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The following contains the RST and Global Assessments.

*Global Assessments are incldued because a report refers to

the RST Assessment as a Global Assessment as well.
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effic ,al Use Onty-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

14000430 EDT March 25, 2011

UNIT ONE

STATUS:

Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) The volume of
sea water injected to cool the core has left enough salt to fill the lower plenum to
the core plate (GEH, INPO, Bettis, KAPL).
Vessel temperatures 149230C at bottom drain, 19724CC at FW nozzle

I (b6)4--J-'-424-) (NISA 1800 JDT 3/25)
RPV at 65.7 psi (increasing trend , DW and torus pressur at 40 osi (decreasing

_ 6L•ed24% NISA
1800 JDT 3/25).

Core Fresh water iniection initiated at 1537 hrs JDT 3/25-Saltwatem-i.jecr4on, injecting
Cooling: through feedwater 1204-!-94/t,-(JAIFher-3001/min or 31.7 qnm (NISA),-ef

7gatL-f4•TE-P*..Q): Recirculation pump seals have likely failed. (GEH) ; Expect
to go to freshwater late on 3/25

Primary Not damaged, 4058 psia (TEPCO was considering venting on 31241
Containment:

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 390074;8@ R/hr, Torus 2490?9490 R/hr (source instruments unknown),
Outside plant: 100R'hr debris outside Rx building (covered): 26mnR/hr at gate
(variable -less-than.&RlhF (INPO 0900 hrs 3/25/111-T-P-.#-C-gpm-3.2t-1/44)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting fresh waterse.,water
through the feedwater system is cooling the vessel but limited if any flow past the fuel. GE
believes that water flow, if not blocked, should be filling the annulus region of the vessel to 2/1
core height.! (b)(4),(b)(5)
b There is likely no water level inside the core barrel. Natural circulation believed impeded
by core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3/19
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.
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--Offi•eUtsea Ql
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

14000430 EDT March 25, 2011

RECOMMENDATION&

i Frmatted: NormaINRC, No bullets or numbering

(b)(4),(b)(5)
- -4Formatted ~1

I Formatted: Indent: Left: 2", No bullets or numbering

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert

Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation

2
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Of.icial Usc Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

140004,30 EDT March 25, 2011

Hydrogen gas production more prevalent in salt water than in fresh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen

(b)(4),(b)(5)

(b)(4),(b)(5 [-Containment spray should e secur before 2 psia. to
prevent opening vacuum breakers.

0
I . . .. (b)(4),(b)(5) -

I -

o When flooding containmeol, cosider the implications of water weight on seismic
capability of containmen )

(b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling materialon
bottom of vessel.

(b)(4),(b)(5)

3
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
140004,39 EDT March 25, 2011

UNIT TWO

STATUS:
Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Seawater injection through RHR via fire water, bottom head temperature
104-5C, feed water nozzle temperature 107OC (NISA 1800 JDT 3125/11)
(JAIF, NISA,.TEPCO) Recirculation pump seals have likely failed. (b)(6)
Expect to go to freshwater late on 3/25

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Spent Fuel Fuel covered, seawater injected on March 20, fuel pool temperature 524(QC
Pool: (JAIF, NISA, TEPCO 1800 JOT 3/25/11)

Rad Levels: Drywell 45694599 R./hr; Torus 154,-- R/hr (source instruments unknown)

Other: External AC power has reached the unit. checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater throuqh the RHR system is cooling the vessel, but with limited, flow
past the fuel.I (b)(4),(b)(5) jater flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. Based on the reports of RV level at one half core
height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

R Iflf)M MF:NflATIC N •
RECOMMPIMIDATI(W 1

I_._J (b)(4).(b)(5)

4
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-Offlcial-Use-Onty-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

14000430 EDT March 25, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert @(b(6)

"Steam/condensing could jeopardize inert environment,, a the pray will
remove steam which is preventing Hydrogen detonation (b)(

" Hydrogen gas production more prevalent in salt water than in resh water
Oxygen from the injected seawater may come out of solution and create a

5
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- UOtcia]Ase-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

14000430 EDT March 25, 2011

hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen. (b)(6)

(b)(4),(b)(5)

(b)(4),(b)(5) Containment spray should be secured before 2 psia to
prevent opening vacuum breakers.

01 (b)(4),(b)(5)
lI

0 When flooding containment consider the implications of water weight on seismic
capability of containment (b) .(6)•

0

O (b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
QCD I.] -it.;-4- )id n. n )(i5)nsu e

(b)(4),(b)(5)

CRD injection is desired for cooling directly tO the core ano for cooling material on
bottom of vessel.

6
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Of••lcia Use Only-
RST Assessment of Fukushima Dailchi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

14000430 EDT March 25, 2011

UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) '-

I (b)(4),(b)(4 )

Core Cooling Freshwater iniection via fire line initiated 1802 JDT 3/25!11
(NISA)Seawater injection through RHR, bottom head temperature
11 1445C, feed water nozzle temperature Unreliable81i. (JAIF, NISA
1800 JDT 3/25/11, TEPCO) Recirculation pump seals have likely failed.
(b)l(6) Expect to go freshwater cooling late on 3125

Primary Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)
Containment

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF, NISA, TEPCO), spraying and pumping sea water
Pool into the SFP via the Cooling and Purification Line (NISA)

Rad Levels: DW 51i00600P R/hr, torus 150:-.r R/hf(bX6) 0900 3/25/11 Call source
instruments unknown)

Other. External AC power has reached the unit, checking integrity of equipment

before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater throsnh the RHR system is cooling the vessel, but with limited, flow
past the fuel. (b)(4),(b)(5) hrater flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. Based on the reports of RV level at one half core
height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on informratio from TEPCO of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. it is also possible the material could have come from Unit 4)(b)_(6)

7
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Offleial Use Gn~y-
RST Assessment of Fukushima Dalichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

140_0043 EDT March 25, 2011

Unit 3 turbine building basement is floodin. .Samqj"•esof vater indicate some RCS fluid
is presentI

.1- ,, I .I Several Possible sources JMSIV leakaqe, FW checkt va. es, ,
buildino sump drains) were identified, however the ikely source is the fire water spray
onto the reactor building. Additional evaluation is needed.

I RECOMMENDATIONS:

- I Formatted: NornaINRC, Indent: Left. 0.44% No
bulet or numbering

Formatted: NonnaNRC, Indent: Left 0.25, NO
-rbullets or numbering

- - Formatted: Indent: Left: 0.44", No bullets or
numbering

(b)(4),(b)(5)

8
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-Ome-eflsy--
RST Assessment of Fukushima Dailchi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

140004.30 EDT March 25, 2011

(b)(4),(b)(5)

a Attempt to inert with Nitrogen prior to venting and especially Detore utiiizing
containment spray, but do not delay venting or spraying the containment if that is

needed, just to inert (b(6

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation(6

" Hydrogen gas production more prevalent in salt water than in fresh water

Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of

water will generate additional oxygen.b

(b)(4),(b)(5) I

S(b)(4)(b)(5) Containment spray should be secured before 2 psia to
nrPvpnt onenino vacuum breakers.

o (b)(4),(b)(5)

o When flooding containment consider t e implications or water weignt on seslbili

capability of containment (b)(6)

(b)(4),(b)(5) ]
o Borate water it possible. (i sa in vessels, 1 llm. Ul

in vessel when deciding how much boron to add.)

9
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RST Assessment of Fukushima Dailchi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
14000430 EDT March 25, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary:
Containment

Secondary:
Containment:

Spent Fuel
Pool:

Rad Levels:

Other:

Not applicable (JAIF, NISA. TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA. TEPCO)

Low water level, spraying with sea water, hydrogen from the fuel pool
exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)
Temperature is inknowntw ack-up-te-Occ-G (NISA)t (b)(4),(b)(5) I

External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF. NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCO of
neutron sources found up to 1 mile from the units, and very high dose'rate material that
had to be bulldozed over between Units 3 and 4. It is also possible the material could
have come from Unit 3).

RECOMMENDATIONS:

- Maintain coverage of spent fuel pool with fresh borated water
- As possible, put spent fuel cooling and cleanup in service

10
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"Lff Ur Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

14009430 EDT March 25, 2011

UNIT FIVE

STATUS:

Core Status:

Core Cooling:

Primary
Containment

Secondary
Containment

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA. TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling not functioning Ternperature 37.9 C (NISA 1800
3J25/11' (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

11
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Official Use On.ly
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from )NPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

140004Q0 EDT March 25, 2011

UNIT SIX

STATUS:

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Functional (JAIF, NISA, TEPCO)

Containment

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF. NISA,

Containment: TEPCO)

Spent Fuel Fuel pool cooling functioning. Temoerature 22 C (NISA 1800 JDT
Pool: 3/25/11) (JAIF, NISA, TEPCO)

Other: External AC power.supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF. NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

12
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-Offie•U ny--
RST Assessment of Fukushima Dalichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

14000430 EDT March 25, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

13
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offciýa:l us Oly-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March.25, 2011

UNIT ONE

STATUS:

Core Status:

Core
Cooling:

Primary
Containment:

Secondary
Containment:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) The volume of
sea water injected to cool the core has leftenough salt to-fill the lower plenum to
the core plate ý(GEHg INPO, Bettis, KAPL).3
Vessel temperature' 149C at bottom drain, 197C at FW nozzle (NISA 1800
JDT 3/25)
RPV at 65.7 psig (increasing trend), DW and torus pressure at 40 psig
(decreasing trend) (NISA 1800 JDT 3/25).

Fresh water injection initiated at 1537 hrs JDT 3/25, injecting through feedwater-
1201/min or 31.7 g/m (NISA); Recirculation pump seals have likely failed.(GEH)
; Expect to go to freshwater late on 3/25

Not damaged, 40 psia (TEPCO was considering venting on 3/24)

Severely damaged (hydrogen explosion)

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels:

Other:

DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant:
26mR/hr at gate (variable) (INPO 0900 hrs 3/25/11)

Electric power available, equipment testing in progress (JAIF, N ISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through
the feedwater system is cooling the vessel but limited if any flow past the fuel. __E believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.

(b)(4).(b)(5) h66 is
iKely no water level inside the core barrel. Natural circulation believed impeded by core

damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3/19)
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

RECOMMENDATIONS:
- Make the protection of primary containment a priority

1
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Official Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert

• Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation [@b)

" Hydrogen gas production more prevalent in salt water than in fresh water.
Oxygen from the injected seawater may come out of..sution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen.F - ]-(6

t ~ (b)(4),(b)(5)

0
(b)(4),(b)(5) Containment spray should be secured before 2 psia. to

prevent opening vacuum breakers.

2
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-- Official Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

o0 (b)(4),(b)(5)

o when flooding containment, consider the implications of water weight on seismic
capability of containment (b)(6)

(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintaiined as full a. nn.s.ihl•.
Ensure SFP level aintained as full as nossible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

3
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-Offefse-aGn-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

UNIT TWO

STATUS:
Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Rad Levels:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Seawater injection through RHR via fire water, bottom head temperature
104C, feed water nozzle temperature 107C (NISA 1800 JDT 3/25/11) (JAIF,
NISA, TEPCO) Recirculation pump seals have likely failed. Expect to
go to freshwater late on 3/25

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Fuel covered, seawater injected on March 20, fuel pool temperature 52C
(JAIF, NISA, TEPCO 1800 JDT 3/25/11)

Drywell 4560 RPhr; Torus 154 RPhr (source instruments unknown); Outside
plant: 26mR/hr at gate (variable) 0900 hrs 3/25/11)

External AC power has reached the unit, checking integrity of equipment
before energizing.

Other:

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seaWater through the RHR system is cooling the vessel, but with limited, flow

13"•• (b 11the reports of RV level at one hal core
height, t e reac or vesse wafer sewe r believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

4
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OffcaUseOnly
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

RECOMMENDATIONS:

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert- (b(6

Steam/condensing could jeopardize inert environment, , as the spray will
remove steam which is preventing Hydrogen detonation
Hydrogen gas production more prevalent in salt water than-in-fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen. ;

5
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-Officia: s Ol
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

1400 EDT March 25, 2011

0

(b)(4),(b)(5)

(b)(4),b5 IContainment spray should be secured before 2 psia to
prevent opening vacuum breakers.

I (b)(4),(b)(5)
0

o When flooding containment consider the implications of water weight on seismic
capability of containment (b)(6)

0

o (b)(4),(b)(5)
o Borate water if nossible. (With salt in vessels, consider effec~t of ac~idic, c~nndition.5

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as oossible

(b)(4),(b)(5)

C;U injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)

6
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-Official4se-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

1400 EDT March 25, 2011

UNIT THREE

STATUS:
Core Status

Core Cooling

Primary
Containment

Secondary
Containment

Spent Fuel
Pool

Rad Levels:

Other:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)
(b)(4),(b)(5)

Freshwater injection via fire line initiated '1802 JDT 3/25/11
(NISA)Seawater injection through RHR, bottom head temperature 11 1C,
feed water nozzle temperature Unreliable (JAIF, NISA 1800 JDT
3/25/11, TEPCO) Recirculation pump seals have likely failed.F(b)(6)
Expect to go freshwater cooling late on 3/25

Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Damaged (JAIF, NISA, TEPCO)

Low water level (JAIF, N ISA, TEPCO), spraying and pumping sea water
into the SFP via the Cooling and Purification Line (NISA)

DW 5100 R/hr, torus 150 R/hr 0900 3/25/11 Call source
instruments unknown); Outside plant: 26rnR/hr at gate (variable) (b)(6)
0900 hrs 3/25/11); 100 R/hr debris outside Rx building (covered).

External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting sea ter through the RHR system is cooling the vessel, but with limited, flow

a e ad'on'the reports of RV level at one halt core
height, the reactor vessel water eve is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the tows.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCO of neutron sources found up to 1 mile from

7
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
1400 EDT March 25, 2011

the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4)(b•)•-
Unit 3 turbrine building basement is flooding• Samples of water indicate some RCS fluid
is presentj(TEPCO sample table - 3/25/ i). 1 (b)(4),(b)(5)

(b)(4),(b)(5) pSeverapossible sources (MSIV leakage, FW check
valves, Rx building sump drains) were identified, however the likely source is the fire
water spray onto the reactor building. Additional evaluation is needed.

RECOMMENDATIONS:

(b)(4),(b)(5)

8
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-Official-UseGrly--
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert - )

* Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonationFbi6

" Hydrogen gas production more prevalent in salt water th-anin resh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary contain.ment. The radiolysis of
water will generate additional oxygen (b)(-6--

(b)(4),(b)(5)
0

(b)(4),(b)(5) [Containment spray should be secured before 2 psia to
prevent opening vacuum breakers.

O I e (b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on seismic
capability of containmen (b)(6)

(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

- CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

9
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Offiial Usc Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

UNIT FOUR

STATUS:
Core Status:

Core Cooling

Primary:
Containment

Secondary:
Containment:

Spent Fuel
Pool:

Rad Levels:

Other:

Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Not necessary (JAIF, NISA, TEPCO)

Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Low water level, spraying with sea water, hydrogen from the fuel pool.
exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)
Temperature is unknown ý(NISA);, (b)(4),(b)(5)
3/24

External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCO of
neutron sources found up to 1 mile from the units, and very high dose rate material that
had to be bulldozed over between Units 3 and 4. It is also possible the material could
have come from Unit 3).

RECOMMENDATIONS:

- Maintain coverage of spent fuel pool with fresh borated water
- As possible, put spent fuel cooling and cleanup in service

10
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Orfcia;-U'sOnly-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

UNIT FIVE

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning Temperature 37.9 C (NISA 1800
3/25/11) (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor

11
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-Official Use Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

1400 EDT March 25, 2011

UNIT SIX

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT
3/25/11) (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

12
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
1400 EDT March 25, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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From:
Sent:
To:
Subject:
Attachments:

Evans, Michele
Friday, March 25, 2011 3:16 PM
McDermott, Brian; Holahan, Patricia; Correia, Richard
FW: SEN4STIVE OUO - RST Assessment
03-25-11 0430 RST Assessment Document.docx

From: Brown, Frederick
Sent: Friday, March 25, 2011 9:08 AM
To: Bahadur, Sher; Blount, Tom; Cheok, Michael; Evans, Michele; Ferrell, Kimberly; Galloway, Melanie; Giitter, Joseph;
Giwines, Mary; Hiland, Patrick; Holian, Brian; Howe, Allen; Lee, Samson; Lubinski, John; McGinty, Tim; Nelson, Robert;
Quay, Theodore; Ruland, William; Skeen, David
Subject: FYI: SENS-FIV,-OUOa - RST Assessment

FYI - a really good snap shot. Kudos to Bill Ruland, Brian Holian, and Dave Skeen for their work and
leadership in putting this together.

Note the OUO nature

From: RST01 Hoc
Sent: Friday, March 25, 2011 8:05 AM
To: Brown, Frederick
Subject: RST Assessment

I
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RST Assess of FukughimaDaiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
0430 EDT March 25, 2011

UNIT ONE

STATUS:

Core Status:

Core
Cooling:

Primary
Containment:

Secondary
Containment:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) The volume of
sea water injected to cool the core has left enough salt to fill the lower plenum to
the core plate (GEH, INPO, Bettis, KAPL).
Vessel temperatures.230C at bottom drain, 240C at FW nozzle F (b)(6)

0430 JDT 3/24)
RPV, DW and torus pressure increasing as a result of increased flow

(b)(6) 0430 JDT3124).

Saltwater injection, injecting through feedwater 119 I/min (JAIF), or 3001/min
ýt1ISAJ, or 7gal/min (TEPCO); Recirculation pump seals have likely failed.
,(GEH)ý; Expect to go to freshwater late on 3/25

Not damaged, 58 psia (TEPCO was considering venting on 3/24

Severely damaged .(hydrogen explosion)

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant
less than 6R/hr (TEPCO 9pm 3/20/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting seawater through
the feedwater system is cooling the vessel but limited if any flow past the fuel. I.E believes that
water flow, if not blocked, should be filling the annulus region of the vessel to /1 r-nra, heigh•

(b)(4),(b)(5) There is
I~ely no waier level insgie tne core Darrel. Natural circulation believed impeded by core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-319)
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

RECOMMENDATIONS:
-I(b)(4),(b)(5)

1
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-Offiushm Iise-i nnyt
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NIE

0430 EDT March 25, 2011

o

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (b)(6)

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation

" Hydrogen gas production more prevalent in salt water than in fresh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. I The radiolysis of
water will generate additional oxygen EfE,6,]

o Maintain venting capability
* Vent as necessary

Containment spray should be secured before 2 psia. to

(b)(4),(b)(5 prevent opening vacuum breakers.
0

o When flooding containment, consider the implications of water weight on seismic
capability of containment (b)(6)

I ~(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

2
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Off•cdal Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

0430 EDT March 25, 2011

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)

3
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_Official s Ol
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

UNIT TWO

STATUS:
Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Rad Levels:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Seawater injection through RHR, bottom head temperature 105C, feed water
nozzle temperature 100C_(_IS\) (JAIF, NISA, TEPCO) Pecirculation pump
seals have likely failed.El)xpect to go to freshwaTer late on 3/25

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Fuel covered, seawater injected on March 20, fuel pool temperature 40C
(JAIF, NISA, TEPCO)

Drywell 4590 R/hr; Torus 193 R/hr (source instruments unknown)

External AC power has reached the unit, checking integrity of equipment
before energizing.

Other:

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-1, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injectin seawater through the RHR system is cooling the vessel, but with limited,

_ý ý s eF ae sed orn the reports of RV le~v~el -aton-e-- alcor

height, the reactor vesse wa er believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:
-I (b)(4),(b)(5)

4
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Offdicia Use Onily
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, bdo not delay venting or spraying the containment if that is
needed, just to inert (b)(6)

Steam/condensing could jeopardize inert environment, , as the spray will
remove steam which is preventing Hydrogen detonation( -6
Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen.(b)(6)]

0

(b)(4),(b)(5) Containment spray should be secured before 2 psia to
ýprevent opening vacuum breakers.

0

I
o When flooding containment, consider the implications of water weight on seismic

capability of containmen (b)(6)

O ~(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Pncllra• .qlP Ilawl mninteninpri ne f"ll ne neceihla

(b)(4),(b)(5)

5)
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Off meial Use Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

O

(b)(4),(b)(5)
CR0 injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4), (b)(5)
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-Off ical-Use-Ont
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

0430 EDT March 25, 2011

UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPO0)

(b)(4),(b)(5)

Core Cooling Seawater injection through RHR, bottom head temperature 185C, feed
water nozzle temperature 81C (JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed.(b)--) Expect to go freshwater cooling late on
3/25

Primary Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)
Containment

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF, NISA, TEPCO), pumping sea water into the SFP
Pool via the Cooling and Purification Line (NISA)

Rad Levels: DW 6000 R/hr, torus 158 R/hr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting sea ater throu h the RHR system is cooling the vessel, but with limited, flow_t th . f, L ~ a e th ro u g th e4 .b) 5 R H 

...
t

e repo s o eve at one half core
height, the reactor vesse w believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which tags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCO of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4)(b(
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--Off iciaIL U.e-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

RECOMMENDATIONS:

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (6

* Steam/condensing could jeopardize inert environment, as the sray will
remove steam which is preventing Hydrogen detonationb6)

* Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of so-lution and create a
hazardous atmosphere inside primary conta;nment. The radiolysis of
water will generate additional oxygen. (b)(6)

o (b)(4),(b)(5)

(b)(4),(b)(5)
(b)(4),(b)( 5) Containment spray should be secured before 2 psia to

prevent opening vacuum breakers.

(b)(4),(b)(5)

0

0

o When flooding containment, consider the implications of water weight on seismic
capability of containment( -6

I(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as oossible

(b)(4),(b)(5)

8
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-Off icia Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

0430 EDT March 25, 2011

0
o (b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
0430 EDT March 25, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary: Not applicable (JAIF, NISA, TEPCO)
Containment

Secondary: Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)
Containment:

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly,,(JAIF, NISA, TEPCO)

Temperature back up to 100 C (NISA); (b)(4),(b)(5)
l(b)(4),(b)(5)

Rad Levels:
Other: External AC power has reached the unit, checking electrical integrity of

equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCO of
neutron sources found up to 1 mile from the units, and very high dose rate material that
had to be bulldozed over between Units 3 and 4. It is also possible the material could
have come from Unit 3).

RECOMMENDATIONS:

- Maintain coverage of spent fuel pool with fresh borated water
- As possible, put spent fuel cooling and cleanup in service

10
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Official Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

UNIT FIVE

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling not functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
0430 EDT March 25, 2011

UNIT SIX

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor
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OGfficalUse-GWt
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GLEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

13
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'Official Useb-nly"-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2409 0430 EDT March 245, 2011

UNIT ONE

STATUS:

Core Status: Damaged, fuel partially or fully exposed (JAIF. NISA, TEPCO)

The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate (GEH, INPO, Bettis, KAPL).

Vessel temperatures 230C at bottom drain, 240C at FW nozzle b([ 6
0430 JDT 3124)

R and torus pressure increasing as a result of increased fow
0.)K .1430 JDT3/24).L.

Core SaltwlqarFr-esh.ia4e34 injection, injecting through feedwater 119 [/min (JAIF), or
Cooling: 3001/min (NISA), or 7gal/min (TEPCO): Recirculation pump seals have likely

failed. (GEM) x _o,, In esh~wtei late cn 3W25

Primary Not damaged, 58 psia (TEPCO i'tms considering venting on 3/24)
Containment:

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA. TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant
less than 6R/hr (TEPCO 9pm 3/20/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA. TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting seawater threur,,

the feedwater sw~lem is 'or, lino the w.•se " gfid nv flnw cast the fue el '

•olv,,to~oJ II nere is

likely no water level inside the core barrel. Natural circulation believed impeded by core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (gn-3119J
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.
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OfficiaVO~r~reyt
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2NO0 0430 EDT March 245, 2011

RECOMMENDATIONS:
- F -

(b)(4),(b)(5)

Formatted

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert - -(b)(6-)

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation [b)

" Hydrogen gas production more prevalent in salt water than in fresh water.
Oxygen from the injected seawater may come out of.,solution and create a
hazardous atmosphere inside primary.nmntainment.; The radiolysis of
water will generate additional oxygen Ljb)

(b)(4),L)•

E Containment spray should be secured before 2 lbs ps a. to
prevent opening vacuum breakers.

01 (b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on seismic
capability of containment (b-6)

(b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

E(b)(4),(b)(5)
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""Official-Use Only----
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

2000 0430 EDT March 245, 2011

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)

:3
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* efciiruse,&0flY
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

2000 0430 EDT March 245, 2011

UNIT TWO

STATUS:
Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Core Cooling: Seawater injection through RHR, bottom head temperat,ure 105C, feed water
nozzle temperature 100C__N'SA) (JAIF. NISA, TEPCO)!Recirculation pump
seals have likely fald. o to rt ' 2'

Primary Damage suspected (JAIF, NISA, TEPCO)
Containment:

Secondary Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)
Containment:

Spent Fuel Fuel covered, seawater injected on March 20, fuel pool temperature 40C
Pool: (JAIF, NISA, TEPCO1

Rad Levels: Drywell 4590 RPhr; Torus 193 R/hr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater throuch the RHR system is cooling the vessel, but with limited. flowpast th(ue. b)4) (b)(5)psth fuea•le.d(b the reports of RV level at one half core

height, the reactor vessel water evel is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:
[ - (b)(4),(b)(5)

4
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 0430 EDT March 245, 2011

0

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (bM6)

¶Formatted

" Steam/condensing could jeopardize inert environment,, as the spray will
remove steam which is preventing Hydrogen detonationR 6)]

- Hydrogen gas production more prevalent in salt water than- nresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. ,'The'ra._Jiolysis of
water will generate additional oxygen.1,)_

(b)(4),(b)(5)

_ Containment spray should be secured before 2 •sL•, to
lr~venl nn~eninr, v~cniJim hre~kPr•

0 (b)(4),(b)(5)

o When flooding containment consider the implications of water weight on seismic
capability of containment (b)(6)

(b)(4), (b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions -

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

For-imatted: Inden-t: Hanging: 0.5"

Formatted: Indent: Left: 0.5", Hanging: O.5" i
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAP)), and DOE/NE
2000 0430 EDT March 245, 2011

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)

6
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
200 0430 EDT March 245, 2011

UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO

(b)(4),(b)(5)

Core Cooling Seawater injection through RHR, bottom head temperature 185C, feed
water nozzle temperature 81C (JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed. ( LEoect tu .c rresnwnt-r coolrqle (P

Primary Damage suspected suspe.n'ed (JAIFý-NISA, TEPCO). Not darnaied'
Containment _JAlFJ.0:0003,25ý

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF, NISA, TEPCO), pumping sea water into the SFP
Pool via the Cooling and Purification Line (NISA)

Rad Levels: DW 6000 RJhr, torus 158 R/hr (source instruments unknown)

Other. External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater, through the RHR system is cooling the vessel, but with limited, flow

t- t- he- fuel. (bh i l h •l(o••g •. P Pke reports of RV level at one hal core

height, the reactor vessel water ieve is' believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCoO of neutron sources found up to 1 mile from
the units, and very high dose rate material that iad to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4)-(b)(6)

7
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RST Assessrfient of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
-440 0430 EDT March 245, 2011

RECOMMENDATIONS:
- I -

(b)(4),(b)(5)

Formatted J

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (b)(6)

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonationb)

" Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside prmary containment. \Te radiolysis of
water will generate additional oxygen.EKI

(b)(4),(b)(5) I

I (b)(4),(b)(5) Containment spray should be secured before 2 ,.,:. to
prevent opening vacuum breakers.

(b)(4), (b)(5)
o When flooding containment, consider the implications of water weight on seismic

capability of containment (b)(6)

(b)(4), (b)(5)
u Borate water if possible. (With salt in vessels, consider effect ot acidic conditions

in vessel when deciding how much boron to add.)
Ensur Sn'FP lvlmami ,,,nti~,ned -m ful as ossncihicm

(b)(4),(b)(5)

8
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
04('U 0430 EDT March 245, 2011

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

9
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
2000 0430 EDT March 245, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary: Not applicable (JAIF, NISA, TEPCO)
Containment

Secondary: Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)
Containment:

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly (JAIF. NISA, TEPCO)

Temperature back up to 100 C (NISA); b 4 ---

Rad Levels:

Other: Extemal AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued.
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPC., :.1 of
neutron sources found up to 1 mile from the units, and very high dose rate material that
had to be bulldozed over between Units 3 and 4. It is also possible the material could
have come from Unit 3).

RECOMMENDATIONS:

Maintain coverage of spent fuel pool with fresh borated water
As possible, put spent fuel cooling and cleanup in service

10
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 0430 EDT March 245, 2011

UNIT FIVE

STATUS:

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Functional (JAIF, NISA, TEPCO)
Containment:

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
Containment: TEPCO)

Spent Fuel Fuel pool cooling not functioning (JAIF, NISA, TEPCO)
Pool:

Other: External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

11
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 0430 EDT March 245, 2011

UNIT SIX

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

12
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2040 0430 EDT March 245, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

13
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From:
Sent:
To:
Subject
Attachments:

RST01B Hoc
Friday, March 25, 2011 3:04 PM
trevor.cook@nuclear.energy.gov; sal.golub@nuclear.energy.gov
FW: NRC Reactor Safety Team Assessment 1400 EDT 3/25/11

03-25-11 1400 RST Assessment DocumentRedline.docx; 03-25-11 1400 RST
Assessment Document.docx

Update of the 13 page NRC Reactor Safety team assessment.
Rich

From: RSTOI Hoc
Sent: Friday, March 25, 2011 3:02 PM
To: RST01B Hoc
Subject: NRC Reactor Safety Team Assessment 1400 EDT 3/25/11

All,

Please find the 1400 EDT NRC RST Assessment attached. I have included a red-line version to show changes, and a clean

version.

Regards,
Eric Thomas
NRC RST

From: Huckaby, Thomas S.(INPO) [mailtol (b)(6)
Sent: Friday, March 25, 2011 9:48 AM
To: Huckaby, Thomas S.(INPO); Garchow, David F.(INPO);EIST ZI (b)(6) Hoc

Subject: 3-25 1100 Industry technical conference call

Please review the attachments for discussion on the 1100 conference call.

Thanks,
Thom Huckaby
INPO
ER Sr. Evaluator

(b)(6)

From: Huckaby, Thomas S.(INPO)
Sent: Thursday, March 24, 2011 3:15 PM
T o : (

Subject: RE: Review the RST Assessment Recommendations

Enclosed is the revised document from our 1300 conference call. Please provide any comments or corrections to me and I will
forward back to the NRC
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<< File: 03-24-11 1500 RST Assessment Document.docx >>
Thanks,
Thorn Huckaby
INPO ER Sr evaluator

----- Original Appointment---
From: Czekalla, Melissa B. (INPO)
Sent: Thursday, March 24, 2011 12:25 PM
To:

(b)(6)

Subject: Review the RST Assessment Recommendations
When: Thursday, March 24, 2011 1:00 PM-3:00 PM (GMT-05:00) Eastern Time (US & Canada).
Where:

When: Thursday, March 24, 2011 1:00 PM-3:00 PM (GMT-05:00) Eastern Time (US & Canada).

Note: The GMT offset above does not reflect daylight saving time adjustments.

<< File: RST 3-24-11 0600 assessment document.docx >>

Your New PGi Account
ReadyConference® Plus

Audio Conferencing

Host Passcode:1 (b)(6) I
Participant Passc-de )

nt'l Toll: 1-719-457.-443
JS/CAN Toll Free: 1-888-394-8197

This e-ai andan ne ýNary INFO or WANO information that is privilegd cofdnilol 11_c-y~i-t11srg to

INPO or WVANO .This o-mnail is intended solely for the use o e " for which it i's intq ,• f-3 are-riot the intended recipient of thi e - n il, any

pro~hibited. If you Pare not ffthe intended re~cipieri fIhs• •n~lf the sender immediately by return e-mail and permae ' •'a n n

copy' cr printout of this e-ma,. an nis

LThain k y ou.

EY 56 of 942



S FNW~~V P U F ~ SE

(b)(5)

Tomorrow's meeting was set for 2000.
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(b)(4),(b)(5)
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(b)(4),(b)(5)
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(b)(4),(b)(5)
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From:
Sent:
To:
Subject:
Attachments:

RST01 Hoc
Friday, March 25, 2011 2:06 PM
RST01A Hoc
FW: 03-25-11 0430 RST Assessment Document.docx
03-25-11 0430 RST Assessment Document.docx

From: Huckaby, Thomas S.(INPO) [mailto[ (b)(6) On Behalf Of INPOERCTech
Sent: Friday, March 25, 2011 1:44 PM
To: RSTOI Hoc
Subject: FW: 03-25-11 0430 RST Assessment Document.docx

From: Reandeau, Michael A. (INPO)
Sent: Friday, March 25, 2011 1:19 PM
To: INPOERCTech
Subject: 03-25-11 0430 RST Assessment Document.docx

Tom, my comments are noted on the attachment.

Mike Reandeau

D I SCLA4: ZR!
Tri.- ier'.Z%:! ard ony of it i• at chments uiy:;•,.6i P"'.,!.,•;a 14-aifr ato la ropri--.,At o., oopyr!,•ht b1. n,•n to

IN[PO ur 'A'A-R . This e-rm•.ii tis ;ntend-,3e. so÷-*ev fl), oh i v., n io eIn for if .: c ' the. hitIerncipA q-(,!:ip•ini t •r:,•- •f'.•
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
0430 EDT March 25, 2011

Comments provided for Unit I apply to Units 2 and 3 also. - Formatted: Centered

UNIT ONE

STATUS:

Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) The volume of
sea water injected to cool the core has left enough salt to fill the lower plenum to
the core plate (ýGEH, INPO, Bettis, KAPL).
Vessel tempera ures 230C at bottom drain, 240C at FW nozzleI (b)(6)
0430 JDT 3/24)
RPV, DW and torus pressure increasing as a result of increased flow
(GEH/INPO 0430 JDT3/24).

Core Saltwater injection, injecting through feedwater 119 I/min (JAIF), or 3001/min
Cooling: (NISA), or 7gal/min (TEPCO): Recirculation pump seals have likely failed.

(GEH) ; Expect to go to freshwater late on 3/25

Primary Not damaged, 58 psia (TEPCO was considering venting on 3/24
Containment:

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 RFhr (source instruments unknown), Outside plant
less than 6R/hr (TEPCO 9pm 3/20/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting sewa r.,
the feedwaiter system is cooling the ves",Tb ,4Lr'!(0•_,any flow past the fuel/I

(b)(4),(b)(5) lhere is

lkely no water level inside the core barrel. Natural circulation believed impeded y core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3119
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.
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--Gea-Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

RECOMMENDATIONS:

(b)(4),(b)(5)

1 Formatted: indent: Left: 1.5", Bulleted +
Level: 3 + Aligned at 1.25" + indent at I.S5

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert -[ b)(6)

" Steam/condensing could jeopardize inert environment, as the s ray will
remove steam which is preventing Hydrogen detonationl (b)(6)I

- Hydrogen gas production more prevalent in salt water than in resh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. fThe radiolysis of
water will generate additional oxygen. (b)(6)

0 (b)(4),(b)(5)

2
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-Offilial ý rry
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

0430 EDT March 25, 2011

(b)(4),(b)(5) I
- (b)(4).(D)(b) I Containment spray should be secured betore 2 psia. to

prevent opening vacuum breakers.

(b)(4),(b)(5)

Formatted; Indent: Left: 0.75", Hanging:
0.25' J

0

o When flooding containment consider the implications of water weight on seismic
capability of containment (b)(6)

(b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as fu!l as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4), (b)(5)

3
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-Offial-Use-Ot-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

UNIT TWO

STATUS:
Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

I(b)(4),(b)(5)

Core Cooling: Seawater injection through RHR, bottom head temperature 105C, feed water
nozzle temperature 100C IA) (JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed. b)() Expect to go to freshwater late on .3/25

Primary
Containment:

Secondary
Containment:

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Spent Fuel Fuel covered, seawater injected on March 20. fuel pool temperature 40C
Pool: (JAIF, NISA, TEPCO)

Rad Levels: Drywell 4590 R/hr; Torus 193 R/hr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater through the RHR system is cooling the vessel, but with limited, flowpast the fueU/ htt•(

height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:
- (b)(4),(b)(5)

4
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
0430 EDT March 25, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert bE)

" Steam/condensing could jeopardize inert environment, , as the spray will
remove steam which is preventing Hydrogen detonation (6

- Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. 1 The radiolvsis of
water will generate additional oxygen.(b-)(6)-- -

(b)(4),(b)(5)

I (b)(4),(b)(5) IContainment spray should be secured before 2 psia to
prevent opening vacuum breakers.

0

°I (b)(4),(b)(5)
o When flooding containment, consider the implications of water weight on seismic

capability of containment (b)(6)
0

I (b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

5
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
0430 EDT March 25, 2011

0 (b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)

6
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O ffi.c i;l 1 Use 0 n 1Y
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)

F (b)(4),(b)(5)/

Core Cooling Seawater injection through RHR, bottom head temperature 185C, feed
water nozzle temperature 81C_(JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed.L (b)(6) Expect to go freshwater cooling late on
3/25

Primary Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)
Containment

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF; NISA, TEPCO), pumping sea water into the SFP
Pool via the Cooling and Purification Line (NISA)

Rad Levels: DW 6000 R/hr, torus 158 Rlhr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting sea water through the RHR system is cooling the vessel, but with li
p a st the fu e l./ - J I I t ~ R

ahgt6 B -[He reports of RV level at one half core
eignt, the reactor vesse wa.er Ieve is believed to be even with the level of the

recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information fromITEPCO of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4). E)

7
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-efficial-use-onhy-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEiNE

0430 EDT March 25, 2011

RECOMMENDATIONS:
- I

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especiaiy before uunizin
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert

" Steam/condensing could jeopardize inert environment , as the spray will
remove steam which is preventing Hydrogen detonation rb•H6)

" Hydrogen gas production more prevalent in salt water than inTresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will qenerate additional oxygen. (b)(6)

(b )(4), (b)(5)
I0

I (b)(4),(b)(5) Containment spray should be secured before 2 psia to
orevent onenino vacuum breakers

0 (b)(4), (b)(5)
o When flooding containment consider the implications of water weight on seismic

capability of containmentb)

(b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

i I 8

EY 69 of 942



-Offieal-Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

0430 EDT March 25, 2011

0() (b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling matenal on
bottom of vessel.

(b)(4),(b)(5)

9
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Offci•l Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

0430 EDT March 25, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary:
Containment

Secondary:
Containment:

Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)

Temnerature back up to 100 C (N!SA);l (b)(4),(b)(5)

Rad Levels:

Other. External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCO of
neutron sources found up to 1 mile from the units, and very high dose rate material that
had to be bulldozed over between Units 3 and 4. It is also possible the material could
have come from Unit 3).

RECOMMENDATIONS:

Maintain coverage of spent fuel pool with fresh borated water
As possible, put spent fuel cooling and cleanup in service

10
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OffkicUseOnl
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEINE

0430 EDT March 25, 2011

UNIT FIVE

STATUS:

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary
Containment:

Functional (JAIF, NISA, TEPCO)

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
Containment: TEPCO)

Spent Fuel
Pool:

Other.

Fuel pool cooling not functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

11
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Offcial Use Odty
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

0430 EDT March 25, 2011

UNIT SIX

STATUS:

Core Status: In vessel (JAIF. NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary
Containment:

Functional (JAIF, NISA, TEPCO)

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
Containment: TEPCO)

Spent Fuel
Pool:

Other:

Fuel pool cooling functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

12
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officiaUs-e-
RST Assessment of Fukushima Dalichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

0430 EDT March 25, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

13
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From:
Sent:
To:
Cc:
Attachments:

ETOS Hoc
Thursday, March 24, 2011 11:49 AM
Sheron, Brian; Lee, Richard
OST02 HOC; FOIA Response.hoc Resource
RST 3-24-11 0600 assessment document.docx

Please find attached the current version of the RST assessment. It is currently being updated. This is to support Brian
Sheron's participation in 1500 Congressional Call and RES staff's participation in DOE call at 1700.
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-- Official Use-Gnty-
RST Assessment of Fu aii-ch-iD-c•h-tits-,060.March 24, 2011

UNIT ONE

STATUS:

Core Status:

Core
Cooling:

Primary
Containment:
Secondary
Containment:
Spent Fuel
Pool:
Rad levels:

Other:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) the volume of
sea water injected to cool the core has left enough salt to fill the lower head to
the core plate (GEH, INPO, Bettis, KAPL) Vessel temperatures 230C at bottom
drain, 240C at FW nozzle (b)(6) 0430 3/24) RPV, DW and torus pressure
increasing as a result of increased flowI (b)(6) ]0430 3/24).
Seawater injection, injecting through feedwater 119 I/min, or 3001/rmin, or
7gal/min (JAIF, NISA, TEPCO) Recirculation pump seals have likely failed.
(GEH)
Not damaged, 58 psi (TEPCO is considering venting on 3/24)

Severely damaged (hydrogen explosion)

Fuel covered, no seawater injected V 7 II,(JAIF, NISA, TEPCO).

DW 4780 RPhr, Torus 3490 R/hr, Outside plant less than 6R/hr (TEPCOj9pm
3/20/11) r--C
Electric power available, equipment testing in progres IF, NISA, TEPCO))

ASSESMENT:

Damaged fuel that may have fallen to the bottom of the core and fuel in the lowerregion of the
core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting seawater throuafPi-.rlwnt,-r -yvstrnm i*q rmlinn tht- v•_•.<p.I h O M 0 ,lrtdJ ny flnw nq.•t thp. fi i•l T-

e (b)(4),(b)(5) her s
likely no water level inside the core barrel. Natural circulation believed impeded by core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation.

The primary containment is not damaged.

RECOMMENDATIONS:

(b)(4),(b)(5)
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--mf inis000,ey---RST Assessment of Fukushima Daiichi Units, 0600 March 24, 20)11

UNIT TWO

, STATUS:
Core Status:-

Core Cooling:

Primary
Containment:
Secondary
Containment:
Spent Fuel
Pool:
Rad Levels:
Other:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCOi
r(b)(4),(b)(5)

Seawater injection through RHR, bottom head temperature 105C, feed water
nozzle temperature 105C (JAIF, NISA, TEPCO) Recirculation pump seals
have likely failed. )

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO)

Fuel covered, seawater injected on March 20, fuel pool temperature 51C
(JAIF, NISA, TEPCO)
Drywell 4590 R/hr; Torus 193 R/hr
External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESMENT:

Damaged fuel may have fallen to the bottom of the core and fuel in the lower r.nion nf
the rnrp iq likPlv nrqcgar4 in •l.l .- - .- ..

Iu #,'• ) J, u lt, o l
tL)A1+)AL)A0)

believed impeded by core damage. It is difficult to dermine how much cooling is
getting to the fuel. Vessel temperature readings are likely metal temperature which lags
actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:

(b)(4),(b)(5)
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-OfFcial Use Only-
RST Assessment of Fukushima Daiichi Units, 0600 March 24, 2011

UNIT THREE

STATUS:

Core Status

Core Cooling

Primary
Containment
Secondary
Containment
Spent Fuel
Pool
Rad Levels:
Other:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)

(b)(4),(b)(5)

Seawater injection through RHR, bottom head temperature 185C, feed
water nozzle temperature 81C _JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed.1 (b)(6)

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO)

Low water level, spraying with sea water (JAIF, NISA, TEPCO)

External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESMENT:

Damaged fuel may have fallen to the bottom of the core and fuel in the lower redion of
the core is likely encased in salt I (b.(4V.(b)(5') I

(b)(4),(b)(5) r j
Injecting seawater through the recirculation system is cooling the vessel, but with limited,
if any, flow past the ful

(b)(4),(b)(5)

/Natural circulation

believed impeded by core damage. It is difficult to determine how much cooling is
getting to the fuel. Vessel temperature readings are likely metal temperature which lags
actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool.

RECOMMENDATIONS:

(b)(4),(b)(5)
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Of ;~lll,,.o Us• OiIy-
RST Assessment of Fukushima Daiichi Units, 0600 March 24, 2011

UNIT FOUR

STATUS:
Core Status:

Core Cooling
Primary:
Containment
Secondary:
Containment:
Spent Fuel
Pool:

Rad Levels:

Other:

Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Not necessary (JAIF, NISA, TEPCO)
Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Low water level, spraying with sea water, hydrogen from the fuel pool
exploded, fuel pool is cool heating up very slowlyf(JAIF, NISA, TEPCO)
Tamrnnture back up to 100 C (NISA); (b)(4),(b)(5)

External AC power has reached the unit, checking. electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool.

RECOMMENDATIONS:

I (b)(4),(b)(5)

4
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OficIial Ube Only
RST Assessment of Fukushima Daiichi Units, 0600 March 24, 2011

UNIT FIVE

STATUS:

Core Status:
Core Cooling:

Primary
Containment:
Secondary
Containment:
Spent Fuel
Pool:
Other:

In vessel (JAIF, NISA, TEPCO)
Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)
Fuel pool cooling functioning,(JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

UNIT SIX

STATUS:

Core Status:
Core Cooling:
Primary
Containment:
Secondary
Containment:
Spent Fuel
Pool:
Other:

In vessel (JAIF, NISA, TEPCO)
Functional (JAIF, NISA, TEPCO)
Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)
Fuel pool cooling functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

Monitor

5
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-Official-U-se-On1y-
RST Assessment of Fukushima Daiichi Units, 0600 March 24, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF -Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

6
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•Orl U°i Oý
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

UNIT ONE

STATUS:

Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)

The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate (GEH, INPO, Bettis, KAPL).

Vessel temperatures 230C at bottom drain, 240C at FW nozzleI (b)(6)

0430 JDT 3/24)

RPV, DW and torus pressure increasing as a result of increased flow
(b)(6) 0430 JDT3/24).

Core Freshwater injection, injecting through feedwater 119 I/min (JAIF), or 3001/min
Cooling: (NISA), or 7gallmin (TEPCO) Recirculation pump seals have likely failed: (GEH)

Primary Not damaged, 58 psia (TEPCO is considering venting on 3/24)
Containment:

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant
less than 6R/hr (TEPCO 9pm 3/20/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting segwater through
the feedwater system is cooling the vesset4JFiAijl if any flow past the fuel.

(b)(4),(b)(5) IThere is

l11ely no water level inside the core barrel. Natural circulation believed impeded y core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3/19)
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.
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Official Use-Ony-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

RECOMMENDATIONS:

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert - (

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation (

" Hydrogen gas production more prevalent in salt water than in resh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. i"The radiolysis of
water will generate additional oxygen. (b)(6)I

0

0
(b)(4),(b)(5)

(b)(4),(b)(5) Containment spray should be secured before,2 lbs. to
prevent opening vacuum breakers.

0
(b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on
seismic capability of containment

(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4), (b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)
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--Officia Wse-Onty
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

UNIT TWO

STATUS:
Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Rad Levels:

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Seawater injection through RHR, bottom head temperature 105C, feed water
nozzle temperature 100_NISA) (JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed.I (b)(6)[

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Fuel covered, seawater injected on March 20, fuel pool temperature 40C
(JAIF, NISA, TEPCO)

Drywell 4590 RPhr; Torus 193 R/hr (source instruments unknown)

External AC power has reached the unit, checking integrity of equipment
before energizing.

Other:

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seajNater through the RHR system is cooling the vessel, but with limited, flow
past the fuel.1 (b)4 h( )I

n /ta'd orl the reports of RV level at one half core
eig , Ie reactor vessel water eve is believed to be even with the level of the

recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 EDT March 24, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but daontot delay venting or spraying the containment if that is
needed, just to inert ý (b)(6)

" Steam/condensing could jeopardize inert environment, , as the spray will
remove steam which is preventing Hydrogen detonationF(-b)(6)

* Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary, containment. ý.he radiolysis of
water will generate additional oxygen.( -

0

(b)(4),(b)(5)
0

(b)(4),(b)(5) Containmrent.•spray should be secured before 2 lbs. to
prevent opening vacuum breakers.

0o (b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on
seismic capability of containment (b)(6)

0

(b)(4),(b)(5)

o Borate water if oossible. (With salt in vessels, consider effec~t of acidin conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.
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-Officia Use-Orly-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

(b)(4),(b)(5)
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-OffriaI %se %y
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

UNIT THREE

STATUS:
Core Status

Core Cooling

Primary
Containment

Secondary
Containment

Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)
(b)(4),(b)(5)

Seawater injection through RHR, bottom head temperature 185C, feed
water nozzle temperature 81C (JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed. )

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO)

Spent Fuel Low water level (JAIF, NISA, TEPCO), pumping sea water into the SFP
Pool via the Cooling and Purification Line (NISA)

Rad Levels:

Other:

DW 6000 R/hr, torus 158 R/hr (source instruments unknown)

External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater through the RHR system is cooling the vessel, but with limited, flow
p~ast the fuel. I )(d) W/r,)/ I

-rBftae•'dIr6 the reports of RV level at one half core
height, the reactor vessel water leve--is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating -up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCo of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible-the material could have come from Unit 4)(b)

RECOMMENDATIONS:
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-Officia Usse-nly-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, bu odnot delay venting or spraying the containment if that is
needed, just to inert-1 (b)(6)

" Steam/condensing could jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation E)

" Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. IThe radiolysis of
water will generate additional oxygen.[ (b)(6J

0

0

(b)(4), (b)(5) K
I -

(b)(4),(b)(5) Containment spray should be secured before 2 lbs. to
prevent opening vacuum breakers.

0 (b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on
seismic capability of containment )

I(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5)
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Official U1. Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

(b)(4),(b)(5)
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Official Use Only1
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEJNE

2000 EDT March 24, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary: Not applicable (JAIF, NISA, TEPCO)
Containment

Secondary: Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)
Containment:

Spent Fuel. Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)

Temperature back up to 100 C (NISA);[ (b)(4),(b)(5)
3/24

Rad Levels:

Other: External AC power has reached the unit, checking electrical integrity of

equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCo of neutron
sources found up to 1 mile from the units, and very high dose rate material that had to
be bulldozed over between Units 3 and 4. It is also possible the material could have
come from Unit 3).

RECOMMENDATIONS:

- Maintain coverage of spent fuel pool with fresh borated water
- As possible, put spent fuel cooling and cleanup in service

9
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-Offici -Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

UNIT FIVE

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling not functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

10
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Official Use Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 EDT March 24, 2011

UNIT SIX

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

11
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 EDT March 24, 2011

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO -Tokyo Electric Power Company

12
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From:
Sent:
To:
Subject:
Attachments:

OST01 HOC
Thursday, March 24, 2011 4:01 AM
Virgilio, Martin; McGinty, Tim; Boger, Bruce; ET07 Hoc
FW: RST draft assessment for review

RST 3-23-11 2000 assessment document.docx

From: HOO Hoc
Sent: Thursday, March 24, 2011 3:58 AM
To: LIA07 Hoc; OST01 HOC; OST02 HOC; OST03 HOC
Subject: FW: RST draft assessment for review

From: RST01 Hoc
Sent: Thursday, March 24, 2011 3:55 AM
To: GE Hitachi Nuclear Response Team (GE Power & Water); Watford, Glen A. (GE Power & Water); inpoerc@inpo.org
Cc: HOO Hoc
Subject: FW: RST draft assessment for review

Please call NRC Headquarters Operations CenTer (301-816-5100) to be placed on Site Team Conference

From: RST01 Hoc
Sent: Thursday, March 24, 2011 3:33 AM
To: Nakanishi, Tony
Subject: RST draft assessment for review

Please see attached assessment for 0430 (EST) phone call

1
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RST Assessment of Fukushima Daiichi Units, 2100 March 23, 2011

UNIT ONE

STATUS

Core Status: damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO) the volume
of sea waterinjected to cool the core.bhas left enough salt to fill the lower head to the
core plate\(GEH, INPO, Bettis, KAPL)Vessel temperatures 350C at bottom drain, 345C
at FW nozzle (TEPCO)
Core Cooling: seawater injection, injecting through Core Spray and Feed Water
119 I/min, or 3001/min, or 7gal/min (JAIF, NISA, TEPCO) Recirculation pump seals have
likely failed.GEH)
Primary Containment: not damaged
Secondary Containment: Severely damaged (hydrogen explosion)
Spent Fuel Pool: fuel covered, no seawater injected (JAIF, NISA, TEPCO)
Rad Ievels:DW 4600R/hr, Suppression Chamber 3160 R/hr, Outside plant less than
6R/hr (TEPCO 9pm 3/20/11)
Other electric power available, equipment testing in progress (JAIF, NISA, TEPCO)

ASSESMENT

Damaged fuel that fallen to the bottom of the core and fuel in the lower region of the core
is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting seawater throu h
the feed water system is cooling the vessel but with limited if any flow past the fue

(b)(4),(b)(5)
There is likely no water level inside the core barre.

The fuel pool is slowly heating and has not reached saturation-

The primary containment is not damaged.

RECOMMENDATIONS
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RST Assessment of Fukushima Daiichi Units, 2100 March 23, 2011

UNIT TWO

STATUS

Core Status: damaged, fuel partially or fully exposed LJAlF, NISA, TEPCO)[ ~(b)(4),(b)(5) /

Core Cooling: seawater injection through RHR, bottom head temperature 105C, feed
water nozzle temrerature 105C (JAIF, NISA, TEPC0) Recirculation pump seals have
likely failed. (b)(6)
Primary Containment: damage suspected (JAIF, NISA, TEPCO)
Secondary Containment: damaged (JAIF, NISA, TEPCO) .!
Spent Fuel Pool: fuel covered, seawater injected on March 20, fuel pool temperature
51C (JAIF, NISA, TEPCO)
Rad Levels:
Other: External AC power has reached the unit, checking integrity of equipment before
energizing.

ASSESMENT

(b)(4),(b)(5)

Low level release path: fuel damaged, Reactor Coolant System breached at
Recirculation pump seals, Primary containment damaged resulting in low level release.
There is some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units, 2100 March 23, 2011

UNIT THREE

STATUS

Core Status: damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)I
(b)(4),(b)(5)

Core Cooling: seawater injection through RHR, bottom head temperature 225C, feed
water nozzle temperature 304C[(JAIF, NISA, TEPCO) tecirculation pump seals have
likely failed. (b)(6)
Primary Containment: damage suspected ()AIF, NISA, TEPCO)
Secondary Containment: damaged' (JAIF, NISA, TEPCO)
Spent Fuel Pool: low water level, sliraying with sea water (JAIF, NISA, TEPCO)
Rad Levels:
Other: External AC power has reached the unit, checking integrity of equipment before
energizing.

ASSESMENT

I (b)(4),(b)(5)

Low level release path: fuel damaged, Reactor Coolant System breached at
Recirculation pump seals, Primary containment damaged resulting in low level release.
There is some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units, 2100 March 23, 2011

UNIT FOUR

STATUS

Core Status: offloaded 105 days at time at accident (JAIF, NISA, TEPCO)
Core Cooling: not necessary (JAIF, NISA, TEPCO)
Primary Containment: not applicable (JAIF, NISA, TEPCO)
Secondary Containment: severely damaged, hydrogen explosion. (JAIF, NISA,
TEPCO)
Spent Fuel Pool: low water level, spraying with sea water, hydrogen from the fuel pool
exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)
Rad Levels:
Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool.

RECOMMENDATIONS

I (b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units, 2100 March 23, 2011

UNIT FIVE

STATUS

Core Status: in vessel (JAIF, NISA, TEPCO)
Core Cooling: functional (JAIF, NISA, TEPCO)
Primary Containment: functional (JAIF, NISA, TEPCO)
Secondary Containment: vent hole drilled in rooftop to avoid hydrogen build up (JAIF,
NISA, TEPCO)
Spent Fuel Pool: fuel pool cooling functioning (JAIF, NISA, TEPCO)
Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT

Unit five is relatively stable

RECOMMENDATIONS

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

UNIT SIX

STATUS

Core Status: in vessel (JAIF, NISA, TEPCO)
Core Cooling: functional (JAIF, NISA, TEPCO)
Primary Containment: functional (JAIF, NISA, TEPCO)
Secondary Containment: vent hole drilled in rooftop to avoid hydrogen build up (JAIF,
NISA, TEPCO).
Spent Fuel Pool: fuel pool cooling functioning((JAIF, NISA, TEPCO):
Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT

Unit Six is relatively stable

RECOMMENDATIONS

Monitor
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From: Marshall, Jane
Sent: Wednesday, April 06, 2011 1:14 PM
To: (b)(6)
Subject: Re: RST Assessments

Anytime. Forgot to note in the email that the files are OUO, but you already knew that.
Sent from my NRC Blackberry

From: Landau, Zachary L.
To: Marshall, Jane
Sent: Wed Apr 06 13:11:15 2011
Subject: RE: RST Assessments

(b)(6)

You are the BEST - thanks much Jane.

