergency procedures and

(2)

- In gener2), the licensees have ident
training for loss of coolant events

This effort on LOCA events was already in progress at the

bulletin was issued.-

* Because of the potential for initiat
events such as overcooling because ©
system, the operator would have to t

he could make a determination about what event is occurring.

we require that the licensee have pr
handle non-LOCA events which may als
coolant pump trip. '

The procedures for these non-LOCA ev
tripping the reactor coolant pumps,
_circulation, pres
tion criteria, and reactor coolant p
should confirm that these procedures
the operators have been traiped in t

sure control without the pressurizer spray,

train all licensed operators and

senior reactor operators based on these new guidelines. '

jfied guidelines, procedures, and
in their responses to these items.
time the

ing ECCS by otker depressurization

f a malfunction in the secondary

rip the reacter coolant pumps before
As a result,
ocedures and operator training to

o have ECCS actuation and reactor

&

ents should include instructions on  ~
monitoring and initiating natural
HPI termina-
ump restart criteria. The Ticensees
for non-LOCA events are in place and

1

i

.-

heir implementation.
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i released into e atmosphere dur ing the recen’

: nuclear aczilent ol the Rodent E. Gizna plany .

} because cperators were ™o late™ in tur

2' off emergeacy pumps, according toa prehzm-l

{ mary evajuation bya saf! member of the Nuw*
o Clear Regulatory Commission. | —— = . -t
A second release ocowrred 25 minutes later |
because Cperatess reslanied the pumps for
“unnown® reascns, the study found.

2% Chrosclegy of Accldemt  ~

judge whether actions by operators were “cor-
. rect, incorrect or could stand fmprovement.*”
-However, its zuthor and other officials of the
commissicn saintaised 1oday that the opera-
tors bad handied the accident well. A spokes-
* roan for the Rochester Gas and Electric Com-
* paoy, Judy Houston, said that the utility had
- not seen the dcv:u...'-t end Lh:'t!n could net

e '-‘."?

TON, Feb. 7 — M.Jon"uv::y war

" The eva.!u:..x.... said It” was p:t._.atun" u :

commentenit, o i, g o e s

l The evaluatios 2'so points to problems in the
sa.!e’) systems of the plant, 8 Westinghouse de-
t _Sign in common use, which made the a.:demi
*harder t5 control. Qne major plant compones. !
; used to regulate the pressure in the reactor was
dxubled by & combination of safety actions, ac-"!
curd.::,g 1o & chronology of the accident that i
p..‘o'thonm:xm...‘.—- !h.- “{. 2 ;
The evalustion, which 4s stamped * mn." H
;.u writies by Themis P, Spels, sssistant &b |
rector for resctor safety of the Division of Sys- ¢
‘tems 1ztegration. The division is studying the !
problem of avicmatic reactor systems that in- |
teract in unexpected ways md cause prodlems
Ememe. rpenciest NS ramts ey ey

..d..-ﬂ

The dccident on Jen. 252t the p‘an' 16 mles
b portheast of Rochester, resulted in the uncon-
. trelled release of 2 small amoumnt of radicactivi-
: ty, alt hough such releases bave been avoided
. Curing similar accidents aY other plasts. - The
{ amount of radiation released was not danger.

, ous, according to'plant and c ramission offi-

du P"ov'-f bm»; . “"Q\-

Ac*:c'-d.ng o M-, S;r's s memo, the Glma

accident raises the spacter of far more serious |
Caccidents, someof w ‘.:c.“ are not anticipated by
current emergency procedures. For example,
remarks accompanying the chronology of
events imply that a crusia) safery vt.‘ve may
tnelly bave "u._k op, end U < stayed
cpen, according 10 the L::Jys.s 2! .5 not clear
Low ..a—-age 1o the rt"""' 's core would have
besn prevented.

In acdition, the b:«.v__ncy of the cr.:z::rs to
=raofl centzis safety p.v-,,.s in this c2se raises
the ;r::'....' tath
2 '.::..-c... t:..ld be roore i... nent, the pumps

zuld be Jeft on end presswre would rise sohigh
.::: the reacicr vessel md’ wiich m.ds the

uel, might be cracked. -y
rr Mr., Spris's x::e_'"orz:."_*: sieps shont of
Telerring to the actiors of the cperaicn as ef-
7o-s. However, his chronolopy of the accident
noies decsions roade by cpeszioss Bl resulted
inthe leak running fester, 25€ ina safery valve
**blowing™ twice 2nd ellowing radicactive
122 1o vent o the atmosphere
: 2 ident bezas, 32 9:25 AM. i oae of Gine .

