Important Historical Nuclear
Events

* SL-1

* Browns Ferry Fire
* Three Mile Island
 Davis-Besse
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Accident Sequence Precursors

Significant Precursors

* Sorted by event date.

; ACDP/ e
Date Plant Title LER CCDP Description
Multiole conditions coincident with RPV head The analysis included multiple degraded conditions discovered on various dates. These conditions included cracking of
02/27102 Davis-Besse de rgdati o 346/02-002| 6.E-03 |CRDM nozzles and RPV head degradation, potential clogging of the emergency sump, and potential degradation of the high]
g pressure injection pumps during recirculation.
When the reactor was at hot shutdown, a transformer in the switchyard shorted out during a storm, causing breakers to open
. . g g and resulting in a LOOP event. Although both EDGs started, the output breaker of EDG 1B, to essential bus 1B failed to
02/06/38 Catawbai2 LOoEWItamEBS unavalable 41496001 | 2IE-03 close on demand, leaving bus 1B without AC power. After 2 hours and 25 minutes, operators successfully closed the EDG
1B output breaker.
When the plant was in cold shutdown, operators implemented two unpermitted simultaneous evolutions which resulted in
0917194 Wolf Creek 1 Reactor coolant system blowdown to RWST 482/94-013| 3E-03 the transfer of 9,200 gallons (34, §25 liters) qf RCS inventory to the RWST. Operators immediately diagnosed the problem
and terminated the event by closing the residual heat removal crossconnect motor-operated valve. The temperature of the
RGS increased by 7 F (4C) as a result of this event.
A degraded condition resulted from relief valve and drain line failures in the altemative minimum flow systems for the
04/03/91 Harris 1 HPI unavailability for one refusling cycle 200/91-008| 6E-03 charging/safety injection pumps, which would have dlve_ned_ a S|gn|ﬂcant amount of safety injection flow away from 'Fhe _
reactor coolant system. The root cause of the degradation is believed to have been water hammer, as a result of air left in
the altemative minimum flow system following system maintenance and test activities.
The reactor was tripped manually following a loss of turbine governor oil system pressure and the subsequent rapid electrical
. Turbine load loss with trip; CRD auto insert fails; s 3 load decrease. Control rods failed to insert automatically because of two cold solder joints in the power mismatch circuit.
Yaizrige|  TurkeyiPoint3 manual reactor trip; PORV sticks open 230/86:039) 1E-03 During the transient, a PORY opened but failed to close (the block valve had to be closed). The loss of govemor oil
pressure was the result of a cleared orifice blockage and the auxiliary governor dumping control oil.
CVCS system leak (130 gpm) from the A weld break on the letdown piping, near the CCW/CVCS heat exchanger caused excessive RCS leakage. A loss of motor
06/13/86 Catawba 1 CCWICVCS heat exchanger joint (i.e., small- 413/86-031| 3.E-03 |control center power caused the variable letdown orifice to fail open. The weld on the 1-inch (2.54-cm) outlet flange on the
break LOCA) variable letdown orifice failed as a result of excessive cavitation-induced vibration. This event was a small-break LOCA.
While at 90-percent power, the reactor tripped with MFW pump 1 tripped and MFW pump 2 unavailable. Operators made an
; Loss of feedwater; scram; operator error fails error in initiating the steam and feedwater rupture control system and isolated EFVV to both steam generators. The PORV
06/09/85 Bavis:Besse AFW, PORV fails open S4gEo-013 1 1802 actuated three times and did not reseat at the proper RCS pressure. Operators closed the PORV block valves, recovered
EFW locally, and used HPI pump 1 to reduce RCS pressure.
Water from an HVAC vent fell onto an analog fransmitter trip system panel in the control room (the water was from the
05/15/85 Hateh 1 HVAC water shorts panel; SRV fails open; HPCI 20185018 2E.03 control room HVAC filter deluge system which had been inadvertently activated as a result of unrelated maintenance
fails; RCIC unavailable g = activities). This resulted in the lifting of the SRV four times. The SRV stuck open on the fourth cycle, initiating a transient.
Moisture also energized the HPCI trip solenoid making HPCI inoperable. RCIC was unavailable due to maintenance.
While at 23-percent power, an operator error caused a reactor scram and MSIV closure. RCIC was found to be unavailable
Operator error causes scram; RCIC during testing (one RCIC pump was isolated, and the other pump tripped during the test). RHR was found to be unavailable
Qaizties Lagalle unavailable; RHR unavailable SSEA0ot ] 2E0D during testing because of an inboard suction isolation valve failing to open on demand. Both RHR and RCIC may have been
unavailable after the reactor scram.
When the reactor was at 25-percent power, both reactor trip breakers failed to open on demand of a low-low SG level trip
g . : o . . 3 sighal. Amanual trip was initiated approximately 3 seconds after the automatic trip breaker failed to open, and was
02120153 Salem Trip-with:automatic reactorrip.capabliity felled | 222/83:011(  5:8-03 successful. The same event occurred 3 days later, at 12-percent power. Mechanical binding of the latch mechanism in the
breaker under-voltage trip attachment failed both breakers in both events.
With the plant at 74-percent power, the loss of bus E2 occurred because of a maintenance error during CRDM breaker logic
Loss of vital bus: failure of an EFW pump: testing. A reactor trip occurred, due to loss of CRDM power (bus E2), and instrumentation power was also lost (bus E2 and
06/24/81 Davis-Besse ! pume; 346/81-037| 2.E-03 [a defective logic card on the alternate source). During the recovery, EFW pump 2 failed to start because of a maladjusted