Zach Landau

L (b)(6)

From: Marshall, Jane [mailto:Jane.Marshall@nrc.gov]
Sent: Wednesday, April 06, 2011 1:04 PM
To: Landau, Zachary L.
Subject: FV: RST Assessments

Zach -

A couple of versions for you - first the 3/26 (Rev 0) version of the RST assessment, which we believe the NY Times
article refers to, and the 3/31 Rev I version, which reflects more current thinking.

As a heads up these documents were developed over a period of time so there are other versions, with different time

stamps. it is possible the NYT got a different version. However, these were the final versions of each Revision.

If you have any questions, please let me know

Jane

1
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From: Powell, Amy
Sent: Thursday, April 07, 2011 2:58 PM

To: Batkin, Joshua

Subject FW: RST Assessemnts
Attachments: 03-26-2100 Final RST assessment of Daiichi Units document.docx; 03-31-11 1200 RST

Assessment Document REV 1 .docx

From: LIA06 Hoc
Sent: Wednesday, April 06, 2011 12:37 PM
To: Powell, Amy; Schmidt, Rebecca; Burnell, Scott
Cc: LIA08 Hoc
Subject: FW: RST Assessemnts

Attached are the 3/26 (Rev 0) version of the RST assessment, which we believe the NY Times article refers to, and the

3/31 Rev 1 version.

As a heads up these documents were developed over a period of time so there 3re other versions, with different time

stamps. It is possible the NYT got a different version. However, these were the final versions of each Revision.

(b)(5)

Torn Bergman

Liaison Team Director
U.S. Nuclear Regulatory Commission

Operations Center

From: RST01 Hoc
Sent: Wednesday, April 06, 2011 12:13 PM
To: LIA06 Hoc
Cc: RST06 Hoc; RSTO1B Hoc
Subject: RE: RST Assessemnts

As Requested
RST Coordinator

From: LIA06 Hoc
Sent: Wednesday, April 06, 2011 11:14 AM
To: RST01 Hoc
Cc: RST06 Hoc; RST01B Hoc

Subject: RE: RST Assessemnts

This does not match the hard copy version that has been shared within the Ops Center. Tile version we believce his bee;n

widely shared is dated 2100 hrs 3/26/2011, and was the version referred to by Pat Castleman during the 10 am call this

morning. The version attached to your email is dated 0600 3/26/2001.
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Similarly, the Rev 1 version is dated 1200 lirs 3/31, and is an actual revision to the document. The Rev I we have in
hardcopy is more of an amendment, one page, and with no date stamp.

As we have been asked to provide these to OCA to provide to Congressional staff, and potentially to others, we need -o
make sure we are all working from the same versions. Please verify the versions of Rev 0 (believe 2100 is correct, and
need a copy if so) and Rev I you sent are the correct versions.

Thanks

Tom Bergman
Liaison Team Director
U.S. Nuclear Regulatory Commission
Operations Center

From: RST01 Hoc
Sent: Wednesday, April 06, 2011 10:55 AM
To: LIA06 Hoc
Cc: RST06 Hoc; RST01B Hoc
Subject: RST Assessermnts

The redline assessment from May 26 th
and
the May 31 Rev 1 of the assessment
are attached.

RST Coordinator

2
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(b)(5)

----.Offi r•-4 e-eTrlT--- .....-
RST Assessment of Fukushima Dalichl Units,

Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOE/NE
9!,0O440, EDT March 256_6 2011

The r.,rnino of tha- -'P.,ucunt n . m vid :. NR-C R,,~..or 5d~ m ~3s~at.nlr~c.onw ýmdaifri- ,ir Vie~ Fu ,r.
oaIchJ= rcaccrs to tIm USN"R•C:g.; ': . .J ir arsri:aslrl! d -, am re . 'liois are baseO (:rile bnr. ;'h., tr:';
n MIr.,Aio0.1. Wei ACK lra,.dun. lhlhl to lformationf io ctmlce ar•d , i'f! v'nrt

UNIT ONE

STATUS:

Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCOJThe volume of
sea water injected to cool the core has lefI enough salt to fill the lower plenum to
the core plate(GEH, INPO, Bettis, KAPLF .
Vessel temperatures 149C at bottom drain, 197C at FW
JDT 3125WJ
RPV at 65.7 psig (increasing trend), DW and torus pressure at 40 psig
(decreasing trend)-l(NISA 1800 JDT 3/25)].-

Core Fresh water injection initiated at 1537 hrs JDT 3/25, injecting through feedwater
Cooling: 1201/min or 31.7 g/mLNISA); Recirculation pump seals have likely failed.f(EH)-

; Expect to go to fresffwater-ate on 3/25 "; -'

Primary Not damaged, 40 psia (TEPCO iswas. considering venting on-42.) DL,)v"ell and
Containment: Torus hvdrogen and oxycen concentrations are unknown

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected ".(JAIF, NISA, TEPCO_ he fuel in this pool
is all over 12 years old and very little eat input (<0.1 MW) DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant:
26mR/hr at gate (variable)((-INPO 0900 hrs 3/25/1 1)

Other: Electric power available, equipment testing in progress¶_JAIF. N ISA, TEPCO)\
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

Reactor water is in the Turbine Bildinq basementF(NISAIJ

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting fre,. hwater throu h
tha feedwater system is cooling the vessa"kluMi, t•r ianv flow past the fuel.

(b)(4),(b)(5) here is
likely no water level inside the core barrel. Natural circulation believed impeded by core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3/19)
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

1
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--,ffi se-Gnty-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI. Naval Reactors (with Bettis and KAPL), and DOEJNE
0Q.§04400 EDT March 256. 2011
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bet'ts and KAPL). and DOEINE

069.0I400 EDT March 256. 2011

-~of mns IlOCVMI ZU aL- Q -RjlL.aRC ;;j'r ' .in~neso:~rmn ~ovr
",;i•i'.i r F*F,2orn, I• Ihr' UJS'RC !.2vn F IJpn r aOr. f l.s'.r~s.=n~nr nrn i' o ed~c •aebsd•nl•b • a{'Jbetelnr
'nfornaifi'r We •xwF'crivl,'_qe.._nr•' n{-• .~nf ulinn in nrbi,':¢ no cth.nne and rnfnemnnnt

Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert

Steam/condenis ing co--fd jeopardize inert environment, as the spray will
remove steam which is preventing Hydrogen detonation !6)

" Hydrogen gas production more prevalent in salt water tha in ffesh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygeni (b)(6)

(b)(4),(b)(5)
S(tb)(4),(b)(5) Containment spSray should be secured before 2 psia. to

prevent opening vacuum breakers.

Formatted: Font: 8 pt

Formatted: Font: 8 pt

Formatted: Normal,NRC

Formatted: Font: 8pt

0 (b)(4),(b)(5)
o When flooding containment, consider the implications ofwater weight on seismic

capability of containmen (b)(6)

(b)(4),(b)(5)
o Borate water if possible. (With salt in vessels, consider effect of acidic conditions

in vessel when deciding how much boron to add.)
Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel. -

(b)(4),(b)(5)
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RST Assessment of Fukushima Dailchi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOENE
CW01400 EDT March 2556, 2011
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.official Use ofqy-
RST Assessment of Fukushima Daiichl Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL). and DOEINE
96g204440 EDT March 256, 2011
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.......n.... 8 p!_ - . . .

Formatted: Font: 8 pt

Formatted: NormalNRC
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UNIT TWO

STATUS:
Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Damaged, fuel partially or fully exposedYJAlF, NISA, TEPCOY.

(b)(4),(b)(5)

e e e , .- I.R-via•.+-• iate• Fresh water with borc acid
iniectiorf lTEPCO),bottom head temperature 104C, feed water nozzle
tempertutrre 107Cý (NISA 1800 JDT 3/25/11) JAIF, NISA, TEPCOO)
Recirculation pump-seals have likely failed V ndustr) )est-'ia..-
freshwatr-4ate-ec-4•-

Damage suspected (JAIF, NISA, TEPCO)

Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)

Spent Fuel Fuel covered, seawater injected on March 20, fuel pool temperature 52C
Pool: (JAIF, NISA. TEPCO 1800 JDT 3/25/11)

Rad Levels: Drywell 4560 R/hr; Torus 154 R/hr (source instruments unknown); Outside
plant: 26mR/hr at gate (variable)-.

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.

Injecting seawater through the 24iR system is cooling the vessel, but with limited, flow
past the fuel. T6)(4),(b(5) .Jater flow, if not blocked, should be filling the annulus
region of the Vessel to 2/3 core'- eight. Based on the reports of RPV level at one half
core height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.
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Fuel pool is heating up but is adequately cooled.

RECOMMENDATIONS:

Formatted: Indent: Left: 0", Hanging: 0.44"

Formatted

(b)(4),(b)(5)

( FormattedI

- Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (b)(6)

. Formatted: Bulleted + Level: 2 + Aligned at:

Steam/condensing could jeopardize inert environment,, as the spray will 0.75" + Indent at: 1"

remove steam which is preventing Hydrogen detonation )
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-- Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution arid create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen (bT6
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0
(b)(4),(b)(5)

(b)(4),(b)(5) IContainment spray should be secured before 2 psia to
prevent opening vacuum breakers.

(b)(4),(b)(5)

o When flooding containment, consider the implications of water weight on seismic
capability of containment (b_6)

(b)(4),(b)(5)

Formatted: Indent: Left: 0.75", No bullets or
numbering _

L Formatted: Font: Bold

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

I Formatted: Normai,NRC, Space After: I Opt,Line spacing: Multiple 1.15 li, No bullets or
numberingEY 10
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STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO)

I_ (b)(4),(b)(5) --]

Core Cooling Freshwater injection via fire line initiated 1802 JDT 3/25/11
(NISA)Seawatei-njee4.h•ough-RHR, bottom head temperature 111C,
feed water nozzle temperature Unreliable (JAIF, NISA 1800 JDT
3/25/11, TEPCO) Recirculation pump seals have likely failed. (b)(6)
Expect to go freshwater cooling late on 3/25

Primary
Containment

Secondary
Containment

Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Damaged (JAIF, NISA, TEPCO)

Spent Fuel Low water level (JAIF, NISA, TEPCO), spraying and pumping sea water
Pool into the SFP via the Cooling and Purification Line (NISA)

Rad Levels: DW 5100 RPhr, torus 150 R/hr (()99-3! l-1all
inst.•mieent&-L4rnownndustr ):_ pside plant: 26mR/hr at gate
(variable) (b9,-)-)t:s- #2-54--.lndustrV): 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater through the RHR system is cooling the vessel, but with limited, flow
past the fuel. I (b)( o6) v,'ater flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. Based on the reports of RPV level at one half
core height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.
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Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCO of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4) )
Unit 3 turbine building basement is flooding. Samples of water indicate some RCS fluid
is present (TEPCO sample table - 3/25/11). (b)(4),(b)(5)

I (b)(4),(b)(5) Several possible sources (MSIV leakage, FW check
valves, Rx building sump drains) were identified, however the likely source is the fire
water spray onto the reactor building. Additional evaluation is needed.
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LlF-ormatted: Font: 8 pt

RECOMMENDATIONS:

(b)(4),(b)(5)
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(b)(4),(b)(5)

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert (b)(6)

" Steam/condensing could jeopardize inert environment , as the spray will
remove steam which is preventing Hydrogen detonation=

" Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside primary containment. The radiolysis of
water will generate additional oxygen. (b)(6)

(b)(4),(b)(5)
0

I (b)(4),(b)(b) UContainment spray should be secured before 2 psia to
prevent openinq vacuum breakers.

0o (b)(4),(b)(5)
o When flooding containment, consider the implications of water weight on seismic

capability of containment (b)(6-)

(b)(4),(b)(5)

o Borate water if possible. (With salt in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.
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UNIT FOUR
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STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary:
Containment

Secondary:
Containment:

Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool -
Pool: exploded, fuel pool is cool heating up very slowly, (JAIF, NISA, TEPCO),

Temperature is unknown (NISA)t (b)(4),(b)(5)
3/24

Rad Levels:

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO) )

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel particulates may have been ejected from the pool (based on information Ire.
-TE-P"G-of neutron seources-emitters found up to 1 mile from the units, and very high

dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 3).

RECOMMENDATIONS:

Maintain coverage of spent fuel pool with fresh borated water
As possible, put spent fuel cooling and cleanup in service
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UNIT FIVE

STATUS:
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Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning Temperature 37.9 C (NISA 1800
3/25/11) (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor
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^UNIT SIX

STATUS:

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Functional (JAIF, NISA, TEPCO)
Containment:

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
Containment: TEPCO)

Spent Fuel Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT
Pool: 3/25/11) (JAIF, NISA, TEPCO)

Other: External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor
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GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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RS'I Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
2200 hrs 3/30/201 i

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical infomiation. Wc acknowledgc that the information is subject to change and refinement.

(b)(4),(b)(5)
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Official U1 Osu
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO. GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
2200 hrs 3/30/2011
The purpose of this document is to provide the N"RC Reactor Safety Tean's assessment and recommendations for

the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on

the best available technical information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)

Definitions

Minimum Debris Retention Injection Rate (MDRIR) is the lowest RPV injection rate at wihich it
is expected that core debris will be retained in the RPV when RP V water level camnot be
determined to be above the bottom of/ctive fitel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat.fDomn core debris.
The Minimuam Debris Submerxence Level (AIDSL) is the lowest primary containment water level
at ivhich it is expected that e--vessel core debris on the drywell floor will he adequately
submerlged. It is utilized to preserve prnila.v, contaimnent integritv following RI,4' breach hi,
core debris.
The Mininum Drivwell Spray Flow (MDSF) is the loiwest sprayflow that assures zniform
Lircunferelitial spray distribution within the chdvwell. Flow rates less than this will not per'itbrn
the spray.function but only a floodingfiinction. The MDSF is typically in thousands of/gallons
pelt milltte.

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Majority of core is probably contained in the reactor pressure vessel (RPV);
TEPCO believes the reactor water level may be 63 inches below TAF. The
volume of sea water injectted to cool dte core has left enough salt to rill the lower
plenum to the core plate. EH, INPO, Bettis, KAPL).

Vessel temperatures and pressures:

13 1.2'C at bottom drain and 277.8 OC at FW nozzle (TEPCO 0700 JDT 3/30)
(both decreasing trend) (TEPCO 0700 JDT 3/30). RPV at 70.2 psia (increasing
trend), DW and torus pressure at 35 psia (decreasing trend) (TEPCO 0700 JDT
3/30).

Core Cooling: Currently fresh water injection with no boron, injecting througLh feedwater line at
133 I/mmin. Injection is from a temporary motor driven pump powered from a

Pagc 2
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RST Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (vith Bettis and

KAPL), and DOEiNE
2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushin'a-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

temporary diesel generator (TEPCO); Injection flos.rate will be maintained
above the minimum debris retention injection rate (MDRIR). Recirculation pump
seals have likely failed. [(CGEHJ;[Injection flow rate above MDRIR could not be
maintained through core spray. Assume shutdown cooling system is not
available.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Not damaged, 35 psia. Drywell and Torus hydrogen and oxygen concentrations
are unlknown.]

(b)(),(b(5) The status of'the nitrolgen purge capability; is unknown.
[An

explosive mixture is possible.

Secondary Containment:

Severely damaged (hydrogen explosion).

Spent Fuel Pool:

The fuel in this pool is all over 12 years old and very little heat input (<0.1 MW)
(DOE)

Rad levels: DW 3710 R/hr, Torus 1900 Rihr (CAMS), Outside plant: Il mRIir:at gate
(variable) (TEPCO 0800 JDT 3/30)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)

External AC power to the Main Control Room of U--I became available at 11:30
JDT 3/2_4/20 [1. Lighting in Main Control Room is operating in U- 1. Power has
been restored to the Main Control Room Panels (3/29/I 1 TEPCO).

Reactor water is in the Turbine Building basement (NISA).
(b)(4),h(b)(5)

ASSESSMENT:

P'age 3
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Official Use Only-
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and

KAPL), and l)OE/NE
2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Dalichi reactors to the USNRC team in Japan. Our assessmcnts and recommendations are based on
the best available technical information. We acknowledge that the infornation is subject to change and refinement.

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh 'at
feddwater system is cooling the vessel bYt_ ,jtl)jny flow past the fuel.

.-ZThcrc is likely no water level inside the core shroud. Natural circulation believed impeded by

core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(b)(5) shows entire fuel floor covered by grey-brown debris of
building roof.

The primary containment is not damaged.

Page 4
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-Official Usec Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INlPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOEINE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommrendations for
the Fukushima-D)aiichi reactors to the IJSNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources[ /(b)(4),(b)(5)

* Vent containment
(b)(4),(b)(5) I (See Additional

Considerations A. 1. through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.

(b)(4),(b)(5)

p.

p.

•- Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the lop of active fuel (TAF). (See Additional Considerations C. l. through

C.4 below).

Additional Considerations

A. The following considerations apply to containment venting:

Page 5
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RST Assessment of Fukushima Daiichi Units (REV I).

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Tean's assessment and recommendations for

the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on

the best available technical information. We acknowledge that the information is subject to change and refinement.

2.

3.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbing effect and

(b)(4),(b)(5)

I

B. Additional Miscellaneous considerations

I.

2.
3.
4.

Borate water if possible.
Ensure spent fuel pool level is maintained as full as possible.
Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooline material on bottom of vessel. I

(b)(4),(b)(5)

5. When flooding containment, consider fhe implications of water weight on seismic
capability of containment.

C. Potential methods for monitoring containment level:

I. (b)(4),(b)(5) HPC. (b),4),b)S) uction pressure and Drywell

instrument taps
2. Radiation monitoring instruments (b)(4),(b)(5)
3. I (b)(4),(b)(5) I
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-Officia-UseA-Oni-
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, CEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

4.

5.

UNIT TWO

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEM)

Core Status: Majority of core is probably contained in the reactor vessel. Reactor water level
may be 59 inches below TAF (TEPCO). I

(b)(4),(b)(5)

Core Cooling: Freshwater injection via injection of non-borated fresh water using the low
pressure coolant injection (LPCI) continues. Injection is from a temporary motor
driven pump powered from a temporary diesel generator (3129/11 TEPCO), Flow
rate I17 1/mmin. Bottom head temperature 131.6 C, feed water nozzle temperature
172.4 C (ThCPO 0700 3/30/11)) Recirculation pump seals have likely failed.
(Industry)

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Damage and leakage suspected (JAIF, NISA, TEPCO)[b(

Drywell pressure reading 14.5 psia (3/30/11 TEPCO)

Secondary Containment:

Damaged (JAIF, NISA, TEPCO), steam or vfa or can be seen coming from the
blowout panel in the reactor building (b)(5)

Spent Fuel Pool:

Freshwater being injected directly into the spent fuel pool as of 3/29/11 (TEPCO)
using a pump supplied from off-site power. The Unit 2 spent fuel pool is as 46
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-Of-fldausv-- v-
RST Assessment of Fukushima Daiichi Units (REV l),

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/201 I
The puriose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on.
the best available technical infornation. We acknowledge that the infornation is subject to change and refinement.

degrees centigrade or 115 degrees Fahrenheit. TEPCO believes the Fuel is
covered,

Rad Levels: Drywell 3999 R/hr; Torus 128 R/hr (CAMS);

Outside plant: II mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. Technicians are continuing to check DC distribution panels.

ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appears
to be less than U-1I based on the reported lower temperatures. ]

~(b)(4),(b)(5)

SCore flow capabI ity is in jeopardy dlue t

continued salt build up.

Injecting water through the low pressure core Injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the vessel
to 2/3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect due to enviromnent. Natural circulation believed impeded
by core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

The primary containment is damaged
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (vith Bettis and

KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for

thc Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based ol

the best available technical intbrmation. We acknowledge that the infonmation is subject to chang-e and refinement.

UNIT 2

RECOMMENDATIONS: (for consideration to stabilize Unit 2)

The following, recommendations are based upon SAMG guidelines and have been modi flied

based on the current knowledge of plant conditions.

> Inject into the RPV with all available resourcesi (b)(4),(b)(5)
(b)(4),(b)(5)
a. (h)(4) (

F.

b. feedwater system
c. other systems as they become available
d. (b)(4),(b)(5)

(b)(4),(b)(5)

> Vent containment: (see Additional Considerations A.I. through A.5. below)
a. To maintain containiment pressure below the primary containment pressure limit.

b. As necessarv to maintain RPV injection above MDRIR.
c. I (b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAML), and DOE/NE

2200 hrs 3/30/201 I
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for

the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on

the best available technical information. We acknowledge that the information is subject to change and refinement.

d. I (b)(4),(b)(5)

Stop injecting from sources outside of primary containment prior to primary' containment

water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through

C.4 below)

Additional Considerations

A. The following considerations apply to containment venting:

I.

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5. (b)(4),(b)(5)

B. Additional Miscellaneous considerations

I. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom ol' vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
(b)b(4), (b)(5)
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RST Assessment of Fukushima Daiikhi Units (REV 1),

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
tile best available technical information. We acknowledge that the infonnation is subject to change and refinement.

a. (b)(4),(b)(5) HPC (b)(4),b)(5) [uction pressure and Drywell
instrument taps

b. Radiation monitoring instruments (b)(4),(b)(5)

C.
d. (b)(4),(b)(5)

C.

UNIT THREE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Majority of core is probably contained in reactor vessel; (b)(4),(b)(5)

TEPCO believes the reactor water leve is inches
below TF. (b)(4),(b)(5)

Core Cooling: Freshwater injection via injection of non-borated fresh water injection using the
low pressure coolant injection (LPCI) continues. Injection is from a temporary
motor driven pump powered from a temporary diesel generator (3/.29/11 TEPCO),
Bottom head temperature 116 C, feed water nozzle temperature Unreliable (0800
3/30/11 TEPCO) Recirculation pump seals have likely failed.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment

Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Drywell pressure 15.53 psia. Torus pressure 25.82 psia (0800 3/30/11 TEPCO)

Secondary Containment

Damaged (JAIF. NISA, TEPCO)

Spent Fuel Pool

Unknown temperature and water level (TEPCO) freshwater is being sprayed as
needed using a cement truck.
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Offim:al Use 0nI|h
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEit, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
thie Fukushina-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based onl
the best available technical infbrmation. We acknowledge that the information is subject to change and refinement.

Rad Levels: DW 2760 R/hr, torus I I I R/hr (3/30/11 TEPCO);

Outside plant: 11 mR/hr at gate (variable) (industry); 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. In Unit 3, lighting distribution panels are being checked.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-L,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Water injection is to the RPV through the RI IR system via the recirculation piping, but with
limited flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. While core flow capability may be affected due to continued salt build
up, R.PV water level indication is suspect due to environment. Natural circulation believed
Impeded by core damage. It is difficult to determine how much cooling is getting to the fuel.
Vessel temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to I mile from the units, and
ver, high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (TEPCO sample table - 3/25/1 I).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.
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Offi"i-Al Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on must recent available data and input from INPO, GEl-I, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for

the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on

the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT3

RECOMMENDATIONS: (for consideration to stabilize Unit 3)

The Ibilowing recommendations are based upon SAMG guidelines and have been modified

based on the current knowledge of plant conditions.

- Iniect into the RPV with all available resources

a. core spray (b)(4),(b

b, feedwater system
c. other systems as they become available

d.~~ ~~ I b()()5

)(5)

(b)(4),(b)(5)

•- Vent containment: (see Additional Considerations A.1. through A.8. bclow)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
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RST Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
2200 hrs 3/3012011
The purpose of this document is to provide the NRC Reactor Safety ream's assessment and recommendations for

the Fukushima-Daiichi reactors to tile USNRC team in Japan. Our assessments and recommendations are based on

the best available technical infonnation. We acknowledge that tile infbrmation is subject to change and refinement.

C.

d. (b)(4),(b)(5)
I

Stop injecting from sources outside of primary containment prior to primary containment

water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. I. through

C.3. below)

Additional Considerations

A. The following considerations apply to containment venting:

I.

2.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5. (b)(4),(b)(5)

B. Additional Miscellaneous consideration

I. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.

4. When flooding containment, consider the implications of water weight on seismic

capability of containment.
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Offkcia U ic Only
RST Assessment of Fukushima DaRichi Units (RE atrV 1),

Based on most recent available data and input from IN P0, CEll. EPRI. Naval Reactors (with Bettis and
10Ms/), and DOE/NE

2200 hprs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Teams assessment and recommendations for
the Fukushimna-Dailehi reactors to the USNRC team in Japan. Our assessments and recommendations are based onl
the best available technical information. We acknowledge that the infornation is subject to change and refinement.

C. Potential methods 1br monitoring containment level.

a HPC suction pressure and Drywell
instrument taps

b. Radiation monitoring instruments (b)(4),(b)(5)

Cd. (b)(4),(b)(5)

UNIT FOUR

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & CEll)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment:
Not applicable (JAIF, NISA, TEPCO)

Secondary Containment:
Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Low water level, spraying with sea water, hydrogen from the fuel pool exploded, fuel
pool is cool heating up very slowly (JAIF, NISA, TEPCO) Temperature is unknown
(NISA).

Rad Levels:
No infonnation.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energtzing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days immediately
following the accident, the fuel was partially uncovered. The lack of cooling resulted in zirc
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RST Assessment of Fukushima Dajichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI. Naval Reactors (with Bettis and
KAPL). and DOEINE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assesrement and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

water reaction and a release of hydrogen. The hydrogen exploded and damagcd secondary
containment. The zirc water reaction could have continued, resulting in a major source term
release.

Fuel particulates may have been ejected from the pool (based on information of neutron emitters
found up to I mile From the units, and very high dose rate material that had to be bulldozed over
between Units 3 and 4. it is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

I. Maintain coverage of spent fuel pool with fresh borated water.
2. As possible, put spent fuel cooling and cleanup in service.

UNIT FIVE

ASSUMPTIONS: (based on input from multiple data source: JAIF. NISA. TEPCO, & GEII)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primarv Containment:
Functional (JAIF. NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning Temperature 37.9 C (NISA 1800 3/25/11) (JAIF. NISA,
TEPCO)

Other: External AC power supplying the unit, Unit 6 (?) diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 3/30/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assess;ment and recommendations for
the Fukushimna-Daiichi reactors to the I.JSNRC team in Japan. Our assessments and recommendations are based on
the best available technical infbmaation. We acknowledge that the intbniation is subject to change and refinement.

Monitor
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Offle"al Use Only-
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Beffis and
KAPL), and DOE/NE

2200 hrs 3/30/201 i
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushinma-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the intomlation is subject to chanue and refinement.

UNIT SIX

ASSUMPTIONS: (based on input from multiple data source: JAIF. NISA, TEPCO, & GEH)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA. TEPCO)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT 3/25/1I)
(JAIF. NISA, TEPCO)

Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

I. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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From: OST01 HOC
Sent: Sunday, March 27, 2011 3:12 PM
To: ET07 Hoc; PMT02 Hoc; PMT11 Hoc; Hoc, PMT12
Cc: FOIA Response.hoc Resource
Subject: FW: Japan Radiological Data
Attachments: JapanCombinedSurveyData 27_MAR 1200_EDT.xlsx

Please forward, if necessary.

----- Original Message -----
From: HOO Hoc [mailto:HOO.Hoc@nrc.gov]
Sent: Sunday, March 27, 2011 1:50 PM
To: LIA07 Hoc; OST01 HOC; OST02 HOC; OST03 HOC
Subject: FW: Japan Radiological Data

----------------.---.----.---------------

From: NITOPS[SMTP:NITOPS@NNSA.DOE.GOV]
Sent: Sunday, March 27, 2011 1:50:06 PM
To: DL-Policy Working Group; CMHT; HOO Hoc; NARAC; PMT01 Hoc; PMTO2 Hoc; Hoc, PMT12
Cc: NITOPS
Subject: FW: Japan Radiological Data
Auto forwarded by a Rule

----- Original Message -----
From: Naples, Elmer M SES SEA 08 NR [mailtol (b)(6)

_Sent: Sunday, March 27, 2011 1:45 PM

7 

(b)(6)

Subject: FW: Japan Radiological Data

Attached is the daily update of Navy radiological survey data dated 3/27/111 Please note the Ishioka team moved to
Mito after 0700 on 27 March 2011 JST. Mito is 15 mnlUes closer to Fukushima; they moved due to increased traffic in
Ishioka associated with reopening of a train station.

V/R,
Elmer Naples
Naval Reactors
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Nanaban Tower: LAT. 35,29N, LONG. 139.67E
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Atsugi. 9 of 37

Atsugi NAS: LAT 35.42N, LONG. 139.36E
Northwest of Yokosuka
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Ishioka - 18 of 37

Ishioka (North Advance Team): LAT, 36.18N, LONG, 140,27E
55nm N of Yokosuka, 93nm S of Fukushima
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Misawa -25 of 37

Mito: LAT, 36.3710N, LONG. 140.4762E (Team Previously Located @ Ishioka)
Northeast of Ishioka
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Tsukuba -27 of 37

Tsukuba: LAT. 36.04N, LONG. 140.06E
-60 miles north-east of Yokosha and 106 miles south of Fukushima
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Notes

(b)(5)
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Oyama: LAT. 36.2975N, LONG. 139.82199E
-72 miles north of Yokossla and 100 miles soulh of Fukushima
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(b)(5)
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Mis-awa NAS: LAT. 40.71N, LONG. 141.37E

Frisk
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From:

Sent:
To:

RST01 Hoc
Thursday, March 31, 2011 11:16 PM

(b)(6)

Cc:
Subject:
Attachments:

Importance:

RST07 Hoc; RST01 Hoc
FW: Revision to Cover Memo for Rev 1 to the RST Assessment
FW: USNRC REACTOR SAFETY TEAM ASSESSMENT REV I

High

All,

Please note that the revision to the cover memo (see below) still applies to the Revi of the RST
Assessment which was distributed at 7:10 on 3/31/2011 (See Attached).

Thanks,

Greg
RST Coordinator

From: RST08 Hoc
Sent: Thursday, March 31, 2011 2:16 PM
To: RST01 Hoc
Subject: Revision to Cover Memo for Rev 1 to the RST Assessment

Revision 1 to the RST assessment is attached. This revision accomplishes two principal objectives:

(b)(5)

I
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Bano, Mahmooda

From:
Sent:
To:
Cc:
Subject:
Attachments:

Scott, Michael
Thursday, March 31, 2011 7:59 PM
'nei-hisanori@meti.go.jp'

RST01 Hoc
RST Assessment REV 1
03-31-11 1200 RST Assessment Document REV 1 .pdf

Dear Nei-san:

Please find attached the latest revision to the NRC consortium's evaluation and recommendations regarding
the Fukushima Daiichi reactors and spent fuel pools. We look forward to discussing this document with you
when you wish, perhaps at today's 1100 meeting.

Regards,

Mike Scott
NRC Japan team
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From: Emche, Danielle
Sent: Thursday, March 31, 2011 5:55 PM
To: LIA03 Hoc; English, Lance
Cc: Abrams, Charlotte; LIA02 Hoc
Subject: Re: TAIWAN

(b)(5)

Danielle
Sent from an NRC BlackBerry.

From: LIA03 Hoc
To: English, Lance
Cc: Abrams, Charlotte; Emche, Danielle; LIA02 Hoc
Sent: Thu Mar 31 17:43:47 2011
Subject: RE: TAIWAN

Mr. Huang called this evening (3/31). There is no urgency to set up the conference call, and he will call at a later time to
set up the date. But he said he would like to start the conference call with a briefing from PMT/RST on the technical
status of Fukushima as RST and PMT understands it and then he will ask questions.

From: UA03 Hoc
Sent: Wednesday, March 30, 2011 3:27 PM
To: English, Lance
Cc: Abrams, Charlotte
Subject: TAIWAN

Hi Lance,

FYI as the Taiwan backup and per Danielle's request, arrangements are underway for the PMT to set up a teleconference
with Taiwan (b)(5) No time/date has been set yet - I
just checked with the PMT. I am on till 11 tonight and will listen in as the UIP liaison. If there are any follow-up actions
for you as backup desk officer, I'll get back to you.

Gerri
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From:
Sent:
To:
Subject:

Wiggins, Jim
Thursday, March 31, 2011 2:43 PM

Grant, Jeffery; ET07 Hoc
Fw: For you awareness: RASCAL source term issue from last Sat nite/Sun AM -

Importance: High

For IR lessons learned.

From: Jones, Cynthia
To: Uhle, Jennifer
Cc: Evans, Michele; Wiggins, Jim
Sent: Thu Mar 31 13:40:27 2011
Subject: For you awareness: RASCAL source term issue from last Sat nite/Sun AM -

Jennifer-

(b)(5)

Cyndi

From: Jones, Cynthia
Sent: Thursday, March 31, 2011 1:34 PM
To: Brandon, Lou
Cc: 'atheyconsulting@frontiernet. net'; Sullivan, Randy
Subject: FW: RASCAL issue from
Importance: High

Lou-

(b)(5)

1
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Thanks
Cyndi

From: PMT02 Hoc
Sent: Saturday, March 26, 2011 10:46 PM
To: 'atheyconsulting@frontiernet.net'
Cc: Brandon, Lou
Subject: RASCAL issue
Importance: High

George,

(b)(5)

Please test this and correct the RASCAL model appropriately.

Lou

PMT Dose Analyst (PMT02)
NRC Operation Center

THIS IS A DRILL -- THIS IS A DRILL --- THIS IS A DRILL

2
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From: Fonner. Susan
To: Haney, Catherine; Johnson. Michael; Leeds. Eric
CC. Hirsch. Patricia Crockett. Steven
Subject: Markey bill on nuclear power plant safety.doc
Date: Thursday, March 31, 2011 4:14:33 PM
Attachments: Markey bill on nuclear power plant safetv.doc

For your information, attached is a bill that Congressman Markey hopes will be taken up for

consideration in the House of Representatives. It is clearly informed by the disastrous events that

occurred in Japan earlier this month. The bill would require the NRC to revise regulations that are

relevant to the safety of nuclear power plants and spent fuel storage. Among other things, the bill

would require the Commission to refrain from approving any construction permit, operating

license, license extension, design certification, combined license, design approval, or

manufacturing license until the regulations that would be mandated by the bill take effect.

In addition, the bill would amend section 1702(b) of the Energy Policy Act of 2005, which sets forth

terms and conditions for making loan guarantees for certain eligible projects (listed in section 1703

of the Act), including advanced nuclear energy facilities. The amendment would provide that in the

case of advanced nuclear energy facilities, the Secretary of Energy would be required to ensure that
the cost of the obligation is calculated using a consideration of the Tohoku earthquake of 2011

(i.e., the earthquake that was the source of so much damage to Japan) to estimate the risk

characteristics of the project.

OGC analyzes and comments on bills of interest to the NRC. The fate of the Markey bill is currently

uncertain, but given the strong interest in this country about events in Japan, it would be

worthwhile for your office to review this bill, and to apprise my office of your views on the

proposed amendments.

In reading the attached bill, you may see that some of the pages have a series of diagonal lines

following text of the bill. The diagonal lines are a signal that the text continues on the next page.

Also, you may see some short colored lines now and then under words; ignore those lines. These

strange signs are the result of difficulty I had in transferring the bill to a WORD document, but the

entire text of the bill should be there.

If there are any questions, please call me at 415-1629 or Steven Crockett at 415-2871. (I will not

be in the office on Friday, April 1, but will be back on Monday, April 4.)
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(Original Signature of Member)
112TH CONGRESS
1 ST SESSION

H.R._

To ensure that nuclear power plants can withstand and adequately respond
to earthquakes, tsunamis, strong storms, or other events that threaten
a major impact.

IN THE HOUSE OF REPRESENTATIVES

Mr. MARKEY introduced the following bill; which was referred to the
Committee on

A BILL
To ensure that nuclear power plants can withstand and adequately

respond to earthquakes, tsunamis, strong storms, or other

events that threaten a major impact.

1 Be it enacted by the Senate and House of Representatives of

2 the United States of America in Congress assembled,

3 SECTION 1. SHORT TITLE.

4 This Act may be cited as the "Nuclear Power Plant

5 Safety Act of 2011".
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1 SEC. 2. NUCLEAR POWER PLANT SAFETY.

2 (a) AMENDMENT.-Chapter 14 of the Atomic Energy

3 Act of 1954 (42 U.S.C. 2201 et seq.) is amended by add-

4 ing at the end the following new section:

5 "SEC. 170J. REVISION OF NUCLEAR POWER PLANT

6 SAFETY REGULATIONS.-

7 "a. Not later than 90 days after the date of enact-

8 ment of the Nuclear Power Plant Safety Act of 2011, the

9 Commission shall initiate a rulemaking proceeding, includ-

10 ing notice and opportunity for public comment, to be com-

11 pleted not later than 18 months after such date of enact-

12 ment, to revise its regulations to ensure that each utiliza-

13 tion facility licensed under this Act can withstand and ade-

14 quately respond to-

15 "(1) an earthquake, tsunami (for a facility Io-

16 cated in a coastal area), strong storm, or other event

17 that threatens a major impact to the facility;

18 "(2) a loss of the primary operating power

19 source for at least 14 days; and
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20 "(3) a loss of the primary backup operating

21 power source for at least 72 hours.

22 "b. The revision of regulations under this section

23 shall provide for-

24 "(1) a requirement that each licensed utiliza-

25 tion facility, including any onsite spent nuclear fuel

26 facilities, be equipped with resilient containment,
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1 safety, and diagnostic systems sufficient to with

2 stand the circumstances described in subsection a.,

3 including requirements to ensure that the reactor

4 core remains cooled, that the containment remains

5 intact, and that the spent fuel cooling and spent fuel

6 pool integrity are maintained;

7 "(2) a requirement that licensees have at least

8 14 days worth of emergency power system fuel on-

9 site with which to power the licensed facility in the

10 event of a loss of the primary operating power

11 source;

12 "(3) a requirement that licensees have suffi-

13 cient secondary emergency power to power the li-

14 censed facility in the event of a loss of both the pri-

15 mary operating power source and the emergency

16 power system described in paragraph (2) for at least

17 72 hours;

18 "(4) a requirement that licensees develop, and

19 obtain approval from the Commission for, a plan to
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20 obtain sufficient additional fuel or batteries in the

21 event of a long duration loss of operating power or

22 total station blackout;

23 "(5) a requirement that licensees amend, and

24 obtain approval from the Commission for, any guid-

25 ance and strategies developed by the licensees that
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1 are intended to maintain or restore core cooling,

2 containment, and spent fuel pool cooling capabilities

3 under the circumstances associated with loss of large

4 areas of the plant due to explosions or fire, in order

5 to incorporate lessons learned from the Fukushima

6 nuclear power plant meltdown into such guidance

7 and strategies;

8 "(6) a requirement that spent nuclear fuel rods

9 be moved from storage pools to certified dry cask

10 storage within one year of the nuclear fuel rods

11 being qualified to be placed in the certified dry

12 casks;

13 "(7) a requirement to configure spent nuclear

14 fuel rods in spent nuclear fuel pools in a manner

15 that would minimize the chance of a fire in the event

16 of the loss of the water in the spent nuclear fuel

17 pool;

18 "(8) a requirement that emergency response ex-
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19 ercises include scenarios that are based on the near-

20 simultaneous occurrence of circumstances described

21 in subsection a. such as the near-simultaneous

22 earthquake, tsunami, and total station blackout that

23 occurred at the Fukushima nuclear power plant in

24 2011;and
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1 "(9) appropriate requirements for periodic

2 verification of compliance with the regulations issued

3 under this section.

4 "c. The Commission shall not issue an approval for

5 any construction permit, operating license, license exten-

6 sion, design certification, combined license, design ap-

7 proval, or manufacturing license until the revisions of reg-

8 ulations under this section take effect.".

9 (b) CONFORMING AMENDMENT.-The table of con-

10 tents of the Atomic Energy Act of 1954 is amended by

11 inserting after the item relating to section 1701 the fol-

12 lowing new item:

"Sec. 170J. Revision of nuclear power plant safety regulations.".

13 SEC. 3. LOAN GUARANTEES.

14 Section 1702(b) of the Energy Policy Act of 2005

15 (42 U.S.C. 16512(b)) is amended by inserting after para-

16 graph (2) the following:

17 "In the case of a guarantee for advanced nuclear energy

18 facilities, the Secretary shall ensure that the cost of the
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19 obligation is calculated using a consideration of the

20 Tohoku earthquake of 2011 to estimate the risk character-

21 istics of the project.".
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From: LIA06 Hoc
Sent: Thursday, March 31, 2011 7:18 PM
To: Bradford, Anna

Subject* RE: ACTION - Summary of IPC meeting, Temporary Radiological Standards for

International Cargo Transborder Supply Chain Security IPC

Roger that. Thank you. I just wanted to make sure so we hit all the points tonight.

Mark Lombard
Liaison Team Director

U.S. Nucdear Regulatory Commission

Oper.,7ions Center

From: Bradford, Anna
Sent: Thursday, March 31, 2011 7:17 PM
To: LIA06 Hoc
Subject: Re: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

Hi Mark,

(b)(5)

Anna Bradford
Chairman Jaczko's Office
US Nuclear Regulatory Corn-imission

From: LIA06 Hoc
To: Bradford, Anna
Sent: Thu Mar 31 18:48:30 2011
Subject: FW: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

Anna.

(b)(5)

Th-nk s..

Mark Lombard
Liaison Team Director

U.S. Nuclear Regulatory Commission

Operations Center

From: Weber, Michael
Sent: Thursday, March 31, 2011 6:26 PM
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To:.Sheron, Brian; Thaggard, Mark
Cc: LIA06 Hoc; LIA08 Hoc; ET01 Hoc; ET05 Hoc; OST02 HOC; Bradford, Anna
Subject: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC
Importance: High

(b)(5)

Thanks

From: Bradford, Anna
Sent: Thursday, March 31, 2011 6:10 PM
To: Weber, Michael; Borchardt, Bill; HOO Hoc
Cc: Pace, Patti; Batkin, Joshua; Coggins, Angela
Subject: FW: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC
Importance: High

Bill and Mike.

(b)(5)

Thanks!

Anns Bradford
Policy Advisor for Nuclear Materials
Office of Chairman Jaczko
U.S. Nuclear Reulotorv Commission
301 -415-1827

From: Coggins, Angela
Sent: Thursday, March 31, 2011 4:41 PM
To: Bradford, Anna
Subject: Fw: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

Angela Coggins
Policy Director
Office of Chairman Gregory B Jaczko
US Nuclear Regulatory Commission
angela.coggins@nrc.gov!301-415-1828

2
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From: Weber, Michael
To: Jaczko, Gregory
Cc: Coggins, Angela; Batkin, Joshua; Borchardt, Bill; Burns, Stephen; Doane, Margaret; Mamish, Nader
Sent: Thu Mar 31 16:16:13 2011
Subject: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

(b)(5)

If you need any additional information, please advise.

From: Lewis, Robert
Sent: Thursday, March 31, 2011 3:12 PM
To: Milligan, Patricia; Weber, Michael; Wiggins, Jim; Moore, Scott; Virgilio, Martin; Haney, Catherine; Ordaz, Vonna;
Evans, Michele; Cool, Donald; DeCicco, Joseph; Reis, Terrence; Luehman, James; Zimmerman, Roy; McDermott, Brian;
Brock, Kathryn; Deegan, George; Cook, John; Owens, Janice; Mamish, Nader; Rothschild, Trip; Doane, Margaret; PMT03
Hoc; PMT04 Hoc; PMT07 Hoc
Subject: FYI: Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

John Cook and I attended the "NATIONAL SECURITY STAFF, TRANSBORDER SECURITY
INTERAGENCY POLICY COMMITTEE meeting on Supply Chain Security on Thursday March 31, 2011, in the
White House Conference Center. The attached handout (same as yesterday was used for the
meeting). Below is a summary.

(b)(5)
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From: Bradford, Anna
Sent: Thursday, March 31, 2011 7:17 PM
To: LLA06 Hoc
Subject: Re: ACTION - Summary of IPC meeting, Temporary Radiological Standards for

International Cargo Transborder Supply Chain Security IPC

Hi Mark.,

(b)(5)

Anna Bradford
Chairman Jaczko's Office
US Nuclear Regulatory Commission

From: LIA06 Hoc
To: Bradford, Anna
Sent: Thu Mar 31 18:48:30 2011
Subject: FW: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

An na,

(b)(5)

Thanks,

Mark Lombard
Liaison Team Director
U.S. Nuclear Regulatory Commission

Operations Center

From: Weber, Michael
Sent: Thursday, March 31, 2011 6:26 PM
To: Sheron, Brian; Thaggard, Mark
Cc: LIA06 Hoc; LIA08 Hoc; ET01 Hoc; ET05 Hoc; OST02 HOC; Bradford, Anna
Subject: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC
Importance: High

(b)(5)
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Thanks

From: Bradford, Anna
Sent: Thursday, March 31, 2011 6:10 PM
To: Weber, Michael; Borchardt, Bill; HOO Hoc
Cc: Pace, Patti; Batkin, Joshua; Coggins, Angela
Subject: FW: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder

Supply Chain Security IPC
Importance: High

Bill and Mike,

(b)(5)

Thanks!

Anna Bradford
Policy Advisor for Nuclear Materials
Office of Chairman .*czk.
U.S. Nuclear Regulatori Commission
301.415-1827

From: Coggins, Angela
Sent: Thursday, March 31, 2011 4:41 PM
To: Bradford, Anna
Subject: Fw: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

Angela Coggins
Policy Director
Office of Chairman Gregory B Jaczko
US Nuclear Regulaory Commission
angela.coggins@nrc.gcv/301-4l !5-1828

From: Weber, Michael
To: Jaczko, Gregory
Cc: Coggins, Angela; Batkin, Joshua; Borchardt, Bill; Burns, Stephen; Doane, Margaret; Mamish, Nader
Sent: Thu Mar 31 16:16:13 2011
Subject: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

(b)(5)

2

EY 195 of 942



(b)(5)

If ",,ou rce-d mny additional information. pleas advise.

From: Lewis, Robert
Sent: Thursday, March 31, 2011 3:12 PM
To: Milligan, Patricia; Weber, Michael; Wiggins, Jim; Moore, Scott; Virgilio, Martin; Haney, Catherine; Ordaz, Vonna;
Evans, Michele; Cool, Donald; DeCicco, Joseph; Reis, Terrence; Luehman, James; Zimmerman, Roy; McDermott, Brian;
Brock, Kathryn; Deegan, George; Cook, John; Owens, Janice; Mamish, Nader; Rothschild, Trip; Doane, Margaret; PMT03
Hoc; PMT04 Hoc; PMT07 Hoc
Subject: FYI: Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

John Cook and I attended the "NATIONAL SECURITY STAFF, TRANSBORDER SECURITY
INTERAGENCY POLICY COMMITTEE meeting on Supply Chain Security on Thursday March 31, 2011, in the
White House Conference Center. The attached handout (same as yesterday was used for the
meeting). Below is a summary.

(b)(5)
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From:
Sent:
To:
Subject:

Attachments:

Importance:

LIA06 Hoc
Thursday, March 31, 2011 6:50 PM
RST Communicator; Hoc, PMT12
FW: ACTION - Summary of IPC meeting, Temporary Radiological Standards for
International Cargo Transborder Supply Chain Security IPC
Japan Supply Chain Document ver 29MAR.DOC

High

1Li-isor Teemn Director
U.S. Nuckar Regulatory CornnmiS3:on
One~ratiorz. C.nter

From: Weber, Michael
Sent: Thursday, March 31, 2011 6:26 PM
To: Sheron, Brian; Thaggard, Mark
Cc: UA06 Hoc; LIA0,3 Hoc; ET01 Hoc; ET05 Hoc; OST02 HOC; Bradford, Anna
Subject: ACTION - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC
Importance: High

(b)(5)

Thanks

From: Bradford, Anna
Sent: Thursday, March 31, 2011 6:10 PM
To: Weber, Michael; Borchardt, Bill; HOO Hoc
Cc: Pace, Patti; Batkin, Joshua; Coggins, Angela
Subject: FW: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC
Importance: High

Bill and Mike,

I
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Thank s!

Anna Bradford
Policy Advisor for Nuclaar Materials
Office of Chairrnor Jaczko
U.S. Nuclear Regulatory Commission
301 415-1827

From: Coggins, Angela
Sent: Thursday, March 31, 2011 4:41 PM
To: Bradford, Anna
Subject: Fw: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder
Supply Chain Security IPC

Angela Coggins
Policy Director
Office of Chairman Gregory B Jaczko
US Nuclear Regulatory Commission
angela.coggins@nrc.gov30 1-415-1828

From: Weber, Michael
To: Jaczko, Gregory
Cc: Coggins, Angela; Batkin, Joshua; Borchardt, Bill; Burns, Stephen; Doane, Margaret; Mamish, Nader
Sent: Thu Mar 31 16:16:13 2011
Subject: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

(b)(5)

if you need any additional information, please advise.

From: Lewis, Robert
Sent: Thursday, March 31, 2011 3:12 PM
To: Milligan, Patricia; Weber, Michael; Wiggins, Jim; Moore, Scott; Virgilio, Martin; Haney, Catherine; Ordaz, Vonna;
Evans, Michele; Cool, Donald; DeCicco, Joseph; Reis, Terrence; Luehman, James; Zimmerman, Roy; McDermott, Brian;
Brock, Kathryn; Deegan, George; Cook, John; Owens, Janice; Mamish, Nader; Rothschild, Trip; Doane, Margaret; PMT03
Hoc; PMT04 Hoc; PMT07 Hoc
Subject: FYI: Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

John Cook and I attended the "NATIONAL SECURITY STAFF, TRANSBORDER SECURITY
INTERAGENCY POLICY COMMITTEE meeting on Supply Chain Security on Thursday March 31, 2011, in the
White House Conference Center. The attached handout (same as yesterday was used for the
meeting). Below is a summary.
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From:
Sent:
To:
Subject:
Attachments:

Importance:

UA06 Hoc
Thursday, March 31, 2011 10:29 PM
Hoc, PMT12
FW: FYI - Background Briefing Material for Principals Committee Meeting
Japan Supply Chain Document ver 29MAR.DOC; 2013e.pdf

High

FYI-further action needed.

Mark Lombard

Liaison Team Director
U.S. Nuclear Regulatory Commission
Operations Center

From: Weber, Michael
Sent: Thursday, March 31, 2011 10:20 PM
To: Sheron, Brian; Thaggard, Mark; ET01 Hoc; ET05 Hoc; LIA06 Hoc; LA08 Hoc; OST02 HOC
Subject: FYI - Background Briefing Material for Principals Committee Meeting
Importance: High

More related to the Chairman's request for background information for tomorrow's meeting.

From: Pace, Patti
To: Weber, Michael; Burns, Stephen; Doane, Margaret; Borchardt, Bill
Cc: Batkin, Joshua; Coggins, Angela; Bradford, Anna
Sent: Thu Mar 31 20:37:33 2011
Subject: REQUEST: Background Briefing Material for Principals Committee Meeting

Good Evening,

(b)(5)

Many thanks,

Patti Pace

1
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Assistant to Chairman Gregory B. Jaczko
U.S. Nuclear Regulatory Commission

301-415-1820 (office)

301-415-3504 (fax)

--------------------------------------

From: Weber, Michael
Sent: Thursday, March 31, 2011 4:16:13 PM
To: Jaczko, Gregory
*Cc: Coggins, Angela; Batkin, Joshua; Borchardt, Bill; Burns, Stephen;
Doane, Margaret; Mamish, Nader
Subject: FYI - Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

(b)(5)

If you neec any additional information. please advise.

From: Lewis, Robert
Sent: Thursday, March 31, 2011 3:12 PM
To: Milligan, Patricia; Weber, Michael; Wiggins, lim; Moore, Scott; Virgilio, Martin; Haney, Catherine; Ordaz, Vonna;
Evans, Michele; Cool, Donald; DeCicco, Joseph; Reis, Terrence; Luehman, James; Zimmerman, Roy; McDermott, Brian;
Brock, Kathryn; Deegan, George; Cook, John; Owens, Janice; Mamish, Nader; Rothschild, Trip; Doane, Margaret; PMT03
Hoc; PMT04 Hoc; PMT07 Hoc
Subject: FYI: Summary of IPC meeting, Temporary Radiological Standards for International Cargo Transborder Supply
Chain Security IPC

John Cook and I attended the "NATIONAL SECURITY STAFF, TRANSBORDER SECURITY
INTERAGENCY POLICY COMMITTEE meeting on Supply Chain Security on Thursday March 31, 2011, in the
White House Conference Center. The attached handout (same as yesterday was used for the
meeting). Below is a summary.

(b)(5)
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Purpose

(b)(5)

Background

(b)(5)

(b)(5)
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Additional Information Necessary:

(b)(5)

Discussion
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002013
NATIONAL SECURITY STAFF

WASHINGTON, D.C. 20504

March 30, 2011

(b)(5),(b)(6)
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002013

PRINCIPALS COMMITTEE MEETING ON JAPAIN

DATE: April 1, 2011
LOCATION: White House Situation Room

TIME: 11:00 a.m. - 12:30 p.m.

AGENDA

I °

iI.

III.1

IV.

V.

VI.

VII
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Cronk, Kevin

From:
Sent:
To:
Cc:
Subject:

Attachments:

LIA02 Hoc
Thursday, March 31, 2011 4:29 PM
Liaison Japan
LIA01 Hoc; LIA03 Hoc
FW: UPDATE and INPUT: Japanese Government Action Items and Material Request List
(Consortium Call) Rev 1 03 29 (2).xlsx
Japanese Government Action Items and Material Request List (Consortium Call) Rev 1 03 29
(2).xlsx

From: LIA01 Hoc
Sent: Thursday, March 31, 2011 2:51 PM
To: LIA02 Hoc
Subject: FW: UPDATE and INPUT: Japanese Government Action Items and Material Request List (Consortium Call) Rev 1
03 29 (2).xlsx

Lauren,

Please forward to the NRC Japan team.

Thanks.

Jason
Federal Liaison

From: Nielsen, Rick M (INPO) rmailto (b)(6)
Sent: Thursday, March 31, 2011 1:35 PM
To: LIA0I Hoc
Cc: Nielsen, Rick M (INPO); Addy, Robert J (INPO); Tropasso, Randy T. (INPO); Bramblett, Jeff W.; Maddox, James E.
(INPO); Manaskie, George E. (INPO)
Subject: UPDATE and INPUT: Japanese Government Action Items and Material Request List (Consortium Call) Rev 1 03
29 (2).xlsx

(b)(4),(b)(5)

Thank you very much,

Rick Nielsen

INPO
770-644-8118
:[ (b)(6) .

I
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs4II =

Item# Coordinating Current Status and Open
Action Item Description Agency Expected timing Closed Comments

Orginal
Requesting

Agency

1

2

(b)(5)

INPO

INPO

INPO

INPO

INPO

(b)(5)

Open

Closed

Closed

Open
Closed

Open

(b)(5)

A
I

711

1_____________ J4 U..

