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I appreciate the opportunity to discuss recent experiences with the

operation of nuclear power plants in the United States. I plan to

touch br ie f ly on several operational problems that have occurred,

and to discuss the importance of these issues on the safety of nu-

clear power and steps taken by the Nuclear Regulatory Commission

in resolving these issues.

When the design and construction of a nuclear power plant i s complete

and the plant becomes operational there are basically two ways in

which improvements in safety technology can come about. These im-

provements are derived through safety research programs and through

actual operating experience. I w i l l discuss the rapid increase in

operating experience gained in large numbers of licensed



facilities in the United States, with several illustrations of oc-

currences where there were departures from expected behavior.

Through September of 1976, more than 300 reactor years of operating

experience had been accumulated by commercial nuclear power plants

in the United States. There are a total of 62 nuclear power plants

licensed in the United States with an aggregate electrical genera-

tor capacity of over 45,000 HWe; this total represents approximately

8% of the total electric generating capacity in the United States.

There has been no nuclear accident at any licensed power reactor

in which any member of the working staff or public has been killed.

However, there have been a number of unanticipated occurrences

having safety implications for which action has been required by

the Nuclear Regulatory Commission.

Organizational Structure

The Nuclear Regulatory Commission (NRC) began official operation on

January 19, 1975, the effective date of the Energy Reorganization

Act of 1974 which dissolved the Atomic Energy Commission and cre-

ated the NRC and the Energy Research and Development Administration.

The Energy Reorganization Act transferred tc the NRC the responsi-

bility of carrying out the regulatory provisions of the Atomic

Energy Act of 1954. These provisions established a framework for

regulating civilian nuclear power to ensure, among other things,

protection of public health and safety.



The Office of Nuclear Reactor Regulation, one of the five program

offices of the NRC, is responsible for evaluating applications for

the construction and operation of nuclear plants against the Com-

mission's rules and regulations. The Division of Operating Reactors,

an element of this Office, in coordination with another NRC program

office, the Office of Inspection and Enforcement, has the responsibility

for assuring that alloperating faci l i t ies are operated in compliance

with the Commission's rules and regulations.

The Division of Operating Reactors, of which I am Director, also

has the responsibility to collect and evaluate reactor operating ex-

periences to 1) assure that appropriate corrective action is taken

on operating faci l i t ies when problems occur, and 2) to provide feedback

of significant information to other Divisions of our Office conducting

evaluations of proposed nuclear faci l i t ies.

Sources of Operating Information

Several mechanisms exist to assure that the public, the nuclear in-

dustry, and foreign governments with which we have exchange ageeements

have access to U.S. reactor operating experience. This is accom-

plished by ensuring that periodic reporting requirements are included

in licensee's Technical Specifications for operating plants, by issuing

bulletins and circulars to all public ut i l i t ies and interested parties

as field experience is gained, and by industry-sponsored data systems.

In all of these ways information obtained at operating plants is made

available. The NRC has established exchange programs with several foreign



governments to encourage and facilitate the transfer of this and

other information regarding reactor safety.

The importance of this exchange and the need to make safety in-

formation available to countries with which we have exchange programs

is emphasized by recent experience with channel box wear problems in

boiling water reactors (BWR) and the use the NRC made of foreign

reactor experience. The first indications of channel box wear oc-

curred in a non-U.S. plant. Data from this facility aided the NRC

in establishing appropriate operating conditions to assure safe

operation in U.S. facilities while modifications were made to eliminate

the cause of channel box wear and vibrations. This operating experience

has been factored into new plant designs to eliminate the problem of

Lhannel box wear in future BWRs. I will discuss this in more detail later.

Operational Occurrences

It is apparent that technical issues will be identified as a result

of operating experiences at nuclear power plants. Because of the

broad applicability of many of these issues and because of the varying

degrees of safety singificance, the resolution of these issues for

various facilities may be quite different. This resolution some

times results in a plant design modification or perhaps administra-

tive procedures will need to be revised, or perhaps in the extreme

case, a completely new system design may be required. Many of the

technical issues that have received careful scrutiny by the NRC result
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from the fact that uncertainties associated with highly unlikely

events cannot be completely eliminated. The large safety margins

that are incorporated into each nuclear plant provide allowance

for such uncertainties. The l ikelihood of signif icant consequences

associated with operational events has been shown by experience and

by our reviews to be remote.

To better understand the treatment of operational events that have

occurred in the United States a few examples and their resolutions

wi l l be presented.

Browns Ferry Fire - . On March 22, 1975, an event occurred in the Ten-

nessee Vally Authority (TVA) Browns Ferry Nuclear Plant in the state

of Alabama, which shutdown two of the three nuclear units at the station

for an extended period. Each uni t is a boiling water reactor (BWR),

with a net electr ical capacity of over 1,000 megawatts.

A f i r e at the plant caused both Units 1 and 2, which were in fu l l

power operation, to be shut down shortly after the f i r e started.

Unit 3 was under construction and was not affected by this event.