MSSYV lifted and failed to reseat

governor slip clutch and bent low speed stop pin. A main steam safety valve lifted, and failed to reseat (valve was then
gagged).




SL.-1 Accident

Stationary Low Power Reactor 1 (SL-1)

* Small 3 Mw,, ) BWR
* Designed at INEL Idaho 1955-56
e Initial Criticality 1958

 Intended to power Army radar installations in tundra
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SL.-1 Accident
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SL.-1 Accident

Reactor Design
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SL.-1 Accident

January 3, 1961

* Reactor had been shut down since before Christmas, 1960
 Maintenance was being performed on Control Rod Drives
* Three operators working in the reactor building

* “Something” happened 9:01 p.m.
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SL.-1 Accident

An operator manually
withdrew a control rod

CRDMs had been removed
16” would cause criticality

20” to Prompt Crit
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SL.-1 Accident

9:01 - REACTOR
BECOMES
PROMPT
CRITICAL
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.004 SECONDS
LATER -
POWER PULSES
TO 20,000 Mw,,,
STEAM VOIDS
BLANKET CORE

.034 SEC LATER
STEAM VOID
CAUSES WATER
ABOVE IT TO
“HAMMER?”
VESSEL HEAD AT
160FT/SEC.
VESSEL TAKES
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SL.-1 Accident

Peak power was 20,000 Mw
* Equivalent to accelerating a 2000 1Ib car 0-60 in .0005 sec

Total Energy released was 140 Mw - sec
e Equivalent to a 2000 Ib car traveling 219 mph
*10 Pounds of TNT

Some of the fuel reached its vaporization temperature (3740 F)
* 20 % of fuel released

Steam pressure caused vessel to bulge from 14° to 15’ in diameter

Explosion killed the 3 operators
2 immediately, 1 after being evacuated
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SL.-1 Accident

After...
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SL.-1 Accident

atjanWorks-com
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SL.-1 Accident

Effects of Reactor Vessel
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SL.-1 Accident

Operators Killed by force of the explosion, however...