)ocument is current as of:
1:14 AM

./20/2011
Japanese Covernment Action ltems and Material Request List (tobe considered during Consortium Coils ) "DRAFT" EY 214 of 942e 1 of 8



**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Coordinating
Agency

Current Status and
Expected timing

Open
Orginal

Requesting
Agency

(b)(5) (b)(5) (b)(5)

Document is current as of:

7:14 AM

4/20/2011 Japanese Government Actin Items and Material Request Ust Ito be considered during Consortium Colis) **DRAFT** Page 2 of 8
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees Atthe Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Item#~ Coordinating
Agencv

Current Status and
Exoected timinQ

Open
Closed

Orginal
Requesting

AgencyAction Item Descriotion Comments
1-~* 4 -' - __________

il

(b)(5)

13

INPO

INPO

INPO

(b)(5)

Open
closed

Open

Open

(b)(5)

)ocument is current as of:
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Item#Coordinaing Current Status and Open

Action Item Description Agency Expected timing Closed Comments

Orginal
Requesting

Agency

(b)(5)

(b)(5)

12 Open

(b)(5)

(b)(5)

13

Document is current as of:
7:14AM
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs1 1500 hrs: 1900 hrs; 2300 hrs

Item# Coordinating
Acgency

Current Status and
Fxnpr.tAd timinn

Open
Closed Comments

Orginal
Requesting

Agency
Action Item Description
Action Item DescriDtion

(b)(5)

(b)(5)14

15

16

17

18

Open

ýOpen

(b)(5)

Open

__________________Open ___________

_________________Open __________

)ocument is current as of:

:14 AM
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Item# Coordinating Current Status and Open
Action Item Description Agency Expected timing Closed Comments

Orginal
Requesting

Agency

(b)(5)

19

20
21

22

(b)(5)

Open

OpenSee above
Open

(b)(5)

Open]

Document is current as of:
7:14AM
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Item# Coordinating Current Status and Open
Action Item Description Agency Expected timing Closed Comments

Orginal
Requesting

Agency

24
25

(b)(5)

(b)(5)

(b)(5)

Open

Open

Open

Open

Open

Open

Closed
3129

(b)(5)

29

)ocument is current as of:
':14 AM
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**DRAFT** Japanese Government Action Items and Material Request List
Updates Are Forwarded To Conference Call Attendees At the Following Times Each Day (EDT):

0700 hrs; 1500 hrs; 1900 hrs; 2300 hrs

Item# Coordinating
Agency

Current Status and
Expected timing

Open
Closed

Orginal
Requesting

AgencyAction Item Description Comments
i -

30

31

32

33

34

(b)(5) (b)(5)

Open

Open

Open

Open

Open

(b)(5)

1.-I-

36 1 1I

Document is current as of:
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From:
Sent
To:
Cc:
Subject:
Attachments:

Hoc, PMT12

Friday, April 01, 2011 7:57 AM
Blount, Tom
ET07 Hoc

Commission/ Chairmen Update
Major dose assessment matrix_03312011.xlsx; 2011 04-01 Re-entry criteria Task 3108
(2) (3).doc

I
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U.S. Citizens in Japan: Thresholds and Planning

0

0

(b)(5)

Stakes and Management of the United States-Japan Alliance (DOS)/ Resource
Ihidilamn2 nr n

0

0

0

0

(b)(5)

0

C:\FoiaProject\Foia PDFExport\PSTs\ET07_HOC\Emails\02934\00003.doc
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(b)(5)

* Discussion
o[

(b)(5)

C:\FoiaProject\FoiaPDFExport\PSTs\ET07_HOC\Emails\02934\00003.doc
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From:
Sent:
To:
Subject:
Attachments:

ET07 Hoc
Friday, April 01, 2011 8:56 AM
LIA07 Hoc
FW: HEADS UP - USNRC REACTOR SAFETY TEAM ASSESSMENT REV 1
03-31-11 1200 RST Assessment Document REV 1 .docx; RST ASSESSMENT
CONCURRENCE OFFICIALS 3-31-2011.docx

Please ensure that this version of the document gets onto the designated sharepoint site. Thanks.

From: Weber, Michael
Sent:. Friday, April 01, 2011 8:55 AM
To: PMT01 Hoc; Hoc, PMT12; LIA06 Hoc; LIA08 Hoc; ET07 Hoc; ET05 Hoc; OST02 HOC
Cc: FOIA Response.hoc Resource; Leeds, Eric; Johnson, Michael; Sheron, Brian; Haney, Catherine; Boger, Bruce;
Carpenter, Cynthia; RST01 Hoc
Subject: HEADS UP - USNRC REACTOR SAFETY TEAM ASSESSMENT REV 1

To ensure a coordinated response, if you are referring to the severe accident mitigation. strategies document
that was developed and coordinated by the RST. please use the attached versions as the official version of
Revision 1 of the document.

Thanks

From: RST01 Hoc
Sent: Friday, April 01, 2011 8:33 AM
To: Blount, Tom; ET07 Hoc; Weber, Michael
Subject: FW: USNRC REACTOR SAFETY TEAM ASSESSMENT REV 1

See attached RST assessment and list of approving officials.

Thank you

Brett Rini
RST Coordinator

From: RST01 Hoc
Sent: Thursday. March 31. 2011 7:10 PM

(b)(6)

-c: RS I U1 HOC; RS I U2 Hoc; RSTU7 Hoc; RST09 Hoc; Hoc, RST16; ET07 Hoc; ET02 Hoc; ET05 Hoc
Subject: FW: USNRC REACTOR SAFETY TEAM ASSESSMENT REV 1

All addressees:

I
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Attached please find REV 1 to the RST Assessment Document, along with a separate table
indicating the senior officials who represented the key agencies/organizations with whom we
have consulted to produce the assessment report.

John Thorp
Reactor Safety Team Communicator

2
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From*
To:
Subject:
Date:
Attachments:

Taylor. Robert

Radiation Dose Map
Friday, April 01, 2011 10:02:56 AM
20110401 !FurvevMra.PPt

Dear Mr. Taylor

Attached contains the revised dose map of Fukushima Daiichi site.

I appreciate your support.

Best regards,

Takashi Sato
TEPCO

-T-)I Xf%'J-J• . •"

VI 14(Takashi Sato)
7 100-8560 *VFW!•T-"FFIIB•F:PVWI-I-3

TEL:03-6373-4721
FAX:03-3596-8538
E-Mail:satoh.takashi@tepco.co.jp
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Depta, George (GE Power & Water)

From:
Sent:
To:

GE Hitachi Nuclear Response Team (GE Power & Water)
'Friday, April 01, 2011 6:43 AM
ENERGY GEH ICC Engineering (GE Power & Water); Klapproth, James F (GE Power &
Water)
Q372 NRC Mark I Containment issues data & timeline up to GL 89-16Subject:

I (b)(4)

George

From: Stoddard, Thomas C (GE Power & Water)
Sent: Thursday, March 31, 2011 4:46 PM
To: Harrison, James F. (GE Power & Water)
Cc: GE Hitachi Nuclear Response Team (GE Power & Water)
Subject: RE: GE SILs Related to BWR Mark 1 Containment Improvements

Jim.

(b)(4)

Tom

From: Harrison, James F. (GE Power & Water)
Sent: Thursday, March 31, 2011 8:17 AM
To: Stoddard, Thomas C (GE Power & Water)
Subject: FW: GE SILs Related to BWR Mark 1 Containment Improvements

(b)(4)

Thanks, Jim H

From: Philpott, Stephen [mailto:Stephen.Philpott@nrc.gov]
Sent: Wednesday, March 30, 2011 5:24 PM
To: Harrison, James F. (GE Power & Water)
Subject: GE SILs Related to BWR Mark 1 Containment Improvements

Jim,

We have a reviewer in the Operating Experience branch who is working to develop a timeline/history of the
Mark I containment improvement program starting from when the BWR owner's group was formed to address

I
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concerns with hydrodynamic loading in the torus (late 70s early 80s) all the way through the GL 89-16
recommendation for hardened vents. Would you be able to provide copies of any GE SILs or other documents
that GE put out describing recommendations for improvements to the Mark I design?

I don't know how extensive a list of such documents (or the search to find them) would be. The staff
mentioned the hydrodynamic loading and the hardened vents topics in particular. Let me know if there are
other preferred channels or ways to go about this. We can discuss it more tomorrow and I can give you a little
more background and plans for this.

Thank you,
Steve

Steve Philpott
Licensing Processes Branch (PLPB)
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
phone: 301-415-2365
e-mail: Stephen.PhilpotttZinrc.qov

U.S.NRC
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From:

To:
Subject:
Date:

Aviles. Armando LT USN
Tayfor, Robert

RE: BWR Radiation Fields
Friday, April 01, 2011 6:05:05 PM

Mr. Taylor,

Thank you for the information, this is most beneficial to us.

Best Regards,

LT Armando Aviles
].IqF] CAT RCMTS (b)(6)

----- Original Message -----
From: Taylor, Robert [m~aiktpR.QbA.Tay1l oxaicro.go]
Sent: Saturday, April 02, 2011 6:51 AM
To: Aviles, Armando LT USN
Cc: Scott, Michael
Subject: FW: BWR Radiation Fields

Lieutenant,

Sorry for the delay in getting back to you. I believe the information
answers your questions.

Regards,

Rob Taylor

USNRC

From: RST01 Hoc
Sent: Friday, April 01, 2011 1:44 PM
To: Taylor, Robert; Scott, Michael
Subject: FW: BWR Radiation Fields

In response to your request regarding typical radiation readings, see
below.

From: Keithley, James A. (INPO)
Sent: Friday, April 01, 2011 1:08 PM
To: Ruppert, Gregory F. (INPO)
Cc: INPOERCTech; INPOERCRP
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Subject: BWR Radiation Fields

(b)(4)

Jim Keithley

Sr. Evaluator

Radiological Protection

Institute of Nuclear Power Operations

(b)(6)

(770) 644-8741

hs mail and any ofiits -ýarhn in proprietary INPO or
WANO information i eg~ed, ýconfid~entia, oi protectecLy.
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c belonging to INPO or WANO. This e-mail is intended so!1Jy-f6ri
the use o ndividual or entity for which it is intended. If-you are
not the intended cr nt of this e-mail, any disse .i ation,
distribution, copying, or attion-taken in rela onro the contents of
and attachments to this e-mail is cto the rights of INPO or WANO
and is prohibited. If you areaot-tie inten cipient of this e-mail,
please notify the send~er-irfimediately by return e-tlnd permanently
delete the originaI6inid any copy or printout of this e-mai TLny
attachment.

A han-k you.

EY 235 of 942



From:

Sent:
To:
Subject:
Attachments:

RST01 Hoc

Friday, April 01, 2011 7:37 AM
Blount, Tom; ET07 Hoc
FW: RST Assessment of Fukushima Daiichi Units (Rev 1)
03-31-11 1200 RST Assessment Document REV 1 .docx

Tom,

As requested, please find attached the latest RST Assessment document. Please also append the
additional information provided by Naval Reactors in the e-mail below.

Brett
RST Coordinator

From: RST01 Hoc
Sent: Thursday, March 31, 2011 1:26 PM
To: Giessner lohn: Scott. Michael Tavlor. Rnhert: Caton Chuck: ET07 Hoc: Rocnpr Rnicp

(b)(6)

Subject: FW: RST Assessment of Fukushima Daiichi Units (Rev 1)

Site Team,

This has been vetted by the technical members of the Industry Consortium (cc'd on this email)
and has been agreed upon by most of their senior supervision.
It is therefore being forwarded to you at the behest of the ET Director.

RST Coordinator

From: RST08 Hoc
Sent: Thursday, March 31, 2011 1:02 PM
To: RST01 Hoc; RST03 Hoc
Subject: RST Assessment of Fukushima Daiichi Units (Rev 1)

Attached is the RST Assessment of Fukushima Daiichi Units (Rev 1) with a forwarding memo
requested by Naval Reactors.

Revision 1 to the RST assessment is attached. This revision accomplishes two principal
objectives:
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(b)(5)

Let me know if you have any questions

Mike

Mike Brown

Reactor Safety Team

2
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Oflehial Usc oqd-y
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, CEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

General Discussion of Desired End State

(b)(4),(b)(5)

Page 1
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Offi•i•l- Use-Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)

Definitions

Minimum Debris Retention Injection Rate (MDRIR) is the lowest RPV injection, rate at which it
is expected that core debris will be retained in the RP V when RP V water level cannot be
determined to be above the bottom of active fiel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat from core debris.
The Minimum Debris Submergence Level (MDSL) is the lowest primary containment water level
at which it is expected that ex-vessel core debris on the drywellfloor will be adequately
submerged. It is utilized to preserve primary containment integrity following RPV breach by
core debris.
The Minimum Drv'ell Spray Flow (MDSF) is the lowest spray flow that assures uniforn
circumferential spray distribution within the drywell. Flow rates less than this will not perform
the spray finction but only aflooding function. The MDSF is typically in thousands of gallons
per minute.

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Majority of core is probably contained in the reactor pressure vessel (RPV);
TEPCO believes the reactor water level may be 63 inches below TAF. The
volume of sea water injected to cool the core has left enough salt to fill the lower
plenum to the core plate. !(GEH, INPO, Bettis, KAPL).

Vessel temperatures and pressures:

131.2 0C at bottom drain and 277.8 'C at FW nozzle (TEPCO 0700 JDT 3/30)
(both decreasing trend) (TEPCO 0700 JDT 3/30). RPV at 70.2 psia (increasing
trend), DW and torus pressure at 35 psia (decreasing trend) (TEPCO 0700 JDT
3/30).

Core Cooling: Currently fresh water injection with no boron, injecting through feedwater line at
133 I/min. Injection is from a temporary motor driven pump powered from a

Page 2
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Offielial Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

temporary diesel generator (TEPCO); Injection flow rate will be maintained
above the minimum debrj-s_reteqion injection rate (MDRIR). Recirculation pump
seals have likely failed. (GEH);Jnjection flow rate above MDRIR could not be
maintained through core spray. Assume shutdown cooling system is not
available.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Not damaged, 35 psia. Drywell and Torus hydrogen and oxygen concentrations
are unknown.

(b)(4),(b)(5)
SThe status of the nitrogen purge capability is unknown.

(b)(4),(b)(5) j An
explosive mixture is possible.

Secondary Containment:

Severely damaged (hydrogen explosion).

Spent Fuel Pool:

The fuel in this pool is all over 12 years old and very little heat input (<0.1 MW)
(DOE)

Rad levels: DW 3710 R/hr, Torus 1900 R/hr (CAMS), Outside plant: II mR/hr at gate
(variable) (TEPCO 0800 JDT 3/30)

Other: Electric power available, equipment testing in progress, (JAIF, NISA, TEPCO)

External AC power to the Main Control Room of U- 1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-1. Power has
been restored to the Main Control Room Panels (3/29/11 TEPCO).

Reactor water is in the Turbine Building basement.XNISA).
177 (b)(4),(b)(5)

ASSESSMENT:

Page 3

EY 240 of 942



-or.... Uk Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through the
feedwater system is cooling the vessel but limited if any flow past the fuel. GEH believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core shroud. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(((b)(5) entire fuel floor covered by grey-brown debris of
building roof.

The primary containment is not damaged.

Page 4
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV I),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

,e Inject into the RPV with all available resourcesý (b)(4),(b)(5)

(b)(4),(b)(5)

Vent containmentl
(b)(4),(b)(5)

I (See Additional
Considerations A. 1. through A.5 below)

a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d.

(b)(4),(b)(5)

(b)(4),(b)(5)

)> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (See Additional Considerations C.l. through
C.4 below).

Additional Considerations

A. The following considerations apply to containment venting:

Page 5
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Official Use Ol
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

1.

2.

3.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for

5.

B. Additional Miscellaneous considerations

1.

2.
3.
4.

Borate water if possible.
Ensure spent fuel pool level is maintained as full as possible.
Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel. [

(b)(4),(b)(5)

C. Potential methods for monitoring containment level:

1.1 (b)(4),(b)(5) JHPCI (b)(4),(b)( suction pressure and Drywell
instrument taps

2. Radiation monitoring instrumentsF
3. F (b)(4),(b)(5)

(b)(4),(b)(5)

Page 6
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Official 'Use Only
RST Assessment of Fukushima Daiiehi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3131/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

4.
(b)(4),(b)(5)

5.

UNIT TWO

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Majority of core is probably contained in the reactor vessel. Reactor water level
may be 59 inches below TAF (TEPCO). I

Cb)(4),(b)(5)

Core Cooling: Freshwater injection via injection of non-borated fresh water using the low
pressure coolant injection (LPCI) continues. Injection is from a temporary motor
driven pump powered from a temporary diesel generator (3/29/11 TEPCO), Flow
rate 117 1/min. Bottom head temperature 131.6 C, feed water nozzle temperature
172.4 C (TECPO 0700.3/30/11)) Recirculation pump seals have likely failed.
(Industry)

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Damage and leakage suspected (JAIF, NISA, TEPCO) (b)(6)

Drywell pressure reading 14.5 psia (3/30/11 TEPCO)

Secondary Containment:

Damaged (JAIF, NISA, TEPCO), steam or vapor can be seen coming from the
blowout panel in the reactor building] (b)(5) 13/27/11).

Spent Fuel Pool:

Freshwater being injected directly into the spent fuel pool as of 3/29/11 (TEPCO)
using a pump supplied from off-site power. The Unit 2 spent fuel pool is as 46
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RST Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
1200 hrs 3/31/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject'to change and refinement.

degrees centigrade or 115 degrees Fahrenheit. (b)(4),(b)(5)
(b)(4),(b)(5)

Rad Levels: Drywell 3999 R/hr; Torus 128 R/hr (CAMS);

Outside plant: I1 mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. Technicians are continuing to check DC distribution panels.

ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appears
to be less than U- I based on the reported lower temperatures,

I ~ (b)(4),(b)(5)/

[Core flow capability is in jeopardy due to

continued salt build up.

Injecting water through the low pressure core injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the vessel
to 2/3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect clue to environment. Natural circulation believed impeded
by core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

The primary containment is damaged
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-Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT 2

RECOMMENDATIONS: (for consideration to stabilize Unit 2)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources
(b)(4),(b)(5)_

a. core spray
I (b)(4),(b)(5)

b. feedwater system
c. other systems as they become available
d. F (b)(4),(b)(5) I

(b)(4),(b)(5)

(b)(4),(b)(5) I

Vent containment: (see Additional Considerations A. I. through A.5. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C. F (b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
1200 hrs 3/31/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

d.I (b)(4),(b)(5)

Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.4 below)

Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.
(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level, is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. [
I (b)(4),(b)(5) J

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

a. (b)(4),(b)(5) 1HPC (b)(4),(b)(5) uction pressure and Drywell
instrument taps

b. Radiation monitoring instruments (b)(4),(b)(5)

C.

d. (b)(4),(b)(5)

e.

UNIT THREE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Majority of core is probabl contained in reactor vessel; (b)(4),(b)(5) ]
S (b)(4),(b)(5) TEPCO believes the reactor water level is 79 inchesbelow TAF. [(b)(4),(b)(5)

I ~(b)(4),(b)(5)

Core Cooling: Freshwater injection via injection of non-borated fresh water injection using the
low pressure coolant injection (LPCI) continues. Injection is from a temporary
motor driven pump powered from a temporary diesel generator (3/29/11 TEPCO),
Bottom head temperature 116 C, feed water nozzle temperature Unreliable (0800
3/30/11 TEPCO) Recirculation pump seals have likely failed.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment

Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Drywell pressure 15.53 psia, Torus pressure 25.82 psia (0800 3/30/11 TEPCO)

Secondary Containment

Damaged (JAIF, NISA, TEPCO)

Spent Fuel Pool

Unknown temperature and water level (TEPCO) freshwater is being sprayed as
needed using a cement truck.
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Ofmkfl UOflAY-
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (w*ith Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

Rad Levels: DW 2760 R/hr, torus I I 1 R/hr (3/30/11 TEPCO);

Outside plant: 11 mR/hr at gate (variable) (Industry); 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. In Unit 3, lighting distribution panels are being checked.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-I,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Water injection is to the RPV through the RHR system via the recirculation piping, but with
limited flow past the'fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. While core flow capability may be affected due to continued salt build
up, RPV water level indication is suspect due to environment. Natural circulation believed
impeded by core damage. It is difficult to determine how much cooling is getting to the fuel.
Vessel temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to 1 mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (TEPCO sample table - 3/25/11).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT 3

RECOMMENDATIONS: (for consideration to stabilize Unit 3)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources
F (b)(4),(b)(5) __

a. core spravl

(b)(4),(b)(5)

(b)(4),(b)(5)

b.
C.
d.

[ _ (b)(4),(b)(5)

feedwater system
other systems as they become available

(b)(4),(b)(5) I

(b)(4),(b)(5)

>

> Vent containment: (see Additional Considerations A. 1. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit
b. As necessary to maintain RPV injection above MDRIR.
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

c.
d.

(b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.3. below)

Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.
(b)(4),(b)(5)

B. Additional Miscellaneous consideration

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.
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RST Assessment of Fukushima Daiichi Units (REV 1),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
1200 hrs 3/31/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

C. Potential methods for m nitoring containment level. (b)(4),(b)(5)
:(b)(4),(b)(5)

a. (b)(4),(b)(5) HPCI (b)(4)(b)(5) uction pressure and Drywell
instrument taps

b. Radiation monitoring instruments [ (b)(4),(b)(5) I

C.

d.

UNIT FOUR

(b)(5)

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment:
Not applicable (JAIF, NISA, TEPCO)

Secondary Containment:
Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Low water level, spraying with sea water, hydrogen from the fuel pool exploded, fuel
pool is cool heating up very slowly (JAIF, NISA, TEPCO) Temperature is unknown
(NISA).

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days immediately
following the accident, the fuel was pdrtially uncovered. The lack of cooling resulted in zirc
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

water reaction and a release of hydrogen. The hydrogen exploded and damaged secondary
containment. The zirc water reaction could have continued, resulting in a major source term
release.

Fuel particulates may have been ejected from the pool (based on information of neutron emitters
found up to 1 mile from the units, and very high dose rate material that had to be bulldozed over
between Units 3 and 4. It is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

1. Maintain coverage of spent fuel pool with fresh borated water.
2. As possible, put spent fuel cooling and cleanup in service.

UNIT FIVE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning Temperature 37.9 C (NISA 1800 3/25/11) (JAIF, NISA,
TEPCO)

Other: External AC power supplying the unit, Unit 6 (?) diesel generators available. Fuel Pool

Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.
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Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

Monitor
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1200 hrs 3/31/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT SIX

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT 3/25/11)
(JAIF, NISA, TEPCO)

Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

1. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Key Agency/Organization Input to RST Assessment of Fukushima Dai-ichi (REV 1) Document

Table of Senior/Approving Officials

AGENCY/ CONCURRENCE SENIOR REVIEWING
ORGANIZATION STATEMENT OFFICIAL TITLE AS REPORTED BY
Naval Reactors,

KAPL & BETTIS

GE Hitachi

INPO

DOE/NE

EPRI

(b)(4),(b)(5),(b)(6)
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From:
Sent:
To:

RST01 Hoc
Saturday, April 02, 2011 11:25 AM

(b)(6)

Subject:
Attachments:

FW: RST Spent Fuel Pool Assessment
Q377 RST Assessment Spent Fool Pool Document REV 0 GEH Markup.docx

From: GE Hitachi Nuclear Response Team (GE Power & Water) [mailtot (b)(6)
Sent: Saturday, April 02, 2011 8:04 AM
To: RST01 Hoc
Subject: RE: RST Spent Fuel Pool Assessment

I (b)(4)

GEH ICC

From: RST01 Hoc [mailto:RSTO1.Hoc@nrc.gov]
Sent: Friday, April 01, 2011 7:10 AM
To: GE Hitachi Nuclear Response Team (GE Power & Water); INPO EmergencyResponseCtr (INPO); Modeen, David;
RST03 Hoc; Casto, Chuck; Taylor, Robert; Scott, Michael
Subject: FW: RST Spent Fuel Pool Assessment

From: RST07 Hoc
Sent: Friday, April 01, 2011 6:58 AM
To: RST01 Hoc
Cc: RST07 Hoc; RST08 Hoc; RST06 Hoc
Subject: RST Spent Fuel Pool Assessment

Attached please see the initial draft of the Spent Fuel Pool Assessment Document. Please provide your comments to the
RST team.
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SOffiUse "9'O
RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEII, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hbs 4101/2011
The purposc of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)

( Formatted: Bullets and Numbering
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RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hrs 4/01/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

- IFormatted: Bullets and Numbering

(b)(4),(b)(5)

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

I SFP Status: 292 bundles r
(b)(4),(b)(5) r

4/1) 131.2°C at bottom drain and 277.8 'C at FW nozzle (TEPCO 0700 JDT 3/30)
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OfziJl Use Oniy
RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOEINE

2400 hrs 4/01/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessnents and recommendations arc
based on the best available technical information. We acknowledge that the information is subject to change and
rcfinement.

(b)(4),(b)(5)

Rad levels: 11 mRlhr at gate (variable) (TEPCO 0800 JDT 3/30)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)

External AC power to the Main Control Room of U-I became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-1. Power has
been restored to the Main Control Room Panels (3/29/11 TEPCO).

Reactor water is in the Turbine Building basement (NISA

(b)(4),(b)(5)

ASSESSMENT:

I (b)(4),(b)(5)

RECOMMENDATIONS:

(b)(4),(b)(5)

> I1

(b)(4),(b)(5) I

(b)(4),(b)(5)p.

Additional Considerations

Formatted: Bullets and Numbering
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RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hrs 4/0112011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessment, and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

UNIT TWO

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

SFP Status: 587 bundles
(b)(4'),(b)(5)

3/30)

(b)(4),(b)(5)

Rad Levels: Drywell 3999 R/hr, Torus 128 R/hr (CAMS);

Outside plant: 11 mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. Technicians are continuing to check DC distribution panels.

ASSESSMENT:

I (b)(4),(b)(5)

RECOMMENDATIONS: [
(b)(4),(b)(5) I

(b)(4),(b)(5)

I >

(b)(4),(b)(5)

F

Additional Considerations
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OGnidai Use Only
RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOEINE

2400 hrs 4/01/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessment,; and recommendations arc
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

S Formnatted: Bullets and N= mbei ng

Forattd: ullta nd Numbering

UNIT THREE

ASSUMPTIONS: (based on input from multiple data source: JATF, NISA, TEPCO, & GEH)

SFP Status: 514 bundlesi
I ~(b)(4),(b)(5) -

Rad Levels: DW 2760 R/hr, torus 111 R/hr (3/30/11 TEPCO);

Outside plant: 1I mRlhr at gate (variable) (Industry); 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. In Unit 3, lighting distribution panels are being checked.

ASSESSMENT:

(b)(4),(b)(5)

RECOMMENDATIONS:L
(b) (4),b

(b)(4),(b)(5)

F.
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hrs 410112011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations arc
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

I (b)(4),(b)(5) I
Additional Considerations

Formatted: Buiets and Numbering

Formatted: Bullets and Numbering

UNIT FOUR

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

SFP Status: 1331 bundles in SFPj

(b)(4),(b)(5)

I

Low water level, spraying with sea water, hydrogen from the fuel pool exploded
[(b)(4),(b)(5) fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)
ITemperature is unknow-n (N ISA).

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JAW, NISA, TEPCO)

ASSESSMENT:

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hrs 4/01/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessnments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

RECOMMENDATIONS: [
4 b)(5) 5

(b)(4),(b)(5)

p.

F'

(b)(4) ,(b)(5)

Additional Considerations

Formatted: Bullets and Numbering

IrFormatted: Bullets and Numbering

UNIT FIVE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Spent Fuel Pool:

Fuel pool cooling functioning Temperature 37.9 '"(IC (NISA 1800 3/25/Il) (JAIF, NISA,
TEPCO)

Other: External AC power supplying the unit, Unit 6 (?) diesel generators available. Fuel Pool
Cooling lost when pump failed (JAM, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling[. (b)(4),(b)(5)

Monitor
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Off'iciali Use only
RST Assessment of Fukushima Daiichi Units (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2400 hrs 4/0112011
The purpoc of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.
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RST Assessment of Fukushima Daiichi Units (REV 0),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bcttis and

KAPL), and DOE/NE
2400 hrs 4/01/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukuishima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

UNIT SIX

ASSUMPTIONS: (based on input from multiple data source: JJAIF, NISA, TEPCO, & GEH)

Spent Fuel Pool:
,lxqel pool cooling functioning. Temperature 22 C (NISA 1800 JDT 3/25/11)
(JAIF, NISA, TEPCO)

Other: External AC power supplying th-unit, diesel generatoi. available. Fuel Pool
Cooling lost when pump faile3(JAIF. NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

I. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INTO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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From: Wiccins, ,im
To: Hayden, Elizabeth; Weber, Michael; Burnell, Scott

Cc: Bergman, Thomas; LIA., Hoc
Subject- RE: RESPONSE - RST ASSESSMENT (Rev. 1) [OUO attachment]

Date: Wednesday, April 06, 2011 11:08:37 AM

LIA01, currently Tom Bergman, is responsible for getting and distributing, internally, the
initial (3/26) RST Assessment and Rev 1 (3/31).

From: Hayden, Elizabeth
Sent: Wednesday, April 06, 2011 11:03 AM
To: Weber, Michael; Bumell, Scott
Cc: Wiggins, Jim
Subject: RE: RESPONSE - RST ASSESSMENT (Rev. 1) [OUO attachment]

I understand OIG is looking for the 3/26 report as well.

Beth HaYden
Senior Advisor
Office of Public Affairs
U.S. Nuclear Regulator: Commission

--- Protecting People anid the Environment

301-415-8202
elizabeth.haqyden @nrc.gov

From: Weber, Michael
Sent: Wednesday, April 06, 2011 10:52 AM
To: Burnell, ScottCc: Haydennn Elizabeth; Wiggins, Jim
Subject: RESPONSE - RST ASSESSMENT (Rev. 1) [OUO attachment]

You'll want to refer to the Revision 1 with a 3/31/2011 date (v. 3/30). It is attached. Note that it is
also OUO.

From: Burnell, Scott
Sent: Wednesday, April 06, 2011 10:36 AM
To: Weber, Michael; Hayden, Elizabeth; Wiggins, Jim
Cc: Rothschild, Trip; Ash, Darren; Boyce, Thomas (OIS); Powell, Amy; Schmidt, Rebecca; ET05 Hoc;
ET01 Hoc; OST02 HOC; Batkin, Joshua; Coggins, Angela
Subject: RE: RESPONSE - Phone Message - Beth Hayden x8202

I have a copy of the 3/26 assessment from the RST. I've asked for a copy of the 3/30
version for internal use only.

From: Weber, Michael
Sent: Wednesday, April 06, 2011 10:35 AM
To: Hayden, Elizabeth; Wiggins, Jim
Cc: Rothschild, Trip; Ash, Darren; Boyce, Thomas (OIS); Powell, Amy; Schmidt, Rebecca; Burnell, Scott;
ET05 Hoc; ET01 Hoc; OST02 HOC; Batkin, Joshua; Coggins, Angela
Subject: RESPONSE - Phone Message - Beth Hayden x8202
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Do you have the document (March 26 RST Assessment) or do you need the Ops Center to forward

it to you?

(b)(5)

............................

From: Hayden, Elizabeth
Sent: Wednesday, April 06, 2011 9:16 AM
To: Weber, Michael
Subject: FW: Phone Message - Beth Hayden x8202

(b)(5)

Beth Harden
Senior Advisor

Office of Public Affairs
US. Nuclear Regulatory Commission

-- - Protecting People and the Environnment

301-415-8202
elizabeth.ha vden @nrc.gov

From: Boyer, Rachel
Sent: Wednesday, April 06, 2011 9:12 AM
To: Hayden, Elizabeth
Subject: RE: Phone Message - Beth Hayden x8202

Sorry Beth,

I was looking at your name and trying to send the message to Mike. I have re-sent it to
Mike's attention. Thanks!

Rachel

From: Boyer, Rachel
Sent: Wednesday, April 06, 2011 9:11 AM
To: Hayden, Elizabeth
Subject: Phone Message - Beth Hayden x8202
Importance: High

Please give her a call as soon as you have time. She did not leave a description of the
subject. Thanks!
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From: Powell, Amy
Sent: Thursday, April 07, 2011 2:58 PM

To: Batkin, Joshua
Subject: FW: RST Assessemnts
Attachments: 03-26-2100 Final RST assessment of Daiichi Units document.docx; 03-31-11 1200 RST

Assessment Document REV 1 .docx

From: LIA06 Hoc
Sent: Wednesday, April 06, 2011 12:37 PM
To: Powell, Amy; Schmidt, Rebecca; Burnell, Scott
Cc: LIA08 Hoc
Subject: FW: RST Assessemnts

Attached are the 3/26 (Rev 0) version of the RST assessment, which we believe the NY Times article refers to, and the

3/31 Rev 1 version.

As a heads up these documents were developed over a period of time so there are other versions, with different time
stamps. It is possible the NYT got a different version. However, these were the final versions of each Revision.

We are arranging a meeting tomorrow in the ET room to decide whether and when to release this document. OCA and

OPA will be invited.

Tom Bergman
Liaison Team Director
U.S. Nuclear Regulatory Commission

Operations Center

From: RST01 Hoc
Sent: Wednesday, April 06, 2011 12:13 PM
To: LIA06 Hoc
Cc: RST06 Hoc; RSTO1B Hoc
Subject: RE: RST Assessemnts

As Requested
RST Coordinator

From: LLA06 Hoc
Sent: Wednesday, April 06, 2011 11:14 AM
To: RST01 Hoc
Cc: RST06 Hoc; RST01B Hoc
Subject: RE: RST Assessemnts

This does not match the hard copy version that has been shared within the Ops Center. The version we believe has been
widely shared is dated 2100 hrs 3/26/2011, and was the version referred to by Pat Castleman during the 10 am call this

morning. The version attached to your email is dated 0600 3/26/2001.
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Similarly, the Rev 1 version is dated 1200 hrs 3/31, and is an actual revision to the document. The Rev 1 we have in
hardcopy is more of an amendment, one page, and with no date stamp.

As we have been asked to provide these to OCA to provide to Congressional staff, and potentially to others, we need to
make sure we are all working from the same versions. Please verify the versions of Rev 0 (believe 2100 is correct, and
need a copy if so) and Rev 1 you sent are the correct versions.

Thanks

Tom Bergman
Liaison Team Director
U.S. Nuclear Regulatory Commission

Operations Center

From: RST01 Hoc
Sent: Wednesday, April 06, 2011 10:55 AM
To: LIA06 Hoc
Cc: RST06 Hoc; RST01B Hoc
Subject: RST Assessemnts

The redline assessment from May 26 th
and
the May 31 Rev 1 of the assessment
are attached.

RST Coordinator
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RST Aýessmnt-o • kushinaiichi Units,
Based on most recent available data and input from INPO, GEli, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
2100 hrs 3/26/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, &,'GEH)

Core Status: Core is contained in the reactor pressure vessel, reactor water level is unknown.
The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate. (GEH, INPO, Bettis, KAPL).

Vessel temperatures and pressures:
149°C at bottom drain and 1970C at FW nozzle (NISA 1800 JDT 3/25)
RPV at 65.7 psia (increasing trend), DW and torus pressure at 40 psia (decreasing
trend) (NISA 1800 JDT 3/25).

Core Cooling: Currently fresh water injection with no boron, injecting through feedwater 120
1/mm or 31.7 g/m (NISA); Injection flow rate will be maintained above the
minimum debris retention injection rate (MDRJR). Recirculation pump seals
have likely failed. KGEH-Jjlnjection flow rate above MDRIR could not be
maintained throu g-core spray. Assume RHR is not available.

Primary Containment:
Not damaged, 40 psia Drywell and Torus hydrogen and oxygen concentrations are
unknown. The status of the nitrogen purge capability is unknown. An explosive
mixture is possible.

Secondary Containment:
Severely damaged (hydrogen explosion).

Spent Fuel Pool:
Fuel covered, no seawater injected - (JAIF, NISA, TEPCO). The fuel in this pool
is all over 12 years old and very littl& heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R1hr (source instruments unknown),
Outside plant: 26mR/hr at gate (variable) (INPO 0900 hrs 3/25/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1.

Reactor water is in the Turbine Building basement (NISA).

NOTE: Recommendations are based on validity of above assumptions.

Page 1

EY 272 of 942



- Official Us.. nty-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and reconmendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through the
feedwater system is cooling the vessel but limited if any flow past the fuel. GE believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core barrel. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3/l 9) show
entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

Follow guidelines of SAMG-1, Primary Containment Flooding, Leg RC/F-4, Can you restore
and hold RPV injection rate above the Minimum Debris Retention Injection Rate (AMDRIR)?

1. Inject into the RPV with all available resources while maintaining total RPV injection
flow at the current flow rate (must maintain greater than MDRIR). Systems to use are:

a. core spray, even at reduced flow rate
b. feedwater system
c. other systems as they become available

2. Restore nitrogen purge capability. When restored, establish purge and vent cycle to
minimize explosive potential.

3. RPV injection can be maximized when the containment has been purged with nitrogen
and vented.

4. No overt action is necessary to inject into the primary containment. The primary
containment injection flow path is through the RPV.

5. Vent containment: (see Additional Considerations A.1. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
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-Off Usnly-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

6. Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.3. below).

Additional Considerations

A. The following considerations apply to containment venting:

I. If the primary containment is vented then purge the drywell with nitrogen at
maximum flow.

2. If the torus is vented then purge the torus with nitrogen at maximum flow.

3. Attempt to inert with nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert.

4. Steam/condensing could jeopardize inert environment, as the spray will remove steam
which is preventing hydrogen detonation

5. Hydrogen gas production is more prevalent in salt water than in fresh water. Oxygen
from the injected seawater may come out of solution and create a hazardous
atmosphere inside primary containment. The radiolysis of water will generate
additional oxygen. Maintain venting capability.

6. Containment. spray should be secured before 2 psig to prevent opening vacuum
breakers.

7. Spray water on steam plumes and planned containment vents for scrubbing effect.

8. Avoid atmospheric thermal inversion (in the afternoon) when venting to minimize
dose.

B. Additional Miscellaneous considerations

1. When flooding containment, consider the implications of water weight on seismic
capability of containment.

2. Borate water if possible. (With salt in vessel, consider effect of acidic conditions in
vessel when deciding how much boron to add.)
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-O9ffcia-dsOc
RST Assessment of Fukushima Daiiehi Units,

Based on most recent available data and input from INPO, GEII, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/2612011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

3. Ensure spent fuel pool level is maintained as full as possible.

4. CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

C. Potential methods for monitoring contaimnent level:
1. HPCI suction pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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-Ofeial-Use-Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessment- and recommendations are based on
the best available technical infomiation. We acknowledge that the infonnation is subject to change and refinement.

UNIT TWO

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Core is contained in the reactor pressure vessel, reactor water level is unknown.

Core Cooling: Fresh water with bonic acid injection (TEPCO), bottom head temperature 104C,
feed water nozzle temperature 107C (NISA 1800 JDT 3/25/1 1) (JAIF, NISA,
TEPCO) Recirculation pump seals have likely failed. (Industry)

Primary Containment:
Damage suspected (JAIF, NISA, TEPCO)

Secondary Containment:
Damaged (JAIF, N.ISA, TEPCO), hole in refuel floor siding (visual).

Spent Fuel Pool:
Fuel covered, seawater injected on.March 20, fuel pool temperature 52'C (JAIF,
NISA, TEPCO 1800 JDT 3/25/11).

Rad Levels: Drywell 4560 R/hr; Torus 154 R/hr (source instruments unknown);
Outside plant: 26mR/hr at gate (variable) (Industry).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-l,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Injecting water through the RHR system is cooling the vessel, but with limited flow past the fuel.
Water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
Based on the reports of RPV level at one half core height, the reactor vessel water level is
believed to be even with the level of the recirculation pump seals, implying the seals have failed.
While core flow capability may be affected due to continued salt build up, RPV water level
indication is suspect due to environment. Natural circulation believed impeded by core damage.
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Official U-se Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

It is difficult to determine how much cooling is getting to the fuel. Vessel temperature readings
arc likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, :reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water

level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

NOTE: Recommendations are based on validity of above assumptions.

RECOMMENDATIONS: (for consideration to stabilize Unit 2)

Follow guidelines of SAMG-l, Primary Containment Flooding, Leg RC/F-4, Can you restore
and hold RPV injection rate above the Minimum Debris Retention Injection Rate (MDRIR)?

1. Inject into the RPV with all available resources while maintaining total RPV injection
flow at the current flow rate (must maintain greater than MDRIR). Systems to use are:

a. core spray, even at reduced flow rate
b. feedwater system
c. other systems as they become available

2. Restore nitrogen purge capability. When restored, establish purge and vent cycle to
minimize explosive potential.

3. RPV injection can be maximized when the containment has been purged with nitrogen
and vented.

4. No overt action is necessary to inject into the primary containment. The primary
containment injection flow path is through the RPV.

5. Vent containment: (see Additional Considerations A.l. through A.8. below)
a. To maintain containment pressure below the pressure limit
b. As necessary to maintain RPV injection above MDRIR

6. Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C.1. through
C.3. below)
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-OfficialUsc -onlh-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

Additional Considerations

A. The following considerations apply to containment venting:

1. If the primary containment is vented then purge the drywell with nitrogen at
maximum flow.

2. If the Torus is vented then purge the torus with nitrogen at maximum flow.

3. Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert.

4. Steam/condensing could jeopardize inert environment, as the spray will remove steam
which is preventing Hydrogen detonation.

5. Hydrogen gas production more prevalent in salt water than in fresh water. Oxygen
from the injected seawater may come out of solution and create a hazardous
atmosphere inside primary containment. The radiolysis of water will generate
additional oxygen. Maintain venting capability.

6. Containment spray should be secured before 2 psig to prevent opening vacuum
breakers.

7. Spray water on steam plumes and planned containment vents for scrubbing effect.

8. Avoid atmospheric thermal inversion (in the afternoon) when venting to minimize
dose.

B. Additional Miscellaneous considerations

1. When flooding containment, consider the implications of water weight on seismic
capability of containment.

2. Borate water if possible. (With salt in vessels, consider effect of acidic conditions in
vessel when deciding how much boron to add.)

3. Ensure Spent Fuel Pool level is maintained as full as possible.
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Officpial U-- 0rOy
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

4. CRD injection is desired for cooling directly to the core and for cooling material on

bottom of vessel.

C. Potential methods for monitoring containment level:
1. HPCI suction pressure

2. Drywell instrument taps
3. Radiation monitoring instruments
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Off..ial Us O_..
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT THREE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEM)

Core Status: Core is contained in reactor vessel, reactor water level is unknown.

Core Cooling: Freshwater injection via. fire line initiated 1802 JDT 3/25/11 (NISA), bottom head
temperature Ill C, feed water nozzle temperature Unreliable (JAIF, NISA 1800
JDT 3/25/11, TEPCO) Recirculation pump seals have likely failed.

Primary Containment
Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Secondary Containment
Damaged (JAIF, NISA, TEPCO)

Spent Fuel Pool
Low water level (JAIF, NISA, TEPCO), spraying and pumping sea water into the
SFP via the Cooling and Purification Line (NISA)

Rad Levels: DW 5100 R/hr, torus 150 R/hr (Industry);
Outside plant: 26mR/hr at gate (variable) (Industry); 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-1,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Injecting water through the RHR system is cooling the vessel, but with limited flow past the fuel.
Water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.

Based on the reports of RPV level at one half core height, the reactor vessel water level is
believed to be even with the level of the recirculation pump seals, implying the seals have failed.
While core flow capability may be affected due to continued salt build up, RPV water level
indication is suspect due to environment. Natural circulation believed impeded by core damage.
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Offici.eIa! Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

It is difficult to determine how much cooling is getting to the fuel. Vessel temperature readings
are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to 1 mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (T.EPCO sample table - 3/25/11).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.

RECOMMENDATIONS: (for consideration to stabilize Unit 3)

Follow guidelines of SAMG-1, Primary Containment Flooding, Leg RC/F-4, Can you restore
and hold RPV injection rate above the Minimum Debris Retention Injection Rate (MDRIR)?

1. Inject into the RPV with all available resources while maintaining total RPV injection
flow at the current flow rate (must maintain greater than MDRIR). Systems to use are:

a. core spray, even at reduced flow rate.
b. feedwater system.
c. other systems as they become available.

2. Restore nitrogen purge capability. When restored, establish purge and vent cycle to
minimize explosive potential.

3. RPV injection can be maximized when the containment has been purged with nitrogen
and vented.

4. No overt action is necessary to inject into the primary containment. The primary
containment injection flow path is through the RPV.

5. Vent containment: (see Additional Considerations A. I. through A.8. below)
a. To maintain containment pressure below the pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
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wflical sc Oýd
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and-DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fuk-ushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

6. Stop injecting from sources outside of primary containment prior to primary containment
water level teaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.3. below)

Additional Considerations

A. The following considerations apply to containment venting:

1. If the primary containment is vented then purge the drywell with nitrogen at
maximum flow.

2. If the torus is vented then purge the torus with nitrogen at maximum flow.

3. Attempt to inert with nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert.

4. Steam/condensing could jeopardize inert environment, as the spray will remove steam
which is preventing hydrogen detonation.

5. Hydrogen gas production is more prevalent in salt water than in fresh water. Oxygen
from the injected seawater may come out of solution and create a hazardous
atmosphere inside primary containment. The radiolysis of water will generate
additional oxygen. Maintain venting capability.

6. Containment spray should be secured before 2 psig to prevent opening vacuum

breakers.

7. Spray water on steam plumes and planned containment vents for scrubbing effect.

8. Avoid atmospheric thermal inversion (in the afternoon) when venting to minimize
dose.

B. Additional Miscellaneous considerations

1. When flooding containment, consider the implications of water weight on seismic
capability of containment.

2. Borate water if possible. (With salt in vessel, consider effect of acidic conditions in
vessel when deciding how much boron to add.)
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Offkeial Usez Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEll, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

3. Ensure Spent Fuel Pool level is maintained as full as possible.

4. CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.

C. Potential methods for monitoring containment level:
1. HPCI suction. pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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-Official Use Only
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT FOUR

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GE1-)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment:
Not applicable (JAIF, NISA, TEPCO)

Secondary Containment:
Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Low water level, spraying with sea water, hydrogen from the fuel pool exploded, fuel
pool is cool heating up very slowly (JAIF, NISA, TEPCO) Temperanire is unknown
(NISA).

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely-that in the days immediately
following the accident, the fuel was partially uncovered. The lack of cooling resulted in zirc
water reaction and a release of hydrogen. The hydrogen exploded and damaged secondary
containment. The zirc water reaction could have continued, resulting in a major source term
release.

Fuel particulates may have been ejected from the pool (based on information of neutron emitters

found up to 1 mile from the units, and very high dose rate material that had to be bulldozed over
between Units 3 and 4. It is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

1. Maintain coverage of spent fuel pool with fresh borated water.

2. As possible, put spent fuel cooling and cleanup in service.
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiicluii reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT FIVE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning Temperature 37.9 C (NISA 1800 3/25/11)(JAIF, NISA,
TEPCO)

Other: External AC power supplying the unit, Unit 6 (?) diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor
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-Offieial-se, Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2100 hrs 3/26/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on
the best available technical information. We acknowledge that the information is subject to change and refinement.

UNIT SIX

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, &,GEH)

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vcnt hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT 3/25/11)
(JAIF, NISA, TEPCO)

Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

1. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

Page 15

EY 286 of 942



Merzke, Daniel

From:
Sent:
To:

Cc:
Subject:
Attachments:

Merzke, Daniel
Friday, April 08, 2011 2:11 PM
Hipschman, Thomas; Castleman, Patrick; Snodderly, Michael; Orders, William; Franovich,
Mike
Zom, Jason
FW: Status of Spent Fuel Pools at Fukushima
04-07-11 2000 RST Assessment Spent Fuel Pool.docx

I received the attached document from the Ops Center, with the understanding that the CAs had requested this
information. As I'm not positive who should be receiving this information, please pass it to whomever you feel
the correct party is. Thanks.

Dan

From: RST01 Hoc
Sent: Friday, April 08, 2011 1:57 PM
To: Merzke, Daniel
Subject: Status of Spent Fuel Pools at Fukushima

Dan:

Here is the current status of the spent fuel pools in Japan

Mark
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subeLg-haag ,-aa "--r -i''i---

OIFFICIAL S-ONLY- '

Purpose: Provide a quick view of current RST fuel pool assessment to the NRC Japan
team

Stake holder: NRC Japan Team

(b)(4),(b)(5)

General Discussion of the Desired End State of all Spent Fuel Pools

(b)(4),(b)(5)

[Task Tracker 4131] 1200 Wednesday, April 06, 2011
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information We acknowledge that the information is subject to change and refinement.

OFFICIAL USE ONLY

SPENTFUEL POOL STATUS (1400 April 6 th)

Fukushima Daiichi Unit 1

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.7 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Leak
Criticality statu
Fuel Pool Lew

Water Injection

Fuel Pool Wat

Power Status:

flthr"

Integrity: No data
5s: No data

No data

n Method and Source: Periodic fresh water injected via a hose off of a concrete
pumper truck arm

er Temperature: 18°C (3/31 0815)

Electric power available; equipment testing in progress
(JAIF, NISA, TEPCO)

On Marh 12 2011 at 15736 JT a hvdroaen explosion occurred durinc ventincl. The
Other:

(b)(4), (b)(5)

Unit 1 Assessment:

(b)(4), (b)(5)

Unit 1 Recommendations:

(b)(4),(b)(5)

- I

Unit 1 Additional Considerations:
Unit 1 Additional Considerations:

(b)(4),(b)(5)

[Task Tracker 4131] 1200 Wednesday, April 06, 2011
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFFICIAL USE ONLY

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

116 bundles (September 20-25, 2010)

0.47 MWth; evaporation ration rate 5240 gallons per day

(b)(4),(b)(5)

No data
No data
Full fj 3)

Fresh water injected to the spent fuel pool

71 0 C (TEPCO 4/5)

Other: External AC power has reached the unit, checking the integrity of equipment before
energizing. I (b)(4),(b)(5) I

Unit 2 Assessment:

(b)(4),(b)(5)

Unit 2 Recommendations:

(b)(4),(b)(5)

Unit 2 Additional Considerations:

(b)(4),(b)(5)

[Task Tracker 41311 1200 Wednesday, April 06, 2011
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan, Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

-OFFteLAt-uSE-ENwLY-

Fukushima Daiichi Unit 3

Amount of fuel: 514 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28);F (b)(4),(b)(5)
(b)(4),(b)(5)

No data
No data
Full Ii()6 I/3)

Periodic fresh water injected via a hose off of a concrete
pumper truck arm

57°C (JAIF 4/6)

Other:

Unit 3 Assessment:

(b)(4),(b)(5) I

Unit 3 Recommendations:

(b)(4),(b)(5)

Unit 3 Additional Considerations:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

-OFFICIAL UE ONL-Y

Fukushima Daiichi Unit 4

Amount of fuel: 1331 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Damage suspected (JAIF 3/28); (b)(4),(b5
(b)(4),(b)(5)

No data

Low water level )/1)

Periodic fresh water injected via a hose off of a concrete

pumper truck arm

30°C (JAIF 4/4)

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing.

Unit 4 Assessment:

Unit 4 Recommendations:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFFtCIAL USE ONLY

- I (b)(4),(b)(5)

Unit 4 Additional Considerations:
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFFICIAL USE ONLY

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW (b)(6

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Not damaged (JAIF 4/4)

No data
No data
Full

Fuel pool cooling

37.9-C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel.g.nerators available. Fuel Pool
Cooling lost when pump failed F(JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5).
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFFICIAL USE O, NLY

Fukushima Daiichi Unit 6

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW)[()(6

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Not damaged (JAIF 4/4)

No data
No data
Full

Residual heat removal in fuel pool cooling mode (NISA
3/25)

28.50C (TECPO 4/5)

Other: External AC power supplying the unit, Unit 6 diesel enerators available. Fuel Pool
Cooling lost when pump failed QJAIF, NISA, TEPCO), Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:

Stable.

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFFCIAL USE ONLY.-

Fukushima Daiichi Common SFP

Amount of fuel: 6375 bundles

Last transfer from Reactor: No data

Decay Heat (MW): 1.2 (MW) (b)(6)

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/5)

(b)(4),(b)(5) I

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011

3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement-
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

OFFICIAL USE-ONLY-

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)

[Task Tracker 4131] 1200 Wednesday, April 06, 2011
C:\Documents and Settings\dxm2\Local Settings\Temporary Internet Files\Content.Outlook\RQCDHRBR\04-07-11
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.
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(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based cn the best available
technical information. We acknowledge that the infomiation is subject to change and refinement.
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ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.
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(b)(5)

[Task Tracker 4131] 1200 Wednesday, April 06, 2011
C:\Documents and Settings\dxm2\Local Settings\Temporary Internet Files\Content.Outlook\RQCDHRBR\04-07-11

2000 RST Assessment Spent Fuel Pool (2).docx

EY 302 of 942



The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

OFFGIAL USE-ONL-Y-

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Reactor Sp~ent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 1, 331
Unit 5 (b)(4) 946

Unit 6 876
Shared pool 6, 375

total 10, 921

Fuel assembly type and burn--up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 64
Unit 2 September 20, 2010 - September 25, 2010 11 6
Unit 3 June 23, 2010 - June 28, 2010 1 48
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8, 2011 - January 13. 2011 1 20
Unit 6 August 20, 2010 August 25, 2010 1 84

Total -- _1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.

M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi\Industy Spent Fuel Pool Assessment\04-06-1I 1200 RST Assessment Spent Fuel
Pool.docx
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Qua•yle, Lisa

From: RST01 Hoc
Sent: Saturday, April 09, 2011 11:11 AM
To:

Cc:

(b)(6)

Subject: FW: FINAL - 04-09-11 1200 RST Assessment Spent Fuel Pool Document
Attachments: FINAL - 04-09-11 1200 RST Assessment Spent Fuel Pool.pdf

For your information and comment.

From: RST08 Hoc
Sent: Saturday, April 09, 2011 12:06 PM
To: RST01 Hoc
Subject: FINAL - 04-09-11 1200 RST Assessment Spent Fuel Pool Document

Here is the final version of the RST assessment of the Fukushima Spent Fuel Pools.

The insights and information from this document will be included in the latest revision of the RST Assessment document

that is being revised and hopefully issued early next week.

Let me know if you have any questions.

Thanks,

Mike

Mike Brown

Reactor Safety Team
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

General Discussion of the Desired End State of all Spent Fuel Pools

Purpose: Provide known status and assumptions related to the Fukushima Daiichi spent
fuel pools.

Stakeholder: NRC Site team and NISA

(b)(4),(b)(5)

[Task Tracker 4131] Page 1 FINAL - 1200 April 09, 2011
M:\RST\Japanese Earthquake & Tsunami Response\Spent Fuel- 4041\FINAL - 04-09-11 1200 RST Assessment
Spent Fuel Pool.docx
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Our assessments and recommendations are based on the best available technical information. We acknowtedge that the
information is subject to change and refinement.

OrMtAL USE OI'LY-

SPENT FUEL POOL STATUS (1400 April 6 th)

Fukushima Daiichi Unit 1

Amount of fuel:

Last transfer from Reactor:

Decay Heat (megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:
concrete

Fuel Pool Water Temperature:

Power Status:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.07 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

No data
No data
No data

Periodic fresh water injected via a hose off of a
pumper truck arm

18°C (3/31 0815)

Electric Dower available: eauiDment testina in
progress (JAIF, NISA, TEPCO)

On March 12. 2011 at 15:36 JT, a hvdrooen explosion occurred durino ventina.Other:

(b)(4), (b)(5)

Unit 1 Assessment:

(b)(4),(b)(5)

Unit 1 Recommendations:

(b)(4),(b)(5)

Unit 1 Additional Considerations:

(b)(4),(b)(5)

(Task Tracker 4131] Page 2 FINAL - 1200 April 09, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OF.ICIAL UE NLY-

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor: 116 bundles (September 20-25, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.47 MWth; evaporation ration rate 5240 gallons
per day

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Fullb ((6) /3)

Water Injection Method and Source: Fresh water injected to the spent fuel pool

Fuel Pool Water Temperature: 71-C (TEPCO 4/5)

Other: External AC power has reached the unit, checkingq the integrity of equioment
before energizing. F (b)(4),(b)(5)

Unit 2 Assessment:

nit 2(b)(4),(b)(5)

Unit 2 Recommendations:

(b)(4),(b)(5)

Unit 2 Additional Considerations:

I (b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OrFlIGAL USE O)NLY-

Fukushima Daiichi Unit 3

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:
concrete

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28): (b)(4),(b)(5)
S (b)(4),(b)(5)

No data
No data
Full /3)

Periodic fresh water injected via a hose off of a
pumper truck arm

57°C (JAIF 4/6)

(b)(4),(b)(5)

Unit 3 Recommendations:

(b)(4),(b)(5)

- [
Unit 3 Additional Considerations:

- I (b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFtCV0L, USE ONLY

Fukushima Daiichi Unit 4

Amount of fuel: 1331 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

concrete

Fuel Pool Water Temperature:

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Damage suspected (JAIF 3/28); (b)(4),(b)(5)S(b)(4),(b)(5) ]

No data

Low water level [K4/1)

Periodic fresh water injected via a hose off of a

pumper truck arm

30°C (JAIF 4/4)

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)

Unit 4 Recommendations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

Unit 4 Additional Considerations:
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

eFFICLAL USE ONLY

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW(b)(6)]

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-- rFFIGAL USE ONLY

Fukushima Daiichi Unit 6

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

876 bundles

184 bundles (August 10-25 2010)

0.7 (MW)F (b-)(6-)

Not damaged (JAIF 4/4)

No data
No data
Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode
(NISA 3/25)

Fuel Pool Water Temperature: 28.5-C (TECPO 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

Stable.