The f i re originated in an electr ical cable penetration between the

cable spreading room located beneath the common control room for

Units land 2, and the reactor building. The f i r e burned for ap-

proximately seven hours, and spread horizontally and vert ical ly

from i ts point of origin to a l l ten cable trays within the penetra-

t ion , into the cable spreading room for several feet , and along



the cables via the cable insulation through the penetration for

about 40 feet into the reactor building. About 2,000 cables were

damaged.

Fire damage was primarily to electrical power and control cables,

and was localized in an area roughly 40 feet by 20 feet in an equip-

ment room within the Unit 1 secondary containment building.

Both units were shut down safely. However, because of the f i r e ,

al l normally used shutdown cooling systems and other components

which comprise the emergency core cooling system (ECCS) for Unit 1

were inoperable for seveial hours. In this unusual circumstance,

TVA used other installed equipment and maintained sufficient cooling

capability to protect the nuclear fuel from overheating. There

were no significant problems associated with the shutdown cooling

of the Unit 2 reactor.

Even though the normal and emergency core cooling systems were i n i -

t i a l l y unavailable in Unit 1, at lease f ive methods were available

to provide core cooling within the required time frame. During the

event, time was always available to take the required actions to

maintain the plant in a safe shutdown condition.

There was no adverse radiological impact on the public, plant per-

sonnel, or the environment as a result of the f i r e . Sampling ind i -

cated that air-borne release rates were less than 10 percent of the
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technical specification l im i t . Minor injur ies, including ten cases

of smoke inhalation and a fractured wrist, were sustained by personnel

engaged in the f i r e fighting a c t i v i t i e s .

A basic cause of the f i re was fa i lure to recognize the signficance of

the flammability of the materials involved. The immediate cause of

the f i r e was the ignition of polyurethane used for cable penetration

sealing material. Construction workers checking for air leaks in a

penetration connecting the cable spreading room with the reactor

building used a candle flame to detect air flow. The candle flame

ignited the polyurethane.

The NRC reviewed the safety of the units under the post-incident

conditions and made license changes necessary to maintain the units

in a safe shutdown condition during repair act iv i t ies necessary to

safely return the units to operation.

A special review group was established within the NRC to study cor-

rective measures to prevent or mitigate the consequences of similar

events. As a result specific guidance and requirements have been

prepared to improve the f i r e protection at nuclear plants. All

plants, including the 62 operating reactors, are being evaluated

against the c r i te r ia and any needed changes w i l l be made.



Steam Generator Tube Integrity

Operating experience in pressurized water reactors in the U.S. has

shown considerable steam generator tube degradation caused by various

phenomena including wastage, stress corrosion cracking, tube denting,

and also support plate cracking. The degradation associated with

corrosion and wastage has prompted changes in the chemical treatment

of secondary system water. Causes of the tube denting phenomena are

currently under study in the NRC. This is an example of a problem

that has both safety and economic concerns, since forced plant outages

can result if tube plugging or other repair is required. The diffi-

culties encountered in steam generator tube degradation in the United

States is creating an interest within the nuclear industry to consider

plans in the design of containment structures that will permit complete

removal and replacement of steam generators for a few reactors.

BWR Containment Deficiencies -. Late in January of 1976, the NRC

received the results of tests conducted by the U.S. BWR reactor

manufacture, the General Electric Co. (GE), in conjunction with a

group representing utilities owning boiling water reactors with the

"Hark I" containment design. The "Mark I" containment (i.e.,

light bulb-torus) is the pressure suppression design employed in

the 19 BWR units now operational within the U.S. Potential problems

with this design first came to light in early 1975, in conjunction

with certain hydrodynamic loads which were identified by testing



of more advanced pressure suppression containments (Mark III). At

uiat time NRC notified all utilities using or planning to use pres-

sure suppression containments of the need to review these designs

to assess structural adequacy and to ensure proper safety margins.

The potential difficulty with this type of containment relates to

a phenomenon called "suppression pool swell." The suppression pool

is a safety apparatus consisting of a pool of water installed beneath

the dry well to condense steam and thus suppress the pressure which

would be produced in the event of a loss-of-coolant accident or in

the event of safety relief valve failure in the primary system.

The magnitude of the loads that would be imposed by these events

could conceivably impair the functioning of the reactor safety

systems.

The results of testing scale models of this containment type indi-

cate that the safety margins at the 19 operating units with Mark I

containment are not as great as originally forecast. In the case

of one plant -- the Vermont Yankee Generating Station — test results

revealed that the impact of the load on the suppression pool conse-

quent upon the severe accident postulated might be too great for the

structure to sustain. The licensee voluntarily shut down the facil-

ity to confirm the test results and carry out corrective actions.



The other 18 operating units instituted new operating procedures to

reduce the potential loads on the suppression pool.

Since the potential problem was identified in April 1975, the NRC

has closely reviewed the test results as they were developed and

required all BWR licensees to increase the safety margin ascribable

to the containment by altering their mode of operation. The NRC1s

review of each operating reactor has led to the conclusion that the

modifications in desiçin and procedure provided adequate safety margins

to protect against accidents and that the function of other emergency

systems would not be impared. A long-term program is presently

proceeding to better define the safety margins and restore them to

approximately the original safety levels. The NRC is also conducting

confirmatory tests of these phenomena through the Office of Nuclear

Regulatory Research.