When vessel rose out of shielding, operators exposed to significant radiation
(activated operators) and much radioactivity released

e Evacuee read 100-400 rem/hr
eAttending Nurse received substantial exposure

* During the recovery of bodies,
* 13 workers received in excess of 3 rem
* 3 workers received in excess of 25 rem

* Releases from Core

* 10 curies became airborne by early morning 1/4
20 curies by the morning of the 5th
* A total of 50 more curies 1/6 - 30/61

G-112 OI/OIG Seminar




SL.-1 Accident

@) Killed in the only fatal U.S. nuclear plant accident in 1961 (Idaho),

Py o35 he is buried in a lead-lined casket which was then sealed in

McKINLEY
concrete and placed in a metal vault.

"Victim of nuclear accident. Body is contaminated with
long-life radio-active isotopes. Under no circumstances
will the body be moved from this location without prior

approval of the Atomic Energy Commission in
consultation with this headquarters.” - from the decedent's
records,

| N

Arlington National Cemetery RadiationworfScom
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Browns Ferry Fire

G-112 OI/OIG Seminar 25-Mar-10 - slide 16




Browns Ferry Fire

Browns Ferry had three GE BWR/4 reactors
Units 1 & 2 were operating at 100% power

Unat 3 still under construction

At 12:35 on March 22, 1975, a fire in the Unit 1 cable
spread room was reported to the control room
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Browns Ferry Fire

Two workers were installing polyurethane foam
insulation 1n the cable spreading room

To check for air leaks, the workers were using a
candle to see how air flow would affect the flame

The candle was held too closely, and the foam caught
fire at 12:20

Rapid airflow through the opening caused the flames
to spread
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Browns Ferry Fire

Control room
I 188 m

Spreading room
R tl 18% m

Reactor
core

Reactor
pressure
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Browns Ferry Fire
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Browns Ferry Fire

* Three fire extinguishers were used, but to no avail

e The incorrect fire reporting number was used, which
delayed the response

e At 1240, all the ECCS pumps had started
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Browns Ferry Fire

Equipment indications in the control room were
sporadic - - lights dimmed, glowed brightly, and
showed spurious other equipment starting

At 1250, the operators decided to shut down the
reactor — after power had dropped inexplicably
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Browns Ferry Fire

* At 1255, the only flow left into the reactor was the
CRDs:

* Normal feedwater gone
e Core Spray was gone
 RCIC was gone
Other ECCS systems were gone

Most of the Control Room instrumentation was
gone

G-112 OI/OIG Seminar 25-Mar-10 - slide 25




Browns Ferry Fire

At 1330, the Unit 1 operator saw the core was about to be
uncovered

The operator depressurized the core, and used the Condensate
Booster Pumps to add water

At 1300, Unit 2 power began decreasing, and the reactor was
scrammed

At 1320, Unit 2 ECCS were lost

Finally, at 1415, Unit 2 was depressurized and control was
gained over the unit

G-112 OI/OIG Seminar 25-Mar-10 - slide 26




Browns Ferry Fire

e Other 1ssues:

A significant portion of the control room
indicators were gone

 An EDG failed at 1443
e At 1400 the onsite telephone system failed

e Torus level and temperature indications were gone
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Browns Ferry Fire

 Fire fighting issues:
* The Cardox system for that area had been disabled

e Once finally activated, it drove smoke and fumes
into the Control Room

* The Cable Spread Room visibility was inches

 Fire fighting equipment and SCBAs were broken
or nonexistent
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Browns Ferry Fire

 Although the professional fire fighting team from
Athens arrived at 1300, the onsite crews battled the
blaze for another six hours

* The Athens Chief recommended using water, but that
was denied because of electrical hazards

 When water was finally used, the fire was out in 20
minutes
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Three Mile Island - 2

March 28, 1979

Unit 2 experiences a loss of feedwater event
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Three Mile Island - 2
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Three Mile Island - 2

Sequence of Events
0 sec
The main feedwater pumps shut down automatically, due to a slight malfunction.

1 sec
Alarms sound within the control room.