Unit 6 Recommendations:

( b)(4), (b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)

[Task Tracker 4131] Page 8 FINAL - 1200 April 09, 2011
M:\RST\Japanese Earthquake & Tsunami Response\Spent Fuel- 4041 \FINAL - 04-09-11 1200 RST Assessment
Spent Fuel Pool.docx

EY 312 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

C-GFIFICIAL USE ONLY,

Fukushima Daiichi Common SFP

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW)(b)(6)]

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/5)

I (b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH -General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFIAL-•SE--ONL-Y-

ENCLOSURE 1

1. EPRI recommendations March 18, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFIILUI NA9--

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFIGCIL USE ON'LY

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

(b)(5)
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Our assessments and recommendations are based on the best available technical information, We acknowledge that the
information is subject to change and refinement.

OFFCGIAL USENY---

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Unit I
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6

Shared pool
total

Reactor Spent fuel pool
292
587
514

1. 331
(b)(4) 946

876
6, 375
10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 64
Unit 2 September 20, 2010 - September 25, 2010 11 6
Unit 3 June 23, 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8, 2011 - January 13, 2011 120
Unit 6 August 20. 2010 August 25, 2010 1 84

Total 1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.

M:\RST'Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi\lndusty Spent Fuel Pool Assessment\04-09-1! 1200 RST Assessment Spent Fuel
Pool.docx
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Quayin, Lisa

From: Hay, Michael
Sent: Saturday, April 09, 2011 8:15 PM
To: ET07 Hoc
Cc: Hoc, PMT12; RST01 Hoc; LIA08 Hoc; Collins, Elmo; Casto, Chuck; Brown, Frederick
Subject: RE: Global Assessment
Attachments: Draftpaperrevl .docx

(b)(5)

Thanks for your support. I plan to work on the RST part, and do the same for that section. Then work on the

attachments, etc ......

I have not read all these inputs and edited yet so please read everything with a critical eye.

Mike

From: ET07 Hoc
Sent: Saturday, April 09, 2011 5:59 PM
To: Hay, Michael
Cc: Hoc, PMT12; RST01 Hoc; LIA08 Hoc
Subject: Global Assessment

Mike,

Hope all is well there in Japan. The team addresses for reviewing the Global Assessment are:

Liaison Team/International Programs: LiaO8.hoc@rnrc.gov

Reactor Safety Team: RST01.hoc@nrc.gov

Protective Measures Team: Pmtl2.hoc@nrc.gov

I talked with the ET and the other teams and they know this is coming. I have Cc-ed them on this email.

Let me know if you have any problems with this process

Bill

Status Officer
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NEW REACTORS
OFFICE OF NUCLEAR REACTOR REGULATION

WASHINGTON, DC 20555-0001

April XX, 2011

SUBJECT: NRC RESPONSE TO FUKUSHIMA EVENT

(b)(5)
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From:
Sent:
To:

RSTO1 Hoc

Saturday0 Arril 09. 2011 2:17 PM

(b)(5)

Subject
Attachments:

Global Assessment Document (aka - RST Assessment)
DRAFT 04-09-2011 1000 RST Assessment Document.docx

Team:

Attached is a draft of Revision 2 of the RST assessment. We have tried to combine reactor
status, spent fuel pool status, and known plant parameters. This is being issued as a pre-
decisional document for your review and comments.

RST Coordinator

I
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE eNL"Y-

RST ASSESSMENT OF FUKUSHIMA DAIICHi UNITS (REV 2),
Based on most recent available data and input from INPO, GEll, EPRI,

Naval Reactors (with Bettis and KAPL), and DOE/NE

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFIGIAL USE ONLY

(b)(4), (b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFIGCIAL USE ONLY

(b)(4),(b)(5)

Definitions

Minimum Debris Retention Injection Rate (MDRIR) is the lowest RPV injection rate at which it
is expected that core debris will be retained in the RPV when RPV water level cannot be
determined to be above the bottom ofactivefuel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat from core debris.

M1linimum Debris Submerence Level (MDSL) is the lowest primaty containment water level at
which it is expected that ex-vessel core debris on the drywell floor will be adequately submerged.
It is utilized to preserve primary containment integrity following RPV breach by core debris.

Minimum Drv-well Spray Flow (MDSF) is the lowest spray flow that assures uniform
circumferential spray distribution within the drywell. Flow rates less than this will not peiform
the spray finction but only afloodingfimnction. The MDSF is typically in thousands of gallons
per minute.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-- FFIleAL-USE-eNtY-

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5)
iThe volume of sea water tinjected to cool the core has left

enough salt to fill the lower plenum to the core plate. (GEH, INPO, Bettis,
KAPL).

Vessel temperatures and pressures:

119 'C at bottom head (increasing) and 246 *C at FW nozzle (steady) (NISA 4/8)
(TEPCO 0700 JDT 3/30). RPV ch A=57.3 psig, ch B=1 15.0 psig both increasing
(NISA 4/8), DW and tonis pressure at 35 psia (decreasing trend) (TEPCO 0700
JDT 3/30). (This will change daily, along with injection rates, etc- For all units)

Core Cooling: Currently fresh water injection with no boron, injecting through feedwater line at
100 /mmin (26.4 gpm) and steady(TEPCO 4/7). [ /

(b)(4),(b)(5) /
(TEPCO); Injection flow rate will be maintained above the minimum debris
retention injection rate (MDRIR). Recirculation pump seals have likely failed.
(GEH); Injection flow rate above MDRIR could not be maintained through core
spray: Assume shutdown cooling system is not available.

RPV
structural
Integrity: Unknown

Primary
Containment

Dry Well:

Secondary
Containment

t:
Damage suspected, slow leakage, began injecting nitrogen gas at 1:30 AM JPT on
4/7 (JAIF 4/8);,,I(b)(a),(b)(5) "J

(b)(4),(b)(5)

t:
Severely damaged (hydrogen explosion).

Rad levels: DW 6830 rem/hr and decreasing (NISA 4/8,1 (b)(4),(b)(5) I
(b)(4),(b( Torus 1220 rem/hr and steady (NISA 4/8), Outside plant: 11 mR/hr
at gate (variable) (TEPCO 0800 JDT 3/30)

Other: On offsite AC power - Control Room lighting for U-l, 2, 3, & 4 (JAIF, 4/1)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFIeCIL-usE-oNtY-

External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-i. Power has
been restored to the Main Control Room Panels (3/29/11 TEPCO).

Reactor water is in the Turbine Building basement (NISA).
(b)(4),(b)(5)

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh wxater through the
feedwater system is cooling the vessel but limited if any flow past the fuel. GEH believes that
water flow, if not blocked, should be filling the annulus region of the vessel to j2/3 core heighL-
There is likely no water level inside the core shroud. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(b)(5) shows entire fuel floor covered by grey-brown debris of
building roof.

The primary containment is not damaged.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources/
(b)(4),(b)(5)

> Vent containment (b)(4),(b)(5) A
F - (See Additional

Considerations A. 1. through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d. (b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

. eFOeAL USE ONLY

(b)(4),(b)(5)

Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (See Additional Considerations C. 1. through
C.4 below).

Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)

3.

4.

5.

Spray water on steam plumes and planned containment vents for scrubbing effect and

(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1.
(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

(b)(4), (b)(5)

2.
3.
4.

Borate water if possible.
Ensure spent fuel pool level is maintained as full as possible.
Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel. I I

(b)(4),(b)(5) /
5. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level:

1. I (b)(4),(b)(5) jHPCIF (b)(4),(b)(5) Iuction pressure and Drywell
instrument taps

2.
3.
4.

5.

Radiation monitoring instruments L (b)(4),(b)(5)

(b)(4),(b)(5)

(b)(4), (b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

- O','flCIAL USE ONLY

UNIT 1 - SPENT FUEL POOL STATUS (1400 April 6th)

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.07 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Leal
Criticality statu
Fuel Pool Levi

Water Injectior

Fuel Pool Wat

Power Status:

Other:

k Integrity: No data
is: No data
el: No data

n Method and Source: Periodic fresh water injected via a hose off of a

concrete pumper truck arm

er Temperature: 18°C (3/31 0815)

Electric power available; equipment testing in
progress (JAIF, NISA, TEPCO)

On March 12, 2011 at 15:36 JT, a hydrogen explosion occurred during venting.

(b)(4),(b)(5)

Unit 1 Assessment:

(b)(4),(b)(5)

Unit 1 Recommendations:

> I

(b)(4),(b)(5)

Unit 1 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFIGIA L- SE-GNLY-

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFF;C;AL USE ONLY

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5) Majority of core is probably contained in the reactor
vessel. Reactor water level 3/5 TAF (NISA 4/8).

(b)(4),(b)(5) "

Vessel temperature and pressures: RPV pres: (ch A= -2.9 psig and decreasing , ch
B= -2.9 psig and decreasing) (NISA 4/8); RPV temp: Btm Head (not avail)
(TEPCo), FW nozzle 141.2°Cl (NISA 4/8),

Core Cooling: Freshwater injection 30.8 gpm,-- (NISA 4/8) via fire ext. line using temp. elect
pump(-b-)(6)4/5). Bottom head temperature 131.6 C, feed water nozzle
temperature 172.4 C (TECPO 0700 3/30/11)) Recirculation pump seals have
likely failed. (Industry)

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Damage and leakage suspected (JAIF, NISA, TEPCO) (b)(6)

Drywell pressure reading -0.2 psig*-- (NISA 4/8)

Secondary Containment:

I (b)(4),(b)(5) May begin to inject

Rad Levels:

Other:

nitrogen gas (NHK World News)

Drywell 2940 rem/hrl. (NISA 4/8); Torus 77 rem/hr+-- (NISA 4/8)

Outside plant: 11 mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

External AC power has reached the unit, checking integrity of equipment before
energizing

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

- OFFICIAL USE eNLY

ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appears
to be less than U-1 based on the reported lower temperatures.

(b)(4),(b)(5)

ACore flow capability is in jeopardy due to
continued salt build up.

Injecting water through the low pressure core injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the vessel
to 2/3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect due to environment. Natural circulation believed impeded
by core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up ( but is adequately cooled.

The primary containment is damaged

RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources
[ (b)(4),(b)(5) I

I (b)(4),(b)(5)

>

' a. core spra ,l (b)(4),(b)(5)
I (b)(4),(b)(5) . [ý

b. feedwater system
c. other systems as they become available
d. (b)(4),(b)(5)

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
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(b)(4),(b)(5)

p.

Vent containment: (see Additional Considerations A. 1. through A.5. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
d. (b)(4.),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.4 below)

Additional Considerations

A. The following considerations apply to containment venting:

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.
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5.
(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CIUD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment., consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. [
[ (b)(4),(b)(5) _ _.

(b)(4),(b)(5) I

a.I (b)(4),(b)(5) HP CI (b)(4),(b)(5suction pressure and Drywcll
instrument taps

b. Radiation monitoring instruments[

C.
d. (b

e.

(b)(4),(b)(5)

))(4),(b)(5)
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UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:
per day

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.47 MWth; evaporation ration rate 5240 gallons

(b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Fulli /3)

Water Injection Method and Source: Fresh water injected to the spent fuel pool. Last
injected 36 tons on 4/7/11

Fuel Pool Water Temperature: 71°C (TEPCO 4/5)

Other: External AC power has reached the unit, checking the integrity of equipment
before energizing. F (b)(4),(b)(5)

Unit 2 Assessment:

(b)(4),(b)(5)

Unit 2 Recommendations:

(b)(4),(b)(5)

- I
Unit 2 Additional Considerations:

(b)(4),(b)(5)

[Task Tracker 4254] Page 15 DRAFT - 1200 April 09, 2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 345 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-eFFIC4AL-USE-eN-tY-

(b)(4),(b)(5)
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UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCqr, & GEH)

Core Status: (b)(4),(b)(5) j Majority of core is probably contained in reactor
vessel;_]

(b)(4),(b)(5)

Vessel temperature and pressure: RPV pressure: ch A= -.6 psig, , ch B= -11.4
psig) * (NISA 4/8); RPV temp: Btm Head 110.8'C+-4 ; FW nozzle: 88.8'C+-*
(NISA 4/8)

Core Cooling: Freshwater injection 30.8 gpm+-+ (NISA 4/8) via fire ext. line using temp. elect

pump b 4/5), Recirculation pump seals have likely failed.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment

Damage suspected (RST, NISA, TEPCO) "Not damaged" (JAW 10:00 3/25)

Drywell pressure 0.6 psig+-+ (NISA 4/8), Torus pressure 10.3 psig+-* (NISA 4/8)

Secondary Containment

Damaged (JAIF, NISA, TEPCO). (b)(4),(b)(5) May begin
to inject nitrogen gas (NHK World News)

Spent Fuel Pool

Rad Levels:

Other:

DW 1880 rem/hr * (NISA 4/8), torus 73.8 rem/hr4-- (NISA 4/8)

Outside plant: 11 mR/hr at gate (variable) (Industry); 100 R/hr debris outside Rx
building (covered).

On offsite AC power (NISA 4/3).1
(b)(4),(b)(5)
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ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-1,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Water injection is to the RPV through the RHR system via the recirculation piping, but with
limited flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. While core flow capability may be affected due to continued salt build
up, RPV water level indication is suspect due to environment. Natural circulation believed
impeded by core damage. It is difficult to determine how much cooling is getting to the fuel.
Vessel temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to 1 mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (TEPCO sample table - 3/25/I1).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.
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RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources
(b)(4),(b)(5) :

a. core spray

(b)(4),(b)(5)

(b)(4),(b)(5)
(b)(4),(b)(p)

I I

b.
C.
d.

feedwater system
other systems as they become available
F (b)(4),(b)(5) I

(b)(4),(b)(5)

F-

> Vent containment: (see Additional Considerations A. 1. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d. (b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C.1. through
C.3. below)
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Additional Considerations

A. The following considerations apply to containment venting:

I.

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.
(b)(4),(b)(5)

B. Additional Miscellaneous consideration

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
I (b)(4),(b)(5) 1:

a. (b)(4),(b)(5) (b)(4),(b)(5) uction pressure and Drywell
instrument taps

b. Radiation monitoring instruments[ (b)(4),(b)(5)

C.

d. (b)(4),(b)(5)
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UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28), (b)(4),(b)(5)

F (b)(4),(b)(5)

No data
No data
Full [ýJ/3)

Periodic fresh water injected via a hose off of a
concrete pumper truck arm

57°C (JAIF 4/6)

(b)(4),(b)(5)

Unit 3 Recommendations:

(b)(4),(b)(5)

Unit 3 Additional Considerations:

(b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

Core Cooling:

Primary Containment:

Secondary Containment:

Offloaded 105 days at time at accident (JAIF, NISA; TEPCO)

Not necessary (JAIF, NISA, TEPCO)

Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before enermizing. (JAIF. NISA. TEPCO). I

i I d I .. • .• . r- II

/ (b)(4),(b)(5)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days immediately
following the accident, the fuel was partially uncovered. The lack of cooling resulted in zirc
water reaction and a release of hydrogen. The hydrogen exploded and damaged secondary
containment. The zirc water reaction could have continued, resulting in a major source term
release.

Fuel particulates may have been ejected from the pool (based on information of neutron emitters
found up to I mile from the units, and very high dose rate material that had to be bulldozed over
between Units 3 and 4. It is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

i. Maintain coverage of spent fuel pool with fresh borated water.
2. As possible, put spent fuel cooling and cleanup in service.
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UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

1331 bundles

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Damage suspected (JAIF 3/28); (b)(4),(b)(5)]
(b)(4),(b)(5)

No data

Low water level b 4/1)

Water Injection Method and Source: Periodic fresh water injected via a hose off of a
concrete pumper truck arm (38 tons of water added
on 4/7/11)

Fuel Pool Water Temperature: 57°C (JAIF 4/4)

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)

Unit 4 Recommendations:

(b)(4),(b)(5)
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(b)(4), (b)(5)

Unit 4 Additional Considerations:
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(b)(4),(b)(5)
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UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .4 psig+-- (NISA 4/8) ; Temp: 45.50 CT (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO)i (b)(4),(b)(5)
3/31);

Primary Containment: Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
946 bundles (JAIF); Temp: 34.7oCl (JAIF 4/8); Cooling capability recovered (JAW 4/1)

Other: I (b)(4),(b)(5) I External AC power supplying the unit, Unit 6 (?)
diesel generators available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,

I I(b)(4),(b)(5)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor
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UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW -b)(6-)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9-C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) 1In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .7 psig*-- (NISA 4/8) ; Temp: 22.7°C4-+ (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO); L
F - (b)(4),(b)(5)

(b)(4),(b)(5)

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
876 bundle s Lemp: 30.5.0°CT (NISA 4/8); Cooling capability recovered
(JAIF 4/1)."Fuel pool cooling functioning.

Other:
(b)(4),(b)(5)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

1. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW)F(b)(6)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode
(NISA 3/25)

Fuel Pool Water Temperature: 28.5°C (TECPO 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

Stable.

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)

[Task Tracker 4254] Page 31 DRAFT - 1200 April 09, 2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 361 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

(b)(4),(b)(5)

[Task Tracker 4254] Page 32 DRAFT - 1200 April 09, 2011
M:\RSTAJapanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 362 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW)(

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0-C (TECPO 415)

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
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TEPCO - Tokyo Electric Power Company

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)

[Task Tracker 4254] Page 34 DRAFT - 1200 April 09, 2011
M:\RST'Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 364 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFrIILUEOL

(b)(4),(b)(5)
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ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011.

(b)(5)
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(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, CEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1000 April 9, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 ()4)1, 331Unit 5 (b)(4) 946
Unit 6 876

Shared pool 6,375

total 10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

I Transfer date Transferred fuels
Unit 1 _ March 29, 2010 "- April 2, 2010 64
Unit 2 September 20, 2010 - September 25, 2010 11 6
Unit 3 June 23, 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8, 2011 - January 13, 2011 120
Unit 6 August 2.0, 2010 August 25, 2010 1 84

Total -- _1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.
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From: RST01 Hoc
Sent: Sunday, April 10, 2011 6:44 AM
To: RST06 Hoc
Subject: FW: Global Assessment
Attachments: Draftpaperrevl.docx

From: Hay, Michael
Sent: Saturday, April 09, 2011 9:15 PM
To: ET07 Hoc
Cc: Hoc, PMT12; RST01 Hoc; LIA08 Hoc; Collins, Elmo; Casto, Chuck; Brown, Frederick
Subject: RE: Global Assessment

Folks,
The attached is a "rough" draft of were Im at with the report. RST input is not done yet, Ill be working it
next. Please note the highlighted areas need attention and I indicated who was responsible or if nobody then
hopefully HQ can support. If not please let me know so I can figure something out.

Thanks for your support. I plan to work on the RST part: and do the same for that section. Then work on the

attachments, etc ......

I have not read all these inputs and edited yet so please read everything with a critical eye.

Mike

From: ET07 Hoc
Sent: Saturday, April 09, 2011 5:59 PM
To: Hay, Michael
Cc: Hoc, PMT12; RST01 Hoc; LIA08 Hoc
Subject: Global Assessment

Mike,

Hope all is well there in Japan. The team addresses for reviewing the Global Assessment are:

Liaison Team/International Programs: Lia08.hocc1nrc.gov
Reactor Safety Team: RSl01.hoc@.,rc.gov
Protective Measures Team: Pmt12.hoc@nrc.gov

I talked with the ET and the other teams and they know this is coming. I have Cc-ed them on this email.

Let me know if you have any problems with this process

Bill
Status Officer
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NEW REACTORS
OFFICE OF NUCLEAR REACTOR REGULATION

WASHINGTON, DC 20555-0001

April XX, 2011

SUBJECT: NRC RESPONSE TO FUKUSHIMA EVENT

(b)(5)
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From:
Sent:
To:
Subject:
Attachments:

Follow Up Flag:
Flag Status:

RST02 Hoc
Sunday, April 10, 2011 5:20 PM
RST01 Hoc

FW: 2011 04-10 global assessment document PMT input
2011 04-10 global assessment document PMT input.docx

Follow up
Flagged

Fyi..

From: Hoc, PMT12
Sent: Sunday, April 10, 2011 4:25 AM
To: RST02 Hoc
Subject: 2011 04-10 global assessment document PMT input

PMVT input to Global Assessment Document attached.

EY 380 of 942



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NEW REACTORS
OFFICE OF NUCLEAR REACTOR REGULATION

WASHINGTON, DC 20555-0001

April XX, 2011

NRC RESPONSE TO FUKUSHIMA EVENTSUBJECT:

(b)(5)

(b)(5)

S 'J~S1~ RS ri I l-I( )C. L iii:~ Is .01)41) I 0'iI1U2 .doc ~4'4dsa~4~
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(b)(5.)
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(b)(5)
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From: RST01 Hoc
Sent: Sunday, April 10, 2011 1:04 AM
To: RST10 Hoc
Subject: FW: comments Global Assessment Document (aka - RST Assessment)

From: Blamey, Alan
Sent: Sunday, April 10, 2011 12:53 AM
To: RSTO1 Hoc
Subject: FW: comments : Global Assessment Document (aka - RST Assessment)

From: Bernhard, Rudolph
Sent: Saturday, April 09, 2011 6:50 PM
To: Blarney, Alan; Salay, Michael
Subject: comments : Global Assessment Document (aka - RST Assessment)

Alan:

(b)(5)

I am working on the timeline, and can be reached by cell.

From: RST01 Hoc
Sent: Saturday, April 09, 2011 2:17 PM

(b)(6)

I
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(b)(6)

Subject: ,IoDai Assessment Document (aka - RST Assessment)

Team:

Attached is a draft of Revision 2 of the RST assessment. We have tried to combine reactor
status, spent fuel pool status, and known plant parameters. This is being issued as a pre-
decisional document for your review and comments.

RST Coordinator

2
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From:
Sent:
To:
Subject:
Attachments:

RST10 Hoc
Sunday, April 10, 2011 5:52 AM

RST06 Hoc; RST07 Hoc; RST01 Hoc
DRAFT 04-10-2011 0600 RST Assessment Document Rev 3.docx
DRAFT 04-10-2011 0600 RST Assessment Document Rev 3.docx

1
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFI•CIAL USE ON'LY

RST ASSESSMENT OF FUKUSHIMA DAIICIII UNITS (REV 2),
Based on most recent available data and input from GEH, EPRI,

Naval Reactors (with Bettis and KAPL), and DOE/NE

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFF!..ALL USE ONLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

.FFICAL USENO'-Y

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL; UISE CwtL"

(b)(4),(b)(5)

//

/i

/

Definitions
//

Minimum Debris Retention .niectiowVRate IMDR1R) is the lowest RPV injection rate at which it
is expected that core debris will pre'etailied in the RPV when RPV water level canimot be
determined to be above the boqltbin of active fitel. It is utilized to ensure that injection into the
RPV is sufficient to removeldecaV heat from core debris.

/

Minimum Debris Subm•reaice Level (MDSL) is the lowest primary containment water level at
which it is expectec hat ex-vessel core debris on the drywellfloor will be adequately submerged.
It is utilized to p.eserve primary containment integrity following RPV breach by core debris.

Minimum D6rvwell Spray Flow (MDSF) is the lowest spray flow that assures uniform

circunfiMd'ential spray distribution within the drywell. Flow rates less than this will not petform
the sp'ayfilnction but only afloodingfunction. The MVDSF is typically in thousands of gallons
per minute.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY-

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data source: JAWF, NISA, TEPCO, & GEH)

Core Status:
(b)(4),(b)(5)

The volume of sea water injected to cool the core has left
enough salt to fill the lower plenum to the core plate. (GEH, INPO, Bettis,
KAPL).

Vessel temperatures and pressures:
,/

119 'C at bottom head (increasing) and 246 *C at FW nozzle (stca (NTISA 4/8)
(TEPCO 0700 JDT 3/30). RPV channel A=57.3 psig, channel P=rl 15.0 psig both
increasing (NISA 4/8), DW and torus pressure at 35 psia (decreasing trend)
(TEPCO 0700 JDT 3/30). (This will change daily, along vith injection rates, etc-
For all units) /

Core Cooling: Currently fresh water injection with no boton, inj1iJeting through feedwater line at
100 1/min (26.4 gpm) and steady(TEPCO 4/7)J, [

(b)(4),(b)(5f /
(TEPCO); Injection flow rate will-be minfitained above the MDRIR.
Recirculation pump seals have likely~fiiled. (GEH); Injection flow rate above
MDRIR could not be maintained thrugh core spray. Assume shutdown cooling
system is not available.

RPV -
Structural Integrity: Unknon

Primary Containment:

/
//

/

(b)(4),(b)(5)

Dry Well:

A
Secoidaryv Containment:

Severely damaged (hydrogen explosion).

Rad levels: DryWell 6830 rem/hr and decreasing (NISA 4/8,1 (b)(4),(b)(5)

I(b)(4),(b)(5 Torus 1220 rem/hr and steady (NISA 4/8), Outside plant: 11 mR/hr
at gate (variable) (TEPCO 0800 JDT 3/30)

Other: On offsite AC power- Control Room lighting for U-i, 2, 3, & 4 (JAIF, 4/1)

[Task Tracker 4254] Page 5 DRAFT - 0600 April 10, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

External AC power to the Main Control Room of U-I became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-iL. Power has
been restored to the Main Control Room Panels (3/29/1l TEPCO).

Reactor water is in the Turbine Building basement (NISA).
(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel ir!.-he lower region of
the core is likely encased in salt and core flow is severely restricted andiikely blocked. The core
spray nozzles are likely salted up restricting core spray flo'w. Injectiý fTesh water through the
feedwater system is cooling the vessel but limited if any flow pastAhe fuel. GEH believes that
water flow, if not blocked, should be filling the annulus. region/of.the vessel to 2/3 core height.
There is likely no water level inside the core shroud. Natur licirculation believed impeded by
core damage. It is difficult to determine how much coolitg is getingto the fuel. Vessel
temperature readings are likely metal temperature~whicl• lags actual conditions.

i./

(b)(5) shows enti're fuel floor covered by grey-brown debris of
building roof. /

in pmay onaimet s otaanae /

I nec primary containment is not damagre9v
/

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

/
The following recommendatijpts are based upon SAMG guidelines and have been modified
based on the current know)ledge of plant conditions.

> Inject into the, PV with all available resources,
/•/ (b)(4),(b)(5)/

Vent cona(b)(4),(b)(5) (See Additional

Considerations A.I. through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.c.
d. (b)(4),(b)(5)

(Task Tracker 42541 Page 6 DRAFT - 0600 April 10, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

GOFIB UE LY

(b)(4),(b)(5)

)I.
./

•' Stop injecting from sources outside of primary containment priorfo primary containment
water level reaching the drywell vent. The goal is to raise prina, conitainment water
level to at least the top of active fuel (TAF). (See AdditionaYConsiderations C.I. through
C.4 below). *.//

ditional Considerations - "

A. The following considerations apply to containment venting:

Ad

I.

2.

3.

/(
j/'. (b)(4),(b)(5)

4. Spraiwater on steam plumes and planned containment vents for scrubbing effect and

/54/ (b)(4),(b)(5)

B. Additional Miscellaneous considerations

1.
(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge.that the
information is subject to change and refinement.

OrFICIAL USE ONLY

2.

3. Ensure spent fuel pool level is maintained as full as possible.
4. Injection of water via the CR.D system is desired to rovide cooling directly to the

core and for cooling material on bottom of vessel.
~~(b)(4),(b)(5) / -

5. When flooding containment, consider the implications of water weight .n "1 i/iiic
capability of containment. i /

C. Potential methods for monitoring containment level:

1.

2.
3.
4.

5.

I (b)(4),(b)(5) IHPCI (b)(4),(b) suction. p rcssu and Drywell
instrument taps ,
Radiation monitoring instrument (bX4),(b)(5)

,/
(b)(4), (b)(5),

/

. /,.

/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

UNIT I - SPENT FUEL POOL STATUS (1400 April 6 th)

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.07 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Leak
Criticality statu
Fuel Pool LevE

Water Injectior

Fuel Pool Wat

Power Status:

Other:

Integrity: No data -. .
S: No data .
I No data

1 Method and Source: Periodic fresh water injected via a'hose off of a
concrete pumper truck arm/

er Temperature: 18°C (3/31 0815)

Electric power availa6 e equipment testing in
progress (JAIF,/tSA, TEPCO)

On March 12. 2011 at 15:36 JT. a hvdroazn exolosion occurred durina ventina.
/b4,()5

Unit 1 Assessment:

Unit 1 Recommendations:./

r I /

(b)(4),(b)(5)
nC

Unit .IAdditional Considerations:

/

( (b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical Information. We acknowledge that the
information is subject to change and refinement.

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: F(b4)]assemblies - damaged. Majority of core is probably contained in the reactorvessel. Reactor water level 3/5 TAF (NISA 4/8).J/

(b)(4),(b)(5)

Vessel temperature and pressures: RPV pres: (ch A= -2.9 psig and decreasing, ch
B= -2.9 psig and decreasing) (NISA 4/8); RPV temp: Btm Pad,(not avail)
(TEPCo), FW nozzle 141..2°CJ (NISA 4/8),

Core Cooling: Freshwater injection 30.8 gpm*-+ (NISA 4/8) via fire/6xt, line using temp. elect
pump F(-b)(6)4/5). Bottom head temperature 131.. 'C; feed water nozzle
temperature 172.4 C (TECPO 0700 3/30/1 l))..circulation pump seals have
likely failed. (Industry) /

/

Reactor Pressure Vessel structural Integrity - Unkno'

Primary Containment: /

/Damage and leakage suspepted (JAIF, NISA, TEPCOf.I. (br)(6)

Drywcll pressure rca 4i'( -0.2 psig-+- (NISA 4/8)

Secondary Containment: -

F / (b)(4),(b)(5) . \May begin to inject

nitrookn gas (NHK World News)

/Rad Levels:. /D/well 2940 rern/hrl (NISA 4/8); Tor-s 77 remi/hr,--, (NISA 4/8)

Outside plant: II mRlhr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. Technicians are continuing to check DC distribution panels.

(b)(4),(b)(5)

[Task Tracker 4254] Page 11 DRAFT - 0600 April- 10, 2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 405 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

.F...lAL USE PLY

ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appears
to be less than U-I based on the reported lower temperatures.

(b)(4),(b)(5)
SCore flow capability is in jeopardy due to

continued salt build up. /

Injecting water through the low pressure core injection line is cooling the vessel. bu(with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus regiqtn of the vessel
to 2/3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect due to environment. Natural circulatirn believed impeded
by core damage. It is difficult to determine how much cooling flow is gettmig to the fuel. Vessel
temperature readings are likely metal temperature which lags actual cdndifions.

Low level release path: fuel damaged, reactor coolant system pl9.t tially breached at
recirculation pump seals, primary containment damaged rbsulting in low level release.

., . /'

There may be some scrubbing of the release if the relea,, path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up - )but is adequatelycooled.

The primary containment is damaged

RECOMMENDATIONS:

The following recommendation/s/are based upon SAMG guidelines and have been modified
based on the current knowled'e of plant conditions.

Inject into the R$f With all available resources
a (b)(4),(b)(5s
a. eorp/sprayI

I (b)(4),(b)(5)

(b)(4),(b)(5)
F/ (b)(4),(b)(5)

b feed water system
c. other systems as they become available
d. [ (b)(4),(b)(5) I

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE UNLY-

p.

(b)(4),(b)(5)

/
//

//
• . //

/.

V Vent containment: (see Additional Considerations A. 1. throA•h A.5. below)
a. To maintain containment pressure below the primar, containment pressure limit.
b. As necessary to maintain RPV injection, above MDRIR.

c *
d. (b)(4-),(b)(5)

Stop injecting from sources outside of prima6, containment prior to primary containment
water level reaching the drywcll vent. T/c goal is to raise primary containment water

level to at least the top of active,,fuel (TAF). (see Additional Considerations C. 1. through
C.4 below) "

,//
Additional Considerations

A. The following consider ati'ons apply to containment venting:
//

I.

2.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

[Task Tracker 4254] Page 13 DRAFT - 0600 April 10, 2011
M:\RST-Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 407 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the

information is subject to change and refinement.
- OFF1CIALzJS I GN ...

5. (b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling dircctly to'the

core and for cooling material on bottom of vessel. /

4. When flooding containment, consider the implications of water weight 9n/seismic
capability of containment.

C. Potential methods for monitoring containment level. (b)(4),J.b)(5)
(b)(4),(b)(5) I

a. (b)(4),(b)(5) ]HPC] (b)(4),(b)(5) utcti nipressure and Drywcll
instrument taps /

b. Radiation monitoring instruments[ /(b)(4),(b)(5)

c. /
d. (b)(4),.(b')5)
C.

//
e, //

d./

//

/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:
per day

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.47 MWth; evaporation ration rate 5240 gallons

(b)(4),(b)(5) /

Fuel Pool Leak Integrity: No data /
Criticality status: No data /,
Fuel Pool Level: Full j/3)
Water Injection Method and Source: Fresh water injected to the lslent fuel, pool. Last

injected 36 tons on 4/7/11

Fuel Pool Water Temperature: 71-C (TEPCO 4/5)/

Other: External AC power has reached the unit, checking the integrity of equipment
before energizing. ___(b)(4),(b)(5)

Unit 2 Assessment: /

/b()()5

Unit 2 Recommendations:. ///

(b)(4),(b)(5)

Unit 2 Additionda Considerations:
,/

S.," (b)(4),(b)(5)"
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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(b)(4),(b)(5)

I
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFfCrfAL USE ONLY

UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

(b)(4),(b)(5)

Vessel temperature and pressure: RPV pressure: ch A= -.6 psi-g , ch B= -1 1.4
psig) +-+ (NMSA 4/8); RPV temp: Btm Head 110.8'C+-+ ; FW no-zý•.88.8oCG--
(NISA 4/8).

Core Cooling: Freshwater inection 30.8 gpm4-+ (NISA 4/8) via fire ext. lin/e using temp. elect
pump .b ý)4/5), Recirculation pump seals have likel/tailcd.

/

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment /

Damage suspected (RST, NISA, TEPCO ",Not damaged" (JAIF 10:00 3/25)

Drywell pressure 0.6 psi g-* (NS•, 4/8), Torus pressure 10.3 psig,-- (NISA 4/8)

Secondary Containment /

Damaged (JAW, NISA/,EPCO).[ (b)(4),(b)(5) May begin
to inject nitrogen gas/(NHK World News)

Spent Fuel Pool 4/

514 bund~fe/sl---• damage suspected (JAIF 3/28);/•.

(NISA/4/.4) 'GM . :;

Rad Levels4 . DW 1880 rcm/hr -* (NISA 4/8), torus 73.8 rem/hr+-4 (NISA 4/8)

.,i"lt'~idre nlant- 11 mR/hr nt fiate (variahle)I (InduistrvV: 100 R/hr debris outside Rx

building (covered).

On offsite AC power (N ISA 4/3).Other:
(b)(4),(b)(5)

I 
__J
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-1,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Water injection is to the RPV through the RHR system via the recirculation piping, but with
limited flow past the fuel. Water flow, if not blocked, should be filling the annulus regionvof the
vessel to 2/3 core height. While core flow capability may be affected due to continuedslt build

up, RPV water level indication is suspect due to environment. Natural circulation bfl.ieved
impeded by core damage. It is difficult to determine how much cooling is gettinuý-6 the fuel.
Vessel temperature readings are likely metal temperature which lags actual condditions.

/"

Low level release path: fuel damaged, reactor coolant system potentially~breached at
recirculation pump seals, primary containment damaged resulting in l•v level release.

/

There may be some scrubbing of the release if the release path.i,6rough the torus and water
level is maintained in the torus. /

Fuel pool is heating up but is adequately cooled, and 'fuecinav have been ejected from the pool
(based on information from TEPCO of neutron sources found up to I mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unif 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some R9• fluid is present (TEPCO sample table - 3/25/11).
Several possible sources (MSIV leakage./FW cheick valves, Rx building sump drains) were
identified, however the likely source is/the fire-water spray onto the reactor building. Additional
evaluation is needed.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that-the
information is subject to change and refinement.
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RECOMMENDATIONS:

The following recommendations arc based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

" Inject into the RPV with all available resources
F (b)(4),(b)(5)

a. core spray

(b)(4),(b)(5)

(b)(4),(b)(5)
- I

I (b)(4),(b)(5)
b.
C.
d.

feedwater system
other systems as they become available

(b)(4), (b)(5) /

A,

(b)(4),(b)(5)

/" VI/nt ontainment: (see Additional Considerations A.1. through AX8 below)

a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.I
d. (b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. I. through
C.3. below)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the

information is subject to change and refinement.
--- OFFICNAL SE-ONLY-

Additional Considerations

A. The following considerations apply to containment venting:

1.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containm' t vents for scrubbing effect.
, • 7

- I
5.1 (b)(4),(b)(5)

B. Additional Miscellaneous consideration/

. I

1.1 (b)(4),(b)(5)

2. Ensure spent fuel pool leel ts maintained as full as possibTe. -
3. Injection of water viý .tie CR1D system is desired to provide cooling directly to the

core and for coolinc; material on bottom of vessel.
4. When floodingcontainment, consider the implications of water weight on seismic

capability ofeontainment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
I b)(4), (b)(5)
a. int(b)(4) '(b)(5)t s I PCI . . .uction-pressure and. Drywvell

instrument taps___ _4___ __(

b. Radiation monitoring instrumentsl . . 4,b)5

(b)(4);(b)(5)

C.

d.
(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-FFICAL USE ONLY

UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28);1 (b)(4),(b)(5)

I (b)(4),(b)(5) j //

No data
No data
Full ( /3)

Periodic fresh water injecte4 via a hose off of a
concrete pumper truck ar4m ,

570G.JAIF/6)-

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

/b(ý()5

Unit 3

Unit 3

Recommendations: ///

(b)(4),(b)(5)

Additiofial Cnsiderations:

'(b)(4),(b)(5)S/.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFICI.A-" USE O.'LY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment: Not applicable (JAIF, NISA, TEPCO)

Secondary Containment: Severely damaged, hydrogen explosion. (JAIF, NISA,/T/EPCO)
/

/
/

Rad Levels:
No information.

/
/

Other: External AC power has reached the unit, checking electrica),integrity of equipment
before energizing. (JAIF, NISA, TEPCO).] _

I ~ ~(b)(4),(b)(5) ,]

ASSESSMENT:

Given the amount of decay heat in the fuel in t e pool, it is likely that in the days immediately
following the accident, the fuel was partiall..uncovered. The lack of cooling resulted in zirc
water reaction and a release of h.ydrogen//-. e hydrogen exploded and damaged secondary
containment. The zirc waterreaction 6uld have continued, resulting in a major source term
release.

Fuel particulates may have bcdi ejected from the pool (based on information of neutron emitters
found up to I mile from the units, and very high dose rate material that had to be bulldozed over
between Units 3 and.4. t4 is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

1. (b)(4),(b)(5)

2./As possible, put spent fuel cooling and cleanup in service.
/
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Our assessments and recommendations are based on t;ie best available technical information. We acknowledge that the

information is subject to change and refinement.
-- OFFetL-SE-NY

UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel: 1331 bundles

Last transfer from Reactor: 548 bundles (December 5 to December 10, 2010)

Decay Heat (MWth): 1.86 MWth

Fuel Pool Structural Support Integrity: Damage suspected (JAIF 3/28);I (b)(4).(b)(5)1
I(b)(4)'(b)(5) /

Fuel Pool Leak Integrity: No data
Criticality status: /
Fuel Pool Level: Low water level ) 4/1) /

Water Injection Method and Source: Periodic fresh water inje: 3ev ahoseoffeOf a
concrete pumper truck/Arm (38 tons of water added
on 4/7/11) -/ .

Fuel Pool Water Temperature: 57°C (JAIF 4/4/

Other: External AC power has reached the unit./checking electrical integrity of
equipment before energizing. /

/.

Unit 4 Assessment: /

/"

/

(b)(4),(b)(5)/7/

///

Unit 4 Recommendations:

• / ~~(b)(4),(b)(5) ..
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

--FIC-FAL USEe•..N'.

(b) (4), (b) (5)

Unit 4 Additional Considerations:

/"
/

/

/
/

/
/

/
/•

/

//
//

, °.

/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the

information is subject to change and refinement.

//

/

(b)(4)(b)(5

//

///

//

7.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the

information is subject to change and refinement.
OrFICIAL USE ONLY

UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) JIn vessel
(JAIF, NISA, TEPCO)

RPV: pressure .4 psigy--, (NISA 4/8) ; Temp: 45.5°CT (NISA 4/8);..

Core Cooling: Functional (JAWF, NISA, TEPCO); (b)(4),(b)(5)

3/31);

Primary Containment: Functional (JAIF. NISA, TEPCO) /

Secondary Containment:/ /
Vent hole drilled in rooftop to avoid hydrogen build up (JAI7 , NISA, TEPCO)

Spent Fuel Pool: /

946 bundles (JAIF); Temp: 34.7oC,[ (JAIF 4 /8);.C6-oimg capability recovered (JAIF 4/1)
•/"

Other: On offsite AC power (b6)3/28). External >C power supplying the unit, Unit 6 (?)
diesel generators available. Fuel Pool Cool-in glost when pump failed (JAIF, NISA,TrEPCO).J

~~/(b)(4),(b)(551 -

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS.
/

Repairs complete o pIR p mp used for fuel pool cooling.

Monitor /
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

E)FFfIA ,,, ONL.

UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW b

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data /

/Fuel Pool Level: Full/...

Water Injection Method and Source: Fuel pool cooling . /

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diese.,generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA,,nd TEPCO). Repairs
complete on RHR pump used for fuel pool c9otfng.

/Unit 5 Assessment:

Stable. . .

Unit 5 Recommendations:

,/- (b)(4),(b)(5)

/

Unit 5 Additional Consideratiop4 :

/" (b)(4),(b)(5)

/

,/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFICIAL USE ONLY

(b)(4),(b)(5)

/• .'
//

/
/.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) 1In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .7 psig4-* (NISA 4/8) ; Temp: 22.7°C+-+ (NISA 4/8);.
'..J

Core Cooling: Functional (JAIF, NISA, TEPCO); L
I (b)(4),(b)(5)

(b)(4),(b)(5) // I

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen,bu up (JAIF, NISA, TEPCO)

/

Spent Fuel Po

Other:

)Co1:/

876 bundle b)(6) Temp: 30.5.O0 CT (NI•A 4/8); Cooling capability recovered
(JAIF 4/1). Fuel pool cooling functio/l!ng.

(b)(4),(b)( 5)

ASSESSMENT:

Unit Six is relatively stable.

/

RECOMMENDATIONS(

I. Monitor

ABBREVI IONS:

GEH 7/General Electric Hitachi
INPd - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-NFFITAL USE S F P TLY-

UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW) )

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Not damaged (JAIF 4/4)

No data
No data
Full

Water Injection

Fuel Pool Wat

Other:

Method and Source: Residual heat removal in fuel'/ool cooling mode
(NISA 3/25):• /

er Temperature: 28.5°C (TECPO 4/5)'

External AC power supplying the unit, Unit 6.;diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF NISA and TEPCO). Repairs

complete on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

Stable.

/

/

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)
/

//
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFrICIAL USE GiNLY•

//

//
//

//

/"

//

./
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the

information is subject to change and refinement.
-•rrIC(1,-I.. U..ZEl GNU'[-

COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:.
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW)

Not damaged (JAIF 4/4)
//

No data
No data .//

Full . ..

Normal cooling (NISA 3/?4)
/28.0°C (TECPO-4"/5

/

/

/

/
/

(b)(4),(b)(5)

Common Additional Consider'tions:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. //SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICAL USE O'&r-e'

TEPCO - Tokyo Electric Power Company

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

--OFFICIAL USE OPNLY

(b)(4),(b)(5)

.../i
/

/,
/

//
/

//

/

/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-oe•~ SE-ONtY-

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-EOFFtetAL USE eNL\'

(b)(5)
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1000 April 9, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 (1. 331
Unit 5 (b)(4) 946

Unit 6 876
Shared pool 6, 375

total 10 ,921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent .fuel pool

Transfer date Transferred fuels

Unit 1 March 29, 2010 - April 2, 2010 ,,, 64
Unit 2 September 20. 2010 •- September 25, 2010 116
Unit 3 June 23, 2010 - June 28, 2010 148
Unit 4 December 5. 2010 - December 10, 2010 548
Unit 5 January 8. 2011 -- January 13, 2011 120
Unit 6 August,20, 2010 August 25. 2010 184

Total ,Z 1, 180

Note: Attachment,-1 isDetailed Contents of Each Pool.

-7
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Esmaili, Hossein

From:
Sent:
To:
Subject:
Attachments:

Esmaili, Hossein
Monday, April 11,2011 8:18 AM
Notafrancesco, Allen
FW: Nitrogen injection graph
Nitrogen curve img-409154535.pdf

From: Lee, Richard
Sent: Monday, April 11, 2011 8:16 AM
To: Esmaili, Hossein
Subject: FW: Nitrogen injection graph

fyi

From: Salay, Michael
Sent: Monday, April 11, 2011 1:11 AM
To: RST01 Hoc; Lee, Richard; 'Gauntt, Randall 0'
Subject: FW: Nitrogen injection graph

(b)(4),(b)(5)

Thanks,
-Mike
Japan Site Team

From: Blarney, Alan
Sent: Sunday, April 10, 2011 7:48 AM
To: Salay, Michael; Bernhard, Rudolph
Subject: FW: Nitrogen injection graph

From: Gard, Lee A (INPO) Fmailto: (b)(6)
Sent: Saturday, April 09, 2011 8:51 AM
To: Blarney, Alan
Subject: Nitrogen injection graph

Al-

(b)(4)

Lee Gard

INPO
C e-1l _ -(b-) (6)]I

qardla(&.inPo. orq

Restricted DisTrinu ron tCpyitht©2011bytheinute- fNuclear Power operations. Ntr-Gommeria
use. Reprod,,ction ofhthisreort withitten consenoNPO is e ssnautorzed

1
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a violation of applicable law. The persons and organizations that are furnished copies of this rep~o sho6u'd
not deliver or tran fer.!pis report to any third party, or make this report or its contents public, without the greement
of INFO. All other rights rese ed.

DI SCLAIMER~:
This e-mail and any of its atfachments may cci-?-. proprietary INPC) or VVAND infornnation that is privileged, ocon .-:'"al. or proteced by copyright belonging to

cop or ar o u s a-r an an UsVttacham ednt:, - te ! d b , pyr,
Than '

the t b lonqg 2
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From:

Sent:
To:
Subject
Attachments:

RST01 Hoc
Monday, April 11, 2011 12:06 AM
RST08 Hoc; RST07 Hoc; RST06 Hoc
FW: Marked up Spent Fuel Pools doc
04-07-11 2000 RST Assessment Spent Fuel PoolJSTmods.docx

From: Salay, Michael
Sent: Monday, April 11, 2011 12:04 AM
To: RSTO1 Hoc
Subject: FW: Marked up Spent Fuel Pools doc

Japan Team RSST comments on the SFP paper "General Discussion of the Desired End State of all Spent
Fuel Pools" attached. Note that these comments were made to the next to last version.

Mike Salay
NRC Japan Team

From: Salay, Michael
Sent: Saturday, April 09, 2011 4:53 AM
To: Blarney, Alan
Subject: Marked up Spent Fuel Pools doc

Attached. -Mike

I.
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The purpose of this document is to provide the NRC Reactor Safety Team's assossment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Ouw assessments and reonmmendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

OFCIAL U- tENIL---

Purpose:

Stake holder.

Provide a quick view of current RST fuel pool assessment to the NRC Japan
team

NRC Japan Team

Fornatted: Font: 9 ptM Do not check spelling I
or grammar __________

[Task Tracker 4131] Page 1 1200 Wednesday, Aprit 06, 2011
C R ,aprFS HOCFIE itsl094'K)2.docxWARS-l'ýe.- 4.etnai

EY 437 of 942



The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We ackrnovf edge that the information is subject to change and refinement.

(b)(5)... II

Fr-•rmated: Font: 9 pt. Do riot check spelling
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel PoolS to the USNRC team in Japan. Out assessments and recommendations are based on the best available technical
information. We acknowledge thai the information is subject to change and refinement.

CITICI!AL USE ONLY

SPENT FUEL POOL STATUS (1400 April 6th)

Fukushima Daiichi Unit 1

Amount of fuel: 292 bundles

Last transfer from Reactor: 64 bundles (March 29 to April 2, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.7 MWth, evaporation rate 780 gallons per day

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: No data

Water Injection Method and Source: Periodic fresh water injected via a hose off of a concrete
pumper truck arm

Fuel Pool Water Temperature: 18°C (3/31 0815)

Power Status: Electric power available; equipment testing in progress
(JAIF, NISA, TEPCO)

Other On March 12, 2011 at 15:36 JT, a hydrogen explosion occurred during venting. The

I (b)(4),(b)(5)

(b)(5) --]

Unit 1 Assessment:

SI (b)(4),(b)(5)

Unit 1 Recommendations:

- I

Unit I Additional Considerations:
S (b)(5)

(b)(4), (b)(5)

Formatted: Fonr 9 pt, Do not check spelling
:1or grammar I
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushirna-Oaiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best avaiable technical
information. We acknowledge that the information is subject to change and refinement.

--eFev -ui-- py-

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor: 116 bundles (September 20-25, 2010)

Pecay Heat [megawatt thermal (MWth)]:. 0.47 MWth; evaporation ration rate 5240 gallons per d

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full (b)(6) 3)

Water Injection Method and Source: Fresh water injected to the spent fuel pool

Fuel Pool Water Temperature: 710C (TEPCO 4/5)

Other:. External AC Dower has reached the unit. checkina the inteority of eaioent beforeenergizing. (b)(4),(b)(5) I

ay (()5

Unit 2 Assessment:

Unit 2 Recommendations:

- I

Unit 2 Additional Considerations: (b)(5)

.(b)(4),(b)(5)

/ Formatted: Font: 9 t, Do not check spelling
"' or gramtmar
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Dafichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowtedge that the information is subject to change and refinement

-OFFlC1AJkLt 0.NL-Y-

Fukushima Daiichi Unit 3

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MWth): I

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other.

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gal1ons per day
IDamage b()()5suspected (JAF3 /28) (b(4), (b)(5)

No data
No data
Full (b)(6 3)

Periodic fresh water injected via a hose off of a concrete
pumper truck arm

57°C (JAIF 4/6)

(b)(5)

I (b)(4),(b)(5)

Unit 3 Recommendations:

- I

Unit 3 Additional Considerations: (b)(5)

(b)(4),(b)(5)

Formatted: Font: 9 Mt Do not check spelling{or grammar
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement

GFF"•C:AL US[ -ý;'LY.

Fukushima Daiichi Unit 4

Amount of fuel:

Last transfer from Reactor:

.Decay Heat (MWth): ..........

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

1331 bundles

548 bundles (December 5 to December 10, 2010)

1.86 MWt_'

Daa~ §pected (JAIF 3I28);[Yb)(4)(b(5

No data
No data
Low water level (b)(6) /1)

(b)(5)

Water Injection Method and Source: Periodic fresh water injected via a hose off of a concrete

pumper truck arm

Fuel Pool Water Temperature: 30°C (JAIF 4/4)

Other. External AC power has reached the unit, checking electrical integrity of equipment
before energizing.

Unit 4 Assessment:

Unit 4 Recommendations:
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement

O)FF;ClALtVJ-ONL-Y-

- (b)(4),(b)(5) I

Unit 4 Additional Considerations: (b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushiima.Dailchi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the Information is subject to change and refinement.

O,"FIC'AL USE-ONLYv

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): .8 M. . . .

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)

'- (b)(4),(b)(5) 111
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment end recommendations for the Fukushima-Oaiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
Information. We acknowledge that the information is subject to change and refinement

Fukushima Daiichi Unit 6

Amount of fuel: 876 bundles

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

184 bundles (August 10-25 2010)

0.7 (MW) .

Not damaged (JAIF 4/4)

(b)(5) J

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

No data
No data
Full

Water Injection Method and Source:

Fuel Pool Water Temperature:

Residual heat removal in fuel pool cooling mode (NISA
3125)

28.5-C (TECPO 4/5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:

Stable.

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5) .. .,
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Dahichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Fukushima Daiichi Common SFP

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 burtdles

No data

1.2 (MW ()6

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0-C (TECPO 4/5)

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Dafichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichl Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.
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ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(5)

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinemenL
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(b)(4),(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknovAedge that the information is subject to change and refinement

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)

(I (b)(5) I- -
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima.
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowtedge that the information is subject ,o change and refinement.
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The purpose of this documont Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Dalichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information Is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fuikushima Daiichi nuclear power station

Reactor Spent fuel pool

Unit 1 292
. Unit 2 587

Unit 3 514
Unit 4( 1.331
Unit 5 (b)(4) 946
Unit 6 876

Shared ool 6. 375
total _ _ _10. 921

Fuel assembly type and bum-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

I Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2. 2010 64
Unit 2 j September 20. 2010 - September 25, 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5. 2010 - December 10. 2010 548
Unit 5 January 8. 2011 - January 13. 2011 120
Unit 6 August 20, 2010 - August 25, 2010 184

Total --__ _1. 180

Note: Attachment 1 is Detailed Contents of Each Pool.

M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi\Industy Spent Fuel Pool Assessment\04-06-11 1200 RST Assessment Spent Fuel
Pool.doex
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From:
Sent:
To:
Subject:
Attachments:

Hoc, PMT12
Monday, April 11, 2011 1:00 PM
OST01 HOC
FW: PARs for Deputies Meeting Rev 16
PARs for Deputies Meeting Rev 16.docx

From: Hoc, PMT12
Sent: Monday, April 11, 2011 11:12 AM
To: Virgilio, Martin; RSTO0 Hoc; OST02 HOC
Cc: Milligan, Patricia
Subject: PARs for Deputies Meeting Rev 16

This is Rev 16 of the Composite Document and it contains Trish Milligan's latest comments, for your review.
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Guidance for Return (Permanent Re-entry) of US Citizens to Areas around
Fukushima Daiichi NPP

(b)(5)

C:\FoiaProject\FoiaPDFExport\PSTs\OST01_HOC2\Emails\01773\00002.docx Page 1

EY 454 of 942



(b)(4)

C:\FoiaProject\FoiaPDFExport\PSTs\OSTO1_HOC2\Emails\O1 773\00002.docx Page 2

EY 455 of 942



(b)(5)

i

G:\FoiaProject\FoiaPDFExport\PSTs\OSTO1_-HOC2\Emails\01 773\00002.docx Page 3

EY 456 of 942



(b)(5)

C:\FoiaProject\FoiaPDFExport\PSTs\OSTO1_HOC2\Emails\01773\00002.docx. Page 4

EY 457 of 942



(b)(5)

Page 5
C:\FoiaProject\FoiaPDFExport\PSTs\OSTO1_HOC2\Emails\OQ 773\00002.docx S Page 5

EY 458 of 942



(b)(5)

Page b
C:\FoiaProject\FoiaPDFExport\PSTs\OST01_HOC2\Emails\01773\00002.docx Page 6

EY 459 of 942



From:
Sent:
To:
Cc:
Subject:
Attachments:

RST08 Hoc
Monday, April 11, 2011 4:31 AM

RST01 Hoc
RST06 Hoc
RST Assessment Document, Rev.2
DRAFT 04-11-2011 0600 RST Assessment Document Rev 2.ddcx

Here is the updated RST Assessment document as of 4/11/11 at 0600. It has incorporated the latest spent fuel pool

assessment document and the plant stability document.