Reactor Vessel Supports

During 1975, the NRC was informed by one of the U.S. nuclear power

plant owners that transient loads on the reactor vessel support members

could result in values in excess of those considered in the design should

a loss-of-cool ant accident occur in the reactor primary coolant pipe at

certain weld locations adjacent to the reactor vessel. These transient

loads have been described as loads due to (1) blowdown je t forces, (2)

transient differential pressures in the annul us between the vessel and

reactor cavity, (3) transient differential pressure across the core barrel.
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A survey of operating reactors in the United States has shown that

loads due to the differential pressure have not been analyzed for most

operating plants. Since this problem was ident i f ied in 1975, action

is being taken by the NRC to reach a resolution on a l l operating plants

where the problem exists. The nuclear industry has taken steps to cor-

rect this design deficiency in new reactors and the MRC is currently evalu-

ating the proposed design changes as part of the routine licensing process.

Cracks in BUR Feedwater Nozzles - . The U.S. reactor manufacturer

is conducting an extensive investigation of problems associated with

cracks in BWR feedwater nozzles. These cracks have been found in

the inner blend radii of reactor vessel feedwater nozzles in 9 BWR

plants. In general, from 50 to several hundred cracks were found in

each vessel assembly. While most cracks were superf ic ia l , some

cracks large enough to be signif icant were present. Ti.ese larger

cracks ranged in depth from 3/8 to 3/4 inch, and up to several inches

in length. I t appears that the cracking is in i t ia ted by high cycle

thermal fatigue in the stainless steel cladding, which progresses

deeper into the base metal by low cycle fatigue from thermal and

pressure stresses. The cause of the high cycle thermal stress ap-

pears to be rapid temperature fluctuation (+ 125F) associated with

cold feedwater bypassing the thermal sleeve to the nozzle near the

safe-end location. This rapid temperature f luctuation causes very

high surface thermal stresses in the austenitic stainless steel

cladding because of low thermal conductivity and high thermal ex-

pansion.
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I f the cracking were confined to the stainless cladding, there would

be l imited safety concern. However, when cracks reach a depth of

about 1/4 inch, the larger feedwater temperature swings caused by

startups and shutdowns, together with pressure stresses, cause the

cracks to grow deeper, and into the carbon steel base metal. General

Electric calculations predict that cracks could reach a depth of one

inch after 100 startup-shutdown cycles. A typical BWR wi l l experience

20-30 of these cycles from zero to fu l l power between each refueling.

The NRC has requested a l l affected u t i l i t i e s to report their inspec-

tion results, corrective action taken or planned, and future inspec-

tion schedules. Our review of this problem is continuing.

New BWR fac i l i t i es should incorporate mechanical design modifications

or operational limitations to preclude this problem. Consideration

wi l l be given to the following:

1. Maximum feedwater temperature variations

2. Effect of not cladding the nozzle with stainless steel

3. Thermal sleeve design

4. Sparger design characteristics that may result in fluctu?ting

eddy currents established by the interaction of the hotter,

circulating reactor coolant with the incoming cooler feedwater",

and,

5. Inspectability of the nozzle inner raddi and bore.
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Reactor Pressure Transients -. Over the past several years, incidents

identified as pressure transients have occurred in pressurized water

reactors (PWR) in the United States. The term pressure transient re-

fers to events that have exceeded the temperature-pressure limits of

the reactor pressure vessel that are included in the Technical Speci-

fications of each operating nuclear plant. To date there have been

some 30 such events. While the majority of these events have occurred

before the plant has achieved initial criticality, the increasing

frequency of such events has caused the NRC to actively pursue the

need for improving low temperature overpressure protection of nuclear

vessels.

Over half of the 30 events that have occurred in the United States

took place during the startup or shutdown of the facility when the

temperature was below the normal operating range and the brittle

fracture or fracture toughness properties of the vessel materials

are reduced. The NRC has verified, however, that results of fracture

mechanics and fatigue calculations show that no damage has occurred

to any reactor vessel.

All of the events were caused by either operator error or equipment

malfunction at the facility. In no instance was there any release

of radioactivity or damage to the reactor vessel.

In an effort to reduce the number of pressure transients the NRC has

taken action to require that all PWR licensees upgrade administrative
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procedures while design modifications to individual plants are being

made. Realizing that the potential safety significance of pressure

transients increases as the reactor vessel becomes irradiated, the

NRC plans to require design modifications and to ensure that these

modifications are made by the end of 1977.

Conclusions

These examples of operating events that have occurred in the United

States serve to illustrate the role of the NRC of assessing and en-

suring the safety of operating reactors on a continuing basis. The

events described have shown that prompt action is taken by the NRC

once a potential problem is identified. Any problem identified at

a particular power plant is considered at all other plants for which

the problem is applicable. The possibility of requiring shutdown or

curtailed operation of other affected reactors is considered; and the

experience is used to ensure that new designs, new reactors in the NRC

licensing process, are corrected to avoid the problems that are identi-

fied in operating plants. The NRC is committed, and my Division is

particularly committed, to ensure the safe operation of nuclear plants

in the United States.