Tare ceses, where such - -

‘smnu:.:mmwn At Ginna
: -xdn(lu'.b:: plants of its type arond
the .n:'.::ac:‘.n water {s coou-
lu-d:.vmdthzhax.n_sumud
thes pumped through thousands of pars | 5
row tobes, where &t pives off ity bext

trom the exira sieam forced open A re-
Lief valve, vhlc.hmtdouuidetbeu:»

talnment building, -
ftis dw iz ret.

Certain safery
u:?:he problem. Auto-

Tospect, g
x::uJu.By the reactor’s cantrol system
&mdtbelcsso.nt&fhtbe‘l&m
ve Joop and twped oo emergescy
1o 244 water, 1o magy cases, this
a necessary step to insure that the |the
mmﬂmmﬂ:hnw 1 the
core is tncovered, as happened at Three
Mie [sland, the resulting beat will dam-
.“L o--'ﬁ—-.{. s‘b’)

- .~av -4

: % h::npsuhonuqu

Jddm was compounded by the opers-
tors’ decision to turn off the e
pumps. At G.a..t. the pum
{oa Joager, Tum
Beendelayed lme: than pecessary and
resulted in @ brief discharge” to the at.
mesphere, the asalysis said, The valve
that allowed the nadicactive steam toes.
cape opened the first time as a "diect
result™ of shurtting down the pumps
“about X misutes o hu. ac.':ard:.ng
totheanalysie, + &

A second release’ c.n:::e wb::l the
pumps were restanted, a to the
asalysis, which said the reascms or this

. |actioa are “unknown.”

Reondd C. Hayoes, lcc'——‘ts:'-nc...-
cal who wae 2t the scene o3 the day of
the accidem?, said that even though re
:u:‘“.:.x the pumps resulted in & rejezse
of radicactvity, it wes a *‘conserva-
tive" step, because the operziors
:.boupt:twvuld ru.‘..cz the p:r.r.‘“m'yc:
corecamege. Do

The x:a.:ys!s said that "c;r-r.:*-'s tp-
pu.rm be very h:slunx" to turn off the

beede “when hey aie i...“‘luu. = o
eviascpposedta.” .
. In additica to these actions by the
cperators, the design of the reacior

!nthe'rhm Mie 1sland use‘tbe n, .

rar

seems to have made thelr job meore &iffi.
cat

For m...plg. whes the Jeak began
and the reacor st down, gatther 5V
te= putomescally begas closing valves:
udsbum..gdmpanscﬂ.bephmm
sidered Demessential in an emergency..

o::ecfumep-.mp:wm-dmpundl

airtooperate 8 valve that cas be used to:
reduce the pressure of the radicacuve’
water, 8 usefu! step if there isa leak
Shot Dows Pairof Pzps

Also as a salety step, the cperators
shut down a palr of puzps that, among
other functions, can be
water in the device
and theredy lower the pressure.
mupctwnts‘madmmmcn
the valve that relieves o3 the
radicactive water, but did o
valve untd @ minutes after the pccident
3 *The action is takes scmewhat
o0 late ™ remarks the evaluatics's rao-
ning commentary on the chreulogy.
Tbevmvemt.bendasd.bmmpru-
sure was still too high, s

Coe mizute later, the e;r_-nm
mdmevﬂnasmdum:dn
stu..km azalysis remuprks thatif

had been cpeniad oo timoe,

tyo!o!h:rmb‘.:ndmdub
wes that could be more rariows, ¢

steam
jesse to the atmosphere, Lmplying that ~
the valve may bave stayed opea uumy
Jonger than it was supposed to, Ameg
the points thst the analysis says “war.
nat further lovestipation™. are what
would bappen {f such a valve stock i
the open position and producad “a direct
path for, primary coolant to exter the at-
sasphere.” According to the acalysis,
“The present emergency yrwea\ms
probably do oot address this seeneria.”

In such a situation, unless the 1=k
could be stc;-;ed cr & new supply of
water could be found, the emergency
pu=ps would continue to add water,
which would b2 pamped throcgh the
bust tube or other )u.k. twaed isto

ste2x and rejeased to the exviremmest,
=il the emergency system had no
mere water Jeft, and *a net Joss of g
=xry coolant would ooy, Withot core
recuve aciica, core n:::rv::y would
eves=tually ccour,™ -

'X‘be':s-mof“mmufhm
¢amage, the most serious k‘.::d of acd
deat,

.-

ope the

|