Thanks,

Tim Kolb

I:
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-0FFtICIAt-iSE ONLY

RSI ASSESSMENT OFd FUKUISHIMA DAIICIII UNITS (REV 2),
Based on most recent available data and input from CEll, EPRI,

Naval Reactors (with Bettis and KAPL), and DOE/NE

(b)(5)

[Task Tracker 4254] Page 1 DRAFT - 0600 April 11, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OrFF:CIAL USE ONLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

(b)(4),(b)(5)

z

Definitions /

Minimum Dehris Retention neCti.1 nRaIote (AIDRIR) is the lowest RPV inyection rate at which it
is expected that core debris wili/be retained in the RPV when RPV water level cimnot be
determined to be above(the b6tom of ac.tiveufiel. It is utilized to ensure that in~jec'tion into the
RPV is sufficient1to removldeeav heatfrom cor, debris.

/

Minimum Debris S Il'merL'eiice Level (AMDSL) is the lowest primary containment lvater level at,,,hich it is e.peced ihe ex-vessel core debris on the ,yw,,ell.floor will be adequate,, submerged.

It is u'tilized, c preserve pm-imar, containment initegritV following RPV br-each by core debris.

M'IininlignDrvwell .Sprav Flow (MDSF) is the lowest sprayflow that assures uni/6rn
cir'uf•fi-eLntial spray distribution within the dr. vell. Flow rates less than this will not peLrform
the spra•limction but only a floodfiln function. The MDSF is typically in thousnd(s of/gallons
per minuite.

[Task Tracker 4254] Page 4 DRAFT - 0600 April 11, 2011
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ,NLY

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

Core Cooling,

(b)(4),(b)(5)
FThe volume of sea water injected to cool the core has leftI

enough salt to fill the lower plenum to the core plate. (GEH. INPOBcttis,
KAPL).

Vessel temperatures and pressures:

119 `C at bottom head (increasing) and 246 'C at FW nozzle (stead/vy) (NISA 4/8)
(TEPCO 0700 JDT 3/30). RPV channel A=57.3 psig, channe =B11 15.0 psig both
increasing (NISA 4/8). DW and torus pressure at 35 psia (Ocreasing trend)
(TEPCO 0700 JDT 3/30). (This will change daily, alone,ýý-ith injection rates, etc-
For all units)

Currently fresh water injection with no boron, i14ýcting through feedwater line at
100 I/min (26.4 gpm) and steady(TEPCO 4/M]

(b)(4),(b)(5)
(TEPCO); Injection flow rate will be n - intained above the MDRIR;
Recirculation pump seals have likelyhfailed. (GEII); Injection tlo, Irate above
MDRIR could not be maintained firough core spray. Assume shutidown cooling
system is not available.

/egrity: UnkniOwn //
RPV -
Structural Into

Primary Containment:

(b)(4),(b)(5)

/

Dry:Well: 6'rv, well pressure 12.1 psig and increasing (NISA 4/8). Tonrs presgL 7.8 psig and
/ increasing (NISA 4/8). (b)(4),(b)(5)/

Secon ary Containment:
Severely damaged (hydrogen explosion).

Rad levels: DryWell 6830 rcn/hr and decreasing (NISA 4/8, INPO attributes this to a failed
instrument), Torus 1220 rem/hr and steady (NISA 4/8). Outside plant: I I mR/hr
at gate (variable) (TEPCO 0800 JDT 3/30)

Other: On offsitc AC power- Control Room lighting for U-I,2, 23, & 4 (JAIF, 4/I)

[Task Tracker 4254] Page 5 DRAFT - 0600 April 11, 2011
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I:

Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFt61AL USE ONLY

External AC power to the Main Control Room of U- I became avai]hble at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-I. Power has
been restored to the Main Control Room Panels (3/29/1i TEPCO).:

Reactor water is in the Turbine Building basement (NISA).

(b)(4),(b)(5)

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuelA the lower region of
the core is likely encased in salt and core flow is severely restricted a rfd likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Inicffing fresh water'.through the
feedwater system is cooling the vessel but limited if any flowvym-t the fuel. GEH believes that
water flow, if not blocked, should be filling the annulus r"u 'n of the vessel to 2/3 core height.
There is likely no water level inside the core shroud. Nayral circulation believed impeded by
core damage. It is difficult to determine how much COO ing is gCtting to the fuel. Vessel
temperature readings are likely metal temperature wyhich lags actual conditions.

(b)(5) sho%>entire f'uel floor covered by grey-brown debris of
building7 root. /'

The primary containment is-not dcan~ed.

RECOMMENDATIONS: (fi/consideration to stabilize Unit 1)

The following recommcndftion.s are based upon SAMG guidelines and have been modified
based on the current lwedge of plant conditions.

Inject int"the RPV with all available resources

/F
/•" Vent containment] (b)(4),(b)(5) .

Considerations A. . through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
c;.

d. (b)(4),(b)(5)

[Task Tracker 4254] Page 6 DRAFT - 0600 April 11, 2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 466 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL US, ,-NL,/

(b)(4),(b)(5)

F-

-Stop injecting from sources outside of primary containment priqrto primary containment
water level reaching the drywell vent. The goal is to raise prim"'ary containment water
level to at least the top of active fuel (TAF). (See Additior al Considerations C.l. through
C.4 below).

Additional Considerations
/

A. The following considerations apply to contai'nfient venting:

I. j /

2. / /,

(b)(4),(b)(5)

11. (b() (b)(5)

B/

4. Sp, i' water on steam plumes and planned containment vents for scrulbbing effect• and

B.Adtoa iclanoscnieain

I.
(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

,,,,.Al, USE ONLY

3.
4.

(b)(4),(b)(5)

Ensure spent fuel pool level is maintained as full as possible.
Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vesscl. [

I (b)(4),(b)(5) /

5. When flooding containment, consider the implications of water weight On,il 6 smic
capability of containment.

C. Potential methods for monitoring c:ontainment level:

IIPCI suction pressure and Dywell
/ '

1.

2.

4.

I (b)(4),(b)(5)
instrument taps
Radiation monitoring instrumentsi (]

(b)(4)'(b)(r•/

Y/
//

/

./

//

//

///i
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFICIAL 's O"NLY•

UNIT 1 - SPENT FUEL POOL STATUS (1400 April 6t)

Amount of fuel: 292 bundles

Last transfer from Reactor: 64 bundles (March 29 to April 2, 201,0)

Decay Heat [megawatt thermal (MWth)l: 0.7 MWth, evaporation rate 780 gall6ns per day

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: No data

Water Injection Method and Source: Periodic fresh water injected viaA hose off of a

Fuel Pool Wat

Power Status:

Other:

concrete pumper truck arm

er Temperature: 18°C (3/31 0815)

Electric power avablae: equipment testing in
progress (JAIF, WSA, TEPCO)

On March 12, 2011 at 15:36 JT, a hydroen/ explosion occurred during venting.

I ýý(b4), (b)(5)

Unit 1 Assessment:

F-

p.

F.

7.

Unit 1 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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•/

/

//

./
//

//

/
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Our assessments and recommendations are based on the best available technical information. We acknowtedbe that the
information is subject to change and refinement.

O""-I"AL USE ONLY

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5) ]Majority of core is probably containedin the reactor
vessel. Reactor water level 3/5 TAF (NISA 4/8). I (b)(4),(b)(5)

(b)(4),(b)(5)

Vessel temperature and pressures: RPV pres: (ch A= -2.9 psig andt klecreasing, ch
B= -2.9 psig and decreasing ) (NISA 4/8); RPV temp: Bnl Kad (ptot avail)
(TEPCo), FW nozzle 141.2°Cl. (NISA 4/8),