2 sec

Because heat is no longer being transferred to the secondary loop, water pressure
and water temperature in the primary loop rise. This is normal and no cause for
concern.

3 sec
The PORYV (pressure relief valve) opens automatically, releasing steam into a
holding tank.
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Three Mile Island - 2

4 sec

Auxiliary feedwater pumps automatically turn on: However, these pumps are
isolated from the system by valves. Operators assume that the pumps are doing
what they're supposed to do.

9 sec

The control rods, made of boron and silver, drop into the core, shutting down the
chain reaction. Heat is still generated, though. In this state, the core produces
enough energy to light 18,000 homes. The PORV light goes out, indicating that the
valve is now closed. The valve 1s actually still open. Steam and water continues to
be released through the PORYV, creating a LOCA (loss of coolant accident).

G-112 OI/OIG Seminar 25-Mar-10 - slide 33




Three Mile Island - 2

2 min
The EIW (emergency injection water) is activated, and water flows into the
primary loop. This is a safety device, designed to keep the water at a safe level in

the event of a LOCA.

4.5 min

Operators observe that the water level in the pressurizer is rising and that the
pressure 1s decreasing. They turn off the EIW. The water level still appears to be
rising. Reactor coolant inventory is actually dropping. The water, along with the
steam, 1s now being released through the PORV.

8 min

An operator notices that the valves for the auxiliary feedwater pumps in the
secondary loop are closed. He opens the valves. The steam generators are now
being fed.
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Three Mile Island - 2

15 min
By this time approximately 3,000 gallons have escaped from the primary loop.

45 min
Reactor coolant inventory continues to drop. Pressurizer level continues to

Increase.

1 hr 20 min
The reactor coolant pumps begin to shake violently. This is caused by the steam

passing through the pumps. Two of the four pumps are turned off.

1 hr 40 min
The other two reactor coolant pumps are turned off.
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Three Mile Island - 2

2 hr 15 min

Water no longer covers the top of the core. The control rods react to the
superheated steam environment and begin to release hydrogen and radioactive
gases. These are also released through the PORV.

2 hr 20 min

An operator from the next shift comes on duty and notices that the PORV
discharge temperature is abnormally high. He stops the leak by shutting the
PORV's block valve. More than a quarter of a million gallons of radioactive
cooling water has been discharged since the PORV first opened.

Operators still don't realize that the water level in the primary loop 1s low. The
water within the loop continues to boil away, which causes more damage to the
core, more heat, and more radioactivity. 2 hr 30 min The operators receive the
first indication that radiation levels are going up.
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Three Mile Island - 2

2 hr 45 min

Radiation alarms sound. A site emergency 1s declared. Half of the core 1s now
uncovered, and the radioactivity of the water in the primary loop is 350 times its
normal level.

3 hr

Even higher radiation levels prompt the declaration of a general emergency. High
temperatures in the core lead some to believe that the core 1s uncovered; others do
not trust the temperature readings.

7 hr 30 min

Even after operators pump water into the primary loop, pressure is still high. The
PORV' backup valve 1s opened to lower the pressure.
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Three Mile Island - 2

O hr

Hydrogen explodes within the containment structure, causing a pressure spike on
the control room gauges and an audible thud. The spikes are believed to be caused
by an electrical malfunction; the thud 1s thought, at least by some, to be just a
ventilator damper.