Core Cooling: Freshwater injection 30.8 gpm--+ (NISA 4T8)
~~~(b)(4),(b)(5) / -

Reactor Pressure Vessel structural Integrity - Unknofvl

Primary Containment:

Damnage and leakage suspeled (JAIF, NISA, TEPCO)F(b)(6)

Drywell pressure rea ng -0.2 psig,-- (NISA 4/8)

Secondary Containment:
/

,' b)(4),(b)(5) [ May' begin to inject

nitrgg/cn gas (NHK World News)
//

Rad Levels: /Obrywell 2940 rem/hrl (NISA 4/8); Torus 77 rem/hr*-> (NISA 4/8):

Outside plant: I I mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)
/ '

Other: External AC power has reached the unit, checking integrity of equipment before
encr~g~iing._F
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

EO)ICRAL USE ONLY

ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appears
to be less than U- I based on the reported lower temperatures.IL

~(b)(4),(b)(5)

[ ICore flow capability is in jeopardy due to

continued salt build up.
/

/"
•. /

Injecting water through the low pressure core injection line is cooling the vessel. buyývith limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus regioknof the vessel

to 2/3 core height. While core flow capability may be affected due to continuo salt build up,
RPV water level indication is suspect due to environment. Natural circulatjdn believed impeded
by core damage. It is difficult to determine how much cooling flow is gtting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual cpfiditions.

./"

Low level release path: fuel damaged, reactor coolant system po/tcntially breached at
recirculation pump seals, primary containment damaged res,9 Tng in low level release.

There may be some scrubbing of the release if the relea ath is through the torus and water
level is maintained in the torus. //

I I /

Fuel pool is heating uprE)( ut is adequa•te,'cooled.

The primary containment is damaged "

/I

RECOMMENDATIONS: /

The following recommendatioy<'/are based upon SAMG guidelines and have beeni modified
based on the current knowled'ge of plant conditions.

- Inject into the V with all available resources (b)(4),(b)(5)
(b)(4),(b).5) V
-a. core. c spray] (b)(4),(b)(5)

.,/(b)(4),(b)(5)
. feedwater system

c. other systems as they become available
d. (b)(4),(b)(5)

(b)(4),(b)(5)
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F.

(b)(4),(b)(5)

/.

Vent containment: (see Additional Considerations A.I. throu .5. belov)
a. To maintain containment pressure below the prinmaty>containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.I
d.

(b)(4),(b)(5)

Stop injecting from sources outside of primary/'ontainment prior to primary containment
water level reaching the drvwell vent. ThcXoal is to raise primary containment water
level to at least the top of active futel (TN6. (see Additional Considerations C.I. through
C.4 below)

/

Additional Considerations /

A. The. following considerau ns apply to containment venting:

2.

3/.

/'/

(b)(4),(b)(5) '
/L .

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

[TaskTrackr 425] Pag 13 DAPT-00 ApIl 121
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5. (b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight'in seismic

capability of containment.

C. Potential methods for monitoring containment level. (b)(4),,(bJ(5)
(b)(4),(b)(5) 1

a. (b)(4),(b)(5) HPCl (4(b)(5)'ucti.t• pressure and Drywell
instrument taps

b. Radiation monitoring instruments[ b 4,(b)5

C.

d. (b)(4), (Jyj(5)

/

/
e./

////
,/
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UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.47 MWth; evaporation rate 5240 gallons per day

(b)(4),(b)(5)

Fuel Pool Leak Integrity: No data ./
Criticality status: No data
Fuel Pool Level: Full j /3)

Water Injection Method and Source: Fresh water injected to the spept'fuel pool. Last
injected 36 tons on 417/11 /

Fuel Pool Water Temperature: 71 °C (TEPCO 4/5) /"

Other: External AC power has reached the unit, checkinf'the inteqrity of equipment
before energizing. I (b)(4),(b)(5)

Unit 2 Assessment:

Unit 2 F

Unit 2

Recommendations: /
./

(b)(4),(b)(5)

Z /

Additional Considerations:

(b)(4),(b)(5)
/ Z/

[Task Tracker 4254] Page 15 DRAFT - 0600 April 11,2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 475 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-eFUeiL-SEO NtY

//

(b)(4),(b)(5)

/

//

/

/
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UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

(b)(4),(b)(5)

Vessel temperature and pressure: RPV pressure: ch A= -.6 psig., cii . ý--.1 1.4
psig) - (NISA 4/8); RPV temp: Btm Head 110.8`C-?- FW nozzlt/88.8.C+-*
(NISA 4/8)

/"

Core Cooling: Freshwater injection 30.8 gpm+-- (NISA 4/8)J (b),(4),(b)(5)
(b4 b Recirculation pump seals have likelý)lilcd.

//

Reactor Pressure Vessel structural Integrity - Unknown
/

Primary Containment /

/Damage suspected (RST, N1SA, TEPCQ '/Not damiaged'" (JAIF 100 " /5

Drywell pressure 0.6 psig,--, (NIS)64/X) Torus pressure 10.3 psigl,+ (NISA 4/8)

Secondary Containment

Damaged (JAW. NISAXTEPCO)I (b)(4),(b)(5) Aay begin
to inject nitrogen gas.-NtIK w orld News)

Spent Fuel Pool

//

514 bund~zl :.. . . L _
• (b)(4),(b)(5)

Rad Levels./ DW 1880 renihr -(NISA 4/8), torus 73.8 rem,/hr+--* (NISA 4/8) i
.//

Outside plant: 11 mR/hr at gate (variable) (industry); 100 R/hr debris outside Rx
building (covered).

Other: On offsite AC power (NISA 4/3).]
l . ~(b)(4),(b)(5):
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ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-I,
based on the reported lower temperatures. Core flow capability is in jeopardy due. to continued
salt build up.

Water injection is to the RPV through the RHR system via the recirculation piping, but with
limited flow past the fuel. Water flow, if not blocked, should be filling the annulus'region of the
vessel to 2/3 core height. While core flow capability may be affected due to continiued salt build
up, RPV water level indication is suspect due to environment. Natural circulation beRived
impeded by core-damage. It is difficult to determine how much cooling is gettinge rthe fuel.
Vessel temperature readings are likely metal temperature which lags actual conoi'ins.

Low level release path: fuel damaged, reactor coolant system potentially byrachcd at
recirculation pump seals, primary containment damaged resulting in lo/'evel release./,

There may be some scrubbing of the release if the release path is jrough the torus and water
level is maintained in the torus. /

Fuel pool is heating up but is adequately cooled, and fuel/.m ay have been ejected from the pool
(based on information from TEPCO of neutron sourccs.tYound up to 1 mile from the units, and
very high dose rate material that had to be bulldozed/over between Units 3 and 4. It is also
possible the material could have come from Unit,4). Unit 3 turbine building basement has
flooded. Samples of water indicate som,2 RC,4uid is present (TEPCO sample table - 3/25/11).
Several possible sources (MSIV leakage, F check valves, Rx building sump drains) were
identified, however the likely source is tbi' fire water spray onto the reactor building. Additional
evaluation is needed.

/.
/ /
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RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have beenmlodificd
based on the current knowledge of plant conditions.

Inject into the RPV with all available resources
k (k~A k r,~~Z

I (b)(4),(b)(5)
L tu A M A It --Ja. core sprayl - (b)(4),(b)(5)

[(b)(4),(b)(5)I

b. feedwater system
c. other systems as they become available
d. (b)(4),(b)(5)

(b)(4),(b)(5)

V nVt containment: (see Additional Considerations A. I. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C. (b)(4),(b)(5)
d.

v" Stop injectingr from sources outside of primary containment prior to primaiy containment
water level reaching the drwell vent. The goal is to raise primary containment water
level to at least the top of active ftel (TAF). (see Additional Considerations C.I. through
C.3. below)
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Additional Considerations

A. The following considerations apply to containment venting:

I.

(b)(4),(b)(5)

/

4. Spray water on steam plumes and planned containnmiif vents for scrubbing effect.

5"I (b)(4),(b)(5)

B. Additional Miscellaneous consideration/

1. (b)(4),(b)(5)

2. Ensure spent fuel pool lex'el is maintained as full as possible.
3. Injection of water it CRD system is desired to provide cooling dirIectly to the

core and for coolind material on bottom of vessel.
4. When flooding eittaimnent, consider the implications of water weight'on seismic

capability ovYontainnment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
I (b)(4),(b)(5) I

a. [ (b)(4),(b)(5) HPCIk b)(4),b)uction pressure alid Drywell
/ instrument taps

b.

C.

d.

Radiation monitoring instrumentsl (b)(4),(b)(5)

(b)(4),(b)(5)
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UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel.

Last transfer from Reactor:

Decay Heat (MWth):

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28) (b)(4),(b)(5)
(b)(4),(b)(5) I

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other-

No data
No data
Fi ll I-( • /~ I 3•

S //

Full /

Periodic fresh water injected viaa hose off of a
concrete pumper truck arm./0 tons added on 4/10.

57°C (JAIF 4/6)

Unit 3 Assessment:

Unit 3 Recommendations:

S/ .(b)(4),(b)(5)

Unit 3 Addi0i6nal Considerations:

/

-

/ (b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO. & GEH I)

C.ore Status:

Core Cooling:

Primary Containment:

Secondary Containment:

Rad Levels:
No information.

Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Not necessary (JAIF. NISA, TEPCO)

Not applicable (JAIF, NISA. TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NIS,ý,TEPCO)

,/ V

Other: External AC power has reached the unit, checking clectrical/integrity of equipment
before energizing. (JAIF, NISA, TEPCO).L

F (b)(4),(b)(5)

..,//

ASSESSMENT: /

Given the amount of decay heat in the fuel in twe'pool, ii is likely that in the days immediately
following the accident, the fuel was partially/ uncovered. The lack of cooling resulIted in zire
water reaction and a release of hydrogen. /The hydrogen exploded and damaged secondary
containment. The zirc water reaction eold have continued, resulting in a major source term
release. //

Fuel particulates may have ben ejected from the pool (based on information of neutron emitters
found up to I mile from, the units, and very high dose rate material that had to be btilldozed over
between Units 3 and 4 1 is also possible the material could have come from Unit 3).

RECOMMENDAYfIONS:

1. Main~tin coverage of spent fuel pool with fresh water. ]_
[ // (b)(4),(b)(5)

2. ,6 possible, put spent fluel cooling and cleanup in service.
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UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

1331 bundles

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Damage suspected (JAIF 3/28);F (b)(4),(b)(5)
L(b)(4),(b)(5)

No data
No data
Low water levelj (b)(6) 1111)

/

Periodic fresh water injpe/ted via a hose off of a
concrete pumper tru arm (38 tons of water added
on 4/7/11)

30°C (JAIF 4

Other: External AC power has reached the 14ift, checking electrical integrity of
equipment before energizing. I

Unit 4 Assessment:
/

/
/

//

/

(b)(4),(b)(5)

Unit 4 Re cmmendations:

(b)(4),(b)(5)

Unit 4 Additional Considerations:
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(b)(4),(b)(5)

/

K
/Y/

/
/

/

/

,/
/"

/
/

//
/

/

//
/

/
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(b)(4),(b)(5)

,/
/
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UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) - In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .4 psig*-+ (NISA 4/8)• Temp: 45.5°CT (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO); (b)(4),(b)(5)
3/3 1);

Primary Containment: Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAI , NISA, TEPCQ)

/;

Spent Fuel Pool:
946 bundles (JAIF); Temp: 34.7oC,[ (JAIF 4/8); Cooling capability recovefed (JAIF 4/1)

Other: On offsite AC power (b)(6fl3/28). External AC power supplying the unit, Unit 6 (?)
diesel generators available. Fuel Pool Coo!-ijg lost when pump failed (JAIFNISA,

~/(b)(n),(b)(5)[

ASSESSMENT: /

Unit five is relatively stable. /

RECOMMENDAT1i,!z

Repairs complete o 1-IR pump used for fuel pool cooling.
/

Monitor /
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UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW (b)(6)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)
S /

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

/

//Water Injection Method and Source: Fuel pool cooling/

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5) //

Other: External AC power supplying the unit, Unit 6 diespi generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NIS.,'and TEPCO). Repairs
complete on RHR pump used for fuel pool c,9oling.

/

Unit 5 Assessment:
/"

/- Unit 5 is stable with cooling capacity reco/vdred.
/-

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:
/

/

_ /. . .(b)(4),(b)(5) .

//
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(b)(4),(b)(5)

//
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UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPC f, & GEH)

Core Status: (b)(4),(b)(5) Iln vessel
(JAIF, NISA, TEPCO)

(b)(4), (b)(5)

Core Cooling: Functional (JAIF, NISA, TEPCO);I (b)(4),(b)(5)
F (b)(4),(b)(5) ( ( ); / /

Primary Containment:
Functional (JAIF, NISA, TEPCO) //.

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (iXIIE. NISA, TEPCO)

Spent Fuel Pool:
876 bundles Temp: 30.5. 0 °CT (NISA 4': Cooling capability recovered
(JAIF 4/1). Fuel, pool cooling functioning. .

Other:

ASSESSMENT:

Unit Six is relatively stable.
/

/

RECOMMENDATIONS:/

1. Monitor
//

ABBREVIATIONS:

GEH - 6eneral Electric Hitachi
INPO- Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW)(b-)(6•)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel 0ol cooling mode
(NISA 3/25) /

Fuel Pool Water Temperature: 28.5°C (TECPO 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators avaiable. Fuel
Pool Cooling lost when pump failed (JAIF, N),A: and TEPCO). Repairs

complete on RHR pump used for fuel pool-tooling.
.//

Unit 6 Assessment:

- Unit 6 is stable with cooling capacity re overed.

Unit 6 Recommendations: /
/j

(b)(4),(b)(5) -

/"
Unit 6 Additional Considg-tations:

(b)(4),(b)(5)
/"

//

./
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(b)(4), (b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledgIe that the
information is subject to change and refinement.
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COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations: /

6375 bundles

No data

1.2 (MW) )

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3124)

28.0°C (TECPO 4/5'

/"

/

/

/
/

(b)(4),(b)(5)

Common Additional Considerations:

REFERENCE'S

1. ,'ERI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
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TEPCO - Tokyo Electric Power Company

,ENCLsOSURE-11

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)
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(b)(4),(b)(5)

/
/"

/

/

//

/

//

//•.

/

/
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ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 24, 2011

(b)(5)
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(b)(5)
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RST Assessment of Fukushiina Daiichi Units (REV 1),
Based on most recent available data and input from INPO. GEIH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
1000 April 9, 2011

Our assessments and recommendations are based on the best currently available technical infbrmation. This
information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

I Reactor Spent fuel pool
Unit 1 292
Unit 2 I 587
Unit 3 514
Unit__ 41. 331
Unit 4 (b)(4) 946
Unit 6 876

Shared pool 6. 375
total 10, 921

Fuel assembly type and burn--up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 1 64
Unit 2 September 20, 2010 '- September 25, 2010 116
Unit 3 June 23, 2010 - June 28. 2010 i 148
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8. 2011 January 13. 2011 120
Unit 6 August 20. 2010 - August 25, 2010 1 84

Total --_ __1. 180

Note: Attachment Vis Detailed Contents of Each Pool.
./

/".
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From:
Sent:
To:
Cc:
Subject:
Attachments:

RST01 Hoc
Wednesday, April 13, 2011 9:40 PM
Hiland, Patrick
ET01 Hoc
RST Assessment Rev 2
FW: NR Comments on RST Rev 2; DRAFT 04-12-2011 1200
Rev 2GEHINFPO_DOE.docx

:RST Assessment Document

Mr. Hiland,

Attached is the RST Assessment Rev 2 which has GEH, INPO, and DOE comments. In
addition, we included the email from NR which has iheir comments which have not been fully
incorporated as of yet.

Regards,
RST Team
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Our assessments and recommendations are based on the best available technical informaton. We acknowledge that the
information is subject to change and refinement.

RST ASSESSMENT OF FUKUSHIMA DAIICHI UNITS (REV 2),
Based on most recent available data and input from GEH, EPRI,

Naval Reactors (with Bettis arad KAPL), and DOE/NE
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Our assessments and recommendations are based on the best available technical information. We acknowledge thai the
information is subject to change and refinement.

OGrFtCt•L UsE ONLY

I

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

4/i

/ ./.., ., ..

/. m

.J• ;- x :'" ,

• ./. - . . .'

"/'' : / "" # ..
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Our assessments and recommendations are based on the best available technical information. We acknowledge that :he
information is subject to change and refinement.

-F,9F-C6IL UJ t ONLY
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Our assessments and recommendations are based on the best available technical information. We acknowledge that tMe

information is subject to change and refinement,

(b)(4),(b )(5)

Definitions

Minimum Debris Retention In/ection Rate (MDRIRI is the lowest RPV injeft/0ii rate arhIdehI it
is expected that core debris will be retained in the RPV when RP V water keiel cannotibe
deterninted to he above the bottom ofactivefiel. It is utilized to en'iurc"Xuft injt cton into the
RPV is sufficient to remove decay heat from core dpbris. /

Minimum Debris Submergence Level (MDSL) is the lowe't pirn inoLflmlainment water level at
which it is expected that ex-vemsel core debris on the drintut o uoor iil he adequateh, submerged.
Iis utilized to preserve priniary containment iwka1it, fot kiivs RPJ' breach by core debris.

Minimum Driwell Spray Flow (MDSF) is the 0oLti"! prs vio that assureis uniforrn
circum/erential sprav distribution within the Ii tsl 1. FThry;% ates less than this will not perform
the sprayfimnction but onh, a floodingfoinciov 7/,T,, MDSF is typicalh,' in thousands of gallons
per minute.

//

/ .
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Our assessments and recommendations are based on the best available technical information- We acknowledge that the
information is subject to change and reflnementL

-OPPI L US',%E ON-Y-

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assessment: (As of 0700, 4/12/11)

RPV Pressure (MmaL)

A - 0.416, steady (60.3 psig)

B - 0.908, rising (131.7 psig)

RPV Temnerature (0C)

Bottom Head - 119, steady (246.2'F) - . '

Feedwater Nozzle - 216.2 and lowering (421 . 0 F)

PCV Pressure (MPaa)

DW-0. 19(27.6psia)

SC - 0.165 (23.9 psia) rising

DW CAMS (Svwhr) - INOP

S/C CAMS (Sv/hr) - 10.8 (1080 rem/hr) lowering

Containment Atmosphere - Inert, Nitrogen inje,;iit.4in.prpgress

[Task Tracker 4254] Page 6 DRAFT - 1200 April 12, 2011
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Our ossessments and recommendations are based on the best available technical information. We acknowledge !hat the
information is subject to change and refinement.

Core Status: (b)(4),(b)(5)
.\Th'e volume of sea water

injected to cool the core has left enough salt to fill the lower plenum to the core
plate, (GEH, INTPO, Bettis, KAPL).

. . /

Core Cooling: Recirculation pump seals have likely failed. (GEH); Injection flovv, iae above
MDRIR could not be maintained through core spray. Assume sttdow\n'coolhng
system is not available../

RPV- - '
Structural Integrity: Unknown '

Primnary Containment:Damage suspected. slow leakage,/ ,
[ (b)(4), b)(5)

/

Secondary Containment:
Severely damaged (hydr,•6goe-pe~ilo;si)

Rad levels: Outside plant 11 mRH ntrai iate (,.ariable) (TEPCO 0800 JDT 3/30)
Other: On of1site AC'"..Aer - .•,tltrol Room lighting for U-I, 2. 3, & 4 (JAIF, 4/•)

Extemal A/ Cp)%%cr to-the Main Control Room of U-I became available at 11:30
JDT,/02'•0 11. Lighting in Main Control Room is operating in U-I. Power has
been 1,'4te~ed to the Main Control Room Panels (3/29/Il TEPCO).

...../ ' "Rctor'watfr is in the Turbine Building basement (NISA).• . .. • 5)(4),(b)(b)

\ /

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through the

(Task Tracker 42541 Page 7 DRAFT - 1200 April 12. 2011 1
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and retinemenL

eFOrrAL: USE ONLY-

feedwater system is cooling the vessel but limited if any flow past the fuel. GEH believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core shroud. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(b)(5) shows entire fuel floor covered by grey-brown debris of
butiding root.

The primary containment is potentially damaged (b)(4),(b)(5)
/

:1.
RECOMMENDATIONS: (for consideration to stabilize Unit 1)

The following priorities are consistent with SAMG guidelines.

(b)(4),(b)(5)
/

/
//

Inject into the RPV with all availtbk resot•tccs

(b)(4),(b)(5)

Vent containment ,

F-/
(b)(4).,(b)(5) I (See Additional

Consideratiotis A• .through A.5 below)
a. To mihii ain containment pressure below the primary containment pressure limit.
b.. A- noc-.'s~ary to maintain RPV injection above MDRIR.

(b)(4),(b)(5)

:p
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and retinemcnt.

~rI (b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (See Additional Considerations B-.I.
through C.4-5_below).

Additional Considerations /

A. The following considerations apply to containment venting:

I.

3.

1

11

EY 508 of 942

4.

5.

B. Ad

I.

ditional Miti

(b)(4), (b)(5)

3. 'tnsure spent fuel pool level is maintained as Molt as possible.
4- Injection of water via the CRD system is; desired to provide cooling directly to the

core and for cooling material on bottom of vessel. ]
I ~(ýb)(4),(b)(5) [

5. When flooding containment, consider the implications of water weight on seismic
capability of containment.

[Task Tracker 4254] Page 9 DRAFT - 1200 April 12.201
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Our assessments and recommendations are based on the best avaiable technical information. We acknowledge that the
information is subject to change and refinement.

C. Potential methods for monitoring containment level:

I. 1 (b)(4),(b)(5) PC"l ( )( ,b )( ctiun pressure and D ryw ell
instrument taps

2. Radiation monitoring instrumentsi (b)(41 (b')(5")
3.
4.

5.

/..

...
/ -.. ,• . .

.. ,

/ ' ,• •.
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Our assessments and recommendations are based on the best avallable technicat infornation. We acknowledge that the
information is subject to change and refinement.

-Ol3El:C.A.L U~cýG ON'LY

UNIT 1 - SPENT FUEL POOL STATUS (1400 April 6t)

Amount of fuel: 292 bundles

Last transfer from Reactor: 64 bundles (March 29 to April 2, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.07 MWth (b-)evaporation rate 780 gallons per
day

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Power Status:

I (b)(4),(b)(5)

No data .
Nodata
No data

Periodic fresh water injected ya, a hose off of a
concrete pumper trumcam,.

18'C (3/31 0815)

Electric power ýV~ailable; equipment testing in
probress (JAJF, NISA. TEPCO)

JT. a hy•ftgen explosion occurred during venting.

/(b)(4),(b)(5)

Other: On March 12, 2011 at 15:36

Unit 1 Assessment: "3."..

]

Unit 1 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical inforrnatlcn. We acknowledge triat the I
information is subject to change and refinement.

• ./

//

-- e~lC._.--SE/ .A
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Our assessments and recommendations are based on the best available technical Inonrmatioon. We acknowledge thai the
information is subject to change and refinement.

OFF1CtAL US69 OLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge thal the
intormalion is subject to change and refinement

EWrr I: H, Esr ),;';L,

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assessment: (As of 0700:4/12/Il)

RPV Pressure (M-Pag)

A - (-.023), steady (-3.3 psig)

B - (-0.025), steady (-3.6 psig)

RPV Temperature (CC)

Bottom Head- 208.1, steady (406'F) /

Fecdwater Nozzle - 165.8 and lowering (330'F) . .. ......

PCV Pressure (MPaa)

DW-0.09(13.1 psia)

SC - unknown
DW CAMS (Sv/hr) - 28.1 (2810 rem/br) ,.

S/C CAMS (Sv/hr)- .68 (68 rem')hr)

Containment Atmosphere - Unknown, nitrog en.injtcfion Lcheduled to begin 4/20/11

(b)(4),(b)(5)
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Our assessments and recommendcations are based on the best available technical information. We acknowledge that the
information is subject to change and rofinement.

-.Os-5401A6-U&P-ef&Y-ý

Core Status: (b)(4),(b)(5) IMajority ofcore is probably contained in the rearipr
vessel. Reactor water level 3/5 TAF (NISA 418)1 (b)(4).(b)(5) 1

(b)(4),(b)(5)

Core Cooling: Recirculation pump seals have likely failed. (Industry)

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Damage and leakage suspected (JAIF, NISA!TEI'FFi6) (INPO)

Secondary Containment:

Other:

(/Iý)(4), (b)(5)

External AC powerhas re, letddite un,1it. checking integrity of equipment before
enerizi. (b)(4),(b)(5)

// (b)(4),(b)(5)

ASSESSM.ENT:

Damaged fuel.ry i' slumped with the majority located on the core plate and fuel in the
lowcrireoioii. r ipfl is-likely encased in salt. However, the amount of salt build-up appears
tot'cless tLhap"U-1. •ased on the reported lower temperatures.

(b)(4),(bC(5)

ICore flow capability is in jeopardy due to-
continued salt build up. I

Injecting water through the low pressure core injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the vessel
to 2A3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect due to environment. Natural circulation believed impeded

lTask Tracker 4254] Page 15 DRAFT - 1200 April 12, 2011
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Out assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and tefinement.

OFI'A:UE-ONL-Y

by core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating u. ut is adequately cooled.

The primary containment is damaged

RECOMMENDATIONS:

The tbllowing recommendations are based upon SAMG guidelines•;,,i havy been'modified
based on the current knowledge of plant conditions. ',> / ".

(b)(4),(b)(5) -1

(b)(4),(b)(5)

> Inject into the RPV w ith al,`aailable. resources ;I(b)(4),(b)(5) I

F./.

S(b)(4),(b)(5) "i/ ... .. ..a. core sprayI . (b)(4),(b)(5)

b. fecdw tk-- ,system
c. othe, ivs .cri sas they become available

(b)(4), (b)(5)
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Our assessments and recommendations are based on the best anailable technical information. We acknowledge that the
information is subject to change and refinement.

OFFtZIAL USE eNLY-

(b)(4),(b)(5)

- Vent containment: (see Additional Considerations A.1. through A.5. bel•o)
a. To maintain containment pressure below the primary containment e.stre litihit.
b. As necessary to maintain RPV injection above MDRIR. /
c. To flood primary containment.

. I . i

d.I (b)(4),(b)(5)

Stop injecting from sources outside of primary cwitairiment~prtir to primary containment
water level reaching the drywell vent. The goal is toriiispepnnmary containment water
level to at least the top of active fuel (TAF). (see Addiitoo ai Considerations 4-41.3.4.
through C.4-5_below)

Additional Considerations

A. The following considerations apply-to a4itaintnent venting:

(b)(4),(b)(5)

3.

S,4,'.pray water on steam plumes and planned containment vents for scrubbing effect.

5. (b)(4),(b)(5)

B. Additional Miscellaneous considerations

I. Borale water if possible.
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Our assessments and recommendations are based on the best available technical information, We acknowledge Viat the
information is subject to change and refinement.

Orriel*L dud' 0=•1

2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C_. Potential methods for monitoring containment level. (b)(4),(b)(5)
I (b)(4),(b)(5) ".,4..--

(b)(4},(b)5) HP (b)(4)b5ction pressure and Drvw~l)/

instrument taps.
2.2_Radiation monitoring instruments= (b)(4),(b)(5)

c4-4 (b)(4.),(b)(5) /.

e-.5/ /

7:,./ ;

... * . ,I-' ' •

/ ,,"

/ . .. " " 5,
/.. :::X ,
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.5 MWth;[- -)vaporation rate 5240 gallons per
day

F7 (b)(4),(b)(5)

I

Fuel Pool Leak Integrity: No data '.

Criticality status: No data
Fuel Pool Level: Full =(b)(6) 3)

Water Injection Method and Source: Fresh water injected to the. spet•, •uel pool. Last
injected 36 tons on 4711-.1

Fuel Pool Water Temperature: 46°C (TEPC0 4!12)

Other: External AC power has reached the unit,"che'ckin'4the inteoritv of Peuinm~nt
before energizing. (b)(4),(b)(5)

Unit 2 Assessment:

/

(b)(4) . ")."

Ulnit 2 Recommendastiotns:",,".

- I

Unit,2"Addiiinal Considerations:
,"- ./ / .

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and relinement.

OFFICIAL Urr GNI-Y-

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical informatiom. We acknowledge that the
information is subject to change and refinement.

UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assessment: (As of 0700, 4/12/11)

RPV Pressure (MPaQ)

A - (-.019), steady (-2.8 psig)

B - (-0.079), steady (-1 1.5 psig)

RPV Temperature ('C)

Bottom Head - 105, steady (2227F)

Fcedwater Nozzle - 105.4 and lowering (221.7"F)

PCV Pressure (MPaa)

DW -0.105 (15.3 psia)

SC -. 1692 (24.5 psia)

DW CAMS (Sv/hr) - 17.4 (1740 renVhr)

S/C CAMS (Swvhr) - .67 (67 rem/hr)

Containment Atmosphere - Unknown

, ./ . ,

",.. ,.,/ / "' ;

'N i• ,, ,

-,/ ., i.

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and retinemenL

OFFIC:AL US. -e'L',"

Core Status:

(b)(4),(b)(5)

Core Cooling: Recirculation pump seals have likely railed.

Reactor Pressure Vessel structural Integrity - Unknown
/.

Primary Containment

Damage suspected (RST, NISA, TEPCO) "Not damaged(T 1,0:00,325)

Secondary Containment

Damaged (JAIF, NISA, TEPCO). Severe dania(e.K 1m Hz"explosion.

Spent Fuel Pool ,

514 bundlesd (b)(4),(b)C5")

Other: On offsite AC power (NISAAll3.,..• ~(b)(4),(b)(5) /

ASSESSMENT: /

Damaged fuel may have slumped to ht'.bottom of the core and fuel in the lower region ofthe
core is likely encased in sal'[Aiowever,'the amount of salt build-up appears to be less than U-I,
based on the reportedflo .r temperatures. Core flow capability is in jeopardy due to continued
salt build up-

Wat•.•,RInlection"i-o Yli th RPV through the RHR system via the recirculation piping, but with
lIin~itrd floWl past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel'to '• core heitht. While core flow capability may be affected due to continued salt build
up. RV•. .ater level indication is suspect due to environment. Natural circulation believed
imped/d y'core damage. It is difficult to determine how much cooling is getting to the fuel.
Vessel temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.
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Our assessments and recommendations are based on the best available technical information. We acknowtledge that the
information is subject to change and refinement.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to I mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4.). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (TEPCO sample table - 3/25/Il).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.

r i " - " ,
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
informalion is subject to change and refinement.

-OFFtCt^"U SaNL.Y

RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

F.

(b)(4), (b)(5)

•- Inject into the RPV with all available resourcesl (b)(4), (b)(5)

F.

I (b)(4),(b)(5f Itj

b. feedwater system
c. other systems as they become available

//

//

//

//

•- Vent containment: (see Additional Considerations A.I. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and retinement.

C.

d. (b)(4),(b)(5)

Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations "4lB.4.
dtrough C.-5. below)

Additional Considerations

A. The following considerations apply to containment venting:

I.

2.

(b)(4), (b)(5)

4. Spray water on steam plumes a Zpianndd'c6ntainment vents for scrubbing effect.

5.
(b)(4),(b)(5).

B. Additional Miseel5 o~etis cousideration

I. (b)(4),(b)(5)
I I

" 'In-,,spe fiel pool level is maintained as full as possible.
K".ectioiuoof water via the CRD system is desired to provide cooling directly to the
c ore and lor cooling material on bottom of vessel.

/ 4,,,When flooding containment, consider the implications of water weight on seismic
'N•pability of containment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)

... b(4),(b)(5) •PCt (b)(4),(b)(5) ction pressure and Drywell
instrument taps
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Our assessments and recommendations are based on the best availatble technical information. We acknowledge that [he
information is subject to change and refinement.

OFFICAL US ONLY'

4-2.Radiation monitorinp instrumentsF (b)(4),(b)(5)

4-• (b)(4),(b)(5)

345

/-/
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Our assessments and recommendations are based on the best available te•hnical infonnation. We acknowledge that the
information is subject to change and refinement.

UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

514 bundles

148 bundles (June 23 to 28, 20142010)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28) (b)(4) (b)(5)[ (b)(4),(b) 5)

No data
No data
Full (a -)/3)

Periodic fresh water injected vji a hose off of a
concrete pumper truclCaTm•" tons added on 4/10.

57°C (JAIF 4/6). /
/ ._..•,

Unit 3 Recommendations: " ".,

(b)(4). (b)(5)

- jill
Unit.3"AddiLnal Considerations:

(b)(4); (b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
inormnation is subject to change and refinement.

(b)(4),(b)(5)
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I.

Our assessments and recommendations are based on the best available technical inforemation. We acknowledge that the
information is subject to change and refinement.

UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Core Status: Otlmoaded 105 days at time at accident (JAWF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA. TEPCO)

Primary Containment: Not applicable (JAIF, NISA, TEPCO) "

Secondary Containment: Severely damaged, hydrogen explosion. (JAIF, NISA.1 5' CIO)

/.

Rad Levels: /
No information. /

Other: External AC power has reached the unit, checking vlecmcal ipfenity> of e mentbefore energizing. (JAIF, NISA, TEPCO).] - "
(b)(4,l b) (5) .

Il / . .

Geisi'e-tl~jnn~dw4~s~n-th daytel-iii--dýA

Tlie. -44"Wk4 ý4A'-t4tt4 'eke-dt-/i, " J-a i -ite• •1 P ,er ftikey •i an i ! .e ir ~:u.xyt-mfta-qy

lp ll ii 1 i r~ ~ n .ii t to tthe~ t - tki ' ". /

~ <I • ."t :'
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel: 1331 bundles

Last transfer from Reactor.

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

548 bundles (December 5 to December 10, 2010)

2.3 MWIh b evaporation rate 20,000 gallons
per day

Damage suspected (JAIF 3/28);[(b)(4),(b)(5)1
F(b)(4',(b)(5)

No data
No data le _ 1_..
Low water level I (b)(6)1lilY

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injectior

Fuel Pool Wat

n Method and Source: Periodic fresh water in)ected-via a hose off of a
concrete pumper truck arm (38 tons of water added
on 4/7111)

er Temperature: 30°'b(JAI.•4lt4). ':

External AC power has reached th- j&znit checking electrical integrity of
equipment before energizing.

ment: .

Other:

Unit 4 Assessr

(b)(4),(b)(5)

Unit 4 Recommendations:
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Out assessments and recommendations are based on the best available technical information. We acknowledge that the
informatirn is subject to change and refinement.

Formatted: List Paragraph, Indent: Left:
0.25", Bulleted + Level: 1 + Aligned at: 0.5" +
Indent at: 0.75"

Formatted: Font: (Default) Times New Roman,'
12 pt, No underline

(b)(4),(b)(5)

Unit 4 Additional Considerations:

(b)(4).(b)(5) //

• /

-,' ./ ,

\ / , ..

. ... ' ..
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Ou assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OF,'-6CAL USE ()N-Y•

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge thait the
information is subject to change and refinement.

-ugt Y v.

UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) In vessel
(JAIIW NR!A, IhPLU

RPV: pressure .4 psig,-. (NISA 4/8) ; Temp: 45.5°CT (NISA 4/8);..,

Core Cooling: Functional (JAIF., NISA, TEPCO);[ (b)(4),(b)(5)
3131):

Primary Containment: Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF/JISA.TEPCO)

Spent Fuel Pool: .
946 bundles (JAiF); Temp: 34.7oC. (JAIF 418):.c-oJigi.ppabifii' recovered (JAIF 4/1)

Other: On offsite AC power (IAEA 3/28). Extemal -A ow; r supplying the unit, Unit 6 (?)
diesel generators available. Fuel Pool Cocotih ,Ist 6W i, rump failed (JAIF. NISATERCO)./

-- o)] (b)(4),(b)(5)

ASSESSMENT:

Unit five is laiPv'" stablc•. '

RECOMMENDATION K'

Repairs complete.ojaxiRl).R pump used for fuel pool cooling.

Monitor-
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Our ansessments and recommendations are based on the best available technical information- We acdo-,mtedge that the
information is subject to change and refinement.

Orr',C:AL U SE G~f

UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MwR-b-)-I

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling " .

Fuel Pool Water Temperature: 37.9 0C (JAIF 4/5)

Other: External AC power supplying the unil, Unit o diese.ge/nerators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA,4ind TEPCO). Repairs
complete on RHR pump used for fuel po6l cooing.

Unit 5 Assessment:

- Unit 5 is stable with cooling capacity recoyred..-
Y.."

Unit 5 Recommendations:
7.. ...

(b)(4),(,b)(5)

Unit 5 Additional Considerations:

I• I(b)(4),\1b)(5)

I
7

/
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
informalion is subject to change and refinement.

E)F,'-eCAL USE ENLY-

(b )(4 ), (b)(5)
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Our assessments and recommendations arm based on the best available technical irformalion. We acknowledge that tho
informaion is subject to change and iefinement.

OFFICIAL US'-: ONLY~

UNIT SIX CORE

ASSUMPTrIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) IIn vessel
(JAIF. NISA, TEPCO)

RPV: pressure .7 psig-- (NISA 4/8) ; Temp: 22.7°C4-a (NISA 4/8.);.

Core Cooling: Functional (JAfF, NISA, TEPCO)
I (b)(4), (b)(5)

Primary Containment:
Functional (JAW, NISA, TEPCO)

I
(b)(4),(b)(5)

Secondary Containment:,,•-
Vent hole drilled in rooftop to avoid hydroaetl build p (JAIF,'NISA, TEPCO)

Spent Fuel Pool:
876 bundles(b(6 Temp: 30.5.60!C t (NISY/4 8)"Cboling capability recovered
(JAIF 4/1). Ff pl cooling functiontnim,

7-
Other: On offsite AC powerl

,--I

F-ASSESSMENT:
. .. . "

• ./

I

RECOMMENDATIONS:

I. Monitor-. , "

AliEBlR.IA JONS:

GEH -eneral Electric Hitachi
INPO lrstitute of Nuclear Power Operattons
JAIF -Japan Atomic Industrial Forum
NISA -\uclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFtCI.PL USE ONLY

UNIT 6 - SPENT FUEL POOL STATUS

I

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW)(b)(-6)
".//

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4) ."

Fuel Pool Leak Integrity: No data /
Criticality status: No data //
Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal inf I. pool cooling mode
(NISA 3125)

Fuel Pool Water Temperature: 28.5-C (TECPO 4/ý"

Other: External AC power supplying the unit, Unit 6,dieselgenerators available. Fuel
Pool Cooling lost when pump failed (JAi./NIISA• an'dTEPCO). Repairs
complete on RHR pump used for fudl"pool cooling.

Unit 6 Assessment:

- Unit 6 is stable with cooling capacityr.eo6vered,

Unit 6 Recommendations: .. /

(b)(4),(b)(5)

Unit 6 Additional Consiý raiions:

(b)(4),(b)(5),
/ ,~

/ ". .
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Our assessments and recommendations are based on the best available technical information. We achnowledgo that the
information is subject to change and refinement.

OFF.C!:A.L USE GN!Ly-

(b)(4),(b)(5)

.Ta. Tr -ke 4254] Pa-3-RFT'20Arl 221
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Our assessments and recommendations are based on the best available technical information. We acknowledge that tihe
inforrnaion is subject to change and refinement.

-GFFA-Ut5-ONLY-

COMMON - SPENT FUEL POOL STATUS

Amount of fuel: 6375 bundles

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other.

Common SFP Assessment:

Relatively stable.

flnmmntn 5RFP Rprnmme~ndoitinn•"

No data

1.2 (MW)(

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA-3/,

28.0-C (TECP&O4/5)

•., " /•... " .

Common SFP Recommendations:

/ /(b)(4),(b)(5)

Common Additional Considezrlons:
i

. .,//

Common 

Additional Conside•o'n•;" .""..Y

REFERENCE" (b)(4)(b)(5)

1. R~I recommendations March 18, 2011
2. / SFP Criticality Potential, Kent Wood, March 24, 20Ul1
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency

(b)(5) I
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Our assessments and recommendations are based on the best available technical inforrmation. We acknowtedge thai the
information is subject to change and refinement.

-OfrricAL U•r ONtL'

TEPCO - Tokyo Electric Power Company

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4'),(b)(5)
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Our assessments and recommendations are based on the best asailable technical information. We acknowledge thai the
information is subject to change and refinement.

(b)(4),(b)(5)

*.../

/-: %

..•...

/

.1

, ./

/.
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Our assessments and recommendations are based on the best availeble technical information. We acknowledge that the
information is subject to change and rnfinement

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 24, 2011

(b)(5)
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Our nsse.sments and recommendations are based on the best available technical information. We acknowtedge that the
information is subject to change and refinement.

(b)(5)
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_OffiicalrtUsý-ny
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPI.). and DOE/NE

1000 April 9. 2011
Our assc•.iensL; and recommendations are based on the best ,currettly available technical information. This
infontation is subjcct to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

J Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 1. 331
Unit 5 946
Unit 6 876

Shared pool 6. 375
[ tota 10 ,921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

I Transfer date Transferred fuels
Unit 1 i March 29, 2010 - April 2. 2010 64
Unit 2 1 September 20. 2010 - September 25. 2010 116
Unit 3 June 23, 2010 - June 28, 2010 1 48
Unit 4 December 5. 2010 - December 10. 2010 548
Unit 5 Januane 8, 2011 0 January 13, 2011 120

Unit 6 August 20. 2010 -- August 25. 2010 184
Total -- _1. 180

Note: AAlt hment ylEOelaiied Contents of Each Pool.
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From:
Sent:
To:
Cc:

Subject:
Attachments:

Pat & Dave,

RST01 Hoc
Tuesday, April 26, 2011 2:36 AM

Hiland, Patrick; Skeen, David

RST02 Hoc; OST01 HOC; Johnson, Michael; Uhie, Jennifer; Carpenter, Cynthia; Casto,

Chuck; Reynolds, Steven; Kokajko, Lawrence; Correia, Richard; Tracy, Glenn; Dudes,

Laura I

Revision of RST Assessment Document to align w/ TEPCO Roadmap Document

RST Assessment Document rev 2 4-26-2011.docx; April 23 roadmap assessment Rev 2

Skeen CN.docx

(b)(5)

RST 01, See-Meng Wong, Kirby Scales.

I
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RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommcndations are based on the best currently available technical information. This

information is subject to change and refinement.

RST ASSESSMENT OF FUKUSHIMA DAIICHI UNITS (REV 2),

Based on most recent available data and input from industry and government sources

(b)(4),(b)(5)
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OffiLial use Ouly
RST Assessment of Fukushima Dahichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

infornation is subject to change and refinement.

(b)(4),(b)(5)

/
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Offiicial Ube: Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industr' and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

Definitions

Minimum Debris Retention Injection Rate (MDRIR) is the lowest RPV injection rate at which it is
expected that core debris will be retained in the RPV when RPV water level cannot be
determined to be above the bottom of active fuel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat from core debris.

/

Minimum Debris Submergence Level (MDSL) is the lowest primary containment Water level at
which it is expected that ex-vessel core debris on the drywell floor will be adeqclately..
submerged. It is utilized to preserve primary containment integrity followin .RPV breach by
core debris. i

/,

Minimum Drywell Swray Flow (MDSF) is the lowest spray flow that assures uniformh
circumferential spray distribution within the drywell. Flowrates less than this will not perform the
spray function but only a flooding function. The MDSF is typical / in thousands of gallons per
minute. 7

- /.

/

/

//

/
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RST Assessment of Fukushima Daiiehi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assumptions: (As of 0700, 4/12/11)

RPV Pressure (MPaq)

A - 0.416, steady (60.3 psig)

B - 0.908, rising (131.7 psig)

RPV Temperature (*C)

Bottom Head - 119, steady (246.2°F)

Feedwater Nozzle - 216.2 and lowering (421.2°F)

PCV Pressure (MPaa)

DW - 0.19 (27.6 psia)

SC - 0.165 (23.9 psia) rising

DW CAMS (Sv/hr) - INOP

SIC CAMS (Sv/hr)- 10.8 (1080 rem/hr) lowering.. /

Containment Atmosphere - Inert, Nitrogen injection'in progress

/
/

- /

1~

J

UJllie[ I1110 I irlI, /..

External AC power to thie.Main Control Room of U-1 became available at 11:30 JDT
3/24/2011. Lightingin Main Corftrol Room is operating in U-1. Power has~been restored
to the Main Control Room Paniels (3/29/11 TEPCO).

- --- - 7-
,/

/

(b)(4),(b)(5)
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government souirces
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

fReactor water level:d (b)(4),(b)(5)

(b)(4),(b)(5) r Recirculation pump seals have likely

failed (GEH).

Core Status: I (b)(4),(b)(5)

I (b)(4),(b)(5) Ithe volume of sea water injected to cool the core has
left enough salt to fill the lower plenum to the core plate. (GEH, INPO, Bettis, K>PI).

RPV Structural Integrity: Unknown.,

Assessment:

Damaged fuel that may have slumped to the bottom of the core and fuel in'the lower region of
the core is likely encased in salt. Core flow is severely restricted and li y blocked. The core
spray nozzles are likely salted up restricting core spray flow. lnjectipg fresh water through the
feedwater system is cooling the vessel but providinJirnited if any/flow past the fuel. It is difficult
to determine how much cooling is getting to the fuel GEH belie•es that water flow, if not
blocked, should be filling the annulus region of the v.-ssel topi3 core height. There is likely no
water level inside the core shroud. Natural circu!ation believed impeded by-core damage.
Vessel temperature readings are likely metal temperatu&e which lags actual conditions.

7/

//
/i

/"
//

• , (b)(4),(b)(5)

//
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Official Use Onlyl
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

Secondary Containment: Severely damaged (hydrogen explosion). I (b)(5)
S (b)(5) shows entire fuel floor covered by grey-brown debris of building

roof. ,/
/.

(b)(4),(b)(5)

Rad levels outside plant: 11 mRlhr at gate (variable) (TEPCO 0800 JDT 3/30)
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- OflfLcdl Usl Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

Reactor water is in the Turbine Building basement (N ISA). (b)(4),(b)(5)
I (b)(4),(b)(5)

(b)(4),(b)(5)
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Official Use Only
RST Assessment (if Fukuslhima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

r

(b)(4),(b)(5)

Iniect into the RPV with all available resources[ (b)(4),(b)(5)

(b)(4),(b)(5)

/

Vent containmentl (b)(4),(b)(5) _JI_ [(See Additior)al

Considerations A.1. through A.5 below)
a. To maintain containment pressure below the primary contairyrihent pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d.

I

(b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment

water level reachpg the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (See Additional
Considerations B1 ..throuqh C.5 below).

(b)(4),(b)(5)
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-Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Additional Considerations:

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)

3.

/

4. Sorav water on steam plumes and planned containment vents for scrubbing effect

(b)(4),(b)(5)
5.

B. Additional Miscelfaneous considerations

/2.

(b)(4),(b)(5)

3. Ensure spent fuel pool level is maintained as full as possible.

4. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel. (b)(4),(b)(5)
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-Off-ial Us Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

(b)(4),(b)(5)
5.

C. Potential methods for monitoring containment level:

1 I(b)(4),(b)(5) HPC ( b)(5) ýuction pressure and Drywelli/

instrument taps /

1) 'D'JcAIJ I I ti N n rn ntri n trm n (b)(4).(b)(5) I

3.

4.

5.

i\Q~i•Lldli III./ IIL,.II I•: I I',I~~l IUI '• . • ,, (,• 1 ,(/
/

./,

(b)(4)(b)(/

/

//

(b()()5/

//

//
//

//
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-OfficialUse-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT I - SPENT FUEL POOL STATUS (1400 Anril 6 th)

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)l:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.07 MWth (b)6)levaporation rate 780 gallons per
day I

Fuel Pool Structural Support Integrity: I (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: No data //

Water Injection Method and Source: Periodic fresh water. injected via a hose off of a
concrete pumper truck arm /

Fuel Pool Water Temperature: 180C (3/31 0815)

Power Status: Electric"po0/er available; equipment testing in
progressJ(JAIF, NISA, TEPCO)

Other: On March 12, 2011 at 15:36 JT. aOhydrogen explosion occurred during venting.

I

/ (b)(4),(b)(5)

Unit 1 Assessment:

...

/ (b)(4),(b)(5)

Unit I SFP Recbmmendations:

r.

(b)(4),(b)(5)

>1

Unit I SFP Additional Considerations:

(b)(4), (b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currcntly available technical information. This
information is subject to change and refinement.

- (b)(4), (b)(5)

//

./"
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-Offieit-Usc-Onty-
RST Assessment of Fukushima Dajichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currcntly available technical information. This
information is subject to change and refinement.

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCG\ & GEH)

Control Parameter Assumptions: (As of 0700, 4/12/11)

RPV Pressure (MPagq)
//A - (-.023), steady (-3.3 psig) //

B -(-0.025), steady (-3.6 psig) ./ ".

RPV Temperature (°C)

Bottom Head - 208.1, steady (406'F) /

Feedwater Nozzle - 165.8 and lowering (330°F)

PCV Pressure (MPaa)

DW - 0.09 (13.1 psia) /

SC - unknown

DW CAMS (Sv/hr) - 28.1 (2810 rem/hr)
-/

SIC CAMS (Sv/hr) - .68 (68 rem/hr)

Containment Atmosphere - Unknown, nitrogen ijiection scheduled to begin 4/20/11

Other Information: External AC power ha5-/reached the unit, checking integrity of equipment
before energizing. (b)(4),(b)(5)

(b)(4),(b)(5) . /

/ 1

/ .~// .. ()4,()5
//

/
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RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

(b)(4),(b)(5)

/./

Assessment:
Damaged fuel may have slumped with the majority located on the core plate:' FueI in the lower

region of the core is likely encased in salt, though the lower temperatureý,-eported indicate that

the amount of salt build-uD is likely less than in Unit 1.1 -7
(b)(4), (b)(5)

,/

/

Injecting water throuah the low oressure core iniection, i'e is cooling the vessel, but with limited

flow past the fuel. I (b)(4)4(b)(5) Water

ow- Of not blocked, should be filling the annulus region of the vessel fo / core neIgni, though
(b)(4),(b)(5) / . Natural circulation believed

impeded by core damage. I / tR)t+,°)tk)

L(b)(4),(b)(5) Vessel temperature readings are likely metal temperature which lags actual

conditions.

/
/

/

//
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RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

(b)(4),(b)(5)

Primary Containment: Damage and leakage suspected (JAIF, NISA, TEPCO (b)(6)

(b)(4),(b)(5)
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Official Use Only
RST Assessment of Fukushima Dafichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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Official Use Only
RST Assessment of Fukushima Dalichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.
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-Official (Ise Onhy•
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

'p.

Iniect into the RPV with all available resourcesi (b)(4),(b)(5)

F (b)(4),(b)(5)
a. core so)ravl (b)(4),(b)(5) I/"

b.
C.

(b)(4),(b)(5)
feedwater system
F - (b)(4),(b)(5)

p.

Vent containtient: (see Additional Considerations A.1. through A.5. below)
a. To aintain containment pressure below the primary containment pressure limit.

b.. s! necessarv to maintain RPV injection above MDRIR.
v , , ,

d.L
(b)(4),(b)(5)

>/ Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (see Additional

r, ;4 +i D A , C41, lAl

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiiehi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement,

(b)(4),(b)(5)

/
/

j/

/

Additional Considerations /
/A

A. The following considerations apply to containmen.ntg. -./

1.

2.

3.

4.

5.

/
/

i/ (b)(4),(b)(5)..

/

Spray water o.r steam plumes and planned containment vents for scrubbing effect.

./ (b)(4),(b)(5)

B. Ad itional Miscellaneous considerations

1. BOrate water if possible.

2. Ensure spent fuel pool level is maintained as full as possible.

3. Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel.
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Officd •l Use _s__
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

4. (b)(4),(b)(5)

C. Potential methods for monitoring containment level. [S(b)(4),(b)(51 (b)(4),(b)(5)

1.1 (b)(4),(b)(5) ]HPCI (b)(4),(b)(5) suction pressure and Drywell
instrument taps

/

2. Radiation monitoring instrumentsl (b)(4), (b)(5) /

3.

4.

5.

(b)(4),(b)(5)

/

/

//
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Oflieiffl Uc ry
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.5 MWthf7 ]vaporation rate 5240 gallons per
day

/
[ ~(b)(4),(b)(5) /

Fuel Pool Leak Integrity: No data
Criticality status: No data "
Fuel Pool Level: Full.-

Water Injection Method and Source: Fresh water injected totfie spent fuel pool. Last
injected 36 tons ony4/11

Fuel Pool Water Temperature: 46°C (TEPCO 41112) "

Other: Extemal AC power has reached the uniV/checkinq the integrity of equipment
before energizing. 7 (b)(4),(b)(5)

Unit 2 Assessment:

Unit 2 Recommendations: /
/

,/

Unit 2 Additional Considerations:

(b)(4),(b)(5)
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-Official Use only-
RST Assessment of Fukushima Daiichi Units (REV 2).

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, &[ GEH)

Control Parameter Assessment: (As of 0700, 4/12/11)

RPV Pressure (MPaq)

A - (-.019), steady (-2.8 psig)

B - (-0.079), steady (-11.5 psig)

RPV Temperature (°C)

Bottom Head - 105, steady (2220F)

Feedwater Nozzle - 105.4 and lowering (221.7 0F)

PCV Pressure (MPaa)

DW- 0.105 (15.3 psia)

SC - .1692 (24.5 psia)

DW CAMS (Sv/hr) - 17.4 (1740 rem/hr) /

S/C CAMS (Sv/hr) -. 67 (67 remlhr)

Containment Atmosphere - Unknown /

Other Information: On offsite AC power (NISA 4/3)./4
- /

•.•/- .• ,

/

* J/

(b)(4),(b)(5)
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Assessment: /
Damaged fuel may have slumped to the bottom of the core and fuel in the lower region"'of the
core is likely encased in salt, though the lower reported temperatures indicate that th'e amount
of salt build-up is likely less than in Unit 1. Nonetheless, core flow capability is iln.eopardy due
to the salt build up (b)(4),(b)(5) .

Water injection is to the RPV is occurring through the RHR system vialthoerecirculation piping,
but with limited flow past the fuel. F (b)(4),(b)(5)/

(b)(4),(b)(5) ter flow, if not blocked, should be filling the annulus region/of the vessel to 2/3 core
Shough core flow capability may be affected due to continued salt build up. Natural

circulation is believed to be impeded by core damage. F (b)(4),(b)(5)

(b)(4),(b)(5) Vessel temperature/r6adings are likely metal
temperature wnicn lags actuai cauuuumI s. /

I

/

/

//
* /o
/f

./
//"

/
(b)(4),(b)(5)
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-Offitdal-Use-o*~
RST Assessment of Fukushima Daiichi Units (REV 2)q

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

/Primary Containment: Damage suspected (RST, NISA, TEPCO)

(b)(4),(b)(5)
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-Official Usc Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Secondary Containment: Damaed (JAIF, NISA, TEPCO). (b)(4),(b)(5)

(b)M(4)(b)(5)

(b)(4),(b)(5)
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Official U 'e Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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Officia! Use-Ony-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and reconmnendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

/

ý- Inject into the RPV with all available resources I (b)(4),(b)(5)I
, 2 ,I •

a. core spray[
(b)(4),(b)(5)

(b)(4),(b)(5) / I
I (b)(4),(b),'5)

b. feedwater system
c. other systems as they become available

7/

,/

), /

/
/

/
/"

/

(b(4,b)5

/
/ / b()()5

//

/
> Vent 9dntainment: (see Additional Considerations A.1. through A.5. below)

,ab To maintain containment pressure below the primary containment, pressure limit.
/b. As necessary to maintain RPV injection above MDRIR.

d. (b)(4),(b)(5).

Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (see Additional
Considerations B.4. through C.5. below).
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Offleial Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

(b)()(b(5)/

/

(b)(),()(5 /,

//
7/

//

Additional Considerations:

A. The following considerations apply to co.i'nment. , venting:

1.

2.

3.

//

• //
/

/./ (b)(4),(b)(5)

1.

/
/

4. Sprayywater on steam plumes and planned containment vents for scrubbing effect.

k.¸
I.-

5.I (b)(4),(b)(5)

/

B. Additional Miscellaneous consideration

.
1 . (b)(4),(b)(5)

I
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

2. Ensure spent fuel pool level is maintained as full as possible.

3. Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel.

.4.1
(b)(4),(b)(5)

C. Potential methods for monitoring containment level. I
I(b)(4)'(b)(5)

(b)(4),(b)(5) /

//

1. e(b)(4),(b)(5) HPCI (b)(4)(b)(5) uction pressure• d'Drywell

instrument taps

2. Radiation monitorina instrumentsl (b)(4),(%,X5)

3.

4.

5.

/

* // -

/.//
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-Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2010)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28); (b)(4 )(5)

I (b)(4),(b)(5)
J •, //"

No data
No data
Full

/

Periodic fresh.water injected via a hose off of a
concrete pumper. truck arm. 80 tons added on 4/10.

57 0C (JAIF 416)//

External Ae power has reached the unit

9

./

(b)(4),(b)(5)

U m

/.

//

/

(b)(4),(b)(5)

Unit 3 Additional Considerations:

(b)(4)(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

I (b)(4),(b)(5)

/
/

j • ,

/i
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)
//

Primary Containment: Not applicable (JAIF, NISA, TEPCO)

Secondary Containment: Severely damaged in hydrogen explosion. (JAIF, NfSA, TEPCO)

Rad Levels: No information

Other: External AC power has reached the unit, checking electrical *integrity of equipment
before energizing. (JAIF, NISA, TEPCO). x*.

/
/

,/

/.
/.

Page/3

/

//

.7.

/,
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Offical Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This

information is subject to change and refinement.

UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel: 1331 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

548 bundles (December 5 to December 10, 2010)

2.3 MWth () evaporation rate 20',000 gallons
per day /

Dama~qe suspected (JAIF 3/28);J (b)(4),(b)(5)S (b)(4).(b)(5) ] /. .

No data
No data
Low water leyvel (b)6)4'1)

j/
/

/

Periodic fresh water injected via a hose off of a
concrete pumper truck arm (38 tons'of water added
on 4/7/11Y'

30°GC.(JAIF 4/4)

Other: External AC power has reaclgd the unit, checking electrical integrity of
equipment before energizir4g.

/-R I ....
Unit 4 Assessment:

(b)(4),(b)(5)
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.effie.a.Use-Gný
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Unit 4 Recommendations:

F-

(b)(4),(b)(5)

Unit 4 Additional Considerations: .j"

7'

.7/

I.
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O0-ffieial L'se only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCQ, & GEH)

Core Status: (b)(4),(b)(5)

RPV:

Core Cooling:

Primary Containment:

Secondary Containment:

Spent Fuel Pool:

Other

ASSESSMENT:

Unit five is stable.

RECOMMENDATIONS:

; Monitor

Pressure .4 psig (NISA 4/8); Temp: 45.50C (NISA 4/8)

Functional (JAIF, NISA, TEPCO); (b)(4),(b)(5)/

(b)(4),(b)(5) /!/

Functional (JAIF, NISA, TEPCO) /
/

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF,
NISA, TEPCO)

946 bundles (JAIF); Temp: 34.7,904 (JAIF 418)
Cooling capability recoveredand functioning (JAIF 4/1)

On offsite AC powerDS !I28).
/

/

7/
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Official U-1SP Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4) /

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

//

Water Injection Method and Source: Fuel pool cooling /

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5) //
/

/

Other: External AC power supplying the unit, Unif64i6sel generators available. Fuel
Pool Cooling temporarily lost whe6 pump fai1/d (JAIF, NISA, and TEPCO).
Repairs complete on RHR pump used for/fuel pool cooling.

, /

Unit 5 Assessment:

- Unit 5 is stable with cooling capacity #e'covered.

Unit 5 Recommendations:
/

(b)(4),(b)(5)

Unit 5 Additional Considerations:
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: F(b)(4),(b)(5)
RPV:

Core Cooling:

Primary Containment:

Secondary Containment:

Spent Fuel Pool:

Other:

ASSESSMENT:

Unit Six is stable.

RECOMMENDATIONS:

> Monitor

Pressure .7 psig (NISA 4/8); Temp: 22.7°C (NISA 4/8)

Functional (JAIF, NISA, TEPCO); (b)(4).(b•5)
[ ~ ~(b)(4),(b)(5) J,/

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydr, gen build up (JAIF,
NISA, TEPCO)

876 bundles (b)(6)/

Temp: 30.5.0"C (NISA 4/8) .
Cooling capability rfecovered and functioning (JAIF 4/1).

On offsite AC powerI /28)

//

/
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Official Use Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)
/"

Decay Heat (MW): 0.7 (MW)
./

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data

Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Residual heat remoy inin fuel pool cooling mode
(NISA 3/25) .,

Fuel Pool Water Temperature: 28.5"C (TECPO 415)
//

Other: External AC power supplying the un~itUnit 6 diesel generators available. Fuel
Pool Cooling temporarily lost whelp pump failed (JAIF, NISA, and TEPCO).
Repairs complete on RHR pump('used for fuel pool cooling.

Unit 6 Assessment:

- Unit 6 is stable with cooling ca ,acity recovered.
/

Unit 6 Recommendations:

>. (b)(41),(b)(5)

Unit.6 Additiorv~l Considerations:/
/"
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. orricial- Use Only
RST Assessment of Fukushima Dalichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

COMMON - SPENT FUEL POOL STATUS

Amount of fuel: 6375 bundles

Last transfer from Reactor: No data

Decay Heat (MW): 1.2 (MW)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4) /

..
Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Normal cooling (NISA 3/24, '
/

/
Fuel Pool Water Temperature: 28.0°C (TECPO,4/5),

Other:
/

Common SFP Assessment: 7

Relatively stable.
S/

Common SFP Recommendations:

/

Common SFP Additional Cond~erations://

(b)(4),(b)(5)
/

/

ABBREVIATION/S':,

GEH - Ge9Pral Electric Hitachi
INPO -. nstitute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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-Offiial Usc Only SoSitiV- internal information

April 25, 2011

(b)(4),(b)(5) lanaiVsis of the adequacy of the Tokyo

Electric Power Company (TEPCO) Roadmap for the purpose of achieving the near term

plant stability goals established by the United States Consortium of Industrial and

Governmental Organizations*

Introduction:

Purpose:

The United States Consortium of Industrial and Governmental

Organizations associated with nuclear energy suggests near and long

term goals for the stabilization of the damaged Fukushima Daiichi nuclear

units. This document is not an official position of the U.S. Nuclear

Regulatory Commission or associated industrial or governmental entities.

It is meant as technical insights to the Government of Japan on the

TEPCO Roadmap. It is understood that the responsibility and decision-

making regarding meeting these goals is the responsibility of TEPCO and

the Japanese regulatory body.

As requested, the purpose of this analysis is to evaluate if the TEPCO

Roadmap will accomplish the near term actions necessary! to minimize

radiological releases and reestablish safety functions. The consortium

considers these functions to be reasonable to support long-term efforts

that will be needed to achieve a safe end state.

For a description of the TEPCO Roadmap, refer to the last Section of this Assessment.

Background:

Note: For clarity US Consortium items will be non-italicized; TEPCO items will be italicized.

The consortium has established five essential functions necessary for achieving the near term

goal of establishing plant conditions that provide reasonable confidence that unanticipated

conditions will not result in changes to the Protective Action Recommendations for a reasonable

period of time. These five essential functions are as follows:

EY 585 of 942



Official Us •Oely - Sensitee e- rnal Information

1. Remove decay and chemical heat from reactors, containment, and spent fuel pools.

2. Maintain reactors in cold shutdown and spent fuel pools subcritical and shielded.

3. Ensure structural integrity for all units (e.g. containment and spent fuel pools).

4. Provide reliable indication of essential parameters.

5. Terminate (or render insignificant) uncontrolled radioactive releases.

Factors used to evaluate the status of the essential functions are as follows:

1. Remove decay and chemical heat.

a. Establish reactor pressure vessel (RPV) water level, reliably maintained, above

top of the active fuel (TAF). If unable to maintain RPV water level, establish and

maintain containment water levels covering the RPV lower head.

b. Provide functional and reliable power source equipment for each of the systems

being used

c. Establish a functional and clean water source of sufficient capacity to ensure

adequate on-site cooling water needs.

d. Establish the ability to reliably add makeup to the spent fuel pool.'

2. Maintain reactors cold shutdown and spent fuel pools subcritical and shielded.

e. Establish ability to reliably add makeup to the spent fuel pool to rmlaintain water

less than 100 degrees Celcius and level sufficient to enable adequate shielding.

f. Establish reliable means for boron addition as necessary to maintain sub-

criticality in the reactor and in the spent fuel pool, while maintaining awareness of

pH and boron solubility limitations.

3. Ensure structural integrity for all units (e.g. containment and spent fuel pools).

g. Preclude detonation in primary containment atmosphere by establishing a non-

combustible atmosphere in the primary containment.

h. Establish reasonable assurance of SFP integrity.

2

EY 586 of 942



-Official-Use-Only Sensitive !nternal Information

4. Reliable Indication of essential parameters.

Establish reliable means to determine key parameters associated with actual or

potential large releases.

i. Instrumentation to confirm cold shutdown in reactor vessel and sub-

criticality in spent fuel pool,

ii. Area Radiation, gaseous and liquid release detectors,

iii. RPV/DW/SP level, RPV/DW pressure indications,

iv. Primary containment atmosphere sampling system, and

v. Spent fuel pool level, temperature indications

5. Terminate (or render insignificant) uncontrolled radioactive releases

j. Establish the means for containment of significant external leakage (e.g. primary

containment leakage) for portions of the plant (SFPs or reactor units) with

credible potential for energetic releases of significant quantities of radioactive

material.

k. With regard to activities in close proximity to the site, consider measures to

minimize further spread of contamination (e.g., covers or resin spray over

significant sources of loose contamination at the plant.

Analysis:

The analysis that follows assesses the adequacy of the TEPCO Roadmap countermeasures

and risk considerations. It addresses the factors necessary to satisfy the five Consortium

identified essential functions necessary to achieve the near term Consortium goal of

establishing plant conditions that provide reasonable confidence that unanticipated conditions

will not result in changes to the Protective Action Recommendations for a reasonable period of

time.

Understandably TEPCO did not include organizational risks and considerations !in their

Roadmap. The Roadmap is primarily a technical document. Nevertheless, the .:ons.,.-ty m

NRC has included suggestions regarding organizational issues that, if considered, may enable

3
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more efficient and effective implementation of the Roadmap. These organizational issues can

also improve the safety of the facility.

Organizational Risks and Considerations:

It is assumed that timelines outlined in the Roadmap are for general coordination of the

I countermeasures and not a specific schedule of activities. Thus, we suggest that the

countermeasures be prioritized so a clearer view of site activities can be gained. Those

priorities will guide specific action plans and specific actions as TEPCO progresses through

recovery. Countermeasures are often interdependent and will require close coordination. The

countermeasures associated with stabilizing the reactors and spent fuel pools should be acted

upon first, although many of those countermeasures are dependent upon the successful

treatment of radioactive waste.

Other organizational issues associated with the Roadmap are directly related to safety. Those

organizational issues are: 1) ensuring a high degree of safety culture and 2) providing

independent oversight.

.(b)(4),(b)(5)

4
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(b)(4),(b)(5)

Summary of Technical Suggestions:

The following are suggestions to enhance the Roadmap. They are suggestions !that, if enacted,

could better align the Roadmap to the Consortium's "stability" recommendations..

The Roadmap contains the essential countermeasures for core and spent fuel cooling.

Completion of these elements as quickly as possible will reduces the risk of further

damages. Obstacles to flooding of the containments, e.g., radwaste processing should be

given priority so that containment flooding can begin as quickly as possible.

(b)(4),(b)(5)

The consortium recommends that TEPCO consider adding a redundant s6urce of water as

a backup to the normal fuel pool cooling systems for the Unit F2 spent fuel pool.

Restoration of the cooling function of fuel pool cooling system would also increase

reliability.

The Consortium recommends redundant delivery systems with multiple points of injection
I

to each of the seven fuel locations requiring emergency cooling to improve the reliability of

the cooling function. In addition installing pipes that are seismically supported, in place of

fire hoses that are currently being used to carry cooling water will also improve system

reliability in case of aftershocks.

5
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The Consortium acknowledges the need to circulate water back to the RPVS to improve

the waste-water generation situation. Coupling this action with redundant delivery

systems to the fuel locations requiring emergency cooling would be highly beneficial.

The TEPCO Roadmap is silent on maintaining the fuel sub-critical[ (b)(4),(b)(5)

(b)(4),(b)(5)

The fuel configuration in Units F1, F2, and F3 fuel pools has not been verified. Verification

of actual conditions in the spent fuel pools (b)(4),(b)(5) J help inform the proposed

countermeasures contained in the Roadmap.

(b)(4),(b)(5)

6
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(b)(4),(b)(5)

Factors used to evaluate Essential Function I (Remove decay and chemical heat)

a. Factor: Establish reactor pressure vessel (RPV) water level, reliably maintained,

above top of the active fuel (TAF). If unable to maintain RPV water level, establish

and maintain containment water levels covering the RPV lower head.

(Unit F1 and Unit F3)

Countermeasure [9]: Flood the primary containment vessel (PCV) up to the top of active

fuel (TAF).

Countermeasure [10]: Reduce the amount of radioactive materials (utilization of standby

gas treatment system (filter), etc.) when PCV venting (release of steam containing

radioactive materials into the atmosphere).

Countermeasure [11]: Continue preventing hydrogen explosion by injecting nitrogen into

the PCV.

Risk [4]: Increase in water leakage into the turbine building in the process of flooding the

PCV.

Countermeasure [12]: Consideration and implementation of measures to hold down water

inflow (e.g., circulating the water back into the RPV by storing and processing the

accumulated water in the turbine building.).

Countermeasure [13] Consideration of recovering heat exchange function for the reactor

(installing heat exchangers)

7
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Risk [5]: Possibility of prolonged work in high dose level area (keep countermeasures [9]

and [12])

(Unit 2)

Countermeasure [14]: Continue cooling by current minimum injection rate.

Countermeasure [16]: Continue consideration and implementation of sealing measure ot

damaged location. Implement cooling measures similar to those for Units F1 and F3 once

the damaged location is sealed.

Risk [21: Possibility of prolonged work sealing the damaged location (continue

countermeasures [12] and [14]

Factor a. analysis:

(b)(4),(b)(5)

b. Factor: Provide functional and reliable power source equipment for each of the

systems being used

Counter measure [8]: Install interconnecting lines of offsite power soon

Countermeasure [22] Continue water injection by "Giraffe", etc (reliability improvement

(enhanced durability of hoses)/switch to remote-controlled operation) I

Factor b. analysis:
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c. Factor: Establish a functional and clean water source of sufficient capacity to

ensure adequate on-site cooling water needs.

Countermeasure [12] Consideration and implementation of measures to hold down water

inflow (e.g. circulating water back into the RPV by storing and processing the water in the

turbine building)

Countermeasure [23]: Add cooling function to normal fuel pool cooling system and

continue injecting water for unit F2.

Countermeasure [24]: Examination for and implementation of restoration of normal cooling

system for units Fl, F3, and F4.

Factor c. Analysis:

function of fuel pool cooling system would also increase reliability.

The Consortium recommends redundant delivery systems to each of the seven fuel

locations requiring emergency cooling.

(b)(4),(b)(5)

The Consortium acknowledges the need to circulate water back to the RPVs to improve

the waste-water generation situation. Coupling this action with redundant 1delivery

systems to the fuel locations requiring emergency cooling would be highly, beneficial.

d. Factor: Establish the ability to reliably add makeup to the spent fuel, pool

9
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Countermeasure [22]. Continue water injection by "Giraffe", etc (reliability improvement

(enhanced durability of hoses)/switch to remote-controlled operation.)

Factor d. analysis:

See factor c. analysis.

Factors used to evaluate Essential Function 2 (Maintain reactors shutdown and spent

fuel pools subcritical and shielded)

e. Factor: Establish ability to reliably add makeup to the spent fuel pool to maintain

water level sufficient to enable adequate shielding

Factor e. analysis:

See factor c. analysis

f. Factor: Establish reliable means for boron addition as necessary to maintain sub

criticality in the reactor and in the spent fuel pool, while maintaining awareness of

pH and boron solubility limitations.

Factor f. analysis:

The TEPCO Roadmap is silent on maintaining the fuel sub-critical and it has not been

verified that criticalities have not occurred on any of the units. Criticality events do not

appear to be affecting the ability of TEPCO to bring the units and spent fuel to a stable

condition.

The fuel configuration in fuel pools F1, F2, and F3 has not been verified.

One cooling water sample on the F4 spent fuel pool indicated that criticality had not

occurred in the pool. Additional samples would enhance the validity of this single sample.

Visual observations indicate that the fuel is intact in the racks.

10
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Factors used to evaluate Essential Function 3 (Ensure structural integrity for all units

(e.g. containment and spent fuel pools)

g. Factor: Preclude detonation in primary containment atmosphere by establishing a

non-combustible atmosphere in the primary containment

Countermeasure [15]: Continue prevention of hydrogen explosion by nitrogen injection into

the PCV.

Factor g. analysis

This factor is satisfied for Fl.

This factor is not satisfied for F2 and F3.

h. Factor: Establish reasonable assurance of SFP integrity

Countermeasure [20]: tolerance evaluation is especially needed for F4. A certain level of

seismic tolerance has been confirmed.

Factor h. analysis

The structural concerns related to spent fuel pools are focused on spent fuel pool F4.

Spent fuel pool F4 appears to be holding water and the fuel elements are believed to be

Iintact. The structural integrity of reactor buildings F3 and F4 appear to be degraded.

Noting that spent fuel pool F4 may have more significant consequences, a!similar focus by

TEPCO should be placed on the structural integrity of spent fuel pool F3.

Factor used to evaluate Essential Function 4 (Reliable Indication of essential parameters)

i. Factor: Establish reliable means to determine key parameters assoc!ated with

actual or potential large releases

i. Instrumentation to confirm cold shutdown in reactor vessel and sub-

criticality in spent fuel pool,

11
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ii. Area Radiation, gaseous and liquid release detectors,

iii. RPV/DWISP level, RPVIDW pressure indications

iv. Primary containment atmosphere sampling system

v. Spent fuel pool level, temperature indications

Countermeasure [57]: Monitoring seawater, soil and atmosphere within the site

boundary (25 locations)

Countermeasure [58]: Monitoring the radiation dose at site boundary (12 locations)

Countermeasure [59]: Consideration of monitoring methods in evacuation order /

planned evacuation / emergency evacuation preparation areas.

Countermeasure [60] Consideration and implementation of monitoring methods in

evacuation order/ planned evacuation / emergency evacuation preparation areas (in

cooperation with national/prefectural/municipal governments)

Countermeasure [61]: announce accurately monitoring results of long half life residue

radioactive materials such as cesium 137

Countermeasure [62]: Monitoring of homecoming residences (in cooperaiion with

national/prefectural/municipal governments)

Countermeasure [63]: Examination and implementation of necessary measures to

reduce radiation dose (decontamination of homecoming residences and soil surface) (in

cooperation with national/prefectural/municipal governments)

Factor i. analysis

Instrumentation to confirm cold shutdown in the reactor vessels and sub-criticality of spent

fuel pools will likely degrade with time. Engaging in investigation and development of

alternate instrumentation systems would improve the accuracy of data. Also, the recovery

of installed instrumentation should be sought.

12
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Factors used to evaluate Essential Function 5 (Terminate (or render insignificant)

uncontrolled radioactive releases)

j. Establish the means for containment of significant external leakage (e.g. primary

containment leakage) for portions of the plant (SFPs or reactor units) with credible

potential for energetic releases of significant quantities of radioactive material.

Countermeasure [29]: identify leakage path and examine and implement preventative

measures

Countermeasure [30]: Transferring accumulated water to facilities that can store it

(condenser and Centralized Waste Treatment Facility)

Countermeasure [31]: preparing decontamination and desalt of transferred accumulated

water

Countermeasure [32]: preparing to install tanks

Countermeasure [33]: Preparing to store with tanks and barges

Countermeasure [34]: Preparing for decontamination and desalt of contaminated water

Countermeasure [35]: Preparing to install reservoir

Countermeasure [36]: Preparing to decontaminate sub-drainage water after being

pumped up.

Countermeasure [37]: Utilization of "Centralized Waste Treatment", to store water

Countermeasure [38]: Install water processing facilities; decontaminate and desalt highly

contaminated water and store in tanks.

Risk [7]: Possibility of delay in installing water processing facilities or poor operating

performance of the facilities.

13
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Countermeasure [39]: Examination and implementation of backup measures (installment

of additional tanks or pools or leakage prevention by coagulator, etc)

Countermeasure [40]: Increase storage capacity by adding tanks, barges,: Megafloat, etc.

Countermeasure [41]: Decontaminating contaminated water using decontaminates to

below acceptable criteria

Countermeasure [42]: Expansion of additional tanks to store high radiation level

contaminated water

Countermeasure [43]: Continuation and reinforcement of decontamination and desalt of

high radiation level water

Countermeasure [44]: Continuation and reinforcement of decontamination land desalt of

low radiation level water.

Countermeasure [45]: Reuse of processed water as reactor coolant.

Countermeasure [46]: Decontamination to the level below criteria level.

Factor j. analysis:

When put in place these water management countermeasures should satify this factor.

k. Factor: With regard to activities in close proximity to the site, consider measures

to minimize further spread of contamination (e.g., covers or resin spray over

significant sources of loose contamination at the plant)

Countermeasure [47]: Inhibit scattering of radioactive materials by full-scale dispersion

inhibitor after confirming its performance by test.

Countermeasure [48]: Prevent rainwater contamination by dispersion inhibitor

14
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Countermeasure [49]: Removal of debris

Countermeasure [50]: Examination and implementation of basic design for reactor building

cover full fledged measure (container with concrete roof and wall, etc.)

Countermeasure [51]: Consideration of solidification, substitution and cleansing of

contaminated soil (mid-term issues)

Countermeasure [52]: Improvement of work condition by expanding application and

dispersion of inhibitors to the ground and buildings.

Countermeasure [53]: Continue removal of debris.

Countermeasure [54]: Begin installing reactor building cover (with ventilation and filter)

Risk [8]: Considerable reduction in radiation dose is a prerequisite to launch construction.

Countermeasure [55]: Complete installing reactor building covers (Units 1, .3, and 4)

Countermeasure [56]: Begin detailed design of full-fledged measure (container with

concrete roof and wall, etc.)

Factor k. analysis:

Give consideration of completely isolating the site from the Ocean by erect;rig

Iunderground barriers or the installation of wells to pump out groundwater. When

completed these countermeasures could be effective in satisfying the factor.

* The United States Consortium of Industrial and Governmental Organizations was established

to provide advice and assistance to the people of Japan in an effort to stabilize and improvet
conditions at the Fukushima Daiichi Reactor Site following the earthquake and tsunami on

March 11, 2011. The Consortium includes:

15
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General Electric Hitachi

Institute of Nuclear Power Operations

Naval Reactors

Knolls Atomic Power Laboratory

Bettis Atomic Power Laboratory

US Department of Energy/Nuclear Energy

United States Nuclear Regulatory Commission

ROADMAP DESCRIPTION

On April 17,2011 TEPCO publically announced, "With regard to the accident at FTUKUshima

Daiichi Nuclear Power Station due to the Tohokku-Chihou-Taiheiyo-Oki Earthquake [which]

occurred on Friday March 11th, 2011, we are currently making our utmost effort to bring the

situation under control. This announcement is to notify [the public of] the roadmap that we have

put together towards restoration of the accident."

The TEPCO Roadmap basic policy is to bring the reactors and spent fuel pools t6 a stable

cooling condition and mitigate the release of radioactive materials making every pffort to enable

evacuees to return to their homes and for all citizens to be able to secure a sound life.

The TEPCO Roadmap has two target steps:

Step 1: Radiation dose is in steady decline (around 3 months)

Step 2: Release of radioactive material is under control and radiation dose is being

significantly held down (3 to 6 months after achieving step 1)

In order to meet the target steps, TEPCO has established 3 areas with 5 issues organized as

follows:

1. Cooling

16
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(1) Cooling the reactors

(2) Cooling the spent fuel pools

2. Mitigation

(3) Containment, Storage, Processing, and reuse of water contaminated by

Radioactive Materials (Accumulated Water)

(4) Mitigation of Release of Radioactive Materials to Atmosphere and from Soil

3. Monitoring IDecontamination

(5) Measurement, Reduction, and Announcement of Radiation Dose in Evacuation

Order/Planned Evacuation /Emergency Evacuation Preparation Areas

TEPCO has developed twelve Step 1 and Step 2 targets as immediate actions tO. address the

five issues as follows:

(1) Cooling the reactors

1) Maintain stable cooling (step 1)

2) (Unit 2) Cool the reactor while controlling the increase of accumulated water until

the PCV is sealed (step 1)

3) Achieve cold shutdown condition (sufficient cooling is achieved dýpending on the

status of each unit) (step 2)

(2) Cooling the Spent Fuel Pools

4) Maintain stable cooling (step 1) I

5) Maintain more stable cooling function by keeping a certain level of water (step 2)

(3) Containment, Storage, Processing, and Reuse of Water Contaminated by radioactive

Materials (Accumulated Water)
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6) Secure sufficient storage place to prevent water with high radiation level from

being released out of the boundary. (step 1)

7) Store and Process water with low radiation level (step 1)

8) Decrease the total amount of contaminated water (step 2)

(4) Mitigation of Release of Radioactive Materials to Atmosphere and from Soil

9) Prevent scattering of radioactive materials on buildings and ground (step 1)

10) Cover the entire buildings (as a temporary measure) (step 2)

(5) Measurement, Reduction, and Announcement of Radiation Dose in Evacuation

Order/Planned Evacuation lEmergency Evacuation Preparation Areas

11) Expand/enhance monitoring and inform of results fast and accurately (step 1)

12) Sufficiently reduce radiation dose in evacuation order/planned

evacuation/emergency evacuation preparation areas

TEPCO has developed 63 countermeasures and 9 risk considerations to implement the twelve

step 1 and step 2 targets.

18
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From:
Sent:
To:

RST01 Hoc
Thursday, March 24, 2011 10:25 PM

RST01 Hoc; RST02 Hoc; mossdj@inpo.org; Casto, Chuck; Nakanishi, Tony; Monninger,

John; Devercelly, Richard; Foster, Jack; Trapp, James
RST03 Hoc; INPOERCAssistance; Ruland, William; Versluis, Rob

Reactor Safety Team Assessment 2000 EDT 3-24-2011
03-24-11 2000 RST Assessment Document.docx

Cc:
Subject:
Attachments:

All,

The reactor safety team has compiled its assessment report of conditions and
recommendations at the damaged Fukushima Daiichi reactor plants.

Shortly after our completion of the attached report, the RST received a new update from JAIF
with a time-date stamp of 2200 JDT 3/24/2011 (0900 EDT 3/24/2011), that indicates changes
in their view of containment integrity in units One and Three, indicating the containment
vessel integrity status as "Not Damaged". This information has not been factored into the
assessment report, and the RST will be moving forward to review and evaluate this latest
status report.

We request that our INPO addressee please forward this assessment to the EPRI staff who are
involved in this event response activity.

If you have any comments or questions on this report, please contact the Reactor Safety Team
at RSTO1.Hoc@nrc.gov.

John Thorp
RST Chronologist Evening Shift, 3/24/2011

1
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March 25, 2011 0600 EDT

Briefing Sheet
Fukushima Daiichi

Plant status remains unchanged from status at 1515.

PMT is working with OSTP and EPA to properly manage and communicate all environmental data
(collected domestically5 including iodine in drinking water. PMT briefed that the detected iodine levels in
The rain water are substantially below the drinking water standards. RADnet is posting current
monitoring data on web. This info is being integrated with data gathered from test band monitoring and
reported to OSTP.

DOE has agreed the US should reach out to Japan as one voice only. To facilitate this, DOE (Pete
Lyons and Steve Aoki) were provided a summary of the 1000 industry consortium call. In addition,
NRC/RES will participate in a DOE call everyday from 1700 to 1800. This will help facilitate the one
voice. Chairman is continuing to work with others to establish a Senior level person as a focal point.

Per NRC Japan team, Japan has officially accepted the pumping system at the air force base, and will
be using it. WilLrove equipment tomorrow afternoon after receiving training on it at base. .,Japan also
accepted and plans are being made for the U.S. Navy to provide two water barges as well._ No delivery
date yet, worrieh'about possible harbor damage from earthquake. The NRC team also reports that they
have accepted 5 seats within the TEPCO EOC. Will show up there first time Friday morning (JST) with
INPO representative.

INPO/DOE has accepted action to figure out how to remove spent fuel from the site. The Japanese
provided a list of the things they would accept, including the million doses of KI, bottled water, rad.
monitoring equipment, robotics and remote control equipment. DOD and DOE lead. There will be an
actual list with parties identified developed 25 March.

The NRC Reactor Safety Team has provided a set of recommendations pertaining to severe accident
management strategies to the NRC team in Japan. The recommendations were coordinated with GEH,

•EPRI, INPO, Naval Reactors and DOE.

The NRC Protective Measures Team developed guidance, at the request of State Dept., to be provided
to Americans such that they could temporarily re-enter the 50-mile evacuation zone (not to enter the
Japanese 20 Km evacuation zone) for the purposes of retrieving personal effects. Guidance will soon
be finalized and be provided to the NRC Japan team to get to the Ambassador.

The Liaison Team is nearing completion of assembling briefing information to support the Chairman's
meeting with the Japanese Ambassador at 11:00 a.m. this morning. The team has developed
information, coordinating with the NRC Site Team in Japan, specifically related to effectiveness of
coordination.-
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MEMORANDUM TO: Chairman Jaczko

FROM: Margaret M. Doane, Director
Office of International Programs

(b)(5)
SUBJECT:

(b)(5)
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From: Jaczko, Gregory <Gregory.Jaczko@nrc.gov>
Sent: Thursday, March 24, 2011 11:45 PM
To: Coggins, Angela, Batkin, Joshua; Pace, Patti
Subject: FW: Remote Support Made Easy

-------------------------------------

From: GoToAssist Express[SMTP:GTAE,,.IOMNI-CHANNEL-BASE.COM]
Sent: Thursday, March 24, 2011 11:44:38 PM
To: Jaczko, Gregory
Subject: Remote Support Made Easy
Auto forwarded by a Rule

FREE 30-DAY TRIAL

See~~~~ th Prbe.0ovIte rolm

Try GoToAssist Epress FREE for 30 days. Jxi

Boost your productivity, save time and reduce travel
with GoToAssist Express®). Most users report a 400/b
increase in productivity with our easy, reliable and
secure remote-support tool.

GoToAssist's full feature set helps you support
customers more efficiently:

0 Unattended Support - log in to customers'
computers after hours

o Unlimited Sessions - instantly support customers
anytime, anywhere for one flat fee

o Multitasking - support up to 8 customers at once
o File Transfer - move large files directly to

customers' desktops

Try GoToAssist Express FREE for 30 days and see
how much time you can save with fast, efficient remote I
support.

4d 2011 Citrix Online, LLC. All rights reserved.

Ci,:t , Onlin. : 7414 HO IIStir Ave '" C=:'2 , t.-.. I31
1800 549 8541 (U.S. and Canadn!, toll-f'e'

Unsubsr,- . 'rcm fi-1ure Cc-o~~t r~~r~~~_c~~

If you would like to occasionally receive information from these selected businesses, you do not have to
respond to this email. However, if you would not like to receive these messages, please visit this pag,-.
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Privacy Officer
OmniChannelBase
c/o MeritDirect
333 Westchester Avenue
White Plains, NY 10604

To view our privacy policy clicj•p,.
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RST Assessment of Fukushima Dalichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

RST ASSESSMENT OF FUKUSHIMA DAIICHI UNITS (REV 2),
Based on most recent available data and input from industry and government sources

(b)(4),(b)(5)

Page 1
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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RST Assessment of Fukusbima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

Definitions

Minimum Debris Retention Iniection Rate LMDRIR) is the lowest RPV injection rate at which it is
expected that core debris will be retained in the RPV when RPV water level cannot be
determined to be above the bottom of active fuel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat from core debris.

Minimum Debris Submerence Level (MDSLO is the lowest primary containment water level at
which it is expected that ex-vessel core debris on the drywell floor will be adequately
submerged. It is utilized to preserve primary containment integrity following RPV breach by
core debris.

Minimum Drywell Spray Flow (MDSF) is the lowest spray flow that assures uniform
circumferential spray distribution within the drywell. Flow rates less than this will not perform the
spray function but only a flooding function. The MDSF is typically in thousands of gallons per
minute.

Page 3
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RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assumptions: (As of 0700, 4/12/11)

RPV Pressure (MPaq)

A - 0.416, steady (60.3 psig)

B - 0.908, rising (131.7 psig).

RPV Temperature (°C)

Bottom Head - 119, steady (246.20F)

Feedwater Nozzle- 216.2 and lowering (421.2°F)

PCV Pressure (MPaa)

DW - 0.19 (27.6 psia)

SC - 0.165 (23.9 psia) rising.

DW CAMS (Sv/hr) - INOP

S/C CAMS (Sv/hr) - 10.8 (1080 rem/hr) lowering

Containment Atmosphere - Inert, Nitrogen injection in progress

Other Information:
External AC power to the Main Control Room of U-1 became available at 11:30 JDT
3/24/2011. Lighting in Main Control Room is operating in U-I. Power has been restored
to the Main Control Room Panels (3/29/11 TEPCO).

(b)(4),(b)(5)
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-Official-UseOnly-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

fie GH. (b)(4),(b)(5) [Recirculation Pump seals have likely
failed (GEH).

Core Status: I(b)(4),(b)(5)

(b)(4),(b)(5) Ithe volume of sea water injected to cool the core has
left enough salt to fill the lower plenum to the core plate. (GEH, INPO, Bettis, KAPL).

RPV Structural Integrity: Unknown

Assessment:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt. Core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through the
feedwater system is cooling the vessel but providing limited if any flow past the fuel. It is difficult
to determine how much cooling is getting to the fuel. GEH believes that water flow, if not
blocked, should be filling the annulus region of the vessel to 2/3 core height. There is likely no
water level inside the core shroud. Natural circulation believed impeded by core damage.
Vessel temperature readings are likely metal temperature which lags actual conditions.

(b)(4),(b)(5)
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--Offkicia-Use-0Iy---
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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-OftfaieaUse-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

•econdary Containment: Severely damaged (hydrogen explosion)] (b)(5)

L (b) 5LIhows entire fuel floor covered by grey-brown (E'ris of building
r•oof.

(b)(4),(b)(5)

Rad levels outside plant: 11 mR/hr at gate (variable) (TEPCO 0800 JDT 3130)
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-Official-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

Reactor water is in the Turbine Building basement (NISA).] (b)(4).(b)(5)

(b)(4),(b)(5)

(b)(4),(b)(5)
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--Officia-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Inject into the RPV with all available resourcest (b)(4),(b)(5)

(b)(4),(b)(5)

f V ~ ~ ~ ~ ~ ~ ~ ~ I~4 LA* 'JI 14IIIStI i - n l

MiSee AdditionalI (b)(4),(b)(5)

CGnsiderations A.1. through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d.

(b)(4).(b)(5)

(b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (See Additional
Considerations B.1. through C.5 below).

(b)(4),(b)(5)
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-Ofrfiawse•only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Additional Considerations:

A. The following considerations apply to containment venting:

1.

2.

3.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbinq effect

5.
(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1.

(b)(4),(b)(5)

2.

3. Ensure spent fuel pool level is maintained as full as possible.

4. Injection of water via the CRD system is desired to orovide cooling directly to the
core and for cooling material on bottom of vessell (b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22,2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

5.

C. Potential methods for monitoring containment level:

1.1 (b)(4),(b)(5) IHPCI (b)(4),(b)5) uction pressure and Drywell
instrument taps

2. Radiation monitorina instruments, (b)(4),(b)(5)

.

4.

5.

(b)(4),(b)(5)
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--O~ffieial-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT I - SPENT FUEL POOL STATUS (1400 April 6 th)

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.07 MWtIý (6Ivaporation rate 780 gallons per
day

Fuel Pool Structural Support Integrity: I (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: No data

Water Injection Method and Source: Periodic fresh water injected via a hose off of a
concrete pumper truck arm

Fuel Pool Water Temperature: 18-C (3/31 0815)

I

Power Status: Electric power available; equipment testing in
progress (JAIF, NISA, TEPCO)

On Mnrrh 12 2011 I t 1I.t'• .IT • hvdrnn•.n P~xnlns•inn, ntYcIrrP.d diurine, v•.ntinn.Other:

(b)(4),(b)(5)

Unit I Assessment:

Unit I SFP Recommendations:

(b)(4),(b)(5)

Unit I SFP Additional Considerations:

(b)(4),(b)(5)
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--Officia Use.O...
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

I (b)(4),(b)(5)
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--Official-Use-Only-
RST Assessment of Fukushima Daiiehi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assumptions: (As of 0700, 4/12/11)

RPV Pressure (MPaq)

A - (-.023), steady (-3.3 psig)

B - (-0.025), steady (-3.6 psig)

RPV Temperature (°C)

Bottom Head - 208.1, steady (406°F)

Feedwater Nozzle - 165.8 and lowering (330°F)

PCV Pressure (MPaa)

DW - 0.09 (13.1 psia)

SC - unknown

DW CAMS (Sv/hr) - 28.1 (2810 rem/hr)

S/C CAMS (Sv/hr)- .68 (68 rem/hr)

Containment Atmosphere - Unknown, nitrogen injection scheduled to begin 4/20/11

Other Information: External AC power has reached the unit, checking integrity of eguipment
before energizing. F (b)(4),(b)(5)

(b)(!),(b)(5)

(b)(4),(b)(5)

(b)(4),(b)(5) Recirculation pump seals have likely failed (GEH).
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-Offieial..se-O. i,.
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

RPV Structural Integrity: Unknown

Assessment:
Damaged fuel may have slumped with the majority located on the core plate. Fuel in the lower.
region of the core is likely encased in salt, though thelower temperatures reported indicate that
the amount of salt build-up is likely less than in Unit 1

(b)(4),(b)(5)

Injecting water through the low pressure core iniection line is cooling the vessel, but with limited
flow past the fuel. (b)(4),(b)(5) Water
flow. if not blocked, should be filling the annulus region of the vessel to 213 core height, though

S(b)(4),(b)(5) I Natural circulation believed
impeded by core damage. I (b)(4),(b)(5)

(b)(4),(b)(5) IVessel temperature readings are likely metal temperature which lags actual
conditions.

(b)(4),(b)(5)
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-OffiWiwUsewOniy-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Primary Containment: Damage and leakage suspected (JAIF, NISA, TEPCQ0 (b)(6)

(b)(4)ý(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),
Based on most recent available data and input from industry and government sources

1400 April 22, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4).(b)(5)

Page 18

EY 625 of 942



-Offieial-UseOnly-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

> I
Inject into the RPV with all avilable resog_ b).)

a. c--M' sprayA (b)(4),(b)(5)

b. feedwater system
c. other systems as they become available

(b)(4),(b)(5)

> Vent containment: (see Additional Considerations A.1. through A.5. below.)
a. To maintain containment pressure below the(pdmary containment/pressure limit.
b. As necessary to maintain RPV injection above-MDRIR.

d. (b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (see Additional
Considerations B.4. throuqh C.5 below)
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--Ofrwwi-use-ony
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Additional Considerations

A. The following considerations apply to containment venting:

1. 1

2.

3.

(b)(4),(b)(5)

4.

5.

Spray water on steam plumes and planned containment vents for scrubbing effect.

(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.

2. Ensure spent fuel pool level is maintained as full as possible.

3. Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel.
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-Offleial-Use~hly-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

4.
(b)(4),(b)(5)

C. Potential methods for monitoring containment level.t
I (b)(4),(b)(5)

(b)(4),(b)(5)

1 . 1 (b)(4),(b)(5) J.HPCf (b)(4),(b)(5) •uction pressure and Drywell
instrument taps

2. Radiation monitorinqi instrument•i (b)(4),(b)(5)

3.

4.

5.

(b)(4),(b)(5)

Page 21

EY 628 of 942



-Official Use Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.5 MWth;• vaporation rate 5240 gallons per
day

(b)(4),(b)(5)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fresh water injected to the spent fuel pool. Last

injected 36 tons on 4/7/11

Fuel Pool Water Temperature: 46°C (TEPCO 4/12)

Other: External AC power has reached the unit, checking the integrity of equipment
before energizing. (b)(4),(b)(5)

Unit 2 Assessment:

Unit 2 Recommendations:

(b)(4),(b)(5)

Unit 2 Additional Considerations:

(b)(4),(b)(5)
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-- ffieialUse Only
RST Assessment of Fukushima Dailchi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assessment: (As of 0700, 4/12/11)

RPV Pressure (MPacq)

A - (-.019), steady (-2.8 psig)

B - (-0.079), steady (-11.5 psig)

RPV Temperature (°C)

Bottom Head - 105, steady (2220F)

Feedwater Nozzle - 105.4 and lowering (221.7°F)

PCV Pressure (MPaa)

DW - 0.105 (15.3 psia)

SC - .1692 (24.5 psia)

DW CAMS (Sv/hr) - 17.4 (1740 rem/hr)

S/C CAMS (Sv/hr)- .67 (67 rem/hr)

Containment Atmosphere - Unknown

Other Information: On offsite AC power (NISA 4/3).

(b)(4),(b)(5)
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-Of•aUse-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

RPV Structural Integrity: Unknown

Assessment:
Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, though the lower reported temperatures indicate that the amount
of salt build-up is likely less than in Unit 1. Nonetheless, core flow capability is in jeopardy due
to the salt build upl (b)(4),(b)(5)

Water injection is to the RPV is occurring through the RHR system via the recirculation piping,
t with limited flow past the fuel. (b)(4),(b)(5) '

(Ib5IWater flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core
---N-wt, though core flow capability may be affected due to continued salt build up. Natural
circulation is believed to be impeded by core damage.I (b)(4),(b)(5)

(b)(4),(b)(5) IVessel temperature readings are likely metal
temperature which lags actual conditions.

(b)(4),(b)(5)
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-Official-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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-Offieial-USe-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Secondary Containment: Damaged (JAIF, NISA, TEPCO).[ (b)(4),(5

(b)(4),(b)(5)
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-Officia[Use-Ortly
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)
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--Official-UseOniy-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

.-Inject into sthe RPV with all available resources (b)(4),(b)(5)

a. cespray
b)(4),(bJ(5)t

(b)(4),(b)(5) I
F_ (b)(4),(tb)(5)

b. feedwater system
c. other systems as they become available

(b)(4),(b)(5)

Vent containment: (see Additional Considerations A.1. through A.5. below)
a. To maintain containment pressure below the(primary containment~pressure limit.
b. As necessary to maintain RPV injection abov'e MDRIR.
C.

d. (b)(4),(b)(5)

Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The short-term goal is to raise primary
containment water level to at least the top of active fuel (TAF). (see Additional
Considerations B.4. through C.5. below).
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--offitctamOnTy
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
140D April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Additional Considerations:

A. The following considerations apply to containment venting:

1 .

2.

3.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.1
(b)(4),(b)(5)

B. Additional Miscellaneous consideration

1.
(b)(4),(b)(5)
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-Official-Use-Only--
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change ýnd refinement.

2. Ensure spent fuel pool level is maintained as full as possible.

3. Injection of water via the CRD system is desired to provide cooling directly to the.
core and for cooling material on bottom of vessel.

(b)(4),(b)(5)

C. Potential methods for monitoring containment level. [
(b)(4),(b)(5)

1. [ (b)(4).(b)(5) IIHPCI ()4.b)5

instrument taps

2. Radiation monitoring instrument4F

3.

4. (b)(4),(b)(5)

Page 30
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-Official-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other.

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2010)

0.23 MWth; evaporation rate 2570 gallons per day

Damage sus cted (JAIF 3/28 (b)(4),(b)(5)

(b)(4),(b)(5)

No data
No data
Full

Periodic fresh water injected via a hose off of a
concrete pumper truck arm. 80 tons added on 4/10.

570C (JAIF 4/6)

External AC power has reached the unit

(b)(4),(b)(5)

Unit 3 Recommendations:

(b)(4),(b)(5)

Unit 3 Additional Considerations:

(b)(4),(b)(5)
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-OfficialUse Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

e(b)(4),(b)(5)
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--ffca[Use ny-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPGO, & GEH)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment: Not applicable (JAIF, NISA, TEPCO)

Secondary Containment: Severely damaged in hydrogen explosion. (JAIF, NISA, TEPCO)

Rad Levels: No information

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JAIF, NISA, TEPCO).
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-Offleial--Use Onl
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel: 1331 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

548 bundles (December 5 to December 10, 2010)

2.3 MWth evaporation rate 20,000 gallons
per day

Damaqe suspected (JAIF 3/28); (b)(4),(b)(5) I
I (b)(4)(b)(5)

No data
No data
Low water levF t/1)

Periodic fresh water injected via a hose off of a
concrete pumper truck arm (38 tons of water added
on 4/7/11)

30°C (JAIF 4/4)

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)
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-Official-Use-Only-
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

(b)(4),(b)(5)

Unit 4 Recommendations:

(b)(4),(b)(5)

Unit 4 Additional Considerations:

(b)(4),(b)(5)
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-Official-UsewOGly
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT FIVE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5)

RPV:

Core Cooling:

Primary Containment:

Secondary Containment:

Spent Fuel Pool:

Other:

ASSESSMENT:

Unit five is stable.

RECOMMENDATIONS:

) Monitor

Pressure .4 psig (NISA 4/8); Temp: 45.50C (NISA 4/8)

Functiogs ,,IAIF, NISA, TEPCO);l • (b)(4).(b)(5)
[(b)(4 ,(b)(5) I

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF,
NISA, TEPCO)

946 bundles (JAIF); Temp: 34.7oC, (JAIF 4/8)

Cooling capability recovered and functioning (JAIF 4/1)

On offsite AC powe 3/28).

Page 36

EY 643 of 942



0men ofFukusheDi t(
RST Assessment of Fukusbima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other: Extemal AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling temporarily lost when pump failed (JAIF, NISA, and TEPCO).
Repairs complete on RHR pump used for fuel pool cooling.

Unit 5 Assessment:

- Unit 5 is stable with cooling capacity recovered.

Unit 5 Recommendations:

>. (b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5)

RPV:

Core Cooling:

Primary Containment:

Secondary Containment:

Spent Fuel Pool:

Other:

ASSESSMENT:

Unit Six is stable.

RECOMMENDATIONS:

Monitor

Pressure .7 psig (NISA 4/8); Temp: 22.7 0C (NISA 4/8)

Functional (JAIF, NISA, TE._PCO); (b)(4),(b)(5)

I ~(b)(4),(b)(5)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF,
NISA, TEPCO)

876 bundlesl(6
Temp: 30.5.0 A 4/8)
Cooling capability recovered and functioning (JAIF 4/1).

On offsite AC power /28)
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RST Assessment of Fukuslilma Dalichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 414)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode
(NISA 3/25)

Fuel Pool Water Temperature: 28.5-C (TECPO 4/5)

Other: Extemal AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling temporarily lost when pump failed (JAIF, NISA, and TEPCO).
Repairs complete on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

- Unit 6 is stable with cooling capacity recovered.

Unit 6 Recommendations:

>(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)
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-Official-Use-Only
RST Assessment of Fukushima Daiichi Units (REV 2),

Based on most recent available data and input from industry and government sources
1400 April 22, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

>, (b

6375 bundles

No data

1.2 (MW)

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/5)

,b)(4),(b)(5)"Common SFP Additional Considerations:

(b)(4),(b)(-5)

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best available technical information. We acknowtedge that the information
is subject to change and refinement

1
2
3
4
5
6

7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

RS" ASSESSMENT OFP FUKUSHIMA DAIICHI UNITS (REV 2).
Based on most recent available data and input from GEH, EPRI.

Naval Reactors (with Bettis and KAPL). and DOE/NE

(b)(4).(b;,(5)
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Our assessments and reoommendations are based on the best available technical information. We acknowtedge that the infornmation
Is subject to change and refinement

OFFICIAL US --,ONLY-

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the infornation
is subject to change and refinement

•OFFTIAL USE OI'Y'

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Definitions

Minimum Debris Retention Iniection Rate (MDRIR) is the lowest RPV injection rate at which it is
expected that core debris will be retained in the RPV when RPV water level cannot be determined
to be above the bottom of active fuel. It is utilized to ensure that injection into the RPVis
sufficient to remove decay heat from core debris.

Minimum Debris Submergence Level (MDSL) is the lowest primary containment water level at
which it is expected that ex-vessel core debris on the drywellfloor will be adequately submerged.
It is utilized to preserve primary containment integrity following RP V breach by core debris.

Minimum Drywell Spra, Flow (MDSF) is the lowest spray flow that assures uniform
circumferential spray distribution within the drywell. Flow rates less than this will not perform
the spray function but only aflooding function. The MDSF is typically in thousands of gallons
per minute.
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Our assessments and recommendations are based on the best available t•chnical information. We acknowledge that the information
is subject to change and refinement

OFFI rCIAL U E-ON1LY

1
2
3
4
5
6
7
8

9

10

11

12

13

14

15

16

17

18

19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34
35
36
37
38
39
40

UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Control Parameter Assumptions: (As of 0700, 4/12/11)

RPV Pressure (Mpag)

A - 0.416, steady (60.3 psig)

B - 0.908, rising (131.7 psig)

RPV Temperature ('C)

Bottom Head - 1] 9, steady (246.2°F)

Feedwater Nozzle - 216.2 and lowering (421.21F)

PCV Pressure (MPaa)

DW - 0.19 (27.6 psia)

SC -0.165 (23.9 psia) rising

DW CAMS (Sv/hr) - INOP

S/C CAMS (Sv/hr) - 10.8 (1080 rem/hr) lowering

Containment Atmosphere- Inert, Nitrogen injection in progress

Other Information:
On offsite AC power- Control Room lighting for U-1, 2, 3, & 4 (JAIF, 4/1)

External AC power to the Main Control Room of U-I became available at 11:30 DT
3/24/2011. Lighting in Main Control Room is operating in U-I. (b)(4).(b)(5)
F (b)(4),(b)(5)

(b)(4),(b)(5)

(b)(4),(b)(5)
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Our assessments and recoomendations are based on the best available technical Information. We acknowledge that the information
Is subject to change and refinement

-eFFOt-t-3E-ONtY-

(b)(4),(b)(5)

Reactor water level (b)(4),(b)(5)

liE yfaed( H) (b)(4),(b)(5) [ R-ecirculation pump seals have

Core Status: I (b)(4),(b)(5) IF (b)(4),(b)(5) e volume of sea water injected to cool the core has left
enough salt to till the lower plenum to the core plate. (GEH, INPO, Bettis, KAPL).

(b)(4),(b)(5)

Assessment:
Damaged fuel that may have slumped to the bottom of the core and fuel in the lower
region of the core is likely encased in salt and core flow is severely restricted and likely
blocked. The core spray nozzles are likely salted up restricting core spray flow. Injecting
fresh water through the feedwater system is cooling the vessel but limited if any flow past
the fuel. GEl believes that water flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. There is likely no water level inside the core
shroud. Natural circulation believed impeded by core damage. It is difficult to determine
how much cooling is getting to the fuel. Vessel temperature readings are likely metal
temperature which lags actual conditions.

(b)(4).(b)(5)

rTask Tracker 42541 Page 5 DRAFT.- 1200 April 12, 2011
M:\RST\Japanose Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 652 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
is subject to change and refinement

--OFnt •E~N

1
2
3
4
5
6

7

8
9

10
11
12

13

14

15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30

(b)(4),Ib)(5)

Primary Containment: Damage suspectedl (b)(4),(b)(5)

(b)(4),(b)(5)

-econdary Containment: Severely damaged (hydrogen explosion). (b)(5)

ELO (b)(5) Phows entire fuel floor covered by grey-brown debris of building
rof.
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Outr assessments and recommendations are based on the best available technical Information. We acknowledge that the information
Is subject to change and refinement

OrFF!ClL U ON"&Y--

(b)(4),(b)(5)
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Our asseswsents and recommendations are based on the best available technical information. We acknowledge that the infornation
Is subject to change and refinement-

O)FFICIAL: USE GPILY-

1

2

3
4
5
6
7
8
9

10
11

12

13

14
15
16
17
18
19
20
21

22
23
24
25

Rad levels outside plant: I I mR/hr at gate (variable) (TEPCO 0800 JDT 3/30)

Reactor water is in the Turbine Building basement NISA).1 (b)(4),(b)(5)

I (b)(L),(b)(5)

(b)(4),(b)(5)
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Our assessments and recoarnendations are based on the best availbla technical information. We adckowledge that the inforrnation
is subject to change and refinement

eFR'-IAL USE- ONL;

1
2
3
4
5
6
7

8
9

10
11

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
3941
41

42
43
44

(b)(4),(b)(5)

> Inject into the RPV with all availabfr.x:ue

> Vent containmen

(b)(4),?Ib)(5)

(b)(4),(b)(5)
(See Additional Considerations

-A. 1. through A.. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessarv to maintain RPV injection above MDRIR.

(b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (See Additional Considerations _B(-4. 1.
through C.4-5below).

(b)(4),(b)(5)
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Our assessments and recomrnendations are based Dn the best available technical information. We acknowledge that the information
is subject to change and refinement

-OFFtCtALVUSE-ONL-Y-

(b)(4),(b)(5)

Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

3.

4.

(b)(4),(b)(5)

Spray water on steam plumes and planned containment vents for scrubbing effect and

(b)(4),(b)(5)
5.

B. Additional Miscellaneous considerations

(b)(4),(b)(5)

2.
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Our assessments and recommendations are based on the best avaiabte technical Information. We acknowAedge that the inlormation
Is subject to change and refinement

OFICIAL-U SE-ONL-Y

3. Ensure spent fuel pool level is maintained as full as possible.
4. Injection of water via the CRD system is desired to-.my ccooling directly to the core

and for c o ngmaterial onbottom of ves;sel I.ý
(b)(4),(b)(5)

5. When flooding containment, consider the implications of water weight on seismic
capability of containment.

C. Potential methods for monitoring containment level:

1. (b)(4),(b)(5) PC( b uction pressure and Drywell
instrument taps

2. Radiation monitoring instruments (b)(4),(b)(5)
3.
4. 4. • (b)(4),(b)(5)

5.
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49

Our assessments aid recommendations are based on the best available technical Information. We acknowledge that the information
Is subject to change and refinement.

UNIT 1 - SPENT FUEL POOL STATUS (1400 April 6'h)

Amount of fuel: 292 bundles

Last transfer from Reactor: 64 bundles (March 29 to April 2, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.07 MWg (b) evaporation rate 780 gallons per
day

Fuel Pool Stru

Fuel Pool Leal
Criticality statu
Fuel Pool Leve

Water Injeclio

Fuel Pool Wat

Power Status:

Other:

ctural Support Integrity: I (b)(4),(b)(5)

k Integrity: No data
us: No data
el: No data

n Method and Source: Periodic fresh water injected via a hose off of a
concrete pumper truck arm

er Temperature: 18°C (3/31 0815)

Electric power available; equipment testing in
progress (JAIF, NISA, TEPCO)

On March 12. 2011 at 15:36 JT, a hydrogen explosion occurred durina ventina.

(b)(4),(b)(5)

Unit 1 Assessment:

(b)(4),(b)(5)

Unit 1 SFP Recommendations:

Unit I RFP Ariclitisnnnl Cnnsir1A-rntinnsý

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
is sublect to change and refinement.

OFFOICAL USE OJEY-

1 UNIT TWO CORE
2
3 ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)
4
5 Control Parameter Assumptions: (As of 0700,4/]2/11)
6
7 RPV Pressure (MPag)

8 A - (-.023), steady (-3.3 psig)

9 B - (-0.025), steady (-3.6 psig)

10 RPV Temperature (°C)

11 Bottom Head - 208. 1, steady (4060 F)

12 Feedwater Nozzle - 165.8 and lowering (330*F)

13 PCV Pressure (MPaa)

14 DW- 0.09 (13.1 psia)

15 SC - unknown

16 DW CAMS (Sv/hr) - 28.1 (2810 renm/hr)

17 S/C CAMS (Sv/hr) - .68 (68 remlhr)

18 Containment Atmosphere - Unknown, nitrogen injection scheduled to begin 4/20/11

19 Other Information:
20 External AC ower has reached the unit, checking integrity of equipment before
21 energizing. ý .(b)(4),(b)(5)

22 (b)(4),(b)(5)
23
24
25 (b)(4),(b)(5)

26
27

28
29
30
31
32
33 (b)(4),(b)(5)
34
35
36
37

38
39
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Our assessments and rewommendations are based on the best availab% technical Information. We acknowledge that the information
is subjeci to change and refinement.

(b)(4),',b)(5)

---- (b)(5)

Assessment:
Damaged fuel may have slumped with the majority located on the core plate and fuel in the lower
region of the core is likely encased in salt. However, the amount of salt build-up appears to be
less than U- I based on the reported lower temperatures.1--

I

(b)(4),(b)(5)

jore flow capability is in jeopardy duito continued
salt build up.

Injecting water through the low pressure core injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blowked, should be filling the annulus region of the vessel to
2/3 core height. While core flow capability may be affected due to continued salt build up, RPV
water level indication is suspect due to environment. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(b)(4),(b)(5)

(b)(5)
q__ I
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the infonration
is subject to change end refinement

-OFF tIAI-USE ONL-

1
2
3
4

5
6
7

8
9

10
11
12

(b)(4),(b)(5)

13

14

15

16

17

18
19
20

21

22

Primary Containment: Damage and leakage suspected (JAIF, NISA, TEPCO)I (b)(6)

F(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
is subject to change and reflnement.

-.Or-RGIAL S-OUtY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the inloruation
is subject to change and refinement.

OFFICIAL Ur -NLY-

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best availabbl technical information. We acknowledge thai the information
is subject to change and refinement

1 R O E A OS(rn2ON)Y-

1 RECOMMENDATIONS: (for Unit 2)

2
3
4
5
6
7
8
9

10
11
12

13
14

15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

(b)(4),(b)(5)

)> inject into the RPV with all available resources[

a. core sprayl
(b(b)(4),(b)(5[a.I cr pal(b)(4),(b)(5)

b. feedwater system
c. other systems as they become available

(b)(4),(b)(5)

b)(4),(b)(5)

(b)(4),(b)(5)
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Our assessments end recommwendations are based en thre best avaltabta9 techrical infornaiaon. We acknovfedge that the intorm-ation
is subject to change anid refinement

-OFF[CIJEOB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

I (b)(4),(b)(5)

• Vent containment: (see Additional Considerations A. ]. through A.5. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above NIDRI.R.
C.I
d. (b)(4),(b)(5)

I I

I
Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C4B.4.
through C.4-5below)

(b)(4),(b)(5)

Additional Considerations

A. The following considerations apply to containment venting:

I.

2.
(b)(4),(b)(5)

3.
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Our assessments and recommendations are based on the best available technical informalion. We acknowledge that the information
is subject to change and refinement.

-eOFFAe'e-US-,NtY

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5. I . (b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the core

and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
-r(b)(4),(b)(5)

*.A (b)(4),(b)(5) l-HPC] (b)(4),(b)(5 ýuction pressure and Drywell
instrument taps.

J.22.Radiation monitoring instrument (b)(4),(b)(5)

'4

(b)(4),(b)(5)

tkS

- - 1 Formatted: Indent: Left: 0.5", No bullets or

L Formal t : Indent: Left: 0.5", Numbered +
Level: 2 + Numbering Style: 1, 2, 3, ... + Start
at: 1 + Alignment: Left + AJtgned at: 0.75" +
Indent at: 1"

[Task Tracker 4254] Page 20 DRAFT - 1200 April 12. 2011
M:\RSTMJapanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 667 of 942



Our assessments and recommeindaions are based on the best available technical information. We acknovledge that the information
Is subject to chiange and refinement

-,eFre4lcAU,+l6GL-Y-

UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

587 bundles

116 bundles (September 20-25, 2010)

0.5 MWth;(b-)(6) vaporation rate 5240 gallons per
day

(b)(4),(b)(5)

I
Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fresh water injected to the spent fuel pool. Last
injected 36 tons on 4/7/11

Fuel Pool Water Temperature: 46°C (TEPCO 4/12)

Other External AC power has reached the unit, checking the integrity of equipment
before energizing. I (b)(4),(b)(5)

Unit 2 Assessment:

(b)(4),(b)(UR)nn

Unit 2 Recommendations:

Unit 2 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best avaibble technical information. We acknowledge that the information
is subject to change and refinement.

I UNIT THREE CORE
2
3 ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)
4
5 Control Parameter Assessment: (As of 0700, 4/12/1l)
6
7 RPV Pressure (MPag)

8 A - (-.019), stcady (-2.8 psig)

9 B - (-0.079), steady (-] 1.5 psig)

10 RPV Temperature (°C)

1 Bottom Head - 105, steady (222 0 F)

12 Feedwater Nozzle- 105.4 and lowering (221.77F)

3 PCV Pressure (MPaa)

4 DW - 0.105 (15.3 psia)

I5 SC -. 1692 (24.5 psia)

16 DW CAMS (Sv/hr) - 17.4 (1740 rem/hr)

17 S/C CAMS (Sv/hr) - .67 (67 rem/hr)

18 Containment Atmosphere - Unknown

9 Other Information:
!0 On offsite AC power (NISA 4/3).

21
22
23
24
25
26

27
28
29
30
31
32
33
34
35

36
37

38
39
40

(b)(4),(b)(5)

(b)(4),(b)(5)

[Task Tracker 4254] Page 22 DRAFT - 1200 April 12, 2011
M:\RST'Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 669 of 942



Our assessments and recorumendations are based on the best availab',e technical informati•nr. We acknowledge that the information
Is subject to change and refinement.
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Core Status:

RPV Structural Intetsritv: UnknownF (b)(4),(b)(5)

Assessment:
Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of
the core is likcly encased in salt, however, the amount of salt build-up appears to be less
than U-1, based on the reported lower temperatures. Core flow capability is in jeopardy
due to continued salt build up.

Water injection is to the RPV through the RHIR system via the recirculation piping, but
with limited flow past the fuel. Water flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. While core flow capability may be affected due to
continued salt build up, RPV water level indication is 'uspect due to environment.
Natural circulation believed impeded by core damage. t (b)(4).(b)(5) I
I_ (b)(4),(b)(5) I Vessel temerature readings are likely metal
=2gre which lags actual conditions. (b)(4),(b)(5)

(b)(5) A

(b)(4),(b)(5)

(b)(5)

(b)(5)
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Our assesssmenls and recommendations are based on the best available technical information. We acknowledge mtat the Information
is subject to change and refinemenL

-OFFtlIAL-USE-ONL-Y-

(b)(4),(b)(5)

Primary Containment: Damage suspected (RST, NISA, TEPCO) "Not damaged"
(JAIF).

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
is subject to change and refinement

-- OFIG UE-ONtT-

Secondary Containment: Damagcd (JA]F. NISA, TEPCO)J (b)(4),(b)(5)(b)(4),(b)
I (5'ý

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We adnowledge that the information
Is subject to change and refinement
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I

2
3
4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

(b)(4),rb)(5)
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Our assessments and recommendations are based on the best available technical information. We adcnowledge that the inforrnation
is subject to change and refinement.

-FR ENLY

1
2

3

4
5
6
7
8
9

10
11
12
13
14

15
16

17
18

19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

(b)(4),(b)(5)

> Inject into the RPV with all available re:
I (b)(4),(b)(5) I -"

a. core spray I
I (b)(4).(b)(5)

b. feedwater system
c. other systems as they become av
d. (b)(4),(b)(5) I

(b)(4),(b)(5)

(b)(4),(b)(5)

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best availabia technial information. We acknowledge that the information
is subject to change and refinement.
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1
2
3
4
5
6

7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

>' Vent containment: (see Additional Considerations A.]. through A.5. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C. (b)(4),(b)(5)

>. Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations 4413.4.
through C.35. below)

(b)(4),(b)(5)

Additional Considerations

A. The following considerations apply to containment venting:

1.

2. (b)(4) (b)(5) .
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Our assessments and reconmendations are based on the best available technical information. We acknowledge that the inlDornatior
is subject to change and refinement
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

3.

(b)(4),(b)(5)

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.1
(b)(4),(b)(5)

B. Additional Miscellaneous consideration

1.1 (b)(4),(b)(5)

I I

2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the core

and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. (b)(4),(b)(5)
(b)(4),(b)(5)

(b)(4),(b)(5) HPC (b)(4),(b)(5) uction pressure and Drywell
instrument taps

1=-1 R-Ai-tj- rnnJt-rin brerlm-1¢ Ah4 th(K r

- - - rFormatted: Indent: Left: 0.5', No bullets or
o- I numberingI Formattad: Indent: Left: 0.5", Numbered 4+

Level: 2 + Numbering Style: 1, 2, 3, ... + Start
at: 1 + Alignment: Left + Aligned at: 0.75" +
Indent at: I"

r. 1 11 i's Z& I I

i£1-3
(b)(4),(b)(5) F
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Our assessments and rewomnendations are based on the best available technicat information. We acknowledge that the information
is subject to change and refinement.
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

I

UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2-4-1-2010)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28); (b)(4),(b)(5)

o (b)(4),(b)(5)

No data
No data

Full Ei:Jt43)

Periodic fresh water injected via a hose off of a

concrete pumper truck arm. 80 tons added on 4/10.

570C (JAIF 4/6)

Unit 3 Recommendations:

Unit 3 Additional Considerations:

(b)(4),'b)(5)
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Our assessments and recommendations are based en the best available technical inforrnation. We ackmowledge that the tnformatlon
Is subject to change and realnement.
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Our assessments and recommendations are based on the best available tehnical information. We acknowledge that the inlonrnalion
Is subJeci to change and refinement.

OFFICI.L U8....L.

1
2
3
4
5
6
7
8
9

10
11

UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data sources: JAIF, NISA, TEPCO, & GEH)

Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling: Not necessary (JAIF, NISA, TEPCO)

Primary Containment: Not applicable (JAIF, NISA, TEPCO)

Secondary Containment: Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment before

energizing. (JAIF, NISA, TEPCO). I (b)(4),(b)(5)

F (b)(4),(b)(5)

(b)(5)
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Our assessments and recommendations are based on the best avatbble technical information. We acknowledge that the infornation
Is subject to change and refinemeent
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UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

1331 bundles

548 bundles (December 5 to December 10, 2010)

2.3 MWth (b)(6) evaporation rate 20,000 gallons
per day

Damage suspected (JAIF 3/28);F (b)(4).(b)(5) I

No data
No data
Low water leve/(b)(6) 11)

Water Injection Method and Source: Periodic fresh water injected via a hose off of a
concrete pumper truck arm (38 tons of water added
on 4/7/11)

Fuel Pool Water Temperature: 30°C (JAIF 4/4)

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)

Unit 4 Recommendations:

-J (b)(4),(b)(5)
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Our assessments and reconynendations are based on the best available technical information. We acknowledge that the infornnation
Is subject to change and refinement.
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2

3
4
5
67 1 -
8 -
9

10 Unit 4 Additional Considerations:
11
12 -
13
14 -
15
16

- -_ Formatted: Font: (Default) Times New
/ Roman, 12 pt, No underline I
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(b)(4),(b)(5)

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
Is subject to change and refinement.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best avallabte technical information. We acknowledge that the Inforniation
Is subject to change and refinement.

-- F USEONLY-

1 UNIT FIVE CORE
2
3 ASSUMPTIONS: (based on input from multiple data source: JAiW, NISA, TEPCO, & GEH)
4
5 Core Status: (b)(4),(b)(5) In vessel
6 (JAIF, NISA, TEPCO)
7
8 RPV: pressure .4 psig'-- (NiSA 4/8) ; Temp: 45.5°Ct (NISA 4/8);
9

10 Core Cooling: Functional (JAWF, NISA, TEPCO);j (b)(4),(b)(5)
11 3/31);
12
13 Primary Containment: Functional (JAIF, NISA, TEI5CO)
14

15 Secondary Containment:
16 Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)
17
18 Spent Fuel Pool:
19 946 bundles(-6Temp: 34.7oCl, (JAIF 4/8)[ (b)(4),(b)(5)
20
21 Other: On offsite AC powerR /28). External AC power supplying the unit, Unit 6 (?)
22 diesel generators available. Fuel Pool Cooling lost when pumnp failed (JAIF, NISA.
23 TEPCO).I (b)(4),(b)(5)

24 (b)(4),(b)(5)
25
26
27 ASSESSMENT:
28
29 Unit five is Fekaii-'el)-table.
30
31 RECOMMENDATIONS:
32
33 Repairs complete on RHR pump used for fuel pool cooling.
34
35 Monitor
36
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Our assessments and recommendations are based on the best available technical infofnation. We acknowtedge that the information
is subject to change and refinement
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1 UNIT 5 - SPENT FUEL POOL STATUS
2
3
4
5
6
7
8
9

10
11
12
13
14
.15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

I Decay Heat (MW): 0.8 MW r(b) ()

Fuel Pool Structural Support Integrity- Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9-C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs complete
on RHR pump used for fuel pool cooling.

Unit 5 Assessment:

- Unit 5 is stable with cooling capacity recovered.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4 ,(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the Information
Is subject to change and refinement.
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40

(b)(4),(b)(5)
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2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Our assessments and reconmendations are based on the best available technical information. We acknowiedge that the information
Is subject to change and refinement.

-GFRCIAL-lJSE-0NL-Y--

UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) Iln vessel
(JAIF, NISA, TEPCO)

RPV: pressure .7 psig- (NISA 418) ; Temp: 22.7°C+-- (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO); Cooling using RHR; injection via normal
make-up water (IAEA 3/31);

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
876 bundle l (b)(6) emp: 30.5.0 °CT (NISA 4/8);1 (b)(4),(b)(5)

(b)(4),(b)(5)

Other: On offsite AC power (IAEA 3/28)F

1( 
b ) , ',4 ) , ( b ) ( 5 )

ASSESSMENT:

Unit Six is FelaN-table.

RECOMMENDATIONS:

I. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best avaiable technical informagon. We acknowledge that the information
is subject to change and refinement
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1 UNIT 6 - SPENT FUEL POOL STATUS
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

876 bundles

184 bundles (August 10-25 2010)

0.7 (MW (b)(6)'1

Not damaged (JAIF 4/4)

No data
No data
Full

(b)(4),(b)(5)

Fuel Pool Water Temperature: 28.5-C (TECPO 4/5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs complete
on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

- Unit 6 is stable with cooling capacity recovered.

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best avatlable technical information. We acknowledge that the information
is subject to change and refinement.
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the information
Is subject to change and refinement.

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41

42
43
44
45
46
47

COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

6375 bundles

No data

1.2 (MW) (b)(6)

Not damaged (JAIF 4/4)

No data
No data
Full

Normal cooling (NISA 3/24)

28.0-C (TECPO 4/5)

Other.

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),,:b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011F (b)(5)
2. SFP Criticality Potential, Kent Wood, March 24, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF- Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
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Our assessments and recormmendations are based on the best availat4e technical information. We acknowledge thai the information
Is subject to change and refinement

OFFICIAL USE ONL-Y-

TEPCO - Tokyo Electric Power Company

ENCLOSURE 1

1
2
3
4

5 1. EPRI recommendations March 18, 2011

6

7
8
9

10
11

(b)(4),(b)(5)
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Our assessments and recovnenedatlons are based on the best avaikible technical informalion. We acknowledge that the Infornmation
Is subject to change and refinement.
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1
2
3
4
5
6
7

(b)(4.),(b)(5)
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Our assessments and reconmmendations are based on the best available technical information. We acknowledge that the
inforrnation is subject to change and relinement.
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ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 24, 2011

(b)(5)
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Our assessments and recommendations are based on the best available technical Information. We acknowledge that the
information is subject to change and refinement.

(b)(5)
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RST Assessment of Fukushima Dauchi Units (REV i),
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and

KAPL), and DOE/NE
1000 April 9, 2011

Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

. ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit I March 29, 2010 -- April 2, 2010 64
Unit 2 September 20, 2010 ..September 25, 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10. 2010 548
Unit 5 January 8, 2011 - January 13, 2011 120
Unit 6 August 20, 2010 August 25, 2010 184

Total -- _1, 180

Note: Attachment 1 Is Detailed Contents of Each Pool.

(b)(4),(b)(!5)
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RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1000 April 9, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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RST ASSESSMENT OF FUKUSHIMA DAIlCHI UNITS (REV 2),
Based on most recent available data and input from GEH, EPRI,

Naval Reactors (with Bettis and KAPL), and DOE/NE

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.
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(b)(4),(b)(5)
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(b)(4),(b)(5)

[Task Tracker 4254] Page 3 DRAFT - 0600 April 11, 2011
M:\RS'TJapanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 698 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-eFFt-AL- LSE-ONL-Y

(b)(4),(b)(5)

Definitions

Minimum Debris Retention Iniection Rate (MDRIR) is the lowest RPV injection rate at which it
is expected that core debris will be retained in the RPV when RPV water level cannot be
determined to be above the bottom of active fuel. It is utilized to ensure that injection into the
RPV is sufficient to remove decay heat from core debris.

Minimum Debris Submergence Level (MDSL) is the lowest primary containment water level at
which it is expected that ex-vessel core debris on the drywellfloor will be adequately submerged.
It is utilized to preserve primary containment integrity following RPV breach by core debris.

Minimum Dr -ell Sprav Flow (MDSF) is the lowest spray flow that assures uniform
circumferential spray distribution within the drywell. Flow rates less than this will not perform
the spray function but only aflooding function. The MDSF is typically in thousands of gallons
per minute.
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UNIT ONE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: (b)(4),(b)(5)

(b)(4),(b)(5) The volume of sea water injected to cool the core has left
enough salt to fill the lower plenum to the core plate. (GEH, INPO, Bettis,
KAPL).

Vessel temperatures and pressures:

119 TC at bottom head (increasing) and 246 °C at FW nozzle (steady) (NISA 4/8)
(TEPCO 0700 JDT 3/30). RPV channel A=57.3 psig, channel B= 115.0 psig both
increasing (NISA 4/8), DW and torus pressure at 35 psia (decreasing trend)
(TEPCO 0700 JDT 3/30). (This will change daily, along with injection rates, etc-
For all units)

Core Cooling: Currently fresh water injection with no boron, injecting through feedwater line at
100 /mrin (26.4 gpm) and steady(TEPCO 4/7). 1 (b)(4),(b)(5)

(b)(4),(b)(5) n

(TEPCO); Injection flow rate will be maintained above the MDRIR.
Recirculation pump seals have likely failed. (GEH); Injection flow rate above
MDRIR could not be maintained through core spray. (b)(4),(b)(5)

F - (b)(4),(b)(5)

RPV -

Structural Integrity: Unknown

Primary Containment:
Damage suspected,1

S(b)(4),(b)(5) .

Dry Well: Dry well pressure 12.1 psig and increasing (NISA 4/8). Tors press. 7.8 psig and
increasing (NISA 4/8).[ (b)(4),(b)(5)

Secondary Containment:
Severely damaged (hydrogen explosion).

Rad levels: DryWell 6830 rem/hr and decreasing (NISA 4/8, INPO attributes this to a failed
instrument), Torus 1220 rem/hr and steady (NISA 4/8), Outside plant: 11 mR/hr
at gate (variable) (TEPCO 0800 JDT 3/30)

Other: On offsite AC power - Control Room lighting for U-I, 2, 3, & 4 (JAIF, 4/1)
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External AC power to the Main Control Room of U-I became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U-1. [ (b)(4),(b)(5)

F (b)(4),(b)(5) :

Reactor water is in the Turbine Building basement (NISA). L (b)(4),(b)(5)

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The core
spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through the
feedwater system is cooling the vessel but limited if any flow past the fuel. GEH believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core shroud. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

(b)(5) -shows entire fuel floor covered by grey-brown debris of
building roof.

The primary containment is not damaged.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

(b)(4),(b)(5)

>" Vent containment[ (b)(4),(b)(S)
[ (b)(4),(b)(5) ](See Additional

Considerations A. 1. through A.5 below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
c.
d. (b)(4),(b)(5)
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(b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (See Additional Considerations C. 1. through
C.4 below).

Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)•

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect and

(b)(4),(b)(5)
5.

B. Additional Miscellaneous considerations

I.
(b)(4),(b)(5),
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2.

3.
4.

Ensure spent fuel pool level is maintained as full as possible.
Injection of water via the CRD system is desired to provide cooling directly to the
core and for cooling material on bottom of vessel. I (b)(4).(b)(5)

(b)(4),(b)(5)

5. When flooding containment, consider the implications of water weight on seismic
capability of containment.

C. Potential methods for monitoring containment level:

1. 1(b)(4),(b)(5) IMP
instrument taps

CI[ (b,5)ction pressure and Drywell

2.
3.
4.

5.

Radiation monitoring instruments L (b)(4),(b)(5)

(b)(4),(b)(5)
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UNIT I - SPENT FUEL POOL STATUS (1400 April 6 th)

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.7 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Lea]
Criticality statu
Fuel Pool Levt

Water Injectior

Fuel Pool Wat

Power Status:

Other:

k Integrity: No data
is: No data
el: No data

n Method and Source: Periodic fresh water injected via a hose off of a

concrete pumper truck arm

er Temperature: 180C (3/31 0815)

Electric power available; equipment testing in
progress (JAIF, NISA, TEPCO)

On March 12. 2011 at 15:36 JT. a hvdroaen exolosion occurred durina ventina.
Other:

I ~(b)(4),(b)(5) -

Unit 1 Assessment:

Unit 1 Recommendations:

(b)(4),(b)(5)

Unit 1 Additional Considerations:

(b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT TWO CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

(b)(4),(b)(5)

Vessel temperature and pressures: RPV pres: (ch A= -2.9 psig and decreasing, ch
B= -2.9 psig and decreasing ) (NISA 4/8); RPV temp: Btm Head (not avail)
(TEPCo), FW nozzle 141.2°C I (NISA 4/8),

Core Cooling: Freshwater injection 30.8 gpm+-+ (NISA 4/8) (b)(4),(b)(5)

(b)(4),(b)(5) Bottom head temperature 131.6 C, feed water nozzle
temperature 172. C (TECPO 0700 3/30/11)) Recirculation pump seals have
likely failed. (Industry)

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment:

Damage and leakage suspected (JAIF, NISA, TEPCO) (b)(6)

Drywell pressure reading -0.2 psig"-- (NISA 4/8)

Secondary Containment:

(b)(4),(b)(5)

(b)(4).(b)(5) I May begin to inject

nitrogen gas (NHK World News)

Rad Levels: Drywell 2940 rem/hr, (NISA 4/8); Torus 77 rem/hr*-+ (NISA 4/8)

Outside plant: 11 mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC ower has reached the unit, checking integrity of equipment before
energizing. (b)(4),(b)(5)

(b)(4),(b)(5)
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ASSESSMENT:

Damaged fuel may have slumped with the majority located on the core plate and fuel in the
lower region of the core is likely encased in salt. However, the amount of salt build-up appearsto be less than U- I based on the reported lower temperatures.[

(b)(4),(b)(5)

SCore flow capability is in jeopardy due to

continued salt build up.

Injecting water through the low pressure core injection line is cooling the vessel, but with limited
flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the vessel
to 2/3 core height. While core flow capability may be affected due to continued salt build up,
RPV water level indication is suspect due to environment. Natural circulation believed impeded
by core damage. It is difficult to determine how much cooling flow is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up •(b)(5)ut is adequately cooled.

The primary containment is damaged

RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resourcesi (b)(4),(b)(5)
(b)(4) ,(b)(5)
a. core spr~ay77 (b)(4),(b)(5)

I ~(b)(4),(b)(5)

b. feedwater system
c. other systems as they become available

(b)(4),(b)(5)
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(b)(4),(b)(5)

Vent containment: (see Additional Considerations A. I. through A.5. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d. (b)(4),(b)(5)

>' Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. 1. through
C.4 below)

Additional Considerations

A. The following considerations apply to containment venting:

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.
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5. 
(b)(4)(b)(5)

5. 
1

(b)(4),(b)(5)

B. Additional Miscellaneous considerations

1. Borate water if possible.
2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. Monitor the following for
(b)(4),(b)(5) I

l.m.I

a. I (b)(4),(b)(5) jHPCI F(b)(4),(b)(5)]suction pressure and Drywell
instrument taps

b. Radiation monitoring instrument•

C.
d.

e.

(b)(4),(b)(5)

(b)(4),(b)(5)
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UNIT 2 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other: Extemal AC power has rel
before energizing.F

Unit 2 Assessment:

587 bundles

116 bundles (September 20-25, 2010)

0.47 MWth; evaporation rate 5240 gallons per day

(b)(4),(b)(5)

No data
No data
Full b /3)

Fresh water injected to the spent fuel pool. Last
injected 36 tons on 4/7/11

710C (TEPCO 4/5)

ached the unit. checkina the intearitv of eauinment

(b)(4),(b)(5)

(b)(4).(b)(5)

Unit 2

Unit 2

Recommendations:

(b)(4),(b)(5)

Additional Considerations:

(b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT THREE CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:
(b)(4),(b)(5)

Vessel temperature and pressure: RPV pressure: ch A= -.6 psigJ , ch B= -11.4
psig) +-+ (NISA 4/8); RPV temp: Btm Head 110.8°C+- ; FW nozzle: 88.8°C+-*
(NISA 4/8)

Core Cooling: Freshwater injection 30.8 gpm- (NISA 4/8) (b)(4),(b)(5)
(b)(4),(b)(5) ecirculation pump seals have likely tailed.

Reactor Pressure Vessel structural Integrity - Unknown

Primary Containment

Damage suspected (RST, NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)

Drywell pressure 0.6 psig+-. (NISA 4/8), Torus pressure 10.3 psig+-* (NISA 4/8)

Secondary Containment

Damaged (JAIF, NISA, TEPCO). Severe damage from H2 explosion. May begin
to inject nitrogen gas (NHK World News)

Spent Fuel Pool

(b)(4),(b)(5)

Rad Levels: DW 1880 rem/h~r --,(NISA 4/8), torus 73.8 rern/hr+--, (NISA 4/8)

Outside plant: 11 mRlhr at gate (variable) (Industry); 100 R/hr debris outside Rx

building (covered).

On offsite AC power (NISA 4/3).1 (b)(4),(b)(S)Other:

(b)(4),(b)(5)
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ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region of the
core is likely encased in salt, however, the amount of salt build-up appears to be less than U-I,
based on the reported lower temperatures. Core flow capability is in jeopardy due to continued
salt build up.

Water injection is to the RPV through the RHR system via the recirculation piping, but with
limited flow past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. While core flow capability may be affected due to continued salt build
up, RPV water level indication is suspect due to environment. Natural circulation believed
impeded by core damage. It is difficult to determine how much cooling is getting to the fuel.
Vessel temperature readings are likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.

There may be some scrubbing of the release if the release path is through the torus and water
level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from the pool
(based on information from TEPCO of neutron sources found up to 1 mile from the units, and
very high dose rate material that had to be bulldozed over between Units 3 and 4. It is also
possible the material could have come from Unit 4). Unit 3 turbine building basement has
flooded. Samples of water indicate some RCS fluid is present (TEPCO sample table - 3/25/11).
Several possible sources (MSIV leakage, FW check valves, Rx building sump drains) were
identified, however the likely source is the fire water spray onto the reactor building. Additional
evaluation is needed.

[Task Tracker 4254] Page 18 DRAFT - 0600 April 11, 2011
M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima Daiichi

EY 713 of 942



Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OFFtALU SE-ONLY-

RECOMMENDATIONS:

The following recommendations are based upon SAMG guidelines and have been modified
based on the current knowledge of plant conditions.

> Inject into the RPV with all available resources
(b)(4),(b)(5)

I (b)(4),(b)(5) I

a. core sprayl (b)(4),(b)(5)

F (b)(4),(b)(5)

b. feedwater system
c. other systems as they become available

(b)(4),(b)(5)

> Vent containment: (see Additional Considerations A. 1. through A.8. below)
a. To maintain containment pressure below the primary containment pressure limit.
b. As necessary to maintain RPV injection above MDRIR.
C.
d. (b)(4),(b)(5)

> Stop injecting from sources outside of primary containment prior to primary containment
water level reaching the drywell vent. The goal is to raise primary containment water
level to at least the top of active fuel (TAF). (see Additional Considerations C. . through
C.3. below)
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Additional Considerations

A. The following considerations apply to containment venting:

1.

2.

(b)(4),(b)(5)

3.

4. Spray water on steam plumes and planned containment vents for scrubbing effect.

5.
(b)(4),(b)(5)

B. Additional Miscellaneous consideration

1. 
(b)(4),(b)(5)

I. (b)(4),(b)(5)

2. Ensure spent fuel pool level is maintained as full as possible.
3. Injection of water via the CRD system is desired to provide cooling directly to the

core and for cooling material on bottom of vessel.
4. When flooding containment, consider the implications of water weight on seismic

capability of containment.

C. Potential methods for monitoring containment level. Monitor the following for
(b)(4),(b)(5) I

W I

a. I (b)(4),(b)(5) 'C (b)(4)(b(5) suction pressure and Drywell
I i

instrument taps
b.

C.
d.

Radiation monitoring instrumentsl (b)(4),(b)(5)

(b)(4),(b)(5)
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UNIT 3 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damaqe suspected (JAIF 3/28);: (b)(4),(b)(5)

(b)(4),(b)(5) I

No data
No data
Full /3)
Periodic fresh water injected via a hose off of a

concrete pumper truck arm. 80 tons added on 4/10.

570C (JAIF 4/6)

(b)(4),(b)(5)

Unit 3

IUnit 3

Recommendations:

(b)(4),(b)(5)

Aflditinngl ln n.idp.rntirn n•
Unit 3Additional Considerations:

(b)(4),(b)(5)
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(b)(4),(b)(5)
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UNIT FOUR CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status:

Core Cooling:

Primary Containment:

Secondary Containment:

Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Not necessary (JAIF, NISA, TEPCO)

Not applicable (JAIF, NISA, TEPCO)

-Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JAIF, NISA, TEPCO). (b)(4),(b)(5) L

(b)(4),(b)(5)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days immediately
following the accident, the fuel was partially uncovered. The lack of cooling resulted in zirc
water reaction and a release of hydrogen. The hydrogen exploded and damaged secondary
containment. The zirc water reaction could have continued, resulting in a major source term
release.

Fuel particulates may have been ejected from the pool (based on information of neutron emitters
found up to 1 mile from the units, and very high dose rate material that had to be bulldozed over
between Units 3 and 4. It is also possible the material could have come from Unit 3).

RECOMMENDATIONS:

I. Maintain coverage of spent fuel pool with fresh water. (b)(4),(b)(5)

I • I (b)(4),(b)(5)

2. As possite, put spent rueI cooling anra cleanup in service.
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UNIT 4 - SPENT FUEL POOL STATUS

Amount of fuel: 1331 bundles

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Damage suspected (JAIF 3/28); (b)(4),(b)(5)

(b)(4),(b)(5)

No data
No data
Low water leve i /1)

Periodic fresh water injected via a hose off of a
concrete pumper truck arm (38 tons of water added
on 4/7/11)

30°C (JAIF 4/4)

Other: Extemal AC power has reached the unit, checking electrical integrity of
equipment before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)

Unit 4 Recommendations:

(b)(4),(b)(5)

Unit 4 Additional Considerations:
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and reflnemenl.

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

--QF AL-JoSE-TNNLY-

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

•GFRIAL U E ONLY--

UNIT FIVE CORE

ASSUMPTIONS: (based on input fiom multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .4 psig+--• (NISA 4/8) ; Temp: 45.5°CT (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO);1 (b)(4),(b)(5)

3/31);

Primary Containment: Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent hole drilled in rooftop to avoid hydrogen build up (JAWF, NISA, TEPCO)

Spent Fuel Pool:
946 bundles (JAIF); Temp: 34.7oCJ (JAIF 4/8); Cooling capability recovered (JAIF 4/1)

Other: On offsite AC power (IAEA 3/28). External AC power supplying the unit, Unit 6 (?)
diesel generators available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO). (b)(4),(b)(5)

(b)(4),(b)(5)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-O•FFtLA L--US E-O)NY-

UNIT 5 - SPENT FUEL POOL STATUS

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW[( -6

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data
Criticality status: No data
Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 5 Assessment:

- Unit 5 is stable with cooling capacity recovered.

Unit 5 Recommendations:

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-GOFtFG4AL-tE-ONLY-

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

UNIT SIX CORE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Core Status: I (b)(4),(b)(5) I In vessel
(JAIF, NISA, TEPCO)

RPV: pressure .7 psig4-- (NISA 4/8) ; Temp: 22.7°C+-+ (NISA 4/8);

Core Cooling: Functional (JAIF, NISA, TEPCO);
I (b)(4),(b)(5) I

(b)(4),(b)(5)

I I

Primary Containment:
Functional (JAIF, NISA, TEPCO)

Secondary Containment:
Vent bole drilled in rooftop to avoid hydrogen build up (JAIF, NISA, TEPCO)

Spent Fuel Pool:
876 bundlesd (b)(6) hemp: 30.5.00C1 (NISA 4/8);[

S(b)(4),(b)(5) I

(b)(4),(b)(5) I

Other: On offsite AC powerl (b)(4),(b)(5)

(b)(4),(b)(5)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

1. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

E) MtIAL-USE-ONLY-

UNIT 6 - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

876 bundles

184 bundles (August 10-25 2010)

0.7 (MW )

Not damaged (JAIF 4/4)

No data
No data
Full

I - (b)(4),(b)(5)

Fuel Pool Water Temperature: 28.5°C (TECPO 4/5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, and TEPCO). Repairs
complete on RHR pump used for fuel pool cooling.

Unit 6 Assessment:

- Unit 6 is stable with cooling capacity recovered.

Unit 6 Recommendations:

- (b)(4),(b)(5)

Unit 6 Additional Considerations:

I
(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-0FFtC-AL USE ONLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowedge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

COMMON - SPENT FUEL POOL STATUS

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support integrity:

Fuel Pool Leak Integrity:
Criticality status:
Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW)b

Not damaged (JAIF 4/4)

No data
No data
Full

(b)(4),(b)(5)

28.0-C (TECPO 4/5)

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011

3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-0FF!4ALUSE-ONLY-V.

TEPCO - Tokyo Electric Power Company

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

OFFICIAL USE ONLY

(b)(4),(b)(5)
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Our assessments and recommendations are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

-OF IGAL-USE-ONLVY-

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 24, 2011

(b)(4),(b)(5)
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Our assessments and recommendalions are based on the best available technical information. We acknowledge that the
information is subject to change and refinement.

'FF"GIA^'USE-ONO-

(b)(4),(b)(5)
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-Offical Use Only
RST Assessment of Fukushima Daiichi Units (REV 1),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

1000 April 9, 2011
Our assessments and recommendations are based on the best currently available technical information. This
information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiiehi nuclear power station

_ Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 (b)(4) 1. 331
Unit 5 946
Unit 6 876

Shared pool 6, 375
total 10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 64
Unit 2 September 20, 2010 -- September 25, 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5, 2010 December 10, 201.0 548
Unit 5 January 8. 2011 "-January 13, 2011 120
Unit 6 August 20, 2010 August 25, 2010 1 84

Total -- 1. 180

Note: Attachment 1 is Detailed Contents of Each Pool.
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The purpose of this document Is to provide the NRC Reactor Safely Team's recommendations for the Fukushlma-Dallchi reactor
plants and spent fuel pools to the USNRC team In Japan. Our assessments and recommendations are based on the best available

technical Information. We acknowledge that the information is subject to change and refinement.

OFR•IGIU I E ONLY-
Simplified Plant Condition Stability Determination