15 hr 50 min

The primary loop's pumps are turned on, which circulate water around the core.
The core's temperature 1s finally under control, although half of it 1s melted and
part of it has disintegrated. Also, there's still hydrogen in the primary loop.
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Three Mile Island - 2

TMI-2 Core End-State Configuration
The end result: 2
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Three Mile Island - 2

The aftermath:
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Three Mile Island - 2

But in perspective:

Fiper Alpha oil rig platform explosion - Morth Sea Fatalitv Comparison Statistics
Chernobyl nuclear accident US Coal Mlnlng 1931-1995 33’134
T ——————————— O1l / Gas Industry 1992-1995 719
Toxic gas leak - Union Carbide - Bhaopal, India Chemical Manufacturing 1992-1995 20
M gﬁ1 Grand Hotel Fire - Las Vegas US Automobile 1899-1995 2’9039036
Smoking per year 419,000

Three Mile Island partial meltdown US Civil Aviation 1938—present ‘|‘54,000

US NRC Nuclear Power Historical 0

Sinking of the Titanic

*The China Syndrome had been released 12 days earlier
*This unit was only operated for 4 days before the accident
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Davis-Besse Head Event

Reactor Vessel Head Degradation Location

Contral Rod Drive

Mechanism Reactor Vessel Head
Carbon Steel Portion
Area of Davis Besse

Reactor Vessel Head

Degradation I | Reactor Vessel
Head Insulation

\ Reactor Vessel Head
Stainless Steel
Cladding Layer
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Davis-Besse Head Event

"MErmor” Type Insulation
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Davis-Besse Head Even
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Davis-Besse Head Event

25-Mar-10 - slide 45

G-112 OI/OIG Seminar



25-Mar-10 - slide 46

G-112 OI/OIG Seminar




Source: EPRI/DEI
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Significant Information Prior to RF-10
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flow SwRI test showed iron | | installed in containment | | "sbnomnally” dark t duc to Todine
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oxide concentration | to remove iron oxide | saturation
4 » e
Monthly replacement for preventive maintenance | l 1 week 1-2dv 2 wks 2 wks 1wk | 1-2dy 10% Power
Monthly replacement for preventive maintenance 1 wk 2 wks 2 wks 1wk | 1-2dy | Reduction (1 day)
T, R
’ 1996 | 1997 l 1998 ‘ 1999 ‘ 2000 ‘ 2001 ‘ 2002
Cycle 10 |8 Cycle 11 |B[ Cvdei2a || Cyac12B |§| Cyelc 13 |
RF-10 RF-11 RI-12 RIF-13

1) N-66 gasket replaced at RE-T&RF-8

1) N-31 leaks but gasket not changed
2) BA 15 powder and white

First indication of red colored boric
acid deposits from mouseholes in
quadrant of N-3

1) Head reported “clean™ at RF-8

1) Visual inspection 63/69 nozzles
2) Minor BA deposits around outer
nozzles of RV Head

3) BA deposits at center of head

1) Visual inspect S0/69 nozzles

2) Loose BA piling up behind outer
nozzles

3) BA brittle, breaks easily

1) Replaced gaskets N-3. 5, 6, 11, 31
2) Ne "red" deposits under N-3 tlange
3) Bottom of flange N-3 not inspected
due to hard BA

1) No leakage from [lange gaskets
2) "Red" deposits under N-3 flange
3) Diflicult to get camera m place
34" of hard, brown, boric acid

Significant flow of red colored boric
acid deposits from mouscholes, piling
to 6" deep behind studs m sector of
N-3

Significant flow of boric acid deposits
from weepholes centered under N-3

1) Visual inspect 45/69 nozzles
2) BA definitely red and hard to break
up (needed crowbar) "lava-like"

1) Visual inspect 34?/69 nozzles
N-1:Jeak [N-5 & N-47 cracked]
N-2: leak, circ & minor wastage
N-3: leak & major wastage

2. Estimated Weight of Boric
Acid Deposits in Plenum (1)

CRDM Nozzle
Flange Conditions

Flow From Shroud
Weep Holes

RPV Head
Condition

Timeline of Key Events Related to Reactor
Vessel Head Boric Acid Wastage

Rev. 5 March 15, 2002



Davis-Besse Head Event

 End Result:
e 2 Convictions 1n Federal Court
e $5.45M in NRC Fines
e $23.7M in DOJ fines
e $4.3M in other fines

* Over $700M in outage costs
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Questions?
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