For Discussion wth Ng-clea" and Industrial Safety Acengy (NINA
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The purpose of this document Is to provide the NRC Reactor Safety Team's recomnmendatons for the Fukushima-DalchN reactor
plants ard spent fuel pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available

technical information. We acknowledge that the inormnation is subject to change and refinemenL
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The purpose of this document Is to provide the NRC Reactor Safely Team's recomrnendations for the Fukushima-Daltch reactor
plants and spent fuel pools to the USNRC team in Japan. Our assessments and recornmendations are based on the best available

technical infornation. We acknowledge that the information is subject to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safel, Team's recommendations for the Fkushilma-DaiicN reactor
plants and spent fuel pods to the USNRC team in Japan. Our assessments and recommendatons are based on the best available

tedrhcal information. We acknowAedge that the InfxTnatIon is subject to change and refinement
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiidh
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendatsons are based on the best available technical
information. We acknovAegae that the information is subject to change and refinement.

General Discussion of the Desired End State of all Spent Fuel Pools

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Dailchi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best availsble technical
information. We acknooMedge that the infornation is subject to change and refinement.

(b)(4),(b)(5)

SPENT FUEL POOL STATUS (2100 April 4e")

Fukushima Daiichi Unit 1

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.7 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Lea

Criticality statui

Area Radiation

Fuel Pool Levi

Water Injectioi

Fuel Pool Wat

Power Status:

k Integrity: No data

us: No data

n Levels: 11 mR/hr at gate (TEPCO 0800 JT 3/30)

el: No data

n Method and Source: Periodic spray from concrete pumperitruck I ------ .. -

er Temperature: 10°C (3/31 0815)

Electric power available; equipment testing in progress
(JAIF, NISA, TEPCO)

O"n M~rr~h 12. ",2Oll at 15!t6 .Jr ,a hvdrrsnen •xnlt,.qinn n•r-rs•rd rbi=rnn ve~nting, The

(b)(5)

Other:

(b.(4).(b)(5)

Unit 1 Assessment:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendabons for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

intomfnatin. We acknowledge that the information is subject to Change and refinement,

Unit 1 Recommendations:

- I

Unit 1 Additional Considerations:

- (bX(5)

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor: 116 bundles (September 20-25. 2010)

Decay Heat [megawatt thermal (MWth)]: 0.47 MWth; evaporation ration rate 5240 gallons per day

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: Drywell 3, 999 Rad/hour (R/hr); Torus 128 R/hr (CAMs)

Fuel Pool Level: Full (b) 13)

Water Injection Method and Source: Fresh water injected to the spent fuel pool

Fuel Pool Water Temperature: 71°C (TEPCO 4/5)

Other: External AC power has reached the unit, checking the integrity of equipment before
energizing. F (b)(4),(b)(5)

Unit 2 Assessment:

(b)(4),(b)(5)

Page 3 0400 Tuesday, April 05, 2011

EY 740 of 942



The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Dajichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and mecommendaltins are based on the best available technical
infomnation. We acknowledge that the Infotrmadon is sWbNect to change and refinement.

Unit 2 Recommendations:

Unit 2 Additional Considerations:

(b)(4),(b)(5) -- - (b)(5)

Fukushima Daiichi Unit 3

Amount of fuel:

Last transfer from Reactor-.

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

rnnmnnA s, -~qnp,,tAdi U.AI F A8;[ (b4)b(
(b)(4),(b)(5) : (b)(4),(b)(5)

No data

No data

DW 2760 R/hr, torus 111 R/hr (TEPCO 3/30)

Full 1/3)

Periodic fresh water injected via •concrete bumper .---.----. (b)(5)

56°C (JAIF 4/5)

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and crrommnendations are based on the best available technical
information. We acknowledge that the information is subject to change end refinement.

Unit 3 Recommendations:

Unit 3 Additional Considerations:

(b)(4),(b)(5)
I--- I(b)(5)

Fukushima Daiichi Unit 4

Amount of fuel: 1331 bundles

Last transfer from Reactor: 548 bundles (December 5 to December 10, 2010)

Decay Heat (MWth): 1.86 MWth

Fuel Pool Structural Support Integrity: D asuspected (JAIF 3/28)1 (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Low water level (b)6)/1)

Water Injection Method and Source: Periodic fresh water injected via concrete urmperd ...... "-

Fuel Pool Water Temperature: 420C (JAIF 4/3)

Other. External AC power has reached the unit, checking electrical integrity of equipment
before energizing.

Unit 4 Assessment:

(b)(5).
(b)(4),(b)(5) LI
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japa. Our assessments and recomendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Unit 4 Recommendations:

(b)(4),(b)(5)

Unit 4 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW (b)(6-)

Fuel Pool Structural Support Inlegrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daticl
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
infornation. We acknovledge that the information is subject to change and refinement.

(b)(l).(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 6

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

876 bundles

184 bundles (August 10-25 2010)

0.7 (MW) b(

Not damaged (JAIF 4/4)

No data

No data

No data

Full

(b)(4),(b)(5)

Fuel Pool Water Temperature: 28.5°C (Steady- -C-EP-O4/5•-.............. L.n (b)(5)

Other. External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:

Relatively stable.

Unit 6 Recommendations:

(b)(4).(b)(5)

Unit 6 Additional Considerations:

- I (b)(4),(b)(5)
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The purpose of this document Is to provide Me NRC Reactor Safety Team's assessment and recomrmndations fto the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

(b)(/'),(b)(5)

Fukushima Dailchi Common SFP

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW)F(-b)(6)

Not damaged (JAIF 414)

No data

No data

No data

Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/54

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18,2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document
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The purpose of at document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and nmornmendations are based on the best available technical
intOnnation. We acrnowledge that the information is subject to change and refinemeni.

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company.

Page 9 0400 Tuesday, April 05. 2011

EY 746 of 942



The purpose of this document is to provide fhe NRC Reactor Safety Team's assessment and recommendations for the Fukushlrma-
Daichi Spent Fuel Pools to Dhe USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the Information is subject to change and refinement.

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)
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The purpose of thls document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushlma-
DailcN Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the Information is subject to change and refinement
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The pWpose of thIs document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushlma-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
tectnIcal Information. We acknowledge that the Information Is subject to change and retiremenL

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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The pWrpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Dallchi Spent Fuel Pools to the USNRC team In Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the Information Is subject to change and refinement.

(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and reco'mendaions for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendaltons are based on the best available
technical Information. We adnowledge that the Informatlon Is subject to change and refinement

ENCLOSURE 3

Spent fuel inventories at each unit of Fukuahirna Daiicthi nuclear power station

Reactor Spent fuel pool

Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 (b)(4) 1. 331
Unit 5 946
Unit 5 876

Shared pool 6, 375
total 10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

I Transfer date Transferred fuels

Unit 1 March 29, 2010 - April 2. 2010 6 4
Unit 2 September 20. 2010,. September 25, 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5. 2010 - December 10. 2010 548
Unit 5 January 8. 2011 - January 13. 2011 120
Unit 6 August 20. 2010 August 25. 2010 184

Total -- 1, 1 80

Note: Attachment I is Detailed Contents of Each Pool.

M:\RST\iapanese Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi',lndusty Spent Fuel Pool Assessment\04-05-1I1 0400 RST Assessment Spent Fool Pool
Document .docx
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessents and recommendations are based on the best availab•e technical
information. We acknowledqe that the information is subjecs to change and refinement.

General Discussion of the Desired End State of all Spent Fuel Pools

(b)(4)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendalions for the Fukushima-Daiich
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recarnmendations are based on the best a-atlable lechnical
information. We acknowledge that the information is subject to change and refnement.

(b)(4),(b)(5)

SPENT FUEL POOL STATUS (2100 April 4e)

Fukushima Daiichi Unit 1

Amount of fuel:

Last transfer from Reactor.

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

ý92 bundles ------------------------------- (b)(4)

64 bundles (March 29 to April 2, 2010)

•0.7 MWthLevaporation rate 78_0 gallIons per da .------.-.-. - (b)(4)

I (b)(4),(b)(5)

Fuel Pool Lea

Criticality statu

Area Radiatiot

Fuel Pool Levi

Water Injectior

Fuel Pool Wat

Power Status:

k Integrity: No data

us: No data

Levels: 11 mR/hr at gate (TEPCO 0800 JT 3/30)

el: No data

n Method and Source: Perodic; spray from concrete pumper truck

er Temperature: No data

Electric power available; equipment testing in progress
(JAIF, NISA, TEPCO)

On March 12. 2011 at 15:36 JT. a hvdroaen explosion occurred durina ventina. TheOther:

I ~(b)(4),(b)(5)I
Unit 1 Assessment:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety "eam's assessment and recommendations for the Fukushima-Daichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments a"d recommendations are based on the best availatle technical
information. We acnorwledae that the information is subiect to chart<e and refinement.

Unit I Recommendations:

(b)(4),(b)(5)

Unit I Additional Considerations:

(b)(4),(b)(5)

Fukushima Dailchi Unit 2

Amount of fuel: 587 b

Last transfer from Reactor: 116 b

Decay Heat [megawatt thermal (MWth)]: 0.47 IF

Fuel Pool Structural Support Integrity: [
Fuel Pool Leak Integrity: No da

Criticality status: No da

Area Radiation Levels: Dryw,

Fuel Pool Level: Full

Water Injection Method and Source: Fresh

Fuel Pool Water Temperature: 71°C

Other-. External AC wer has reached thq
energizing.

Unit 2 Assessment:

Jndles ---------------------------------- T L

indies (September 20-25, 2010)

!Wth; evaporation ration rate 5240 gallons per day

(b)(4) I

(b)(4),(b)(5)

:a

II 3, 999 Rad/hour (R/hr); Torus 128 R/hr (CAMs)

ýD) 3)

water injected to the spent fuel pool

TEPCO 4/5)

unit, checking the integrity of equipment before
(b)(4),(b)(5)

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We aclknoledge that the information is subject to change and refinement.

Unit 2 Recommendations:

- [

Unit 2 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 3

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

U nit 3 Assessment:

ý514 bundle .---------------------------------- I (b)(4)

148 bundles (June 23 to 28, p01b ------------------- I (b)(4)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28);f- (b)(4),(b)15)
I (b)(4),(b)(5)" I

No data

No data

DW 2760 R/hr, torus 111 R/hr (TEPCO 3/30)

Full )/3)

Periodic fresh water injected via concrete pumper

56"C (JAIF 4/5)

(b)(4),(b)(5) I I (b)(4)
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The purpose of this dcumernt is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our essessments arid recommendations are based on the best available technical
information. We aclnovledge thet the information is subject to change and refinement.

Unit 3 Recommendations:

(b.1(4).(b)(5)

Unit 3 Additional Considerations:

(b:(4),(b)(5)

Fukushima Daiichi Unit 4

Amount of fuel: 11331 bundle------------------------------- (b)(4)

Last transfer from Reactor 548 bundles (December 5 to December 10, 2010)

Decay Heat (MWth): 11.86 MWthl .......- -(b)-4)- -..-

Fuel Pool Structural Support Integrity: D e suspected (JAIF 3128);l (b)(4),(b)(5) I

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Low water levelb 11)

Water Injection Method and Source: Periodic fresh water injected via concrete pumper

Fuel Pool Water Temperature: 42°0 (JAIF 431 ................................ (b)(4)

Other: External AC power has reached the unit, checking electrical Integrity of equipment
before energizing.

Unit 4 Assessment:
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The purpose of this document is to provide the NRC Reactor Safely Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and rcommendations are based on the best available technical
information. We acknoonedge mat the information is subject to chaNte end refinement.

Unit 4 Recommendations:

(b)(4),(b)(5)
Unit 4 Additional Considerations:

(b)(4)ý(b)(5)

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW[Eb))

Fuel Pool Structural Support Integrity: Not damaged (JAIF 414)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9-C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Da-ichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recorri-endations are based on te best available led'nical
information. We aectuwMedge that the information is subjed to change and refinement.

(b)(4),(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 6

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW (b)(6)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 414)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode (NISA
3/25)

Fuel Pool Water Temperature: 28.5-C (TECPO 415)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:

Relatively stable.

Unit 6 Recommendations:

(b)(4),(b)(5)

Unit 6 Additional Considerations:

- I (b)(4),(b)(5)
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The purpose of tbis document is to provide Mre NRC Reactor Safety Team's assessment and recornendations fto the Fukushima-Daiichi
Spent Fuel Pools to tMe USNRC team in Japan. Our assessments and recommendations are based on tie best available technicaJ
information. We acknowledge that the informnation is subject to change and refinement.

(b)(4),(b)(5)

Fukushima Dalichi Common SFP

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW(b)(6-)

Not damaged (JAIF 4/4)

No data

No data

No data

Full

Normal cooling (NISA 3/24)

28.00C (TECPO 4/54

(b)(4),(b)(5)

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011

3. Spent Fuel Inventories Document
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The purpose of ais document is to provide the NRC Reactor Safety Team's assessment and recommendations tot the Fukushima-Oaikii
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
informntaion. We acknonAedge that the information is subject to change and refinement.

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF -Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety.Teaffs assessment and recommendattons for the Fukushtima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical infonation. We acknowledge that the information Is subject to change and refinement

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4).(b)(5)

(b)(4) H

----I (b)(4) LI
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Dafichl Spent Fuel Pods to the USNRC team In Japan. Our assessments and recommendatinas are based on the best available
technical information. We actkowledge that the Infomnmatlon Is subject to change and refinement.
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The purpose of this document Is to provlde the NRC Reactor Safety Team's assessment and recomnmendations for the Fukushima-
Dakchi Spent Fuel Pods to the USNRC tearn in Japan. Our assessments and recommendations are based on the best available
techtdcat Information. We adckowledge that the Information is subject to change and refinemenL

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushlima-
Dalchi Spent Fuel Pools to the USNRC team In Japan. Our assessments and recommendations are based on the best available
tecdncal infornation. We aiknowledge that the Information is subject to change and refinernent

(b;(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recormnendations for the Fukushilma-
Dalichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the Information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fuikushima Daiichi nuclear power station

Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 (b)(4) 1. 331
Unit 5 946
Unit 6 876

Shared pool 6, 375
total 10.921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels

Unit 1 March 29. 2010 - April 2. 2010 64
Unit 2 September 20. 2010 - September 25, 2010 1 16
Unit 3 June 23. 2010 - June 28. 2010 148
Unit 4 December 5, 2010 - December 10. 2010 548
Unit 5 January 8. 2011 - January 13. 2011 120
Unit 6 August 20. 2010 August 25, 201 184

Total -- 1,180

Note: Attachment 1 is Detailed Contents of Each Pool.

M:\RSTl\apanesc Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi\lndusty Spent Fuel Pool Assessment\04-05-1 I 0400 RST Assessment Spent Fool Pool
Document .docx
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment end recommendalions for the Fuwushima-Daiichi
Spent Fuel Pools to Ohe USNRC team in Japan. Our assessments and recommenedations are based on fhe best available technical
information. We acknowledge that the information is sub)ec to change and refinement.

General Discussion of the Desired End State of all Spent Fuel Pools

(b)(4),(b)(5)

(b)(4)
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The purpose of this docuument is to provide the NRC Rectlor Safety Team's assessment and recommendalions for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
informatbon. We acknowledge that the information is subaect to change and refinement.

(b)(4),(b)(5)

SPENT FUEL POOL STATUS 12100 April 41 h)

Fukushima Daiichi Unit 1

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.7 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Lea

Criticality statu

Area Radlatioi

Fuel Pool Lev

Water Injectior

Fuel Pool Wat

Power Status:

k Integrity: No data

is: No data

i Levels: 111 mR/hr at gate (TEPCO 0800 JT 3/30)[ -------------

el: No data

n Method and Source: Periodic spray from concrete pumper truckI ..........

er Temperature: 10°C (31 0815J --------------------------

Electric power available e@quipmnent testinq inprjqerog-es
(JAIF, NISA, TEPCO)

On March 12, 2011 at 15:36 JT, a hydrogqen explosion occurred during venting. The

(b)(4) L_

(b)(5).

(b)(4),(b)(5)

Other:
I

i 1(bys4),(b)(5)

Unit I Assessment:
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The purpose of this document is to provide e NRC Reactor Safety Team's assessment and recomnmendations for the Fukushima-Daiich
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best availatrie technica
information. We acknowledge that the infonmation is subject to change and refinement.

(b)(4),(b)(5)

Unit 1 Recommendations:

I -

- I

Unit I Additional Considerations:

-(b)(5)

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor: 116 bundles (September 20-25, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.47 MWth; evaporation ration rate 5240 gallons per day

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: Orywell 3, 999 Rad/hour (R/hr); Torus 128 R/hr (CAMsi .. - (b)(4)

Fuel Pool Level: Fullf(b)(6)l3)

Water Injection Method and Source: Fresh water injected to the spent fuel pool

Fuel Pool Water Temperature: 71°C (TEPCO 4/5)
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The purpose of this document is to provide the NRC Reactor Saoely Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recomrnendations are based on the best available techrial
information. We acknowledge that the information is subied to dhange and meflnement.

Other: External AC power has reached the unit, checkingi the intedrity of equipment before
energizing. (b)(4),(b)(5)

Unit 2 Assessment:

(b)(4),(b)(5)

Unit 2 Recommendations:

- I

Unit 2 Additional Considerations:

(b)(4),(b)(5) I(b)(5)

Fukushima Dailchi Unit 3

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damagle ,uspectad (JAI F 3/28);[ (b)(4),(b)(5)

I (b)(4),(b5) J

No data

No data

OW 2760 R/hr, torus 111 R/hr (TEPCO 3/30 .------------ (b)(4)

Ful( 3)

Periodic fresh water injected via •concreteurmped_ ....... (b)(5)

56°C (JAIF 4/5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recoimmnendations for lhe Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendalions are based on the best available technical
information. We ackreowtedge that the information is subject to chani]e and refinement.

Other:

Unit 3 Assessment:

----1 (b)(4) I I
! I ,'

- I

Unit 3 Additional Considerations:

(b)(4},(b)(5) 7-1I <~b)(5) )

Fukushima Dalichi Unit 4

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

1331 bundles

548 bundles (December 5 to December 10, 2010)

1.86 MWth

amae ,suspected (JAIF 3/28)1 (b)(4),(b)(5)

No data

No data

No data

Low water level C))/1)

Periodic fresh water injected via ýoncrete umper. (b)(5) -

42-C (JAIF 4/3)
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The purpose of this document is to provide the NRC Reactor Safety Teanos assessment and recommendations for the Fukushtima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recoemtendations are based on the best available technical
infornnation. We acknowledfie that the intomnation is subiect to chanoe and refinement.

Other: External AC power has reached the unit, checking electrical integrity of equipment

before energizing.

Unit 4 Assessment:

Unit 4 Recommendations:

(b)(4),(b)(5)

(b)(4),(b)(5)

Unit 4 Additional Considerations:

Fukushima Dalichi Unit 5

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

946 bundles

120 bundles (January 8-13, 2011)

0.8 MW =(b)(6)

Not damaged (JAIF 4/4)

No data

No data

No data

Full

Fuel pool cooling
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The purpose of this document is to provide the NRC Reaclor Safety Team's assessment and recommendations for the Fukushisia-Dafichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and raconnnnendalions are based on the best available technical
ifsormatiorn. We acknoawlee that the information is subject to change and refinement.

Fuel Pool Water Temperature: 37.9-C (JAIF 4/5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:

_ I

(b)(I),(b)(5)

Unit 5 Additional Considerations:

i _
(b)(4),(b)(5)

Fukushima Daiichi Unit 6

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

876 bundles

184 bundles (August 10-25 2010)

0.7 (MW) (b)]

Not damaged (JAIF 4/4)

No data

No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode (NISA
3/25)

Fuel Pool Water Temperature: 28.5°C 6Stead)_(.TECPO4/5)--------------------- (b)(5)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:
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The purpose of this document is to provide the NRC Reaclor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations ame bsed on the best available technical
information. We sanovweoge that the information is subject to change and refinement.

I •ble.

Unit 6 Recommendations:

Unit 6 Additional Considerations:

(b)(4/,(b)(5)I

Fukushima Daiichi Common SFP

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW) (b)(6)

Not damaged (JAIF 4/4)

No data

No data

No data

Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/54

(b)(4),(b)(5)

Common Additional Considerations:
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The purpose of this document is to provide the NRC Reaclor Safety Team's assessment and recommendations for the FukLahima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendatlons are based on the best available technical
information. We acknowledJe that the information is subject to change and refinemenl.

(b)(4,,(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011
3. Spent Fuel Inventories Document

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety learn's assessment and recommendations for the Fukushima-
DakichI Spent Fuel Poola to the USNRC team in Japan. Our assessments and recommendations are based on the bes available
technical informa•ion. We acknowledge that the infomatlon is subject to change and refenment.

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(.$),(b)(5)
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The purpose of this document Is to provide tw NRC Reactor Safely Tearms assessment and recommendations fr the Fukushlma-
DaiiKhi Spent Fuel Podls to th USNRC team In Japan. Our assessments and recommendations are based on the best available
lecaI'cal Information. We admowledge that the Information Is subject to change and refinenment.
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The purpose of this document Is to provide the NRC Reactor Safety Teamrs assessment and recommendations for the Fukushina-
Dajichi Spent Fuel Poos to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the Information IS subject to change and refinement.

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4,2011

(b)(4),(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendiatlons for the Fukushima-
Dalichi Spent Fuel Pods to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical Informnalton. We adckowledge that the information Is subject to change and refinemenL

(b)(4),(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recomnendations for the Fukushima.
Dalchti Spent Fuel Pools tofthe USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknomedge that the Information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Reactoir Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 (b)(4) 1. 331
Unit 5 946
Unit 6 876

Shared pool 6. 375
total 10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

I Transfer date Transferred fuels

Unit I March 29. 2010 - April 2. 2010 64
Unit 2 September 20. 2010 - September 25. 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10. 2010 548
Unit 5 January 8, 2011 - January 13. 2011 120
Unit 6 August 20, 2010 August 25. 2010 184

Total 1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.

M :\RST\iapanese Earthquake & Tsunami ResponseaRST Assessment of Fukushima
Daiichi\lndusty Spent Fuel Pool Assessment\04-05- I1 0400 RST Assessment Spent Fool Pool
Document .doex
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Dalichi reactom to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

Information. We acknowledge that the Information is subject to change and refinement.
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendatins for the Fukushlma-
Daiichl reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

information. We acknoe that the Information is sublect to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

information. We acknowledge that the information is subject to change and refinement.

I Stabile Plant Conditions

(b)(4),(b)(5)

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)
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The purpose of tNs document Is to provide the NRC Reactor Safety Team's assessment and reoommnendations for tOe Fukushima-
Datichi reactors to the USNRC team in Japan. Our assessments and recommendatiors ae based on the best available technical

Information. We acknowledge that the infon'naton Is subject to change and refinerneni.

Working draft as of 414111 - 13CStable Plant Conditions

(b)(4),(b)(5)

(b)(4)

(b)(4)

(b)(4)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recornmendations for the Fuktushrma-
Daiotrl reactors to the USNRC team in Japan. Our assessmenrts and recommendations are based on the best avaitable technrcat

information. We acknovwedge that the information Is subtecl to change and refinement.

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

General Discussion of the Desired End State of all Spent Fuel Pools

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)

SPENT FUEL POOL STATUS (2100 ADril 4 th)

Fukushima Dalichi Unit 1

Amount of fuel:

Last transfer from Reactor:

Decay Heat [megawatt thermal (MWth)]:

Fuel Pool Structural Support Integrity:

292 bundles

64 bundles (March 29 to April 2, 2010)

0.7 MWth, evaporation rate 780 gallons per day

(b)(4),(b)(5)

Fuel Pool Lea

Criticality statu

Area Radiatioi

Fuel Pool Levi

Water Injectior

Fuel Pool Wat

Power Status:

k Integrity: No data

iS: No data

n Levels: 11 mRlhr at gate (TEPCO 0800 JT 3130)

el: No data

n Method and Source: Periodic spray from concrete pumper truck

er Temperature: No data

Electric power available; equipment testing in progress
(JAIF, NISA, TEPCO)

On March 12, 2011 at 15:36 JT. a hvdroaen explosion occurred durina venting. TheOther:
(b)(,- - . .. . .

Unit 1 Assessment:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Unit 1 Recommendations:

(b)(4),(b)(5)

- I

Unit 1 Additional Considerations:

5b)(4)u(b)(5)

Fukushima Daiichi Unit 2

Amount of fuel: 587 bundles

Last transfer from Reactor: 116 bundles (September 20-25, 2010)

Decay Heat [megawatt thermal (MWth)]: 0.47 MWth; evaporation ration rate 5240 gallons per da

Fuel Pool Structural Support Integrity: (b)(4),(b)(5)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: Drywell 3, 999 Rad/hour (R/hr); Torus 128 R/hr (CAMs)

Fuel Pool Level: Full /3(b)(6)

Water Injection Method and Source: Fresh water injected to the spent fuel pool

Fuel Pool Water Temperature: 71°C (TEPCO 4/5)

Other: External AC Dower has reached the unit. checkina the intearity of eauinment before
energizing. - (b)(4),(b)(5)

Y

Unit 2 Assessment:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Unit 2 Recommendations:

(b)(4),(b)(5)

Unit 2 Additional Considerations:

Fukushima Daiichi Unit 3

Amount of fuel:

Last transfer from Reactor.

Decay Heat (MWth):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other.

Unit 3 Assessment:

514 bundles

148 bundles (June 23 to 28, 2011)

0.23 MWth; evaporation rate 2570 gallons per day

Damage suspected (JAIF 3/28);1 (b)(4),(b)(5)

F (b)(4),(b)(5)

No data

No data

DW 2760 R/hr, torus 111 R/hr (TEPCO 3/30)

Full L /3)

Periodic fresh water injected via concrete pumper

56°C (JAIF 4/5)

(b)(4).(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Unit 3 Recommendations:

(b)(4),(b)(5)

- I

I Init R Addritinnqll flonidrinitionn,:

Fukushima Daiichi Unit 4

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MWth):

1331 bundles

548 bundles (December 5 to December 10, 2010)

1.86 MWth

Fuel Pool Structural Support Integrity: Damage suspected (JAIF 3/28);1 (b)(4),(b)(5)
(b)(4),(b)(5)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Low water level (b)(-6)/1)

Water Injection Method and Source: Periodic fresh water injected via concrete pumper

Fuel Pool Water Temperature: 42-C (JAIF 4/3)

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing.

Unit 4 Assessment:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

Unit 4 Recommendations:

(b)(4),(b)(5)

Unit 4 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 5

Amount of fuel: 946 bundles

Last transfer from Reactor: 120 bundles (January 8-13, 2011)

Decay Heat (MW): 0.8 MW 5b)(6)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Fuel pool cooling

Fuel Pool Water Temperature: 37.9°C (JAIF 4/5)

Other External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 5 Assessment:

Stable.

Unit 5 Recommendations:
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

I (b)(4).(b)(5)

Unit 5 Additional Considerations:

(b)(4),(b)(5)

Fukushima Daiichi Unit 6

Amount of fuel: 876 bundles

Last transfer from Reactor: 184 bundles (August 10-25 2010)

Decay Heat (MW): 0.7 (MW) (b)(6)

Fuel Pool Structural Support Integrity: Not damaged (JAIF 4/4)

Fuel Pool Leak Integrity: No data

Criticality status: No data

Area Radiation Levels: No data

Fuel Pool Level: Full

Water Injection Method and Source: Residual heat removal in fuel pool cooling mode (NISA
3/25)

Fuel Pool Water Temperature: 28.5°C-(TECPO 415)

Other: External AC power supplying the unit, Unit 6 diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO). Repairs complete on RHR
pump used for fuel pool cooling.

Unit 6 Assessment:

Relatively stable.

Unit 6 Recommendations:

- I.
(b)(4),(b)(5)

Unit 6 Additional Considerations:

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)

Fukushima Daiichi Common SFP

Amount of fuel:

Last transfer from Reactor:

Decay Heat (MW):

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Area Radiation Levels:

Fuel Pool Level:

Water Injection Method and Source:

Fuel Pool Water Temperature:

Other:

Common SFP Assessment:

Relatively stable.

Common SFP Recommendations:

6375 bundles

No data

1.2 (MW) )

Not damaged (JAIF 4/4)

No data

No data

No data

Full

Normal cooling (NISA 3/24)

28.0°C (TECPO 4/54

-- " " .'. " " ' "(b)(4),(b)(5).. .' "

Common Additional Considerations:

(b)(4),(b)(5)

REFERENCES

1. EPRI recommendations March 18, 2011
2. SFP Criticality Potential, Kent Wood, March 4, 2011

3. Spent Fuel Inventories Document
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi
Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

ENCLOSURE 1

1. EPRI recommendations March 18, 2011

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

ENCLSOURE 2

SFP Criticality Potential, Kent Wood, March 4, 2011

(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowtedge that the information is subject to change and refinement.

(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are based on the best available
technical information. We acknowledge that the information is subject to change and refinement.

ENCLOSURE 3

Spent fuel inventories at each unit of Fukushima Daiichi nuclear power station

Reactor Spent fuel pool
Unit 1 292
Unit 2 587
Unit 3 514
Unit 4 ( 1. 331
Unit 5 946
Unit 6 876

Shared pool 6. 375
total 10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 64
Unit 2 September 20, 2010 - September 25, 2010 11 6
Unit 3 June 23, 2010 - June 28, 2010 1 48
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8, 2011 - January 13, 2011 120
Unit 6 August 20. 2010 August 25, 2010 184

Total -- _1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.

M:\RST\Japanese Earthquake & Tsunami Response\RST Assessment of Fukushima
Daiichi\lndusty Spent Fuel Pool Assessment\04-05-11 0400 RST Assessment Spent Fool Pool
Document .docx
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The purpose of this document Is to provide the NRC Reactor Safety Tean's assessment and recommendations for the Fukustnma-
Dalichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

Informnation. We acknowledge that the information is subject to change and refinement.
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
DaiicNi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available techrncal

information. We acknowledge that the Information is subject to change and refinement.

(b)(4),(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendations for te Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

inlormation. We acknowledge that the Informatdon is subject to change and refinement.
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The p•rpose of this document Is to provide the NRC Reactor Safety Team's assessment and recmrendatlons for the Fukushlma-
Daiichl reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

Information. We aclmowledge that the information is subject to change and refinement

ENCLOSURE I

Calculated the injection rate as follows based on TRACG decay heat (1979 ANS 5.1).

(b)(4),(b)(5)
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The purpose of this document Is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushlnna-
DaiicN reactors to the LSNRC team in Japan. Our assessments and recommendations are based on the best available technical

Information. We acknowledge that the information Is subject to change and refinement
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The purpose of tWis document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

Information. We acknowledge that the Information is subject to change and refinement.

ENCLOSURE 2

CONTAINMENT BYPASS

(b)(4),(b)(5)

e
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical

Information. We acknowledge that tMe information is subject to change and refinement.

---II i Z

(b)(4),(b)(5)

Feedwater Check Valve Leakage

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Teamns assessment and recormmendations for the FukushIma-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations ae based on the best avalable technlcal

information. We acknowledge that the information is subject to change and refinemen.L
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-official-.Oul
RST fuel Pool Assessment of Fukusbima Dajichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
K.APL), and DOE/NE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)

UNIT ONE

UI ASSUMPTIONS OF SPENT FUEL POOL STATUS:

Amount of fuel:

Age of fuel:

Thermal status:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Radiation Status:

Other:

Ul ASSESSMENT:

UI RECOMMENDATIONS FOR CONSIDERATION:

UI ADDITIONAL CONSIDERATIONS:

UNIT TWO

Page I
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-oFJr
RST Fuel Pool Assessment of Fukushima Daiichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

U2 ASSUMPTIONS:

Amount of fuel:

Age of fuel:

Thermal status:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Radiation Status:

Other.

U2 ASSESSMENT:

U2 RECOMMENDATIONS FOR CONSIDERATION:

U2 ADDITIONAL CONSIDERATIONS:

UNIT THREE

U3ASSUMPTIONS:

Amount of fuel:

Age of fuel:

Thermal status:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Page 2

EY 809 of 942



-Offiria-saOnly
RST Fuel Pool Assessment of Fukushima Daiichi Units I through 4 (REV 0),

Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 410212011
The purpose ofthis document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fulkshima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

Radiation Status:

Other:

U3 ASSESSMENT:

U3 RECOMMENDATIONS FOR CONSIDERATION:

U3ADDITIONAL CONSIDERATIONS:

UNIT FOUR

U4 ASSUMPTIONS:

Amount of fuel:

Age of fuel:

Thermal status:

Fuel Pool Structural Support Integrity:

Fuel Pool Leak Integrity:

Criticality status:

Radiation Status:

Other:

U4 ASSESSMENT:

U4 RECOMMENDATIONS FOR CONSIDERATION:

U4 ADDITIONAL CONSIDERATIONS:

Page3
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-oftc-Useo ly
RST Fuel Pool Assessment of Fukusbima Daiichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 4/02/2011
The purpose ofthis document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)
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-Official-UseOnly-
RST Fuel Pool Assessment of Fukushima Daiichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEl, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safely Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We aclknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)
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-Offieia-•Ue-Onay-
RST Fuel Pool Assessment of Fukushima Daiichi Units 1 through 4 (REV 0),

Based on most recent available data and input from IN PO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOEMNE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiiehi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

Spent fuel inventories at each unit of Fukushima Dailchi nuclear power station

Reactor Spent fuel pool
Unit I 292
Unit 2 587
Unit 3 514
Unit 4 (b)(1. 331

Unit 5 (b)(4) 946

Unit 6 876
Shared pool 6. 375

total 10,-921

Fuel assembly type and burn-up

See attachment I.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit 1 March 29, 2010 - April 2, 2010 64
Unit 2 September 20. 2010 - September 25, 2010 116
Unit 3 June 23, 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10. 2010 548
Unit 5 January 8, 2011 - January 13. 2011 120
Unit 6 August 20, 2010 August 25. 2010 184

Total[ 1, 180

Note: Attachment 1 is Detailed Contents of Each Pool.

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

SFP Status: I
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-officia4 Onfr
RST Fuel Pool Assessment of Fukushima Dalchi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hIrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the VSNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

Rad levels: I I mR/hr at gate (variable) (TEPCO 0800 JDT 3/30)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)

External AC power to the Main Control Room of U-I became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room is operating in U- 1. (b)(4),(b)(5)F7 - (b)(4),(:))(5) I

Reactor water is in the Turbine Building basement (NSA). I--- 4),(b)(5) b

(b)(4),(b)(5)

ASSESSMENT:

> (b)(4),(b)(5)

Additional Considerations

A.

B.

(b)(4),(b)(5)

UNIT TWO
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-OffldaftseOawr
RST Fuel Pool Assessment of Fukushima Daiichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOEINE

2200 b rs 4/0212011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

ASSUMrPTIONS: (based on input from multiple data source: JAW, NISA, TEPCO, & GEH)

SFP Status:

(b)(4),(b)(5)

(b)(4),(b)(5)

Rad Levels: Drywell 3999 R/hr; Torus 128 R/hr (CAMS);

Outside plant: 11 mR/hr at gate (variable) (TEPCO 0700 JDT 3/30)

Other: External AC power has reached the unit, checking integrity of equipment before
cncrgizing. I(b)(4).(b)(5)

ASSESSMENT:

(b)(4),(b)(5)

ýECQMMENDIA7:1(b)(4),(b)(5
(b)(4),(b)(5) I

(b)(4),(b)(5)

Additional Considerations

A.I (b)(4),(b)(5)
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OfficialUs nly
RST Fuel Pool Assessment of Fukusbima Dafichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

B.I (b)(4),(b)(5)

UNIT THREE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

SFP Status:

(b)(4),(b)(5)

Rad Levels: DW 2760 R/hr, torus Ill R/hr (3/30/11 TEPCO);

Outside plant: 11 mR/hr at gate (variable) (Industry); 100 R/hr debris outside Rx
building (covered).

Other: External AC power has reached the unit, checking integrity of equipment before
energizing. In Unit 3, lighting distribution panels are being checked.

ASSESSMENT:

(b)(4),(b)(5)

RECOMMENDATIONS: [
(b)(4),(b)(5)

(b)(4),(b)(5)

(b)(4),(b)(5)
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-Offieif4lse-Only-
RST Fuel Pool Assessment of Fakushima Daiichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
K.APL), and DOENE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

Additional Considerations

UNIT FOUR

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

SFP Status: I

(b)(4),(b)(5)

Rad Levels:
No information.

Other: External AC power has reached the unit, checking electrical integrity of equipment
before energizing. (JA[F, NISA, TEPCO)

ASSESSMENT:

(b)(4),(b)(5)

RECOMMENDATIONS:[
(b)(4),(b)(5)

(b)(4),(b)(5) . I
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-OffwiHsO y
RST Fuel Pool Assessment of Fukushima Dalichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE.

2200 his 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

>

(b)(4),(b)(5)

Additional Considerations

A.

B. (b):4),(b)(5)

UNIT FIVE

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Spent Fuel Pool:
Fuel pool cooling functioning Temperature 37.9 °C (NISA 1800 3/25/11) (JAIF, NISA,
TEPCO)

Other: External AC power supplying the unit, Unit 6 (?) diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit five is relatively stable.

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling. (b)(4),(b)(5) ]

Monitor

Page I1
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RST Fuel Pool Assessment of Fukushima Daiichi Units I through 4 (REV 0),
Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors (with Beetis and

KAPL), and DOE/NE
2200 hrs 4/02/2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.
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-offitaeOn
RST Fuel Pool Assessment of Fukusbima Dalichi Units I through 4 (REV 0),

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), and DOE/NE

2200 hrs 4/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

UNIT SIX

ASSUMPTIONS: (based on input from multiple data source: JAIF, NISA, TEPCO, & GEH)

Spent Fuel Pool:
Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT 3/25/11)
(JAIF, NISA, TEPCO)

Other: External AC power supplying the unit, diesel generators available. Fuel Pool
Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable.

RECOMMENDATIONS:

1. Monitor

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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-- OfficiaI-UseOnly-
RST Fuel Pool Assessment of Fukushima Dafichi Units I through 4 (REV 0),

Based on most recent available data and input from UNPO, GEH, EPRI, Naval Reactors (with Bettis and
KAPL), an( DOE/NE

2200 brs 4102/201 I
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for
the Fukushima-Daiichi Spent Fuel Pools to the USNRC team in Japan. Our assessments and recommendations are
based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

Spent fuel inventories at each unit of Fukushima Daijchi nuclear power station Forinatted: Font: Times New Rwmw, 12 pt

I Reactor I Spent fuel pool
Unit I
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6

Shared pool
total

(b)(4)

292
587
514

1. 331
946
876

6. 375
10, 921

Fuel assembly type and burn-up

See attachment 1.

The most recent transfers of fuel from reactor cores to their spent fuel pool

Transfer date Transferred fuels
Unit I March 29, 2010 - April 2, 2010 64
Unit 2 September 20, 2010 - September 251 2010 116
Unit 3 June 23. 2010 - June 28, 2010 148
Unit 4 December 5, 2010 - December 10, 2010 548
Unit 5 January 8, 2011 -. January 13. 2011 120
Unit 6 August 20. 2010 August 25, 2010 1 84

Total .-- 1. 180
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-OfficiaAe-Onty-
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and
DOE/NE

2200 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the
Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best
available technical information. We acknowledge that the information is subject to change and refinement.

Supplemental Information on Venting

(b)(4),(b)(5)
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-OffIciaF~seO*y
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, CEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOE/NE
2200 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi reactors to the USNRC team in
Japan. Our assessments and recommendations are based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)
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-Offa-UseOnty-
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOE/NE
2200 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Tezm's assessment and recommendations for the Fukushima-Daichi reactors to the USNRC team in
Japan. Our assessments and recommendations are based on the best avaiilable technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)
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0fficiafUitIrtfr
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL, and DOEINE
2200 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-Daiichi reactors to the USNRC team in
Japan. Our assessments and recommendations are based on the best available technical information. We acknowledge that the information is subject to change and
refinement.

(b)(4),(b)(5)
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-Official-Use Only-
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and
DOE/NE

1800 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the
Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best
available technical information. We acknowledge that the information is subject to change and refinement.

Radiological considerations:

Drywell radiation levels:

(b)(4),(b)(5)

Meteorological conditions] (b)(4),(b)(5)

(b)(4),(b)(5)
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--Official-Use-Ontly
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and
DOE/NE

1800 Hrs 04102/2011
The purpose of this document is to provide the NRC Reactor Safety Teamn's assessment and recommendations for the
Fukushima-Daiichi reactors to the USNRC teamin Japan. Our assessments and recommendations are based on the best
available technical information. We acknowledge that the information is subject to change and refinement.

(b)(4),(b)(5)

IFI vent status:

(b)(4),(b)(5)
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-Official-Use-o",,.
Supplemental Information on Venting (Q385) - Rev. 6

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and
DOE/NE

1800 Hrs 04/02/2011
The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the
Fukushima-Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best
available technical information. We acknowledge that the information is subject to change and refinement.

Generic Consideration of Containment Venting (EPRI TBR & BWR EPG/SAG)

(b)(4),(b)(5)

References:

EPRI TR-101869, Severe Accident Management Guidance Technical Basis Report, Vol 1, dated
December 1992

BWROG Emergency Procedure and Severe Accident Guidelines, Appendix B: Technical Basis, Volume
2, dated March 2001
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-offtildadse-Dry-

Key Agency/Organization Input to Supplemental Information on Venting (REV 6) Document

Table of Senior/Approving Officials

AGENCY/ CONCURRENCE SENIOR REVIEWING
ORGANIZATION STATEMENT OFFICIAL TITLE AS REPORTED BY
Naval Reactors,
KAPL & BETTIS

GE Hitachi

INPO

DOE/NE

(b)(4),(b)(5),(b)(6)

EPRI

USNRC
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DRAFT Proposal for inclusion into Rev 1 of RST Assessment Document
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DRAFT Proposal for inclusion into Rev I of RST Assessment Document
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Status of Fukushima Daiichi Reactors
29 March 2011
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o NIK WORLD Reports: Tuesday, March 29, 2011 02:21 +0900 (JST) that
TEPCO has reported that very high levels of radiation have been observed in
water in a trench just outside the turbine building for one of the reactors.

Tokyo Electric Power. Company announced on Monday that a puddle of water
was found in a trench outside the No. 2 reactor turbine building at the
Fukushima Daiichi nuclear plant on Sunday afternoon. It said the radiation
reading on the puddle's surface indicated more than 1,000 millisieverts per
hour.

The concrete trench is 4 meters high and 3 meters wide and houses power
cables and pipes. It is located in the compound of the plant but outside the
radiation control area.
TEPCO says the trench extends 76 meters toward the sea but does not reach
the sea, and that the contaminated water was not flowing into the sea.

TEPCO says it is trying to find out how the contaminated water came to be in
the trench.

Puddles of water were also found in the trenches outside the No. I and No. 3
reactors. TEPCO reported 0.4 millisieverts of radiation on the surface of the
puddle in the No. I reactor's trench. But it said it failed to measure the No. 3
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reactor's trench because it was covered with debris.
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Sources include:
Federation of Electric Power Companies of Japan
Nuclear Industrial Safety Agency
Links:

http://www.iaif.or.ip/english/

http://www.tepco.co.ip/en/index-e.html

http://nei.cachefly.net/newsandevents/information-on-the-iapanese-earthouake-and-reactors-in-
that-region/

http://www.iaea.org/
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RST Assessment of Fukushima Daiichl Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2000 0245 EDT March 245, 2011

UNIT ONE

STATUS:

Core Status: (b)(4),(b)(5)

The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate (GEH, INPO, Bettis, KAPIL).

essel temperatures 230C at bottom drain. 240C at FW nozzle (b)(6)
, ),0430 JDT 3/24)

(b)(4),(b)(5)

\
Core 4)....... injecting through feedwater 119 I/min (JAIF), or
Cooling: -b_4,,,) 'EPCO) Recirculation pum seals have likely

- (b)(4),(b)(5)

Primary , a (TEPCO is considering venting on 3/24)
Containment:

Secondary Severely damaged (hydrogen explosion)
Containment:

Spent Fuel Fuel covered, no seawater injected - (JAIF. NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 R/hr, Torus 3490 R/hr (source instruments unknown), Outside plant
less than 6R/hr (TEPCO 9pm 3/20/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1 & U-3.

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting seawater through
the feedwater system is cooling the vessel but limited if any flow past the fuel. GE believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.

(b)(4),(b)(5) here is
likely no water level inside the core barrel. Natural circulation believed impeded by core
damage. It is difficult to determine how much cooling is getting to the fuel. Vessel temperature
readings are likely metal temperature which lags actual conditions.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (on-3Li9
show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

(b)(4),(b)(5)
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RST Assessment of Fukushima Dalichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
20000245 EDT March 24_5 2011

Kv-l

(b)(4).(b)(5)

MUMd

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, b ) delay venting or spraying the containment if that is
needed, just to inert b)(6

" Steam/condensing could jeopardize inert environment, a spray will
remove steam which is preventing Hydrogen detonationL

• Hydrogen gas production more prevalent in salt water than in fresh water.
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere Inside primary cantainment. The radlolysis of
water will oenerate additional oxvlen. H)

(b)(4),(b)(5)
0 b 4 bb)(5) IContainment spray should be secured before 2 lbs. to

0
I . (b)(4),(b)(5)

o When flooding containmqnt mnider the implications of water weight on seismic
capability of containmentL_(b)(6)
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
20000245 EDT March 245, 2011

0 
I

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on

EY 902 of 942



RST Assessment of Fukushlma Dalichi Units.
Based on most recent available data and input from INPO, GEH, EPRI. Naval Reactors

(with Bettis and KAPL). and DOE/NE
2000_0246 EDT March 245, 2011

UNIT TWO

STATUS:Core S Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

us t he volume of sea water injected to cool the core has left enough
umr to the core plate (GEH, INPO, Bettis, KAPL).

(b)(4,(b)(5) - bottom head temperature 105C, feed water

Primary Damage AIF, NISA, TEPCO)
Containment:

Secondary Damaged (JAIF, NISA, TEPCO). hole in refuel floor siding (visual)
Containment:

Spent Fuel Fuel covered, seawater injected on March 20, fuel pool temperature 40C
Pool: (JAIF, NISA, TEPCO)

Rad Levels: Drywell 4590 Rihr; Torus 193 R/hr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-I, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawatLe throuathf VeRHR system is cooling the vessel, but with limited, flow
past the fuel. f (b)(4),(b)(5) water flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. Based on the reports of RV level at one half core
height, the reactor vessel water level is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. Ii is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.

RECQURAr4-NbATinfl

(b)(4),(b)(5)

4

(b)(4),(b)(5)
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RST Assessment of Fukushlma Dalichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOE/NE
2W0P4M EDT March 24_, 2011

I

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, bytdtn notelay venting or spraying the containment if that is
needed, just to inert

* Steam/condensing could jeopardize inert environment,, as the spray will
remove steam which is preventing Hydrogen detonation b)(

* Hydrogen gas production more prevalent in salt water thn sh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere Inside primary contalnment. The radlolysis of
water will generate additional oxygen. (±6

L (b)(4),(b)(5)

. (b)(4),(b)(5) Containment spray should be secured before 2 lbs. to
nr-u-tn nninnc1 rn hra0,irnr

0

o vWnen ttooalng containmenr rnnoer me implications ot water weignh on seismic
capability of containment (b(6)

,-i. '(b)14),(b)(5)

a . Rnr~if wntp af ,e,, Jhip Al ( b)(41(l5) . fFiormatWe: Irdeit Hanging: 0.5" 1
(b)(4),(b)(5)

I -

ýnsu e St:F, level maintained as full as 509 ýQ ý

(b)(4),(b)(5)
- Inak d:Ijent. Left: 0.5. HangIrnQ:0

5

(b)(4),(b)(5)
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RST Assessment of Fulushlma Dalichl Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEJNE
2000 0245 EDT March 245, 2011

(b)(4),(b)(5)

CRD injection Is desired for cooling directly to the core and for cooling material on
bottom of vessel.

6

(b)(4),(b)(5)
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RST Assessment of Fukushima Dailchi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPIL), and DOE/NE
2000 0245 EDT March 24_6 2011

UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF. NISA, TEPCO) suspect

the volume of sea water injected to cool the core has left enough salt to
likely fill the lower plenum to the core plate (GEH, INPO, Bettls, KAPL)

Core Cooling Seawater Injection through RHR, bottom head temperature 185C, feed
water nozzle temperatu .ýl.A(JAIF, NISA, TEPCO) Recirculation pump
seals have likely failed. [ ExeI to o freshwateQ linq late on
32I5

Primary Damage_4 d.2Qg!@d-&u6lWtod (JAF-, NISA, TEPCO) Not damaged
Containment (JAIF 22:00 3/24)

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF, NISA, TEPCO), pumping sea water into the SFP
Pool via the Cooling and Purification Line (NISA)

Rad Levels: DW 6000 R/hr, torus 158 R/hr (source instruments unknown)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater through the RHR system is cooling the vessel, but with limited, flow
past the fuel. I(4),b)5 water flow, if not blocked, should be filling the annulus
region of the vessel to 2/3 core height. Based on the reports of RV level at one half core
height, the reactor vessel water level Is believed to be even with the level of the
recirculation pump seals, implying the seals have failed. While core flow capability may
be affected due to continued salt build up, RPV water level indication is suspect due to
environment. Natural circulation believed impeded by core damage. It is difficult to
determine how much cooling is getting to the fuel. Vessel temperature readings are
likely metal temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release If the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCeQ of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4).(NR).

7

(b)(4),(b)(5)
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RST Assessment of Fukushima Daiichi Units,
Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
2000 0245 EDT March 245. 2011

Ntt., ~ IV*IV1rrdL~M H

(b)(4),(b)(5)

Formatted

o Attempt to inert with Nitrogen prior to venting and especially before utilizing
containment spray, but do not delay venting or spraying the containment if that is
needed, just to inert -F(hb)(6)

* Steam/condensing could jeopardize Inert environment, as the spray will
remove steam which is preventing Hydrogen detonation 9K

* Hydrogen gas production more prevalent in salt water than in fresh water
Oxygen from the injected seawater may come out of solution and create a
hazardous atmosphere inside pnmary ment. The radiolysis of

(b)(4),(b)(5)

(b)(4),(bXS) mine spray should be secured before 2 lbs. to

f

(b)(4),b)(5)

o When flooding containmenLCOn~ider the implications of water weight on seismic
capability of containment [j LA j

:(b)(4)#()(5) -"I

o Borate water if possible. (With sail in vessels, consider effect of acidic conditions
in vessel when deciding how much boron to add.)

Ensure SFP level maintained as full as possible

(b)(4),(b)(5;)

(b)(4),(b)(5)
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RST Assessment of Fukushlma Dalichi Units,
Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
2000 0246 EDT March 24§, 2011

(b)(4),(b)(5)

CRD injection is desired for cooling directly to the core and for cooling material on
bottom of vessel.
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Officiat-Use-Only-
RST Assessment of Fukushima Dalichi Units,

Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOEFNE

200 02..5 EDT March 245, 2011

UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary:
Containment

Secondary:
Containment:

Not applicable (JAIF, NISA, TEPCO)

Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)

Temperature back up to 100 C (NISA): (b)(4),(b)(5)
3/24

Rad Levels:

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel may have been ejected from the pool (based on information from TEPCo of neutron
sources found up to i mile from the units, and very high dose rate material that had to
be bulldozed over between Units 3 and 4. It Is also possible the material could have
come from Unit 3).

RECOMMENDATIONS:

Maintain coverage of spent fuel pool with fresh borated water
As possible, put spent fuel cooling and cleanup in service

10

(b)(4),(b)(5)
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O0ffiic-Ia~se-On
RST Assessment of Fukushlma Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 0245 EDT March 245, 2011

UNIT FIVE

STATUS:

Core Status: In vessel (JAIF, NISA, TEPCO)

Core Cooling: Functional (JAIF, NISA, TEPCO)

Primary Functional (JAIF, NISA, TEPCO)
Containment:

Secondary Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
Containment: TEPCO)

Spent Fuel Fuel pool cooling not functioning (JAIF, NISA, TEPCO)
Pool:

Other: External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Finish repairs on RHR pump used for fuel pool cooling.

Monitor

11

(b)(4),(b)(5)
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officuklshU Dal hn
RST Assessment of Futfushima DaiNchi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors
(with Bettis and KAPL), and DOE/NE

2000 0_4 EDT March 24., 2011

UNIT SIX

STATUS:

Core Status:

Core Cooling:

Prmary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF. NISA. TEPCO)

Functional (JAIF, NISA. TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled In rooftop to avoid hydrogen build up (JAIF, NISA.
TEPCO)

Fuel pool cooling functioning (JAIF, NISA. TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF. NISA, FEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor

12

(b)(4),(b)(5)
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RST Assessment of Fukushimr Dailchi Units,
Based on most recent available data and Input from INPO, GEH, EPRI, Naval Reactors

(with Bettis and KAPL), and DOEINE
200 0246 EDT March 24.6, 2011

ABBREVIATIONS:

GEH - (b)(4),(b)(5)
INPO - Institute of Nuclear Powe|
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company

(b)(4),(b)(5)

13

(b)(4),(b)(5)
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Status of Fukushim:a Daiichi Reactors
267 March 2011

As of 240600 (EDT)
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-Official-Use-Only-
RST Response to Questions from Japan Team

20:30 EDT March 25, 2011
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UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAI, NISA, TEPCO, & GEH)

Core Status:

Core
Cooling:

Core is contained in the reactor pressure vessel, reactor water level is unknown
The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate (GEH, INPO, Bettis, KAPL).
Vessel temperatures 149C at bottom drain, 197C at FW nozzle (NISA 1800
JDT 3/25)
RPV at 65.7 psia (increasing trend), DW and torus pressure at 40 psia
(decreasing trend) (NISA 1800 JDT 3/25).

Currently fresh water injection with no boron, injecting through feedwater 120
I/min or 31.7 g/m (NISA); Injection flow rate will be maintained above the
minimum debris retention injection rate (MDRIR). Recirculation pump seals
have likely failed. (GEH) ;Injection flow rate above MDRIR could not be
maintained through core spray. Assume RHR is not available.

Primary
Containment:

Secondary
Containment:

Not damaged. 40 DSia I (b)(4),(b)(5)

(b)(4),(b)(5)

Severely damaged (hydrogen explosion)

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 RPhr, Torus 3490 R/hr (source instruments unknown), Outside plant:
26mR/hr at gate (variable) (INPO 0900 hrs 3/25/11)

Other: Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-1.

Reactor water is in the Turbine Building basement (NISA)

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through
the feedwater system is cooling the vessel but limited if any flow past the fuel. GE believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core barrel. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.
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RECOMMENDATIONS: (for consideration to stabilize Unit 1)
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(b)(5)

b. Additional Miscellaneous considerations
1. When flooding containment, consider the implications of water weight on

seismic capability of containment.
2. Borate water if possible. (With salt in vessels, consider effect of acidic

conditions in vessel when deciding how much boron to add.)
3. Ensure Spent Fuel Pool level is maintained as full as possible
4. CRD injection is desired for cooling directly to the core and for cooling

material on bottom of vessel.
c. Potential methods for monitoring containment level:

1. HPCI suction pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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-Official-Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOE/NE
0600 EDT March 26, 2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

UNIT ONE

ASSUMPTIONS: (based on input from multiple data source: JAI, NISA, TEPCO, & GEH)

Core Status:

Core
Cooling:

Primary
Containment:

Secondary
Containment:

Core is contained in the reactor pressure vessel, reactor water level is unknown
The volume of sea water injected to cool the core has left enough salt to fill the
lower plenum to the core plate (GEH, INPO, Bettis, KAPL).
Vessel temperatures 149C at bottom drain, 197C at FW nozzle (NISA 1800
JDT 3/25)
RPV at 65.7 psia (increasing trend), DW and torus pressure at 40 psia
(decreasing trend) (NISA 1800 JDT 3/25).

Currently fresh water injection with no boron, injecting through feedwater 120
I/min or 31.7 g/m (NISA); Injection flow rate will be maintained above the
minimum debris retention injection rate (MDRIR). Recirculation pump seals
have likely failed. (GEH) ;Injection flow rate above MDRIR could not be
maintained through core spray. Assume RHR is not available.

Not damaged, 40 psia Drywell, Torus hydrogen and oxygen concentrations are
unknown; The status of the nitrogen purge capability is unknown. An explosive
mixture is possible.

Severely damaged (hydrogen explosion)

Spent Fuel Fuel covered, no seawater injected - (JAIF, NISA, TEPCO) The fuel in this pool
Pool: is all over 12 years old and very little heat input (<0.1 MW) (DOE)

Rad levels: DW 4780 Rlhr, Torus 3490 R/hr (source instruments unknown), Outside plant:
26mR/hr at gate (variable) (INPO 0900 hrs 3/25/11)

Other. Electric power available, equipment testing in progress (JAIF, NISA, TEPCO)
External AC power to the Main Control Room of U-1 became available at 11:30
JDT 3/24/2011. Lighting in Main Control Room operating in U-i.

Reactor water is in the Turbine Building basement (NISA)

(b)(4),(b)(5)

ASSESSMENT:

Damaged fuel that may have slumped to the bottom of the core and fuel in the lower region of
the core is likely encased in salt and core flow is severely restricted and likely blocked. The
core spray nozzles are likely salted up restricting core spray flow. Injecting fresh water through
the feedwater system is cooling the vessel but limited if any flow past the fuel. GE believes that
water flow, if not blocked, should be filling the annulus region of the vessel to 2/3 core height.
There is likely no water level inside the core barrel. Natural circulation believed impeded by
core damage. It is difficult to determine how much cooling is getting to the fuel. Vessel
temperature readings are likely metal temperature which lags actual conditions.

1
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-Officlal-Use-On y-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOENE
0600 EDT March 26, 2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRG team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

The fuel pool is slowly heating and has not reached saturation. Overhead photos (On-3/19

show entire fuel floor covered by grey-brown debris of building roof.

The primary containment is not damaged.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

(b)(4),(b)(5)

2
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-Offitcial-Use-Only-
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b. Additional Miscellaneous considerations
1. When flooding containment, consider the implications of water weight on

seismic capability of containment.
2. Borate water if possible. (With salt in vessels, consider effect of acidic

conditions in vessel when deciding how much boron to add.)
3. Ensure Spent Fuel Pool level is maintained as full as possible
4. CRD injection is desired for cooling directly to the core and for cooling

material on bottom of vessel.
c. Potential methods for monitoring containment level:

1. HPCI suction pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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UNIT TWO

STATUS:
Core Status: Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO).

(b)(4),(b)(5)

Core Cooling: Fresh water with boric acid injection (TEPCO), bottom head temperature
104C, feed water nozzle temperature 107C (NISA 1800 JDT 3/25/11) (JAIF,
NISA, TEPCO) Recirculation pump seals have likely failed. (Industry)

Primary Damage suspected (JAIF, NISA, TEPCO)
Containment:

Secondary Damaged (JAIF, NISA, TEPCO), hole in refuel floor siding (visual)
Containment:

Spent Fuel Fuel covered, seawater injected on March 20, fuel pool temperature 52C
Pool: (JAIF, NISA, TEPCO 1800 JDT 3/25/11)

Rad Levels: Drywelt 4560 R/hr; Torus 154 R/hr (source instruments unknown); Outside
plant: 26mR/hr at gate (variable) (Industry)

Other: External AC power has reached the unit, checking integrity of equipment
before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core is likely encased in salt, however, the amount of salt build-up appears to be
less than U-i, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.

Injecting seawater through the RHR system is cooling the vessel, but with limited, flow
past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. Based on the reports of RPV level at one half core height, the
reactor vessel water level is believed to be even with the level of the recirculation pump
seals, implying the seals have failed. While core flow capability may be affected due to
continued salt build up, RPV water level indication is suspect due to environment.
Natural circulation believed impeded by core damage. It is difficult to determine how
much cooling is getting to the fuel. Vessel temperature readings are likely metal
temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled.
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RECOMMENDATIONS: (for consideration to stabilize Unit 2)

(b)(4),(b)(5)

b. Additional Miscellaneous considerations
1. When flooding containment, consider the implications of water weight on

seismic capability of containment.
2. Borate water if possible. (With salt in vessels, consider effect of acidic

conditions in vessel when deciding how much boron to add.)
3. Ensure Spent Fuel Pool level is maintained as full as possible
4. CRD injection is desired for cooling directly to the core and for cooling

material on bottom of vessel.
c. Potential methods for monitoring containment level:

5
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1. HPCI suction pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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UNIT THREE

STATUS:
Core Status Damaged, fuel partially or fully exposed (JAIF, NISA, TEPCO ) \F_ (b)(4),(b)(5)

Core Cooling Freshwater injection via fire line initiated 1802 JDT 3/25/11 (NISA),
bottom head temperature 111 C, feed water nozzle temperature
Unreliable (JAIF, NISA 1800 JDT 3/25/11, TEPCO) Recirculation pump
seals have likely failed. ; Expect to go freshwater cooling late on 3/25

Primary Damage suspected (NISA, TEPCO) "Not damaged" (JAIF 10:00 3/25)
Containment

Secondary Damaged (JAIF, NISA, TEPCO)
Containment

Spent Fuel Low water level (JAIF, NISA, TEPCO), spraying and pumping sea water
Pool into the SFP via the Cooling and Purification Line (NISA)

Rad Levels: DW 5100 R/hr, torus 150 R/hr (Industry); Outside plant: 26mR/hr at gate
(variable) (Industry); 100 R/hr debris outside Rx building (covered).

Other: External AC power has reached the unit, checking integrity of equipment

before energizing.

ASSESSMENT:

Damaged fuel may have slumped to the bottom of the core and fuel in the lower region
of the core Is likely encased In salt, however, the amount of salt build-up appears to be
less than U-1, based on the reported lower temperatures. Core flow capability is in
jeopardy due to continued salt build up.
Injecting seawater through the RHR system is cooling the vessel, but with limited, flow
past the fuel. Water flow, if not blocked, should be filling the annulus region of the
vessel to 2/3 core height. Based on the reports of RPV level at one half core height, the
reactor vessel water level is believed to be even with the level of the recirculation pump
seals, implying the seals have failed. While core flow capability may be affected due to,
continued salt build up, RPV water level indication is suspect due to environment.
Natural circulation believed impeded by core damage. It is difficult to determine how
much cooling is getting to the fuel. Vessel temperature readings are likely metal
temperature which lags actual conditions.

Low level release path: fuel damaged, reactor coolant system potentially breached at
Recirculation pump seals, primary containment damaged resulting in low level release.
There may be some scrubbing of the release if the release path is through the torus and
water level is maintained in the torus.

Fuel pool is heating up but is adequately cooled, and fuel may have been ejected from
the pool (based on information from TEPCO of neutron sources found up to 1 mile from
the units, and very high dose rate material that had to be bulldozed over between Units 3
and 4. It is also possible the material could have come from Unit 4). Unit 3 turbine
building basement is flooding. Samples of water indicate some RCS fluid is present
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(TEPCO sample table - 3/25/11). Several possible sources (MSIV leakage, FW check
valves, Rx building sump drains) were identified, however the likely source is the fire
water spray onto the reactor building. Additional evaluation is needed.

RECOMMENDATIONS: (for consideration to stabilize Unit 1)

1.

2.

3.

4.

5.

6.

(b)(4),(b)(5)

b. Additional Miscellaneous considerations
1. When flooding containment, consider the implications of water weight on

seismic capability of containment.
8

EY 930 of 942



-Officiat-Use-Only-
RST Assessment of Fukushima Daiichi Units,

Based on most recent available data and input from INPO, GEH, EPRI, Naval Reactors (with Bettis and KAPL), and DOE/NE
0600 EDT March 26, 2011

The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowledge that the information is subject to change and refinement.

2. Borate water if possible. (With salt in vessels, consider effect of acidic
conditions in vessel when deciding how much boron to add.)

3. Ensure Spent Fuel Pool level is maintained as full as possible
4. CRD injection is desired for cooling directly to the core and for cooling

material on bottom of vessel.
c. Potential methods for monitoring containment level:

1. HPCI suction pressure
2. Drywell instrument taps
3. Radiation monitoring instruments
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UNIT FOUR

STATUS:
Core Status: Offloaded 105 days at time at accident (JAIF, NISA, TEPCO)

Core Cooling Not necessary (JAIF, NISA, TEPCO)

Primary: Not applicable (JAIF, NISA, TEPCO)
Containment

Secondary: Severely damaged, hydrogen explosion. (JAIF, NISA, TEPCO)
Containment:

Spent Fuel Low water level, spraying with sea water, hydrogen from the fuel pool
Pool: exploded, fuel pool is cool heating up very slowly (JAIF, NISA, TEPCO)

Temperature is unknown (NISA);[ (b)(4),(b)(5)

Rad Levels:

Other: External AC power has reached the unit, checking electrical integrity of
equipment before energizing. (JAIF, NISA, TEPCO)

ASSESSMENT:

Given the amount of decay heat in the fuel in the pool, it is likely that in the days
immediately following the accident, the fuel was partially uncovered. The lack of cooling
resulted in zirc water reaction and a release of hydrogen. The hydrogen exploded and
damaged secondary containment. The zirc water reaction could have continued,
resulting in a major source term release.

Fuel particulates may have been ejected from the pool (based on information of neutron
emitters found up to 1 mile from the units, and very high dose rate material that had to
be bulldozed over between Units 3 and 4. It is also possible the material could have
come from Unit 3).

RECOMMENDATIONS:

- Maintain coverage of spent fuel pool with fresh borated water
- As possible, put spent fuel cooling and cleanup in service
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UNIT FIVE

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other:

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning Temperature 37.9 C (NISA 1800
3/25/11) (JAIF, NISA, TEPCO)

External AC power supplying the unit, Unit 6 (?) diesel generators
available. Fuel Pool Cooling lost when pump failed (JAIF, NISA,
TEPCO)

ASSESSMENT:

Unit five is relatively stable

RECOMMENDATIONS:

Repairs complete on RHR pump used for fuel pool cooling.

Monitor
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UNIT SIX

STATUS:

Core Status:

Core Cooling:

Primary
Containment:

Secondary
Containment:

Spent Fuel
Pool:

Other.

In vessel (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Functional (JAIF, NISA, TEPCO)

Vent hole drilled in rooftop to avoid hydrogen build up (JAIF, NISA,
TEPCO)

Fuel pool cooling functioning. Temperature 22 C (NISA 1800 JDT
3/25/11) (JAIF, NISA, TEPCO)

External AC power supplying the unit, diesel generators available. Fuel
Pool Cooling lost when pump failed (JAIF, NISA, TEPCO)

ASSESSMENT:

Unit Six is relatively stable

RECOMMENDATIONS:

- Monitor
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The purpose of this document is to provide the NRC Reactor Safety Team's assessment and recommendations for the Fukushima-
Daiichi reactors to the USNRC team in Japan. Our assessments and recommendations are based on the best available technical
information. We acknowtedge that the information is subject to change and refinement.

ABBREVIATIONS:

GEH - General Electric Hitachi
INPO - Institute of Nuclear Power Operations
JAIF - Japan Atomic Industrial Forum
NISA - Nuclear and Industrial Safety Agency
TEPCO - Tokyo Electric Power Company
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The purpose of this document is to provide the NRC Reactor Safety Team's recommendations for the Fukushima-Daiichi reactors to
the USNRC team in Japan. These recommendations are based on the best available technical information. We acknowledge that

the information is subject to change and refinement.

Additional Measures in Liaht of TEPCO Current Strateav

(b)(4),(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's recommendations for the Fukushima-Daiichi reactors to
the USNRC team In Japan. These recommendations are based on the best available technical information. We acknowledge that

the information is subject to change and refinement.
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the USNRC team in Japan. These recommendations are based on the best available technical information. We acknowledge that

the infomration is subject to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safety Team's recommendations for the Fukushima-Daiichi reactors to
the USNRC team in Japan. These recommendations are based on the best available technical information. We acknowledge that

the information is subject to change and refinement.

ENCLOSURE 1

CONTAINMENT BYPASS

(b)(5)
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The purpose of this document is to provide the NRC Reactor Safety Team's recommendations for the Fukushima-Daiichi reactors to
the USNRC team in Japan. These recommendations are based on the best available technical information. We acknowledge that

the information is subject to change and refinement.
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The purpose of this document is to provide the NRC Reactor Safety Team's recommendations for the Fukushima-Daiichi reactors to
the USNRC team in Japan. These recommendations are based on the best available technical information. We acknowledge that

the information is subject to change and refinement.

ENCLOSURE 2

Calculated the injection rate as follows based on TRACG decay heat (1979 ANS 5.1).
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